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Table 1. Phenotyple frequencies from cross of agm-1 sh&/a;m-1 shi or a,m Sh2/aqm-1 ghe
by the colorless-round spotted with colored shrunken sector kernels
agm En Shi/ajm-1 ehé.

Round**
Non-spotted Spotted
No Big* Small* % with
Crosses (1980) Colored Colorless sector gector sector sectors

A. ajm-1 sh2/ajm-1 sh2
x aym En Shfaym-1 sh

1. 2534/1857-2 21 1 3 16.0
2. 2550/1857-2c 82 2 1] 2.4
3, 0125/1857-3 190 0 5 2.6
4. 0125/1857-4 153 2 10 7.3
5. 0125/1857-5 a9 1 9 10.1
6. 2535/1857-6 158 0 26 14.1
7. 2536/1857-7t 1 161 0 16 9.0
g. 0125/1857-9 127 5 45 28.2
9. 0125/1857-9 207 0 20 8.8
10. 0125/1857-9¢ 186 2 12 7.0
11, 2550-1/1857-10t 82 z o 2.4
12. 0104/1858-1m 69 [+] 1 1.4
B. a;m Sh/asm-1 gh2
x aym En Sk%ﬁalm-l gh2
13. 0719/1857-3 90 1 161 1 0 0.6
14, 0948/1857-4 120 233 2 2 2.1
15. 2131/18B57-7 54 21 93 0 1 b
16. 4201/1857-7¢ 20 48 0 p 2.0
17. 2132/1857-11 95 201 0 2 0.1
18. 0942/1858A-1t 69 135 2 13 10.0
19. 0944/1B58-1t 20 68 0 1 1.4

*The area of big sector is larger than 0.5 st

The area of small sector is smaller than 0.5 mm?

*
The shrunken non-spotted colored are not listed but appear approximately 1/2 in the A
and 1/4 in the B crosses.

positive correlation (r = .9123*) between the percentage of sectors of parental
kernels and that of their corresponding progeny. This shows that selection can be
made for the frequency of Toss and is thus heritable. Varied size and frequency
of the sector on the kernels (see last column of Table 1) probably depends on the
state of this En.

Yih Ching Huang and Peter A. Peterson

Mutator activity and leaf striping

~ For some years now there has been some interest in leaf striping and its rela-
tionship to mutator (Mu) activity (MGCNL 55:2-3, 1981; 56:2, 1982). As was
mentioned in the 1981 report, considerable striping was observed in Mu stocks
grownl1n Berkeley. These plants were scored on a six-step scale from 1 (no
striping) to 6 (heavily striped), self-pollinated, and outcrossed to a standard
line. The outcross progeny were selfed and scored for the segregation of new
mutants and the mutation frequency calculated for each outcross. The seedling
classifications were made without knowledge of the striping classifications. After
the mutation frequencies were determined, the striping determination for each
tested plant was obtained and the coefficient of correlation (CC) was calculated
for the frequency of mutants and the degree of striping. Two sets of plants were
tested. One set was derived from striped mutator stocks that Dr. Michael Freeling
had developed and the second consisted of some of my Mu stocks which had been
previously grown in Iowa and had shown no striping. At Berkeley, striping was
observed in some of these I1.S.U. stocks.




The correlation results are summarized below:

No. of Ce cC
plants (total t (different £
tested mutants) value Prob* mutants) value Prob*
Freeling's 41 .1053 0.661 >0.5 .0170 0.160 >0.5
Robertson's 23 L4292 2.178 0, 02 0.05 .3740 1.848 0.05-0.10
Total 64 .1807 1.448 0.1-0.2 .1349 1.072 0.20-0.30
*High probability = Tow likelihood of correlation.
Low probability = high Tikelihood of correlation.
The distributions of striping classes were as follows:
1 2 3 4 D 6 Total
Freeling 10 8 6 12 2 3 41
% 24.4 19.5 14.6 29.3 4.9 ¥43
Robertson 13 3 5 0 2 0 23
% 56.6 13.0 21.7 8.7

In Robertson's material the percentage of nonstriped plants was twice that of
Freeling's, and there was low correlation of striping with mutator activity. In
Robertson's stocks, although fewer plants striped, there was a correlation of
mutator activity with striping.

I believe the difference in these two stocks can be explained on the basis of
what is known about their origin and environmental factors influencing striping.
When Freeling grew the original Mu stock I sent him at Berkeley, he observed
striping. Assum1ng the striping was the result of Mu activity, he selected these
plants for crossing and continued to select for striped plants (= Mu plants?) in
future generations. Thus he had selected strongly striped stocks. Striping was
rare in Robertson's stocks grown in Iowa and Hawaii and no selection for the
striping phenotype was made.

In last year's News Letter (MGCNL 56:2, 1982) it was reported that Tow temper-
ature will cause striping in not only Mu stock but also normal lines. With these
facts in mind, the following might explain the experimental results. The growing
conditions (i.e., Tow temperatures) at Berkeley are such that in most years
striping will be induced in many plants, normal or Mu. Perhaps Mu plants are more
susceptible to striping at Tow temperature (this is yet to be established, but if
true, it would not be inconsistent with a viral infection, since viral symptoms
are sometimes more extreme at lower temperatures). Thus, Mu plants grown at
Berkeley may have two types of stripes: Mu-induced and those induced by low
temperature. If, over several generations, selection for striping was carried out
at Berkeley for plants that were more prone to cold-temperature-induced striping,
then there would be Tittle correlation expected between striping and Mu. On the
other hand, Robertson's stocks were never subject to selection for cold-temperature-
induced str1p1ng Thus, when grown at Berkeley, more of the striping might have
been due to the Mg_response to cold temperature relative to the normal cold-
temperature-induced striping, and hence the stronger correlation with striping.

These results suggest that striping might be a phenotypic expression of Mu.
However, one has to be aware of the low temperature effect when trying to select
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Mu plants on the basis of striping (e.g., among Freeling's material there were two
striped plants that showed no mutator activity). Before striping can be used as a
diagnostic guide for Mu it will be necessary to better characterize cold tempera-
ture striping as opposed to mutator striping, if indeed they are different
phenomena. The fact that most Mu progeny are Mu will complicate the analysis
because the chance of picking a Mu plant each generation, regardless of phenotype,
is high. In my early work with mutator, this transmission pattern led me to
wrongly conclude that mutator was associated with y9, since selection and propa-
gation were made on the basis of y9 being present.

There is one additional observation that bears on the striping phenomenon. This
last spring was unusually cool in Iowa. My first planting (April 30) germinated
well, but after the two to three Teaf stage there were a couple of weeks of cool
weather. During this time 1ittle growth took place and there was extensive
yellowing of the leaves. A few weeks later, for the first time in my field, I saw
considerable striping in my Mu lines. Similar striping was not observed in my
second planting (June 2). In checking with the plant extension workers on our
campus, they informed me that they were deluged with calls from farmers this
spring about striped plants in their fields. They further informed me that
striping is a commonly observed phenomenon in cool springs, and that there is
considerable varietal variation with regard to susceptibility to striping.

I have talked to our corn breeders here and they report seeing such cold temper-
ature striping, but they are not aware of any studies on this phenomenon. If
anyone knows of reports and/or studies on this effect of lTow temperatures, I would
appreciate being made aware of them.

Donald S. Robertson

Genetic instability in maize-teosinte hybrids

Mangelsdorf and Galinat have reported several instances of increased mutation
rates in derivatives of maize-teosinte hybrids. I have also tested for instability
in such hybrids using the outcross-selfing-seedling-testing technique utilized in
the testing of mutator lines to pick up mutants. I have limited resulits on a
Mexican teosinte line obtained from Plant Introduction (PI 384063) and a
Guatemala teosinte furnished by Dr. Galinat. A1l crosses were made onto corn
silks. In some instances, the Fl's had to be backcrossed using maize as the
female parent to get ears that would furnish sufficient seeds for seedling tests.
The results of these tests are as follows:

% Total %

Generation Total Total diff. Diff.
Teosinte source tested Total mutants mutants mutants mutants
Mexican F1 39 0 0 0 0
Mexican 15t B.C: 72 1 1.4 1 1.4
Total Mexican 111 1 0.9 1 0.9
Guatemala F1 96 4 4.2 3 Fal
Guatemala 1st B.C. 101 3 3.0 1 1.0
Total Guatemala 197 7 3.6 4 2.0

These data are too Timited for any sweeping conclusions at the present time.
They do support the findings of Mangelsdorf and Galinat on the genetic instability
of maize-teosinte derivatives. In Tight of the hybrid dysgenesis work in
Drosophila, it would be of interest to perform test crosses in which the cytoplasm
was derived from teosinte rather than maize. Such tests are currently being
carried out.

Donald S. Robertson



A case of possible unequal sister chromatid exchange in Mu stocks

In a large isolation block set up to isolate Mu-induced a2 mutants, the male
parent was a Mu A2 Bt stock that carried the self-color R-scm2 allele. This
allele also results in colored scutellum. The female parent was a2 bt. In this
test 4 seeds were found that were yellow and had purp1e scutellum. Tt was
assumed that these seeds resulted from pollen grains in which one sperm nucleus
had an A2 to a2 mutation, while there was no mutation in the other sperm. To
confirm this, the seeds were planted and self-pollinated. If these seeds were
indeed due to a mutation in only the sperm fertilizing the polar fusion nucleus,
the selfed ears should segregate 3 A2 Bt:1 a2 bt (with a few rare crossover
classes). This was not observed! In all cases, about half of the seeds were
A2 Bt.

An unequal sister chromatid exchange during the division of the generative
nucleus could result in a duplicate (A2 A2) chromosome that would be selected
against when the F1 plants were selfed, and the a2 bt pollen only (or predom-
inantly) would function through the male. No such selection would occur on the
female side, and thus the selfed ears would be expected to have the observed 1:1
ratios. (See Figure 1.)

To test this hypothesis, plants from A2 Bt seeds from the selfed ears were
reciprocally crossed with a2 bt. The ears on the a2 bt plants would be expected

to have predominantly a2 bt seeds since
the duplicate chromosome would not be

A2 transmitted through the pollen. The A2 Bt
0] ears should have A2 Bt and a2 bt seeds in
k}?ﬁ () Bt approximately a 1:1 ratio. Basically,
' @ these results were observed. Only an

occasional Bt and/or A2 seed was observed
on the a2 bt ears (= crossovers?).
5 3 If the a2 bt stock had a fifth chromo-
e some Ga factor, and the A2 Bt stock ga,
A2, A2 Bt 0) similar results might be observed. But
' - \\ if that were the case, how would the

Production of sperm

original seeds have been produced in the
first place? This is possible if the Ga
To polar nuclei system allows the functioning of ga
, B9 pollen on silks, and if no Ga pollen was
' - available to compete with that carrying
ga. However, such a possibility does not
Q gametes: egg Polar nuclei explain the original yellow endosperm-
a2 bt a2 bt purg%e sgu;illzm Eeeds. N
B s gamTit e a2 bt stock was obtained many years
Ll Ye"::d;:p“emme ago from the Coop. When I first tried
v / using it, I ran into all kinds of diffi-
Resulting plant culty because it had a very strong Ga
Self pollinated factor. Pollen with the ga allele would
not function on the silks of homozygous
% Purple Bt : ' Yellow bt Ga plants, even if ga was the only type of
(Through the male duplicate A2 A2 B, pollen grains can not pollen available. Such crosses failed to
compete with the normal az bt pollen grains.) set seeds. Before I could use this stock,
I had to eliminate the Ga factor. There
has been no evidence of Ga in this stock
Figure 1 for years, during which time it has been
used in a var1ety of different crosses.
A few years ago I carried out an extensive test of cross1ng over in the a2-bt
region using reciprocal tests. The purple stock used in this cross was the same

A
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one used to produce the A2 Bt Mu line, and the a2 bt was the same as the one used
in these tests. There was no evidence of a Ga factor being involved in these
crossover tests.

It seems very likely that unequal sister chromatid exchange was responsible
for producing the original seeds. If this is true, and if the duplications are
long enough, it may be possible to demonstrate them cytologically.

Donald S. Robertson

Pollen sterility in inbred Mu stocks

In last year's News Letter (MGCNL 56:4-8, 1982), it was reported that Mu
activity was lost as Mu stocks were inbred. One possible explanation of this loss
could be the failure to transmit Mu as the dose of Mu increases. This might be
accomplished by a Mu-induced abortion of ovules and pollen grains carrying high
doses of Mu. That this does not take place in stocks that have been propagated
by outbreeding, the usual method of propagation, is well established by the
results of many such crosses. At least 87% of all outcross plants receive Mu.

In last year's report we reported observations on ear sterility which might be
indicative of ovule abortion in inbred populations. No consistent pattern of
abortion was observed that would suggest high Mu doses resu]t 1n such abortion.

This past summer we grew populat10ns of Mu2 TMul x Mul), Mu4 (Mu2 x Mu2),

Mu8 (Mud x Mu4), Mul6 (Mu8 x Mu8) and Mu32 (Mul6™x MulB) and c]ass1f1ed them for
pollen abortion (Table 1). T

Table 1. Pollen sterility in inbred Mu stocks.

Levelsof Pollen sterility (%) Total
Tt inbreeding - 3 1o nonl0 a3 G20 o2 ‘Pw e
Mu? 16(59.3) 2(7.4)  27.4) 3L 23(85.2) 13.7) 137 1. 167 27
mu® 20(62.5) $(12.5)  13.1)  25(78.1) 2(6.3) 3(9.4) 1(3.1) 6.0 32
Mu® 18(66.7) 208 4(16.8)  24(88.9) 2(7.4) 1(3.7) 27
Mu'® 29(96.7) 29(96.7) 103.3) 30
Mu?? 26(86.7) 2A6.7)  28(93.4) 13.3) 103.3) 30
1979
My 379(87.3) 13(3.0)  19(6.8)  411(9%.7)18(6.1) 3(0.7) 1(0.2)  1(0.2) 434
Non-Mu 316(94.9) 22.1)  8(2.4)  331(99.4)1(6.3) 1(0.3) 333

1982 Data - Heterogenity X = 6.2635 = p .10-.20

*n = no abortive pollen grains, n~ = few abortive grains, ns = 5% abortive grains, etc. —-

4;25 = 25% abortive pollen grains ---4p = a little less than 50% abortive pollen grains, 4} = 50% abortive pollen grains.

Again, there is no consistent pattern that would indicate Mu-induced pollen
abortion is taking place. It is possible that pollen grains with high doses of
Mu might not appear abortive and yet not be able to function or compete against
normal pollen grains (with few or no Mu's). However, in producing these Mu
stocks, each generation the female parent theoretically contributes as many Mu's
to the next generation as the male parent. Since there is no evidence of
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Mu-induced sterility on ears of such a cross, the female-contributed Mu's should
be transmitted, and thus with inbreeding a certain minimal level of Mu, the female
transmitted level, should be maintained. This has not been observed.

In sum, there is no good evidence that the Toss in Mu activity when Mu stocks
are inbred is due to selection against gametophytes with high Mu doses.

Donald S. Robertson

AUSTIN, TEXAS
University of Texas

Indirect evidence for alignment in advance of synapsis, with frequency dependent
on extent of available homology

It is often proposed that meiotic homologue pairing depends primarily upon prior
juxtaposition of homologous centromeres and/or telomeres, with synapsis initiated
first near these structures and then zipping to completion. If this indeed is the
case, there is nevertheless reason to believe that there is a crucial prealignment
stage which seems to occur, in some cases at least, with a frequency directly
related to the extent of homologous chromosome length.

Figure 1 diagrams chromosome constitu-
tion with respect to maize chromosome 2
and a Tripsacum partial homologue in three
interchange stocks (M.P. Maguire:

Genetics 51:23-40; Genet. Res., Camb. 12:
21-27). Maize chromosome 2 is indicated
by solid lines, the Tripsacum chromosome
homoeologous portion by parallel hori-
zontal bars, and the remainder of the
Tripsacum chromosome by dotted lines;
centromeres are designated by open
circles, and there is a terminal knob on
the Tripsacum homoeologous portion. The
centromeres of maize chromosome 2 and the
Tripsacum chromosome are not homologous.

Frequency of metaphase I trivalents is
about 90% in types a and b, and about 54%
in type c. Trivalent occurrence at meta-
phase I depends, in types a and ¢, upon

Figure 1 homoTogous pairing and crossing over
having occurred between the chromosome with
the Tripsacum centromere and one of the two
chromosomes carrying a maize centromere. In type a, with approximately twice the
extent of homology available for these events (vs. type c), there is roughly twice
the frequency of trivalents (vs. type c). In type b, the same total extent of
homology is available for trivalent formation as in type a, but homology to the
chromosome carrying the Tripsacum centromere is shared between the two maize
centromere-carrying chromosomes, approximately equally. At pachytene in type b,
in 24 cells with a trivalent configuration where analysis was possible, 19
contained homologous synapsis of the distal region only, 3 contained homologous
synapsis of the intercalary region only, and 2 contained homologous synapsis of
both distal and intercalary regions (with change of pairing partner). If this is
a representative sample, most trivalent formation depended upon synapsis of the
distal region in type b. Nevertheless, the frequency of both homologous synapsis
and crossing over in type b corresponded to expectation from availability for
these events of an extent equal to the combined potential extent within both distal
and intercalary regions.
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In the absence of some unrecognized artifact or sampling error, it is difficult
to escape the conclusion that both synapsis and crossing over depend upon total
extent of available homology, although most of the occurrences of these events
seem to have been shunted into the distal region in type b. Is commitment to both
synapsis and crossing over established at prealignment in a manner partially
dependent on intercalary chromosome regions, although actual synaptic and crossover
events tend to be distally located?

Marjorie Maguire

Sporadic, frequent bivalent interlocking at diakinesis in a variety of stocks

Clear interlocking of bivalents at diakinesis has now been found in sporocyte
samples of plants from a number of widely differing stocks, although sibling
plants of these stocks appear completely normal in this respect. Stocks involved
include a Coop elongate stock, G. Y. Kikudome's 9K*Ks stock, Coop desynaptic stock,
Coop Inv. 3a stock iwﬁich actually contained two B chromosomes), aﬁﬁ"{YS. In
samples where the abnormality was found, some cells were normal, most contained one
or two pairs of interlocked bivalents and some contained snarls involving all or
most of the chromosomes. At pachytene, many cells contained untraceable, snarled
knots involving many chromosomes, although very little synaptic failure was seen.
Interlocking could be seen at metaphase I, but in most cases, resolution of the
interlocks had yielded normal appearing cells by anaphase I, and later meiotic
stages appeared normal.

A11 of these samples were from growth chamber grown plants, and it is suspected
that the abnormality is a result of some aspect of the growth chamber condition
which may have differentially affected these plants. I am interested in knowing
whether others have found abnormalities of this sort in field grown or growth
chamber material.

Marjorie Maguire

BARCELONA, SPAIN
Instituto de Biologia de Barcelona, C.S.I.C.

Pollination effects on grain yield and qualities of fertilized plants

Previous research suggests that the genetic information the pollen brings to the
embryo and to the endosperm affects not only the vigour of the seed, but also the
female parent plant photosynthesis capacity (Blanco, M., Doctoral thesis, Univ. of
Zaragoza, May 1972; Bosch, L., and Blanco, M., et al. MNL 52:122-123, 1978). The
present work is to test for differential interaction between the plant and the seed
produced on it, in respect to: (1) The relationship between their respective
genetical constitutions, (2) specific genes, and (3) cytoplasmic effects.

The material was (a) Two inbred lines of quite different origins, each in an
02/02 version and a +/+ version: A 02, A+, B 02, B +; (b) the F1 single cross,

A 02 x B 02 (direct cross), and the reciprocal, B 02 x A 02; and (c) the F2 of both
direct and reciprocal single crosses.

As treatments, the inbreds were self-pollinated; both classes of F1 plants were
(1) not pollinated, (2) self-pollinated, (3) pollinated with each version of both
parent lines (A +, A 02, B +, B 02); and both classes of F2 plants were self-
pollinated.

The experimental design was "randomized plots" of 3 replications (one plot for
each class of material and type of pollination; 25 plants per plot). The
pollinated plants with ears not perfectly set were discarded. On each plant, 3
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parameters were measured: (1) Refractometric reading of the stalk juice at
maturity of the grain (34% moisture of the grain); (2) Dry weight of the ear/plant
(15% moisture); and (3) Total dry weight/plant.

In each group of material (a, b and c) there were significant differences in
reaction between corresponding treatments. This lets us advance that plants
react specifically to the different classes of seeds, and vice versa. Such
reactions depend on the relationship between their cytoplasms, genetic backgrounds
and specific genes (02 versus +). The results do not invalidate the hypothesis
that in some cases the seed stimulates and increases the photosynthesis capacity
of its mother plant.

Besides the working hypothesis, the homozygous 02 seeds in some of the cases
were significantly superior in weight to the corresponding heterozygous seeds.
Thus, "opaque 2" should not be considered a "defective" gene.

M. Blanco, P. Fontanet, A. Alvarez, J. Montserrat, and J. L. Blanco

BELTSVILLE, MARYLAND
Agricultural Research Service, USDA

Latin American maize collections

Negotiations are in final stages for cooperative projects in Colombia, Mexico,
and Peru for U.S. maize scientists to work with them on the increase, evaluation,
and preservation of maize collections.

For more details write: Dr. Quentin Jones, National Coordinator, National
Plant Germplasm System, USDA/ARS, Bldg. 005, Beltsville, MD 20705.

Quentin Jones

BERKELEY, CALIFORNIA
University of California

A DNA insertion within Adhl is transcribed

Last year H. P. Déring, M. Motto, F. Salamini and P. Starlinger (MNL 56:40,
1982) described an Adhl mutant they recovered from plants homozygous for bz2-m,
containing Ac. The mutant, 2F11, has no ADH1 activity and presumably contains a
Ds element affecting the Adhl gene. In collaboration with Starlinger's lab, we
have been studying 2F11 to determine: (1) if it responds to Ac, (2) whether there
is an insertion at or near the Adhl gene, and (3) if there is transcription of the
Adhl gene. This note will describe the RNA data; the genetic and restriction
mapping data will be described elsewhere.

I compared poly-adenylated ADH1-RNA from roots of 2F11 and a standard line, 1S,
after seedlings were subjected to 12 hours of anaerobic stress. The RNA samples
were electrophoresed on a denaturing formaldehyde gel, transferred to nitrocellulose
and probed with the Adhl cDNA clone, pZML84 (Figure 1). The ADH1-RNA of 2F11 is
present to the same extent as in 1S, but the 2F11 RNA is 2 kb larger. The increase
in size of the message is compatible with the results of our Southern data that
demonstrate the presence of a 2 kb insert within the coding region (to be published
elsewhere). In addition to the Targer ADH1-RNA of 2F11, a minor amount of normal
size message (1650 bp) is also present. The normal size message is probably not
ADHZ because of the stringency of the hybridization and wash conditions
(Tm -20 C and T -10 C, respectively). To determine if transcription starts and
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Figure 1. 2F11 and 1S seedlings were subjected to 12 hours of anaerobic
stress. One ug of poly-adenylated RNA from 1S and 2F11
anaerobic roots were electrophoresed on a formaldehyde 1%
agarose gel. The gel was transferred to nitrocellulose
and probed with an Adhl cDNA clone. BMV RNA was used as
a size standard.

stops at the normal positions, 2F11 ADH1-RNA was probed with 3' and 5' fragments
of the Adhl genomic clone, pB428. The results of this experiment showed that the
novel transcript has Adhl coding sequence surrounding the insertion.

Our interest in 2F11 goes beyond the Adhl gene. 2F11 displays a mild knotted
phenotype that is 1inked to Adhl (M. Freeling, pers. comm.). The knotted gene,
Knl, is on chromosome 1 and is the nearest known neighbor to Adhl (< 0.1 mu). We
intend to ask if the knotted phenotype is due to a position effect of the insertion
at Adhl, or if Knl is at the insertional site within the Adhl coding sequence
(seems unlikely?) or, something more complicated.

Sarah Hake

Dear Maize Geneticists:

In the course of analyzing Adhl mutants which had been induced in a Robertson's
mutator genetic background, we have had the good fortune to capture a maize inser-
tional sequence (Freeling, Cheng and Alleman, Develop. Genet., in press; Strommer,
Hake, Bennetzen, Taylor and Freeling, 1982, Nature 300:542-544). Our mutator lines
were a gift of Don Robertson. A 13 kb BamHl fragment containing the mutator-
induced allele Adhl-S3034 was isolated from a lambda library. The cloning was done
by Jeff Bennetzen at International Plant Research Institute, San Carlos, CA
(Bennetzen, Swanson and Freeling, in preparation). Adhl1-53034 contains a 1.35 kb
insert in an intervening sequence close to the 5' end of the gene. We call this
insertional sequence Mul and believe it to be responsible for the induction of the
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Restriction map of 5' end of Adhl gene with Mul insert. The allele is
Adh1-53034

unstable mutants caused by Robertson's mutator genetic background. Typical maize
cultivars contain no sequences with any detectable homology to Mul, while lines
presumed to carry Robertson's mutator genetic background contain very approximately
30 dispersed, intact Mul elements (Bennetzen and Swanson, in preparation).

Robertson (1978, Mut. Res. 51:21-28) has recovered several recessive mutants
from plants carrying mutator genetic background, as have other investigators. We
think that Mul insertion mutants may provide a handle with which to clone these
dysfunctional genes. We will distribute a Mul specific clone to those interested
in pursuing this strategy. Please write to Michael Freeling on or after March 1,
1983.

Being realists, we know that once Mul is released it is out of anyone's control.
Since we have not yet published on Mul and related sequences, we hope that those
who must compete with us directly will keep in touch. In particular, the use of
Mul as an integration module for transformation studies interests us. We would
Iike to hear about all results using Mul, whether interesting or not.

Michael Freeling, William C. Taylor and Jeffrey L. Bennetzen*
*International Plant Research Institute, San Carlos, CA 94070

BLOOMINGTON, INDIANA
Indiana University

Identification and characterization of the embryo-specific proteins in maize

The major proteins specific to maize embryos have been identified as the
products of the Pro locus on chromosome 1 (MGG 174:233-240, 1979)(this locus will
be referred to as Prot in accordance with its current designation by the Maize
Genetics Coop). This locus codes for two proteins, PROT' and PROT; PROT' is about
5,000 daltons larger than PROT (three size alleles, Prot-L, Prot-I and Prot-S, with
molecular weights ranging from about 61,000 to 68,000 daltons, have been reported).
These proteins fit the criteria of storage proteins as defined by Derbyshire et al.
(Phytochemistry 15:3-24, 1976): they are first detected (by SDS-polyacrylamide gel
electrophoresis) about 20 days post-pollination, they account for up to 30% of
total protein in mature embryos, and they are rapidly degraded on germination.
These proteins are classified as globulins by virtue of their solubility in 1M NaCl
and insolubility in water, and by precipitation at pH 4.7. These characteristics
also suggest that the products of the Prot locus comprise the "embryo antigen" P7
of Khavkin et al. (Planta 143:11-20, 1979).
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Extensive homology between PROT' and PROT is observed by digestion with trypsin,
chymotrypsin, S. aureus V8 protease, formic acid, and cyanogen bromide; the
proteins specified by the three size alleles also show considerable homology in
peptide digests. The cyanogen bromide digests have been found to be quite informa-
tive when comparing the size alleles. Cyanogen bromide cleaves the proteins into
two major fragments: the size difference between PROT' and PROT is limited to the
larger fragment, whereas the size differences observed between the proteins
specified by the different size alleles are Timited to the smaller fragment.
Experiments are in progress to determine which fragment represents the amino-
terminus of the protein.

PROT' is first detected in SDS gels about 20 days post-pollination, and PROT
first appears two to three days later. The unlinked locus Mep (chromosome 5)
controls the synthesis of PROT. In homozygous mep embryos, very little PROT is
synthesized, and PROT' accumulates. The action of Mep does not appear to involve
protein processing since preliminary in vivo experiments have failed to show a
chase of radioactively-labeled amino acids from PROT' to PROT in immature embryos
pulsed with label. It appears that the action of Mep is at the level of transcrip-
tion or RNA processing.

Al Kriz and Drew Schwartz

Further studies on two-unit mutable systems found in our high-loss studies and
on the specificity of interaction of responding and controlling elements

In the 1982 Maize News Letter we presented a chart summarizing the interactions
of the responding and controlling elements comprising previously studied two-unit
mutable systems, as well as those of three new systems which arose in our high-loss
studies. Several of the interactions had not been determined and were listed as
"testing" or "to be confirmed." The missing diagnoses have now been ascertained
and the complete set of interactions is given below where a plus signifies a
positive and a minus sign a negative response. A positive interaction is evidenced
either by breaks induced at the responding locus, followed by loss of the chromatin
segment distal to the break, or by excision of the inhibiting Ds-like element from
the affected locus, resulting in full or partial recovery of gene activity in a
structurally intact chromosome. McClintock designated breakage as a Type I and
excision of the regulatory element as a Type II event. Failure to find either
breakage or excision would be scored as a negative response.

The Ds element used in our tests was proximal to Wx in the short arm of chromo-
some 9, and not between C-I and Wx as indicated in the pedigree provided by -the
Maize Stock Center. This Ds (called standard Ds) is not associated with any
mutant phenotype and its interaction with Ac is demonstrated by Ac-induced breaks
at Ds, resulting in the joint loss of the Tinked C-I and Wx markers. Pheno-
typically, there are colored, waxy (C wx) spots on a white, starchy (C-I Wx)
background in endosperms of C wx/C wx/C-I Wx Ds; Ac constitution. Excision of Ds
(Type II event) would not readily be detected with our Ds stock. It is only when
transposition of Ds occurs and it is moved into or adjacent to a wild type
structural gene, thereby inhibiting the activity of that Tocus and giving a
recessive mutant phenotype, that excision of Ds from the inhibited locus is made
evident by the recovery of full or partial gene activity in that cell and its
descendants.
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Controlling Responding loci
element a-mrh a-standard a-m, a-mr Dst  bz2-m bz-mut

ot : . - SR :
Ac=Mp - - - £ :

tThe Ds tested is located proximal to Wx on chromosome 9.
*See following discussion.

kernels Tacking their specific controlling element. Mutability of a-mrh is induced
by Mrh and not by Dt or En, mutability of a-standard by Dt and not by Mrh or En,
and mutability of both a-m and a-mr by En but not by Mrh or Dt. The chart could

be enlarged to include other responsive Toci into which Ds has been inserted, but
nothing new in pr1nc1p1e would be gained.

The behavior of Ac2 is anomalous. When McClintock's Ac is tested against Ds in
the C-I Wx Ds chromosome, a frequent loss of both C-1I and Wx occurs as the conse-
quence of Ac-induced breaks in the C-I Wx Ds chromosome (event Type I). Her Ac
tested against bz2-m, which has a Ds-like element in or adjacent to a wild type
Bz2 allele, causes the excision of Ds from Bz2. We have not yet determined
whether or not Ac causes excision of Ds (Type 1T event) from the C-I Wx Ds chromo-
some or breaks (Type I) in the bz2-m chromosome. However, since AcZ also induces
mutability of bz2-m (although differing from Ac in dosage effects, time of mutation
and its restriction to specific tissues), it might be anticipated that Ac2 would
cause breaks in the Q_g.yﬁ'gg_chromosome This was not the case. The frequency

different from that in similar endosperms with no Ac2. We concluded that Ds in the
C-I Wx Ds chromosome differed from the Ds-1like component in bz2-m, since the
former gave a Type I response to Ac but not to Ac2. Both Ac and Ac2 induced Type
IT events at bz2-m, but they differed in that Ac induced excision of the Ds element
of the wx-m-1 and c-m-1 alleles, while Ac2 was comp]etely ineffective in eTiciting
a Type II response at either locus. Our tests prior to 1982 established that
unlike Ac, Ac2 h d no effect on Ds in_the C-I Wx Ds chromosome, on mutability
of wx-m-1 , on c-m-1 (= Ds C) nor on wx-m-9 (= Ac Nx) It seemed,
therefore that the response of bz2-m to Ac and AcZ was due to some unknown mod1f1-
cation in the molecular structure of the D: Ds. component of the bz2-m allele.

Some recently obtained data cast doubt on the validity of this conclusion. The
response of bz2-m to increased doses of Ac2 is dramatic. No (or rare) Bz2 spots
of aleurone color are found in kernels homozygous for bz2-m and possessing one Ac2,
a Tow number occurs with two Ac2 and many mutations of bzZ to Bz2 are found with
three doses of Ac2. Inasmuch as we had found (see our 1982 News Letter report)
instances where two Ac2 elements were situated in juxtaposition in the same chromo-
some, we thought it of interest to see what the response of Ds in the C-I Wx Ds
chromosome would be to four doses of Ac2. We had observed no o detectable response
of this Ds to two Ac2, but since the mutation rate of bz2-m was so dramat1ca11y
increased in going “From two to three doses of Ac2, it seemed possible that Ds in
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its standard position might exhibit a coqgiggble response to higher numbers of Ac2.
Crosses of bz2-m/bz2-m; C-w wx/C-w wx; AC2 Ac2/ac2 ear parent x Bz2/Bz2; C-1 Wx Ds/
C-1 Wx Ds; ac2 pollen parent should give equal numbers of F1 endosperms with two
genotypes: (1) bz2-m/bz2-m/Bz2; Ac2 Ac2/Ac2 Ac2/ac; C-w wx/C-w wx/C-I Wx Ds and
(2) bz2-m/bz2-m/Bz2; acZ/ac2/ac2; C-w wx/C-w wx/C-T Wx Ds. The C-1 allele was
dominant to two doses of the weak C-w allele. Half of the kernels had four doses
of Ac2 and one standard Ds, while the other half had no Ac2 and one Ds. A number
of ears were obtained from this cross. The kernels on each ear fell into two
distinct classes in a 1:1 ratio. One-half had a colorless aleurone with starch
which stained blue with IKI. The majority of the kernels in this class had no
colored-waxy (C wx) spots resulting from loss of the C-I Wx markers, but a Tow
percent had a few colored-waxy spots which were ascribed to spontaneous loss. In
sharp contrast to this group with no or low loss of the C-I Wx markers was the

50 percent of the kernels with a colorless-Wx background on which there were many
(literally hundreds) of colored-waxy spots. Clearly, frequent loss of C-I and Wx
was occurring during endosperm development in this half of the F1 kernels, while
the other half had no or a very lTow rate of lToss. We knew from the pedigree of the
parental plants that one-half of the kernels had four doses of Ac2 and the other
half had none, but at this stage in our investigation we could not tell if the
kernels with the high rate of C-I Wx Toss also possessed four Ac2 elements with the
other half having none. However, by testcrossing plants from kernels with a high
rate of loss and plants from kernels with no loss of C-I Wx, we were able to
conclusively demonstrate that all high rate kernels had four Ac2 while kernels with
a low rate of loss had none. This demonstration was possible because the F1 plants
were all heterozygous for bz2-m. If all bz2 kernels in a given testcross popula-
tion had a stable bronze aleurone color, it was concluded that the two linked Ac2
were not carried by the tested plant. Conversely, if a testcrossed ear had equal
numbers of bzZ2-mutable and bz2-stable kernels, the testcrossed parental plant was
heterozygous for the two linked Ac2. Several score of plants coming from the two
classes of endosperm were testcrossed, and without exception the kernels with a
high rate of loss of the C-I Wx markers gave rise to plants which segregated for
mutable and stable bronze-2 phenotypes in a 1:1 ratio. These plants were demon-
strably heterozygous for Ac2. Plants derived from kernels with no or few losses of
C-T and Wx had no Ac2 since no mutable bronze-2 kernels were found. These results
challenge our earlier conclusion that Ds in its standard location does not respond
to Ac2. It does respond, but only when four doses of Ac2 are present. We know
that two or three doses of Ac2 induce Type II events (excision) at bz2-m but not in
the wx-m-1 and c-m-1 mutable systems, and that increasing the dosage of Ac2 does
not affect the mutation pattern of wx-m-9 as do extra copies of Ac.

In summary, breaks at Ds in its standard position are not induced by two doses
of AcZ2, while many breaks occur when the dosage of Ac2 is increased from two to
four. This suggests that Ac2 is a weak variant of McClintock's Ac. Support for
this tentative conclusion comes from the following observations. The wx-m-1
allele is a Wx allele with an inserted Ds which inhibits the activity of the Wx
gene. Endosperms homozygous for wx-m-1, or having various combinations of wx-m-1
and recessive wx, have no Wx reversions if Ac is not present, but show many Wx
spots upon the introduction of Ac. Since kernels with wx-m-1 and one to three
doses of Ac2 have only wx starch in the endosperm, we concluded that Ac2 was unable
to induce excision of the Ds element in wx-m-1. This observation strengthened our
conclusion that Ac and Ac2 were too dissimilar for the one to be a mutant deriva-
tive of the other. However, in kernels with four doses of Ac2, standard Ds did
undergo breakage, so a similar test was made of the effect of more AcZ2 on the
wx-m-1 system. Waxy kernels from crosses of bz2-m/bz2-m; Ac2 Ac2/ac; wx/wx silks
by Bz2/Bz2; ac2/ac2; wx-m-1/wx-m-1 polien in the summer of 1982 gave endosperms of
two different genotypes. They differed in that one class had four doses of Ac2 and
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the other class had none. A1l kernels are Bz2 phenotypically and have one dose of
wx-m-1. Upon closely examining the endosperms from this cross, we found a few
with an occasional, usually small, blue or lavender stained spot with IKI. Tests
are presently being conducted to determine if all of the relatively infrequent
kernels with rare blue or lavender staining cells are heterozygous for the two
linked Ac2. Our prediction is that they are, and that wx-m-1 shows some response
to four doses of Ac2 although it showed no response to one, two, or three doses.
If our pred1ct1ons are confirmed, a reasonable 1nterpretat1on of our data might be
that Ac2 is an anemic version of Ac, but we are hesitant in accepting this
conclusion because the two differ in so many attributes. Whatever the outcome, it
would appear that there is heterogeneity among the different Ds elements since
they have dissimilar responses to the same activator. This saga will be continued
in next year's News Letter.

M. M. Rhoades and Ellen Dempsey

On the mapping of controlling elements and their effect on recombination

We reported in the 1982 Maize News Letter that Mut, the controlling element
producing mutability of bz-mut, was probably in chromosome 2 since in heterozygotes
for the wx T2-9b translocation there was 32% recombination between Mut and wx, but
no Mut wx linkage was found in other wx translocation heterozygotes. The location
of Mut in chromosome 2 has been confirmed by orthodox linkage tests. Heterozygotes
of Ws3 Lg Mut G12/ws3 1g mut g12; bz-mut/bz-mut constitution were crossed as the
female parent with a ws3 1g mut g12; bz-mut pollen parent. The ensuing kernels
were scored for bronze mutable and bronze stable and planted in a sandbench where
the seedlings were classified for ws3, 1g, and gl2. The following 4-point test-
cross data were obtained:

Crossover No. of

Region Phenotype Individuals

0 Ws Lg Mut GI 240

0 ws 1g mut gl 236

1 Ws 1g mut gl 32

1 ws Lg Mut GI 24

2 Ws Lg mut g1l 46 Region 1 Ws3 Lg = 8.8% crossing over
2 ws 1g Mut Gl 46

3 Ws Lg Mut gl 22 Region 2 Lg Mut = 15.8% " Y
3 ws 1g mut GI 16

1-3 Ws 1g mut GI 1 Region 3 Mut G12 = 8.1% " ‘
1-3 ws Lg Mut gl 1

2-3 Ws Lg mut GI 9

2-3 ws 1g Mut gl 4

1-2-3 Ws 1g Mut gl 1

1-2-3 ws Lg mut GI L

The linear order and intervening crossover distances are Ws3 - 8.8 - Lg - 15.8 -
Mut - 8.1 - G12, which place Mut in the short arm of chromosome 2. Since
controlling e]ements are subject to transposition and move from chromosome to
chromosome, no permanent map position can be assigned them. Nevertheless, the
controlling element present in a particular stock can be located with considerable
accuracy, as is shown by our positioning of Mrh in 9L and of Mut in 2S. The rate
of transposition of controlling elements is not so frequent that map position
cannot be determined, although not with the same precision as for conventional
loci. Even though germinal transpositions may be relatively rare, they are not
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without their effect on recombination data. The testcross data given above show an
absence of chiasma interference for double exchanges in the 2-3 region (coincidence
=1.59). Interference is normally high for short adjacent regions in this arm since
we have found a coincidence of 0.13 for Ws3 Lg G12 doubles (MGCNL 33:54). At

first glance it would appear that Mut, although heterozygous, eliminates chiasma
interference in regions flanking it. However, if, in the above data, we ignore

the Mut marker and consider 3-point data involving Ws3 Lg G12 loci, the coincidence
value for doubles is very low. The apparent lack of interference in regions
flanking Mut is caused, so we argue, by the excision of Mut from its parental
chromosome and its insertion in a heterologous chromosome. Through meiotic segre-
gation the recipient heterologous chromosome would fail in a predictable frequency
to pass to the same pole as the donor chromosome. A functional gamete of this
constitution would simulate a Ws3 Lg mut G12 double crossover and be scored as such.
Obviously, more data are needed to substantiate this conclusion, but we are confi-
dent that heterozygosity for Mut does not eliminate chiasma interference. The
validity of this scenario is being checked by determining the genetic constitution
of all putative double crossovers involving flanking regions. Incidentally, the
analysis of these apparent double crossovers may be an efficient method of
screening for new transpositional events.

In the 1982 News Letter we presented evidence of an increase or amplification in
the number of Ac2 elements present in an individual plant. The most frequent
increase is from one to two. In approximately half the cases, the two AcZ elements
are in heterologous chromosomes, or else are so distantly situated in the same
chromosome that they are independently segregated in meiosis, since in a testcross
a 3:1 ratio of bronze-2 mutable to bronze-2 stable kernels is found. In the other
half, the two AcZ2 are in juxtaposition in the same chromosome. In order to demon-
strate that transposition to heterologous chromosomes does occur, we are determin-
ing the chromosomal location of newly arisen Ac2, which no longer occupy the
parental site in the long arm of chromosome 8. Several cases of transposed Ac2 are
under study but in only one instance have we ascertained its new location. This is
a transposed Ac2 (tr-Ac2) now in chromosome 3 as demonstrated by the following
data, which are scant, because of vandalism in the experimental field, but
convincing. Plants of bz2-m/bz2-m; G16 tr-Ac2 Lg%/glﬁ ac 1g2 constitution were
pollinated by bz2-m; g16 ac2 1g2 testers. A total of 314 bz2 mutable to 414 bz2
stable kernels was obtained. The excess of bronze stable is the result of a Tow
number of Bz2 dots on the bz2 mutable kernels; consequently some kernels carrying
the tr-AcZ failed to have mutations of bz2 to Bz2. Linkage calculations were,
therefore, restricted to the bz2-mutable kernels since they were known to possess
the transposed Ac2. The following data were obtained:

0 G616 Ac2Llg2 205

1 g%g_gggagg%_ 60 Gl Ac2 = 22.8% crossing over

2 GG A2 Tgz 19

1-2 gl6 AcZ 1g2 6 Ac2 Lg2 = 8.6% " s
290

The transposed Ac2 clearly lies between G16 and Lg2 in 3L. The data are far
too meager to be conclusive, but it is of interest that the coincidence value is
greater than 1.0. We believe that, as in the chromosome 2 linkage study,
transposition of the controlling element to a heterologous chromosome is respon-
sible for many of the apparent double crossovers.

M. M, Rhoades and Ellen Dempsey
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BOSTON, MASSACHUSETTS
University of Massachusetts/Boston

Spontaneous cell fusion during meiosis leads to unidirectional chromosome
modification and B chromosome formation

In the 1ast two years we have reported on our studies of maize from Sikkim, a
popcorn of the Eastern Himalayas. During the study of the chromosome knob pattern
a low frequency of abnormal meiosis was discovered in certain lines. Further
investigation of pre-prophase to very early prophase stages discovered cell fusion
of clonal pollen mother cells in the most precocious (early-to-flower) plants. It
appears to us that these cells did not form a primary cell wall (possibly because
of disruption induced by the very rapid photoinduction from long days of this short
day tropical maize), and the naked cell membranes of cells in physical contact were
subject to a process best described as fusion.

There is no question of the fusion and subsequent spontaneous increase in
chromosome number (we have scored approximately 17,000 cells), but we are cautious
about our observations because to our knowledge this is a first report. Following
fusion, partially modified supernumerary chromosomes appear to stabilize their
number and are known to be inherited through the third generation.

Plasmodiums of both meiotic cells and mitotic cells, plus somatic nurse cells,
have been observed. Cell fusion composed of 3 or more cells always appears to
abort, but the fusion of two cells resulted in a spectrum of products, from
"stable" autotetraploids to the complete elimination of the invading complement and
return to the 'normal' condition.

Most intermediate conditions involved one complement which appeared to differ-
entially disintegrate while the other complement retained normal characteristics.
Chromosome modification appeared to be unidirectional, with only the chromosomes
from one complement undergoing partial to total modification and ultimately elimi-
nation. The conclusion that this modification-elimination was unidirectional is
based on both direct microscopic observations and the recovery of normal karyotypes
with supernumerary chromosomes in subsequent generations. We have stabilized lines
through the F3 generation with 2n + 1B, 2n + 2B's, and 2n + 3B's, the first being
the most frequent, following fusion in the original parent. The early photoinduc-
tion is inherited, and these selfed stocks are 30 to 45 days earlier than the
original Sikkim collection in days to flowering. The day length response genes we
assume to be on the normal complement.

We have observed these stabilized heterochromatic chromosomes to be no different
from B chromosomes. Despite the considerable work done on supernumerary or B
chromosomes, nothing is definitely known about their origin. One hypothesis, that
B chromosomes have an origin from A chromosomes, has never been confirmed by
direct cytological observations. In our observations, we have followed what we
take to be-the origin of a B-1ike chromosome following stabilization of the
invading chromosome set or complement created by fusion. The complement that
remains "normal" following fusion is the one that was in a slightly more advanced
stage of meiosis. We have called this the invaded cell.

Cells which had acquired additional modified chromosomes and which appeared to
have stabilized were found to fall into two categories. In the first category, the
additional chromosomes were meiotically active. These cells were stable throughout
meiosis. The second category was broader and included acentric fragments and
additional chromosomes which failed to contract (and were defined as not
meiotically active). In the Tatter case, these chromosomes were usually found in a
pachytene-1ike state of contraction in cells where the other chromosomes were at
more advanced and essentially 'normal' stages of meiosis. These unusual cells
suggested to us that fusion has occurred before or at pachytene, and not at
advanced stages.
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Although the causes of cell fusion and unidirectional chromosome modification
are not understood, a sufficient number of observations have been made to realize
that this is a real phenomenon and conclusions can be drawn. This report has
shown that additional chromosomes, whether modified or not, can arise spontaneously
in cells as a result of cell fusion and/or chromosome transfer. Meiotic cells
which have acquired extra elements express various degrees of stability, but can
result in fertile gametes and subsequent spontaneous karyotypic modification in the
next generation. Further, rapid unidirectional modification of chromosomes from
cells of clonal origin suggests that there must be a complex and finely tuned
chromosome/cytoplasm equilibrium. Lastly, the fact that partial elimination
appears to lead to inherited modified chromosomes shows that the elimination
mechanism need not be an all or none reaction, and that additional chromosomes,
whether modified or not, having passed a certain threshold, will acquire normal
cellular stability. We expect to publish these findings in full this year.

John P. Peeters and H. G. Wilkes

BROOKINGS, SOUTH DAKOTA
South Dakota State University

Location and allelism of golden-2

In MNL 53:24-25, 1979, I reported data showing that golden-2 (g2), which current
maps indicated as being on chromosome 7, was not on that chromosome. Subsequently,
plants of g2 (source: Coop. 64-169) were crossed by a set of B-A translocations.
g2 was found to be uncovered by TB-3Sb, indicating that it lies in the distal
portion of the short arm of chromosome 3. Since Beckett (J. Hered. 69:27-36, 1978)
reported that TB-3Sb uncovers cl but not rt, and since these two genes are only two
map units apart on 3S, it follows that g2 must lie distal to them. Two and three
point Tinkage tests with other genes on this arm are in progress.

Golden-2 has proven to be allelic to mutants of similar phenotype received from
others. A stock of pale green mutable (pg-m), later designated pgl4, of P. A.
Peterson's En system (received from him in 1973) had white culms as well as pale
green leaves. Crosses of this stock with g2 indicated allelism. Beckett, Coe and
Neuffer (MNL 47:147-148, 1973) found a new golden trait in an a3 Coop. stock. They
designated it as g5 and found it to be uncovered by TB-3Sb. Beckett (MNL 52:79,
1978) reported that g5 was allelic to pgl4. Crosses of g2 with g5 that segregated
" out of an a3 stock sent to me by Coe indicated allelism.

As golden-2 was first described in 1926 by M. T. Jenkins (Amer. Nat. 60:484-
488), the symbol g2 has priority over pgl4 and g5.

R. H. Whalen

CAMPINAS, SAO PAULO, BRASIL
Instituto AgronGmico

Genetics of horizontal resistance to pests by glucosides and super-genes

Toxics in plants are usually alkaloids, glucosides, res1ns, and organic acids.
Anthocyanins and flavones and related substances appear in glucoside form which
is not toxic per se. Stimulated, the glucoside hydrolyzes, producing sugars and
aglucones that are toxic. They are phytoalexins in the sense of Mueller. DIMBOA
one aglucone confers resistance to Helminthosporium turcicum, Diplodia maydis,
Gibberella zeae, Erwinia spp., Rhopalosiphum maydis, Ostrinia nubilalis, atrazine,
etc.
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Resistance in Zapalote Chico to Heliothis zea (corn earworm) is, at least in
part, by antibiosis with maysin, a flavone glucoside. The authors (MNL 56:30-32)
mapped, with the standard 9 wx translocations in IAC Maya latente, some effective
factors for resistance to H. zea in Z. Chico and IAC Maya. (There is an error in
Table 1, where the chi-square of wx T4-9b (4S.27; 9L.27) should read 11.46, with
P < 0.01, instead of 1.116.) It was seen that resistance corresponded chiefly to
super-genes and genes responsible for sunlight-independent synthesis of antho-
cyanins.

Table 1. Tests of cytogenetic mapping with Ostrinis nubilalis and Hellothis zea, from the literature. S=short arm, L=long arm; L, both arms
tested, positive for L, not for S; 5, vice-versa; 5 or L folTowed by n, not tested; --, both arms tested, results negative;
( ). resistance in the marker tester; ?, doubt between two avms or 0.10 > P > 0.05.

Chromosome Totals
Ref.*  Insect Material B | 2 3 ] 5 [ 7 B g 10 S
1 0. nubilalis T x Adll n -- L SnL L n - - -- - 0oy07  02/08
2 o ¥ T x Cl31A S S - SL - L - -- - Sn 03/09 02/10
" s T x B49 S 5 - St L? L - L -- Sn 03/09 04/10
3 " - gl7 v17 x M14 + Wf9 n n n S7L? n n n n n n 01701 01/01
L) i " T x B52 SL L 5 L S - - L -- -- 03/10 04/10
5 H. zea Twx 9 x 245 5 - L Ln S Sn Sn Sn - Sn 02/07  01/09
6 e Twx 9 HI4 x 20 S Ln SLn [S] - -- - Sn - Ln 03709 00/07
i= - + W23 x B1-1 L? Ln Skn L - - - Sn -- Ln 01709 01,07
" " + L317 x 245 -- Ln Ln SL L - - Sn - Ln 01/08 02/07
" 5 x 259 {S Ln Ln (L) 5 -- - sn .- Ln 02/0% 01407
" " x 322 5 Ln Ln -- L)t (s)L - Sn -- Ln 02/09 02/07
N - x L92w L Ln Ln - L - - Sn - Ln 00709 02/07
7 - " Mite Twx 9 x Z.C. S S (L) S{L) - L -~ Sn -- -- 03/09 03/10
TOTAL s 07/11 03/12 03/12 06/12 03/12 02/10 00/11 00/04 00/12 00/10 24/106=23%
TOTAL L 03/11 01/06 03/06 09/12 04/12 03/11 00/12 02712 00/12 00/06 25/100=25%

*(1} lbrahim, M.A., 1954, Agron. J. 46:293-298; (2) Scott, G.E., Dicke, F.F. & Pesho, G.R., 1966, Crop Sci. 444-446; (3) Penny, L.H. &
Dicke, F.F., 1957, Agron. J. 49:193-196; (4) Onugoku, F.A., Guthrie, W.D., Russell, W.A., Reed, G.L. & Robbins, J.C., 1978, J. Econ.
Entomo}. 71:1-4; fs] Robertson, D. & Walter, E.V., 1963, J. Heredity 54:267-272; (6) Widstrom, N.W. & Wiseman, B.R., 1973, J. Heredity 64:
83-8B6; (7) Miranda, L.T. de, Rossetto, C.J,, Miranda, L.E.C. de, Sawazaki, E. & Schmidt, N.C., 1981, MNL 56:30-32.

We did bibliographic research and analyzed 21 references in three groups. The
first (Table 1), for lepidopterans, has 4 references for 0. nubilalis and 3 for
H. zea. The second has 4 for "stunt" (spiroplasma) and 1 with atrazine (Table 2).
The third, for fungi, has 3 for H. turcicum, 2 for D. maydis, 3 for Ustilago zea
and 1 for Puccinia sorghi (Table 3). References are listed at the bottom of the
tables.

Table 2. Tests of cytogenetic mapping with maize dwarf mosaic, "stunt” (spiroplasma), and atrazine.

Chr Totals

Ref.* Test Material I 2z 3 q § [ T B ] | g
8 MOM inf. nat. T MI4 x OhO7 L L S - - SL S S .- Sie 05/10 04/10

" N N x Mo22 L L S - - SL SL S - SIL? 05/10 05/10
9 ] L L T wx x Mpdl2 S Sn L S - Ln - - - n 02/08 01/08
10 HDM spray T M14 x GAZ09 SnL? - L? Ls? L? SL - - S? Ln 03/09 04/09
11 " - T wx x 61s n n n n n n SL n n n 01/01  01/01
12 Atrazine Twe 9 x GT112 - n Sn -- L L? -- L - - 00/08 03/09

TOTAL S 01/04 00/03 0z/04 02/05 ©00/05 03/05 03/06 02/05 01/05 02/04 16/46=351

TOTAL L 02/05 02/04 02/05 01/05 02/05 04704 02/06 01/05 00/05 02/03 18/47=38%

*(8) Findley, W.R., Dollinger, E.J., Louie, R. & Knoke, J.K., 1973, Crop Sci. 13:608-611; (9) Scott, G.E. B Rosenkranz, E.E., 1977, Crop Sci.
17:923-925; (10) Scott, G.E. & Melson, L.R., 1971, Crop Sci. 11:801; (11) Scott, G.E. & Rosenkranz, E.E., 1973, Crop Sci. 13:724-725;
(12) Scott, G.E. & Grogan, C., 1969, Crop Sci. 9:669-670.
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Table 3. Tests of cytogenetic mapping with Helminthosporfum turcicum, Diplodia maydis, Ustilago zea, and Puccinfa sorghi (0, data not
available).

Chromosome - Totals
Ref.* Fungus Material | H 3 T 5 [ 7 B g 10 3

e - - .- -- 03/10 02/10

13 H. turcicum R4 x HoZlA

-
w
—
~r
v
-~

1}

il

5

w i R4 x NC34 S == SL - -- - - -- - 02/10 02/10
% 4 AlBa x Mozl (5) (5) -- L L SL 5 -- -- -- 04/10 03/10
e ” AlBB x NCI4 L == == -- L - S - -- -- 02710  02/10
14 “ » Al188 x C190A L L SL L L -- S -- -- -- 02/10  05/10
L . A188 x Mo2lA (s) (S)L -- H L SL S -= -- -- 05/10 03/10
15 " ! Marker genes SL Ln Sin SL Sn L n LSn SL SLn 05/07 05/06
16 D. lna:dis W22 x Co63 0 ST 4] 0 0 (sL)7 L (sL)r o (5L)t 04/05 04705
17 B14 x 0s420 5t 57 5L -- C L C L k - 05/10 06/10
" B14 x Hy L - S - c L C L L -- 03/10 06/10
o - C103 x 0s420 - -- SL -- C L C L SL - 04/10 06/10
" o C103 x Hy L -- - - C L -- L L - 01/10 05/10
18 U, zea SL sL 5L L Sn SL SL? L L L 05/09 09/10
19 " - T x Hinnl3 -- Sn .- -- -- S sn sn SnL Ln 01/06 02/09
ko . T x Rustler - Sn L? - SL L? 5n SnL Sn Ln 02/06 04/09
20 .l : Harker genes - - - v - vl -- vIIL  Ix n 04/09 04/09
21 P. sorghi T x Cuzco x susc) . Sn Ln - - - L - Sn - Ln 00/08 01/08
. Ohd5 x W92) x T x B14917 Sn Ln Sn SL SL Sn n -- - Ln 0z2/06 02/07
=901 Sn Ln sn SL S SmL n -- -- Ln 02/06  02/07

TOTAL S 07/15 ©06/17 ©06/16 09/18 07/16 06/17 08/14 02/15 03/16 02/08 56/162=35%

TOTAL L 06/18 03/15 07/17 09/18 10/18 13/19 06/16 19/1% 08/18 02/12 73/170=43%

*(13) Jenkins, M.T., Robert, A.L. & Findley, W.R., Jr., 1957, Agron. J. 56:197-201; (14) Jenkins, N.T., Robert A.L. & Findley, W.R., dr.,
1961, Crop Sci. 1:450-455; (15) Findley, W.R., Jr. & Leffel, R.C., 1962, Crop Sci. 2:337-340; (16) Hoffbeck, L.L., 1962, Microfilm Ph.D.
Thesis, U, of Wisconsin Library, Hadison; (17) El1-Rouby, M.M. & Russell, W.A., 1966, Can. J. Genet. Cytol. 8:233-240; (18) Burnham, C.R. &
Cartledge, J.L., 1939, Amer. Soc. Agron. 31:924-933; (19) Saboe, L.C. & Hayes, H.K., 1941, J. Arer. Soc. Agron. 33:463-470; (20) Hoover,
M.M., 1932, Agric. Exp. Sta. Bul. W.Va.U. 253:1-32; (21) Russell, W.A. & Hooker, A.L., 1962, Crop Sci. 2:477-479.

By the number of arms tested the expected frequency for random results was
calculated and a X2 test of independence was applied. This was done for short arm,
long arm, and one or another, by chromosome.

Our interpretation of how to classify the data is subject to criticism.

However, we point out that A. C. Waiss et al. (Bull. Entomol. Soc. Am. 27:217-221,
1981) reported that the maysin content varies tremendously (up to 20-fold) within

a corn Tine, and the cross between corn varieties regardless of maysin content
often contained higher levels of maysin in the F1 than either of the parents.

These observations can explain many non-repetitive results, and reinterpretations.
G. E. Scott and C. 0. Grogan (12) reported that only 8L was associated with
resistance to atrazine, but applying a contingency X2 test to their data, which
they did not apply, two more, 5L and 6L, were found. W. A. Russell and A. L. Hooker
(21) did not consider 6L as associated, in part because it was not significant with
9c, but in combination with 4L, the X2 are three times greater than with any other
arm combinations in their results, being, probably, compiementary dominants.

We have probably misclassified some entries, but expect that this should not
impair general conclusions, although the accuracy could be improved. In Tables 4
and 5 the statistical analyses are presented.

The mean X2 for lepidopterans was significantly greater than for fungi:

X2 divided by X2 = F = 4.67 to 11.95 with P < 0.05 to P < 0.01. Four arms and 5
whole chromosomes were significant for insects, and only 1 arm and 1 chromosome

for fungi. In total, for insects, 1S***, 1**  4S** 4| *** and 4*** were associated
for resistance; 7L%, 7**, 9L*, 9** and 10* were not associated.

For "stunt" + atrazine (MDM+A), 6L** and 6** were associated with resistance and
9L and 9 tended not to be associated. For fungi, 6L* was associated and 10S*
wasn't. For the total of the three groups there was association for 1S*, 4S*, 4L*,
4x*%  6L** and 6*. There was no association for 9S*, 9**  10S*, 10**, Only 3L
and 25, as expected, did not appear as significantly associated in any group or
total.



Table 4. Statistical analysis of tables 1, 2 and 3. First column chromo-
some and arm or the entire chromosome (I) second to sixth
columns. Chi-square for insects, MDM+A, fungi, and interaction
(P=0.10%*; P=0.05%*; P=0.01%**).

Insects IDI+A Fungi Total Interaction
- .. - -
1S +8.17 -0.11 +0.63 +3.70 5.21
1L +0.02 +0.01 -0.39 -0.17 0.25
11 +4.35 -0.03 +0.00 +0.00 3.44
25 +0.03 -1.04 +0.00 -0.06 1.01
2L -0.17 +0.14 -1.84 -1.08 1.07
21 -0.02 -0.12 -0.95 -0.90 0.19
3s +0.03 +0.27 +0.04 +0.15 0.19
3L +1.50 +0.01 -0.01 +0.30 1.22
31 +0.69 +0.15 +0.00 +0.40 0.44
L &5 +3.69 +0.04 +1.24 +3.71" 1.53
o * i
aL +12.00 -0.43 +0.21 +2.99 9.65
41 +15.11 -0.12 +1.15 +6.62 9.76
5S +0.03 Tt +0.39 -0.00 2.16
SL +0.33 +0.01 «0.67 +0.79 0.22
51 +0.29 -0.75 +1.09 +0.43 1.70
6S +0.03 +0.91 +0.00 +0.15 0.79
- * .w
rﬁt +0.02 +3.99 +2.87 +4.59 2.29—
61 0.00 +4.18 +1.79 +3.52 2.45
78 -2.49 +0.40 +2.07 +0.24 4,72
-
7L -3.00 -0.04 -0.11 1,58 1.57
LR -
71 -5.47 -0.08 +0.47 -0.37 5.65
8s -0.91 +0.04 -1.96 ~1.§2 1.39
8L -0.33 -0.43 +0.09 +0.00 0.85
81 -0.86 -0.12 +0.37 -0.86 0.49
0s -2.72 -0.31 ~1.16 -3.68" 0.51
oL -3.00 -1.91 +0.01 -1.81 3.11
W *
91 -5, 71 -1.93 0, 87 -5.15 2.86
108 =2.26 +0.27 “2:86 -3.42 1.97
10L -1.50 +0.63 -1.93 1,76 2.31
101 N +0.81 -1.83 -5.40" 1.05
TOTAL S 20.63 " 5.13 10.35 16.63 19.48
LA "
L 21.87 7.60 8.13 15.06 22.53

1 36.31 8.29 8.02 24,59 28.04 |
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Table 5. With the totals in the three last lines of table 4, mean )(2 and test of
F using mean %2 for fungi in the denominator. (P=0.10%; 0.05%*;
0.01***  Degrees of freedom 10 and 10).

Insects MDM+A Fungi Total
No. significant items/total 5 24/106 16/46 56/162 96/314
L 25/100 18/47 73/170 116/317
I 49/206 34/93 129/332 212/631
Mean 1(2 for significant items S 0.859 0.321 0.184 0.173
L 0.875 0.422 0.111 0.130
1 0,741 0.243 0.062 0.116
F S 4.67** 1.74 1.00 0.94
F L 7.88%%* 3.80** 1.00 1.17
F 1 11, 95%*% 3.92%> 1.00 1.35
Mean X2, number tested s 0.195 0.112 0.064 0.099
L 0.219 0.162 0.048 0.048
I 0.176 0.089 0.024 0.020
F S 3.05%* 1.75 1.00 1.54
F L 4,56%* 3,37 1.00 1.00
F 1 7. 33w 3.70%« 1.00 0.67

The more probable cytogenetic locations of the resistance components to pests by
glucosides are 6L, Dt2 P1 Bh sm (Dt2 is mutagenic of a to A, and Bh produces
aleurone color even with cI c1); 4L, Tu c2; 4S, Rp4; 3L, a3 al; 25, R2? rp7?; 1S, p.
We reformulate our earlier suggestions in the sense that Zerl shou]d_Eé in 4S
around Rp4. There are clearly two effective factors with Toose linkage in chromo-
some four. Other reformulation is that Zer3 could be nearer rp7 than to R2.

Resistance of plants to insects seems to depend much more on this system than
resistance to diseases, that although present, appear blurred by other mechanisms.

Luiz Torres de Miranda, Luiz Eugénio Coelho de Miranda,
Eduardo Sawazaki and Nelson Cembranelli Schmidt

CHESTNUT HILL, MASSACHUSETTS
Boston College

Giemsa banding of diploid perennial teosinte and its hybrids with maize

Since about 10 years ago, Giemsa banding procedure has been developed and
successfully employed in karyotype analysis of various organisms. The advantage
of this technique lies in its characterization and localization of heterochromatins
in the somatic chromosomes and the interphase nuclei through DNA denaturation and
reannealing procedures. These heterochromatins are usually not visible through the
standard aceto-carmine staining technique.

Diploid perennial teosinte (Zea diploperennis) has aroused a great deal of
interest among plant scientists. However, its mitotic chromosomes have not yet
been examined with the Giemsa procedure. This report deals with the results of
our most recent experiments on the recognition of mitotic chromosomes of diploid
perennial teosinte and its hybrids with maize with the above technique.

At the premetaphase stage of root-tip cells, distinct terminal bands, varying
in size, appeared in eight of the 10 chromosome pairs. The short arms of chromo-
somes 1 and 2 had a small band, while the long arms of chromosomes 3, 4, 6, 7, 8
and 9 had a medium-sized band. Most of the bands were homozygous. However,
chromosomes 5 and 10 were without any visible bands. The nucleolar organizer
regions (NOR) of chromosome 6 were consistently differentiated and were densely
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stained. The satellites of these chromosomes were also darkly differentiated and
frequently folded back on the NORs.

Mitotic chromosomes of the root-tip cells from F1 hybrids of the diploid
perennial teosinte and an inbred maize, Zhi-35 from China, were stained using the
same procedure as used for the tecsinte parent. It was observed that recognizable
terminal bands of the eight chromosomes of the teosinte parent reappeared. In
addition, three intercalary bands on the long arms of chromosomes 4, 6 and 7 were
identified. They came from the maize parental plant. The difference between the
bands of the two parental species was very distinct.

The recognition of the parental chromosomes in the root-tip mitoses of the F1
hybrids between diploid perennial teosinte and maize was further investigated and
confirmed by crossing the same teosinte with two other maize inbreds, Qi-330 and
Huang-tzo-4, both from China. It was consistently found that the bands corre-
sponded in shape, number and size with the knobs appearing on the pachytene chromo-
somes stained with conventional techniques. Furthermore, nucleolar organizer
regions were persistently stained using the Giemsa banding procedure. This differs
from the results reported by Ward on the Giemsa C-banding patterns of two varieties
of maize (1980, Can. J. Genet. Cytol.). He could not stain the NORs of chromosome
6. This discrepancy could be accounted for by variations of technique and stage of
mitosis.

In the past, knob counts have been used as reliable cytological markers to
relate races of maize and teosinte. Because of the lack of a suitable technique
to recognize knobs in the mitotic chromosomes and because of the small size of
these chromosomes, the counts were mainly made on the basis of pachytene chromo-
somes. Nevertheless, due to the difficulty in distinguishing homozygous knobs
from heterozygous ones, the results of the knob counts were often controversial and
hard to confirm. From now on, it appears feasible that knob counts of maize and
teosinte be done with Giemsa banding technique because the bands correspond
exactly with the knobs. Thus it may better facilitate our understanding of the
somatic chromosome characteristics of both maize and teosinte. It may also better
reveal the relationships not only between these two species, but among the various
races within each species as well. Therefore, it is conceivable that Giemsa
banding has indeed great potential in both the study of variations of plant karyo-
types and genetic research in general.

Y. C. Ting and M. G. Gu

Further studies on maize anther culture in vitro

Pollen-Plants: In the spring of 1981, more than 100 pollen plants of maize were
obtained. Among them, 36 survived transplantation and grew vigorously in the
summer field plot. As soon as chromosome numbers of the root-tip cells were
checked, it was found that 21 of the plants were diploid (2n = 20), and the rest
haploid (n = 10). Three of the diploid plants were self-fertilized and had approx-
imately 100 percent seedset. The progenies of these plants were vigorous and
uniform.

Anthers of some of the above Hl progenies were also cultured in vitro on
zheng-14 medium. As expected, their response was highly favorable.

In the last summer, 304 maize pollen-plants were obtained. After transplanta-
tion to the greenhouse, 45 of them survived. They grew vigorously; 43 of them bore
only pistillate inflorescence, while two of them bore both pistillate and staminate
inflorescences. When the pollen fertility was examined it was observed to be
totally sterile. It appeared that all of these 45 plants were haploid. Spontan-
eous doubling of chromosome numbers did not occur in them.
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Evidence of Genetic Control: Anthers of maize Dan-San 91 had responded favor-
ably to in vitro culturing in the past. In order to investigate the inheritance of
this property, progenies from the self-fertilized as well as the cross-fertilized
plants were grown in the summer of 1982. Anthers of these progenies were again
cultured on the same medium. It was observed that 10.3 percent of them from both
selfed and crossed progenies differentiated into either calli or embryoids. This
again suggests that genotype plays an important role in maize anther culture
response.

Margaret Yu and Y. C. Ting

COLD SPRING HARBOR, NEW YORK
Cold Spring Harbor Laboratory

Maize DNA minipreps

In order to exploit molecular cloning strategies in genetic studies it is often
necessary to compare DNA samples obtained from a large number of individuals.
Rapid screening methods have been applied to a variety of microorganisms to follow
changes in DNA sequence organization and the insertion of foreign DNA. Isolation
of plant DNA is complicated by the presence of a tough cell wall and large amounts
of polysaccharides, phenolics, and tannins. Most existing large scale (e.g.,
Kislev and Rubenstein, Plant Physiol. 66:1140-1143, 1980; Murray and Thompson,
Nucl. Acids Res. 8:4321-4325, 1980) and microscale (e.g., Zimmer and Newton, In
"Maize for Biological Research," ed. W. F. Sheridan, pp. 165-168; Taylor and
Powell, Focus 4(3):4-6) plant extraction procedures, therefore, rely on the isola-
tion of nuclei and phenol extraction or preferential precipitation of DNA followed
by equilibrium density centrifugation in CsCl. Such complex and cumbersome
techniques are inappropriate for application to a large number of samples and small
amounts of tissue.

We report here a plant DNA isolation procedure adapted from one commonly used
on yeast (Davis et al., Methods in Enzymology 65:404-411, 1980), which requires
1.0 gm or less of plant leaf tissue and does not rely on isolation of nuclei,
phenol extraction or CsCl gradient centrifugation. Partially purified DNA suitable
for restriction endonuclease digestion can be obtained from twenty or more samples
in only a few hours. Each prep (from 1.0 gram of maize tissue) yields approxi-
mately 50 micrograms of total cell DNA, enough for at least ten Southern blots.

An important application of this miniprep procedure in the genetic manipulation
of maize is that leaf material may be harvested from seedlings at the 2-3 leaf
stage without sacrificing the plant. Information obtained by Southern blotting or
other genomic analysis is thus available long before the plants are sexually
mature, and can be used in planning crosses involving those plants. For example,
we have identified two normal Shl isoalleles, in addition to the shl tester
allele, all of which can be distinguished from one another on the basis of BglII
restriction site polymorphisms. By Southern blotting of DNA minipreps, genotypic
identification can be made before pollinations are performed. Another instance
where minipreps can be used to permit early genetic identification is in a cross
such as Sh/Sh x sh/sh; minipreps can be used to screen Sh kernels in the F2 and
immediately distinguish homozygous and heterozygous individuals without subsequent
crosses. Using the same restriction site markers, we have also found the miniprep
procedure useful to screen a number of greenhouse—grown seedlings for a particular
genotype, thereby relieving the need to maintain the unwanted plants for more than
a few weeks.
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Figure 1 shows a case in which miniprep DNA blots were used to distinguish a
standard shl tester allele (sh-t) from a newly arisen mutant Shl allele (sh*)
(Mottinger et al., manuscript in preparation) in the progeny of a selfed sh-: sh-t/sh*
plant. The DNA was digested with BglII restriction endonuclease, and the blot was

AA°B C D E F G

_ % XS
2R
' -' 3' sh* £
e -— Gl __,—-3l e ragment
[ =—=3' Sh

5' ght

ar ¢ Sh/sh*

Figure 1. Southern blot hybridization of miniprep DNA fro? three-week
seedlings digested with Bg1II and probed with 32p-1abelled
Sh cDNA. BglII cuts within the structural gene, conven-
jently dividing each allele into characteristic 5' and 3'
fragments which hybridize to the cDNA probe. Lanes a through
f represent progeny obtained by selfing a plant heterozygous
for the sh-t allele and the Shl insertion mutation (sh*).
Lane g contains DNA from a plant homozygous for the normal
Shl allele in which the sh* mutation occurred within the 3'
region. Lane: (a) sh*/sh-t; (b) sh*/sh-t; (c) sh*/sh*;

(d) sh*/sh-t; (e) sh*/sh*; (f) sh*/sh*; (g ) Sh/Sh.

probed with the sucrose synthetase cDNA clone obtained from Nina Fedoroff. The sh*
mutation is the result of an insertion of a DNA element within the coding sequence
(Dellaporta et al., manuscript in preparation) rendering the gene defective. This
causes the 3' Bg1II Shl fragment to increase in size by 1.1 kb (compare lane F with
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lane G). A11 of these individuals will be shrunken and therefore phenotypically
indistinguishable, but the blot clearly shows that the seedlings represented by
tracks A, B, and D are heterozygous for the two alleles, while those in tracks C,
E, and F are homozygous for, in this case, the insertion mutant.

The degree to which the procedures described above will be generally applicable
depends, of course, on the availability of appropriate restriction fragment poly-
morphisms. Our experience with the Shl region, however, indicates that such
markers are common in the maize stocks now in use.

Miniprep Procedure

L.

Weigh 1 gm of leaf tissue, quick freeze in liquid nitrogen and grind to a
powder in a 3" mortar and pestie. Transfer powder with Tiquid nitrogen
into a 30 ml Oak Ridge tube. It is imperative not to let the tissue thaw
once frozen until buffer is added and not to cap the tubes while nitrogen
is evaporating.

Add 15 ml of Extraction Buffer (EB): 100 mM Tris, pH 8; 50 mM EDTA,

pH 8; 100 mM NaCl; 1% SDS; 10 mM mercaptoethanol. For maximum DNA yields,
the cells are further broken by grinding the mixture at a low setting
(about 3) with a Polytron (Brinkmann Instruments, Inc.), however, this
step can be optional.

Incubate tubes at 65 C for 10 min.

Add 5.0 ml1 5M potassium acetate. Incubate at 0 C for 20 min. Most
proteins and polysaccharides are removed as a complex with the insoluble
potassium dodecyl sulfate precipitate.

Spin tubes at 25,000 x g for 20 min. Pour supernatant through a
Miracloth filter (Calbiochem) into a clean 30 ml tube containing 10 ml
isopropanol and 1 ml 5M ammonium acetate. Mix and incubate tubes at

-20 C for 20 min.

Pellet DNA at 20,000 x g for 15 min. Wash pellets with cold 70%

ethanol and respin. Gently pour off supernatant and dry pellets by
inverting tubes onto paper towels for 5-10 min.

Redissolve DNA pellets with 0.7 ml of 50 mM Tris, 10 mM EDTA, pH 8.
Transfer the solution to an Eppendorf tube.

Add 75 ul 3M sodium acetate and 500 ul isopropanol. Mix well and pellet
the clot of DNA for 30 sec in a microfuge. Wash pellet with 70% ethanol,
dry, and redissolve in 100 ul 10 mM Tris, 1 mM EDTA, pH8. Precipitation
from 0.3M sodium acetate using relatively small amounts of isopropanol
(about 0.6 volumes) has been reported to separate high molecular DNA
from polysaccharides (Marmur, J. Mol. Biol. 3:208-218, 1961). The
sodium acetate also yields a tight, fibrous precipitate that is easily
washed and dried. The DNA will dissolve readily if allowed to rehydrate
at 4 C for one hour, followed by light vortexing.

Minipreps can be stored for several months without evidence of degradation and
can be cut with a variety of restriction enzymes and ligated without further
purification. We find that 7.0 ul of miniprep DNA is sufficient for a single 8 mm
lane in an agarose gel which is to be used for filter hybridization with single-
copy probes. Heat-treated RNAase must be added to the restriction reaction to
digest contaminating RNA in each prep. Hence, a typical reaction would contain
the following:

Miniprep DNA 7.0 ul
10X Restriction Buffer 2.5 ul
0.5 mg/ml RNAase 2.0 ul
Eco RI 8 units
dH,0 to 25 ul

2
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Digestion is usually complete after 3 hours at 37 C. Occasionally, minipreps are
difficult to digest with certain enzymes. This problem can be overcome by adding
5.0 ul of 0.1M spermidine to the entire miniprep before digestion (see Focus
4(3):12, 1982). For lambda genomic library construction, we have found the
packaging efficiencies are higher if the minipreps are further purified by CsCi-
ethidium bromide gradient centrifugation. This can conveniently be done by
pooling 2-5 identical minipreps per gradient.

Stephen L. Dellaporta, Jonathan Wood and James B. Hicks

COLOGNE, WEST GERMANY
University of Cologne

Ds at the shrunken locus

We have continued our study of clones obtained from genomic DNA of mutants
sh-m5933 and sh-m6233. The following results have been obtained:

1. Both clones contain one segment homologous by hybridization and restric-
tion analysis to a corresponding region in the clone derived from Sh
DNA. This segment extends to a certain point (breakpoint). Beyond this
point, the DNA extending to the end of the insert in the lambda phage
does not show hybridization to the wild type-derived clone.

2. The breakpoints are located 2.5 kb apart. The breakpoint in sh-m5933 seems
to be Tocated in an intron. The breakpoint in sh-m6233 is located
upstream and may be located outside the transcription unit.

3. The "foreign" DNAs adjacent to the breakpoints hybridize to each other,
but differ in restriction patterns.

4, On sh-m5933 "foreign" DNA, two pairs of inverted repeats are present.
These interdigitate with each other. One member of one pair terminates
exactly at the breakpoint.

5. DNA sequence analysis of the repeat bordering at the junction in sh-m5933
detects a region which contains repeats of the hexanucleotide CCGTTT
and derivatives thereof. These are oriented either directly or inverted
to each other.

6. The DNA bordering directly at the junction has been subcloned and used as
a probe for hybridization to genomic DNA. Up to 40 bands are revealed.
The structure of these bands is heterogeneous.

7. If the DNA near the junction is Ds DNA, several non-identical copies of
this element are present within genomic DNA of several maize lines.

These show difference in restriction patterns.

Addendum: In the last issue of MNL, we reported the isolation of an unstable
Adhl mutant, which we assumed to be caused by a controlling element different from
the Ds-Ac system. Further genetic analysis of the mutant, however, showed that the
instability of the Adhl gene expression is linked to the presence of an Ac element.

U. Courage-Tebbe, H.-P. Déring, P. Starlinger, E. Tillmann and E. Weck

Structure of the sucrose synthase gene of chromosome 9

We have further analyzed our genomic sucrose synthase clone by Sl-mapping exper-
iments and partial DNA sequencing. A partial restriction map is shown in the
figure.
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H3=HindIII
H3 S H3 H ——1kb S1-sphl.
B? Bz B2 B2 C1=ClaIl
[ I
—cDNA

- = transcribed region

By using terminally Tabeled DNA subfragments, the direction of transcription was
determined from the left to the right with respect to the above restriction map.
The extension of the gene is at least 4.5 kb, exceeding the size of mature mRNA of
2.8 kb. The difference is due to the fact of many small introns. By Sl-digestion
of RNA protected DNA, electrophoretic separation and subsequent hybridization to
radioactive subfragments, the number of introns was determined to be 14, if all the
reproducibly found fragments correspond to exons and are not the product of
incorrect splicing.

The position of two introns near the central BglII site on the above map was
verified by sequencing of genomic and cDNA. The leftmost Sl-resistant DNA
hybridizes to the DNA fragment between the leftmost BqlIl and the Sphl site. It
may correspond to the transcription start. Otherwise, a very small leader sequence
may be located further upstream and have escaped detection.

W. Werr, W.-B. Frommer and P. Starlinger

COLUMBIA, MISSOURI
University of Missouri

Chimeral dominants in the M1 from an EMS treatment

A large M1 from treatment of Mol7 pollen with EMS and crossing on A632 silks was
planted and observed for dominant mutants. The method of treatment was that
described in MNL 56:42. The purpose was to produce mutants for earliness, male
sterility, short plants, and other agronomically useful traits. 7,997 kernels were
planted, producing 6,425 seedlings. The M1 was notable for its high frequency of
apparent genetic changes, including maternal and paternal haploids, monosomics,
and dominant mutants. Among these last were 7 shredded leaves, 2 golden sheaths,
21 yellow-greens (including sectored forms, below), 4 with tillers, 3 male
steriles, 5 with pubescent leaf sheaths, 35 dwarfs or very short plants, 21 with
leaf lesions or leaf texture changes and a number of other miscellaneous traits.

A curious pattern was observed for 54 plants--one-half the plant (divided by a
plane through the leaf midribs) was phenotypically different from the other half.
Lesions, striping, inter-vein narrowing, shredding, rapid aging, and other traits
could be restricted to 1/2, 3/4 or 1/4 of the leaf. Often the midrib Timited the
affected area and sometimes there was only a narrow stripe, but for all cases,
both ranks of leaves were affected, in one rank the "left" half of the leaf, in
the other the "right" half. Traits restricted to one rank were not observed. We
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decided to use Edgar Anderson's terminology (The Corn Plant of Today, p. 17) to
distinguish the two plant halves: front and back, with the front being that half
of the plant with the outer sheath-overlaps (Fig. 1). About a third of the
dominant mutations affecting leaves were expressed in such wide sectors (a careful

count depends on observing the next generation).

—

pack

front

Fig. 1. Maize plant front/back differentiation: (a) cross-sections of
three sheaths; (b) view of front of plant (note that the
appearance of the overlapping changes at the upper ear node).

It is hard to explain this unless it reflects a mutational change of one-half
of a DNA double-helix in the pollen grain gametic nucleus leading to genotypic
difference between the first two embryonic cells. Often these two cells would
contribute equally to the plant, but one cell could contribute to only a quarter
or could become the entire plant. This, however, does not coincide with L. F.
Randolph's description of maize embryogeny (1936, J. Agr. Res. 53:881).

A1l plants were self-pollinated, if possible, and those thought to be dominant
mutations at the time of pollination were crossed onto Mol7, if available, or onto
another stock. Ca. 4,000 relatively full ears and 1,200 semi-sterile or poorly
pollinated ears are being scored for any observable differences from untreated
material. Relatively few are fully or even nearly normal, perhaps 10%. A wide
range of familiar and unfamiliar mutations or aberrations are being catalogued.

Robert McK. Bird and M. G. Neuffer

Mapping of dv and el

dv/dv plants were crossed by a portion of the B-A translocation series. The
various progeny families were grown and enriched for hypoploids and, subsequently,
sporocyte samples were taken. The following chromosome arms can probably be
excluded from further consideration since no sporocytes with a divergent spindle
phenotype were seen:
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arm 1S TB-1Sb 9 samples taken
arm 5S TB-1La-5S8041 37 samples taken
arm 5L TB-5La 26 samples taken
arm 6S TB-6Sa 70 samples taken
arm 7L TB-7Lb 33 samples taken
arm 9S TB-9Sd 19 samples taken

Work involving the remaining arms is continuing.

Families segregating el/el plants were also crossed by some of the B-A translo-
cations. The progeny from these crosses were grown and sporocyte samples were
taken. Based upon cytological examination of sporocytes, tentative placement of
el (elongate) on the Tong arm of chromosome 8 can be made. Two separate crosses
of TB-8Lc onto plants in families segregating el/el were obtained. Among the
progeny of the first cross, a hypoploid (determined cytologically) appeared pheno-
typically el. A total of twelve sporocytes were examined from this cross; those
which were phenotypically E1 were not further analyzed. In the second cross, one
hypoploid among the eight sporocyte samples taken also showed an el phenotype.

One must remember that the el phenotype is extremely variable in expression.
el/el segregants in families can be difficult to discern since they may show no
more pollen abortion than their normal sibs. In other backgrounds or under
different environmental conditions, el/el plants may be nearly male-sterile. In
the above two 8L hypoploids, early anaphases appeared normal and, as the segrega-
tion of chromosomes continued, the el phenotype became apparent

The cross of el/el plants by TB-8Lc will be made again to confirm these prelim-
inary results. Meanwhile, an allelism test between el and ms8, which is Tocated
on 8L, will be made and a linkage study of el and several 8L markers will be
started.

Chris Curtis

Modified root tip squash technique

A root tip squash technique for maize mitotic chromosome spreads was recently
published (P. J. Sallee, in Sheridan, ed., Maize for Biological Research, p. 119,
1982). Our protocol, based on Sallee's method, gives a higher frequency of
countable figures, primarily because cycloheximide greatly shortens prophase chrom-
osomes. Cycloheximide also allows some visualization of the heterochromatic and
knobbed regions of the chromosomes (J. Tlaskal, Stain Tech. 54:313-320, 1979).

Procedure:

1. Germinate, in a 30 C incubator, fungicide-treated kernels in a drainable,
nearly covered container of moist, coarse sand until roots are 3-4 cm
long. Germination of small or old seed is better in sand than in petri
dishes (C. R. Burnham, MNL 49:122, 1975), and metaphases are more
frequent in sand-grown root tips from all classes of seed. We use
window screen to remove fine grains from river sand. After a few
plantings, the sand should be sterilized or replaced.

2. Root tips (1 cm long) are collected in glass vials and prefixed in the
following solution for 4% hours at room temperature: Thoroughly
dissolve 7 mg cycloheximide in 100 ml tap water. Warming the water
will help dissolve the cycloheximide. Add 4 drops of monobromo-
naphthalene and mix vigorously by squirting back and forth with an
eyedropper. Add one drop of dimethyl sulfoxide (DMSO) and mix again.

It is important to add the chemicals in the order specified. It is best
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to have two labeled eyedroppers, one for monobromonaphthalene and the
other for DMSO. For consistent results, use these eyedroppers each
time the mixture is prepared. Al1 glass materials can be cleaned by
rinsing in acetic acid and water.

3. Pour off the prefixative and replace with glacial acetic acid, cap the
vial, and let stand overnight at room temperature. Fixation in acetic
acid can be reduced to 1 hour, if necessary.

4. To hydrolyze the tips, pour off the acetic acid and replace with hot
(60 C) 1IN HC1 and incubate at 60 C for 5-10 minutes.

5. Pour off all HCI, rinse in distilled water, and stain in basic fuchsin
for 10-15 minutes or until tips become bright purple.

6. To prepare a squash, cut off about 1 mm of the tip of the stained root,
place on a slide, and add a drop of propionic orcein. Place a plastic
cover slip adjacent to the pool of stain, then cover the root tip with
a second plastic cover slip so that one edge rests on the edge of the
first slip. Tap the second slip many times with a pencil or dull needle
to break up the tip and disperse the cells, then slide the first cover
sTip out from under the second cover slip and blot excess stain. Place
slide between two pieces of folded filter paper and apply moderate
thumb pressure to flatten the cells. This squash method, which eliminates
the need to treat root tips with an enzyme, is commonly used by wheat
cytogeneticists here and abroad.

If it is necessary to keep root tips for more than two days, complete Step 5,
decant the basic fushsin solution, add distilled water, cap and refrigerate. Both
the distilled water and root will turn purple, but the root tip will remain dark
purple. We have noted no deterioration after three weeks of storage, and R. 0.
Flagg reported (Stain Tech. 36:95-97, 1961) that root tips can be safely stored in
the refrigerator for eight months. The usually recommended storage in 70% ethyl
alcohol after Step 3 gives, in our experience, blurred, poorly stained chromosomes.

B. K. Kindiger and J. B. Beckett

Classification of red vs. white cob by tassel color

Red vs. white cob color (P-WR vs. P-WW) is expressed in other tissues besides
the glumes of the cob. Brick-red color in dry husks is associated with cob color
and can be used for classification without harvesting. Association of brown color
in the tassel at flowering time has been checked during the past summer. The
following F2 progenies, segregating for P-WR/P-WW, were scored for color in the
tassel at flowering time, and for cob color at harvest:

Tassel/Cob Classifications

P-WR P-WW Red Red White? White? White
Source Source /Red /White /Red /White /White
W23 R-nj Stock 6 16 3 1
W23 R-nj Stock 6 C-1I 2 1 3
W23 R-sc Stock 6 7 2
W23 R-sc Stock 6 C-I 9 2 1
W23 R-nj A619 10 2% 3
W22 K55 18 4
W23 Mo20W 38 2 1 6 17

*pale cob
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The separation is good but not perfect; perhaps a more careful examination of
the tassels would be needed, or the expression is marginal. The brown color in
the tassel is the faint, yellow brown that is familiarly seen in tassel glumes,
especially in the hyaline margins of the glumes.

Undoubtedly others have noticed this correlation, but a few inquiries suggest
that it is not widely recognized or used. It should be helpful to be able to
distinguish red-cob from white-cob individuals at flowering time, either for
genetic purposes or for breeding purposes.

E. H. Coe

Evidence bearing on the orientation of the first division of the zygote

Two experiments that we have conducted provide information about the first
division of the zygote. The results of both are consistent with the morphological
work of L. F. Randolph (J. Agr. Res. 53:881, 1936), and the conclusions of D. M.
Steffensen (AJB 55:354, 1968) from x-ray induced events, that the first division
is cross-planar (separating the embryo proper from the suspensor) rather than
longitudinal. They make the observations of sectoring in plants from EMS-treated
pollen (see article by Bird and Neuffer in this issue) difficult to explain.

In the first experiment, developing seeds from the cross b a pl R-r x B A P1 R-g
were x-rayed 21-33 hours after pollination. Plants grown from these seeds were
observed for losses of the markers (see table). Among 571 plants, 31 losses
affected the whole plant and only 3 losses were fractional. The first division
would be expected to be taking place at about the time of the irradiations in this

Loss*

Hr Seeds Plants B B? A A? A sect. PT P17  PT sect.
21 414 172 3 4
23 225 100 1 1 1 1/4,1/64 1 1
25 338 118 7 1 3
29 132 45 1 1/2 varieg.
31 232 122 1 2
33 48 14 1

T 1389 571 12 1 8 2 1/4,1/64 6 2 1/2 varieq.
*3 green, shortened plant; stubby ear, diminutive tassel

B? faint purple color in near-normal plant

A brown, diminutive plant; "thin" tassel

A? brown, near-normal plant

A sect. sectored brown, in the fraction indicated

Pl sun-red, diminutive plant; “pointed" tassel branches

P12 sun-red (?), near-normal plant

Pl sect. sectored (variegated purple & sun-red) in half the plant

experiment, according to Randolph's data, and divisions that were longitudinal
would yield fractional individuals. Even if the 3 fractional events represent
Tongitudinal divisions rather than delayed losses, they are infrequent. As an
aside, the morphologies of the hemizygotes were variable, but each arm appeared to
have a characteristic effect on plant form.

In the second experiment, pollen of B P1 Wd R-r was exposed to ultraviolet Tight
and crossed onto b pl wd Ring-Wd B_g_ear parents. Among 465 plants none were
sectorial, while 9 were whole-plant exceptions (3 Wd Tosses, not validated for
other markers before death; 2 B losses, validated; 1 pl loss, not validated; and
3 R-r losses, validated). L. J. Stadler (Proc. VII Int. Cong. Genetics, p. 269,
1939) has shown that UV induces fractional events in the endosperm, while x-rays
do so only rarely. If the first division, separating strands with UV Tesions from
those without, were longitudinal, sectorial plants would have been expected.

E. H. Coe and R. S. Poethig
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B and P1 are expressed in the internal tissue of the culm

Plants of the genotype A Bzl Bz2 C2 R-r B/b P1/E__have been used extensively for
clonal analysis because x-ray-induced sectors resulting from the loss of B or P1
can be observed in every vegetative organ of the plant. Vegetative tissue carrying
B and P1 is purple; tissue lacking B is green and tissue lacking P1 is sun-red.
Until recently the pigmentation in B P1 plants was thought to be restricted to the
epidermis (except in the sheath), implying that data from clonal analyses were
relevant only to the behavior of this tissue layer. It now appears that this is
not the case. Freehand sections of irradiated and unirradiated B/b P1/pl plants
demonstrate the presence of anthocyanin not only in the epidermis of the culm, but
in internal tissue as well. Al1 the cells in the peripheral millimeter of the culm
are intensely pigmented; throughout the rest of the culm pigment is usually
restricted to vascular bundles. The pigmentation of vascular bundles is most
intense within about 1 cm of the node and becomes progressively weaker--and may
disappear in some cases--toward the base of the internode.

Because of the intense pigmentation of subepidermal cells, b and pl sectors are
virtually invisible when they are restricted to the epidermis. Only sectors in the
subepidermal tissue of the culm are distinct enough to be readily observable.
Although sectors induced at a dry seed stage frequently encompass both the
epidermis and subepidermal tissue, these tissues are not necessarily clonally
related because sectors restricted to one or the other layer also occur. Thus, the
pattern of cell division in the epidermis of the shoot meristem is somewhat
variable. Sometimes epidermal cells divide anticlinally, and produce only a single
layer of cells; however, they can also divide periclinally and contribute to
internal tissue.

R. S. Poethig

Cg and TpZ2 are gain-of-function mutations

The nature of a mutation can often be deduced by varying the dosage of the
normal allele of the gene. A mutation that reduces the level of a gene product
(i.e., a hypomorphic or null mutation) should, at least in theory, be pheno-
typically corrected by a duplication of the normal allele, whereas the phenotype of
a gain-of-function mutation will either be accentuated or only partially corrected
by a duplication.

In order to create plants carrying duplications of the normal alleles of Cg and
Tp2, stocks homozygous for these mutations were crossed as female by B-A transloca-
tion stocks. The Tp2 stock used in this study was homozygous for g and r-g and was
crossed by TB-10La and TB-10L19 G R-scm stocks. Hyperploids were identified as
kernels having a colored embryo and colorless endosperm; as expected all such
kernels gave G seedlings. Because Cg was not linked to a recessive marker,
hyperploids from the cross Cg x TB-3Sb were identified by chromosome number. In
both instances hyperploid individuals were clearly mutant in phenotype. In fact,
none of the progeny from these crosses were completely normal. This result
strongly suggests that Cg and Tp2 are not hypomorphic or null mutations, and
therefore must involve a gain of function. Whether they are responsible for the
overproduction of a normal gene product or the production of an antimorphic
product will be examined by reversion studies, and by a more comprehensive dosage
analysis.

R. S. Poethig
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The fate of embryonic cell lineages

Considerable confusion surrounds the fate of the cells produced by the first
few divisions of the zygote in maize. It is generally agreed that the first
division after fertilization is transverse (note, however, the perplexing results
of Bird and Neuffer, in this issue), and that the two products of this division
probably form the embryo and the suspensor. The next division of the embryo cell
is in a longitudinal plane, but its exact orientation is unclear. Traditional
interpretations hold that the products of this division are destined to form the
embryo and scutellum. On the other hand, Steffensen has argued that the first
Tongitudinal division defines the midrib line, dividing the plant into left and
right halves. Recent results from a clonal analysis of embryogeny indicate that
neither of these views is entirely correct.

In order to conduct a clonal analysis of the relationship between the embryo and
scutellum, it is necessary to use cell marker mutations that are expressed in both
of these structures. For this purpose, we used the stock Wd C-I/wd C; +/R-sc.
Kernels of this genotype are colorless due to the dominant color 1nh1b1t0r C-I, and
yield purple sectors in both the aleurone and scutellum when this gene is lost.

The loss of the chromosome arm carrying C-I coincidentally exposes wd--an albino
mutation that is expressed in the seedling. Thus sectors present in the scutellum
can also be observed in the embryo if these two structures share the same lineage.

Plants of the genotype Wd C-I; r-g were pollinated by wd C, Wd 9S ring; R-sc/()
and ears were x-rayed (500R, T mm AT, 140 kVp) 56 hrs later (note that the Wd ring
chromosome is poorly transmitted through pollen, so most of the progeny from this
cross are of the appropriate genotype). Histological observations indicated that
specimens had undergone 1-2 longitudinal divisions by this stage. At maturity,
kernels were screened for sectors in the scutellum and selected kernels were then
planted to determine whether sectors extended into the seedling. Six clearly
sectored seeds were observed out of a total of 815. Three of these seeds (a, b
and c) gave white seedlings, and 3 gave green seedlings (d, e and f). In addition,

o d & f

one of the seeds which appeared to lack a sector in the scutellum gave rise to a
white seedling with a narrow strip of green tissue along the margin of the first
leaf (the apparent absence of a sector in the scutellum of this kernel is probably
due to the poor expression of R-sc in the scutellum; the exper1ment is being
repeated using R-scm). White seedlings arose from kerne]s in which the sector was
located at the apex of the scutellum directly in Tine with the embryonic axis;
green seedlings arose from seeds in which the sector was located along one side of
the scutellum.

These data demonstrate that the scutellum and the embryo can share the same
lineage after the first or second longitudinal divisions. If the Tineages of these
two structures were separated at this stage, sectors would never encompass both of
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them. It is also clear that the lineages resulting from these early divisions are
not necessarily destined to form the left and right halves of the plant, otherwise
sectors that encompassed 1/2 of the scutellum (Fig. 1d) would have produced half
sectored plants. We have observed half sectored plants in material irradiated 6
days after pollination, when the embryo was at a globular stage. Such plants are
rare, however, and it is more common to find sectors involving smaller or larger
fractions of the plant body. Our observations confirm Randolph's conclusion that
the early pattern of cell division during maize embryogeny is highly irregular, and
provide no evidence of determinate cell lineages.

R. S. Poethig and E. H. Coe

Mixed pollinations with white pollen

Last year, exceptional kernels were reported from crosses that were made with
mixtures of white (c2 whp) and yellow pollen. The results of progeny tests, and
interpretations, are as follows:

Cross Lar parent Bl PP Embryo received No . Interpretation -
1 c2 whp y c2 whp y €2 sh bz wx PP2 3 Heterofert. (Half-transm.)
ce Pp2 3 Mut. of €2 to c2
b c2 whp y c? whp Y C2 sh bz wx pp2 3 Heterofert. {Half-transm.)
; c2 PP2 1 Mut. of C2 to c2
3 c2 Whp y c2 whp y C2 sh bz wx PP2 7 Heterofert. (Half-transm.)
c2 Whp y 7 Self-contam.
4 €2 r-gy c2 whp R-r Y C2 r-g y €2 sh bz wx R 1 Outcross
PP1 5 Transmission
pp2 5 Heterofert. (Half-transm.)
cZ R-r y 1 Outcross
5 €2 r-gy c2 whp R-r y C2r-gy PP1 10 Transmission
C2 r-r 1 Qutcross heterof.
pp2 4 Heterofert. (Half-transm.)
6 C2 sh bz wx c2 whp ¥ C2 sh bz wx Pp2 2 Heterofert. (Half-transm.)
PP1 2 Transmission
7 C2 sh bz wx cZ2 whp y C2 sh bz wx pPpP2 2 Heterofert, {Half-transm.)
C2 Whp Sh Bz Wx 1 Outcross
PP1 2 Transmission

Tests in which the yellow pollen was dried overnight before mixing:

3 c2 Whp y c2 whp y C2 sh bz wx cZ Whp y 1 Self-contam.
5 L2 r-g ¥y cZ whp R-r y C2 r-q y PP1 K] Transmission
7 €2 sh bz wx c2 whp y C2 sh bz wx PP1 1 Transmission
PP2 1 Heterofert. (Half-transm.)

Transmission of white pollen was found in 23 cases; all 23 occurred on C2 r-g y
or C2 sh bz wx ear parents, and none on c2 ear parents. On the other hand, 27
cases of "Half-transmission" (in which the endosperm was 1ike the white-pollen
parent but the embryo received the sperm from the yellow-pollen parent) were found,
of which 13 occurred on the c2 ear parents and 14 on the C2 ear parents. Conse-
quently, transmission does occur at a Tow rate (0.3%) on silks of C2 ear parents,
but not on white-pollen ear parents except by heterofertilization {0.2-0.3%). The
reciprocal heterofertilization, in which the embryo would receive from the white-
pollen source, has not been tested in this material; appropriate tests are planned.
A few apparent mutations of C2 to c2 were found in the screening.

It is tempting to suggest, since white pollen appears to be "helped" occasion-
ally by mixing with yellow pollen and by C2 silks, that cross-feeding or protection
of the pollen tubes is occurring.

E. H. Coe
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A new gene, Tpml: thylakoid polypeptide modifier

This is a preliminary report of a new gene, designated Tpml, an acronym for
"thylakoid polypeptide modifier." The gene acts to modify the migrational mobil-
ity value of a specific peripheral protein of the chloroplast thylakoid on a
density gradient SDS Laemmli gel. The dominant allele, Tpml, conditions a higher
apparent molecular weight ("slow") than the recessive ("fast") allele, tpml. With
caution I say that the relationship is dominant/recessive, since I have not yet
definitively separated a mechanical mixture of the two forms. I have no informa-
tion concerning chromosomal Tocation.

The two alleles of this gene are prevalent throughout Zea: the domesticated
maizes as well as the teosintes. The following typical data indicate Mendelian
inheritance:

Phenotype
Cross Family "sTow" : "fast" Ratio Chi-square
K341-1 selfed 38 15 3:1 0.308
K318-6 x 341-1 39 39 1:1 0.000
K327 x 341-1 30 22 1:1 1:230
K328 x 341-1 12 0 Ll

***For a cross of heterozygotes, the probability of not
encountering a "fast" phenotype is (0.75)expl12=0.0317; and
for a testcross, (0.50)exp12=0.0002.

Pedigrees: K341-1, (Ky21[EP-cytopl.]xTr)xTr; K318-6, B73;
K327, Hy; K328, Mol7.

As soon as I have assayed an increase of my pedigreed seed, I will deposit in
the Co-op type-sources: B68 (Tpml/Tpml), B84 (tpml/tpml), and the F1 of those
inbreds. After June 1, 1983 a detailed protocol of materials preparation and
specific recipes for the gel conditions required to detect and differentiate Tpml
vs. tpml will be available upon request to: Stephen A. Modena, c/o E. H. Coe,
210 Curtis Hall, University of Missouri, Columbia, MO 65211.

Stephen A. Modena

Notes on teosintes

Perhaps the "trick" to getting Huehuetenango to flower readily is to expose it
to decreasing daylengths. In January 1982 I planted seed obtained from H. H. Iltis
in the winter greenhouse here in Columbia. The plants grew well and became very
vegetative, but never flowered. This contrasted with Zea diploperennis,

Z. luxurians, Nobogambe, Chalco, and Balsas, all of which were profuse. This tall
(18") Huehuetenango was maintained through the summer, in situ, until August when

I chopped it down. From a tiller lying on the ground I potted a side-shoot (8")
with extended, but not rooted, root primordia. It subsequently started to take

off about October and flowered on December 1st. The main tassel shed abundant
polien, but all side-shoot tassels were aborted. As of January 1lst it continues to
flower, though the plant is clearly beginning to senesce. Good seed set was
obtained from selfing and by crossing with maize.

Using seed obtained from H. H. ITtis, the following inter-teosinte crosses are
readily made: Zea diploperennis x Z. luxurians, Z. luxurians x Z. diploperennis,
and Z. diploperennis by Huehuetenango. Crossing Z. luxurians to several Corn Belt
inbreds gave scattered seed, but to Mo20W gave full set.
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Z. diploperennis is perennial from the fact that it forms rhizomes. Rhizome-
like structures are also formed occasionally at above-ground internodes on potted
tillers that are allowed to recline sharply (though not touch the soil), or that
have been "topped." Typically, a side shoot is formed from a bud which is aligned
with and located below the gap in the nodal ring of root primordia. A second type
of structure can differentiate instead, characterized by a basal ring of root
primordial buds, enclosing scales and a fleshy, rather than leafy apical structure.
When this rhizome-1ike propagule is broken off and potted, it emerges with the same
morphology as do the newly appearing shoots from the main rhizome. Perhaps
Z. diploperennis would be a good candidate for regeneration experiments.

Stephen A. Modena
whp may be on 2L

Mapping effort for locating whp continued. The arm segments remaining (Modena,
MNL 56:48) were tested. Candidate hypoploid plants were identified by distinctive
morphology and at least 50% pollen abortion for 1S, 2S, and 10L. A1l shed yellow
pollen. The test wusing TB-10Sc yielded all normal looking plants, but six out of
sixty-two were semi-sterile and all shed yellow pollien. Therefore, the above arms
are eliminated.

Randomization was indicated in linkage tests with the following markers: Vg,

, pro, and wx. The l-centromeric, 4L, 8-centromeric and 85(?), and 9-centromeric
reg10ns are eTiminated. A test with Lg3 confirms elimination of the 3-centromeric
region.

Another test with a marked 2S chromosome yielded white pollen plants in
coordination with multiple, distal homozygosities, confirming elimination of
distal 2S. Unpublished data indicate that B and whp randomize, which eliminates
the proximal 2S and 2-centromeric region.

Another test with a marked 2S chromosome yielded white pollen plants in coordi-
nation with multiple, distal homozygosities, confirming elimination of distal 2S.
Unpublished data indicate that B and whp randomize, which eliminates the proximal
2S and 2-centromeric region.

A test with TB-3La-2L7285 appears to have uncovered whp, placing it on 2L.

Among 54 plants observed, 16 plants were candidate hypoploids based on both
morphology and pollen abortion percentage. Twelve shed white pollen and four shed
yellow pollen. Additionally, two plants of normal stature with no pollen abortion,
whatsoever, also shed white pollen. In the early stages of converting the TB
stocks to c2/c2 they were all crossed to a c2 source that had partial K55 lineage.
This was before K55 was recognized as the source of the whp allele. Effort will be
directed to specific linkage tests on 2L.

But there is more!. TB-9Sb-416222-generated hypoploids also shed white pollen.
The putative hypoploids were semi-sterile and less than two feet tall. Thirteen
yielded white pollen and five, yellow pollen. Four different TB pollen parents
were involved: 3 yp:2 wp; 2 yp:4 wp; O yp:1 wp; O yp:6 wp. These have had contact
with K55 in their derivation. A1l available TB arms have been tested and only
these two arms have tested positively for white pollen phenotype. whp is not close
to su or the TB-4Sa breakpoint (Modena, MNL 56:48). Linkage tests this past summer
clearly demonstrated that c2 and whp are randomizing. If whp is distal to ¢2 on
4L, then it becomes impossible for hypoploid c2, __E_p1ants to ever shed yellow
pollen! A non-compound TB for 4L of different origin has been crossed to white
pollen plants to clear this point up.

Stephen A. Modena
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Centric fragments carrying anthocyanin markers

One of the most interesting chromosomal aberrations in plants is the centric
ring--a chromosome whose arms are joined to one another so as to produce a contin-
uous ring. Thorough analyses of ring behavior have been performed by McClintock
(Genetics 23:315-376 and Cold Spr. Harb. Symp. 9:72-80) and Schwartz (Am. Nat.
87:19-28). They found that a ring chromosome may be lost or multiplied during
mitosis and meiosis. Or, as a result of recombination, modified rings may arise
which are either deficient or duplicated for the chromatin present on the original
ring. When the ring chromosome carries a dominant allele of a mutant present on
the homologous normal chromosome this behavior may be followed genetically. Loss
or modification of the ring results in the expression of the recessive allele,
producing a mosaic plant, i.e., one that shows both the dominant and recessive
phenotypes.

Because recessive embryo lethal mutants die at an early stage of development
they are difficult to study. The goal of this project was to produce a set of
genetically marked ring chromosomes carrying the dominant alleles of these embryo
lethal mutations. Such chromosomes could then be used to produce mosaic plants
with both normal and lethal tissue. This would make it possible to determine
whether or not an embryo lethal mutation is active in a mature plant and if so,
provide a way of studying its effects. (Ring chromosomes could also be used to
study whether recessive disease mutants show cell autonomy or whenever one needs a
situation of producing a mosaic plant made up of sectors of dominant and recessive
tissue for a particular gene.)

Plants recessive for eight plant color genes (al, a2, c2, bzl, bz2, bl, pil,
r-r) were fertilized by x-rayed pollen from plants homozygous for the dominant
alleles of these genes. Nine thousand forty-eight seeds were planted and 21
mosaic plants were found. The mosaic plants were selfed and crossed onto a set of
six tester stocks: al, a2, c2, bzl, bz2, and r-g. All the tester stocks were also
bl, pll. One could determine which of the mosaic-looking plants were caused by
physiological conditions or because they contained a ring by examining the
outcrossed ears. This is because ring chromosomes are not usually transmitted (or
are greatly reduced) through the male. Therefore, if an ear showed the expected
1:1 ratio for a particular gene, one knew a ring carrying that gene was not
involved. But if an ear showed only a recessive phenotype (or a greatly reduced
number of dominant phenotypes) it was an indication that the mosaic plant carried
a ring with that particular dominant gene on it. The data to date indicate we have
produced five centric chromosome fragments: one involving chromosome 2 and the Bl
Tocus; one involving chromosome 4 and the C2 locus; two involving chromosome 5 and
the A2 locus; and one involving chromosome 6 and the P11 locus. These five plants
and their progeny are now being studied cytologically to determine if they contain
a ring chromosome. If they do, it should now be possible to undertake an analysis
of the embryo lethal mutations or any other situation where a mosaic plant is
needed involving these four chromosomes.

Rodney Higgins

Low crossover Y Dt segment not Tinked to P11

Last year (MNL 56:43), we reported on an x-ray induced abnormality involving
reduced crossing over between Y1 and Dt2 on chromosome 6. Our data showed that the
Y Dt2 linkage is very tight (less than 1%) as compared to the normal 26%. The Tow
crossover segment's transmission is normal through the female but is reduced to
only 32% through the male; there is no male or female gamete abortion in plants
heterozygous for the Tow crossover segment. The Y linked to Dt2 is not allelic to
the Y1 from Aho and suggests that Y in the low crossover segment has moved to a new
position.
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This year we have data suggesting that the low crossover (1co) Y Dt2 segment
has moved from chromosome 6. The cross of al, lco Y Dt2 p11/Al1, yl dt2 P11 x al,
yl dt2 p11 was made and the colored seeds with yellow endosperm were planted. The
plants were scored for P11. There were 45 P11 and 49 pll plants, thus suggesting
the Tco Y Dt2 segment is not Tinked to pll on chromosome 6.

Rodney Higgins and M. G. Neuffer

COLUMBIA, MISSOURI

University of Missouri and USDA-ARS
UNION CITY, TENNESSEE

Funk Seeds International

Recurrent selection for rind penetration values for stalk quality improvement

Several methods of evaluating stalk quality in maize have been developed and
evaluated, but most breeders still rely on naturally occurring stalk lodging. We
evaluated the effectiveness of a penetrometer device for stalk strength improve-
ment by phenotypic recurrent selection.

B(K)RRS, from the Nebraska Agriculture Experiment Station, was planted and the
2nd elongated internodes of at least 300 plants were punched to obtain rind
puncture values approximately one week pre-flowering. Ten percent, or approxi-
mately 30 plants, were intermated to complete a selection cycle.

Progress through three cycles of selection by the rind penetrometer technique
was evaluated by growing the original population (CO) and the first (C1l) through
third (C3) cycles of selection. For comparison purposes, the original (C0), Cl,
C2, and C3 of MoSQA and MoSQB that had undergone cyclic selection for stalk
strength improvement by the crushing strength method were included in the evalua-
tion test.

Mature stalks from the 2nd elongated internode above the ground level were
harvested. Crushing strength, weight of 5.1 cm stalk section and rind thickness
were measured.

Gain in stalk crushing strength per cycle as the resuit of selection for high
rind puncture values in synthetic B(K)RRS is shown in Table 1. Comparable values

Table 1., Least squares gains per cycle from selecticn measured by three stalk
attributes as a result of selection for high rind puncture resistance
in Synthetic B(K)RRS.

Stalk Stalk
crushing section Rind
Population 1 strength weight thickness
load-kg g mm
B (K)RRS (S-HRP) 25* 0.10% 0.0115*%
MoSQA (S-H) 21 0.13* 0.0017
MoSQB (S-H) 58* 0.19* 0.0067

* Indicates significance at P = 0.05; tests were based on the appropriate AQV
error term.
t 5= Sy plant selection; HRP = rind puncture; and H = High stalk crushing.

resulting from selection for crushing strength in MoSQA and MoSQB are also given.
Three cycles of selection in B(K)RRS for high rind puncture values resulted in
significant gains of 25 kg per cycle higher crushing strength, 0.10 g per cycle
increase in stalk weight and 0.115 mm thicker rind per cycle. For comparison,
MoSQA did not show a significant increase in stalk strength or rind thickness in
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three cycles of selection for crushing strength, whereas MoSQB had significant
increases for crushing strength (58 kg) and stalk weight (0.19 g) but no signifi-
cant change in rind thickness. From this preliminary study, we suggest that
recurrent selection for high rind puncture values in the pre-flowering stage may
be an effective method of improving stalk strength, with the advantage that one
cycle of selection could be completed each season.

T. R. Colbert, L. L. Darrah and M. S. Zuber

DEFIANCE, OHIO
Defiance College

Light and temperature-related behavior of coleoptiles and epicotyls

In MGCNL 56 we reported data for five sweet corn lines. The present report
concerns six field corn lines and two hybrids. Methods of seed germination and
light treatments were detailed in the previous report.

As reported for the sweet corn lines, temperature sensitivity is best observed
for seedlings germinated in the dark. Filtered and unfiltered 1ight conditions

Table 1. Lengths {cm) of coleoptile and epicotyl tissues after seven days under
different light conditions.

= — Temp.
Light Conditions Ticcus
Blue Green Yellow Red Far-red White Dark C
Coleoptiles
H 95 2.4 1.8 2.7 2.8 2.4 2.0 1.8 21
2.5 2.1 2.6 7.9 2.2 1.0 1.9 27
A 634 3.8 4.0 I 30 4.9 s 31 21
3.4 3.6 3.1 3.8 4.9 1.8 2.7 27
B 73 3.5 3.5 3.1 3.5 4.5 1.9 3.4 21
3.2 241 2.5 2.9 4.0 1.6 3.9 27
B 37 o] 3.8 333 3.5 3.8 2.1 1.6 21
3.6 3.6 2.9 3.5 4.7 1.8 4.0 27
Mo 17 2.1 1.6 2.2 2.8 3.2 1.4 0.6 21
2.3 2.9 1.8 3.0 4.1 1.3 1.9 27
A 632 3.1 38 3.0 3.3 3.2 1.3 1.0 21
2.4 2.6 2.4 2.8 2.6 1.5 1.5 27
B 73 x 3.0 3.5 2 3.1 3.9 2.1 1.9 21
Mo 17 32 2.2 2.5 3.0 3.9 1.4 2.9 27
A 634 x 4.2 3.0 4.0 4.3 5.0 2.4 253 21
Mo 17 3.9 3.9 3.0 3.9 52 2.1 30 27
Epicotyls
H 95 0.9 0.7 0.7 0.8 2.1 0.6 10.7 21
0.7 0.6 0.8 0.8 2.2 --- 11.8 27
A 634 1.9 1.8 0.9 1.3 5.9 0.5 12.6 21
1.0 1.3 0.8 1.3 4.9 0.5 8.9 a7
B 73 1.6 1.4 1.1 1.6 4.8 0.4 8.3 21
1.4 0.7 1.0 1.2 3.4 0.4 8.3 27
B 37 1.5 0.9 0.6 0.7 2.9 0.4 6.5 21
1.1 35l 0.6 0.8 2.3 0.5 9.1 27
Mo 17 1.1 0.6 0.7 1.1 2.4 0.5 2.0 21
0.8 1.0 0.8 1.0 33 0.5 6.9 27
A 632 1.4 1.3 0.7 1.2 3.6 0.5 1.9 21
0.9 0.9 0.7 0.9 2:0 0.6 3.4 27
B 73 x 1.6 0.5 1.0 1.1 4.5 0.5 7.8 21
Mo 17 1.2 1.0 0.8 1.2 3.0 0.5 Tk 27
A 634 x 1.6 0.8 122 1.2 4.8 0.6 10.7 21
Mo 17 1:3 1.3 0.7 1.3 4.9 0.5 13.3 27
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tend to reduce performance differences at the two temperatures, 21 and 27 C. It is
interesting to note for epicotyls and coleoptiles that less growth takes place in
continuous white 1ight, but under all light filters tested, coleoptiles, especially,
grow longer when the light is continuous throughout the seven-day period. The
longest coleoptiles are found under far-red 1ight, even longer than those following
continuous darkness. Though epicotyl growth is longest under dark conditions, a
considerable range of variation is found among the six lines tested. Far-red Tight
produces epicotyls which stand out as longer than those produced under blue, green,
yellow and red. The two hybrids of Table 1 show epicotyls longer than those of the
Mol7 parent under the conditions of darkness and far-red 1ight. Though in the same
direction as the epicotyls, less difference is noted for hybrid coleoptiles when
compared back to the Mol7 parent coleoptiles.

An interesting observation from a comparison of sweet corns and field corns
under the germination conditions above is that a sweet corn such as Sprite 142,
with one fifth of the seed weight of certain hybrids, can produce similar volumes
of germinating tissues with far less endosperm reserves. Where the number of
seedlings produced per weight of dry seed is an economic consideration, sweet
corns could deliver five times as many seedlings without serious sacrifice of
tissue volume following seed germination (the help of Ohio Foundation Seed Inc. and
Pioneer Hi-bred International in supplying seed is gratefully acknowledged).

Bernard C. Mikula and Amy Smith

Light probing of developmental potentials of coleoptiles and epicotyls

In MGCNL 56 we reported that at 27 C coleoptiles of sweet corn variety Silver
Queen were longer following seven days of continuous 1light treatment, compared
with those grown for the same period in continuous darkness. At this temperature
we have found most of the 15 different Tines examined show quite the opposite:
continuous Tight inhibits both coleoptile and epicotyl growth. This unusual
behavior prompted a closer examination of the light dependence of coleoptile and
epicotyl development.

Using the same methods reported in MGCNL 56, we have investigated the relation
of short periods of white light on coleoptile and epicotyl elongation. Germinating
seedlings were exposed to a single period of growth chamber 1ight lasting for 1/2,
1, 2, 4, 8, 16, or 24 hours; seedlings remained in darkness for the remainder of
the seven-day incubation period. Duplicate pans of germinating seeds of each of
four different lines were subjected to each of the light treatments. Every twelve
hours a new set of seedlings was given the above light treatments; the new
seedlings were thus twelve hours older than the previous set. The last set of
treatments was begun at 72 hours and completed at the 96th hour. Differences in
coleoptile and epicotyl measurements represented the effect of a single light
exposure in the seven-day period. Light treatments, therefore, represent a photo
probe for the developmental potential of coleoptiles and epicotyls during these
first 96 hours of seedling development.

Figures 1, 2, 3, and 4 show length of seven-day-old coleoptiles and epicotyls
following exposure to single 1light periods of 1/2, 1, 2, 4, 8, 16, or 24 hours.
Light periods are represented by points on lines at the termination of the light
period. For each line, representing seven different 1ight treatments, it is
possible to associate the length of the 1ight period with the age of the seedling
and the resulting length of coleoptile or epicotyl. In each figure, the six solid
lines and six dotted Tines represent new sets of experiments begun at twelve hour
intervals. The straight lines indicate the length of tissues grown under contin-
uous light or darkness. Epicotyls fail to grow in continuous 1ight.

In Fig. 1, seedlings of sweet corn variety Gold Cup, grown under conditions of
continuous light, produce coleoptiles approximately 2 cm. In the dark these same
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coleoptiles reach 3.2 cm in length. One must conclude that continuous 1ight
inhibits coleoptile development. However, short light treatments can cause Gold
Cup to reach 5.6 cm, nearly double the lengths found after continuous darkness.
Figs. 1 and 2 show in four different Tines that as the light treatments are
lengthened from 1/2 hour to 24 hours, an increase in coleoptile length takes place.
Depending on the Tine, age of seedling, and length of treatment, 1ight can
stimulate as well as inhibit coleoptile elongation. Coleoptiles of Silver Queen
show a gradual increase in length in response to longer light periods, reaching a
maximum at about 70 hours before increased inhibition becomes evident. In Sprite,
a yellow sweet corn, coleoptiles reach a maximum after the first 24 hours, and
after this period of development increases in Tight reduce coleoptile lengths as
the seedling ages. It is remarkable, too, how soon seedlings are light receptive:
Figures 1 and 2 show that 1/2 hour of light after 12 hours of imbibition produces
a measurable increase in coleoptile length. Gold Cup, another yellow sweet corn
variety, shows maximum coleoptile Tength following 1/2 hour light when seedlings
are 60-72 hours old, resulting in coleoptiles twice the length of dark-grown and
three times Tight-grown coleoptiles. Silver Sensation, a white-seeded sweet corn,
shows erratic behavior, especially for light treatments of 1/2 to 8 hours for all
12 hour periods. To a limited extent this behavior is reflected in the first few
light treatments of all Tines. One may speculate that this same behavior is found
and reported in phototropic behavior of coleoptiles as first positive and first
negative curvature as a result of increasing light dosages.

Compared to coleoptiles, epicotyls show less pronounced increases in length in
response to light over dark controls. Silver Queen epicotyls in Fig. 3 exceed
dark controls for a few light treatments administered within the first 36 hours.
Epicotyls longer than dark controls were recorded in Fig. 4 for Silver Sensation
for treatments up to 60 hours. As seedlings age, Figs. 3 and 4 show that epicotyls
tend to shorten with increased exposure to light. Epicotyls of the yellow sweet
corns, Sprite and Gold Cup, remain shorter than those grown under continuous dark
conditions.

From a practical standpoint, the behavior of coleoptiles and epicotyls of Silver
Sensation and Silver Queen could represent a more desirable seedling quality for
areas where seed emergence is a problem. Continued growth of both tissues under
weak light conditions near the soil surface could result in higher percentages of
emergent seedlings. Seedlings with greater Tight sensitivity could result in
premature cessation of growth in both tissues before complete emergence. The
methods used above provide a simple system for selecting the seedling behavior
needed. Another interesting point from the four figures is that the greatest
differences among the four Tines can be seen during the early germination period.
As one approaches the 70th hour a convergence of behavior is evident, especially
among the coleoptiles. This might be expected, since under field conditions
selection for seedling behavior is likely to be practiced at emergence, and most
Tines would be exposed to convergent selection at this time.

Bernard C. Mikula an& Amy Smith

Light dosage for 50% inhibition of epicotyl growth

In the previous section it was pointed out that epicotyl growth can be inhibited
by 1ight. Seedlings were germinated as outlined in MGCNL 56. White 1ight from a
150W incandescent source (with internal reflector) was administered to seedlings
48 hours old. No light treatments exceeded 30 minutes; intensity was controlled by
a rheostat. Table 1 shows the dosage-response relationship for Sprite, a yellow




47

Table 1. Effect of light dosage on epicotyl and
coleoptile lengths of seven-day-old
seedlings incubated in the dark except for
the above 1ight treatment. Light admin-
istered to 48-hour-old seedlings; no Tight
treatments exceeded 30 min.

Dosage Epicotyl Coleoptile
Meter Candle Length Length
Seconds (cm) (cm)

6

15.5 x 10 6.1 5.3
BLd 5.4

7.75 x 100 7.4 5.4
7.0 5.4

3.88 x 10° 8.6 5.4
8.8 5.5

1.55 x 10° 11.9 5.5
10.4 5.4

1.03 x 10° 11.9 5.2
11.4 5.6

5.17 x 10° 13.0 5.0
13.5 4.7

2.58 x 10° 14.6 4.9
12.4 5.0

sweet corn variety. As light dosage is increased to nearly 100x, the length of
epicotyls is reduced to less than 1/2 those developed in continuous darkness. It
is interesting to note that over this range Tittle or no difference is produced in
coleoptile length. It may be concluded that the energy for stimulating coleoptile
elongation is of the order of 100x less than the energy required for 50% reduction
in epicotyl lengths.

Bernard C. Mikula and Amy Smith

GAINESVILLE, FLORIDA
University of Florida and ARS-USDA

Temporal synthesis of mitochondrial DNA in maize cell suspension culture

The maize mitochondrial genome is composed of small circular and linear DNAs,
in addition to a large chromosomal DNA. Kemble and Bedbrook (Nature 284:565,
1980) described a 2.3 kb Tinear molecule and a 1.94 kb circular molecule in N
cytoplasm maize. The circular molecule is detected as linear, open-circular, and
covalently closed circular molecules in agarose gels. Cell suspension cultures
of the Black Mexican Sweet line (N cytoplasm) contained the same family of Tow
molecular weight DNAs as is characteristic of the intact plant (Chourey and Kemble,
5th International Cong. of Plant Tissue and Cell Culture, Tokyo, Japan, in press,
1982). The Black Mexican Sweet line also contains an additional small DNA
detected as a covalently closed circle, open circle, and a linear molecule of
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approximately 1.4 kb. The relative levels of the 2.3 kb and 1.94 kb molecules are
higher than the 1.4 kb molecules. In the present report, we describe replicative
properties of the low molecular weight DNAs using Black Mexican Sweet cell suspen-
sion cultures which readily incorporated 32P-orthophosphate into mtDNA. The
relative level of DNA synthesis in each class of DNA was monitored through UV
fluorescence of ethidium bromide stained agarose gels and autoradiography inten-
sities on X-ray film of the corresponding gels.

15 uCi 32p per ml of culture medium was added to cultures in either logarithmic
phase (7 days post subculture) or stationary phase (15 days post subculture), and
allowed to incubate for 24 hours. The cells were harvested and the mitochondrial
DNA was extracted and electrophoresed. The DNA extracted from logarithmic phase
cultures showed 32P incorporation into all classes of mitochondrial DNA. The 2.3
kb and 1.94 kb molecules had equal intensities in both ethidium bromide staining
and autoradiography. The three forms of the 1.4 kb molecule were present, but in
much Tower intensity. However, DNA extracted from stationary phase cultures had
the same relative intensities of DNA when stained with ethidium bromide, but no
32p was incorporated into the DNA. At this sensitivity, no mitochondrial DNA
synthesis could be detected, although the majority of cells were still viable, as
evidenced by their fluorescence in the presence of fluorescein diacetate stain.
Furthermore, if the stationary phase cells were removed from the exhausted medium
and placed into new medium with 32p for 24 hours, there was renewed incorporation
of label into mitochondrial DNA. However, the stoichiometry of the Tow molecular
weight DNAs had shifted so that the 1.94 kb molecule was in much higher concentra-
tion and had incorporated more 32P, relative to the 2.3 kb and 1.4 kb molecules.
When stationary cells are incubated for prolonged periods in fresh medium prior to
the 24 hours labeling with 32P, stoichiometry and 32P incorporation character-
istic of cells in Togarithmic growth was observed.

These data indicate that mitochondrial DNA is being rapidly synthesized in
cells from logarithmic growth phase cultures. The progression into stationary
phase was correlated with a suspension of mitochondrial DNA synthesis, as seen by
a failure of cultures to incorporate 32P into mitochondrial DNA over a 24-hour
period. The addition of new media to the stationary cells resulted in a prefer-
ential synthesis of the 1.94 kb molecule, relative to the other classes of Tow
molecular weight DNA.

A. G. Smith, D. R. Pring and P. S. Chourey

GAINESVILLE, FLORIDA

University of Florida, ARS-USDA

CAMBRIDGE, ENGLAND

Plant Breeding Institute, Agriculture Research Council

S1 and S2 sequences are common among normal, fertile cytoplasm mitochondrial DNAs

Integrated sequences of the S1 and S2 episomal DNAs in Wf9(N) mitochondrial DNA
(mtDNA) have been mapped through cosmid cloning (D. M. Lonsdale, R. D. Thompson and
T. P. Hodge, Nucl. Acids Res. 9:3657, 1981). Since extensive deletion of these
sequences is a characteristic of the T and C male-sterile cytoplasms, we surveyed
12 common North American normal cytoplasm lines to assess the frequency and conser-
vation of these sequences in male-fertile cytoplasms. Lines examined were W64A,
Mol7, A619, A632, F44, F6, B37, NC7, Wf9, W182BN, A188, and Black Mexican Sweet.
MtDNAs were prepared from each line, restricted by BamHl, electrophoresed, and
transferred to nitro-cellulose. Nick-translated S1 and S2, as well as cosmids 2cll
and 2c44, were used as probes. Cosmid 2cll spans the S1 region, while cosmid 2c44
spans the S2 region; these cosmids were cloned from Wf9.
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The mtDNA from each Tine displayed major homology to S1 and S2. Homology to S1
occurred in a BamHl fragment of 6.9 kb in 8 of 12 Tines: Wf9, W64A, Mol7, NC7,
A619, A632, F44, and B37, consistent with the Wf9 model structure. Homology in F6,
W182BN, and A188 occurred in a BamHl fragment of 6.6 kb, while Black Mexican Sweet
displayed major homology at 8.1 kb. Homology to S2 was conserved among all entries,
with major homology at 4.4, 0.95, and 2.1 kb, consistent with the structure of the
model Wf9 mtDNA.

Probing with cosmid 2cll verified that mtDNA structure of the eight lines which
carried homology to S1 at 6.9 kb was conserved through a 40 kb region spanning the
S1 site. F6, W182BN, and A188 were altered in fragments adjacent to the S1 site,
and by rearrangement of sequences ca. 16 kb from the S1 site. Black Mexican Sweet
displayed singular rearrangements, unlike all other lines examined. Hybridization
with cosmid 2c44 demonstrated that the S2 region was conserved among all entries.

As was demonstrated with Wf9, none of the normal cytoplasms carried complete
integrated copies of the S1 DNA; the 1400 bp repeat, characteristic of isolated Sl
and S2 DNAs, was absent in the integrated form of S1.

Associated with the rearrangements which characterize F6, W182BN, and Al88, we
detected an alteration in the size of a linear, free DNA, occurring at 2.3 kb in
most lines. In these three lines, no 2.3 kb DNA was apparent, but a 2.1 kb DNA was
detected, co-migrating with a similar DNA in T cytoplasm mtDNA.

Although this survey included only defined male-fertile cytoplasms, and not
exotics nor teosintes, integrated copies of S1 and S2 sequences would appear to be
a constituent of these normal cytoplasms. Whether or not integrated copies are an
obligate component of a "normal" mtDNA cannot be determined by these data. MtDNA
from S cytoplasm also carries extensive homology to the episomes, which clearly
distinguishes S from C and T cytoplasms. The role(s) which sequences of these
DNAs may play in differentiating normal cytoplasms from the S male-sterile cyto-
plasm is thus obscure. MtDNA structure of the S cytoplasm through the S1 and S2
regions is different from all normal cytoplasms examined to date, and our current
efforts are directed toward constructing restriction maps of these regions in S
cytoplasm. (Supported in part by NATO Research Grant 283.81 to DML and DRP).

J. W. McNay, D. R. Pring and D. M. Lonsdale

HONOLULU, HAWAII
University of Hawaii

Chromosomal Tocation of Px3 (peroxidase isozyme) locus

Peroxidase isozymes governed by the Px3 Tocus are among the most ubiquitous and
easily studied in maize (Brewbaker and Johnson, MGCN 46:29-33, 1972). The chromo-
somal Tocation of Px3 was studied using genetic markers and translocations on
chromosome 7. Dr. David Weber (1975, unpublished) was able to Tocalize Px3 to
chromosome 7 using trisomics in crosses with our stocks. Four chromosome 7
mutants were used as genetic markers--opaque-2 (7-16), Teopod (7-46), slashed
(7-50) and Papyrescent glumes (7-112). Waxy T7-9a, with breakpoint at 7L.63, was
also used.

Testcrosses for the mutant Tinkage study were made between pertinent hetero-
zygotes and homozygous testers of the U. Hawaii collection, based on the tropical
flint inbred Hi27 (Brewbaker, MGCN 46:33-37, 1972). The unique allele Px3-5,
derived from the Race Puya, was introduced to the crosses to rule out contamination
during pollinations.

Highly significant Tinkage (P < .01) was obtained only between the Px3 locus and
Pn (7-112), near the long arm end of chromosome 7 (Table 1). Our Pn stock shows
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Table 1, Segregations of linkage testcrosses 1involving PEx3
alleles (R and MR = Recombinant and Non-Recombinant
genotypes!)

No. of Chi

Marker Cross Offspring Flants Tot. Square

o2 Q2P 3I—2 Q2Pu3=2 (NR) 02Pu3-2/02Pxn3-2 42 80 2.22

(7=18) X (NR) + Px3-5/02Pn3-2 8 (NFR) F=

02Fu3-2  + Pu3-5  (R) 02Px3-S5/02P:.

32 S0 100 .S5-.4
(R) + Pu3-2/02Px3-2

TpPu3-2 (NR) TpPx3-2/+ Px3-1 44 86 2.92
O (NR) + FuZ-S/+ Px3-1 42  (NR) P=
* PN3=5 (R} TpPu3=5/+ Pu3-1 38 &5 03-.1
(R) + Pxu3-2/+ Pui-1 27 (R}
sl s1Pu3-1 s1Px3-2 (NR}) slPx3-2/s1Pn3-1 28 74 1.59
EFR=B0Y o il e {NR) + Px3-5/8lPu3-1 46 (NR) P=
slPul-1 + Pu3-5 (R) slPu3-5/s1Pui-1 26 59 o 1=.2
(R) + Px353=2/81Px3-1 33 (R

Fn + Pi3-1 PnPs 3-2 (NR} PnPxu3-2/+ Pu3-1 25 55 31.16

(Fmll2Y ;S (NR) + Pu3-3/+ Px3-1 30 (NR) P=
+ Pus=l1 + P%3—5 (R) PnPx3-5/+ Pu3-1 & 10 LaRvEE
(R) + Pu3-2/+ Px3-1 4 (R

excellent penetrance in heterozygotes. The recombination percentage between Px3
and Pn was 15.38%, thus suggesting the location of Px3 to be at or near 7-96.62.

The translocation stock, wx T7-9a (breakpoints 7L.63 and 95.07), was also used
in crosses, with the heterozygotes testcrossed to a stock made homozygous for wx
and Px3-1 through repeated backcrosses. Linkage between Px3 and the translocation
breakpoint (7L.63) was highly significant (Table 2), with a recombination
percentage of 41.84,

Table 2. Linkage testcrosses between P23 and wi in
translocation wx7-%a (R and NR = Recombinant and
Non—-Recombinant genotypes)

Mar ker Cross Offspring Flants%
x| % Prs-1 wnPu3-1  (NR) wiTPx3-1/wxPx3-1 248
T3 o i A Y (NR) wx Px3-1/+ Px3-2 240

wx TP 3I=2 wrPui—t (R)  wxTPx3I—L1/wnPu3I-2 177

(R} wi Px3-l/+ Px3-1 174

tChi-square testing the expected i1R:INR ratioc = 22.34, P<.01:
Mean recombination percentage = 41.84

The suggested genetic location of the 7L.63 breakpoint is 7-58.8 (Phillips,
1969, Genetics 61:107), based on linkage with 7L markers including sl (?—50§ and
ij (7-52). Px3 showed no Tinkage with genes proximal to ij (Table 1), and must
clearly be distal to the 7L.63 breakpoint, at or near 7-100.64 (58.8 + 41.84).

The Tocus Px3 may thus be localized between 96.62 and 100.64 on the long arm of
chromosome 7. A working value of 7-99 is proposed, based simply on the average of
these two values. This region of chromosome 7 is poorly marked:

sl ij Bn Px3 Pn

50 52 71 99 112
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We could not obtain a reliable stock of Bn, a gene which was together with
slashed in the early studies of Hayes and H. E. Brewbaker (J. Amer. Soc. Agron.
18:761-767, 1926). The ubiquity of Px3 in maize tissues, its polymorphism and
ease of identification (Brewbaker and Johnson, MGCN 46:29-33, 1972) thus make it a
convenient marker for this region.

James L. Brewbaker

HYDERABAD, INDIA
Osmania University

Callus cultures of shoot base and node

The present study was undertaken mainly to test the efficiency of different
anthocyanin genotypes and some local varieties of maize in callus initiation and
plantlet regeneration. Different explants (seedling root, shoot base, node, endo-
sperm, embryo and glume) were used. Regenerable cultures have been obtained from
immature embryos, shoot bases, first nodes and glumes.

Shoot bases of germinated immature embryos and first nodes of 6- to 7-day-old
seedlings were inoculated onto Linsmaeir and Skoog's media containing
2,4-dichlorophenoxy acetic acid (2,4-D), and the cultures were placed under
diffused 1ight at 26+1 C. Callus was initiated within two weeks of inoculation
from shoot base and node. Subcultures were carried for every two weeks, the
6- to 7-week-old calli of the shoot bases were kept for regeneration on LS basal
medium devoid of hormones, and nodal calli on LS medium supplemented with 1 mg/1
indole 3-acetic acid (IAA) and 1 mg/1 Kinetin (KN).

Germinated immature embryo shoot base not only callused more efficiently
compared to mature seedling shoot base, but organogenesis resulting in distinct
roots and shoots was observed with greater frequency, while only rhizogenesis was
observed in the latter. First node callused efficiently on LS medium supplemented
with 4 mg/1 2,4-D compared to medium with 2 mg/1 2,4-D. Regeneration into roots
and shoots was observed on LS medium with 1 mg/1 IAA and 1 mg/1 KN. Callus
initiation and plantlet regeneration was more efficient in the 150/2 Ludhiana
variety of Dr. A. S. Khehra, for shoot base and heterozygote of bronze-1 and
bronze-2 (Bz1 bzl Bz2 bz2) for node, over other tested varieties.

K. V. Rao, P. S. Prasanna and G. M. Reddy

Plantlet regeneration from glume cultures

Successful plant regeneration was reported from the calli derived from immature
embryos, immature tassels and nodal sections of maize (S. J. Molnar et al., MGNL
54:52, 1980; C. A. Rhodes et al., MGNL 56:148, 1982). The present study was
mainly aimed at testing the totipotency of glumes of different developmental stages
of four genotypes.

Fresh immature tassels of sweet corn, DHM-101, DHM-103 and Ganga-5 were
collected from 55, 60 and 65-day-old field grown plants (Kharif season, 1982), and
were sterilized with 0.1% mercuric chloride for three minutes. Antherless glumes
were inoculated onto Murashige and Skoog's medium supplemented with 2 mg/1 2,4-D.
Subcultures were made every three weeks on MS medium with 1 mg/1 2,4-D.

Glumes of sweet corn after two to three weeks of inoculation gave rise to
callus, whereas other genotypes responded poorly. Rapidly growing light green
friable callus was observed from the base of the glume irrespective of the position
of the glume on the tassel. Of the different age groups tested, glumes of 55-day-
old plants exhibited greater response of callus initiation (45-50%) compared to
others. Rhizogenesis was observed on basal medium devoid of hormones, and complete
plantlets regenerated on MS medium supplemented with 1 mg/1 IAA and 1 mg/1 KN.
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Out of the different hormonal combinations and concentrations tested, 1 mg/1 IAA
and 1 mg/1 KN gave high frequency of plantlet regeneration. The specific age of
the glume seems to play an important role, both in callus initiation and plantlet
{ggeneration. This finding may be useful in clonal propagation of male sterile

ines.

P. S. Prasanna, K. V. Rao and G. M. Reddy

Esterase isozyme studies in callus cultures

The enzyme polymorphism exhibited by isozyme patterns serves as a model for
analyzing the gene action at different developmental stages, and the physiological
status of the tissue differentiated to perform specified functions. Multiple
molecular forms of a number of enzymes which were tissue specific were analyzed in
inbred Tines of maize (J. G. Scandalios, Proc. XII Int. Cong. Genet. I1:79-80,
1980). Tissue culture studies in our laboratory proved that the calli derived
from immature embryos and glumes were capable of plantlet regeneration, whereas
the seedling root calli failed to regenerate. The differences were mainly
attributed to the physiological status and the extent of differentiation among the
constituent cells of the explant cultures. Esterases exhibited polymorphism with
different tissues at the whole plant level (Scandalios, J. Hered. 55:281, 1964).
In the present study, regenerable calli derived from immature embryos and glumes
and the nonregenerable calli of seedling root were compared for their esterase
isozyme pattern.

Immature embryos (10-day-old) and glumes (60-day-old plants) of sweet corn were
obtained from the field grown plants. Root explants were taken from one-week-old
seedlings grown under aseptic conditions. Callus cultures were initiated on MS
medium containing 2, mg/1 2,4-D. Four-week-old calli derived from the above
explants were used for electrophoretic studies using standard PAGE technique. The
gels were incubated for one hour in 100 ml of 0.6M phosphate buffer, pH 6.1,
containing alpha-naphthyl acetate as substrate and fast blue RR as dye coupler to
detect the esterases.

Significant differences were observed in esterase pattern in regenerable and
non-regenerable calli. Calli of embryo, glume and root exhibited a total number of
nine, eight and twelve bands, respectively, of which three common bands at Rf
values 0.33, 0.46 and 0.70 were observed. The regenerable glume and embryo calli
have shown one common band at Rf 0.22, which was absent in non-regenerable calli.
The preliminary observations suggest that the presence of a specific band in
regenerable, and its absence in nonregenerable calli, indicates a possible
involvement of a specific esterase in differentiation.

P. S. Prasanna, K. V. Rao and G. M. Reddy

Isoperoxidases in root callus cultures

In this study, four-week-old calli derived from seedling root of sweet corn and
r2 r2 stock were analyzed for their isoperoxidases by adopting standard polyacryl-
amide gel electrophoretic (PAGE) technique. The isozymes of 0.165, 0.47 and 0.87
were common for both the inbred lines. The isoperoxidases with Rf values of 0.09,
0.25, 0.43 and 0.81 were observed in the sweet corn line, whereas r2 r2 exhibited
different isoperoxidases with Rf values 0.14, 0.52 and 0.74, suggesting that the
genotypic differences in isoperoxidases also exist in callus cultures.

K. V. Rao, P. S. Prasanna and G. M. Reddy
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Chromosomal studies in callus cultures

Preliminary cytological studies of root, endosperm and glume calli have shown
significant variations in ploidy levels. Root calli have shown 96% of diploid
cells; endosperm calli have shown 70% triploids with 9-20% diploids and 5-10%
haploids. The glume calli exhibited differences in chromosome number from 11-28,
with a greater frequency of hypoploids.

K. V. Rao, P, S. Prasanna and G. M. Reddy

ITHACA, NEW YORK
Cornell University

Plant regeneration from cultures of inbred W182BN in N, C and S cytoplasms

Regenerating cultures of the important New York State inbred W182BN in three
different cytoplasms (N, C and S) have been established and maintained since
March, 1981. Immature embryos (ca. 1 mm long) were cultured on Murashige-Skoog
medium containing 5 mg/1 2,4-D. Scutellar callus from some of these embryos has
been subcultured repeatedly on the same medium, either liquid or agar-solidified;
the tissue forms small superficial organized areas. Reduction or elimination of
the 2,4-D leads to development of compact white structures. Continued growth into
plantlets is promoted by increase of the sucrose level to 10%. Morphogenesis
appears to be via an embryogenic pathway. Further growth of leaves and roots
proceeds on media containing decreased levels of salts and sucrose.

Several dozen plants from each cytoplasm have been transferred from culture to
vermiculite and then to soil, and grown to maturity under greenhouse conditions.

A wide range of morphology has been observed, from essentially normal phenotype to
greatly reduced form with only a few leaves before development of a terminal ear
shoot. Tassels that developed usually contained some silks as well. No shifts
from male-sterile to male-fertile tassels (as have been seen in some plants regen-
erated from T cytoplasm scutellar cultures) were seen in the plants regenerated
from W182BN cms-C and cms-S cultures, but the generally poor tassel development
makes ratings difficult. Mitochondrial DNA from leaves of plants regenerated from
S cytoplasm embryos is being analyzed to see whether the characteristic S-1 and S-2
plasmids are still present.

Many of the plants regenerated from N, C and S cultures have successfully been
pollinated with pollen from seed-grown W182BN plants. Study of the progeny of
regenerated material is in progress; it should help clarify whether morphological
changes seen in the plants obtained directly from long-term cultures are ephemeral
physiological ones induced by culture conditions, or true nuclear or cytoplasmic
mutations.

Elizabeth D. Earle

Structure of the gene-specific toxin from Helminthosporium carbonum race 1

In the last year, several papers have appeared on the structure of HC-toxin, a
phytotoxin produced by the maize pathogen Helminthosporium (perfect stage
Cochliobolus) carbonum race 1. This toxin has the same host range as does the
fungus and is thus "host-specific." Both H. carbonum race 1 and HC-toxin selec-
tively affect maize that is homozygous recessive at the nuclear Hm locus, located
on the long arm of the first chromosome.

The structure of HC-toxin, as established and confirmed by four different
laboratories, is a cyclic tetrapeptide, cyclo(L-Aoe-D-prolyl-L-alanyl-D-alanyl)
(Fig. 1), where Aoe stands for 2-amino-8-o0xo0-9,10-epoxidecanoic acid (J. M. Liesch
et al., 1982, Tetrahedron 38:45-8; J. D. Walton et al., 1982, Biochem. Biophys.
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Fig. 1. Giemsa banded chromosomes from callus cultures of
Zea mays showing terminal, intercalary and centromeric
bands.

Most of the chromosomes showed terminal, interstitial, as well as centromeric
bands (Fig. 1). Such a type of banding pattern not only helped to identify the
chromosomes which have been eliminated preferentially during the culture regime,
but also to detect structural changes in the chromosomes.

N. K. Paul and P. D. Ghosh

LLAVALLOL, BUENOS AIRES, ARGENTINA
Instituto Fitotecnico de Santa Catalina

Tissue cultures of Zea mays x Tripsacum dactyloides

A1l of the experiments described in this communication were conducted with a

field F1 generation of the intergeneric hybrid between Zea mays and Tripsacum
dactyloides and its reciprocal crosses, obtained by Marfa del Carmen Moé1na in our
Institute.

In the hybrids, when T. dactyloides was used as female parent, the seeds are
completely enclosed in a fruit case made up of a horny rachis and a hardened
glume like Tripsacum. To overcome this barrier, the fruit cases were nicked with
a scalpel and all seeds with a recognizable endosperm and well-visible signs of
embryo development and health were selected for culture. Mature seeds were steri-
lized following the procedure of Green et al. (Crop Sci. 14:54-58, 1974). Embryos
were aseptically excised from the seeds, but the residual endosperm was difficult
to remove and several embryos were cultured with minor parts of endosperm attached
to the embryo.

Callus was initiated and maintained on modified Murashige-Skoog culture medium
(Green and Phillips, Crop Sci. 15:417-421, 1975). The medium was adjusted to pH
6.0 and then autoclaved for 20 min at 15 psi. The embryos and subsequent callus
cultures were grown at 30/20 C and exposed to 12/12 hours photoperiod.

The embryos of the hybrid Z. mays x T. dactyloides and its reciprocal crosses
were cultured for 30 days on medium containing 2,4-D at 0, 2, 5, 10, and 15 ppm.

In the absence of 2,4-D the mature embryos, cultured with the scute]lum side
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downward, germinated normally and after 21 days presented abundant roots and 2-3
green leaves. However, when these plantlets were transferred directly from the
in vitro condition to the soil in the greenhouse they did not survive. An inter-
mediate subculture in vermicuiite is necessary to improve the survival rate.

In the presence of 2,4-D at any level,

g | all T. dactyloides x Z. mays embryos
2,40 ppm cultured with the scutellum side upward
R R fa11ed to grow as callus. However, Z. mays

Callus T of dactyloides embryos showed callus

it e 0 8 20 0 1n1t1at1on dependent on the 2,4-D concentra-

gran — tion used in the media (Fig. l).

foration; || surviving| = 00 © The growth response observed in the

phase cultures cultures was similar to that described by
el . B N S Cure and Mott (Physiol. Plant. 42:91-96,
famation 1978) as yellowish compact, callus-Tike

Class 3. The optimal growth rate was
observed at 5 ppm 2,4-D. Each primary culture derived from 5 ppm 2,4-D medium
produced 2 subcultures. After a 30 day cycle, each subculture produced 2 to 3
more subcultures. Al1l subcultures were maintained in 2 ppm 2,4-D medium, but

the 5 ppm 2,4-D derived cultures always showed the best growth. One of the
cultures exhibited localized chlorophyll regions and one green 6 mm leaf from the
cailus.

When these tissues were excised and subcultured in media lacking 2,4-D to
promote organ formation, none of them produced roots of any type, except the 5 ppm
2,4-D derived cultures surviving in medium without 2,4-D. Moreover, callus
established and maintained with 5 ppm 2,4-D did not grow when transferred to a
medium free of 2,4-D.

The lack of organ formation in such cultures could be related to Green's obser-
vation (Hortsci. 12:131-134, 1977) on the relation of embryo age size and percent
of callus capable of plant regeneration in maize.

In the next year we shall work with immature embryos of these hybrids.

Miguel Angel Rapela

Factors involved in callus formation and growth of mutant maize embryos

In order to study the genotype, age-size and hormonal dependence on callus
initiation and maintenance, several tissue cultures of maize were carried out
utilizing immature embryos of a floury-a x normal red flint hybrid, its parent
inbred lines and other floury-a inbred Tines. The culture protocols were the same
as Green and Phillips (Crop Sci. 15:417-421, 1975), except that cultures were
maintained in the dark at 28 C.

Figure 1 shows what apparently would be an optimal embryo age-size, in which
the hormonal requirements would be the lowest for a good callus growth. Although
the parameter used is not strictly the same, this result is in part different from
Green's (Hortsci. 12:131-134, 1977), since he found a decrease of the percent of
regenerating scutellar callus with embryo age.

Figure 2 shows the influence of genotype and 2,4-D concentration on the growth
of callus. These results are in agreement with Green's, in the sense that immature
embryos derived from hybrids produced callus at frequencies much higher than
embryos from either parent individually.

Figure 3 shows the influence of genotype and orientation of maize embryos on
the growth of callus. These results are also in agreement with the observations
of Green and Phillips, but different from the ones of Harms et al. (Z. Pflanzen-
ziicht. 77:347-351, 1976). When the orientation of the scutellar side was
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Figure |

Influence of embryo age-size and 2,4-D concentration on
the growth of callus from the hybrid YF 82-0343 x floury-a 82-0312.

Each value = % of 20 embryos from wich callus cultures were obtained.

2,4-D ppm
length(mm) age(days) 1 2
1.5 = 2 15 BSFF[B5® * good growth
2,553 17 100% | g5%* *% poor growth
3.5 - 4 20 60%%%| 70r%% | #4% yery poor growth
Figure 2

Influence of genotype and 2,4-D concentration on the growth

of callus from 2 mm long embryos. Each value = % 20 embryos.

2,4-0 ppm

Genotype

1

]
4

YF 82-0343
fl-a 82-0312

YF x fl-a
0343 x 0312

50
15

85

15
15

85

Figure 3

Influence of genotype and orientation of maize embryos on
the culture medium on the growth of callus from 2 mm long embryos
at 2 ppm 2,4-D. Each value = % of 40 embryos.

Orientation of the scutellar side
Genotype downwards upwards
fl-a 82-0372 5 20
fl-a 82-0309 30 67
fl-a 82-0301 20 60
fl-a 82-0300 25 70

upwards, all of our primary cultures exhibited a short coleoptile emergent from
the proliferating callus tissue. The subsequent embryo growth was quickly
suppressed and the callus growth was fast. However, when the orientation of the
scutellar side was downwards, the cultures exhibited long coleoptiles from the
plumule-radicle axis, and very poor callus formation.

These preliminary results suggest that callus cultures (perhaps differentiating)
can be obtained from immature floury-a and +/floury-a embryos. However, there is
variability between genotypes in capability to initiate callus cultures. Hence,
the optimal embryo age-size for excision and the hormonal requirement should be
tested for each particular genotype.

Miguel Angel Rapela

Tissue cultures of a red flint maize hybrid

Tissue cultures utilizing immature embryos of a field F1 red flint hybrid,
81-719 x 81-699, obtained by Francisco Babinec, were initiated in February 1982.
The culture protocols were the same as mentioned above for the floury-a immature
embryos.

Immature embryos of 15, 18 and 20 days after pollination were placed with their
scutellar side upwards on MS medium containing 2,4-D at 2, 5 and 10 ppm. 2 ppm
2,4-D medium and 20-day embryo age was the most successful combination to promote
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callus formation. After 4 subcultures, 30 days each, more than 20 test tubes with
0.5 - 1.5 cm diameter callus were developed from each primary culture. After the
fourth subculture, attempts were made to subculture callus tissues in medium free
of 2,4-D to promote organ formation. This organ formation phase was carried out at
30/20 C and 12/12 hours photoperiod.

After 5 months of culturing, a calliclonal variation synthesized in three kinds
of responses was observed in the cultures. Some cultures (Fig. 1) did not grow

Figure 1

further during subsequent inoculation, and were brownish and usually necrotic after
60 days. No organized root vascular tissue was observed. A second kind of
response (Fig. 2) was observed in the majority of the cultures, and was a kind of

— - ]
ous SOyl e = e WAEE

Figure 2
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growth that appeared as a mixture of callus, agar roots and principally aerial
roots. Both agar and aerial roots were hairless. A third kind of response

(Fig. 3) was observed in 17% of the subcultures, and was characterized by a devel-
opment of extensive roots with root hairs and few aerial roots. One of the
cultures presented more than 40 adventitious roots with secondary and tertiary
roots.

Figure 3

None of the cultures with extensive root development produced shoots at this
time. Such observation is in agreement with Green and Phillips (Crop Sci. 15:417-
21, 1975). Structures resembling organized scutellum were not observed in the
cultures. Apparently, the root development appeared from the mass callus.

Attempts were made to characterize electrophoretically the three kinds of
responses by conventional PAGE (Davis) and SDS-PAGE (Laemmli). However, the Tow
protein content of the tissues was a difficult risk in our attempts. As much as
the equivalent of 250 mg fresh weight of tissues was loaded in each acrylamide
tube without obtaining successful visualization of the protein bands with
Coomassie Blue R-250. However, it was evident that the SDS-PAGE patterns derived
from each kind of culture were different and distinguishable. More than 25 bands
were observed in the SDS-PAGE patterns of the cultures of Figure 3, while only 5
to 10 bands were observed in the SDS-PAGE patterns of the cultures of Figure 1.

Miguel Angel Rapela

The homoserine dehydrogenases of floury-a maize

Homoserine dehydrogenase (HSDH) is the third enzyme in the pathway leading to
threonine, methionine and isoleucine in the aspartate family of amino acids. In
maize, HSDH is feedback-controlled by threonine.

HSDH was extracted from shoot and internodes of floury-a and normal BP
etiolated seedlings 3 days old. The extraction procedure of Bryan and Lochner
(Plant Physiol. 68:1400-1405, 1981) was used but DTE was replaced by 5.0 mM of
2-mercaptoethanol. Extraction and all subsequent operations were carried out at
5 C. Weighed tissues were ground using a mortar and pestle. Homogenates were
filtered through two layers of cheesecloth and centrifuged at 18,000 xg for 30 min.
Crude supernatants were analyzed by discontinuous gel electrophoresis (Davies),
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with the HSDH activity being located on the gels by the nitroblue tetrazolium dye
precipitation procedure of Matthews et al. (Plant Physiol. 55:991-998, 1975).
Electrophoretic analysis of HSDH from extracts of 72-hour-old maize shoot and
internodes indicated the presence of 3 to 4 enzyme forms (Fig. 1). Tissue-
ipecific and genotype-specific differences in the proportion of the enzymes have

Figure 1. Gel electrophoretic analysis of HSDH.
A: floury-a shoots; B: floury-a internodes; C:
BP shoots; D: BP internodes. Bands have been
numbered 1 to 4 in order of decreasing mobility.
These bands were not detected when duplicate
gels were incubated in the absence of homose-
rine after electrophoresis. A to D 5% acryla-
mide gels. Equal amounts of protein were applied
to each gel.

been observed. Bands 3 and 4 were the major enzyme forms independent of the tissue
and genotype. However, the ratio of Bands 3 and 4 has been changed from about 2:1
in the floury-a crude extracts (A-B) to 1:1 in the BP crude extracts (C-D).

Band 1, the HSDH threonine resistant form, was difficult to localize in the BP
crude extracts. However, in the floury-a extracts, Band 1 appeared as a faint
band. Band 2 was clearly localized in all floury-a electrophoretic patterns inde-
pendent of the tissue (root tissue, shoot tissue, whole kernel, internodes) and

the age of seedlings. On the other hand, Band 2 was very difficult to localize and
differentiate from Band 1 in the BP crude extracts.

These preliminary results suggest that changes in the HSDH are not only both
tissue and species specific, as has been previously proposed, but also could be
genotype-specific. These results could also explain in part some of the unusual
responses of the floury-a material to lysine-threonine feedback regulation.

Miguel Angel Rapela
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Cytogenetic study of a tetraploid hybrid between Zea diploperennis and Zea perennis

In April 1980, a hybrid between Zea diploperennis (2n=20) and Zea perennis
(2n=40) was obtained. The hybrids are triploid, perennial and sterile. One plot
was different from the others because of the morphological resemblance to Zea
diploperennis. It had 40 chromosomes, so a possible explanation was suggested.

The hybrid probably could have originated from the crossing of one unreduced gamete
of Zea diploperennis with one normal gamete of Zea perennis.

Whatever mechanism could have originated this hybrid, it has a chromosome number
(2n=40) with two sets of each of their parents so the F1 and F2 are perennial and
fertile. The meiotic configuration of F1 plants was analyzed, and the results of
examinations of 184 cells in diakinesis are summarized in Table 1. As the chromo-
somes had been paired totally or partially there were almost no monovalents and

Table l: Meiotic confipurations ofatetraploid hybrid between
Zea diploperennis and Zea perennis.
Cells number 1 11 I11 v %
62 10 = 33.69
38 12 4 20.65
29 14 3 15.76
20 8 -] 10.86
7 16 2 3.80
&4 18 1 2.18
2 6 7 1.08
3 2 11 4 2,71
4 2 13 3 2.18
4 1 10 1 4 2.18
4 2 9 5 2.18
3 1 12 1 3 1.63
2 1 14 1 2 1.08

,_.
@
£

0.18 10.74 0.046 4.03

trivalents. That is one of the most remarkable differences between this hybrid
and the triploid one (which has originated from the same parents), since it had a
high percentage of trivalents and monovalents and a most frequent meiotic config-
uration of 5III + 5II + 5I. The meiotic configurations and the average of
bivalents and tetravalents were similar to those observed in a clone of Zea
perennis. That is why, according to its chromosome-set, it was similar to Zea
erennis, but considering the morphology it resembled Zea diploperennis (female
parent).

At anaphase I, 20 chromosomes migrated towards each pole in 90% of the cells.
In the remaining 10%, different numbers of chromosomes migrated towards each pole.
Other abnormalities observed were lagging chromosomes, and exceptionally, chromatid
bridges. The tetrads were normal. The percentage of fertile pollen was 56% and
fertile seed was 80%.

From this study, it is important to remark that: (1) all the triploid hybrids
of Zea perennis and Zea diploperennis are sterile due to the high number of mono-
valents and trivalents; (2) for the first time, a tetraploid fertile hybrid from
crossing Zea diploperennis with Zea perennis was obtained; (3) apparently, the
chromosome behavior in the hybrids varies if it is a triploid hybrid or a tetra-
ploid one; (4) the chromosome studies of Zea diploperennis, Zea perennis and their
hybrids provide enough evidence to demonstrate that Zea perennis is not an auto-
tetraploid derivative of Zea diploperennis.

Maria del Carmen Molina
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Cytogenetic study of the hybrid between Zea mays and Zea diploperennis

In 1980, a population of Zea mays "Colorado Klein" was successfully crossed with
Zea diploperennis. Both species hybridize readily, and the F1 hybrid is not only
fertile and vigorous but also preferably annual or biannual, except for 12% of the
plants which are perennial. The cytological analysis of the hybrid indicated that
the chromosomes of such species paired totally, while occasionally partial pairing
and some deficiencies were observed.

In the counting of 121 cells in diakinesis, the meiotic configurations most
frequently found were: 10II in 71.9% of the cells, 9II + 2I in 23.14%; 8II + 41 in
4.13% and 711 + 61 in 0.83%. The average of chiasmata was 15% per cell. At
anaphase, 10 chromosomes migrated towards each pole, but occasionally 11 chromo-
somes to one pole and 9 of them to the other, and in rare cases, lagging chromo-
somes. The percentage of fertile pollen was 92%.

The size of the knobs exceeded considerably their parents, especially in the 4
chromosomes with terminal knobs provided by Zea diploperennis. In the hybrid, some
of the chromosomes given by the parental species could be differentiated due to the
position of knobs (subterminal in Zea mays and terminal in Zea diploperennis).
EowEver, it is not possible to determine the origin of the chromosomes without

nobs

[t can be concluded that Zea mays markedTy differs from Zea diploperennis in its
morphology but not in its chromosome set, since their chromosomes pair totally,
getting a fertile offspring. Thus, the chromosomes of such species are considered
to be homologous or homeologous.

Teresa Pilar Rosales and Marfa del Carmen Molina

Influence of annual teosinte cytoplasm on nuclear DNA content of maize inbreds

As previously communicated (MNL 55:51, 1981), the DNA contents in isogenic maize
Tines have been studied (Zea mays genotype). The test was practiced upon inter-
phase nuclei of tapetum cells. Those lines possess the following constitution:
Maize nucleus in its corresponding cytoplasm (NZZ), and maize nucleus in the
cytoplasm of annual teosinte (NZE). A Tline was also analyzed with maize nucleus
recuperated from annual teosinte cytoplasm to maize cytoplasm (NZRE) (Mazoti, Rev.
Inv. Agr. 8:175, 1954). The three previously mentioned lines present highly
significant differences for DNA contents, as can be observed in Table 1.

Table 1: Differences between mean of NZZ, NZE and NZRE lines for DNA content.

line Mean DNA
(A.U.)
NZZ (83)* 27.87 *#%
NZE (67) 17.8P
NZRE(77) 22535

*-- number between parenthesis indicate mumber of nuclei studied.
**.. individual means within a colum followed by different letters
are significantly different at 5% level.

Owing to the fact that an interphase nucleus population has been analyzed for
each Tine, the DNA values would normally have to vary between 2C and 4C pre- and
post-synthesis, respectively.

The distribution of frequencies for the DNA contents of the NZZ line adopts the
classical bimodal distribution for interphase nuclei (Fig. 1). The first mode
(with a higher 2C frequency) represents DNA pre-synthesis and the second mode (with
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Fig. 1: Frequency distribution of the relative amount of DNA per nucleus in isogenic
lines (Zea mays genotype) measured by Feulgen-stain microspectrophotometry.
NZZ-- maize nucleus in its corresponding cytoplasm, NZE-- maize nucleus in
the cytoplasm of annual teosinte and NZRE-- maize nucleus recuperated from

annual teosinte cytoplasm to maize cytoplasm. N-- number of nuclei measured.

a lower 4C frequency) represents DNA post-synthesis. In the NZE line, the 2C
nucleus proportion is maintained the same as in the NZZ Tine, and there are no 4C
nuclei to be found. The frequency distribution for DNA contents in the NZRE line
is characterized by the appearance of 4C nuclei.

In accordance with the results obtained, it is interesting to point out the
imbalance manifested in the proportion of nuclei present in each period (pre- and
post-synthesis periods), when the same maize nucleus is subject to different cyto-
plasm. The DNA distribution is normal for those nuclei that are found in their
corresponding cytoplasm (NZZ), and varies when the nuclei are present in a foreign
cytoplasm like the one of annual teosinte (NZE). Finally, it is interesting to
point out how a normal tendency in the nucleus distribution is manifested, when
transferred from the foreign cytoplasm to its original cytoplasm; that is to say,
when rescued to their normal cytoplasm.

As the nucleus analysis was made on a specimen taken at random, the distribution
according to the period must be the same in all three lines studied. Therefore,
the differences in the average DNA content between lines must be attributed to the
different nucleus frequency in each of the periods (Gl and G2), and probably there
consequently exists a cytoplasmic control in the nucleus frequencies corresponding
to each period.

1

Ida Graciela Palacios
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Perennial teosinte-Gaspé hybrids: Inheritance of the number of leaves

We have analyzed inheritance of the number of leaves in hybrids between
perennial teosinte (Euchlaena perennis = Zea perennis) and Gaspé (Zea mays), and
we have also tested the relationship between the number of leaves, growing habits
and evolutive cycle. Gaspé is extremely precocious and has a Tow leaf number,
whereas perennial teosinte has a very long cycle and has a high number of leaves
(see Table 1). In the F1, 88 plants, and in the F2 and F3, approximately 400

Table 1: Number of leaves (NL), days to tassel (T), days to silking (S) and
days to pollen (P) in perennial teosinte (Zp), Gaspé (Gs) and its
Fi, Fy and F; populations.

AL T s p
Ip 15.3 + 2.0 193 — —
Gs 6.5 + 0.7 29.9 + 2.0 32.7 +5.5.  36.5 + 3.8
Fy 10.8 + 0.9 61.6 + 7.2 — —
F2 10.8 + 2.4 89.9 j?.].fi 115.9 4_'2!.3 -_
Fy 10.2 + 2.8 86.1 +19.6 108.6 +22.3  101.9 +20.5

plants were studied. The number of leaves was taken from two stalks from plants

selected at random, and the evolutive cycle was measured in days to tassel, days
to silking and days to pollen. '

Figure 1 shows that the frequency distribution of Teaf number variation almost
reached paternal extremes in the segregating generations. The average number of
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Figure 1. Frequency distributions for the number of leaves (NL) in
perennial teosinte (ZP), Gaspé (Gs) and its F1, F2 and
F3 populations.
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leaves found in F1, F2 and F3 did not differ significantly from the theoretical
mean (10.9) of its progenitors. The calculated inheritance is 0.71, and the number
of leaves would apparently be controlled by very few genes of additive effect. In
the F2 and F3 populations, the number of leaves is significantly correlated with
the evolutive cycle (Table 2). As to growing habits in populations F2 and F3, the

Table 2: Correlation coefficients between number of leaves (NL) and
days to tassel (T}, days to silking (S) and days to pollen
(P).**-- significant at 1% level.

Population NLwvs. T NL vs. 5 NL vs. P
F, 0.46%* 0.49%*
1—'1 0.54%* 0.60** 0.58%%

?nnual plants have a significantly lower number of leaves than the bi-annuals
Table 3).

Table 3: Number of leaves and growth habit in Fz and Fq populations.

Population
Growth habit F, Fq
Annual 10.23(%) 9.8%
Biannual b 1
(presumably perennial) 11.0 10.4°

(*) Individual means within a colum followed by different letters are
significantly different at 5% level.

It can be deduced that the number of leaves associates as much with the evolu-
tive cycle as with the growing habits. Perhaps the characteristics studied are
conditioned by the same genes, or by different genes strongly linked in the same
chromosomes. Nevertheless, we have found infrequently the recombination of
characters in a segregating population, that is to say, precocious plants with high
number of leaves and long cycle plants with Tow number of leaves. Therefore, it is
probable that those characters are conditioned by linked genes more than by the
same genes.

Jorge Luis Magoja and Gabriela Nora Benito

Perennial teosinte-Gaspé hybrids: Inheritance of prolificity

Hybrids between perennial teosinte (Zea perennis) and maize (Gaspé) are
extremely heterotic, especially owing to the high prolificity manifested (MNL 56:
104, 1982). We have measured the prolificity of hybrids and their progenitors by
counting the number of productive nodes (PN), number of ears in the uppermost node
(EUN) and number of ears per tiller (E/T), as shown in Table 1. Figures 1, 2 and
3 show the frequency distribution for the characters studied.




Fig. 1 Fig. 2

Fig. 3

Figs. 1-3. Frequency distributions in perennial teosinte (Zp), Gaspé (Gs)
and its F1, F2 and F3 populations. Fig. 1: Number of
productive nodes (PN). Fig. 2: Number of ears in the upper-
most node (EUN). Fig. 3: Number of ears per tiller (E/T).
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Table 1: Number of productive nodes (PN}, number of ears in the
uppermost node (EUN) and number of ears per tiller (E/T)
in perennial teosinte (Ip), Gaspé (Gs) and its Fy, Fy and
Fsg populations.

PN EUN E/T
Ip 3.2 + 0.7 1.8 + 0.5 5.3+ 2.0
s 1.9 + 0.6 1.0 + 0.0 1.9 + 0.6
Fq 4.7 + 0.8 4.8 + 1.6 25.7 + 9.5
Fy 5.0 +1.4 5.0 + 3.3 25.9 +13.1
F 4.9 + 1.4 4.6 + 2.6 26.1 +15.6

A11 prolificity values significantly exceeded the progenitors' theoretical mean,
not only in F1, but in F2 and F3. Prolificity values stand out as they do not
decrease in F2 and F3 with respect to those of F1. This perhaps is owing to some
type of preferential selection of prolific genotypes, since many seeds forming
these hybrids are not viable.

There is a displacement of the frequency distribution of prolificity characters
towards the right of the progenitors. This type of distribution clearly repre-
sents a type of heterotic inheritance.

From the results obtained, inheritance values were exceeding 80% in each case.
The hybrids' high prolificity between perennial teosinte and maize, as a heterosis
expression, contrasts with those of its progenitors, since normally maize is not
prolific and teosinte is not highly prolific either. Consequently, the perennial
teosinte germplasm may become valuable in introducing in maize additional
heterosis, and so improving the productivity of cultivation.

Jorge Luis Magoja and Gabriela Nora Benito

Quantitative morphological differences between Tripsacum dactyloides and its F1
hybrids with maize

Hybrid F1's between maize and Tripsacum are very like Tripsacum, although they
have a series of characteristics (pointed out by different authors) which make it
possible to distinguish them from Tripsacum. It is important to be able to
distinguish true hybrids from false ones, as they are very frequently obtained
when pollinating maize with pollen of Tripsacum (patroclinous plants). If the
cross is made using Tripsacum as female parent, matroclinous plants may be
obtained. In order to distinguish Tripsacum in a quantative manner from its
?ybrids ?ith maize, we have made a series of measurements in inflorescences

Table 1).

Determinations were made on Tripsacum dactyloides (2n=72) and on hybrids which
we had obtained in 1979 crossing an inbred Tine of maize carrying a floury-2 gene
with Tripsacum. There are highly significant differences for the inflorescence
characters. The number of branches ?NB) in the terminal inflorescences is higher
in hybrids than in Tripsacum. Hybrids have terminal inflorescences with a shorter
rachis and a lower number of female spikelets. The width of fruit cases in
hybrids (FCW) is significantly higher, and there is a lower number of fruit cases
(FCN). 1In the lateral inflorescences the hybrid has a lower number of fruit cases
and has less male (ML) and female (FL) length than Tripsacum. Also, as in
terminal inflorescences, the hybrid has wider fruit cases in lateral inflor-
escences.
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Table 1: Differences between means of Tripsacum dactyloides and the F,
(maize x Tripsacum dactyloides)} NS-- no significant; *-- signi-
ficant at 5% level; ***-.- significant at 0.1% level.

Td Zm x Td

Mean range S N Mean range S N t sig.

Terminal inflorescences

NB(1) 2.9 2-4 0.37 22 4.7 3-8 0.83 14 -7.11 #**
ML(am) 15.4 10.5-20.7 5.79 64 14.6 9.0-20.3 7.58 66 1.76 NS
FL(cm) 4.2 1.7-7.4 0.58 64 1.6 0-4.9 1.45 66 15.85 #**%
FCN 52 2-8 1.43 64 2.1 0-6 2.72 66 12,21 #*%*
FCL(mm) 8.1 6.2-11.7 0.72 64 7.9 5.6-11.5 1.46 53 1.05 NS
FCW(mm) 5.4 4.7-6.4 0.15 28 6.8 4.5-9 0.96 53 -7.24 %%

Lateral inflorescences
ML(am) 13.2 9,2-18.2 4.04 23 11.7 6.8-15.3 6.59 26 2.26 *

FL(cm) 8.4 7.6-9.2 0.19 23 7.2 5.5-9.3 0.94 26 5.44 ¥
FCN 11.0 10-11 n.04 27 9.8 8-13 2.00 26 4.03 ***
FCLOm) 7.6 6.9-8.4 0.15 23 7.4 6.7-8.8 0.22 26 1.60 NS
FCW(rm) 4.8 4.3-5.4 0.08 23 9.2 7.5-1 0.56 26 -26.47 ***

(1): NB-- rumber of branches; ML-- male length; FL-- female length,
FCN-- number of fruit cases; FCL-- fruit case length;FCW-- fruit case width.

From these results it can be deduced that the maize germplasm contribution
shows up in hybrid terminal inflorescences with a high number of branches, predom-
inating in male spikelets. In the Tateral inflorescences the hybrid has a
tendency to differ Tess in male inflorescences. We have also seen that approxi-
mately 13% of the female spikelets in hybrids are arranged in pairs, as in maize.

Likewise, hybrids have a longer period of vegetation and flowering than
Tripsacum. In accordance with the results presented herein and those reported by
other authors, the principal characteristics which distinguish the hybrid from
Tripsacum are: (1) the hybrid has a higher number of branches in the terminal
inflorescences; (2) a tendency in the hybrid to separate sexes in different
inflorescences; (3) the absence or reduction in the number of female spikelets in
terminal inflorescences in the hybrid; (4) terminal inflorescences in the hybrid
with characteristics of the corn tassel or teosinte tassel; (5) in the hybrid,
silks emerge before the inflorescence has emerged from the leaf sheath; (6) longer
stigmas in the hybrzd)and the two branches of the style fused a greater di?t?nce
than in Tripsacum; (7) fruit cases in the hybrid wider than in Tripsacum; (8) the
hybrid has Eotﬁ single and paired female spikelets; (9) Tonger vegetative and
flowering time in the hybrid; (10) a higher number of tillers in the hybrid;

(11) larger size of leaves and stalks in the hybrid; and (12) full male sterility
and high female sterility in the hybrid.

Jorge Luis Magoja and Ida Graciela Palacios

Cytological observations in F1 hybrids between maize and Tripsacum dactyloides

In the cross between Zea mays (2n=20) and Tripsacum dactyloides (2n=72), obser-
vations in diakinesis have determined that the 36 Tripsacum chromosomes pair
forming 18 bivalents, while those of maize form 0 to 5 pairs. In hybrids, the
greatest frequency possess 23 pairs of chromosomes (see Figure 1).
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Fig. 1l: Diagram showing the 23 pairs of chromosomes in diakinesis corresponding to
hybrid between maize and Tripsacum dactyloides. The 5 bivalents (Z)

presumably represent maize chromosomes.

Ten (10) pairs of chromosomes are formed during meiosis when maize conducts
itself as a diploid. While in haploid cells there are only associations from 0 to
5, such associations are brought about between non-homologous parts of chromosomes
(so-called freak "folding back," considered as pairing between the arms of the same
chromosomes by Chase, Bot. Rev. 35:117, 1969). In pachytene observations, pairing
of segments has not been found between maize chromosomes and those of Tripsacum.
The forming of bivalents among maize chromosomes on one side and Tripsacum on the
other agrees with the results obtained by other authors (Harlan et al., Science
167:1247, 1970), who manifest that such pairing frequency is influenced as much by
the maize stock as by that of the Tripsacum used.

Ida Graciela Palacios and Jorge Luis Magoja

Endosperm structure of Tripsacum dactyloides (2n=72)

Optical microscopy shows that the storage protein of corn endosperm is deposited
within the cells as two distinct components, globular bodies and an amorphous
matrix in which the granules are embedded. Bates et al. (Cereal Chem. 58:138,
1981) reported that in Tripsacum dactyloides (2n=36), starch grains and protein
bodies were only one-tenth as large as those of maize, and ranged from 1.3 to
1.8 um and from 0.05 to 0.12 um respectively. In accordance with the results of
Bates et al., Tripsacum dactyloides (2n=36) has no visible protein bodies at the
Tight microscope level. The purpose of the present paper is to make known the
experimental results which we have obtained in the study of Tripsacum dactyloides
(2n=72) endosperm structure. Mature kernels were thin sectioned, destarched with
alpha-amylase, and endosperm tissue studied using optical microscopy at 700 x
magnification. The procedure employed for observation of protein bodies was the
same as the one described by Wolf and Khoo (Stain Tech. 45:277, 1970). Protein




71

body size and starch grain size were measured in the third or fourth cell layer
below the aleurone layer, because the protein bodies decreased in size from the
aleurone layer inward.

Figure 1: Destarched 3-4Mm thick section of Tripsactm dactylotides endosperm showing

protein bodies (PB). Dark lines are cell walls (CW)- (bar = 24m).

Figure 1 shows that Tripsacum has visible protein bodies. We found that
Tripsacum protein bodies ranged from 0.4 to 0.8 um in diameter (average 0.6 um)
and that starch grains ranged from 3.4 to 4.5 um in diameter (average 4.0 um).

The results presented here indicate that starch grains and protein bodies of
Tripsacum dactyloides (2n=72) were only one-half as large as those of maize. Our
results are significantly different from those reported by Bates et al., therefore
it is probable that the ploidy Tevel in Tripsacum dactyloides conditions different
endosperm structures in the same species.

Jorge Luis Magoja and Luis Maximo Bertoia

Effect of de*-7601 on seed proteins during grain development

The genetic control of seed proteins produced by a spontaneous defective kernel
mutant was previously reported (MNL 56:108, 1982). The variation during grain
development of the patterns of soluble proteins and lipoproteins was studied in
the red flint corn line WK-01 and its isogenic version of defective kernel,
de*-7601. By electrophoresis in polyacrylamide gel, the soluble proteins of
immature whole kernels were separated at 18, 23 and 28 days after pollination.
The defective phenotype is perfectly distinguishable from normal after 14-16 days.
As with the mature kernel (MNL 56), de*-7601 conditioned a blockage of certain
soluble protein components, and for Tipoproteins, new components (Figs. 1 and 2).
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Figure 1: Polyacrylamide gel electrophoretic patterns of soluble whole kernel proteins
during grain development. 28 d, 23 d, 18 d--days after pollination; +-- normal;
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Figure 2: Polyacrylamide gel electrophoretic patterns of whole kernel lipoproteins
during grain development. 28 d, 23 d, 18 d-- days after pollination; +--

normal; de-- defective.
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From the results obtained it can be deduced that:

1. There are some polypeptides that, no matter the development stage, never
appear in the soluble proteins of de*-7601 qrains. This can be interpreted
as a blockage of the structural genes which codify those components by one
or more regulatory genes, or the expression of null alleles of the
corresponding structural gene affected by mutation.

2. Some molecular components of soluble proteins have their expression blocked
during the first developmental stages in defective kernels, but they appear
in more advanced development stages. In this case, it is obvious that the
structural gene/genes responsible for the codification of those components
have an active allele, but one or more regulatory genes represses the
expression with different intensity according to the developmental stage.
The requlatory gene conditions a delay in the expression of certain poly-
peptides in defective grains.

3. The polypeptide patterns vary in normal kernels, as in defective ones, as
time goes by during the development of the kernel. Generally, the pattern
becomes more complex.

4. For soluble proteins the differences between normal patterns and defective
ones decrease as maturity is reached, while for lipoproteins there is a
greater pattern difference in the most advanced stages of the kernel
development.

It can be said that in general the early blockage in the expression of certain
genes which codify some components of the defective kernel proteins and retard
expression of others, must possibly be the cause of tardiness in the development of
the defective kernel, which brings about a lethal character. This may be
interpreted as a phenomenon conditioned by a regulatory gene. Nevertheless, a
particular anomaly occurs with lipoproteins of developing kernels similar to that
previously reported (MNL 56:108, 1982). In fact, the lipoprotein patterns of
defective kernels do not show fewer bands than normal, but have new fast bands. So
as to interpret this phenomenon, electrophoretic runs for lipoproteins of normal
kernels at a high sample concentration were carried out.

These experiments demonstrated that fast bands are also present in normal
kernels, but in a low proportion, and therefore are not distinguishable in an
electrophoresis run with normal protein concentration. These results suggest that
the excess of those lipoprotein components in the defectives might also be the
cause of the defective condition. This phenomenon might be interpreted as the
uncontrolled synthesis of those components as a consequence of the mutation of the
regulatory Tocus, which in normal kernels regulated the synthesized quantity. In
the defectives, where such regulation is not exercised over the structural loci
which codifies those lipoproteins, they are transcribed uncontrollably. A1l these
results tend to strengthen the tests obtained to support the hypothesis that the
locus de*-7601 is a regulatory gene that provokes dramatic alterations in the maize
seed, becoming a lethal character.

Jorge Luis Magoja and Angel Alberto Nivio

Puna maize: Germplasm of high protein quality with hard endosperm

From a majze population native to the Puna (Jujuy, Argentina) and cultivated in .
Llavallol, several S1 lines were obtained by selfing. Whole kernels of thirty of
them were analyzed for protein content (WKP), lysine content (WKL) and tryptophan
content (WKT); the endosperm was also analyzed for protein content (EP), lysine
content (EL) and tryptophan content (ET).
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This maize population named Puna, as mentioned by Vorano (IDIA 32:13, 1976),
consists of early plants cultivated at 3500 m above sea-level, and possesses the
interesting characteristics of having low thermic and hydric requirements and very
high capacity of mesocotyl elongation. From the 1lines already studied, the greater
part (25) have hard endosperm, and a coat of variable thickness of hard endosperm
is found in all the kernel periphery. Four lines are of the dent type and only one
has totally floury endosperm.

Table 1 is a summary of the results of the chemical analysis, wherein variation
can be observed in lysine as well as in tryptophan contents, the highest values of
these amino acids being approximately similar to those conditioned by mutants of

Table 1: Protein, lysine,and tryptophan levels in Puna %, lines.

defatted whole kernel defatted endosperm
protein lysine tryptophan protein lysine trvptophan
(4) (g/100g prot.) (g/100g prot.) (3) (g/100g prot.) (g/100g prot.)
Mean 14.4 3.3 0.7 13.3 2 0.5
SD 1.5 0.3 0.1 0.3 0.1
range 10.8-17.7 2.8-4.0 0.6-0.9 9.8-17.1 2.1-3.3 0.3-0.8

high protein quality. What is really important is the fact that high levels of
lysine and tryptophan are not associated with floury endosperm structure. Some Sl
Tines with high lysine and tryptophan levels have been selected, with a hard endo-
sperm, as shown in Figure 1.

Figure 1: Kernels of Puna lines, black zones represent hard endosperm. These four

lines has an average of 3.9 g lysine/l100 g protein on whole kernel basis.

The biochemical characteristics already studied correlate with one another as
stipulated in Table 2. From these results it can be deduced that the protein
quality (lysine and tryptophan levels) is inversely associated with the protein
content. There is a significant association between protein and lysine. We are
actually working on the selection of high-quality protein and hard endosperm
lines, and we have carried out crosses with normal Tines in order to study the
inheritance of that character.
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Table 2: Correlation coefficients (r) between protein, lysine and tryptophan.

**.. gipnificant at 1% level.

T T
WKP vs., WKL -0.B38** WKL vs. ET 0.471%=
WKP vs. WKT -0.511%* WKT vs. EP -0.323
WKP vs. EP 0.848** WKT vs. EL 0,452
WKP vs, EL -D.774%% WKT vs. ET 0.525
WKP vs. ET -0.480%* EP vs. EL -0.812*%=*
WKL vs. WKT 0.556%* EP vs. ET -0.361
WKL vs. EP -0.743%% EL vs. ET 0.493**
WKL vs. EL 0.782%*

This is the third time we communicate the findings of maize of hard endosperm,
which are not related to each other and bear high-quality protein. The first
communication was by Magoja (MNL 52:37, 1978), the second by Magoja (Communic.
Direc. Inv. U.N.L.Z. 1:2, 1978) and the third presented herein. The results
obtained up to the present allow us to suppose that maize protein quality may be
improved without modifying the endosperm's structure and without the use of floury
mutants; and that the Puna maize studied constitutes a genetic reserve which may be
employed to improve the lysine and tryptophan levels of maize endosperm, without
affecting its normal corneous phenotype.

Angel Alberto Nivio and Jorge Luis Magoja

High-quality protein maize with normal genotype: Results after eight generations
of selection

It has been possible to obtain maize lines of the red flint type with a high
protein quality. These lines, as previously reported (MNL 52:37, 1978; MNL 55:66,
1981 and MNL 56:110, 1982), do not carry the floury mutation which modifies endo-
sperm structure.

Figure l: Genealogy of high-quality protein lines with normal genotype.

0U x HQPfl-a DY x HOPfl-a
o ¢
3 flint : 1 floury 3 flint : 1 floury (51)
D
1/3 flint : 2/3 segr. fl-a 1/3 flint : 2/3 segr. fl-a (S,)

x ”’//”/’ -

53 flint lines

]
§, flint lines
ls
selection
.............. > for

SB flint lines lysine content

A corn line carrying the floury-a gene and with high protein quality (HQP f1-a)
was crossed with two normal Tines (red flint)OU and DY (Fig. 1). Some red flint
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ears were discovered in S2 progeny, with a high level of endosperm tryptophan
(MNL 52:37, 1978), which led us to think that the protein quality could be
improved without floury-a. Subsequent tests (Magoja et al., Mendeliana 5 (2):71-
80, 1982) show that these normal phenotype lines are also "normal genotype"
because in their genetic background they do not carry any floury mutant. In order
to accumulate genes conditioning high protein quality, S2 plants of different
lineage were crossed: one of the progeny crossing with OU and another of the
progeny crossing with DY. Up to the S3 generation, selection was based upon the
amount of endosperm tryptophan. As of S4, selection was based on the amount of
lysine (g lysine per 100 g of endosperm protein). The general methodology was to
constantly inbreed the progeny of the initial crosses and analyze protein and
lysine contents in the segregating generations. In each generation, between 50
and 100 ears were analyzed for protein and lysine contents. Those ears were always
obtained by selfing, and the following generation always sprung from the best ears
of the former generation, for the lysine content of the endosperm protein.

The progress achieved from the S4 and S8 generations is represented in Figure 2.
In Table 1 a summary of the lysine and protein levels during the last selection
generation is shown. As can be seen, from S6, the improvement progress with

Figure 2: Frequency distributicns for endosperm lysine content
(g/100 g protein) in 54'58 generations,

Table 1: Protein and lysine levels in S, to Sg generations of
high-quality protein lines with normal genotype.

defatted endosperm

protein (percent) lysine (g/100 g protein)
Generation Average S D range Average S5 D range
Sy 12.8%(%) 1.2 10.3-14.8 2.6% 0.2 2.2-3.7
S 1.2 1.0 9.8-13.3 2.8> 0.3 2.4-3.2
Se 0.5 1.0 B8.5-13.1 3.0 0.3 2.6-3.6
Sy 10.7° 0.9  8.3-12.1 3.1 0.3 2.7-3.6
Sg 10.8° 1.1 8,3-13.1 3.1 0.3 2.7-4.0

(*) Individual means within a column followed by different letters
are significantly different at 5% level.
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respect to the content of lysine is not statistically important, although it should
be pointed out that, nevertheless, the increase of frequency of lines with high
lysine level continues. As a consequence of the selection for high lysine level

in the endosperm protein, the endosperm protein level has diminished, owing to the
fact that those features are inversely correlated, as shown in Table 2. Notwith-
standing the protein content reduction, the average level is acceptable because it
is connected to a better protein quality. Actually, some of the S8 lines obtained
have a Tysine content comparable to that conditioned by mutants such as opaque-2,
and are stable.

Table 2: Correlation coefficients (r) between protein content (percent)
and lysine content (g/100 g protein) for endosperm of S54-Sq
generations.--**: significant at 1% level.

Generation r
Sy -0.484 %%
SS -0,547%%
S¢ -0.459%#*
54 -0, 639%*
Sq -0.799%#*

It is important to point out that the selection for Tysine content of the endo-
sperm protein, and not for whole kernel, eliminates the possibility that the
increase results from a greater germ proportion. In view of the fact that the
germ has a good amino acid balance, the lysine levels on a whole kernel are
superior to those of an endosperm. In these "normal genotype" lines the whole
kernel has around 25% more lysine than the endosperm. It is also important to
point out that the red flint lines have a 2.1 g average lysine per 100 g of
protein in the endosperm, and the effective average increase of the lysine level
has been approximately 48%. In the case of better Tines obtained, which have an
average of 3.6 g lysine per 100 g of endosperm protein, the increase over normal
lines is about 70%. From the results obtained, it can be expected that high-
quality protein 1lines and "normal genotype" may be used to improve the protein
quality of flint corn without using floury mutants.

Jorge Luis Magoja and Angel Alberto Nivio

Influence of annual teosinte cytoplasm on SDS-protein subunits of maize endosperm

The cytoplasm of annual teosinte (Zea mexicana) influences not only the expres-
sion of some genes but also fertility, plant vigor, precocity and plant yield
(Mazoti, Rev. Arg. Agr. 17:145, 1950; Mazoti, Rev. Inv. Agr. 8:175, 1954; Mazoti,
Rev. Arg. Agr. 25:12, 1958). The purpose of this work is to investigate whether
there is any influence of annual teosinte cytoplasm on the molecular pattern of
endosperm soluble proteins. The study was performed in maize inbreds with an
equivalent nucleus but with different cytoplasm, obtained by Mazoti. The genotype
is a/a b/b C/C r/r pr/pr pl/pl ij/ij g1/gl, one of them with annual teosinte cyto-
plasm (E) and the other with maize cytoplasm (Z).

The soluble endosperm proteins were fractioned in both lines according to
Laemmli (Nature, 227:680, 1970), by means of polyacrylamide gel electrophoresis in
the presence of SDS (SDS-PAGE). The results obtained are shown in Figure 1.
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Figure 1: SDS-PAGE patterns of endosperm soluble proceins.

Z-- maize cytoplasm; E-- annual teosinte cytoplasm.

Since the nuclei of both lines are equivalent, the differences between them could
be attributed to the influence of the cytoplasm. The protein patterns are
different according to the cytoplasm. The line with teosinte cytoplasm shows
either the lack of some protein subunits, or the presence of others which are
absent in the line with maize cytoplasm. Based on these data, it is clear that
teosinte cytoplasm also affects the expression of genes which codify endosperm
proteins. A similar phenomenon conditioned by perennial teosinte cytoplasm was
previously communicated (MNL 55:62, 1981). According to the results presented
here, as well as those previously reported, it would be suggested that the main
effect of the cytoplasms of the wild relatives of maize on storage proteins is

revealed by a blockage of the expression of certain genes that codify storage
proteins.

Angel Alberto Nivio and Jorge Luis Magoja

LOUISVILLE, KENTUCKY
University of Louisville

A closer look at the gibberellin effect and sex expression in the reversible
dwarf, anther-ear anl

In the past, most studies dealing with the effects of gibberellic acid (GA) on
genetic dwarfs of corn have dealt primarily with the vegetative characteristics of
the plant and suppression of tassel development. The present investigations sought
not only to repeat some of this work both in the field and under controlled envir-
onmental conditions, but also to re-examine some of the general observations with
particular attention being paid to the cob, a structure which has been all but
overlooked in this particular mutant. -6 3

Plants were treated with serial concentrations (10 "M to 10 °M) of GA on the
average of every four days. Treatments began at the time of emergence of the first
leaf through the coleoptile, and ceased at the time of emergence of the first silk
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emergence. Each plant received a total of 100 ul of GA per visible leaf per
treatment. The application was divided between the crown and at the ligule-leaf
sheath junction of the expanded leaves.

Analysis of the data to be reported resulted from experiments initiated at the
laboratories of Drs. Richard Greyson and Dave Walden at the University of Western
Ontario in 1978 and continued at the University of Louisville in 1980-81. 3

In both controlled and field conditions, only the highest concentration, 10°~ M,
of GA severely reduced the development of the tassels. Unlike some previous
reports, the inhibition was not 100%. Inhibition ranged from completely sterile,
poorly developed tassels to tassels that were 70-80% inhibited but still able to
produce and shed pollen. Field grown plants exhibited a greater degree of inhibi-
tion than plants grown under controlled conditions. The inhibitory effects of GA
were first seen as a reduction in the number of laterals on the tassel and a
reduction in the number of florets reaching maturity on each lateral. Tassels
produced on plants treated with 10-4 and 10-5 M GA had twice the number of laterals
as the control plants. The main axis of the tassel was invariably the last portion
of the tassel to show any reduction in development. The lower concentrations of
GA produced no measurable reduction in tassel development, in fact, there was an
increase in the number of tassel laterals at the lower GA concentrations.

Anthers produced on the 10-3 M treated plants were almost 20% smaller than
those produced on control plants. When pollen grains from 10-3 M GA-treated
plants were plated onto pollen germination medium, fewer grains germinated and a
large number of these pollen grains spontaneously ruptured at a much higher
frequency than grains from the control anthers. Studies are presently underway to
examine the structure of these anthers and pollen grains to determine if struc-
tural variations can account for the apparent weakness of this pollen.

Previously reported experiments with GA reversible mutants rarely described
effects on cob development. Anther ear is a mutant in which the cob contains, in
addition to the female flowers, fully-formed, post-meiotic, non-dehiscent anthers.
Apparently the normal genetic timing mechanism that causes the male parts of the
flower to spontaneously abort in early development fails to act correctly. Coe
and Neuffer have reported that GA-treated plants produce cobs that are "reverted,"
that is, they have gynoecious flowers rather than the expected perfect (hermaphro-
ditic) flowers peculiar, but not unique, to this mutant. Present experiments have
confirmed this observation, but have made a more detailed analysis of the cobs.

Close observation of developing cobs reveals that the expression of sex within
the flower .appears as a gradient_within the cob. The terminal portion of the cob
is a sizable extension that contains only male flowers at maturity. These flowers
initiate ovules in the early stages of development, and as in a tassel, abort early
in development. These male flowers contained three or six mature anthers, but were
never observed to shed pollen even though they were not enclosed in the cob and
were exposed to the air. The major portion of the cob contains the normally
expected, for anl, perfect flowers.

For the purpose of analysis, cobs were divided into three regions: Region 1,
(R-1) terminal portion containing only male flowers (ovular stump may be present);
Region 2, (R-2) containing male and female floral parts (hermaphroditic); and
Region 3, (R-3) containing only female flowers (no evidence of stamens). The R-1
region of the cob normally dries up and is usually lost or discarded at harvest,
and thus may be overlooked by someone examining only field-dried material.

As can be seen in Table 1, the application of gibberellin to plants of this
mutant has a marked effect upon the sexual expression in the cobs.
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Table 1. The effect of Gibberellic acid application upon sex expression in cobs
of the anther-ear mutant.

Conc. Cob R-1 R-2 R-3
of GA length length Male length Herm.  length Female
(M) (cm.) (cm) (%) (cm) (%) (cm) (%)

1073 5.842.1  0.3+0.8  (4) 0.441.3  (5)  5.2+2.2  (91)
1074 9.4+44.0  2.6+1.2 (32) 5.2¢1.5  (51)  1.6+1.8  (17)
1070 9.4+5.0  3.8+1.9  (44) 5.5¢1.5  (56) 0

107 11.845.2  5.0+42.4  (46) 6.7+4.3  (53) 0
Control 15.743.9  6.7+2.5  (43) 8.8+2.6  (57) 0

Cobs from plants treated with 1(}—3 M GA were markedly smaller than those on the
control. Much of this reduction was due to reversion of these cobs and the concom-
itant reduction of the R-1 region of the cob. Ninety-five percent of the 10-3 M
GA-treated cobs were totally reverted., Dissection of these cobs under the micro-
scope revealed no evidence of stamens. Five percent of these cobs were only
partially reverted, and dissection revealed the presence of aborted stamens of
almost normal size. The plants treated with 10-4 M produced cobs that were very
much Tike the partially reverted cob produced at the higher concentration. A
casual observation might indicate that these cobs were reverted; however, observa-
tion with a hand lens or microscope revealed numerous stamens that had aborted
prior to meiosis and were now flaccid, semi-transparent structures similar to
those reported in vitro (MNL 55:116). At 10-9 M GA most of the stamens appeared
normal and were post-meiotic, but each cob still carried a large number of poorly
developed or aborted stamens in the R-1/R-2 interface region. The cobs produced
with 10-6 M GA were indistinguishable from the control. Thus the suppression of
maleness as expressed in the cobs has the characteristics of a concentration
related effect. As the concentration of GA increases, there is a concomitant
decrease in the maleness and an increase in femaleness which is measurable in the
sex expression gradient seen in these cobs.

Arnold J. Karpoff

MADISON, WISCONSIN
University of Wisconsin

The close Tinkage between floury-3 and pro

It has been reported previously that the location of floury-3 (f13) is on chrom-
osome 8 and that the gene order is f13 v16 ms8 j (MNL 53:56, 1979). We have also
known that f13 is not allelic to pro-A342 (an allele of pro found by E. H. Coe,
localized to chromosome 8), but that the two loci are closely linked. The
pro-A342 mutant is homozygous Tethal.

We now have a better estimate of recombination frequency derived from the
following set of crosses. Plants that were + f13/+ + were crossed by pro +/+ +.
The floury seeds were planted, and those plants heterozygous for pro were
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identified by test crosses. All plants in the F1 progeny were crossed by a

+ +/+ +; su/su male. The nonfloury seeds from a plant that was + f13/pro + were
planted and the resulting plants selfed. Of the 64 selfed plants, 63 were segre-
gating both for pro and for su. The remaining plant segregated for su but not
pro. This leads to an estimate of 1.6 percent recombination between f13 and pro.

OTliver E. Nelson, Jdr.

The catastrophic sexual transmutation theory (CSTT): From the teosinte tassel
spike to the ear of corn

The uniquely monstrous, many-ranked ears of Zea mays have for too long remained
an enigma. What species, what structure could possibly be ancestral? Most evi-
dence has pointed to Zea mays subsp. mexicana, the annual teosinte. Yet its many,
minute, 6- to 12-grained ears are fundamentally lateral on the primary branches,
while those of maize are always solitary and terminal. Other differences abound.
Maize ears could not have evolved from teosinte ears, structures which are not
only rigidly canalized, but also edible only when immature and green.

Teosinte is, however, unquestionably ancestral; yet, since its primary lateral
branches are always terminated by male inflorescences, the tassels, and since the
central spike of the tassel is the homologue of the maize ear, as has long been
recognized, the CSTT proposes that the maize ear is the transformed, feminized
central spike of the tassels terminating the primary teosinte branches. Develop-
mentally dominant because of its femininity in an apical position, and once past
the sexual threshold, the proto-maize ear progressively suppressed all teosinte
ears on the secondary and tertiary branches beneath it, drawing all nutrients of
the whole branch system to itself. Feminization, and the resulting rapid
catastrophic changes in resource allocation, thus transformed the slender terminal
tassel spike into an increasingly effective nutrient sink. Because of their
terminal position and their many non-cupulate axis segments, each with a pair of
already fully fertile, soft-glumed, and free spikelets, primary branch tassel
spikes were eminently preadapted to turn into free-grained, manyv-grained maize
ears. These primitive tassel attributes, basic as they are throughout the
Andropogoneae, are well-buffered genetically by what must be a Targe collection
of polygenes accumulated long before the origin of maize. Once nutrient-
overloaded, the distichous apical meristem would become polystichous by
condensation-twisting as outlined by Collins, through slippage of rachid initials
early in ontogeny. Femininity expressed on a male background per se, and not any
of the postulated but elusive major genetic mutations, Ted to this epigenesis of
the proto-ear, a probably easily induced abnormality with macro-evolutienary
consequences. Canalization and amplification of these and additional cultivar
attributes by human selection soon followed, saving this hopeful monster for
posterity.

What exactly caused the sexual transmutation is unknown at present, but a
shortening (condensation) of the primary branch internodes, which placed the
tassel into the zone of female expression, was evidently involved (as either
cause or effect?), triggered perhaps by abnormal environment (short days, cold
nights), growth-substance-releasing pathogens (viruses, smuts), or mutations for
branch condensation per se. Supported by much previous physiological work, and
resolving nearly all archaeological, morphological and genetic paradoxes, the
CSTT is amenable to experimental verification.

Hugh H. Iltis

#

[Ed. note: Accompanying material follows]
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EVOLUTIONARY CRITERIA IN ZEA MAYS*

Assumptions of Il1tis (1971), Galinat (1978, 1980) and
Beadle (1972, 1978, 1980): a female structure of
teosinte is ancestral to the female structure of maize.

Alternative Assumptions (I1tis 1979, 1981; Allen and Iltis
1980; Doebley and Iltis 1980): a male structure of teosinte
is ancestral to the female structure of maize.

2)

3

—

4

—

5

6

7)

8)

The ear of maize evolved from a teosinte ear lateral to
a primary branch or from an ear terminating a very short
primary branch of an ear cluster lateral to the main
stem, by the usual Darwinian process.

The ear of maize became apically dominant gradually
through human selection; no sudden reallocations of
nutrients within the branch system are hypothesized.
Sudden appearance of maize in the archaeological record,
and the lack of teosinte fruitcases therein, are not
explained.

Domestication was initiated by harvesting teosinte
grains for food. "Unbranched" teosinte plants with
strongly clustered ears represent the crucial inter-
mediary steps leading to maize, clustering of ears

and lack of long tassel-bearing primary branches repre-
senting the direct consequences of selection for easier
harvesting.

Domestication of maize involved from the very begin-
ning a step-by-step actumulation of single-gene muta-
tions typical of Darwinian selection; it is therefore
analogous to the domestication of the 01d World
Hordeae such as wheat or barley. All basic charac-

teristics distinguishing maize from teosinte are due to
human selection. Specifically, the reactivation of the
suppressed pedicellate spikelet, that is, the doubling
of the grain number per rachid, was due to a mutation
favored by human selection.

“The cupule [of the female teosinte spike] provides the
connecting link between the maize cob and the fruitcase
of teosinte™ (Galinat 1975, p. 317): cupule homology
represents the strongest morphological argument that
the maize ear evolved from the teosinte ear.

The so-called "freeing of the grain" from the hard
teosinte fruitcase, a prerequisite to human use and
subsequent grain expansion, was due to deliberate selec-
tion for various alleles -of Tu ("tunicate"), genes

which softened the glumes and flattened the fruitcases,
allowing easy removal of grains, The very soft, papery
glumes of the earliest archaeological maize and of
primitive maize are due to "tunicate" genes.

Variability in female teosinte spikes allowed selection
for larger seeds and increase in spike units, this lead-
ing to the escape of the grain from the confines of the
cupule and to the evolution of the maize ear. Multipli-
cation of rachid units over the number found in teosinte
ears (i.e., from 5-12 in teosinte to 1B-40 or more in

the most primitive archaeological maize) was due to a
gradual stepwise accumulation of segment-increasing muta-
tions analogous to the grain-increasing mutations in
wheat, barley or rye.

The genetic explanation for the evolution of the maize ear
will be found in a relatively small number of simple nuta-

tions (ca. 5), each responsible for one distinguishing
characteristic; admittedly, most are yet to be identified.

The ear of maize evolved from the central spike of the
terminal tassel of a well-developed, elongated, primary
lateral branch, by way of a catastrophic sexual transmuta-
tion, a unique "macroevolutionary" event.

By feedback Toops, tassel feminization led )
exponentially to apical dominance; the tip of the primary
branch, having developmental priority, preempting nutrients
and thus suppressing development of ears terminating

branches of lesser rank, changed from a nutrient-undemand-
ing pollen-producing “governor" into a nutrient-requisitioning
"dictator". The direct result of a sexual transmutation,
this sudden reallocation of nutrients explains the sudden
archaeological appearance of maize.

Teosinte grains were not used for food. Openly branched
teosinte plants were ancestral to maize, the primary
branches stout, long, bearing ear-fascicles and terminating
in tassels; "unbranched" plants represent normal entogenetic
responses of teosinte plants subjected to high competition
resulting in shading.

Only after a catastrophic sexual transmutation produced a
free- and multi-grained proto-ear, thus allowing grain
utilization, did step-wise selection under human domestica-
tion commence, Teosinte domestication is only in a minor
way analogous to that of the 01d World llordeae. Al

basic characteristics distinguishing maize developed
simultaneously as a consequence of tassel spike feminization.
Specifically, doubling the grain number was an automatic con-
sequence of the fewminization of the teosinte tassel, each
rachid of which already possesses two sexually functioning
spikelets. Only non-fragmentation, husking, and increases

in condensation, grain size and rachid number beyond those

of the original feminized tassel spike are due to human
selection.

"In the oldest known archaeological maize cobs, the cupule is
obsolete" (Galinat 1975, p. 317). The homnology of the
cupules is partial and indivect., The cupule of teosinte is
phylogenetically a dead end, the cupule of the maize cob
being derived from the flat, thin rind hypodernis of the
tassel rachid facing each spikelet pair by an inward buckling
and induration induced by feminization.

The "freeing of the grain" from the teosinte fruitcase did
not occur at all; free grains were a direct consequence of
the expression of femininity on a male background; with each
feminized tassel rachid folded bhack upon itself so as to
exclude the grain and its soft-glumed spikelets, the grains
were automatically "free" from the beginning. Tunicate
genes induce atavistic abnormalities and have no bearing on
the origin of maize. Archaeological maize ears are soft-
glumed because they were derived from the soft-glumed male
inflorescences.

Female teosinte spikes (cupule, size of grain,

number of units per spike) are under strictest genetic con-
straints and invariable within each taxon. Male teosinte
spikes are morphologically indeterminate systems, greatly
varying in unit number depending on plant size. "Multipli-
cation of rachid units" above thuse found in the teosinte

ear vas initially simply due to a feminization of the many
rachids (to 40 or more) of the central tassel spike, the
comparison to Old World grains here once again based on false
analogy, Zea is unique, the only moncecious major cereal.

Most distinguishing characteristics of maize are Lased on
fundamental Andropogonoid character syndromes, these still
fully retained in teosinte and maize tassels and extremely
well canalized by a multiplicity of polygenes unlikely to be
individually identified.
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RESULTS OF FOREGOING ASSUMPTIONS

The standard teosinte hypothesis creates paradoxes The Catastrophic Sexual Transmutation Theory resolves all
for which no solution can be found (soft-glumed and paradoxes in maize evolution and archaeology; permits
soft-cupuled primitive maize; inability to find mono- creation of consistent morphalogical criteria by which valid
genes differentiating maize and teosinte even for the maize phylogenies may be established; allows a plausible
simplest characters); does not permit creation of interpretation of maize ear morphology and anatomy based on
valid morphological criteria by which phylogenies for that of a teosinte tassel spike; promises experimental veri-
the races of maize can be established; no plausible mor- fication by environmental and genetic manipulation.

phological interpretation of maize ear morphology and
anatomy are possible.

2GR

NI

CHALCO TEOSINTE MATZE
(Zea mays mexicana) (Zea mays mays)

THE ORIGIN OF THE MAIZE EAR BY CATASTROPHIC SEXUAL TRANSMUTATION

The contraction of the branch internodes is coupled with a shift of their terminal male inflorescences (tassels)
into the hormonal zone of female expression and the suppression of the lateral female inflorescences of teosinte. The
shaded area indicates the threshold zone below which only female inflorescences form. Habit sketches are shown on the
left side of each plant; diagrams of internode patterns, etc., on the right-hand side. HNote increase in apical domi-
nance associated with the femininization of the apical inflorescences of primary lateral brauches.
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MEMORABLE QUOTES IN THE ORIGIN OF MAIZE CONTROVERSY PERTINENT TO
THE CATASTROPHIC SEXUAL TRANSMUTATION THEORY

"Hybrids between maize and teosintd will always exhibit suggestive series; but, until we are wore sure of the
homologies between these two genera, it is futile to expect much information from the hybrids, for they will
be speaking in a language that we cannot understand. ~-Weatherwax, 1923

“To have changed into something 1ike corn, [teosinte] would have had to do the unlikely thing of undergoing
despecialization in two or three ways, and these changes would have had to occur so closely together that
they immediately gave the plant an economic value which it did not previously have."

--Weatherwax, 1955

"The differences between tepsinte and maize are complex both morphologically and genetically and it does not
seem possihle that maize could have been derived from teosinte during domestication by any genetic mechanism
now known. If maize has originated from teosinte it represents the widest departure of a cultivated plant
from its wild ancestor which still comes within man's purview. One nust indeed allow a considerable period
of time for its accomplishment or one must assume that cataclysmic changes, of a nature unknown, have been
involved."

--Mangelsdorf, 1947

"The central stem of the 'tassel' borne by the primitive branch by virtue of its more favorable [terminal]
position, drew into itself the main [nutrient] force of the branch, and became more highly developed at the
expense of the surrounding tassel-branchlets, the latter becoming finally entirely aborted."

--Kellerman, 1895

'...in this evolution the central spike of the [teosinte] tassel developed into an ear [of maize].

..the terminal tassel-like structure...borne in a leaf axil, surrounded by a kind of husk as is an ear of
maize, and [bearing] only pistillate flowers...is only a step in the produclion of an ear of maize, from
teosinte, by a development of the central spike of the lateral [teosinte] tassel into [a maize] ear.

--Montgomery, 1913
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Fig. 2. The evolution of the maize ear by sexual
transmutation [f-k; x-sect. a-e, using Collins'
(1919) diagrams of the male sequence as base]
leads from a distichous central tassel spike (f),
becoming feminized at base (g), to a distichous
(h), then polystichous 8- (i, j) to 16-rowed (k) &’
ear, with condensation (contraction of internodes), twisting, compaction and (after i)
multiplication the processes involved. The homologous male sequence [f, 1-n; x-sect.
o-r, from Collins (1919)] leads to the polystichous tassel spike of maize (n, r) conse-
quent to human selection in the female sequence [f - chalco teosinte (Zea mays subsp.
mexicana); g - Chalco teosinte x maize; h, i - Chalco teosinte x Argentina popcorn
nyorics, grewn by G, Beadle in Mexico; j, k - maize; f - j; 1 - n to same scale; k -
reduced by one-half].
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Tiug ProuTive Corn.—Mrs. W, A. Keller-
man offers the following inleresting specula-
tion on the origin of Indian corn:

“In MeERHANS' MoNTHLY, Janouary, 18gz,
there was a note concerning the primitive corn
—with an illustration. There was also an
article published last year relative tothe devel-
ooment of the ear. In both articles we find
practically the same thought. viz.: ‘'If we
draw the branchlets of the 'tassel’ upwardly

Now instead of a cohering of the branchlets
to form the ear, it scems guite clear that such
reversions as the sketch on page 53, illustrates
plaioly how the ear was developed from the
central stem of the primitive lateral tassel, while
the branchlets became aborted. The woody
substance became the cob, and the pistillate
flowers, having bere gained a monopoly, im-
proved their opportunity, and made the most
of tt Ives. Under the Lkind guardianship

wilh the hand we shall see exactly the resem.
blance to an eight-rowed ear of corn. No one
caa fail to sed that the ear of corn is nothing
more than the tassel which has had power tb
unite its branchlets and become succulent.’

*  To tell the whole story as
concisely as possible—as the corn told me—I
would say that the primitive Indian corn was
a grass-like plant (a grass in rewlity) with a
braach springing from the several nodes or
joints. Each branch was crowned with both
stuminate and pistillate organs. The cenfral
sfem of the ‘lassel’ borne by the primitive
branch by virtue of its more favorable position,
drew into itself the main force of the branch,
and becamue more bighly developed at the ex-
pense ol the surrounding tassel-branchlets,
the latter becoming finally entirely aborted.

L}

Natural selection lifted the staminate flowers
to the tassel of the main stalk and left the
pistillate below on the side branches. These
bLranches becameshortened, and form the shaonk
or lootstalk of our present ear. The shorlen-
iog of the branches brought the sheaths close
together, thus formiog the husk or general
protective envelope of the ear. e, e—

of Nature the Indian corm traveled along up
through the centuries ; but long continued cul-
tivation has been an important factor in per-
fecting the splendid ear of the present.

THE PRIMITIVE CORM.=~sds racs as,
{Scxnal abuormatism in an ear of Tudian Corn )

Herr Dammer (Gast) legte einen astigen Maiskolben aus
dem hiesigen Konigl. botan. Garten vor. p! 33

Herr P. Ascherson hat hicrzu Folgendes zu bemerken:

Der vorliegende, nach einer

mit gewohnter Gefalligkeit an- 29 ol
gefertigten Zeichnung des Herrn L)
F. Kurtz Fig. 1 in der Seiten- m
apsicht (*/, der patiirl. Grdsse), M .
Figur 2 im Diagramm darge- .
stellte weibliche Blathenstand ;. o
von Zea JMays L. stellt eine
Bildungsabweichung dar, die allerdings bereits
seit zwei Jahrhunderten bekannt, mehefach be-
schricben und abgebildet ist, dennoch aber in
manchen Punkten noch eine eingehendere Be-
sprechung  und sclbst eine genavere Abbil-
dung verdient, als ihr bisher zu’ Theil gewor-
den ist. Der erste Botaniker, welcher diese
Missbildung  Leobachtete, war der Sicilianer
v Paolo Boccone, der sie in Calabrien ,ad

pagam ot coenobiumn Sancti Dominiei Soriani*
Fig. 1. aufland und in den 1674 von Robert Mori-

Die Normale und Anormale
Metamorphose der Maispflanze.
Dr. Guido Krafft. Wien, 1870.
pp.-71, Tab. I & II.

Tab. I, fig. 22.

Despite the great variety of explanations, Krafft's (1870)
magnificent 1ithographs, Ascherson's (1880) diagram, and
Kellerman's (1895) drawing, and countless others , from
Boccone in 1674 to Montgomery (1906), Il1tis (1911), East

(1913), Weatherwax (1918, 1923, 1935) and Kempton (1935) BeArh
on into more modern times, all show the common abnormality f '@)ﬁ?
"Lranched Corn" (Kempton,1923), in which a polystichous ear !

(4- or more ranked) is subtended by 1-11 distichous (2-
ranked) branches, showing a feminized tassel as well as
that polystichy is a position effect related to apical
dominance, the central spike blooming first and hence
having hierarchical priority .

Central ear polystichous,zec—=
10-rowed (5-ranked),lateral "=
branches distichous, 4-rowed
(2-ranked).
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like maize. While it zrows to a height of five to ten feq
the stem is slender and the leaf about half the width ¢
the maize leaf. Tke plant hears a taszel-like structun
at the top and on the lateral branches, closely resem.
bling the maize tassel, except that the seeds are hom
on the lower part of each taszel and the poilen on t&
upper part.

Teosinte, which is sometimes cultivated but does not
mature north of Mexico, is more like maize than is gam
grass, the plant being larger and the teminang}"r% hear-
ing pollen only. The lateral branches of the platit are so
shortened that the terminal tassel-like structure is borne
in a leaf axil, surrounded by a kind of husk as is an ear
of maize, and bears only pistillate flowers, or seed. Itis
only & step in the prouluction of an ear of maize, from
teosinte, by a development of the central spike of ‘he
lateral tassel into an ear.

It is probuble that the early progenitor of maize wass
1 grass-like plant having a tassel at the top and tassel-like

o\ structures on long, lateral branches, all tassels bearing
W S perfeet Bowers. As evolution progressed, the terminal
\ / tasscl came to produce only pollen, and the side branches
' only ovules, or sceds.  Evolution often results in 2 greater
‘ division of labor,” 25in thiscase. At the same time, the
Fio. 10, DIAGRAN ILLUSTRATING Sy pon e e tania  lateral branches were shortened or telescoped into the
Prusante STRUCTURE OF EARLY PRU=  Fio, 15 Note that Lhe number of acdes in the leaf sheaths, these sheaths forming a cover'mg. or hﬂsk,

aExITONR OF Conx PLANT. shuricned bearing L hus currerp S = 3 A
6] ewueny o the numbee of nodvs in the mwin o Ifor the ear.  Alse it is probable that in this evoiution the

P St abive puiatalatienston " llcentral spike of ine tassel developed into an ear.

The close relatipnship of meize and teosinte is proved
by the crosses that have been made between the two. In
may now be easily traced.  First=the n. 4hird or fourth genérution after crossirg, a peculiar
pedicellute spikelct in each pair of spike-  yeni of corn is secured, identical with a type of maize that

luts becomes sessile so that we have a pait  pag poen found growing wild in Mexico (Zex zzninc), and
of sessile spikelets as in Tig. 5, c. Then

the upper flower in cach spikelet becomes

a perfect pistillate flower, while the lower r_[‘ H E C O R N O R O P S

flower in each spikelet becomes an abortive

Wy
[

i

MUCLAR SCIENCE MONTHLY 68}
ik T

WILAT IS AN EAR OF CORNY
£ .G MONT GOMERY |
(1906) '

¥

pistillate flower. The pairs of spikelets E. G. MONTGOMERY

on the central spike are in four to eleven Lparpscon oF rany crOPS 1x THE XEW TORE

or more rows, so that by the mere develop- STATE COLLEGE OF AGRICULTURE AT Neig Bock

ment of the eentral spike of the tassel into CORNELL UNIVERMTT Xew Uo

P 6l THE MACMILLAYN COMPANY
1013
MONTGOMERY: OM THE RIGHT TRACK
T —— Montgomery's 1906 drawings of the "early progenitor of corn plant"
X PATIL 0F SEAMINATE AVIRES and its sweet-corn counterpart come indeed so close to the CSTT that one

t:;':*'I‘;,*IF_‘::‘:';:‘e'_"*;‘.:; wonders why he did not make the connection. Apparently he had not seen

perdiechlate apkeles shorens branched teosinte plants, with male tassels at the end of the primary
e gt it hoiesn e branches. » and assumed that corn came from a plant with perfect-
it o both fesers e T1owered panicles by differential sterilization. His 1913 paper

it s p-S’-? (p. 18, shown above) gives a description of the CSTT, stressing the

role of the central spike, but of the tassel-like female ear cluster
of teosinte. However, his language is confusing, and one is at a loss
to know what exactly he had in mind.
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[ear c-\ui’:eg
Fig. 9. Pistillate inflorescences of Zea and Euchlacna.

Anomalous intlorescences will doubtless contribute 'valu-

THE PHYLOGENY OF ZEA MAYS ) able information, but the investigator must avoid the
Weatherwax common error of considering every anomaly a reversion.
1935 Hybrids between maize and teosinté will always

Part of pestidlate spae
iy

ounle
Brasoed Iommi yat
o ulierescrnce

Car enclosed 12l
U four o fove beacts

Maize
Pustdiats Brancy

exhibit suggestive semes; but, until we are more sure
of the homologics between these two genera, it is futile
to expect much information from the hvbrids, for they
will be speaking in a language that we cannot understand.
When the true homologies of their inflorescences are clear,
then these hybrids may afford checks upon our concep-
tions of morphology; but they will never aione constitute
valid constructive evidence as to phylogenetic relation-
ships or the course of evolution. Interaction between
closely reiated entities is capable of giving rise to mon-
strosities that defy explanation in terms of the relation-
ships of the parent-stocks: and only a sound working
basis of morphology will save the investigator from the
mlure of suggestive analogy. Weatherwax |923:113

BRANCHES OF THE SHOOT 57
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THE STORY OF THE Pact Wearaeawax -
Atsaciate Profesror of Botanmy
Indiana Unizersity
Weatherwax's (1923) prophetic statement ("...until we are _“-'-"l:’fﬁn‘ig
more sure of the homologies between [teosinte and maize]... sy ‘:?“‘i'e?”i:ff
the hybrids...will be speaking in a language that we cannot B b7 ear cluster)
understand.") applies to his own splendid drawing of 1935,

which suggests visually that such an axillar
ear cluster of teosinte as shown above is

homologous to the maize ear and its shank anchearsg banch. S, leaf !
husks, a false conclusion which nevertheless sheth; B, asllary bud, an undeveloped enc-bearing branch; &, node
forms the basis for the Standard Teosinte
Hypothesis.

y F1a. 45.—Diagram of
longitudinal section of ear-

of the main axis; S, silks exposed beyond the ends of the busks; L, ligule;
B, leai blade; H, busk of the ear, a greatly enlarged leaf sheath; C, cob
of the ear; Eb, secondary ear buds; P, prophyllum.



- nZeitsehrift fiir induktive Abstammungs- und Vererbungsiehre®
Uber einige bei Zea Mays L. beobachtete and V. Heft 1 1om.

Atavismen, ihre Verursachung durch den PP-38-57, tab T
Maisbrand, Ustilago Maydis D. C. (Corda) und
iiber die Steﬂung der Page 5. Es ist daher die Annahme einer Fasziation ganz

und gar unnétig und die Goebelsche Anschauung viel
natiirlicher, daB der Maiskolben aus einem der d Rispe
gleichenden Bliitenstand dadurch entstand, daB die Haup.t-
achse, um die zur Bildung der groBen Friichte nétigen Nihr-
stoffe speichern zu kénnen, sich korrelativ verdickte und dal
die Ausbildung der seitlichen Rispendste einfach unterblieb. Die Kolben-
spindel, die sich freilich spiter auch ohne Befruchtung ausbildet!), ist
also urspriinglich nichts anderes als der infolge der Fruchtbildung ver-
dickte Hauptstrahl der Rispe. —

Gattung Zea im System.

Hugo Iitis

From: Banathy, B. H. (ed.) 1980, SYSTEMS SCIENCE AND SCIENCE. Proceedings of the
Twenty-Fourth Annual North American Meeting orf the Society for General Systems Research,
With the American Association for the Advancement of Science.

San Francisco, California, January 7-10, 1980, pp. 96-103.

Society for General Systems Research, Systems Scilence Institute, Louisville, KY 40208.

OVERCONNZCTED COLLAPSE TO HIGHER LEVELS: J
URBAN AND AGRICULTURAL ORIGINS, A CASE STUDY

T.F.H. Allen and Hugh H. Iltis

Botany Dept., University of Wisconsin/Madison

ABSTRACT

Agricultural origins are seen as
collapse of a hunter-gatherer system
whose parts become too tightly connectad.
Overconnectedness becomes part of the
stabla functioning of the evolved higher "r&cs"d-e

\

Com dewsadion

of internodss

0/720'146,

" |eaves (e
-2 ; [-:u.sks) ~ot

Zome ! i cludea .

leval structure. Clties are a physical
manifestation of the overconnectedness

Which collapsed the Paleolithic system.

Competing historical theories appear to J
represant only local passages through a

reticulum. The different relaxation

times and rules on either side of the

ideolithic Revolution require different, .
but complementary, time frames for .
observing the change. MNarrative time y /' 1
frames appropriate before the event are - /{.
inapplicable after the revolution. It is 3 t@DSI"' e
better seen as a catastrophe where sys- - eaxs
tem rules change faster than the system

functioning. System Sonstraints pass

instantaneously from one state to ano-

ther without existing in between. /Pa/%& 'oo

Catastrovhe in P?lant Morahology:
There is a ditference pecween Old and New

THE CATASTROPHIC SEXUAL World primisive agzoecosysteas., In the
TRANSMUTATION THEORY of 01? Wﬂ;ld. cities nave con::‘.:uo:sly .
PR . existed at various sites such that cheay
the origin of the maize feel as if they have always besn, or at
ear from the central spike least were inevitzbls. Therefore, the
of a lateral branch question of scholars is: how did cicies
teosinte tassel. and agrizulture arise? In the New World,

howeavar, there ar=s a {ew cicies of lazge
dimensions, large enough to imprass

91
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for cob read ear!

invading Evropeans, but there are no
intarmediace population aggregations.

The demography of settlement size jumps
from the city of Montezuma to clustars of
People at crossrcoads with no moderaca
sized aggregation in between. Since
cicies apgear anomalous in the MNew World
and scemn to be based upon only a margin-
ally sufficient culture, then the gues-
tion of the Hew World scholars is: how is
it that cities occur at all? This differ-
ence in agroecosystem texture may be
explained by considerations of catastro-
phic overconnecticn in the importanc New
world cereal, corn.

In the 0ld World domesticarted ceze-
als, the differences between cultivated
varieties and wild plants is clear but not
distinct at an architectural level. Comes-
ticated varieties have more grains which
are larger, and they have a central axis
to the ear which is solid and does not
shatter at ripening. There are also dif-
ferences in some chromosome numbars, but
these are no more distinctive than occur
in many wild interspecific relationships.
8y contrast, in New World corn, Zea mays,
the domesticated plant has a completaly
different pattern of construction Zrom its
wild precursors. This is so much the case
that daspite a full Xnowladse of tha coca-
plece interbreading compatibility between
corn and its parent species, scholars have
only recencly correctly ldentifiad the
ancestor as such. Teosinte, wild cor=n,
has many male tassels over che outer por-
tigg of the whole plant with many small
feamale cobs distributed through the center
of the plant's branching structure.
Furthermore, the cobs are so0 small as to
be unrecognizeable as the antecedant ot
the familiar domesticated structure. The
differences between wild and domesticated
cobs are major: a) in the domesticated
plant a second grain arises at loci where
in the wild eype chere is only one; b) the
central axis of the cob is not only rigid
and non-shattering, but it beccmas zwisted
in a complex fashion so as to give as many
as 24 rows of grain where in the wild type
thereate twWwo alternacive rows; c) all che
grainas on the plant are found in ora or
two cobs instead of hundreds, The second
author (Iltis,1973) has synthesized the
Jdiverse evidence for structural homology
and from this has worked out a very rea-
sonable sequence of scructuzal changes in
the origins of the corn planc. exglaining
the sudden appearance of corn agriculture.

wild (+¢,g;-...+e)

The,corn plant has two zones, an
Outer zone which is male and an inner zone
which is female. Major side branches ter-
minate in male tassela which are
developmencally domiaant over all other
tassels and cobs on chat brcanch. Once the
tarminal tassels have flowered then secca-
dary tassels come into Elower. Thesa
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dominate tertiary tassels and cobs, and so
on. The dominance of the male is con-
strained oy the limited cesources which a
tassel can use: some macterial for paollen
and the rest for small scaly flowering
pares. I[f the side branches become
shortened, pechaps by genecic changes but
more probably by crowding of plants, then
the tip of the side branch finds itself in
the female zone of che plant, and instead
of producing male flowers, produces
iemales., Unlike its male counterparct,
this female exerts a vigorous and persis-
tent dominance over all other tassels and
cobs on that side branch. 3y changing the
terminal structure of the side branch from
male to female the whole balance in the
dominance system is upsec. There is a
catastrophic connecticn between a larger,
now female “tassel® and the major corcticn
of the photosynthetic activity of the
Srancii. food is sucked Lnto that side
branch by the female with disastrous struc-
tural consequences. Unable to expand so
4s to accomodate the massive Sood supply
delivered, the corn cob spontaneously
twists. Thus, a single chance trom male
to female in the tarminal tassel of the
lateral shoot, catastzophicallv changes
the physiological balance within the olant
and instantaneously produces a structuzsa
“nlzh vould closely sarztla » modarsn zzn
c€oh. Tha encira ar secctuzz od Shz plankt
i35 changed so that che old rule system of
balanced, continuous rap-oduction is no
longzer applicable. Tor most planes this
would be fatal. Z, howaver, zhere :s
human intervenciosa then a naw set of rulas
ray emerge which allcws the regqular pro-

duction of dozesticacad cern cobs.

In the 0l2 World the -cule systes of
the planc does not change because =x2
olants are already single-neadad ia their
canstruction. Agricultural zules aze che
saze as the rules far the wild zvge. In
caen, howawver, the wild plant rules zand
cha agriculturzl rules are enzizely differ-
ant. 2Prasunaply, the collapse of wild
tyce tules had accusred millenium afters
milleniun "efore agriculkura. However,
only wha2n human copulacica dansity and
levels of :echnology were sulficiencly
high would che human creacusz have Geen in
4 position to incorporaca2 the catascroghic-
ally changed cora plant inco its social
structure. The social structure had %o ke
almost ready for a spontanecus collapse
into agriculture becore the catastrophe of
the corn plant was sicnal encugh to begin
the inevitable collapse to intansive urban
agriculture. In the 0ld World the planea
ire secondarily influenced by the primacy
collapse through overcanneccion of the
human social structuze. Ia the New Wou
the capacity Zor change in the rules in
the corn planc was zhe scimary signal
which, whea it happened, dragzed thz2 kuman
social seructure into agriculture slighely,

id

prematurely by Old World standards.
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MILAN, ITALY
University of Milan

Developmental mutants and seed formation

Developmental mutants are a useful tool for dissecting development and under-
standing the genetic program underlying this process. We focused our attention
on seed development by analyzing recessive mutants with defective seed morphology
acting as lethals at the seed or seedling stage. The survey of these mutants is
aimed at establishing their involvement in embryo development and, possibly, the
embryogenic phase affected.

The preliminary data gathered so far are presented in the table below. The
mutants analyzed, 13 in total, appear heterogeneous. They all show more or less

Mutant Origin Seed Embryo Length Evbryo Germination Seedling
symhol (1) phernatype age (mm} morphology [k growth
(day=) m + (2) (3)
ed-7 1 RMS small secd 20 2.5 3.7 (a) reduced size,apparently normal — . ASE hpcrakic
with hooked 31 4.0 G2 development 59.4 A5 reduced
pericarp a2 6.0 7.8 {b) reduced =jze,normal morpholoqgy fgrowth
n7-2 EMS Flat,hooked 15 (o 79} 1.2 (a) red. size,apparently narmal dvlpm 69,3 R% necrotic
serd 45 52 7.2 (b} red. sizr,normal morphology =l 02% red.arowth
G33 EMS small seed 21 1.7 5.1 (a) slightly red.size,normal dvlpm.
35 6.0 7.8 (b) slightly red.size,normal morph. e PSS
1 6.0 7.8
ed-27 1  EMS smaller size 20 2.8 5.2 (a) reduced size,normal development 3
. p not tested not tested
distorted (b) reduced size,normal morphology
qrowth
nd-57 1 EMS minute sreds 32 3.6 6.6 (a) delayed dvipm.,embryo axis reco-
43 1,0 fR.a qnizahle only at 43 days not tested not tested
(b) extr.red.size,normal morph.
ed-h4 1 EM5 apaque, abnorm. 20 gls 3.7
morphology (4)
ed-51 1 FIM5 very small i nls T=3
sreds
Ra22 EMS abhorted seeds 40 ols A
ed-55 1 MNNG  small Flat s. 31 3.8 7.6 (a) embryo axis not recognizable T m——
shrunken like 19 3.3 fi.5  (b) red.size,abnormal morphology
ed=54 ¥ canlrol  smaller size 2 1.0 .1 (a) Avipm.blocked at proembrvo stane
nn carotenaida 24 1.0 F.a  (h) nachanaed size ,amooth surface apd = =
12 1.0 Rl Tinht roloure
eAd=56 1 FMS emall sends, 27 1.0 6.0 (a) dvipm.blocked at proembryo stage
oparue,no a2 1.0 R.2 (b) unchanqed size,rounh surface and - -
anthocyanin necrotic
ed-18 1 EMS small aeeds 23 2.4 .2 (a) 23 days:irreqular morphology of
with hooked 3 q.2 T3 scutellom.Embryo axis not recogni- 70% nrcrotic
pericarp 12 4.5 A.R zable, 31 days:embryo axis visible 20,7 0¥ reduced
but coleoptilar primordiuh not re- ? nrowth
coqgnizable or abnarmal
(b) red.size,abnormal morphology
rd=f1 1 control delfective 23 1.0 1.7 {a) 23 days:Flat scutellum,embryo
endosperm,no 42 qls 5.2 axis extremely reduced - -
anthoryanin (h) embryo not recognizahle

(a) during embryogenesis
(b) in the mature -seed

(1) mutant isolated in M_ popnlations following seed or pollen treatment with ethyl methane snulphanate (FM5)
N-methyl=N-nitro-N'-nitrosoquanidinc(MHNG) or in control populations

(2) n= S0 or more seedn

(1) ar Aetermined 20 daye after germination

(AY qln= aermle=ns
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drastic alterations of the endosperm, while the embryo is either normal but
reduced in size, or arrested at some early developmental stage, or not recog-
nizable at the time of observation. This heterogeneity is similar to that
reported by Sheridan and Neuffer (J. Hered. 73:318-329, 1982) in other defective
kernel mutants.

Some of these mutants have also been cultured as immature embryos, starting
20 days after pollination up to 50 days, on mineral and enriched RM media. A
detailed presentation of the results will be given elsewhere. Here only mutants
7 1, 27 1 and 48 1 are considered. They all germinate and yield normal Tooking
seedlings when cultured as immature embryos on both mineral and enriched media,
while as mature embryos they exhibit a significantly lower germination capacity
and reduced (7 1 and 48 1) or suppressed growth (27 1).

They can be further differentiated on the basis of their growth rate as
excised shoot tips. In fact, after seven days of culture in liquid media, the
length of seedlings is 80 mm for mutant 7 1, 21 mm for 27 1, and 8 mm for 48 1,
respectively (control seedling length = 106 mm).

The recovery of normal seedlings by culturing immature embryos is the result
expected from phase-specific lethal mutants, since lethality occurring in
advanced stages of embryogenesis is bypassed by inducing precocious germination.

An unexpected result is germination on filter paper, even though incomplete,
of mutants originally isolated as absolute lethals when planted in sand benches.
Germination in these mutants varies from 24% for 55 1 to 93% for G33; seedlings
are ostensibly retarded in their growth compared to normal siblings. At the time
these observations were made (20 days after germination), part of the seedlings
are necrotic, while the remaining are still alive but likely to die.

It might well be that this behavior is the result of hormone imbalance. It is
hoped that further histological characterization of these mutants and an analysis
of their metabolism requirements will allow an understanding of the basis of their
lethality, as well as the role played by both embryo and endosperm in seed devel-
opment,

S. Faccio Dolfini, G. Gavazzi and G. Todesco

Detection of haplo-diploid gene expression in maize

One of the most important problems concerning the role of the male gametophyte
in the evolution of higher plants is the genetic relationship between the haploid
and diploid phases: are the genes expressed in the gametophytic phase the same
as those controlling sporophytic functions, or does a specialized set of genetic
factors exist? As far as characters determined by single genes are concerned,
observation of segregation in a gametophytic population deriving from a single
heterozygous plant provides a means of revealing haplo-diploid expression. This
can be made by means of specific staining of pollen grains, provided that +/-
variants and suitable staining techniques exist. A more general method is
provided by the analysis of the electrophoretic pattern of dimeric (or multimeric)
enzymes. If the enzyme is of sporophytic origin, pollen extracts from plants
heterozygous for electrophoretic mobility display the same banding pattern as
sporophytic tissues (two homodimers and one heterodimer), whereas in the case of
haploid transcription the pollen extracts reveal only the two parental homodimeric
bands. However, it cannot be ruled out that causes other than haploid transcrip-
tion may be responsible for preventing the activity of the heterodimeric enzyme,
while this can be discarded if the heterodimeric form is found in pollen with
heterozygous gene duplication.

This pollen type can be obtained for most of the maize genome using appropriate
B-A translocations. Because of the B centromere nondisjunction at the second
microspore division, a heterozygous B-A translocation, having an AABBA genotype,
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produces pollen in which one of the two sperm cells has two BA chromosome? and
the other none. 1In the progeny of a cross for which TB-A plants A(F)ABBA(F) are
used as male parent and normal A(S)A(S) plants as female parent, seeds with
hyperploid embryo, heterozygous for electrophoretic mobility, can be selected.

Hyperploid embryos are selected by means of genetic markers, chromosome dosage
effects and/or root tip chromosome counting. At flowering, the resulting plants
produce pollen that is in part partially diploid and heterozygous for electro-
phoretic mobility for enzymes coded by genes localized on the B-A translocated
chromosome arm.

This method has been tested by analyzing electrophoretic variants of ADH-I,
and has been used to study the gametophytic expression of GOT-1. For both the
enzymes, sporophytic extracts of inbred lines revealted one band, while three
bands were found in the hybrid; pollen extracts were identical with sporophytic
extracts of the inbreds, while hybrid genotype gave rise to only two bands.
Pollen from TB-A hyperploid plants revealed three bands, thus indicating that,
when both alleles are present in the pollen grain the active heterodimeric enzyme
is formed.

The method can also be used to map genes with gametophytic expression,
specifying dimeric (or multimeric) enzymes and particularly to study genes with
gametophytic expression.

M. Sari-Gorla, C. Frova, M. Corbella and E. Ottaviano

MINNETONKA, MINNESOTA
Molecular Genetics Inc.

An indoor growth room for maize

One problem that concerns most maize researchers in northern climates is how
to obtain adequate numbers of well-developed plants on a year-round basis. For
some plant species that do not require intense light, standard greenhouses usually
suffice. For others that require summer-like Tight intensities for normal devel-
opment, supplemental lighting in a greenhouse is the usual manner of improving
Tight quality and quantity. We have taken a different approach to solving this
problem by constructing a large indoor growth room in which corn is capable of
growing to maturity.

The dimensions of the growth room are 24 feet by 38 feet with a ceiling height
of 19 feet. The floor is concrete with four floor drains. The two exterior walls
are concrete block and the interior walls are covered with sheet-rock. The
ceiling is corrugated steel. An epoxy paint was applied to waterproof the walls.
There is a working area with sink and appropriately spaced water spigots for
watering.

In order to provide adequate 1ight intensity and quality, the growth room was
outfitted with twenty-three 1,000 watt high pressure sodium (HPS) lamps and
twenty-two 1,000 watt metal halide (MH) lamps. These lamps provided not only the
intensity necessary, but when placed alternately, gave a very good spectral mix.
The different lights are alternated within a row as well as between adjacent rows
(i.e., one row starts with an HPS, the next with an MH). The spacing is four feet
on center within a row and three feet on center between rows. This spacing was
chosen to facilitate a blending of the 1light from the different lamps. The MH
lamps are richer in the blue region of the visible spectrum (around 450 nm). The
HPS Tamps are rich in the red and far red region, especially around 550-600 nm.
The plants are on a 14-hour light, 10-hour dark cycle. The ballasts for the Tamps
are mounted on a metal framework 12 feet from the floor. The reflectors are
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attached to the ballasts with a power cord that allows them to be moved via a
pulley system. The height available for plant growth is 10-11 feet.

Temperature control is accomplished with two units (one is an air conditioner
and the other is a combination air conditioner/heater) that have a total cooling
capacity of 181,000 BTU/hr and air movement of 6,000 CFM. The ventilation system
for this room is independent from that for the rest of the building. Plastic
convection tubing (usually used in greenhouses for good heat distribution) is
being used to assure effective air distribution and temperature control. The air
conditioners are controlled by a remote sensor that is mobile and can be placed
where desired in the plant canopy. The temperatures maintained are 66 F at night
and 80 F during the day.

The soil mix used is a 1:1:3 (soil:sand:peat) that is mixed 3:1 with perlite.
After the plants reach the four leaf stage they are fertilized once a week with
20-20-20 fertilizer (30 g/liter) and a soluble trace element mixture (25 mg/liter).
This is applied with a 1:15 proportioner, with each pot receiving approximately
1,200 ml of the solution. The plants are grown in three gallon pots.

We have had good success growing many public inbred lines, as well as some
special stocks. One line, W22 R-nj, which can be difficult to self in a winter
greenhouse environment, has been grown and selfed successfully in our growth room.
Plants are routinely selfed, except for a few lines where silking and pollen shed
do not allow proper nicking. A high degree of prolificacy has also been observed
among plants grown. The plants mature properly in all respects, and resulting
ears have good seed development. Typically, ears are harvested five to six weeks
after pollination. This continuous supply of plants has allowed us to make
considerable headway in our corn tissue culture program.

Additional information is available from us upon request.

D. A. Kremer, C. E. Green and J. C. Woodman

NEW DELHI, INDIA i
Indian Agricultural Research Institute

Knob distribution in Himalayan strains of maize

The results of the pachytene analysis of 29 maize collections from the
North-Eastern Himalayas (N.E.H.) and two American races have been summarized in
Table 1. Pachytene chromosomes have been well identified on the basis of their
relative lengths and arm ratios. Hence, it was possible to assign exact
positions of knobs on particular chromosomes. There was a preponderance of
subterminal knobs in the N.E.H. collections, suggesting that Mexican teosinte has
played a significant role in the evolution of Himalayan maize.

Except for the Sikkim Primitive types (S.P.), the knob number, in general,
among the N.E.H. maize is low. In order to study relationships between knob
number and altitude, material collected from different ethnic groups of Sikkim
at various altitudes has been studied. Maize collections from Sikkim at
altitudes ranging from 1,200 to 1,400 m have an average knob number of 4, while
the collections from 1,440 to 1,700 m have an average knob number of 5, and the
collections from the highest altitudes (1,740 to 2,440 m) have the mean knob
number of 4.5. Thus, the strains collected from Sikkim do not differ in knob
number with the change of altitude. These observations may also be interpreted
to indicate that maize collections from different parts of Sikkim have a common
origin.

Eowever, the status of the Sikkim Primitive types is quite different. Of the
seven strains of the S.P. type studied, four (S-18, $S-23, T-1, and T-2) have a
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high mean knob number of 9, while three (M-1, M-15 and M-25), although classified

as S.P. types on the basis of morphological similarities (MNL 56:122-123, 1982),
appear to be different in Tineage with a very low average knob number of 2.5.

Table 1. DistFibution of knobs at pachytene.

S, Strains Altitude in iean knob ,ngiiign of lmob
No. meter number Terminal Subterminal
N;EB.H. strajips
1. S=18 (5.P.) 1500 6 1 5
2. Sw23 (8.P.) 1300 8 1 7
3. M-l (S5.P.) 1200 3 1 2
4. ¥=15 (S.P.) 1200 3 1 2
5. M=25 (S.P.) 1350 2 1 1
6, T-1 (S.P.) 1050 9
7. T-2 (S.P.) 1050 11 2 9
8. S-58 1200 2 - 2
3. 5-16 1300 5 1 4
10. S5-29 1300 4 2 2
11. S5-57 1320 6 1 5
1l2. S5-35 1440 3 - 3
13. S-20 1450 4 - 4
14. sS=-31 1520 8 - 8
15. S=45 1600 3 I 2
1€. 8-25 1640 3 - 3
17. S=55 1700 3 1 3
18, S-28 1740 3 1 2
19. S5-59 2400 3 - 3
20, 8-21 2400 3 2 B 2
21. S=30 2400 2 - 2
22. S5-56 2400 2 - 2
23. 5-38 2440 7 1 6
24. S5-39 2400 3 - 3
25. M-14 1200 3 1 2
26, M-26 1200 4 i 3
27. M-27 1200 5 1 4
28. M-9 1350 5 1 4
29, TT-26 1050 6 2 4

American races of maize

30, Confite Morocho
31l. Pira

4
13

4
13

S (Sikkim); M (Meghalaya); T (Iripure) and S.P, (Sikkim Primitive)

Of the two American races studied, Pira has a mean knob number of 13 and
Confite Morocho, 4. Both these races have knobs at subterminal positions.
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Pachytene chromosomes showing knob constellation: A, S-29;
B, $-35; C, S-20; and D, S-45.

The variation in the knob position, number, shape and size in some of the
collections from Sikkim is depicted in the ideograms.

Suchira Pande, J. K. S. Sachan and K. R. Sarkar

Comparison between knobs, C- and Q-bands in maize

Distribution of constitutive heterochromatin which is discernible by knobs,

C- and Q-bands in maize was studied in the races of maize from the Americas and
maize collections from the Northeastern Himalayas. Maize, being a highly cross-
pollinated crop, shows a lTot of heterozygosity in the population, and the
differences are observable within different kernels of the same ear. Therefore,
difEerent plants of the same population also show variation in knob and/or band
number.

Tables 1 and 2 show the close correspondence between knobs and C- and Q-bands.
M-15, M-25, S-31 and M-14 exhibit an exact correspondence in both number and
position of knobs and C-bands. M-1 shows a 1:2 correspondence between knob number
and C-bands. The observation can be explained by the fact that, if homologous
chromosomes are homozygous for the knob forming region, then double the number of
bands will be observed in somatic metaphase, as compared to the pachytene knobs,



99
Table 1. Comparison between knob and C-band distribution

Strains Tocbard Knobs C=bands
TAL number of Position of knobs Total Position of bands
knobs Termi~ Subter- number Termi- subterma -
nal minal of bands nal nal

M-1 (S.P.) 3 1 2 6 2 4
K=15 (8.P.) 3 1 2 3 1 2
M=25 (2.7.) 2 1 1 2 1 3.
5=35 3 - 3 6 4 2
5-20 4 - 4 8 6 2
5-31 g 8 & - 8
N-14 3 2 3 1 2
=26 6 2 4 6 6 -

¥ (Meghalaya); S (Sikkim); T (Tripura) and S.P. (SIE¥IM Primitive)

where the homologous chromosomes are paired together. S-35 and S-20 also show a
1:2 correspondence between knobs and C-bands, but when the positions are compared,
knobs which are subterminal in position were manifested as terminal C-bands
because of the greater condensation of the somatic metaphase chromosomes.

Table 2. Comparison between C- and Q-band distribution

B8trains Knobs G~bands
Total rosition of knobs fefal - Fosition of bends
number of Termi- Subtermi- number of Termi— Subtermi-
knobs nal nal bands nal nal

M-1 (S.P.) 6 2 4 6 6 -

M-15 (S.FP.) 3 1 2 4 2 2

M-25 (5.P.) 2 1 1 4 4 -

N-3 (S.P.% 13} 9 4 11 9 2

N-4 (S.P.) 10 8 2 9 T 2

-2 (S.P.) 12 8 4 12 8 4

5-45 8 4 4 8 4 4

Pira 15 6 9 14 10 4

M (Meghalaya); N (Nagaland); T (Tripura); S (Sikkim) and
S.P. (Sikkim Primitive)

T-2 and S-35 have shown an exact 1:1 correspondence between number and position
of C- and Q-bands. M-1 shows 1:1 correspondence between number of C- and Q-bands,
but subterminal C-bands are observed as terminal Q-bands, as the tails are
sometimes very difficult to discern. But in general, distribution and pattern of
Q-bands correspond to those of C-bands.

Suchira Pande, J. K. S. Sachan and K. R. Sarkar

Karyotypic comparison between maize and its wild relatives

In order to compare the basic karyotype of maize with that of teosinte, Coix,
Trilobachne, Chionachne and Manisuris, mitotic metaphase studies were carried out
with conventional Feulgen procedure in growing root tips. The basic data on
chromosomal types and form percent (Table 1), arm ratio (Table 2), and relative
length (Table 3) are presented in the tables.
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Table i: Comparison of wsome of the karyotyplc cnaracters among the genira
of Maydeae and M-misuris,

S5.No. Hatzrial

No. of cnromosome

irs of

Mitacantric o :bmeta- Te lo-

Total farm

with percantage

" Total lenath

of G=noma (um)

centrics centrics satel-
lite.
1. Palomero Tolugueno 5 4 1* 1 38.58 114.66
(2n=20)
2. GSikkim primitive 4 S 1 1 41.71 88,95
(2n = 28}
3. Celaya 1 g% - - 39.48 74.98
(2n = 20)
4. Zea luxurians 1 5 4» 1 32,58 85,22
S5 sJexicana 1 b b 1 34.32 76.92
2n = 20)
6. IManisuris selloana 4 1 4% 1 40,15 67.16
n=18
7 « Coix aquatica 1% 3 i* 2 35.20 46.65
o =1
8. C.lacryma-jobi 2 5 3% 3 37.00 77.28
wifdtones0)
9, C.lacryma-jobi 5 5% - 1 42.80 62.75
Tolx= =20)
10. Trilobachne €ookel
o= 2% 2 6 1 30.76 121.21
1 1 g# = 1 38.90 97.51

1. Chionacue kaengg'!.i
(2n=20)

#Arm ratio range from 1e00-125 for matacentric 1.26-1,75 for submetucentric and 1.7 and

above for telocentric chnromosomes.

*Category in which Sat, chromosome falls.

Table 9: Comparison ofchromosome arm ratios among the different genera of Maydeae and Manisuris,

S.No. Chromosome
I 11 1111V v VI VII VvIII _IE X

1, Palomero Toluqueno 1.67 123 1.14 1.24 1.19 1.76 1.20 1.75 1.53 1.44
2. Sikkim Primitive 1.07 1.10 1.45 1.03 2.72 1.62 1.39 1.39 1.19 1.31
3. Celaya 1.29 1.52 1.26 1.40 1.43 1.53  1.35 1,44 1,55 1.20
4, Zea luxurians 1.22  1.40 1.59 1.30 1.46 2.2 2.70 2,50 2.14 1,57
5. Zea mexicana 1.27 1.20 1.51 1.61 1.73 2.24  2.74 1,79 2.53 1.39
6. Manisuris selloana 1.37 1.11 2.01 1.86 1.85 1,80 1,12 1,4 1.23 -
7. Coix aquatica 1.77 1.18 1.46 1.33 1.47 - - - - -
8. C.lacryma-jobi (wild) 1.87 1.06 1.61 2.03 1.98 1.34 1.41 1.39 1.70 1.17
9. (Q,la d= 1.46 1.16 1.00 1,16 1.21 1.26 1.70 1.68 1.10 1.68
10. cultivated iCoix-31

Crilobachne gookei 1.09 1.74 1.72 1.89 1.21 6.87 4.67 7.51 4.6 7,00
11. Chionachne Koeingii 1.37 1.63 1.45 1.40 1.29 1.23 1.48 1.32 1.3 1.63

o
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"able 2 Compurison of relative lenglhh of inoividual curomoschnes in the didl irent genera of
taydeae and Manisuris.

S.No. vatarial Curmno-.soTr?u (1m,ﬁtn in prn)

I 1l 111 v v VI YIE" VIII IX X
1. Palmero Toluauene 6.40 6.00 5.65 5.41 4.87 5.827 4,30 3,70 3.87  3.38
2. sikkim primitive 6.14 5.72 5597 5.53 5-50 4.85% 5 .45 4,36  3.49 3.37
3. Celaya 5.67 5.56 5.51 5.36  5-19 H.681* £.95 4.15 4.0 %.56
4. Zea Juxurionsg 6.36 5.55 5.4% 4,85 4,18  4.96% 3.89  3.63 3.5 3.19
5. JZea mexicana 6.63 6.62 5.95 5.22  4.70 5.50% 4.5 4,01 3.66 2.96
6, Monisuris selloana 7.43 6.83 6,21 5.58 5,22 5.1+ 4.680  4.47  4.23 =
7. Coix amquitioh 15.77* 11.57%  9.87  6.97  6.27 - - - - -
8. C.lacryma-jobi(wild) 8.31* 5,04 5.99 5.68% 5,15% 4,61 4.09 3,89 3.82 2.2
9. G.laeryma-jobi 5.8%*% 5.49 5.26 5.25 5.11  5.10 4.74 45T 4,43 4,25

(EultiﬁgTﬁﬁjCEix 31)

10, Prilobacune €ookei 7.09 6,66 6.8 6.01 5.75% 3.99 3.62  3.50 3.45 5.%6
11. Chionacmne Koengii 6.65 6.53 5.93 5.37 5.25% 5,00 4.29 4,75 3,85 3,10

* Sutellited pair

Both maize and teosinte have shown similar karyotypes. A1l maize races showed
2n=20, with almost similar total form percent (T.F.%). Variation in arm ratio
fell in the range of 6.40 to 3.37. Both teosinte species, Zea mexicana and
Zea luxurians, showed similar karyotypes with arm ratio variability of 1.20 to
2.74 and similar T.F.%. Both maize and teosinte had chromosome 6 satellited.

Among the oriental genera of Maydeae, Coix species revealed a lot of intra-
and interspecific variations. Coix aquatica had 2n=10, whereas both the culti-
vated and wild forms of Coix lacryma-jobi had 2n=20 counts. Coix aquatica showed
two pairs of satellites, one each on chromosomes 1 and 2. Wild Coix had three
pairs of satellites on chromosomes 1, 4 and 5. The short arm of chromosome 1
exhibited two tandem satellites. The cultivated Coix had only one pair of
satellites, on chromosome 1. The relative length was Targest in Coix aquatica
followed by wild and cultivated Coix. The T.F.% of Coix aquatica came closer to
that of the wild form and differed from the cultivated form.

Trilobachne cookei gave a bimodal karyotype with 2n=20 having 12 telocentric,
four metacentric and four submetacentric chromosomes. Arm ratio varied greatly,
from 1.09 to 7.51. Chionachne koenigii too showed a 2n=20 karyotype with 18
submetacentric and two metacentric chromosomes, indicating a highly symmetrical
karyotype. Both Trilobachne and Chionachne showed chromosome 5 as satellited.

Thus, clearcut basic differences in karyotypes between the American and
oriental genera of Maydeae are indicated.

V. V. Shenoy, J. K. S. Sachan and K. R. Sarkar

Comparative study of chromosome banding in maize and its wild relatives

Striking differences in the distribution and pattern of C- and Q-bands between
the American and oriental genera of Maydeae have been noted. Both the C- and
Q-bands depicted a similar pattern on the chromosomes.

Among the races of maize studied, Nal-Tel showed 16 C-bands followed by Celaya
(14), Sikkim Primitive-18 (12) and Palomero Toluqueno (3), while Guatemalan
teosinte showed 16 bands and Mexican teosinte 14 bands.



102

& @?/
=3 208

Fig- 1 ig
Fig. 1. C-banding pattern in culti- Fig. 2. C-banding pattern in
vated Coix lacryma-jobi Trilobachne cookei

(incomplete complement)

In Coix, only the cultivated form of Coix lacryma-jobi showed 22 terminal
bands (Fig. 1), while other Coix species did not yield any distinct band.
Trilobachne was a typical genus which manifested minute centromeric bands in all
chromosomes (Fig. 2). Chionachne did not reveal any distinct band, except for
a few dark patches.

V. V. Shenoy, J. K. S. Sachan and K. R. Sarkar

Genetic distance studies in maize and its wild relatives based on biochemical
assays

Electrophoretic patterns produced by PAGE of soluble germ proteins and iso-
enzyme patterns of esterase in soaked germs of races of maize, species of
teosinte, species of Coix, Trilobachne and Chionachne were used to calculate
similarity indices (S.I.) in all possible combinations. Pooling the similarity
indices of isoenzyme esterase and soluble germ proteins gave cumulative
similarity indices (C.S.I.). The average similarity indices (A.S.I.) were
worked out from C.S.I.'s of races, species and genera. This was found to give a
concise picture of interspecific and intergeneric electrophoretic affinities.
A.S.I.'s indicated the following similarity hierarchy:

Maize :Teosinte > Coix > Trilobachne > Chionachne
Teosinte :Maize > Coix > Trilobachne > Chionachne
Coix :Maize = Trilobachne > Teosinte = Chionachne

Trilobachne :Coix > Maize > Chionachne > Teosinte

Chionachne :Trilobachne > maize > Coix > Teosinte

The comparison of A.S.I.'s revealed that Chionachne showed the least similar-
ity with other genera, followed by Trilobachne and Coix. The similarity pattern
of maize and teosinte was quite alike.
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Pig. Polygon graphs of genetic distances. (a) maize, (b) &cosinte,

(¢) Coix, (d) Trolobachne, (e) Chionechne. Distances fronm
the center along the radii indicate the genetic dietance
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Values of genetic distances obtained were represented as polygon graphs. A
comparative study of these graphs revealed that maize and teosinte were more or
less equidistant from other genera. While the distance between maize and
teosinte was less than 50 units, other genera were separated from them by at
least 65 units. Maize was nearer to teosinte, followed by Coix, Trilobachne and
Chionachne. A similar situation was observed with teosinte also. Coix polygon
indicated equidistant placement of maize and teosinte, while Chionachne was the
farthest and Trilobachne fell in between. Trilobachne exhibited nearly equi-
distant placement to Chionachne and teosinte along one diagonal, maize and Coix
on the other. The squarish polygon of Chionachne indicated near equidistance of
this genera with other genera of Maydeae.

V. V. Shenoy, K. N. Srivastava, J. K. S. Sachan and K. R. Sarkar

Genetic distance studies on maize and teosinte based on biochemical assays

Electrophoretic pattern of seed proteins, and isoenzymes, namely peroxidase and
esterase at the young seedling stage have been studied among the races of maize
and teosinte. The homology between all pairs of the sample was calculated, and
the similarity indices were obtained for proteins, peroxidase and esterase iso-
enzymes. A cumulative similarity index was prepared by adding the similarity
indices between the pairs of races/species studied. Genetic distances were
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worked out from these cumulative similarities indices. Phylogenetic relation-
ship is depicted in a two-dimensional diagram with the point of best fit.

Zea, dwploperenns

Q

Nal-Tel

Confite Imbricado  Palomero
Morocho Toluqueno

Pig: Genetic distance dia@ram showing phylogenetic relationship
between maize and teosinte.

The material studied can be divided into three main groups with teosinte repre-
sented by Zea mexicana, Zea luxurians and Zea diploperennis at one end, and the
maize races having Tow knob number (Confite Morocho, Imbricado and Palomero
Toluqueno) at the other extreme. The races Nal-Tel, Pira and Arrocillo Amarillo
and Sikkim Primitive (S.P.-1) lie in the middle. The races Nal-Tel and Pira have
been recognized a long time as having been introgressed by teosinte. The
grouping of S.P.-1 with Pira and Nal-Tel indicates that so-called Sikkim Primitive
of the northeastern Himalayas is an advanced form of maize.

Andy Pereira, N. D. Sharma, J. K. S. Sachan and K. R. Sarkar
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NORMAL, TLLINOIS
I11inois State University

A new assay capable of distinguishing between gene mutations and deficiencies
of the Yg2 locus in maize

One widely used maize test system for mutagenesis utilizes the yellow-green-2
(Yg2) locus. In several studies, dry or soaked kernels heterozygous for this
Tocus have been treated with chemical or physical agents, and the resultant
seedlings were classified for the frequency of sectors expressing the recessive
(yellow-green) phenotype (Latterell and Steffensen, 1962, Am. J. Bot. 49:478;
Smith and Rossi, 1966, Rad. Res, 28:302; Conger and Carabia, 1977, Mut. Res. 46:
285; Fujii, 1980, Jap. J. Genet. 55:241; Plewa, 1982, pp. 411-419 in Environmental
Mutagens and Carcinogens, ed. Sugimura, Kondo, and Takabe; and several other
studies). For studies of the mutagenic activity of physical and chemical agents,
the fourth and fifth leaves are typically classified. In these studies, it is
usually acknowledged that the mutant sectors can originate in two distinct ways:
(1) by mutation of the dominant allele at the yellow-green locus or (2) by a
deficiency of the dominant allele of this Tocus. Because plants heterozygous for
large terminal deficiencies of this chromosome, including much of the short arm,
are known to be viable (McClintock, 1943, Carnegie Inst. Wash. Yearbook 42:148),
and plants homozygous for smaller deficiencies including this locus are also
viable (McClintock, 1944, Genetics 29:478), it is likely that a significant
proportion of the sectors of yellow-green phenotype are due to deletions of the
Yg2 locus. Furthermore, loss of an entire chromosome 9 in this test system would
be tolerated because plants monosomic for chromosome 9 survive to maturity and
are quite vigorous (Weber, 1973; Theor. Appl. Genet. 43:167).

Clearly, it is important to be able to distinguish between these two types of
mutational events (term1na] deficiencies including the Yg2 locus and gene muta-
tions at the Yg2 locus) in mutagenesis studies. In this paper, I propose a modifi-
cation of this test system which can be used to distinguish between these two
types of events. It is also important to recognize that part of the sectors of
yellow-green phenotype could also be due to events which do not involve the Yg2
locus. For this reason, an additional control series should be included in these
tests. This neglected important control series will be discussed at the end of
this report.

McClintock (1944) generated a large series of terminal deficiencies involving
the short arm of chromosome 9 in maize, and she determined that plants homozygous
for a deficiency including the knob and half of the most distal chromomere were
albino. Thus, a factor which is necessary for chlorophyll synthesis lies distal
to this breakpoint very close to the end of the short arm of chromosome 9. She
named this factor the Wd factor (for white deficiency). A chromosome with this
terminal deficiency is termed a wd chromosome. She also found that plants homo-
zygous for an even smaller terminal deficiency of the short arm of chromosome 9
(deficient for the region distal to the first chromomere) were pale yellow. Thus,
another factor, Pyd (for pale-yellow deficiency), is located distal to the wd
locus, and the pale-yellow deficiency uncovered this locus. She also determined
that the ygZ locus was uncovered by the wd deficiency but not by the pyd
deficiency; thus, the yg2 locus Ties between the wd and pyd breakpoints and all
three factors are extremely close to each other or near the end of the short arm
of chromosome nine distal to the terminal half of the most terminal chromomere.

The wd/Yg2 test system: Maize plants can be easily generated which carry one
normal chromosome 9 conta1n1ng the dominant alleles of the Yg2, Pyd, and Wd Toci
and a chromosome 9 carrying the wd deficiency (which de]etes a1] ree loci):
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This plant is hemizygous for all three loci. Kernels of this genotype could then
be exposed to chemical or physical agents. If a forward mutation occurred at the
Pyd, Yg2, or Wd Tocus, a pale-yellow, yellow-green, or albino sector on an other-
wise green leaf would be produced. However, if a break occurred proximal to the
Wd locus in the normal chromosome, an albino phenotype would be produced because
the Wd locus is deleted. Mutations at the Wd locus and deficiencies including
the Wd locus would both be expressed as the same mutant phenotype. However, it
is not unreasonable to assume that the forward mutation frequency determined at
this Tocus would be similar to the mutation frequencies present at the other two
test loci, and this estimated mutation frequency could then be subtracted from
the total frequency of albino sectors. In this way, it would be possible to
correct for forward mutation at the Wd locus. Albino sectors generated by Toss
or mutation of the Wd Tocus should be easily distinguishable from yellow- -green
and pale-yellow sectors generated by mutation at those loci; however, it is
possible that pale-yellow and yellow-green sectors cannot be distinguished from
each other.

It is important to note that the Pyd, Yg2 and Wd loci are extremely close to
each other near the tip of chromosome 9, and it would be an extremely rare event
where a break occurred distal to the Wd locus but proximal to the Yg2 or Pyd
locus to generate a sector of yellow-green or pale-yellow. For this reason,
expression of the Yg2 or Pyd recessive phenotypes would almost invariably be due
to gene mutation at the respective loci. On the other hand, any breakpoint
proximal to the Wd Tocus on the chromosome bearing the dominant alleles will
generate an albino sector.

Seed of the above type would be treated and the frequency of albino, pale-
yellow, and yellow-green sectors determined on the fourth or fifth Teaves. The
forward mutation frequencies at the Pyd and Yg2 loci are the number of yellow-
green or pale-yellow sectors divided by the number of progenitor cells present in
the kernel at the time of treatment (minus the frequency in the untreated
control). The frequency of Toss of the Wd locus is the frequency of albino
sectors minus the mean frequency of yellow-green and pale-yellow sectors.

Generation of the test plants: The plants used in the above test system can
easily be generated in very large numbers by making the cross described below.
Plants homozygous for the Wd deficiency, homozygous for the C locus and all other
dominant seed color factors, and also containing the Wd ring chromosome (which
contains the dominant a]]e]es of the Wd, Pyd, and Yg2 Toci and also C-I which is
dominant to C and inhibits anthocyanin synthes1s) could be crossed by nearly any
1ine of corn as either the male or female parent. The dominant alleles of the
Wd, Pyd and Yg2 loci will be present in any true-breeding, non-chlorotic Tine of
corn, including commercial varieties, and all factors necessary for kernel
pigmentation are contributed by the ring-containing parent. Two types of progeny
are produced those containing the ring chromosome and those lacking the ring.

The ring- containing progeny can be easily identified because the C-I Tocus is
present on the ring, and kernels conta1n1ng the ring have colorless endosperm

(in tissue where the ring chromosome is present) with sectors of colored tissue
(where the ring is lost). Kernels lacking the ring chromosome are colored
because the C-I locus is not present, and these represent the vast majority of
the progeny because small ring chromosomes are unstable, are frequently lost, and
are present in only a small proportion of the cells of the organism (McClintock,
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1938, Genetics 23:315). The latter kernel type (which lacks the Wd ring) would
be used in mutagenesis studies described above. Kernels of this type are being
generated and will be used in mutagenic studies in the near future. wd/wd
ring-containing germplasm is available from several laboratories, including ours,
and plants of this type can be increased simply by selfing or sibbing. The
ring-containing wd/wd kernels from such a self can be readily identified because
they have endosperm which is colorless and also contain purple sectors.

A neglected important control: Another shortcoming of tests using plants
heterozygous for the Yg2 Tocus is that it is not known if some of the mutant
sectors are due to events other than mutation or loss of the Yg2 locus. It is
not unlikely that dominant mutations at other loci can occur which produce a
mutant phenotype indistinguishable from the Yg2 phenotype. Also, in my work with
monosomics, I have found several plants in which half of each Teaf is Tighter
green than the other half, and this altered phenotype is associated with monosomy.
In these cases, the marker mutations utilized in selection of monosomic types (g
and j) are not associated with the altered phenotype (Weber, 1973, Theor. Appl.
Genet. 43:167; 1982, pp. 79-83 in Maize for Biological Research, w. F. Sheridan,
ed.). CTearly, hemizygosity of certain unknown chromosomal segments can result
in a lighter leaf phenotype, and this phenotype is not associated with the Yg2
locus. For this reason, an important control for this type of work would be to
treat homozygous dominant (Yg2/Yg2) plants with the agent being tested to deter-
mine if the agent causes mutant sectors which are not associated with Toss or
mutation of the Yg2 Tocus. If such sectors are found, the frequency of such
sectors minus the square of the mutant sector frequency in the experimental group
(to correct for types where mutations took place at both Yg2 Toci) would need to
be subtracted from the frequency in the experimental group to correct for events
which do not involve the Yg2 Tocus.

In fact, Neuffer (1966, Genetics 53:541) noted that this case was indeed found
in plants grown from EMS-treated seed. Although no data were given, he mentioned
that the frequency of mutant sectors on leaves of Yg2/Yg2 plants was higher than
the square of the frequency found in Yg2/yg2 plants. It is important that these
control plants be included in future tests. (Supported in part by DOE Contract
79EV02121.)

David Weber

Location of the bx locus in maize to the short arm of chromosome four by
monosomic and B-A translocational analysis

The bx locus in maize is required for the production of cyclic hydroxamates.
Root tips carrying a dominant allele of this locus form a deep blue-purple color
complex when they are crushed in the presence of a 0.1IN solution of ferric
chloride while root tips with the recessive allele will not form a color complex.

F1 progeny of a cross between R/r-X1; Bx/Bx female parents and r/r; bx/bx
male parents were germinated and screened “for the presence of cyclic hydroxamates.
Eighteen out of 8074 r-X1 deficiency-containing (colorless) kernels expressed the
recessive bx phenotype, and root-tip chromosome counts indicated that they were
monosomic individuals. Measurement of mitotic metaphase chromosomes indicated
that the missing chromosome was a long metacentric chromosome, and this informa-
tion was used to tentatively assign the bx locus to chromosome five (Weber, 1982,
pp. 79-83 in Maize for Biological Research, W. F. Sheridan, ed.). However, when
these monosomic plants were grown to maturity, the morphology of the monosomic
plants was characteristic of plants monosomic for chromosome four, and pachytene
analysis of these plants indicated that the univalent chromosome was chromosome
four.
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To confirm the cytological identification, B-A translocations for both arms of
chromosomes 1, 2, 3, 4, and 5 were crossed by a Bx/bx heterozygote, and only
TB-4S uncovered the recessive bx allele. Clearly, the bx locus is located distal
to the breakpoint of TB-4S on the short arm of chromosome 4. (Supported in part
by DOE Contract 79EV02121.)

Kevin Simcox and David Weber

Location of the Px3 Tocus to chromosome seven by monosomic analysis

Several different isozymic variants are known for the Px3 locus. R/r-X1 plants
which contained a slow allele of the Px3 locus were crossed by Mangelsdorf's
multiple chromosome tester which was homozygous recessive for marker alleles on
all 10 maize chromosomes, was r/r, and also contained a fast allele of the Px3
locus. The corresponding dominant marker alleles were present in the female
deficiency-bearing parent. Diploid F1 progeny and most monosomic types displayed
two bands on acrylamide gels while plants monosomic for chromosome 7 (identified
by the glossy marker mutation) contained only the rapidly-migrating band.
Clearly, the Px3 Tocus is located on chromosome 7. Details of procedures used to
generate and identify monosomics in maize are given in Weber, 1982, pp. 79-83 in
Maize for Biological Research, W. F. Sheridan, ed. (Supported in part by DOE
Contract 79EV02121.)

David Weber and J. L. Brewbaker

Separation of low molecular weight metabolites from maize leaves by high
performance Tiquid chromatography

A relatively new technique in plant analysis is the use of chromatography to
separate up to 100 or more components in a single sample, producing complex
chromatograms, which have been termed "metabolic profiles." Metabolic
profiling, because it measures so many different substances, may be useful in
examining problems such as pathogen resistance, which have been very difficult to
study by techniques which measure or separate only a few substances at one time.
In our Taboratory, we have therefore begun using metabolic profiling to examine
the molecular basis of pathogen resistance in maize. We have developed simple
methods for extruding water-soluble compounds from maize leaves and have used
high performance liquid chromatography (HPLC) to measure the relative amounts of
more than 50 components in these samples. We have investigated profiles from
several varieties of maize, including lines isogenic for a specific pathogen
resistance. This report describes our initial results from such studies.

One-half gram of maize leaves from 18-day-old seedlings raised in a greenhouse
in sand were squeezed in a press designed for preparing KBr pellets for infrared
spectrometry. The "juice" was filtered through a 0.22 micron filter and 20
microliters injected into a dual-pump, microprocessor-controlled HPLC. The
components in the sample were separated on a reverse phase analytical column,
and detected using two UV detectors and an electrochemical detector (Figure 1).
The HPLC mobile phase consisted of a pH 2.1 phosphate buffer (0.2M)/acetonitrile
gradient. We collected data on a minicomputer which has hard disks and the
necessary peripherals for data acquisition, storage, and plotting.

The peak areas of each chromatogram were calculated by the computer system and
compared. For the 40 to 50 peaks that could be accurately measured by the
computer, we observed an overall precision of 15% (median relative standard
deviation) when "corn squeezings" from subsamples of the same sample were each
analyzed on the HPLC. The sample preparation time is less than 15 minutes; thus,
sample degradation is minimized. The time required to analyze each sample with
the HPLC is about one hour. Thus we can quantitate nearly one peak per minute.
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Fig. 1. Profiles of a single A632 plant simultaneously produced by
three detectors. Top, electrochemical detector at 1.0 V;
middle, UV detector at 280 nm; bottom, UV detector at
320 nm. Note that each detector gives a unique profile.
Differences in the response of the three detectors can
also be used to gauge the purity of individual peaks.

We have examined a number of maize inbreds and found that each inbred produces
a unique profile (Figure 2). As expected, closely-related inbreds have highly
similar but distinguishable profiles. Clearly, the genotype of the inbred is
reflected in the profile (phenotype).
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Fig. 2. Profiles of W64A (top) and A619 (bottom) at 280 nm. Note the
differences between the profiles.

Plants which are known to be resistant to a specific disease, and "isogenic"
plants which are not resistant to that disease but which are otherwise genetically
as similar as possible, were also analyzed using this technique. Profiles showed
clear differences between resistant and susceptible types (Figure 3).

Most of the compounds which we detect in these samples appear to be low
molecular weight organic acids and amino acids; the technique is particularly
sensitive to phenolic acids. Thus, the compounds detectable by the HPLC include
many of the known primary and secondary metabolic intermediates in maize, and
many of the substances already known to be involved in disease resistance. It
will clearly be necessary: (1) to run much larger numbers of samples, (2) to
chemically identify compounds putatively associated with the resistance or other
trait, and (3) to perform similar tests on samples from segregating backcrosses
before the results from such studies can be accepted as demonstrating that these
compounds are in fact associated with that trait. Even if the compound(s) thus
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Fig. 3. HPLC profiles taken from maize leaves of two varieties which

differ primarily in being susceptible (top, variety B37) and
resistant (bottom, variety B37-Ht) to the pathogen

H. turcicum. Note that when the peak heights are different
in the two profiles, the peaks are usually larger in the
bottom profile, indicating that the levels of these
compounds are higher in the resistant type. The profiles
were obtained at 254 nm.

identified are not the direct causal agents of the trait, they may prove useful in
the eventual elucidation of the trait at the molecular level. However, we antici-
pate that this technique will eventually prove useful in studying not only disease
resistance, but also other problems of agronomic significance, and that plant
breeders may eventually be able to use specific compounds as markers in helping
them to design crosses to achieve specific goals.

James W. Webb, Stephen C. Gates and David F. Weber
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Czechoslovak Academy of Sciences, Inst. Exper. Bot.
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Somatic embryogenesis and plant regeneration from callus cultures

Recently it has been demonstrated that cells of certain tissues of cereal
and grass species can express totipotency via somatic embryogenesis (V. Vasil
and I. K. Vasil, TAG 56:97, 1980). 1In 1982, C. Lu et al. (TAG 62:109, 1982) and
C. E. Green (Proc. V Intern. Congr. Plant Cell Tissue Cult., Tokyo, Abstr.,
1982) reported on somatic embryogenesis in Zea mays.

Immature embryos (1.1 - 1.5 mm in Tength) were taken from selfed plants of
Chinese material Chi 31, a genotype appropriate to being used in maize tissue
culture work (Y.-j. Xie and B. Gengenbach, MNL 55:95, 1981). Embryos were
cultured with the scutellum facing upwards and the plumule and radicule sides in
contact with agar. The MS and N-6 media (Chu et al., Sci. Sin. 18:659, 1975)
were supplemented with 2.5 uM 2,4-D and 120 g/1 sucrose (Lu et al.). The
cultures were maintained at 25-C under 16-hour photoperiod. A compact, yellowish
opaque callus was produced by proliferation of the scutellum one week after the
initiation of the culture. The embryo axis was not involved in callus formation.
Well-organized somatic embryos were formed on the surface of the scutellar callus
within 2 to 3 weeks of the culture. The embryoids formed showed characteristic
features (similar to zygotic maize embryos)--scutellum, coleoptile and
coleorhiza. Numerous atypical embryoids were observed, however, especially those
with two or more shoot apices. The scutellum of embryoids had a strong tendency
toward secondary proliferation and embryogenesis. The germination of embryoids
took place on the same basal media with 2.5 uM 2,4-D. The embryoids transferred
singly or in clumps onto MS medium without 2,4-D but, containing 1 ppm GA3 (Lu et
al.), germinated irregularly and did not form plants transplantable into soil.
Well-developed plants with roots were formed on 2,4-D media. The regenerants
were placed into perlite saturated with Hoagland's solutions, and 2 weeks later
into potting soil. At present there is a total of 322 plants growing in a
greenhouse. Regenerants originated from 90 initial explants and they were
formed during 4 months of the culture. The callus is subcultured every 20 days
and its embryogenetic capacity is maintained. All regenerated plants were green
without any sign of albinism, but abnormal phenotypes occurred in the seedlings:
a prostrate growth habit, tillering, leaves with white or yellow stripes,
virescent types. Regenerated plants show variability in growth. Chromosomal
analysis, and scoring for the presence of mutation in the progenies derived from
regenerated plants are in progress.

F. J. Novék, M. Dolezelovd, M. NesSticky, A. Piovardi

ONGOLE, ANDHRA PRADESH, INDIA
C. S. R. Sarma College

Mitotic chromosome analysis of different strains of Maydeae

There have been only a few studies dealing with different aspects of mitotic
analysis of maize, such as banding, somatic association, karyotype vs. transloca-
tions, endosperm cytology, etc. The comparatively insignificant work done with
the mitotic material is attributable to several technical problems, viz.
difficulty of securing uniform one-celled thick squashes in view of the very hard
nature of the root tip, and very heavy cytoplasmic content. Filion (MNL 42:175,
1968) further pointed out that maize chromosome arms would not spread very
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widely, and as such it would be difficult to locate accurately the centromere and
to define the Timits of arms. In view of the lacunae in our knowledge in under-
standing the mitotic chromosomes of maize, and also in view of the immense poten-
tial of improved methods of chromosome analysis, it was deemed worthwhile to make
an attempt to unravel the variation patterns of somatic chromosomes of maize.
The present report comprises a detailed investigation of somatic chromosomes of a
representative cross-section of the cytological diversity existing in maize
(mostly from Indian sources). A cultivar of teosinte and another of Coix
lacryma-jobi were included for comparison.

The treatment schedule for mitotic analysis is as follows:

1. Pretreatment: 1:1 mixture of saturated bromonaphthalene and 0.05%
colchicine, for 2 hr 45 min at 10-12 C (including
three minutes chilling time)

2. Fixation: 1:3 acetic-ethanol overnight

3. Preservation: 70% ethanol

4. Maceration: 5% aqueous solution of pectinase at 37 C for 2 hr
5. Clearing: 45% acetic acid at room temperature for 10 minutes
6. Staining: 2% aceto-orcein overnight at room temperature

For Feulgen staining, the pretreated, fixed and macerated root tips were hydro-
lyzed in IN HC1 at 60 C for 15 min, and then stained in Feulgen solution for a
period of 2 hr. Alternatively, the maceration might also be carried out after
staining, but at room temperature and for a shorter duration.

Based on the nature of primary and secondary constrictions, the chromosomes of
the cultivars studied were classified under three types:

A-type: Chromosomes with two constrictions; three subtypes were recognized.

Al-type: Chromosomes with two constrictions, with median to nearly
median primary constriction and submedian to nearly
submedian secondary constriction.

A2-type: Chromosomes with two constrictions, with median to nearly
median primary constriction and subterminal to nearly
subterminal secondary constriction.

A3-type: Chromosomes with two constrictions, with submedian to
nearly submedian primary constriction and subterminal to
nearly subterminal secondary constriction.

B-type: -Chromosomes with median to nearly median primary constriction.
C-type: Chromosomes with submedian to nearly submedian primary constriction.

Even though B- and C-type chromosomes would actually form one type, they were
classified based on the centromeric index.

The details of the comparative karyomorphology of the different cultivars
studied are presented in Table 1. The karyotype is graded. The qualitative
features of the ideograms are relatively uniform. The karyotypes of teosinte and
Coix do not differ more than those of cultivars of maize.
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M
Table 1: Comparstive %aryomorphology of different cultivars of maydeae.

e = ? = Range of C.L. F. :
cettivar . pan o gt G @ Foay
e 1 2 -3 L 5 5
Cultivars of maize
1. lizl-Tel
(fucatun=7) 2A§+BB+1OC 4,18 - 2.64 31.90 37.24 3-5'B'Chromosomes
present
2. Comfite liorocho 2Aq+ 6B+12C 3.96 - 1,76 26,62 37.19 —
3. Tema Flint 2A§+1EB+ 6C 4,40 - 2,42 30.3%6 42,03 -
4, Sikkim Primitive 2A§+ 88+10C 5.28 - 2,42 34,32 39.10 -
5. Kalimpong Local 2A0+12B+ 6C 5.72 - 2.86 43, 34 40.61 Haploid roots
present
6. Sonada Local 2A?+10D+ 8C 3.74 - 1.98 25,96 40.68 -
7 .Wilarangal Local 2A2+10B+ 8c 3.52 - 1.54 26.62 39,67 0-2'%'Chromosomes
present
8. Cii - 104 24,+12D+ 6C 6.82 - 3.96 50,82 38.96 -
9. Cll - 105 24,+ 8B+10C 7.92 - 4,40 56,76 38.76 -
10.CH - 114 2&2+1OB+ 8C 6.16 - 2,64 40,48 40.76 -
11.CH1= 115 2A,+12B+ 6C 3.96 = 2.20 28,82 41,22 -
12.C1 - 201 2A3+ 8B3+10C 5.94 - 2,86 41.36 37.77 -
13.Cl - 206 2A3+12H+ 6C 3.96 - 2.64 34,32 39.74 -
14.Ganga - % 2h,+ 6B+12C 4,40 - 1,98 29.04 39.39 o
15.Canga Sajed-2 2ﬁ2+10D+ 8c 4,18 - 1.98 32.12 39.74 —
16.Clobe Hybrid 2ﬁ2+1OB+ ac 5.94 - 2,86 41,14 40.11 -
17.Golden Bantom 2A,+ BB+10C 6.60 - 3.08 40.48 36,96 -
18.Stowell's
Ever Green 2A,+ 8D+10C 3.96 - 1,98 29.04 39.39 1=2'B*Chromosome &
present
..l2
Table 1: wEra i Hragd
4 ' - A2 . 3 A 5 £
19.Vijay 2A5+12B+ 6C 5.06 - 2.42 34,76 40,51 -
20.Diara 2A,+ BB+10C 3.30 - 1.98 27.28 36.29 1-2'B'Chromosomes
present; heteromorphic
satellited chromo=
somes
21.Synthetic B19 2A,+12D+ 6C 3.74 - 1.98 27.50 40,80 -
22.8ynthetic B23 2A3+ BE+10C 3.52 - 1.32 22.88 36.54 -
Other members of
laydoaes
23.Annual telsinte 2A5+ BB+10C 5.94 - 3.52 46,42 38.86 -
24 ,Coix lierynn-jobi 2a2+1hB+ 4c 4,62 - 2,42 36.T4 43,71 -

T,C.L: Total &hromatin length of the haploid complement (in/u).

T.F. 1 Total centromeric index (per cent).
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The normal somatic chromosome number of all the twenty-four cultivars studied
is always twenty, except for occasional increments due to the presence of
B-chromosomes in cultivars such as Nal-Tel (Yucatan-7), Warangal Local, Stowell's
Evergreen and Diara, which was confirmed by Feulgen staining also. Their number
ranges up to a maximum of five, although one or two is the most frequently
encountered number. The longest chromosome measures 7.92 u in length, and the
shortest chromosome 1.32 u. The total chromatin length of the haploid comple-
ments varies from 56.76 u in the case of CM-105, to 22.82 u in the case of
Synthetic B23. Maximum TF value is 43.71 in Coix, and the minimum TF value is
36.29 in the cultivar Diara; however, the variation in TF values is relatively
less compared to that of the total length of the haploid complements. Chromo-
somes with secondary constriction are always two in number and A2 is the most
frequent type encountered, occurring in sixteen of the twenty-four cultivars
studied, followed by A3 and Al types in six and two cultivars, respectively.
More frequently, it is the 6th chromosome in order of length, as is the case
within the pachytene complements. The chromosome length within an individual
complement ranges gradually from the Tongest to the shortest chromosome, and no
abrupt change in the chromosome Tength was observed. The features of the ideo-
grams analyzed are more or less uniform. The number of B-type pairs is either
4, 5 or 6, and that of C-type pairs 3, 4, or 5, except in the case of Coix, where
there are 7 pairs of B-type and 2 pairs of C-type. Some other variations were
also observed, such as the presence of heteromorphic satellited chromosomes in
Diara, and the occurrence of haploid roots in Kalimpong Local.

The gross chromosome uniformity of maize is the result of judicious human
selection. The presence of gross chromosomal aberrations as the possible cause
of the wide range of Tength variation in the chromosome complements can be ruled
out. Addition or deletion of nucleotypic DNA during the formation of the
cultivars might possibly have played a role in causing the observed variation.
Differential condensation patterns of the chromosomes have also been suggested
to result in alterations of chromosome characteristics. In addition, several
other factors such as minor aberrations, genetic differences, inherent length
variability, nature of the origin of the cultivars and differential response to
the treatment, may have acted individually and interacted with each other to
produce the wide variation. Thus, mitotic chromosome analysis also brings out
significant differences in maize.

Teosinte was regarded as a distinct genus or congeneric or even conspecific
with maize. There was also controversy regarding the inclusion of the American
and Oriental members in the subtribe Maydeae. The present report does not
warrant the segregation of maize and teosinte into distinct genera. The observa-
tions further support the inclusion of maize, teosinte and Coix within the
Maydeae. (The present investigation was carried out under the supervision of
Prof. ?. K. Sharma of the Department of Botany, University of Calcutta, Calcutta,
India.

J. S. P. Sarma

Pachytene ideograms, absolute 1éhgths and interstrain differences in maize

A majority of the studies dealing with pachytene cytology of maize character-
ize the genome in terms of relative length. 1In the present report, an attempt
was made to analyze the pachytene karyomorphology of ten cultivars of maize,
mostly of Indian origin, in absolute terms, and the results were compared with
those of Longley (J. Agr. Res., 59:475-490) and Maguire (Cytologia, 27:248-257).
The patterns of length variability were examined by regression analysis of pooled
data. In addition, observations were made regarding other quantitative features
of meiosis.
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The course of meiosis in all the cultivars is uniformly regular, except for
minor quantitative variations in chiasma frequency and the nature of bivalents.
The total lengths of the haploid complements range from 860.09 u (in Adecuba) to
512.81 u (in Pira Cundinamarca).

0f the ten cultivars analyzed in the present investigation, three (Stowells
Evergreen, Kalimpong Local and Sonada Local) have knobless pachytene chromosomes.
The knob number in other cultivars ranges up to a maximum of 11 in the case of
Pira Cundinamarca. The knob constitution in some of the cultivars was found to
be variable from plant to plant. This is especially true of composites such as
Vijay and Diara, and synthetics such as Synthetic B19. The various methods of
hybridity, selection and bulking may have contributed to the observed variation.
Adecuba, Darjeeling Market, Diara and Synthetic B19 may be considered as Tow
knob numbered, whereas the rest are medium knob numbered, excluding the highly
numbered Pira Cundinamarca and the knobless ones. The IKL-1 is the most
frequently encountered knob in the present investigation.

Absolute measurements are enormously variable. Arm ratios are more reliable
than absolute Tengths for chromosome identification. The pooled data of the
absolute measurements of eight cultivars are presented in Table 1 along with
other relevant statistical parameters.

Table 1: tuantitative characterization of pachytens karyomorphology of malze, based on pooled data

Chromo~-} Wo. of Total length Loug nrm length Short arm lenath Arm ratio (L.A./S.A.)
sone OLoervad{icon » Varl- Coeffici-{Hean s Voria Coefficient (tean + Vari- Coefficient |lean s Vari- Coefficient
fumtier;§ tians 3.D. ance ent of 5.0, ence of 5.D. ance of 3.0, ence of
.m/u w: rlatlon 1“{“ variation ln/u variation in/u voriation
1 56 88,70 580.33 27.16 47.94 216,30 30.68 39.69 120.78 27.69 1.202 0.070 11.814
#24,09 216,71 +10.89 0,142
T
2 62 75.42 €93.27 34,91 42.59 234.40 35.95 31.40 117.51 34,52 1.356  0.015 9.071
+26.33 15,31 +10.84 40,123
3 65 74.07 432,22 28.07 49.74 214,04 29,41 23.40 46,79  29.13 2.104  0.081 9,648
+20.79 +14.63 + 6.84 40,203
4. 70 67.21 542,42 34,65 40,02 193.49 34,76 25,34 75.52 34,29 1.585 0.020 8,894
+23.29 +13.91 + 8.69 0,141
5 S0 62.74 470,02 3L.56 32,26 123.21 34,42 29,15 115.56 36.82 1.117  0.013 10.295
+21.68 11,10 210,75 10,115
6 27 54,51 210.83 26.64 40.61 122,32 27.23 12.54 12.89 28,63 3.27h  0.127 10,904
114,52 +11.06 + 3.59 #0.357
T 50 57.24 312.58 30.89 40.48 163,07 31.55 15.37 2b.40  32.14 2.603 0,056 9.105
+17.68 #12.77 + L5 0,237
a8 L2 59.14 260,30 27.70 43,95 158.51 20.65 13.68 14,90  27.81 3.157 0,040 6.335
416,38 *12.59 + 3.86 10,200
9 53 49.79 268,96 32,94 31.77 110.67 33.11 16.69 31.25%  33.49 1.941  0.034 9.480
416,40 10,52 + 5.59 20.184
10 30 47.27 189.34 29.11 33.34 108.99 31.3 12.7% 13.32 28,63 2,586 0.042 7.966
+13.76 £10.44 + 3.65 #0,206
B 12 15.27 23.62 31.83 - - - - - = = i -
+ b.B6

Significance tests such as t- and F-tests were conducted to compare the means
and variances of total length and arm ratios from the present report with those
of Maguire's data (op. cit.), the results of which are given in Table 2, along
with the latter report.

The mean total lengths of chromosomes 3, 4, 7, 8 and 10 from the present
investigation are significantly different, whereas those for chromosomes 6 and 9
are significant at the 5% level but not at the 1% level. However, the means for
chromosomes 1, 2 and 5 do not show significant differences. It is to be noted
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Table 2: lasuire's (1962) repert and results
£

of tests of sipnificunce in compurison

4]

with the present report,
i.apuire's renort 4 Hagzuire's report-
Chromno- 1 = Longih t-value §F-value __fff_fffi? ________ t-value I'=value
SO 4 p Y iiean+ S.D. nf liean + 5.D. ; l
_________ S s Syl | SEPRSS. SN, |55 IS e

1 271 83.50419.40 1.750 7.576 52 1.330+0,200 Z.979 1.867

2 271 69.20+14.90 2517 13.289 56 1.42040.251 1.768 4,072

Ja 271 64.50414.90 4,285 8,264 48 2,16040,554 0,742 5.168

4 271 59.80:12.60 %.698 11.980 73  1.520+0.259 0.093 3.276

5 271 58.40+12.90 2.298 8.569 56 1.16040.145 1.904 2.364

& 271 48,30+12.00 3.090 15.204 20 3.100:0.841 0.943 5.539

7 271 49,60+10.80 4,104 14,767 57 2.830+0,587 2.542 4,601

8 271 46.30+10.10 €.966 17.321 52 3.060+0.584 1.024 5.665

9 271 44,50+10.70 2,987 12.198 63 1.860+0.375 1.421 3.008
10 271 37.00+ 8.80 5.456 22.763 55  2.700+0.498 1.188 2,39

that chromosomes 1, 2 and 5 all have mean arm ratios less than 1.356 (nearly
median chromosomes). However, the estimated variances of lengths show signifi-
cant differences.

With respect to arm ratios, t-values for most of the chromosomes are insig-
nificant. For chromosome 1, the t-value is highiy significant and for chromosome
7, the same is significant at the 2.5% level, but not at the 1% Tevel. Estimated
variances of arm ratios are highly significant except for chromosome 1, the
F-value of which is significant at the 5%, but not at the 1% level.

With respect to comparison of the present data with those of Longley, it is
worth mentioning that Maguire obtained insignificant t- and F-values for all the
chromosomes except for chromosome 7 (with a reciprocal translocation) during the
comparative study of total length. Her mean arm ratios are quite close to those
of Longley. However, it is not possible to carry out F-tests individually for
each arm ratio, in view of the nature of the data presented by Longley. This
indicates that the total lengths of chromosomes in the present data are consider-
ably different from those of Longley, whereas most of the arm ratios are
remarkably similar.

Correlation and regression analyses were conducted to analyze the relation of
various parameters and the results are presented in Table 3.

Further extending the statistical analysis, it was observed that the longer
the chromosome, the greater the variability in length, as was evident from a
highly significant positive correlation between mean and variance of total
length, and also from the fact that coefficient of variation of total length does
not vary much from chromosome to chromosome. This corroborates the findings of
Maguire that variability may tend to be distributed uniformly per unit length.
This is also true individually for arm length and arm ratios, in view of the
highly significant positive correlation coefficients.

Short arms are not consistently either more or less variable in length than
the long arms, if the differences in their averages are taken into account. This
is supported by the finding that coefficients of variation of arm length do not
vary much between short arm and long arm. Thus the conclusion of Maguire (op.
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Table:3.Correlation and regression analysis of various statistical narameters of
pachytene chromosomes of nalze

Hdy Farameter - x Faramcter - y Correlation: Regression: Regression:
lo. r(x-y) bly—=x) b{x-sy)
..... % e S B SO =
1 Hean - total lensth Var.- tghl length + 0,855%# 11.310 0,065
P ilean - total length Coef. var. - total length -~ 0.030 - 0,008, -0.115
3. riean = arm length Var.-arm length + 0,940%+# 5.587 0.158
4, [Fean - arm length Coef.var. - arm length + 0.065 7 0.016 0,260
5., Hean - arm ratio Var., - arm ratio + 0,780%% 0.033 18,446
6, Hean - arm ratio Coef. var. = arm ratio - 0,447 - 0.864 - 0.23
7. Coef,var.-total length Coef. vur. - long arm + 0,247 0.054 1.120
8. Coef.var.-total length length
Coef. var. - short arm + 0,248 0.064 0.959
length
b2 13 Coef.var.-total length  Coef. var. - arm ratio - 0,201 - 0,091 - 0,440
10. Coef.vorarm ratio Coef, var. - long arm - 0,037 - 0,069 - 0,020
length
11, Coef,var.-arm ratio Coef.ver. = short arm - 0,086 - 0,183 - 0.040
length

##* TIndicates significance

cit.) that the short arm is more variable than the Tong arm in a chromosome, does
not coincide with that from the present data.

It appears that relative variability (coef. var.) of arm ratio has no signifi-
cant influence on relative variability in total length. In fact, there is a
slight negative correlation observed between these two characters. This is also
true if the variabilities in long arm Tength and short arm length are separately
examined.

The possible reason for the deviation of the results of the present report
from those of Maguire and of Longley becomes quite intelligible if the nature of
the materials and method of analysis are taken into account. Longley's data on
length measurements represent pooled data of all the chromosomes in 28 cells from
14 Indian varieties. He also gave mean total length, arm lengths and arm ratios
for 33 Indian varieties and 41 Mexican varieties. Maguire's data represent length
measurements from all the chromosomes of 271 cells. For arm ratios, different
numbers are measured for each chromosome. The materials included 6th and 7th
backcross generations (to maize) of a maize-Tripsacum hybrid. The maize
background included L289 and CC5, and a few had a reciprocal translocation. She
reported a significantly different F-value for chromosome 7, which was the Zea-
Tripsacum interchange chromosome. In these two reports, the same number of
observations were not made for total lengths and arm ratios. The present
analysis is based on pooled data from 8 cultivars (mostly Indian). The materials
included are relatively more heterogeneous than those of Maguire, but Tess hetero-
geneous than those of Longley. Another factor of difference is that the same
number of observations has been made, both for total lengths and arm ratios.
These factors might have been responsible for the discrepancy in the present data
on total lengths, but are more or less in complete agreement with respect to arm
ratios, when compared with the previous records.
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Based on the present data, the following conclusions can be made:

1. Variability of total length, arm length and arm ratio may be uniform
per unit Tength.

2. Differences in the variabilities of long and short arms in a
chromosome are not considerably apparent.

3. The relative variability of arm ratio has no significant influence
on relative variability of total lengths.

The present investigation was carried out under the supervision of Prof. A. K.
Sharma of the Department of Botany, University of Calcutta, Calcutta.

J. S. P. Sarma

Amount of DNA in different cultivars of maize and its importance in selection

The importance of DNA content in the origin and evolution of genotypes has
been increasingly realized in recent years. It has, however, been recorded that
both increase and decrease in DNA content may be associated with evolution. The
increased DNA values have to a great extent been influenced by the large amount
of amplified sequences. However, along with amplification there has been both
individual duplication and polyploidy contributing towards the DNA increment in
the origin of genotypes.

A comprehensive program has been undertaken on the study of somatic chromo-
somes of maize, with specific reference to intervarietal differences. The present
report deals with in situ cytophotometric investigation of DNA content in the
somatic chromosomes of 18 cultivars of maize, employing a two-wavelength
technique. The two wavelengths selected were 550 nm and 562 nm and the aperture
was 6.3. Extinction in the latter wavelength must be two times that in the
former, and the relative absorbance values were noted. A minimum of 50 cells at
metaphase (4C) were analyzed for each cultivar.

Table 1: Relative DI'A estimation of different cultivars of
maize (Zea mays L.)

3%: Cultivar tiean L, Hean L, Ez:: i1 Valge m=KAL, D
1. Stowell's Zver 0.1012 0.1836 1.8142 0,962 0.9660
Green
2. Sonada local 0.1010 0.2040 2.0198 0.867 0.8689
3. Kalimpong local 0.1090 0.2006 0.8404 0,945 1.0221
4, “arangal local 0.1050 0.1955 1.8619 0.934 0.9731
5. Amber pop-corn  0.1123 0.2073 1.8459  0.940 1.0474
6. KYS = strain 0.1100 0.2050 1.8636 0.934 1.0194
7. Cil - 104 0.1096 0.2008 1.8321 0.950 1.0331
8. Cii = 105 0.1110 0.2085 1,8784 0,923 1.0166
9. Gi - 114 0.1118 0.2216 1.8653 0,928 1.0295
10. Cil = 115 0.1112. 0.2040 1.8345 0.950 1.0482
11, Cf = 201 0.1054 0.1950 1.8501  0.940 0.9831
12, CH - 206 0.1120 0.2025 1.8080 0.962 1.0691
13, Canga - 5 0.1060 0.1960 7.8421 0,940 0.9887
14, Diars 0.1169 0.2141 1,8315  0.950 1.1019
15. ZV Composite 3VI 0.1100 0.2025 1.8409 0.945 1.0314
16. Synthetic 319 c.1084 0.2016 1.8598 0.934 1.0046
17. Synthetic B21 C.1104 0.2012 1.8225 0,956 1.0472

18. Synthetic B23 0.1108 0.2020 1.8231 0.934 1.0269
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L1 and L2 values were calculated using appropriate conversion formulae. D
values for respective proportions of mean L1 and L2 were referred to from Garcia
(cited by Sharma and Sharma, 1980, Chromosome Techniques: Theory and Practice,
Butterworths, London). The DNA values (m) were estimated by using the formula
m = KAL1D, where K is a constant and A is the area of the aperture (Tr2).
Because K and 1T are constants, they were omitted for comparative purposes.

Table 1 gives the relevant details of the calculations. A scanning survey of
Table 1 indicates that the relative DNA values of the different cultivars studied
do not vary much. The minimum value is 0.8689 for Sonada Local, which is with
knobless pachytene chromosome complement. The maximum value is 1.1019 for the
cultivar Diara. It has knobs and B chromosomes as well. However, this correla-
tion was not consistently observed in the case of other cultivars. In general,
inbreds have relatively more DNA content than the knobless outbred races.

Table 2: Comparison of relative DUA values with total chronctin
l.nzths and kzryotyre formulae

Total chro-

A Reletive  motin legtn SIS
\in A,

1. Stowell's Ever Grezen 0.9660 29.14 232+83+1OC
2. Sonzda local 0.8689 26,05 2A1+103+8C
Kalizpong local 1.0221 43,49 2A2+125+6C
4., iarzngal loczl 0.3731 26.71 2A2+1OE+BC
5. Cli - 104 1.0331 50.99 2A3+123+6C
6. T o= 10% 1.0166 56.95 2A2+83+1OC
7. Ci =114 1.0295 40,62 2A2+125+6C
8. Ci = 115 1.0482 28.92 2A2+123+6C
9. Gi - 201 0.9831 41.50 2A3+83+10C
10. G - 206 1.0691 34,44 2A3+125+6C
11, Ganza = 5 0.9887 29.14 2A2+GB+1EC
12. Diara 1.1019 ) 27.37 2A2+83+1OC
13. Synthetic 319 1.0046 27.60 2A2¢125+6C
14. Synthetic B23 1.0269 22.96 2A3+83+1OC

Tables 2 and 3 furnish a comparison of the relative DNA values with relevant
cytological features, analyzed in the preceding reports of this News Letter.
Further observation of Tables 2 and 3 reveals that the relative DNA quantity in
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Table 3*: Comparison of relutive DRA values with other relevant cytological features

S1. Cultivar Relative T.C.L,of T.C.L.of Knob Chiaama Variations,
IMo. value of haplold pachytene range frequency if any
DilA mitotic complement

complement

1. Stowell's Ever Crcen 0,9660 30.39 383.59 0 21.33+1.92 1-2 B present

2. Sonada local 0.8689 25,96 646,35 0 23.50+2.21 -

3. lRkaliapong local 1.0221 43,34 T94.41 (o] 21.00+42.83 Hapleid roots

4, Waransal local 0.9731 26.62 570.46 7-8 23,50+2.51 0-2 B preczent

5. Diara 1.1019 27.28 516.38 0-5 21.67+2,42 1) 0-2 B present

2) Heteromorphy
of Sat.pair

6. Synthetic B19 1.0046 27.50 745,63 Q-4 22.67+2.33 -

different cultivars remains more or less constant, notwithstanding differences in
their other cytological features such as knobs, B chromosomes, chromatin length
of the haploid complements, etc. (The present investigation was carried out
under the supervision of Prof. A. K. Sharma, at the Department of Botany,
University of Calcutta, Calcutta.)

J. S. P. Sarma

Nonrandom arrangement of somatic chromosomes of maize and its implication

Somatic association is a comparatively recent aspect of cytological analysis,
and several reports regarding nonrandom arrangement of homologous chromosomes at
mitotic stages have been forthcoming since the last decade. The present report
deals with a pooled analysis of nonrandom organization of satellited chromosomes
in twenty-two cultivars of maize.

The materials included six inbreds, CM-104, CM-105, CM-114, CM-115, CM-201 and
CM-206; two synthetics, B19 and B23, two composites, Vijay and Diara, and three
hybrids, G-5, GS-2 and Globe Hybrid. Also included were two varieties, Golden
Bantam and Stowell's Evergreen, and seven races, Nal-Tel (Yucatan-7), Comfite
Morocho, Tama Flint, Sikkim Primitive, Warangal Local, Kalimpong Local and Sonada
Local. The treatment schedule for mitotic analysis was the same as was detailed
in a previous report (see this News Letter).

Satellited chromosomes as mentioned above were used for analyzing the
nonrandom organization. Altogether 93 plates were selected, adhering strictly to
the following criteria:

(1) A11 the chromosomes were contained within the perimeter of a figure,

whose major-minor axis ratio would not exceed 2:1.

(2) A11 the chromosome organelles (telomeres, centromeres and satellites)

were present and clearly defined.

Distances between the centromeres of the two satellited chromosomes in a cell
were measured. To minimize the differences due to the degree of squashing, each
distance between the satellited chromosomes was divided by the distance between
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location of all the chromosomes toward the nucleolar half of the pollen mother
cells, even at late diakinesis. In 440 cells, this type of preferential location
of chromosomes was observed in 76.5 percent. To test whether this abnormality
was due to differential pressure of smearing, PMC with three different shapes--
oval, circular and elliptical--were scored. 138, 58 and 38 cells were observed
to exhibit this phenomenon out of 176, 96 and 50 PMC of the three shapes,
respectively.

Various anaphase-I irregularities were also recorded. 13-10 segregation
was the most frequent, being encountered in 54 percent of the cells. 12-11
segregation was less frequent, occurring in 18 percent of the meiocytes. Ten
percent of the PMC had 14-9 segregation. Two percent of the cells exhibited
14-8, 15-7 and 16-7 segregations each. A few tripolar segregations (11-9-3;
11-2-10) were also recorded. Occasionally, laggards were seen at both the
anaphases. Cell plate formation parallel to the spindle was noted in some micro-
spore mother cells.

Several other irregularities in cell plate formation resulted in varied
groupings of the pollen grains. Tetrads were observed in 639 cases. Triads,
pentads, hexads, heptads and polyads were represented by 49, 52, 53, 4 and 1
groups, respectively. Pollen sterility was as high as 84 percent.

The cytogenetics of synaptic mutants has been recently reviewed (I. N.
Golubovskaya, Int. Rev. Cytol. 58:247-290; W. Gottschalk and M. L. H. Koul,
Nucleus 23:1-15 and 99-120; P. R. K. Koduru and M. K. Rao, TAG 59:197-214). It
was not possible to determine whether the desynapsis was genic or environmental.
Out of many plants, only one reached flowering stage. The desynapsis observed
here may be rated as strong, as per Prakken's classification.

It is apparent that the difficulty in analyzing pachytenes, the formation of
synezetic knot and, the preferential location of the chromosomes toward the
nucleolar side even at late diakinesis are interrelated. However, the nature of
pachytene spread is known to be under genetic control. B. John and K. R. Lewis
(Protoplasmatologia, Bd. 6) observed the tendency of univalents to remain
scattered more toward the poles. Several other factors seem to influence the
position of univalents: (a) the structure of meiotic chromosomes, (b) the stage
of development of MI, and (c) interchromosomal effects (U. C. Lavania and A. K.

Sharma, Protoplasma, in press). In addition, cytoplasmic factors may also
influence the orientation of univalents. The other irregularities recorded are
consequent upon the failure of maintenance of chiasmata and that of proper
orientation of the chromosomes on the spindle. (The present investigation was
carried out under the supervision of Prof. A. K. Sharma of Department of Botany,
University of Calcutta, Calcutta, India.)

J. S. P. Sarma

PASHKANI, KRIULEANSKII RAION, MOLD. S.S.R., U.S.S.R.
Moldavian Maize and Sorghum Research Institute

Test for allelism of spontaneous mutants of maize

As a result of our previous studies which were presented in detail in the book,
V. E. Micu, "The Genetical Studies of Maize," published in 1981, a large number of
spontaneous mutants of maize were collected and partially studied. The genetic
analysis of this material was continued. During the last 3 years, more than 350
mutants, including the following classes--kernel form and texture, upright leaves,
brown midrib, dwarfism, ramosa ear and male sterility--were tested. For the
endosperm, dwarf and ramosa mutants, a phenotypical classification was previously
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conducted, and the nonidentified sources were crossed first with the similar
genetic markers. This procedure helped us to reduce the number of crosses and

to raise the effectiveness of tests.

Among 43 floury endosperm mutants, 4 new sources of 02 and 2 of f12 were
identified. Besides, another 9 sources gave a positive test with f12 marker.
However, taking into account the more complicated inheritance of fl2 and avail-
ability of cf12 (A. Paliy, Genetica 11:5-7, 1975) the identification of these
sources cannot be considered compiete.

Two phenotypically different groups of dwarf mutants were studied: one
including 30 sources of brachytic, and the other 16 sources of dwarf type. Most
of the tested mutants turned out to be non-allelic to markers, but nevertheless

many new sources of brl, br2 and d1 (Table 1) were identified.

Among the ramosa

ear mutants that we have in our collection, ral phenotypes predominate, and that

Table 1. The 1list of tested identified mutants.

Number of sources

Phenotypical classes Markers Tested Identified
Floury endosperm f11 21 2
f12 20 -
02 31 4
Brittle endosperm btl 3 1
bt2 14 5
sh2 4 -
Sugary endosperm sul 6 6
Brown midrib bm1 3 1
bm2 3 -
bm3 7 -
bmé 2 -
Upright leaves 1gl 20 3
1g3 17 1
Brachytic brl 28 7
br2 30 6
Dwarf d1 16 8
Ramosa ear ral 28 17
ra2 11 3
ra3 10 4
Male sterility ms2 30 2
ms9 5 1
ms10 34 1
ms13 10 2
Total 353 74
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was confirmed by genetic analysis. New sources of male sterility genes ms2, ms9,
msl0 and msl3 were identified. The sources of sterility were also tested with
other markers, but the test turned out to be negative.

In all phenotypical groups which were studied, many mutants still remained
unidentified. It is possible that this material contains unknown or rare
genotypes.

V. E. Micu, P. M. Botnarenco, T. A. Solonenco,
E. C. Partas and N. S. Frunze

POZNAN, POLAND
Institute of Plant Genetics, Polish Academy of Sciences

Increasing the protein content of maize by means of induced mutants

The deficiency of normal corn for the amino acids was recognized at the turn of
the century by the studies of Osborne (1897, 1914), and Osborne and Mendel (1914).
Improvement of the feeding qualities of normal corn was attempted by selection for
higher crude protein in the corn kernel. In 1964, E. T. Mertz and co-workers
reported that the opaque-2 gene changed the protein composition and increased the
lysine content of corn endosperm. Protein mutants were isolated in the M3 genera-
tion after kernel treatment with combinations of radiation (gamma rays) and the
chemical mutagens N-methylo-N-nitrosourea (MNUA) and sodium azide (SA). The
mutant kernels analyzed were mature, air dried, and had been produced by self-
pollination. Protein content (nitrogen x 6.25) was analyzed by the micro-Kjeldahl
method. The amino acids in 100 mg of whole kernels were determined in an HD-1200E
automatic amino acid analyzer.

The amino acid and protein contents of kernels are shown in Table 1. Our
opaque mutant strains contained more protein than the normal strain (S-615) and

Table = 1, Protelo snd Amino-lold Contend'in Ksrnsls of Opsque = 2 /5-10/, Struln, Rorssl Inbred lime fS-015/, wnd Mulant Sirairs,
Materisl w - E ..:': n
“ 5 H - 5 2 " - - H £ G . & s
) . - - - Fl z '] a a & - g s 3 E § ]
: - - 2 - - - a s & - ] e s E 5 5
K = . 1) = E W ER- o ” a3 . - ‘.'. = ¥ » £ -
& 3 - i|<3 [ ] e & 8 3 3 2 E = fe E
Norsal 1ime
/3-615¢ 1,) 4,64 1,60 4,02 1,52 4,06 4,96 29,52 | 9,18 | 3,78 | 8,62 2,04 oM 2,00 | 3,25 | W, 3,05 5,07
Opaque=2
f;-?o! 11,5 5,87 1,82 4,22 | a,68 4,38 5,36 | 22,4 | 8,06 | 3,45 | 8,02 2,22 4,50 2,00 | 4,06 | 14,48 2,88 642
¥-204-1 13,7 3,86 i,n 3,96 | 7.0) 4.7 4,84 | 23,29 | 10,00 | 3,32 | 8,97 2,80 417 1,8) | 3,70 | 15,86 3.2) .27
¥-222-1 LI 5,02 | 2,05 | 4,80 7,27 | 3,86 | a,98| 21,09 9,05 3,69 | 7.9 2,30 | a08 | 1,25 | 3,62 | 1q8 | 3,26 4,76
U-218a-2 LN s,o8 | 1,9 | 3,9 | 7,90 | 3,99 | 4,7 | 21,93 | m,B7 | 3,75 |40 | 2,42 ]| 385 | 2,07 [a, 39| 13,92 20| 5,43
M-204-47 12,9 5,75 2,04 4,00 | 7,3 4,45 496 | 22,67 9,28 | 3,79 |e,52 2,20 4,30 1,57 | 3,87 | 15,14 3,09 4,66
M-20)-4 1,0 4,0 2,04 4,26 | 1,09 | 4,0 5,3 | 23,69 | 1,c4 | 3,9 | 8,38 2,40 | 4,04 1,78 | 4,01 | 14,62 2,84 4,04
H-204-15 13,2 3,83 1,687 3.7 | 8,19 4,54 5,62 | 22,98 | 10,33 | 3,97 | 9,17 2,08 | a0 1,20 | 4,47 | 1,21 3,51 4,20
-22)-3~1 1,5 3.0 2,9 4,59 | 7,82 3,65 6,18 | 21,44 9,49 | 3,92 |a,0n 3,20 4,86 1,18 | 3,11 | 12,57 3,67 5,38

opaque-2 strain (S-10), but Tess lysine (except mutant M-204-47) than the opaque-2
strain. The content of total protein was found to be increased by 1.4-3% when
compared to the opaque-2 line. Mutant strains contained more histidine,

arginine, aspartic acid, threonine, serine, glutamic acid, proline, glycine,
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alanine, cysteine, valine, isoleucine, leucine, tyrosine, and phenylalanine, but
less methionine. It is apparent that a new source of opaque mutant gene, which
has a different biochemical characteristic than the opaque-2 mutant, has been
induced by mutagens.

Jan Olejniczak

RALEIGH, NORTH CAROLINA
North Carolina State University and U.S. Dept. of Agriculture

A brief note on the rediscovery of Durango teosinte

In 1896, Edward Palmer, an ethnobotanist with the Peabody Museum of Harvard
University, collected teosinte near Durango, Mexico. Palmer collected both
herbarium specimens, which were deposited at several major herbaria (Palmer 743,
MO, US, F, BM and K), and seeds which were never successfully increased.

Dr. H. V. Jackson of Durango also collected seed from this region, which he sent
G. N. Collins of the U.S.D.A. Jackson's seed was successfully increased in
southern California, but later the collection was apparently Tost. Then in 1921,
Collins visited the Durango region and found teosinte at the following locality:

. along the bank of an old irrigating ditch at Alcalde
Ranch, Anavacuydn, about 15 miles east of Durango." (Collins,
1921, Teosinte in Mexico, J. Hered. 12:339-350).

Collins collected both herbarium specimens, which were deposited at several
U.S. herbaria (Collins 15, US, WIS), and seeds which were subsequently incorpor-
ated in numerous genetic studies from the 1920s until the 1950s. These studies
include:

1. Beadle, 1932. Studies of Euchlaena and its hybrids with Zea. I.
Chromosome behavior in E. mexicana and its hybrids with Zea mays.
Zeitschr. Abst. Vererb. 62:291-304.

2. Arnason, 1936. Cytogenetics of hybrids between Zea mays and
Euchlaena mexicana. Genetics 21:40-60.

3. Longley, 1937. Morphological characters of teosinte chromosomes.
J. Agric. Res. 54:835-862.

4, O0'Mara, 1939. Cytological observations on Zea-Euchlaena hybrids.
Genetics 24:82-83.

5. Mangelsdorf, 1947. The origin and evolution of maize. Adv. Genet.
pp. 161-207, New York.

6. Rogers, 1950. Fertility relationships in maize-teosinte hybrids.
Texas Agric. Exp. Sta. Bull. 730.

7. Ting, 1958. 1Inversions and other characteristics of teosinte
- chromosomes. Cytologia 23:239-250.

Apparently, Collins' collection of Durango teosinte was not maintained and its
use in genetic experiments ceased in the 1960s. In 1963, Wilkes (1967, "Teosinte:
The Closest Relative of Maize") attempted to relocate Collins' station but was
not successful.

On October 1, 1982, the author, Lowell R. Nault, and a group of entomologists
from the Ohio Agricultural Research and Development Center were in the Durango
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area collecting Tripsacum and leaf hoppers (Dalbulus ssp.). Our attempt to
relocate Collins’ station was successful. The locality data are:

Ca. 2-3 km NE of Alcalde, a Pueblito 20 km ENE (by air)
of Durango. 24004'N, 104931'W, 2050 m alt. Doebley
No. 625.

The population is reasonably large with teosinte plants occurring along at
least a 1 km stretch of a small stream and irrigation ditch. Teosinte grew in
thickets with other weedy species, including members of the genera Salix,
Ipomoea, Bidens, Tithonia, Solanum, and Cosmos. Very few teosinte plants were
found on the edges of maize, sorghum and Capsicum fields which bordered the
stream and canal. Though maize was abundant in the region, only a single
teosinte-maize hybrid was observed among about 100 plants checked. The plants
were typical of Zea mays L. ssp. mexicana (Schrader) I1tis Race Central Plateau
or Nobogame.

Plants slender to moderately robust, 1-2 m tall, untillered but
commonly with branches emerging from nodes along upper half of
mainstem; leaf sheaths green or slightly red with a fringe of
Tong, soft hairs along its edge and near the auricle; tassels
with (0-) 5-15 (rarely more) branches; male spikelets 7-10 mm
Tong (mean 8.1 mm); weight of 100 fruitcases 6.4 gr.

An examination of the isozyme constitution of Durango teosinte revealed it to
be similar to Central Plateau, Chalco, and Nobogame teosintes (Doebley, Goodman
and Stuber, Syst. Bot., in review). Both herbarium specimens and seeds were
collected. Seeds are presently being increased and will be deposited at the
U.S.D.A. Plant Introduction Station at Experiment, Georgia.

John F. Doebley

Inheritance and localization of PHI isozymes in maize

In most plant species investigated, phosphohexose isomerase (PHI, or PGI, or
GPI) isozymes are dimers and are usually encoded by two loci, with the products
of one Tocus active in the cytoplasm and the other in the plastids. Until
recently, in our studies of PHI isozymes in maize, we have dealt only with those
found in the cytoplasm, which are encoded by the Phil locus. This locus is
localized on chromosome 1 between Adhl (12% recombination) and Gdhl (5% recombina-
tion). Enzymes encoded by this locus have been found in tissues throughout the
plant, including roots, leaves, coleoptiles, scutella, and pollen. We have
identified nine alleles at this locus. ‘

Recently we have found a second set of PHI isozyme bands, presumably specified
by a second locus, Phi2. Isozymes encoded by this locus are found in plastids
(etioplasts) and may also be expressed in the cytoplasm. Genetic studies of this
locus have not been completed.

C. W. Stuber and M. M. Goodman

Localization of Got2 isozymes in maize

In our studies of enzymes associated with plastids (etioplasts), we have found
isozymes encoded by Got2 in this plastid fraction. An earlier report (Scandalios
et al., 1975, Biochem. Genet. 13:759-769) indicated that isozymes encoded by Got2
were found exclusively in the cytosol, however the plastid fraction may have been
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included with the cytosol in their analyses. In our studies, activity of Got2
isozymes in seedling leaves is considerably greater than that found in coleop-
tiles. This would be expected for isozymes localized in the plastids.

C. W. Stuber and M. M. Goodman

Evidence for additional 6-PGD loci 1in maize

In an earlier communication (MGCNL 54:99) we reported that two loci, Pgdl and
Pgd2,encoded the 6-phosphogluconate isozymes found in maize. From studies based
primarily on coleoptiles and roots, these isozymes appear to reside in the cyto-
plasm. We have recently observed the existence of additional 6-PGD isozyme bands
in extracts from leaf tissues. Although these new isozymes have not been
studied extensively, the banding patterns suggest possibly two additional loci.
The finding of 6-PGD isozymes localized both in the cytosol and, now, possibly
with leaf plastids would be expected because 6-PGD isozymes have been found in
both sites in several other plant species.

C. W. Stuber and M. M. Goodman

Cat3 is not on chromosome 1L

We reported linkage data in the News Letter last year which were not wholly
consistent with the reported localization (D. G. Roupakias et al., 1980, TAG 58:
211-218) of Cat3 to 1L. Using a TB-1llLa stock (provided to us by Kathleen
Newton) carrying Adhl-2 and Adhl-6 (Adhl-C and Adhl-S in the usual Schwartz
notation), exact reciprocal crosses were made with a stock homozygous for Adhl-4
(Adhl-F of Schwartz) and for Cat3-14, the most extreme Cat3 variant.

We examined a total of 21 plants. Nine of these were from the cross using the
TB-1La stock as female parent. Al1 nine of those plants carried Adhl-4 and
either Adhl-2 or Adhl-6 or both. Eight plants were Cat3-12/14. One was
Cat3-14/null. An additional five plants were from small kernels from the cross
using the TB-1lLa plant as the male parent. A1l five carried both Adhl-4 and
Adhl-6. At least two of the five, and probably three, carried two doses of
Adhl-6. Four were Cat3-12/14; one was Cat3-14/null. Seven plants were from
large kernels from the cross with TB-1La as male parent. Each of these carried
only the Adhl-4 of the female parent and lacked an Adhl allele from the male
parent. Yet of these seven plants, five were Cat3-12/14, while two were
Cat3-14/null. A1l plants were heterozygous for Acpl, Glul, and Pgm2, and results
for 17 additional Toci suggest that contamination was not a factor in these
crosses. The seven plants lacking an Adhl allele from the male parent also
appeared to have only one Phil allele and one Mdh4 allele. These results demon-
strate that Cat3 is not uncovered by TB-1lLa, but rather suggest that at least
some TB-1lLa stocks carry null alleles or repressors for Cat3. Together with
linkage data already available for loci known to be on 1L, these results suggest
that Cat3 must reside elsewhere in the genome.

M. M. Goodman and C. W. Stuber
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Races of teosinte show differential crossability with maize when maize is
used as the female parent

In surveying the isozyme variation within teosinte, we attempted to verify the
inheritance of each newly encountered variant. For this purpose, many F1 hybrids
were made between the various teosintes and maize. Usually, each teosinte plant

Fable 1. Sumsacy of teosinte () x maize (i) crosses for
chechiog the inbheritanca ol feusinte electromorpns.

Planc Mo. of Yo, ui Mo, of Ave. Yo, ot
Collecetion  Plints  Crosses  Leede 3 -
4524 Balwas Kb7-13 ] “ 408 102
42-9 K6T-14 1 2 260 130
43-9, 11 Eb7-15 2 & 505 126
49=1, & Kb7-5 2 & 231 58
47-2 to 12 Palo Blanca & 5 413 83
Lo~ to 21; El Salado 5 9 1023 I
554, 5
#3-8 TE 562361 1 2 134 67
B89-15 ta 26 TE 562562 3 L3 995 124
92-1 to 16 TE 562564 “ s 1979 124
92-17 o 93-7 TE 562565 L) 1 928 a4
90-1 ta 13 954541 2 4 306 126
43-15 o 23 wI-2 ] 1o 1203 120
m027-13 Ilcie 1«80 1 2 13 L]
D0Z6=-13 Puga 11065-2 1 : 419 1s0
Smmary for_Balsas % . T s ARt . R
50-9 Centcral K6T-19 1 1 21 i1
Plateau
5i=1 to 14 Kel-21 5 L] 770 128
L5-14 K71-2 i i 120 120
Summary for Central T a8 911 114
Plateau
-2 P+ Shales. .. §82:3 5 2 1712 80
38-15, 16;  Hushus- 2072 ] 2 1498 &8
319-1 to 16 censngo
41-25, 26 PI 343233 ? ' 167 24
Susmary for Hushue- 11 29 1663 57
anAnRG
1849-1 to & CGuacemals 40-202A 3 ? 752 107
m024-18 ta 23 T tlcim G5 4 I 337 TN
D024-2 llcis G16 1 3 193 »
cHummeey for, Custemsly L 3.0 i
Doz8-11 Diple- Tleds 1155 I L 56 8
perennis
Do17- 19 | b 254 a2
ool6- 1175 L] 3 2 3
Summary for Diplo=- 7 13 136 b
Lorennig
Ll-1 to &,
0o27-3 Percnnin Colline 5 1] Q L]
o020~ 1lcls 1050 b B -3 ik n

Susnary tor  Parennie 1 4 27 k]
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carrying an isozyme of special interest was crossed with at least four maize
plants representing at least two distinct genotypes. The female parents repre-
sented a wide range of commercial and exotic derivatives, including inbreds,
single-crosses, and complex pedigrees of isozyme tester stocks. Few or no
records were kept for crosses which totally failed, although there were many of
these for diploperennis and even more for perennis, relative to the other
teosintes. However, as the data in Table 1 suggest, there were substantial
differences in seed-set among the successful crosses, both between and within
races. Races Central Plateau and Balsas crossed most readily, while Guatemala,
Huehuetenango, and Z. diploperennis resulted in much lower seed-set. Very
limited data for Chalco also suggested a reduced crossing percentage.

The concepts that there are restrictions in crossing between teosinte and
maize and that the various teosintes do differ in their ease of crossing are not
new, but these are the most extensive experimental data on kernel set in maize-
teosinte hybrids currently available.

M. M. Goodman, J. S. C. Smith, J. F. Doebley and C. W. Stuber

RALEIGH, NORTH CAROLINA

North Carolina State Univ. and U.S. Dept. of Agriculture
STANFORD, CALIFORNIA

Stanford University

Further localization of Mdhl and Idhl on chromosome 8

Using a TB-8Lc stock supplied by Jack Beckett, reciprocal crosses were made with
several Mdhl and Idhl tester stocks. For one such cross, both alleles at Mdhl and
both alleles at Idhl could usually be scored unambiguously. The TB-8Lc parent
carried Idhl-4 and Mdhl-6, while the tester stock carried Idhl-2 and Mdhl-1. Of
36 plants tested using the TB-8Lc plant as male, most were doubly heterozygous,
Idhl1-2/4, Mdhl-1/6. Not all plants could be scored with absolute certainty for
Idhl, but several plants were Idhl-2, Mdhl-1/6, with no Idhl allele contributed
by the male parent. Since the latter plants were heterozygous for Acpl, Idh2, and
Mdh2, as had been expected (the two putative parental plants were homozygous for
different alleles for these three loci), contamination appears unlikely.

(Sixteen other Toci also revealed no contamination, but the latter were less
informative.) Thus, it appears that Mdhl lies outside the region spanned by
TB-8Lc, while Idhl lies within that region.

M. M. Goodman, C. W. Stuber and K. J. Newton

ST. PAUL, MINNESOTA
University of Minnesota

Transmission of a deficiency for the entire nucleolus organizer region

Certain maize heterozygous interchanges with one breakpoint near the end of a
chromosome will transmit through the ovules a deficiency plus duplication
(Df + Dp) chromosome complement that is deficient for a short end segment. A
genetic marker located in that end segment can be used to identify heterozygous
Df + Dp plant types among the progeny. Previous crosses of heterozygous
NOR-interchanges (interchanges with one breakpoint in the nucleolus organizer
region) as female, with heterozygous polymitotic (+/po) males, produced male
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steriles (-/po hemizygotes) among the progeny (MGCNL 51:49-52, 1977). Those
data suggested that the transmitted deficiency can include the NOR-secondary
constriction, and as much as 90% of the NOR-heterochromatin. This was a
surprise, since the NOR is the site of the 185/25S rRNA genes, and some of these
transmitted deficiencies presumably were deficient for at least 90% of the rRNA
genes. This report provides evidence for the transmission of gametes missing
the entire NOR.

Two interchanges with breakpoints known to be proximal to the NOR were
crossed as heterozygous females to +/po males. These interchanges were T5-6c¢
(5L.89, 6S near centromere) and T6-9(067-6) (6S.39, 9L.47). Smaller seed were
selected to increase the frequency of putative Df + Dp heterozygotes among the
resulting plants. Partial microsporocyte samples were taken from all of the
progeny, in order that the same plants could later be scored for male sterility.
Tests with T5-6¢ yielded no male-sterile progeny among over 100 plants derived
from smaller seed. This result was expected because the deficiency would be
for the whole short arm of chromosome 6. However, tests with T6-9(067-6) indi-
cated the successful transmission of the Df + Dp gamete deficient for the +
allele of po. Planting 16 smaller seed from each of eight crosses yielded
26 male-sterile (-/po) plants from five of the crosses. At least six fertile
plants were noticed to be phenotypically heterozygous for the Df + Dp chromosome
complement; these presumably received the + allele from the +/po male parent in
the cross. Cytological analysis of male-sterile putative Df + Dp heterozygotes
clearly indicated the presence of a normal chromosome 6 and a Df + Dp chromosome.
Synapsis was normal in all cases through 90% of 6S between the centromere and the
NOR-heterochromatin. Occasionally, the normal and the Df + Dp chromosome would
then show asynapsis. just proximal to the NOR. No indication of the
NOR-heterochromatin or the NOR-secondary constriction was observed in the Df + Dp
chromosome. The original report of the 6S breakpoint being at .39 probably is
incorrect. These results suggest the breakpoint is proximal but near the NOR.

The hemizygous tests reported here indicate that a megaspore missing the
entire NOR region can function in the postmeiotic mitoses of the developing
embryo sac, and in the subsequent fertilization and sporophytic developmental
processes. Previous evidence in maize shows that the NOR is the site of the
18/25S rRNA genes. The evidence reported here showing transmission of a defi-
ciency for the entire NOR indicates that megametogenesis can proceed on the
basis of maternal ribosomes carried over during embryo sac development, or that
rRNA genes exist in the genome at locations other than the NOR, or both. Such
numbers of rRNA genes at any one non-NOR site must be fairly low since the
rRNA/DNA in situ hybridization procedures we have employed in the past allow the
detection of clusters of 50 rRNA genes or more.

R. L. Phillips, A. S. Wang and W. P. Bullock

Near-isogenic lines of various genetic markers and interchanges

Near-isogenic lines of genetic markers and interchanges are useful for a
variety of genetic, biochemical, and physiological studies. This report
summarizes the backcross program we have carried out for over 10 years (see
tables), and is an updated version of the 1979 report (MGCNL 53:114-115).
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Table 1. Backcross of genetic markers into the four inbreds AlBAa, Aé19,
A632, and W23. Numbers in parentheses indicate number of
backcrosses to Al88, A619, A632 and W23, respectively. A
hyphen indicates that no backcross seed is available.

Chromosome 1: srl (6, 4, 6, 6), br (6, 6, 6, 6), f (6, 6, 6, 6),
an (3, 6, 6, 6), bm2 (6, 6, 6, 6)

Chromosome 2: 1gl (6, 6, 6, 6), gl2 (6, 6, 6, 6), B (6, 5, 3, &),
F1 (4, 6, 6, 5), Vi (4, 6, &, 5), Ch (6, =5 = &

Chromosome 3: cr (6, 6, 6, 6), d (13, 6, -, 6), 1g2 (6, 6, 6, 6),
al (6, 6, 4, 6), et (6, 6, 6, 6), pm (-, 6, 6, 6

Chromosome 4: 1la (6, 6, 6, 6), sul (6, 6, 6, 6), gl3 (&, 6, 6, 6),
bt2 (6, 6, 6, 6

Chromosome 5: a2 (6, &, 6, 6), bml (&, 6, 6, 2), pr (6, 6, 6, 6),
v2 (4, 6, 6, 6)

Chromosome 6: po (1, 6, 6, 6), rgd (1, 3, 6, 2), y (6, 6, 6, &)
PL (6, 6, 6, &), sud (& = 6. €), py \5; 65 5, )

Chromesome 7: o, (7, 6, 6, 6), vg (5, 6, 4, 6), ra (6, 6, 4, 6)
E_]].l (5, 6,. a, s)n lJ {5! 3! = 6J

Chromosome 8: v1é (5, 6, 2, 6), j (6, 6, 2, 6)

Chromosome 9: ya2 (5, 4, 6, &), sh (-, 6, 6, 6), wx (6, 6, 6, 6)
bm4 (S, 6, 6, 6)

Chromosome 10: oy (&, &, 6, 1), g (6, 6, 5, 6), Bnj (6, 6, 6, 5),
" o2 (4, 6, 3, 6], bFy (6, 6, -, 2), K10 (6, 6, 5, 6)

Table 2. Backcross of interchanges into the four inbreds Al88, A619,
A632, and W23. Numbers in parentheses indicate number of
backcrosses to AlB8, A619, A632 and W23, respectively. A
hyphen indicates that no backcross seed is available.

Satellite - interchanges

i-6b (6, 6, 1, 6), 2-6(001-15) (6, &, 3, 5}, 3-6b (6, 6, 6, 6),

4-6(7328) (6, 6, 6, 6), 4-6 (5227) (6, 6, 6, 6), 4-6c (&, 6, 4, 6),
4-6(003-16) (6, 6, -, 6) 5-6b (6, 6, 6, 6), 5-6d (6, 6, 6, 6),

s-6(8219) (6, 6, 6, 6), 6-7(7036) (6, 6, 6, 6), 6-9(017-14) (&, 6, 4, 5),
6-10F (6, 6, 6, 6

NOR - interchanges
4-6Li (actuslly 1-6) (6, 6, 6, 6), 1-6(5495) (6, 3, 6, 3), 1-6(4986)

(2, 2, -, 2), 1-6(6189) (6, &, 6, 6), 1-6(B415) (4, 6, 6, 6), 2-6(87B6)
6. 6, 6, 6)) 2-6(027-4) (6, 2, 6, 63, 2-6(5619) (6, 6, 6, 6), 2-6(8441)
(-, 5, 5, 6), 3-6(030-8) (&, &, 6, 6), 3-6(032-3) (6, 6, 6, 6), 4-6(4341)

(6, &, 6, 6), 4-6 (7037) (6, 6, 6, 6)) 5-6F (6, 6, 6, 6), 5-6(8696)

(6, 6, 6, 6), 6-7(035-3) (6, 6, 6, 6), 6-7(5181) (6, 6, 6, 6), 6-7(4964)
, 5, 6), 6-9a (6, 6, 6, 6), 6-9d (6, 6, &, 6), 6-9 (4778} (6, 6,

6, 6), 6-10(5519) (6, 6, 6, 6), 6-10(5253) (6, &, 5, 6)

65 - interchanges
1-éd (6, 5, 6, 1)

Others

2-3e (6, 6, 5, 6), 2-9(062-11) (6, 5, 5, 6), 2-10b (&; &, &, 6),
3-9(6722) (6, 6, 6, 6), 6-7(027-6) (4, 6, 6, 6), 7-9b (&, 6, -, =),
B-9(4453) (6, 6, -, 6), 8-9(8525) (6, 5, 6, 6)

Genetic markers are isolated in homozygous condition after six backcrosses.
Certain backcross lines are now being combined to produce multiple marker stocks.
Sixth backcross interchange lines are simply selfed; no attempt has been made to
isolate homozygotes.

R. L. Phillips and A. S. Wang
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Knobs in Kashmir maize

The source of the material for this study was a series of collections of Tocal
maize varieties from three districts (Anantnag, Pulwama and Baramulla) of Kashmir
Valley bearing the same varietal names. In all, fifteen varieties were collected,
out of which 4 were collected from Anantnag (Tripachi I, Tripachi III, Vozij IA
and Vozij IB), 7 from Pulwama (Tripachi II, Badeh Ila, Badeh IIB, Badeh IV,

Niver IVA, Mishri IIC, and Kani 1VB) and 4 from Baramulla (Tripachi VI, Badeh V,
Niver VA, and Ferozpur VB) districts. Out of these fifteen varieties, 4 are known
as Tripachi, 4 as Badeh, 2 as Vozij, 2 as Niver, 1 as Mishri, 1 as Kani and 1 as
Ferozpur.

The seed for cytological studies was sown during the year 1973 in the Regional
Research Laboratory (Branch), Sanat Nagar, Srinagar. On an average, five plants
from each variety were studied. However, in the case of Mishri only one nlant
could be studied. The material for cytological studies was fixed in a freshly
prepared mixture of 1:3 acetic acid and ethyl alcohol (96%) and then stored at Tow
temperature (4-7 C) until worked. Squash preparations were made in 2% acetocarmine.
Chromosome morphology was studied at the pachytene stage of meiosis.

Knob number within the varieties of a group showed a lot of variation. Knob
number in the Tripachi group varied from a low of 5 for Tripachi VI to a hiah of
23 for Tripachi II. In the Badeh varieties, there was also great variation. The
highest number of knobs (31) of all the fifteen varieties was observed in Badeh V.
Niver varieties did not show any difference between each other, but in Vozij
varieties, significant differences were observed. The former had 12 and 14 knobs
respectively, while the latter possessed 12 and 27. Mishri IIC, Kani IVB and
Ferozpur VB possessed 1, 19 and 8 knobs respectively.

The location of the knobs on the two arms was not the same in all the
varieties. This difference was of particular interest among the varieties of each
group. The short arm of chromosome 1 terminated in a knob in three of the four
Tripachi varieties, two of the four Badeh varieties and one of the two Niver
varieties. In Tripachi II, Tripachi III and Badeh V the Tong arm of chromosome 3
had more than two knobs, while Tripachi VI and Badeh IV were knobless in this
region. Another interesting feature noted from the knob location was that the
short arm of chromosome 1, 4, 7 and 9 ended with a terminal knob in nine, ten,
five and eleven varieties, respectively. Similar differences were noticed for
other chromosomes of other varieties also.

Taking into consideration the district and group data (Tables 1 and 2), the
following similarities/dissimilarities were observed. On the district level
(Table 1), Pulwama, Anantnag and Baramulla carried 29, 30 and 31 knobs respec-
tively while the distribution of knob number among five groups (Table 2) ranged
from 18 to 32.

Chromosome 1: The long arm of this chromosome bore three intercalary knobs--a,
b, and c--in all three districts with varying frequencies. Out of all the groups,
the Niver group had only one knob at position a, 3.2 u away from the centromere.
In others, three knobs were observed. Short arm knobs were observed in only two
districts (Anantnag and Pulwama). These knobs were 3.7 and 5.6 u, respectively,
away from the centromere. These knobs were missing from the Badeh and "others"
groups. However, a terminal knob on the short arm was present in all the groups
as well as in all three districts.

Chromosome 2: The knobs observed on the long arm from Pulwama were 3.5 and
5.0 u away from the centromere, while the other two districts had four knobs.
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Table 1. Average kncb number, frequency (in brackets) and
relative position (u) in fifteen local maize
Varieties grouped in three districts.

K n oobd D I & ®* H I ¢ = 8

locatiom Anantnag Pulvapa Baramulla
1 2.4 (9.4) o4 (16.4) 2,0 (49.0)
L 2.8 i 4.9 (24:2) i REY
1Le 7.0 (12.4) 6.7 (12.1) 7e1 (761)
s 3.7 3«3) 546 14-5) - 0)
157 Te0 (11,2) Ta3 (12,2) 6.9 (17.1)
211. 50‘ 11-2) 3‘!5 15.9) 3.5 23.5)
2Lb 3.8 ( 9.4) - Q) 4.5 ( Tal)
2Lo 4.3 (11,2) 5.0 (10,2) 5.8 (14,2)
2Ld 6.3 8.3) . 0) 5.3 14.2)
23a 3-3 1604) 3.2 25&1) 4.3 7.1
250 - 0 - o) 5.6 7.1
31. - 0 3.0 1302) "01 23.5
31b 5.9 (10.2) 4,8 (20.8) 4.9 ( Tl
3Lo o1 (18.4) 5.7 (9.0) Te0 (14.1)
35. 1 02 1‘.2) 2.‘ 8.1) 2.0 7.1
35 - (] - 0) Je4d ( Tal
4La 3.0 (11,2) 2,0 (20,0) 2.8 (17.0)
4Ly 4.9 (15,0) 3.8 (20.1) S5¢4 (17.0)
4Lo 5.7 (14.2) 4,9 (10.0) - 0)

43 - 0) - 0) 244 ( Ts1)
437 3.8 (22.5) 3.7 (14,8 T (60.7)
51‘ 2"'5 11 .2’ 2.9 33.6 2.9 “-7;
51n 4od (14,2) 4.5 (24.7) 5.2 (21.4
5Lo - 0) - Q) oT (21:4)
6La 4.3 (11,2) 4,3 (28,5) 3.0 (13:5)
6Lb 4.4 (16.6) 4.5 (21,1) Jed (21.4)
6Lo - ) - (0) 4.5 (7.1)
Tla 345 ( 9.8) 3.5 (12,2) 3¢5 (13.5)
Tin 4,2 ( B,3) 4.2 | Be4) 4.4 ( Te1)
Tor 2,0 19.7; 2,1 (14.2) 1.8 (50.0)
EI. 2.1 -7 304 17021 - o)
aLs 4.2 11.3% 4,7 (27.1) 4.5 (42.3)
9La 249 (15,4 21 (13,3) - 0)
9Lb Je2 (16.6) 3T (10.0) - 0)
g5 2,3 (31.7) 2.3 (20.7) 2,2 (37.1)
Towal knob number 30 29 n
1,2, aeesal0 - Chromosomse numbers.

a,0,cd = Different positions of inobs.

T - Terminal amob,

s - Short arwm.

L - Long ara

Badeh and Vozij groups had four internal knobs, while in Niver, "others" and
Tripachi groups ranged from one to three, respectively. No consistent trend was
observed in frequencies. Short arm knobs (a & b) observed on this chromosome from
Baramulla had the same frequencies (7.1). In the other two districts, one knob
was present on-this arm. This arm of the Niver group was knobless, while in
Tripachi, Vozij and "others" groups, one knob was observed with varying distances
from the centromere. However, the Badeh group had both these knobs.
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Table 2. Varietal average knob number, freguency (in
brackets) and relative position (u) in fifteen
local maize varieties.

Knobd GROUPS oFr YARIETIES
locatian Tripachi Badsh Vozij Niver Qthers
11a 245 (33.1) J3e3 (1349) 1e6 ( Ta7) 32 (24.5) 362 (28.5)
1Lb 4,3 (18.9) 6,1 Te1) 309 { Be3) = 0) 6e2 28.53
1lo 6.5 9-1 ) ?.‘ 7.1) 6-7 1606) - 0) 705 14.2
13 5.“ 20.0) i ) Y 8,3) 51? glo) - 0)
157 Te2 (10.8) 649 (13,3) 6.9 (11,2) 6.9 (20.0)
2La 305 (14.2) 2,9 (11.1) Je4 (Be 3; - 0
2Ly 3.7 (15.2) 4¢3 | 646) 38 ( Te7) = 0
2Lo 4e4 (14,2) 58 (14,2 4.2 ( 3.3) 4.2 (24,5)
214 - Q) 6.8 (14,2 6.3 { 8.3) = 0)
Sa - 0) 3.9 5.5 1.9 s.}) - 0)
25n 4.8 (28,5) 566 ( Tel) - 0) - )
3“ - 0) 3.5 11.1 2.6 803) 492 2‘.5)
31!‘3 4.1 10.3; ‘-9 7-1 - ) ‘-B 900)
3Lo 5¢5 (19,2 T.0 (14,1 6.6 ( 3:3) 5.7 ( 9.0)
Joa 1.6 (12,1) 2,3 ( 6. - ) - 0)
35b - 0) 3.4 L Tel - ) - 0)
41a 3.1 (10.8) 243 (13.4) 2.2 (11,2 1.1 (20.0)
4L 4.2 (12,1) = (o) o8 (15.4) - (0O
4Lo 4.9 (10,0) S5¢1 (10e1) 5«7 (14:2) 5.2 (20.0)
4S = 0 2,4 ( Te1) - ) =, 0)
45T 3.7 (45.2) 38 (13.9) 4.0 (19.6) 3.8 9.0;
5La o7 57.4; 3.1 (27.1) o3 ( 8e3) 27 (14,5
5Lb 4.4 . 446 (30.7) - 0) 4.0 (20.0)
5La - 0) 5.2 (21.4) - 0) - Q)
6La - Q) 304 (21.4) 3.2 ( 8¢3) 3.1 (19.0)
6Lb - Q) 45 ( Tel) 4ed ( 16.6) = 0)
6Lo 51 (1761) 4.7 (11,9) - (0) - 0)
Tla 3.2 (12,1 2,7 (11.9) 3a5 ( TeT) 2.7 (14,5)
TLb 3.6 (10.0) 4.3 ( 6.6) 462 0.3; 4.4 3-0)
T2 «0 (28.5) 2.0 (3241) 2,0 (15.4) = 0
ala 345 (39.4) - 2.6 «T) 340 (14,3)
8Lb o4 (40,0) 403(13.7) 4,2 (11.8) = (0)
91.8 .4 2- 2.1 L] J 1.9 15-5) 109 9.0)
91b 3T (10.0) S ) 3.2 (16,6) = 0)
ST 2.2 (45,0) 2,3 18.83 2,3 22.53 2.4 (34.5)
oL 2.0 (60,0) 2.1 (204 1.9 (25,0) = Q)
Total knobs 28 32 28 Ll:] 21
102, 3y sevasesll - Chromosome numbers.
8, by 90, d - Different positions of imobs,
T - Terminal kmob,.
S - Short arm
L a Long arm

Chromosome 3: The long arm had three knobs each from Pulwama and Baramulla.
In Anantnag, only two of these were observed. However, variations in their
respective distances from the centromere and also in their frequencies wene
observed. On the other hand, two knobs were observed in three out of the five
groups. The short arm of this chromosome carried two knobs (a and b) from
Baramulla, but only one was observed from Anantnag and Pulwama. This arm was
knobless in three of the five groups.
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Chromosome 4: Anantnag and Pulwama had three knobs on the long arm, while
Baramulla had only two. Tripachi and Vozij groups each had three intercalary
knobs, whereas in other groups two knobs were present. The short arm knob was
only seen in Baramulla and in the Badeh group. In addition to this, the short
arm of this chromosome ended in a terminal knob in all three districts and in all
the groups except in the "others" group.

Chromosome 5: On the long arm, Baramulla had three knobs, whereas in the other
two districts, two knobs were present. Their respective distances from the
centromere were somewhat similar. The Badeh group was the only group which had
three knobs, and Vozij the only one which had one knob. A1l the remaining groups
bore two knobs each.

Chromosome 6: The long arm knobs (a, b, and c) observed from Baramulla were
3.0, 3.4 and 4.5 u, respectively, away from the centromere; this arm of the
remaining two districts had two knobs each at 4.3, 4.4 and 4.3, 4.5 u,
respectively. One, two and three knobs were observed on this arm of Tripachi,
Niver, Vozij, "others" and Badeh groups, respectively.

Chromosome 7: Two intercalary knobs were present on the long arm in all three
districts, as well as in all groups, except the "others" group. Their relative
distances from the centromere were approximately equal. Except for the last two
groups, the short arm in all three districts, as well as in the remaining groups,
ended in a terminal knob.

Chromosome 8: The long arm of this chromosome possessed two knobs in Anantnag
and Pulwama at 2.1, 4.2 and 3.4, 4.7 u, respectively. On the other hand, this arm
from Baramulla had only one knob at 4.5 u. Three out of five groups (Tripachi,
Vozij and "others") bore three internal knobs, while the other two each had one
knob on this arm.

Chromosome 9: Both Anantnag and Pulwama had two knobs on the long arm. Their
respective locations were 2.9, 3.2 and 2.1, 3.7 u respectively. However, this arm
from Baramulla was knobless. Two out of the five groups possessed two knobs. In
others one knob was observed. A simple knob and a terminal knob were observed on
the short arm of all three districts, as well as in all five groups. The relative
positions of terminal knobs were approximately equal.

Chromosome 10: Except for the Niver group, the long arm of all three districts,
as well as the remaining groups, possessed-a knob. None of the varieties within a
group had a consistent knob number ahd frequency. On the group level the same
sort of variation existed. However, there was some consistency in the total knob
numbers among the three districts.

The relative position of the knobs on the two arms was not the same in all
varieties. This difference was observed among the five groups and also in the
three districts. However a few similarities were also noticed, e.g., knobs
present on the long arm of chromosome 7 were approximately at equal distances
from the centromere. Likewise, the long arm knobs on chromosome 5 were also at
more or less equal distances. The terminal knobs obsérved on the short arms of
chromosomes 1, 4, 7 and 9 had approximately equal relative position within the
five groups and also among the three districts for a particular chromosome.

P. N. Jotshi and K. A. Patel

STANFORD, CALIFORNIA
Stanford University

Leaf emergence in eleven inbred lines of maize

We have examined the expression of lesion mimic genes and nuclear genes
affecting plastid greening (ij, cm, jl, j2) in several inbred Tlines of maize.

These observations are complicated by two factors: (1) differences in leaf shape
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and coloration in the inbred Tines, and (2) inbred lines planted at the same time
have a different number of leaves when measurements on leaf characters are made
later in the season. This latter complication means that environmental influences
are not comparable for the xth leaf's emergence in the various lines. This past
summer we investigated why plants do not have the same number of leaves at
specific times during the growth cycle. Ten-seed families of A188, A619, B37,
K55, Ky21, Mol7, Mo20W, N6J, Oh51A, Tr, W23 and Wg were planted for three weeks
beginning May 17. The field was irrigated the next morning. Leaf number was
recorded three times per week for the second planting and once per week for the
first and third planting. Emergence was scored when at least 1" of leaf was
visible at the top of whorl; measurements continued until tassel emergence.
Surprising to us was the observation that all 11 inbred lines had an average leaf
emergence rate of 0.375 leaf per day beginning with the 5-6th leaf and continuing
for the rest of the season. Inbred Tines differed substantially in the amount

of time required to reach the 5th leaf stage. In the California environment at
least it should be possible to stagger planting dates to synchronize plants of
different genetic backgrounds to produce the 5th leaf, and hence all subsequent
leaves, on approximately the same day.

Carolyn Thum and Virginia Walbot

Copy number variation of repeated DNA in inbred 1ines of maize

We have been looking at the extent of copy number variation of repeated DNA
sequences in inbred lines of maize. The sequences are highly repetitive, repre-
senting 0.2 to a few percent of the genome. We have examined two transcribed
sequences (5S and rDNA), a sequence we believe to be a chromosome knob consti-
tuent, and various yrandom sequences whose expression and chromosome position we
do not yet know. The copy number of the sequences was measured by affixing equal
quantities of DNA isolated from 10 inbred Tines to nitrocellulose filters through
a slotted template, and then hybridizing the filters with nick translated probes
of cloned repeated DNA sequences. The intensity of hybridization, measured by
scanning the autoradiogram with a densitometer, is a measure of the relative copy
number. '

Each repetitive probe we have tested shows some copy number variation within
the set of inbred lines. The putative knob sequence is the most variable,
varying at least sixfold. Other repeated sequences vary in copy number between
two and fourfold. DNAs extracted from individual plants of a single inbred line
do not show any variation in hybridization intensity.

We find no evidence for a generalized control over sequence copy number.
Inbreds with very high numbers of some cloned sequences are on the low end of the
scale for others, and vice versa. Pairwise comparisons of the clones did not
reveal any more limited copy number coordination between them. Each inbred line
was also unique, both for the pattern of hybridization intensity for the various
probes and for the actual quantities of each repeat in the genome.

Carol Rivin and Christopher Cullis

Molecular correlates of cytoplasmic types

Cytoplasmic male sterile lines of maize are classified into three groups, T,
C and S, based upon which nuclear genes restore fertility (Beckett, Crop Sci. 11:
724; Gracen and Grogan, Agron. J. 65:654). While field tests lead to conclusive
classifications, they are time-consuming; therefore, efforts have been directed
toward finding reliable molecular markers of cytoplasmic types. Recently a rapid
classification method based upon the occurrence of low molecular weight mitochon-
drial DNA plasmids was proposed by Kemble and coworkers (Nature 284:565; Genetics
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95:451). These plasmids may be seen after mitochondrial DNA isolated from a few
seedling shoots is subjected to agarose gel electrophoresis without restriction
endonuclease treatment. Pring et al. (PNAS 74:2904) had previously shown that
mitochondrial DNA from S cytoplasms is readily distinguished by the prominent 6.2
and 5.2 kb linear S plasmids. Kemble et al. found that the mitochondrial DNAs
from T cytoplasms lack a 2.35 kb linear plasmid present in C, S and normal (N)
cytoplasms, and that C is distinguished by additional small plasmid bands of
approximately 1.57 and 1.42 kb.

In examining N, T, S and C cytoplasms in B37 (obtained from Pioneer), as well
as apparently normal cytoplasms from other inbred lines, we have found that
misclassifications may result if the small plasmids are used to determine cyto-
plasmic type. With B37, the 1.57 and 1.42 kb "C" plasmids were not observed;
hence, uncut B37C and B37N mitochondrial DNAs were indistinguishable. Following
restriction enzyme digestion, these DNAs were characteristically different. In
addition, the male sterility phenotype of B37C was confirmed by genetic tests in
the field. On the other hand, the 2.35 kb plasmid is clearly missing in B37T
plants and appears to be replaced by a smaller plasmid (approximately 2.2 kb).

When mitochondrial DNA from the fertile inbred Ky2l line was analyzed, it was
also found to lack the 2.35 kb plasmid and to have the smaller plasmid reported
to be characteristic of T mitochondria. Since Ky2l carries the nuclear restora-
tion genes for all tested T, C, and S male steriles, the possibility was raised
that Ky21 has T cytoplasm but is not sterile due to the presence of the dominant
Rfl and Rf2 fertility restoring genes. Genetic analyses will test this proposi-
tion: i.e., if Ky2l is cms-T and it is crossed by lines not carrying the nuclear
restorers, male sterility should be observed as Rfl and Rf2 segregate out. We
are currently testing F2 and backcross progeny from crosses between Ky2l and
B37N for sterile segregants. Other cooperators have not seen male steriles in
F2 progeny of Ky21 crosses with maintainer lines (E. Coe, pers. comm.).

We have tested Ky21 for two other molecular correlations with cytoplasmic
type: mitochondrial DNA restriction endonuclease digestion patterns (Pring and
Levings, Genetics 89:121) and mitochondrially synthesized protein profiles
(Forde et al., Genetics 95:443). The Ky21 mitochondrial DNA fragments resulting
from digestion with BamHI and Xhol are much more similar to those of B37N than to
B37T (or C or S). While several differences between B37N and Ky21 patterns
exist, Ky21l lacks all the B37 T-specific bands, including the 6.6 kb Xhol band
which has been strongly correlated with the cms-T trait (Gengenbach et al., TAG
59:161; MGCNL 56:140). Mitochondria “isolated from cms-T plants synthesize large
amounts of a 13,000 MW polypeptide, which is made only at very low levels, if at
all, by mitochondria isolated from other cytoplasmic types (Forde and Leaver,
PNAS 77:418). Tissue culture-induced fertiles originating from cms-T also
synthesize very reduced levels of this 13 kD polypeptide, which strengthens the
connection between its synthesis and the expression of the male sterility pheno-
type (Dixon et al. TAG 63:75). A preliminary study of protein synthesis in
isolated Ky21 mitochondria indicates that they do not synthesize elevated levels
of the T-associated polypeptide.

Thus, the cytoplasm associated with the Ky21 1ine would be classified as T on
the basis of the rapid test of undigested mitochondrial DNA, due to the absence
of a 2.35 plasmid. However, using restriction enzyme fragment and protein
synthesis markers, Ky2l would not be considered cms-T. If the Ky2l cytoplasm is
indeed normal, it suggests that, while the rapid test can give a useful prelim-
inary diagnosis (especially for cms-S), certain mitochondrial DNA restriction
enzyme fragments and mitochondrially synthesized polypeptides may be more
reliable molecular tools with which to discriminate between N and cms-T.

Kathleen J. Newton
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URBANA, ILLINOIS
University of I1linois

Developmental aspects of cytoplasmic reversion in cms-S

Cytoplasmic reversions to fertility in cms-S maize have been correlated with
the loss of freely-replicating S1 and S2 plasmid-like mitochondrial DNAs
(pImtDNAs) (Laughnan, Gabay-Laughnan, and Carison, 1981, Stadler Gen. Symp. 13:
93) and rearrangements of S1 and S2 sequences in high molecular weight mtDNA
(Levings et al., 1980, Science 209:1021). These results were obtained with Tines
established from individual cytoplasmic revertants and propagated for two or more
generations.

We have examined several tissues and developmental stages for the presence of
S1 and S2 pImtDNAs during the expression of cytoplasmic reversion. Plants were
identified in which revertant tassel sectors were large and included the ears
within the subtending plant sector. From such sectored revertants, crude mito-
chondrial lysates were prepared using tissue of both sterile and fertile tassel
from the same plant. The mitochondrial lysates were electrophoresed into agarose
and the gels stained with ethidium bromide. S1 and S2 pImtDNAs were detected by
fluorescence in samples from both sterile and revertant (fertile) tassel sectors,
after electrophoresis. That is, cytoplasmically reverted tassel sectors still
carried free S1 and S2 at relatively high copy number.

S1 and S2 pImtDNA levels were also assayed in seed from ears included within
large cytoplasmic revertant sectors. These ears had been fertilized with pollen
from maintainer plants, and seeds throughout the ear had been subsequently
confirmed to carry fertile cytoplasm. Dry seeds were powdered, mitochondria
extracted and crude lysates electrophoresed into agarose. S1 and S2 were visible
by fluorescent staining in only 2 of 11 revertant seed samples. Remarkably,
however, after blotting the gels to nitrocellulose and hybridizing with nick-
translation labelled S2 probe, S2 plasmid was detected in all of the seed samples,
albeit at various Tevels.

Whereas S1 and S2 plasmids in first generation revertant seed are contributed
maternally, they were not found in male gametes of revertants. When mtDNA samples
were assayed by Southern hybridization using an S2 probe, pollen from fertile
cytoplasmic-revertant sectors showed no S2 hybrid band, just as with "N" pollen,
while the S2 hybrid band was detected in mtDNA from cms-S nuclear restored pollen.
This indicates a block in transmission of the S1 and S2 plmtDNAs through micro-
sporogenesis in revertant tassels.

In the first and second generations of lines propagated from cytoplasmic
reversion mutants, seedlings were assayed for S1 and S2 DNAs both by fluorescent
staining and Southern hybridization. S1 and.S2 were not detected in m1tochondr1a
of several assayed revertant lines following propagation.

It appears that a strict causal relationship cannot be drawn between the
presence of autonomous S1 and S2 pImtDNAs and the cms-S phenotype in maize. The
vegetative tassel tissues of cytoplasmic revertants still carry the S1 and S2
plasmids at relatively high Tevels. S1m1]ar1y, R1 and R2 plmtDNAs have been
observed in fertile South American maize races (Weissinger et al., 1982, PNAS USA
79:1). The basis for cytoplasmic reversions to fertility in cms-S maize is not a
mutation affecting an all or none control over S1 and S2 pIlmtDNA Tevels. The
continued presence of S1 and S2 in seed from revertant sectors suggests that,
concomitant with the reversion event, replication of S1 and S2 ceases, but a
finite number of cell divisions is required to dilute the remnant S1 and S2
levels. The stability of S1 and S2 after replication stops may be the result of
covalently bound terminal prote1ns on these plasmids (Kemble and Thompson, 1983,
in press). In microsporogenesis, blockage of transmission of non-replicating DNAs
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might explain the absence of S1 and S2 plasmids in pollen from revertant sectors.
Further studies are to be attempted with isolated endosperm and embryo mtDNAs of

cytoplasmic revertant seed to learn more about post reversion transmission of S1
and S2.

John E. Carlson,* Aubrey Miller, Susan Gabay-Laughnan, and John R. Laughnan
*JEC is currently at Kansas State University, Manhattan, Kansas

The induction of micronuclei in root tip cells

Early-Early Synthetic (a rapidly maturing maize inbred) is being calibrated
with physical and chemical mutagens to investigate the kinetics of mutation
induction and as a monitor for environmental genotoxins. The genetic events under
evaluation are forward mutation at the wx locus in pollen grains, forward mutation
at the yg2 locus in Teaves and chromosome aberrations resulting in micronuclei in
root tip cells. Micronuclei are formed from acentric fragments, lagging chromo-
somes or multicentric chromosomes connected by bridges. A micronucleus test in
root tip cells of Vicia faba has been developed by Degrassi and Rizzoni (1982,
Mutation Res. 97:19-33).

Kernels heterozygous at the yg2 locus were surface sterilized by soaking in a
0.5% sodium hypochlorite solution for 5 min. Thirty-three kernels per group were
soaked for 72 hr in aerated distilled water at 20 C. The kernels were treated for
8 hr at 20 C with aerated solutions of ethylmethanesulfonate (EMS). The concen-
trations tested were: 0 (control), 1 mM, 10 mM and 20 mM EMS. Following treat-
ment, the kernels were rinsed for 30 min in running tap water and three kernels
each were planted in soil in 10 cm diameter plastic pots. The pots were placed in

Table 1. Induction of Micronuclei in Root Tip Cells After
Acute EMS Treatment (MCN/Wo. Cells Analyzed)

Sampled 5 Days After Flanting

Slide No. Control 1 mM EMS 10 mM EMS 20 mM EMS
1 1/1042 3/1038 1/1033 4/1028
2 0/1074 1/1009 2/1054 4/1018
3 0/1062 1/1054 3/1056 2/1022
4 0/1043 0/1033 2/1039 1/1031
5 0/1061 1/1036 2/1045 3/1062

TOTAL 1/5282 6/5170 10/5227 14/5161

MCN erq.

(x10™) 1.89 11.61 19.13 27.13

Probability P<0.048 P<0.004 P<0.004

Sampled 9 Days After Planting

Slide No. Control 1 nM EMS 10 oM EM5 20 mM EMS

1 0/1015 0/1052 3/1080 0/1043
2 0/1035 0/1071 0/1119 1/1053
3 0/1087 1/1039 0/1126 2/1059
4 1/1040 0/1048 2/1047 0/1030
5 3/1047 0/1034 0/1082 0/1031
TOTAL 415224 1/5244 5/5454 3/5216
MCN erq.
(x107%) 7.66 1.91 9.17 5.75
Probability NS NS NS

NS # Not Significant.
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a plant growth chamber at 20 C with a 17 hr photoperiod. Root tips were cut from
each group 5 and 9 days after planting and placed in a fixative of ethanol and
acetic acid (3:1 v/v). The root tips were fixed overnight. For analysis, the
root tips were rinsed in deionized water and placed in 1 M HCl at 60 C for 7.5
min. The root tips were rinsed again and placed in Feulgen stain for 1 hr
followed by a 5% pectinase treatment for 1 hr. Slides were made by squashing the
root tips in Feulgen stain. The number of interphase cells counted on each slide
was approximately 1,000 and five slides were analyzed from each control or treat-
ment group.

The results are presented in Table 1, After 5 days, the micronucleus
frequencies for all treatment groups were significantly higher than the control.
The concentration of EMS and the induction of micronuclei are highly correlated
(r = 0.94) and the dose-response curve exhibited linear kinetics (Figure 1).
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Figure 1

After nine days, the micronucleus frequencies of the treatment groups were not
different from the control. The decrease in the frequencies in the treatment
groups may be due to two causes, cell death due to gross chromosomal aberrations
and the eventual disappearance of micronuclei by the action of cytoplasmic
nucleases and proteases. It is interesting to note that the control frequency of
9 days is four times greater than the control frequency of 5 days. There may or
may not be an age factor in the spontaneous frequency of micronuclei. However,
this demonstrates the importance of conducting concurrent controls with all exper-
iments.
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The advantages of the micronucleus test in maize root tip cells are many. It
is a relatively easy assay that can be conducted under acute or chronic exposure
regimens. It is sensitive to acute treatments with a classic mutagen, EMS.
Experiments are currently underway to simultaneously investigate the relation-
ships between forward mutation at the wx and yg2 loci and chromosome aberrations
using identical plants. (This research was funded, in part, by NIEHS Grant No.
£S01895 Gen.)

Elizabeth D. Wagner and Michael J. Plewa

Forward mutation at the yg2 locus induced by N-ethyl-N-nitrosourea

Induction of forward mutation at the yellow-green-2 (yg2) locus in Zea mays
has been used as the genetic endpoint in mutation studies examining both physical
and chemical mutagens. The yg2 assay has proved to be a rapid, inexpensive, and
sensitive assay in screening agents for mutagenic activity. We have used the yg2
assay to study the kinetics of mutation induction following acute exposure to
N-ethyl-N-nitrosourea (ENU). ENU i< mutagenic in higher plants and animals. ENU
is a monofunctional alkylating agent and was found to be the most potent chemical
mutagen in the Mouse Specific Locus test (W. L. Russell et al., 1979, Proc. Natl.
Acad. Sci. USA 76:5818).

Kernels heterozygous for yg2 were surface sterilized for 5 min in a 0.5%
solution of sodium hypochlorite and rinsed for 10 min in running tap water. The
kernels were soaked in aerated distilled water for 72 hr at 20 C. This allows
the kernels to become metabolically active, completing one DNA replication during
this period. Subsequently, the kernels were treated for 8 hr in various concen-
trations of aerated solutions of ENU at 20 C. A concurrent control of distilled
water was also included. Following treatment the kernels were rinsed in running
tap water for 30 min and were planted in soil in 10 cm plastic pots. The pots
were placed in a plant growth chamber at 20 C with a 17 hr photoperiod
(300 uE m-2 sec-1 PRR). Between 20 and 25 days after planting, leaves four and

Table 1. Forward Mutationm at the yg-2 Locus
Induced by ENU

Experiment ENU No. Leaf X + SE No. Leaf X + SE
Number Conc. 4 Scored 5 Scored
1002 0 38 0.08 + 0.06 36 0.06 + 0.04
1002 107 uM 20 0 18 0.28 + 0,11
1002 535 uM 26 1.12 + 0,25 23 0.0% + 0.06
1002 2,14 oM 24 4.29 + 0.58 10 2.00 + 0.42
1002 21.4 mM - Toxic - Toxic
1004 0 18 0.18 + 0.09 29 0.07 + 0.07
1004 535 uM 27 0.70 + 0.20 29 0.21 + 0.08
1004 1.07 mM 26 2,00 + 0.32 26 0.08 + 0.05
1004 2.14 mM 19 4.63 + 0.87 21 1.13 + 0.40
1004 10.7 mM 24 14,37 + 1.29 23 5.17 + D.64
1005 0 24 0.29 + 0.13 24 0.04 + 0.04
1005 1 mM 23 2.22 + 0.37 23 0.35 * 0.12
1005 2 oM 21 3.19 = 0.45 21 0.62 + 0.13
1005 3 mM 31 6.32 + 0.95 30 1.37 + 0.29
1005 4 oM 17 6.82 + 1.30 17 2.12 + 0.40
1005 5 mM 19 11.68 # 1.33 19 3.95 =+ 0.52
1006 0 14 0 15 ]
1006 750 uM 3B 0.58 + 0.13 kL] 0.08 + 0.04
1006 1 mM 16 1.50 + 0.29 16 0.3l + 0.12
1006 2 mM 10 1.90 + 0.64 16 0.38 + 0.18B
1006 4 mM 14 3.71 + D.62 15 1.00 + 0.28
1006 5 mM 15 6.20 + 0.8B9 14 2.07 + 0.49
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five were excised and scored for yellow-green sectors using a fluorescent light
box to illuminate the leaves. Only sectors greater than 1 mm in length were
counted. The mean frequency of mutant sectors per leaf was calculated for leaves
four and five at each concentration of ENU. These data are presented in Table 1.
The data indicate that concentrations of 535 uM ENU or greater induce a

significant increase in the frequency of mutant sectors over control values. The
data from four experiments were compiled and exhibit Tinear kinetics for mutation
induction for leaves four and five (Figure 1). The slopes of the dose-response
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curves for leaves four and five were 1.40 and 0.50, respectively. The induction
of forward mutation at the yg2 locus is highly correlated with the concentration
of ENU for both leaves (r = 0.97). Clearly, ENU induces forward mutation in
somatic cells of maize. (This research was funded, in part, by NIEHS Grant No.
5 RO1 ES01895 GEN.)

William E. Schy and Michael J. Plewa

Induction of forward mutation at the yg2 locus by gamma radiation

We conducted an investigation using the ye]low -green-2 (yg2) locus as the
genetic endp01nt for the induction of mutation in somatic cells following
exposure to ionizing radiation. The purpose of this research was to determine
the sensitivity of the yg2 locus to ionizing radiation and to develop a standard
for use in comparing genetic damage induced by chemical mutagens.

Maize plants heterozygous at the yg2 locus have a normal green phenotype. Loss
of the dominant allele (Yg2) by point mutation or a chromosome break will allow
the expression of the recessive yg2 allele as a yellow-green sector in the leaf.
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The fourth and fifth leaves are scored in this assay. Dormant maize embryos
contain 1,500 primordial cells for leaf four and 250 primordial cells for leaf
five (H. H. Smith and H, H. Rossi, Rad. Res. 28:302).

Kernels heterozygous at the xgg_1ocus were used in these experiments. The
kernels were surface sterilized by soaking for 5 min in a 0.5% sodium hypochlorite
solution and rinsing for 10 min in running tap water. For each treatment group
33 kernels were soaked for 72 hr at 20 C in aerated distilled water. This
procedure allows for one cell division to occur, thus the target population size
is approximately 3,000 and 500 cells for leaf four and five, respectively
(B. V. Conger and J. V. Carabia, 1977, Mut. Res. 46:285). The kernels were
treated by exposure to 137Cesium in a J. L. Shepard irradiator. The radiation
doses were: 0 (control), 50, 100, 250, 500 and 1,000 rads of gamma radiation.
Following treatment, the kernels were planted in soil in 10 cm diameter plastic
pots, three kernels per pot. The pots were placed in a plant growth chamber at
20 C with a 17 hr photoperiod (300 uE m-2 sec-l PRR) for 20 to 25 days. The
fourth and fifth Teaves were scored for the presence of yellow-green sectors with
a minimum length of 1 mm. A fluorescent light box and magnifying Tens were used
as aids in scoring.

The results of the experiments are presented in Table 1. The data are
expressed as the mean number of yellow-green sectors per leaf four or leaf five.

Table 1. Forward Mutation at the yg-2 Locus
Induced by Gamma Radiatiom

Experiment Gamma No. Leaf x + SE No. Leaf x + SE
Number Rads 4 Scored 5 Scored
4625 0 30 0.13 + 0.06 30 (]
4625 100 2 0.65 + 0.13 32 0.10 + 0.05
4625 250 32 3.75 + 0.29 32 0.50 + 0.13
4625 500 32 9.19 ¥ 0.58 a2 1.22 + 0.16
4625 1000 Toxic —— Toxic @ =
4629 0 32 0.09 + 0.05 32 0
4629 50 30 0.60 + 0.13 30 0.07 + 0.05
4629 100 33 1.48 + 0.23 33 0.39 = 0.11
4629 250 a2 4,19 + 0.54 32 1.06 + 0.17

The variance within each group is expressed as the standard error (SE) of the
mean. The data for leaves four and five are separately compiled and plotted in
Figures 1 and 2. The primordial cells of both leaves are very sensitive to
mutation induction by gamma rays.

For leaf four, the frequency of yellow-green sectors per leaf ranged from a
mean of 0.11 + 0.04 for the control to 9.19 + 0.58 for kernels exposed to 500
rads. A radiation dose of 1,000 rads extensively damaged the leaves and they were
unscorable. The dose-response curve for leaf four exhibited linear kinetics,
especially within the range of 0 to 250 rads (Figure 1). The induction of
yellow-green sectors and the dose of gamma were highly correlated (r = 0.97).

The frequency of yellow-green sectors per leaf for leaf five ranged from O for the
control to 1.22 + 0.16 for kernels exposed to 500 rads. As in the case of leaf
four, a dose of 1,000 rads severely damaged the fifth leaf of the plants.
Although the mean frequency of sectors per leaf five was considerably Tower than
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leaf four, the dose-response curve exhibited Tinear kinetics throughout the dose
range analyzed (Figure 2). The induction of leaf sectors and the radiation dose
were highly correlated (r = 0.98).

The yg2 locus is a sensitive and a relatively rapid assay for studies in
environmental mutagenesis involving higher organisms. The data on gamma radia-
tion presented here shall serve as a standard to compare the effective mutagen-
icity of chemical agents. (This research was funded, in part, by NIEHS Grant No.
ES01895 GEN.)

Patrick A. Dowd and Michael J. Plewa

Induced forward mutation at the yg2 lTocus and a comparison with the ABCW
relationship

The rates of mutation induced by ionizing radiation differ greatly among
organisms. The induced specific locus mutations per locus per rad ranges from
1 x 10-9 in bacteria to 5 x 10-6 in angiosperms. In 1973 Abrahamson, Bender,
Conger and Wolff (Nature 245:460) discovered a direct correlation between
radiation-induced mutation and the DNA content per haploid genome. This correla-
tion has been commonly referred to as the ABCW relationship. Their survey of the
literature encompassed data from prokaryotes, Tower eukaryotes and higher
eukaryotes. The ABCW relationship suggests that it is the nucleus, not the gene
locus, that determines the size of the target for mutation. J. A. Heddle and
K. Athanasiou (Nature, 1975, 258:359) suggested three explanations for the ABCW
relationship. These are: (1) the target for mutation is proportional to the
haploid DNA content of the nucleus, (2) the DNA repair efficiency is inversely
proportional to the genome size, and (3) the size of the mutational event is
proportional to the size of the genome. The concept of the ABCW relationship has
been the subject of controversy. Schalet and Sankaranarayanan doubt that the
relation is valid (Mutation Res., 1976, 35:341; Mutation Res., 1978, 49:313).

We compared the rate of forward mutation in maize induced by ionizing radia-
tion with the ABCW relationship. Mutation was induced at the yellow-green-2
(yg2) locus with gamma radiation. Kernels heterozygous at the yg? locus were
soaked for 72 hr in aerated distilled water at 20 C. The kernels were irradiated
with various doses of gamma rays. The kernels were planted and yellow green
sectors were scored in leaves four and five. The doses of gamma radiation used
were 0 (control), 50, 100, 250, and 500 rads. The response in this dose range in
terms of the mean frequency of yellow green sectors per Teaf four was 0.11, 0.60,
1.06, 4.00, and 9.19, respectively. The mean frequency of sectors for leaf five
was 0, 0.07, 0.23, 0.78, and 1.22, respectively. A complete discussion of the
experiment is presented in the accompanying note by Plewa.

In these experiments and in the interpretation of the dose response data we
make the following assumptions. (1) A yellow green sector is the result of the
loss of the Yg2 allele. The term "forward mutation" is used to describe the
Toss of the phenotype of the dominant allele (Yg2). We realize that this may be
due to a terminal deletion on chromosome 9 that includes the yg2 locus or to a
true point mutation at the yg2 locus. (2) A single yellow green sector is due to
a single mutational event, (3) The number of targets for mutation (loci) is
equal to the number of cells in the leaf four primordium (3,000) and Teaf five
primordium (500) at the time of jrradiation.

From the above data we calculated the induced forward yg2 mutations per locus
per rad (m) according to equation (1).

m = Si/No)(r) (1)
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where Si is the frequency of induced mutant sectors, No is the number of target
or primordial cells for a specific leaf at the time of irradiation, and r is the
dose of gamma rays in rads,

The frequency of induced mutant sectors was calculated by equation (2).

$: =8, « 8§ (2)

where St is the mean frequency of mutant sectors per specific leaf at a specific
dose of radiation and S¢ is the mean frequency of sectors per leaf from the
relevant control (0 rads).

The induced mutant sectors per Tocus per rad for leaves four and five for each
dose of radiation are presented in Table 1. The mean and standard error of the
mean of yg2 mutations per locus per rad was calculated to be 4.5 + 0.5 x 10-6.
Note that the calculated mean m values for leaf four and leaf five were very
similar (4.4 x 10-6 and 4.6 x 10-6, respectively).

Table 1. Induced yg-2 Mutant Sectors Per Locus Per Rad
for Leaf Four and Leaf Five at Various Doses of Gamma Radiation

Leaf Rads (m)

No. Hutations!&gcus/kad
(x 1077)

& 50 3.3
4 100 3.2
4 250 5.2
& 500 6.0
5 50 2.8
5 100 4.6
5 250 6.2
5 500 4.9

Mean m value + SE for leaf four = 4.4 + 0.7 » 1076
Mean m value + SE for leaf five = 4.6 + 0.7 x 1'!)‘_6

Mean yg-2 mutations/locus/rad = 4.5 # 0.5 x 1076

We compiled data from the papers of Abrahamson et al. (1973) and Heddle and
Athanasiou (1975) and replotted the haploid DNA content vs. forward mutation per
Tocus per rad (Figure 1). The correlation expressed graphically in Figure 1 is
the ABCW relationship. To determine if the ABCW relationship was supported with
the data we obtained on induced mutation at the yg2 Tocus by gamma radiation, we
plotted the position for maize. The DNA content per haploid genome of maize is
5 x 1012 daltons and the mean m value for the yg2 locus is 4.5 x 10-6,

In Figure 1 two points are plotted for maize, one that includes the data for
50 to 500 rads and one that includes the data from 50 to 100 rads only. The best
fit of a curve that represents the relationship between the mutation rate and the
size of the haploid genome was demonstrated by the method of least squares on the
Togarithms of the data. The curve represents a fit to the equation y = axP where
y 1s the mutation rate and x is the size of the genome. The curve plotted in
Figure 1 has the parameters of a = 1.15 x 10-18 mutations per locus per rad per
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Figure 1

dalton and b = 0.93. The coefficient of determination of linearity (r2) is 0.89.
The maize data (50 to 500 rads) were included in this fit of the curve.

The deviation of the point for maize is obvious. This may be due to a number
of factors. The data used by Abrahamson et al. were based on X-ray induced
mutations, while our data were generated with gamma rays. Since the LET and RBE
for X and gamma rays are similar we believe it reasonable to plot the maize data
in this comparison. The loss of the dominant phenotype, green leaf, in a yellow
green sector can be due to a point mutation or to a chromosome deletion. The data
for maize involve both events. It would be interesting to speculate how much the
point for maize would be Towered if it was possible to differentiate the sectors
that were due to chromosome deletions that included yg2 and point mutations at the

g2 Tocus. Finally, it must be stressed that all of the points represented in
1gure 1 were derived from the literature, while the maize data were generated as
an experimental test of the ABCW relationship.

We conclude that the data generated at the yg2 locus with ionizing radiation
support the ABCW relationship. This indicates that induced mutation rates
observed in angiosperms may not be significantly higher when compared to other
organisms if the number of target loci and the haploid DNA content per cell are
considered. (This research was funded, in part, by NIEHS Grant No. ES01895 GEN.)

Michael J. Plewa, Patrick A. Dowd,
William E. Schy and Elizabeth D. Wagner
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Opaque 9 is tentatively located to the long arm of 5

The Maize Genetic Cooperation Stock Center has a continuing program to screen,
allele test, locate to chromosome and map new potentially useful genetic markers,
A series of opaque candidate stocks was tested this past summer using the TB
series. As a result of these tests opaque-9 has been tentatively located to the
long arm of chromosome 5. Additional confirmatory tests will be run next summer.

Gilbert B. Fletcher

VICTORIA, BRITISH COLUMBIA, CANADA
University of Victoria

a3 - shrunken linkage

A plant segregating a shrunken phenotype 'appeared' in our a3 stocks and gave
the following segregation values on self-pollination and backcrossing to a3 (all
plants A A):

A3 sh/a3 sh selfed-- 3 A3/~ sh sh : 9 A3/~ Sh sh : 2 A3/ Sh Sh;
3 a3 a3 Sh sh : 3 a3 a3 Sh Sh

a3 a3 Sh Sh x A3 sh/a3 Sh-- 8 a3 Sh/a3 Sh: 1 a3 Sh/a3 sh: 6 A3 sh/a3 Sh :
4 A3 sh/a3 sh
The data indicate approximately 26% recombination between a3 and the shrunken

locus. We assume that the shrunken is shrunken-2 and have made crosses with a
for confirmation.

E. Derek Styles

WALTHAM, MASSACHUSETTS
Suburban Experiment Station, University of Massachusetts

Pointed kernels, embryo-endosperm competition and oil content

The pointed shape of kernels is controlled by a single gene within a complex of
genes on chromosome 4 that is important in separating the ears of teosinte and
maize (P. C. Mangelsdorf and W. C. Galinat, 1963, MNL 37:30-31). Pointed kernels
will fit snugly into either an elongate fruit case, as in Guatemalan teosinte, or
a pod corn enclosure, Pointed kernels also have a higher embryo/endosperm ratio.
Because corn o0il is extracted chiefly from the embryo, the pointed kernel trait
may be economically important in breeding for increased oil content. The longer
embryos may have evolved in annuals (e.g., Palomero Toluqueno maize) as an adapta-
tion to cool climates requiring a head start by rapid germination and early leaf
display.

Walton C. Galinat

The efficiency of the Megasort 6 Machine from Geosource in separating white and
yellow kernels within inbreds MA-400 and IL-677a

The physical basis for using the close linkage of the y (white endosperm) and
ms (male sterile) genes to eliminate detasseling in the production of hybrid seed
depends upon the ability of a seed sorter to separate white from yellow kernels,.
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About 4.6 1bs of hand-pollinated MA-400 segregating ca. 50% y ms, and about
2.4 Tbs of IL-677a segregating ca. 50% y ms, were run by Mr. Al Rodriguez of
Geosource in Houston, Texas through their Megasort 6, 7-ring light machine, at the
rate of 250 1bs per hour. In each case, the kernels sorted as white (y ms) by the
machine still carried 6 to 7% of the most pale yellow kernels. Apparently the
machine can be adjusted to remove more of the yellow. It is significant that no
white kernels were observed in the yellow and there was a slight deficiency in
yellow kernels (46% instead of 50%). Also, if the sorted white kernels were sent
through the machine a second time with the kernels in different positions, it
would probably remove the balance of the yellow kernels. That is, if the electric
eye just sees the white scutellum of a yellow kernel, it may respond as if the
kernel were white.

The following data on the efficiency of the Megasort 6 operation were obtained
by hand-picking the white for yellows accepted in error by the machine:

W00 677a
Total machine-sorted as white 4390 3488
Yellows accepted as white 268 262
Percent efficiency of machine 94 93

During the backcrossing of the y ms segment into a given inbred, selection must
by practiced to insure good color contrast. For some inbreds with dingy pericarp
color (such as C-13) it is difficult to get acceptable contrast.

The y ms system seems ready to be put into use, at least as an alternative
means when all sterile cytoplasms fail. In addition to various y ms sweet corn
inbreds, B73 and MO-17 have been converted to y ms. They are in the hands of seed
producers (Pioneer, Acco & Funks). .

Walton C. Galinat

Pale blue aleurone as a tracer for multiple aleurone under two-celled pericarp

When aleurone color is intensified by a thicker and/or multiple-celled
aleurone, it may be used to facilitate transfer of this trait by reducing the
tedious task of sectioning hundreds of kernels. We selected a recessive pale
blue aleurone color that will serve this purpose. This is important to us
because we are attempting to recombine the two-celled pericarp, derived from
teosinte, with a thick multiple-celled aleurone, from the race Coroico of South
America, in an acceptable sweet corn background. The teosinte-type pericarp is
lethal in a typical maize background with a single-celled aleurone. The pericarps
split in the early milk stage and the kernels are soon destroyed by mold. But the
teosinte pericarp is coadaptive with the thick aleurone, which substitutes for it
in terms of containing turgor pressure from the endosperm.

Typical North American corn has a pericarp from 7 to 20 cells thick, although
in certain extra tender sweet corn (Hayes White) it may be only 5 or 6 cells
thick, or in high expansion popcorn 30 or 40 cells thick. But in the wild
ancestor of corn the pericarp is only two cells thick because it has reinforcement
from the superstructure of a fruit case. In Coroico of Bolivia and Peru, the
thick aleurone apparently evolved when an early domesticate from teosinte, still
with a thin pericarp, started down an independent pathway of a system allowing
kernel expansion. Coroico has a pericarp often 3 or 4 cells thick with an
aleurone of equal or greater thickness.

Walton C. Galinat, Josephine Starbuck and Chandra V. Pasupuleti
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Is the heterosis of the Corn Belt Dent derived from the interspecific vigor of
independent domestications of Mexican and Guatemalan teosinte?

Since the early studies of H, A. Wallace and W. L. Brown, of E. Anderson, of
G. S. Johnston and others, the heterosis of Corn Belt Corn has been shown
repeatedly to stem from combining Northern Flint-1ike inbreds with Southern
Dent-1ike ones.

There are a number of floral and cytological traits that seem to associate the
Northern Flints with Guatemalan teosinte on the one hand, and the Mexican
teosintes with the Southern Dent on the other. The Northern Flints and Guatemalan
teosinte have reduced floral condensation, flat staminate glumes and Tack internal
chromosome knobs. The Southern Dents and the Mexican teosintes have a higher
level of floral condensation, round staminate glumes and internal chromosome knobs.
There are several objections to this new hypothesis which I cannot at present
explain, but this does not mean that the hypothesis is invalid. Rather, the
objections may reflect inadequate information. The Guatemalan teosinte has
terminal knobs unknown in corn--its Northern Flints included. Certain of these
terminal knobs (or large chromomeres) are known to extend the length of the
chromosome over its homologue in corn (C. V. Pasupuleti and W. C. Galinat, 1982).
But why and how should such knobs be shed during an origin of the ancestor of the
Northern Flints? Is a primitive form of Nal Tel such a domesticate of Guatemalan
teosinte and the ancestor of the Northern Flint? Where is the archaeological
record of such origin by domestication? The early archaeological record is
incomplete, if not absent, but it may be discovered.

Walton C. Galinat

Coadaptation of cupule, kernel type and kernel row number

There are a series of multiple alleles for degree and induration of cupule
development on the short arm of chromosome 4. As reported in MNL 56:163-164,
the type of cupule has become coadaptive with kernel type in terms of spatial
accommodation. Hard kernels, which do not shrink significantly on drying, will
fly off from a soft cob that shrinks about 10% as it dries. Thus, large, hard
kernels are coadaptive with hard cobs. Because of the transfer of cupule
function involved, the cupule of teosinte has been retained in maize these last
8,000 years since domestication.

But the cupule is not now needed in sweet corn and other defective endosperm
types with kernels that do shrink at least 10% on drying. In fact, a soft cob
resulting from cupule reduction becomes coadaptive with defective kernels so that
the cob will shrink along with the kernels, which thereby do not shatter by
becoming too loose. Furthermore, the physical space required by the cupule at
higher kernel row numbers promotes objectionable fasciation. By removing the
cupule with the cupuleless allele on chromosome 4, we may expect to increase
kernel row numbers in sweet corn to 40 or more without fasciation.

Walton C. Galinat and Ann E. Kennedy

The longevity of corn seed in cold storage

The oldest of the Mangelsdorf collection of Latin American corn seed, now about
40 years in cold storage in sealed glass bottles held at 40 F, appears to be
dying off at a slightly higher rate than the 35-year-old seed stored in the same
way. We had not expected this seed to live indefinitely and it is important to
know how soon 1ife begins to taper off.
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Germination Percent from 4 Good Kernels

Age 0 25 50 75 100 Total
40 yrs 37 16 18 8 22 51
35 yrs 17 20 21 26 15 143

Because of the shortage of this precious seed, no further germination tests
are planned. We have sent 1,792 samples of 5 kernels each to Dr. M., M. Goodman of
North Carolina State University. He will attempt to increase the seed by hand
poltination in Florida this winter.

Walton C. Galinat and Josephine Starbuck

Panicle vs. spike as secondary sex traits of tassel and ear

The normal structure of the tassel is that of a panicle, and that for the ear
is a spike, because this is the most efficient arrangement for their sexual
functions. But as most corn breeders are aware, certain variants have a single-
spike tassel and a branched or panicle-type ear. Usually such variants retain
the normal structure in one of the unisexual inflorescences and just extend this
structure into that of the other sex. We have intercrossed the spike-tassel type
with the panicle ear type to determine if through recombination we can obtain a
reversal in sex programming for inflorescence structure.

Walton C. Galinat

WALTHAM, MASSACHUSETTS
Suburban Exp. Stn., Univ. Mass.
FREDERICK, MARYLAND

USDA-ARS

Resistance to Cercospora zeae-maydis in the Al58 teosinte derivative carrying
chromosomes 1, 7 and 9 from Durango teosinte

Results from inoculating the A158 teosinte derivatives developed many years ago
by Mangelsdorf show that the A158 Dur 1, 7, 9 stock carries a high level of
resistance to Cercospora zeae-maydis, gray leaf spot disease. The Al158 control
and the various other teosinte derivatives were all highly susceptible. We
assume that the resistance factor was introduced on one of the three chromosomes
transferred from Durango teosinte. Although this teosinte is apparently now
extinct, the maintenance of its Al58 derivatives at Waltham has allowed its
post-mortem contribution.

In order to identify which of the three chromosomes carries the resistance gene,
we have crossed the Dur 1, 7, 9 derivative with the WMT marker stock. The F2
populations will be screened by Frances Latterell using the P p (red vs. white
cob) marker for chromosome 1, the G1 g1 (non-glossy vs. glossy seedling) for
chromosome 7 and Wx wx (non-waxy vs. waxy endosperm) for chromosome 9.

Walton C. Galinat and Frances M. Latterell
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ADDENDUM

BALTIMORE, MARYLAND
Carnegie Institution of Washington

Notes on cloning maize DNA

The Tlambda-1059 strain (J. Karn et al., PNAS 77:5172-5176, 1980) and its more
recent EMBL derivatives (A.-M. Frischauf, H. Lehrach, A.-M. Poustka and N. Murray,
in preparation) are in widespread use as cloning vectors. The E. coli Q358 strain
(r-k, m*k, Su*rr, 80R) is generally used as the permissive host for phage
propagation, and the P2 lysogens Q359 (r-k, mtk, Sutiy, 80R, P2) or Q364
(r-k, mtk, Su*pp, delta-lac-pro, P2) are used as the selective hosts for detection
of recombinant phage (J. Karn et al., 1980). 1 have consistently found that
phage constructed in vitro using purified Eco RI-cut arms of the EMBL4 vector, and
either total Eco RI-cut maize DNA or maize EcoRI fragments in the 15-25 kb size
range, plate much Tess efficiently on Q358 or Q364 than on other E. coli strains
permissive for lambda replication. The data in Table 1 show the results of such

TABLE I

Relative plating efficiency, in p.f.u./ug phage-equivalent DNA,

of recombinant A phage

DNA E. coli strain
Experiment 1 Q358 Q364 K803
RI EMBL4 arms, 15-25 kb maize
DHA from 5-day seedlings 7.2 x 104 1 x 105 1.1 x 108
RI EMBLA arms 7 x 103 - 1.8 x 10°
RI-cut, religated EMBL4 DNA 2.7 x 108 — 3.4 x 106
EMBL4 DNA 2.0 x 108 e 2.3 x 108

Experiment 2

RI EMBL4 arms, total RI-cut
C. elegans DNA 9.4 x 104 4.1 x 104 1.3 x 105

RI EMBL4 arms, total RI-cut 4 5
maize DNA from 5-day seedlings 1.9 x 104 5 x 10 2.7 2 10

RI EMBL4 arms, total RI-cut
maize DNA from 6-week plants

{(primarily immature tassels) 1.4 x 104 4.3 x 104 2.3 x 102
RI EMBL4 arms, total RI-cut

maize DNA from 3-week plants 2 x 104 7 x 104 3.6 x 105
RI EMBL4 arms 7.3 x 103 1.9 x 103 8.5 x 103
EMBL4 DNA 3.1 x 108 <108 3.1 x 108

experiments, using the Q358, Q364 and K803 (strain LE392 [F-, hsdR514 (r~k, m7k),
supE44, supF58, lacYl, galK2, galT22, metBl, trpR55]; T. Maniatis, E. F. Fritsch
and J. Sambrook, Molecular Cloning, Cold Spring Harbor Laboratory, Cold Spring
Harbor, N.Y., 1982) strains as host bacteria. Although the number of p.f.u.'s is
smaller when a total EcoRI digest of maize DNA is ligated into the EMBL4 vector
than when 15-25 kb fragments of maize DNA are used, it is consistently observed
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that the plating efficiency of the newly-packaged phage containing maize DNA is
higher on the K803 strain by a factor of 13-18 than it is on the Q358 strain.
This is not true of either the parental EMBL4 phage DNA, EMBL4 phage DNA that has
been cut with EcoRI and religated, or recombinant phage constructed using
Caenorhabditis elegans DNA (a gift of D. Burke). Phage containing these DNAs
plate with approximately equal efficiency on both strains. The plating efficiency
of maize DNA-containing phage is slightly higher on the selective host Q364 than
on Q358, while the plating efficiency of phage containing C. elegans DNA is
somewhat Tower on the selective host (Table 1; D. Burke, personal communication).
To determine whether the inability to form plaques on Q358 is an inherent
property of recombinant phage containing maize DNA, recombinant phage were
propagated on K803 and tested for their ability to grow on the various strains.
The results are shown in Table 2 and indicate that once the maize DNA has been

TABLE II

Titration of EMBL4 and recombinant phage on different host strains

Phage Titer (p.f.u./ml)
Q3s8 0364 K803
EMBLA 1.7 x 1010 <108 1.7 x 1010

Recombinant phage with
maize DNA inserts 3.1 x 1010 2.5 x 1010 3,6 x 1010

"laundered" through E. coli, the recombinant phage grow equally well on Q358,
Q364 and K803. Since plant DNA's are known to be more extensively modified than
other DNA's, it appears a reasonable conjecture that the difference in plating
efficiency is attributable to differences among E. coli strains in the ability to
replicate heavily modified DNAs.

Nina Fedoroff

BERKELEY, CALIFORNIA
Univ. of California

Nonautonomy of the 10L small kernel effect

Crosses of chromosomally normal female stocks by certain of the B-A transloca-
tions result in a fraction of the progeny with hypoploid endosperms that lack the
BA paternal chromosome and that exhibit a small kernel phenotype. Lin (1982,
Genetics 100:475) has shown that the small kernel effect does not merely result
from the deficient state, since additional maternal doses will not restore the
normal size.

Previous studies have shown that this phenotype did not function in a cell
autonomous manner (Birchler, Genetical Research 36:111-116). The example studied
involved the most extreme case of the small kernel phenotype, that is,
TB-1La-5S8041 crossed to an a2 tester. Among the progeny were mosaic A2/a2
endosperms that had lost the paternal 1L-5S element as early as the first nuclear
division. Even in these early events, there was no evidence of reduction in size
in the a2 portion of the kernel. Determination of kernel mass did not reveal any
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reduction in these mosaics despite the fact that the small kernels, which were
deficient for a paternal contribution at fertilization, were only 45% as large as
the normal siblings.

In addition to the 1L-5S compound, 1L-3L translocations were noted to show
nonautonomy in crosses to an a R-scm2 tester. Subsequent studies of 1L-5S
crosses to an a2 R-scm2 stock confirmed the earlier observations on 1L-3L, that
the mosaics were almost exclusively observed in kernels that carried only a
single copy of the translocation in the endosperm. This fact was concluded from
the observation that the mosaics always had anthocyanin development in the
scutellum, and thus this class must have arisen from fertilization by pollen in
which nondisjunction of the B centromere did not occur. Similar studies using a
bz2 R-scm2 tester and TB-1lLa also indicated that the 1L small kernel effect
showed nonautonomous behavior as evidenced by normal sized Bz2/bz2 mosaic kernels.
These also occurred in endosperms resulting from inheritance of single dose of 1L
from the TB-A parent.

While the above observations were consistent, they basically tested only the
autonomy of the 1L small kernel effect regions. In the course of further
studies on the effects of chromosomal dosage on gene expression, TB-10L18 and
TB-10L19, both of which show the extreme 10L small kernel effect (Lin, 1982),
were crossed to an r-r tester obtained from Jack Beckett. This female line
appears to promote a high rate of nondisjunction or loss of the B-10L elements
during endosperm development. Both translocation crosses produced numerous R/r
endosperms. Thirty-three mosaic kernels were observed in crosses with TB-10L18.
A11 had anthocyanin in the scutellum, indicating they arose from fertilizations
by pollen carrying one dose of 10L in both sperm. All mosaics were within the
normal sized range. The kernel mass means follow.

Phenotype n Mean + s.e. (g)
anthocyanin in embryo; none in endosperm 36 0.154 + 0.004
anthocyanin in embryo and endosperm 38 0.220 + 0.002
anthocyanin in endosperm; none in embryo 23 0.216 + 0.003
anthocyanin in embryo; mosaic endosperm 33 0.210 + 0.002
colorless embryo and endosperm 19 0.206 + 0.008

These observations indicate that the 10L as well as 1L small kernel effects
exhibit nonautonomy.

James A. Birchler

Preliminary characterization of a derivative allele of an unstable regulatory
mutant at Adhl

A Robertson's Mutator-induced mutant at Adhl, Adh1-S3034, has been character-
ized as low in expression of enzyme activity, protein (CRM), and mRNA to approxi-
mately 40% of the wild type level. It is also genetically unstable: pollen
stained for ADH activity shows grains with greater and lower levels of ADH. Two
derivative alleles, S3034a and S3034b, having 0% and 13% levels of enzyme
activity and mRNA relative to wild type Adhl-S, have been described previously
(Freeling, Cheng and Alleman, 1982, Devel. Gen Genet , in press; Strommer, Hake,
Bennetzen, Taylor and Freeling, 1982 Nature 300:542). A 1.35 kb insert (Mul) in
S3034 is unchanged in the derivatives at the level of resolution possible by
restriction site mapping studies.
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We have selected a derivative allele of S3034 which is altered in the protein
produced by the Adhl gene. This derivative, Adhl1-S3034x1, produces a product
which forms an active dimer with the electrophoretic variant allozyme subunit
ADH1-F. The allozyme profile of Adhl-S3034x1/Adhl-F heterozygotes show that the
S3034x1-F dimers migrate to the same position as S-F dimers. The allozyme ratio
as well as CRM Tevels in the mutant homozygotes implies that 15-20% product is
formed. S3034x1 homozygotes, however, have no detectable ADH enzyme activity.

Unpublished data of Hake, Taylor, Strommer and Bennetzen suggested that the
inserts of Adh1-S3034 and the derivatives a and b are in the first intervening
sequence of the gene; sequence information verified this (intron sequence communi-
cated by W. J. Peacock; point of insertion is from unpublished sequence data from
J. Bennetzen and J. Strommer). Since none of these alleles have been shown to
alter the protein product, it was thought that the derivative S3034x1 could test
for transposition of the Mul element. Gross transposition is not the case because
of the following data: vrestriction site mapping shows that S3034x1 maps to the
same location as S3034, a and b and has a BStEII site in the same place within the
insert. There are no additional inserts elsewhere in the gene. The level of
resolution of restriction site mapping using the size of DNA fragments generated
in these experiments is not great (approximately 50 b.p.). Since the intron/exon
junction nearest the Mul insertion is close, changes that could alter coding
information but which could not be detected by genomic southerns is possible.
Although small scale rearrangements around the Mul insertion site have not been
ruled out by these tests, simple transposition or excision of the element has.

One of the many other derivatives that remain untested may provide the evidence
for transposition.

It is easy to concoct hypotheses that could explain how insertions within an
intron could Tead to different mRNA levels. How Mul has come to affect coding
sequence is more difficult to understand.

Mary Alleman and Michael Freeling
COLOGNE, WEST GERMANY
Max-Planck-Institut fur Ziichtungsforschung

Hybridization studies of Barley Stripe Mosaic Virus cDNA clones to virus
induced maize mutants

Some multicomponent RNA virus strains of Barley Stripe Mosaic Virus (BSMV) or
Wheat Streak Mosaic Virus (WSMV) are known to act as mutagenic agents in corn and
induce mutations unspecifically (G. F. Sprague et al., Science 141:1052, 1963).
The majority of these mutations are stable, although an unstable mutation has been
idengified recently (P. Friedemann and P. A, Peterson, Mol. Gen. Genet. 187:19,
1982).

Whether this mutagenic effect is correlated with the integration of viral
sequences into the maize genome was tested by Southern type hybridization experi-
ments. Therefore, cDNA clones from the BSMV four component strain Argentina mild
(kindly provided by M. Brakke, Lincoln) were constructed and used to probe virus
induced mutant maize lines. The two mutant lines tested were originally isolated
as aberrant ratio lines 874-30 and 74, 287-4 by G. F. Sprague (G. F. Sprague and
H. H. McKinney, Genetics 54:1287, 1967) and further characterized by M. K. Brakke,
R. G. Samson, and W. A. Compton (Genetics 99:481, 1981) and P. Friedemann and
P. A. Peterson (Mol. Gen. Genet. 187:19, 1982).
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The cDNA clones homologous to BSMV RNA sequences were constructed by standard
procedures (U. Wienand et al., Nucl. Acid Res. 6:2707, 1979) and characterized
by hybrid released-translation and Northern hybridization. Two non cross-
hybridizing cDNA clones homologous to BSMV RNA component I (720 and 520 base pairs
in length) were identified, as well as clones homologous to RNA component II
(1150 base pairs) and RNA component III (480 base pairs). No clone homologous to
RNA component IV could be identified.

In a Southern experiment these clones were used to probe maize wild type DNA
(a color converted W22 line) and the two mutant DNAs described above. The EcoRl
digested DNAs were separated on 0.8% agarose gels, transferred to nitrocellulose
and probed with each of the four nick translated cDNA clones. Although hybridiza-
tion conditions were used to detect single gene sequences, no hybridization could
be seen.

Since the cDNA clones represented only part of the viral genome (the size of
the RNA component varies between 2200 and 2800 nucleotides), total four-component
BSMV RNA was also used as a radioactive probe for hybridization. Three _bands
could be seen in all the maize lines tested after hybridization of the 32p labeled
RNA to the EcoRl digested DNA. Two of these could be competed with rRNA from
maize endosperm. Using total barley RNA as competitor in the hybridization
experiment, no bands could be detected any longer. Thus the hybridization signals
seemed to be due to contamination of plant RNA in the virus preparation.

From both DNA and RNA hybridization experiments we conclude that there are no
viral sequences present in the mutant maize stocks tested.

Udo Wienand, Peter Peterson and Heinz Saedler

The Cin repeat of Zea mays and Zea mexicana

Cin 1 is a dispersed repetitive DNA element in both Zea mays and Zea mexicana
(teosinte). The element is approximately 700 bp in size and was first recognized
due to its presence on a 5.7 kb EcoRl fragment of a Northern Flint maize line and
its absence on the homologous 5 kb, unique fragment in the midwestern maize,

Line C (Wienand et al., 1982, Mol. Gen. Genet. 187:195-201). Cloning of these
maize fragments (Shepherd et al., 1982, Mol. Gen. Genet. 188:266-2?1? and
subsequent DNA sequence analysis of the ends of the Cin 1 element show a short
inverted repeat structure with the terminal 5 bases being identical to that of the
Copia transposable element of Drosophila (5' TGTTG 3') (Levis et al., 1980, Cell
21:581). DNA sequence analysis of the "target" site in the 5 kb recombinant clone
from Line C does not reveal a duplication of target site sequences immediately
flanking the element.

In order to analyze the conservation of the element and to confirm the Tack of
a target site duplication, several other Cin containing clones were isolated from
the Zea mays Line C genome and from Zea mexicana, Teosinte Guerrero. The Zea mays
recombinant clones contain maize fragments ranging from 2.5 - 10 kb.

A11 clones were found to contain Cin surrounded by repetitive DNA sequences.
Thus, it has not yet been possible to screen other maize lines for the absence of
the Cin element at these various loci in order to obtain target site information.
However, the DNA sequence of one Cin containing clone, LC102, does show a 5 bp
direct repeat in the sequence immediately flanking the element. Comparison of the
Cin 102 and Cinl sequences shows 87% conservation of the element. Although
sequence analysis of the other clones is still in progress, it is clear that the
Cin element has diverged significantly and represents more of a repetitive DNA
family rather than a highly conserved element.

N. S. Shepherd, M. Gupta, Zs. Schwarz-Sommer, U. Wienand,
B. Deumling and H. Saedler
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The Teo 1 DNA insert of Teosinte Guerrero

In a Southern hybridization experiment, the 5 kb maize EcoRl fragment, LCI,
seems to be unique in the Zea mays Line C genome (Shepherd et al., 1982, Mol.
Gen. Genet. 188:266-271). However, in a Northern Flint maize line the homologous
fragment was found to contain the repetitive DNA insert Cin 1 (see previous
article). Using LC1 as a radioactive probe in Southern hybridization experiments,
the genomic fragment homologous to LCl is observed to vary in size between various
Zea mays lines and also in Zea mexicana (Teosinte). For example, both the 5 kb
LC1 fragment and an 8 kb fragment are seen in Teosinte Guerrero. The 8 kb
fragment, TG2, was cloned into lambda-gtWES (manuscript in preparation). A heter-
oduplex between TG2 and the maize LCl or NF1 fragment clearly shows that the
increase in molecular weight is due to a 3 kb insert having a very unique
structure (see Figure). This insert is called Teo 1. It seems to occur
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Schematic drawing of a TG2 and NF1 heteroduplex.

approximately 50 bp from the original site of the Cin 1 insert and does not
contain sequences homologous to Cinl. DNA sequence analysis of Teo 1 is currently
in progress.

N. S. Shepherd, B. Deumling, U. Wienand, J. Blumberg and H. Saedler

COLUMBIA, MISSOURI
University of Missouri and U.S. Dept. of Aariculture

nec4, a new necrotic mutant on 2S

In the search for recessive alleles at the Les loci, necrotic mutants which are
in Neuffer's M2 collection and placed on chromosome arms containing Les loci are
being mapped. One such mutant, nec*-516B, was located on the short arm of chromo-
some 2, which also contains Lesl. This mutant germinates into a luteus seedling
which rapidly becomes necrotic starting at the tip of the leaf. Seedlings never
mature past the 2-3 leaf stage. Backcross linkage data from the cross of
+ + nec*-516B b/1g gl12 + b x 1g gl2 + b gave recombinational values of
1g - 22 - g12 - 4 - nec*-516B - 22 - B (94 plants). With the lTow number of
progeny tested, it is impossible to rule out that nec*-516B could be 4 units
distal to g12 (between 1g and g12). Further tests with Tg g12 d5 B stocks are
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underway. It is proposed that nec*-516B be designated nec4 in keeping with the
accepted nomenclature.

David Hoisington and M. G. Neuffer

Sectorial Toss of Lesl

The role of the Lesl gene in the production of discrete necrotic lesions in
leaves is being investigated. One question which is being asked is whether the
Lesl gene is required in all stages of lesion formation. It is possible that the
Les1 gene only triggers a cellular event which results in the production of cyto-
toxic compound(s). These compounds then diffuse to neighboring cells resulting
in the observed lesion phenotype. Thus, Lesl could be required only for the
initiation of lesions. Another possibility is that Lesl is also required for
the enlargement of lesions. In this case, cells not containing the Lesl gene
could not respond to a Lesl initiated lesion.

One method to study this question is the use of X-ray induced sectors of
normal tissue in Lesl Teaves. Lesl is located on the short arm of chromosome 2,
approximately 5 map units proximal to B. It is therefore possible to use B to
follow the Toss of Lesl in leaf tissue. Seeds from the cross B Lesl/b +, P1
x b +/b +, P1 were treated with 10,000 r of filtered X-rays in the dry seed
state. Plants were observed for sectorial Tosses of B (green sectors in a
purple leaf) and, hopefully, concomitant loss of Lesl. None of the 173 plants
grown in Missouri showed a loss of B or apparent sectoring for Lesl. However, one
out of 100 plants grown at Stanford University in California showed a single
sectorial Tloss of B and, presumably, Lesl. The sector occurred in the second
leaf from the top and was approximately 1/10 of the width of the leaf. The
sector occurred only in this one leaf and over the entire length of the leaf. No
lesions were observed to initiate within the green tissue of the sector, nor did
lesions that initiated just outside of the sector's border extend within the
green tissue. The rest of the leaf expressed lesions in the normal manner. Thus,
if this sector is the result of the loss of B and Lesl, then the Lesl gene is a
cell autonomous trait for all aspects of lesion expression--requiring its
presence for initiation of Tesions as well as enlargement to form mature lesions.
This experiment is being repeated next summer in order to observe further sectors.
Also, in order to maintain plants which could form sectorial losses of these
genes as well as produce a larger number of sectors in one plant, the production
of a ring chromosome which contains B and Lesl is being attempted.

David Hoisington, Virginia Walbot and M. G. Neuffer

Linkage calculation from hypoploids: transmission of the 10-B element

A few years ago (J. Hered. 69:27-36, 1978) the author published a formula
(p. 31) for calculating the number of crossovers between a B-A translocation
breakpoint and a proximal recessive gene, using F2 data from hypoploid plants.
Although it was realized that movement of normal and A-B chromosomes to the same
pole would give spurious evidence of a crossover event, such events were believed
to be too rare to affect calculations. Occasional cases of nondisjunction of
short chromosomes derived from B-A translocations recently prompted a reexamina-
tion of the normal kernels used to make the calculations of crossover frequency
reported in MNL 47:145-147,

Plump kernels from wx wx du/+ hypoploids from TB-10La and TB-10Lb were planted
in sand and root tip counts from all resulting seedlings made. The 10-year-old
seed germinated poorly. A1l four seedlings from self-pollinated hypoploids of
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TB-10La had 20 chromosomes, as expected, but two of the four seedlings from

TB-10Lb hypoploids had 21 chromosomes. Although the 10-B chromosome was not
actually observed, the 21-chromosome plants were probably partial trisomics

(10 10 10-B) resulting from transmission of 10 10-B gametes.

Although the data are preliminary, it is likely that small chromosomal
elements occasionally nondisjoin at meiosis. The breakpoint of TB-10Lb is
probably less than one-third of the distance from the centromere to the end of
10L. The 10-B chromosome thus consists of the tiny short arm of 10 and less than
one-third of the long arm, plus a portion of the long arm of the B chromosome.
Presumably the short 10-B sometimes fails to pair with the normal 10 and the
resulting univalents either move at random to the poles or remain on the equator-
ial plate and are lost. Consequently, when short chromosomal elements are
involved, the formula in question will overestimate the crossover rate.

J. B. Beckett

LONDON, ONTARIO
The University of Western Ontario

Temperature-dependence of the heat shock response

The heat shock phenomenon described in a variety of animal and plant systems,
including corn (see Can. J. Biochem. 60:569-579, 1982), has generally involved
rapid shifting of the tissue from the "normal" growing temperature to an elevated
incubation temperature for brief periods of time. Seedlings of 0h43 were grown
at several temperatures ranging from 27 to 37 C and were subjected to a series of
shift regimes: (1) to ascertain the influence of pre-shift temperature
(including some temperatures at which the heat shock response is observed, e.g.

37 C) on the types of polypeptides synthesized, and (b) to estimate the minimum
temperature shift increments required to elicit new and/or enhanced synthesis of
the heat shock peptides (HSPs). The following observations have emerged:

(1) Seedlings grown at different temperatures exhibit very similar polypeptide
patterns but also reveal some temperature-specific differences. (2) The HSPs are
not produced as a result of exceeding a critical absolute temperature. While
seedlings grown at 27 C first exhibit enhanced synthesis of the HSPs at 35 C,
seedlings grown at 32 C and shifted to 35 C, or those grown directly at 35 C, do
not synthesize these HSPs. (3) Rapid, upward temperature shifts from any of the
growing temperatures result in new and/or enhanced synthesis of the HSPs described
previously. The intensity of the response is dependent on the temperature range
over which the seedlings are shifted, as well as the actual number of degrees.

For example, a 6 C shift from 35 to 41 C yields a response similar to a 10 C shift
from 27 to 37 C, and a 9 C shift from 35 to 44 C elicits the same response as a

15 C shift from 27 to 42 C. 1In all cases, enhanced synthesis of the same six Mp
classes of polypeptides is observed.

These results suggest that the change in polypeptide synthetic patterns is
qualitatively similar in response to a variety of temperature shifts, but that the
intensity of the response is dependent on the actual temperature range and
increment over which the seedlings are shifted.

C. L. Baszczynski

Polypeptide synthesis following upward and downward temperature shifts

The response of many animal and plant systems to heat shock has been examined
almost exclusively at the upper temperature ranges. Maize grows normally over a
broad temperature range (exceeding 15 C - 35 C) and offers the opportunity to
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investigate the response not only to heat shock, but to a range of upward or
downward temperature shifts which may still be within the "normal" growing range.
We have examined a series of temperature shift regimes to ascertain whether heat
shock polypeptides (HSPs) were specifically produced following a "heat shock"
(40-45 C for 0h43 seedlings grown at 27 C) or whether they represented a general
synthetic response to any upward shift in the culture temperature.

Seedlings of 0h43 were grown at 17 C and at 27 C until plumules were 1 to 2 cm
long, at which time they were subjected to a 10 C increase in the incubation
temperature for one hour. One- and two-dimensional PAGE separations and
fluorographic analysis revealed that, while each temperature regime resulted in
synthesis of some unique polypeptides, both 10 C shifts yielded enhanced
synthesis of the same six Mr classes of HSPs. However, fewer isoelectric variants
of these HSPs were noted in the 17 to 27 C shifts.

We subsequently investigated the effects of prolonged exposures to a shift
temperature to determine if these conditions led to continued HSP synthesis, or
to the establishment of a stable, temperature-specific polypeptide synthetic
pattern (i.e., acclimatization). Seedlings grown as before were subjected to the
same 10 C upward shift, but for 3, 12 or 24 hours (which included a two-hour
labelling period). In both the 17 to 27 C and in the 27 to 37 C shifts, a
3-hour incubation resulted in new and/or enhanced synthesis of the six My classes
of polypeptide described previously. By 12 hours at the shift temperature, very
little synthesis of these polypeptides was evident, and by 24 hours, the
synthetic patterns were similar, but not identical to the control patterns.

These observations suggest that these HSPs may represent transition proteins
synthesized during the rapid transfer from one incubation temperature to another.
In experiments where the seedlings were shifted down from 27 to 17 C for 3, 12 or
24 hours, no changes were detected in one-dimensional electropherograms,
suggesting that this enhanced synthesis is specific to upward temperature shifts.

To further investigate the possibility of an "acclimatization" in polypeptide
synthetic pattern, seedlings grown at 27 C were shifted down to 21, 18 or 15 C
for 6, 12, 24 and 48 hours, and then returned to 27 C, where plumules were
labelled for two hours prior to extraction. Results indicate that return to the
control temperature following a downward temperature shift leads to a time- and
temperature-dependent enhancement of HSP synthesis. For example, 24 hours at
21 C are required before a response is observed, while synthesis of this same
group of polypeptides is noted after only 6 hours at 18 C or 15 C. Thus, the
greater the interval over which the seedlings are shifted, the shorter the time
required at the shift temperature before response is noted when seedlings are
returned to the control temperature, suggesting that the seedling is responding
to cumulative 'heat units,' as distinct from changes in temperature.

It appears, therefore, that prolonged exposure to an increased or decreased
incubation temperature leads to acclimatization as monitored by changes in
p01ypeptide synthetic patterns. The observations in this report and in the
previous one, that new and/or enhanced polypeptide synthesis occurs following a
variety of temperature shifts and not only in response to high temperature shifts,
suggests that it may be more appropriate to refer to these polypeptides as
temperature shift polypeptides or proteins (TSPs) of which the HSPs would be a
specific subclass induced during high temperature stress.

C. L. Baszczynski, J. G. Boothe, B. G. Atkinson and D. B. Walden

Analysis of the in vitro translation products from RNAs of heat-shocked seedlings

We have reported previously (MGCNL 56:111-113, 1982; Can. J. Biochem. 60:569-
579, 1982) that various tissues exhibit a rapid and reversible response to a
brief temperature shift (heat shock) with the new and/or enhanced synthesis of a
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select set of heat shock polypeptides (HSPs), as detected by one- or two-
dimensional PAGE separations and fluorographic analysis. Preliminary results from
in vitro translations of total isolated RNA from 4- to 6-day-old heat-shocked
seedlings indicated that the HSPs noted in vivo were also present among the in
vitro translation products. Subsequent investigations have revealed that the
majority of the products obtained following in vitro translation of total RNA
from control or heat-shocked plumules are the same as those obtained from transia-
tion of poly(A)* mRNAs purified by oligo(dT) cellulose chromatography. Similar
results were obtained from translations in both the rabbit reticulocyte and the
wheat germ extract in vitro translation systems, with the former being apparently
more efficient in the extent of incorporation of labelled amino acid precursor
into newly synthesized products. We have also noted that, while the high
molecular weight HSPs from the in vivo lysates each resolve (by 2D-PAGE) into a
number of polypeptides with different pls, the HSPs with similar Mys synthesized
in vitro have fewer isoelectric variants. Equally striking is the observation
that the 76,000 dalton HSP noted in vivo is absent among the in vitro translation
products in either the heterologous rabbit reticulocyte, or in the more homologous
wheat germ in vitro translation systems. This may be the result of a lack of
stability of the mRNA for this polypeptide, or may indicate the requirement of
"maize-specific" translational factors for its synthesis.

Our observations indicate that: (a) heat shock in maize induces new and/or
enhanced translation of polypeptides (HSPs), (b) the heat shock polypeptides are
synthesized from polyadenylated mRNAs which were not available for translation in
control tissues, and (c) several levels of regulation (currently under investiga-
tion) appear to be operative in determining the final form(s) of these HSPs.

C. L. Baszczynski, D. B. Walden and B. G. Atkinson

Gene products in embryos and seedlings of certain inbreds and their hybrids

Fluorographic analysis of 2-D PAGE electropherograms coupled with the specific
temperature-shift patterns (preceding contributions, this Newsletter) of known
genotypes provides the technology for addressing a number of developmental and
genetic problems. We currently are examining embryogenesis, seedling germination
and flower development (see next contribution) employing inbreds and their
reciprocal hybrids. We report the appearance of developmental shifts in the
patterns of newly synthesized polypeptides obtained from maize embryos. The
procedures adopted for this study involved the dissection under laboratory
conditions of embryos resulting from controlled pollinations. The embryos were
transferred to Murashige and Skoog medium and incubated at 27 C for 2 hrs in the
presence of an isotopic probe (usually 35S-methionine). The subsequent protein
extraction and electrophoretic techniques were identical to those reported in the
preceding contributions to this Newsletter.

Results obtained for the incorporation of the labelled probe indicated that
material 23 days post-pollination or older provided sufficient quantities of
lTabelled protein in a single embryo to achieve a concentration of at least
200 cpm/ul in a homogenization volume of 150 ul. Material 27 days of age or
older enabled a concentration of 500 cpm/ul to be achieved in the same volume.
These concentrations were suitable for 1D and 2D fluorographic analysis,
respectively. In each case, embryos younger than these required bulking of
material to achieve the desired concentrations. Of the material from which
sufficient quantities were obtained (17-31 days post-pollination), 2D fluoro-
graphic analysis routinely resolved over 100 peptides. These were classified into
one of three categories: (1) those where the relative level of synthesis
appeared unaltered throughout the period of study; (2) those that showed varia-
tions in the level of synthesis; (3) those where synthesis appeared restricted
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to particular time periods. Thus far we have been unsuccessful in obtaining
sufficient material at such an early age as to recover only a few labelled spots
in the 2-D fluorograms.

There appears to be a genetical component in addition to the developmental
component, i.e., some inbreds differ from one another and some of the hybrids we
have examined differ from their parental inbreds. We draw attention, however, to
the inconclusiveness of these observations in the case of the embryos--until we
can utilize an independent criterion, better than age and/or heat unit accumula-
tion, we are reluctant to assign differences to the pedigree and ignore environ-
mental variability.

In addition to these in vivo studies, total RNA derived from embryos of dried
seeds was extracted and translated in a rabbit reticulocyte lysate system. The
appearance of labelled bands on a 1D gel of the translation assay demonstrates
the in vitro synthesis of proteins from this RNA, and thus the presence of stored
mRNA in maize embryos. The time at which these messages were synthesized remains
to be determined as does their ability to direct translation in vivo upon the
onset of germination.

It is anticipated that these investigations will lead to a better understanding
of the factors governing the regulation of gene expression in hybrids and their
parental inbreds during early development.

J. Boothe, B. G. Atkinson and D. B. Walden

In vivo labelling of excised tassel florets from greenhouse-grown material
and material grown in tissue culture

Individual florets or spikelets (S60) were excised from tassels grown in
tissue culture (see Polowick MCGNL 55:116, 1981) or from greenhouse-grown
material, and labelled with 39S-methionine for 2, 3 or 4 hours. The florets from
the greenhouse material had immature pollen in the larger anthers and quartets in
the smaller anthers. Florets from the cultured material contained anthers with
either pollen mother cells or quartets. Results show that incorporation of label
increased by a factor of approximately 6, from the 2 to 4 hr labelling period,
for both the greenhouse material and the cultured material. Total incorporation
after 4 hrs of labelling was higher in the cultured material than in the green-
house material. Average values for each were 12,000 + 3,000 counts/ug protein
for the greenhouse material and 32,000 + 22,000 counts/ug protein for the
cultured material, Comparison of the one dimensional SDS PAGE patterns for
extracted proteins from greenhouse grown material indicates similar patterns for
the same stage/tissue labelled over the three time periods. The cultured
material showed a difference in banding pattern from the greenhouse material, and
a comparison of banding patterns from different developmental stages of the
greenhouse tissue also showed differences.

M. J. Dunlop, R. I. Greyson, D. B. Walden and B. G. Atkinson

Production of plants from tassels grown in tissue culture

Immature tassels (approximately 1 cm) were excised and grown in liquid media as
described previously (Polowick, Raman and Greyson, MGCNL 55:116, 1981). Some
tassels, if allowed to grow in culture for extended periods of time (longer than
3 weeks), produce plantlets which can be rescued and grown to sexual maturity.
Plantlets have been produced in tissue culture from tassels of three cultivars:
0h43 heterozygous tunicate (Tu/+), Oh43 heterozygous waxy (Wx/wx) and S60. The
success of plantlet initiation appears to be a function of the duration of culture,
the size of the original explant, the genotype and other factors not yet iden-
tified. To date 60 plantlets have been isolated from the tassel culture system,
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some of which have been transferred to a rooting medium (Raman, Walden and
Greyson, Ann. Bot. 45:183-189, 1980); 16 others, which produced roots while in

the original culture, have been potted directly and transferred to the greenhouse.
Of the latter, two plantlets have been brought to flowering, producing both pollen
and ear silks. The amount of pollen produced and the absence of aborted pollen
grains suggests that these plants are diploid. The morphological origin of these
plantlets appears to be vegetative proliferation of the floral tissue with initial
leaf formation, followed by subsequent root development. These observations,
although preliminary, suggest that the proliferation of plantlets from cultured
tassels could eventually be a useful cloning technique.

M. J. Dunlop, R. I. Greyson and L. Olson

The position of the nucleolus in each microspore of the quartet

The distribution of specific chromosomes in the nucleus has been of interest to
us for some time. Reports of our work with maize have appeared in this Newsletter
and elsewhere over the last 15 years. Of several major problems attendant to this
work, such as preparation of the material, choice and interpretation of statis-
tical analyses, and reconstruction from serial sections, none has been more
limiting than the availability of unambiguous cytological markers. One such
marker we have utilized is the nucleolus. Since it is difficult to establish the
position of one large nucleolus, or occasionally two smaller nucleoli in somatic
interphase cells, we have attempted to analyze the position of nucleoli in
recently formed microspore quartets. The choice of quartets has included only
those that are intact and within which the Timits of the microspore nucleus can be
reasonably outlined. The nucleolus stains rapidly with carmine and other stains.
Little or no squashing (other than the weight of the coverslip) was utilized.

Photomicrographs of quartets in squash preparations were taken and traced onto
acetate sheets. The size of the quartets was standardized and the centroids were
aligned. A composite tracing of twenty-five quartets was obtained. The maximum
area covered by the nucleolus in the composite tracing was only one-eighth of the
maximum area covered by the microspore. The position of the nucleoli was
analyzed using four concentric circles drawn about the centroid of the quartet:
circle 1 of equal radius to a circle circumscribed about the quartet tracing,
circle 2 of radius three-quarters that of circle 1, circle 3 of radius one-half
that of circle 1 and circle 4 of radius one-quarter that of circle 1. Eighty-nine
percent of the nucleoli were found within the band encompassed by circles 2 and 3.
The remaining eleven percent were found within the band encompassed by circles 4
and 3. No nucleoli were found external to circle 2. The location of the
nucleolus was also examined using a circle of radius equal to that of circle 4 and
divided into twelve sections, each making an angle of 30 degrees to the center.
Ninety-three percent of the nucleoli were found in the sections 30 degrees to
60 degrees from the X axis.

Based on these analyses it would appear that the nucleolus does not have a
random position inside the microspore in quartets in squash preparations. It is
found in an area one-eighth the size of the microspore, in the central region of
the cell. 1In the photomicrographs of quartets used, the extent of the nucleus in
each microspore could be drawn as the area of the microspore in which chromatin
was found. The area of the nucleus was estimated as one-quarter of the area of
the microspore. In 82 percent of the microspores the nucleolus was seen at the
perimeter of the nucleus.

C. A. Rees-Farrell and D. B. Walden



166

Dup/df male gametophytes

The maturation of pollen and its ability to function (germinate, produce a tube
and penetrate the micropyle) are capable of being altered by environmental and
genetical factors. For some purposes, in vitro germination studies may reveal
aspects of this pollen plasticity. Studies proving, rather than just correlating,
in vitro germination and the ability to complete fertilization are rare, although
it has been demonstrated that an in vitro germinated male gametophyte may be
recovered in an F1 zygote.

Earl Patterson and I have undertaken a study of the ability to function of
adjacent segregants from a series of translocation heteromorphs. As part of that
study, we have looked at the in vitro germination of certain classes of pollen
grains.

Alternate segregants produce full, plump, functional pollen grains. Adjacent
segregants are apparently less full, sometimes smaller, pollen grains. The
adjacent segregants appear translocation-specific, indicating that their phenotype
is a product of their genotype, in particular the duplication and/or deficient
segment. Since many translocations in maize produce specific adjacent phenotypes
in the pollen, there is the suggestion that loci for the 'biology' of the male
gametophyte are distributed about the complement, at least in the interchange
segments.

We have reported earlier that it is possible to utilize the size differences in
the pollen from a translocation heteromorph by passing the pollen through a nest
of sieves of decreasing pore size. Substantial populations of pollen may be
obtained on some or all of the sieves.

Consistent features of pollen studied from field grown (1979, 1980, 1981, 1982)
translocations (T75S.64-65.89; T4-6 sat) include:

1. Pollen capable of germination was consistently recovered on sieves of
pore size 125, 105, 90, 75 and 63 u. Pollen collected in the AM was
more likely to 'clump,' rendering separation difficult, than pollen
collected after 1200 h.

2. The percent germination was consistently highest for pollen collected
on the 90 u sieve. The rank was 90, 105, 125, 75 and 63 with the
differences usually significant (5%), except for the 90 and 105 u
pollen.

3. The percent germination for pollen from the 90 u sieve averaged nearly
75% over the years; pollen from the 63 u sieve averaged 8%.

4. Very little additional germination occurred among the larger sized
samples after 60 minutes. Additional germination of the smaller,
including the 63 u pollen, continued for at least 150 minutes.

5. The rate of elongation of pollen tubes from the 90 u sieve decreased
from over 5 u/min during the first hour to less than 1 u/min after 90
minutes. This latter rate was maintained for several hours. In
general, the smaller pollen grains had slower rates of growth.

Most of these data were recorded from films, permitting the measurement of the
diameter of the pollen grain. None of the populations (each sieve type) was
entirely homogenous. Larger than expected pollen grains apparently were somewhat
shrivelled when sieved and expanded with uptake of water from the medium. Smaller
than expected grains did not proceed through the nest of sieves in accordance with
their size, for a variety of reasons. However, none of these 'off-type' grains
were entered into the data.

Thus, it would appear from in vitro studies that adjacent segregants fail to
produce progeny most of the time because either they are actually sterile and do
not become a functional gametophyte, or as a functional gametophyte they cannot
compete well (i.e., a lag in germination and/or a slower rate of elongation) with
alternate segregants.
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Patterson and I have some data on the progeny produced by samples of pollen
from the same translocations, sieved and used in sparse pollinations. We have
examined several hundred dup/df Fl's, the frequency of which is inversely propor-
tional to the size of the sieve pore on which the pollen was collected. Some
samples of pollen, passed through the 74 u sieve and collected on the 63 u sieve,
have produced as high as 75% dup/df (estimated by uncovering a known allele)
plants.

The combined use of sieving pollen and sparse pollination may permit the male
transmission of cytogenetic and genic variants heretofore considered as
'non-transmissible. "’

D. B. Walden
ST. PAUL, MINNESOTA
University of Minnesota

Tests of Hooker-Russell exotic sources of cytoplasm converted to inbred H632
for a cytoplasmic fertility restorer

The six lines not previously tested (MNL 56) do not carry a cytoplasmic restorer
of genetic male-sterile #1. This completes the test of 40 of those lines. One
line (PI 174990 x B1416 x A6321%) has not been tested. I have been unable to
establish the stock.

If a cytoplasmic restorer is specific for a particular male-sterile gene, it
will be necessary to test the other male-sterile genes.

Chas. R. Burnham

Another source of cytoplasmic male sterility

One of the Hooker-Russell Tines (PI16164375 x B14'® x A632'%), as mentioned in
last year's newsletter, has only male sterile plants. This is another source of
cytoplasmic male sterility. Crosses of male sterile plants with a Tine that
restores fertility to the Texas cytoplasmic male sterile produce completely
fertile plants.

Chas. R. Burnham

Tests of other lines for a cytoplasmic restorer of ms

Further tests of the derived A188 and the T6-9b sources show that neither is a
cytoplasmic restorer of genetic msl. Crosses made to test the cytoplasm of
diploperennis will be grown in 1983.

I am now using the following method for testing. Step 1: The stock to be
tested is crossed as the female parent with a known ms heterozygote. Step 2: The
resulting F1 plants (5 to 10 plants) are crossed as female parents with the ms
heterozygote and also crossed as the pollen parent on ms plants as females. If the
stock being tested has the cytoplasmic restorer, none of the progeny in step 2
from the cross of the stock as female with ms heterozygotes will segregate male
sterility. To be certain of the results, these progeny can be crossed again with
ms heterozygotes. If there is no segregation for male sterility, many of the
f$rt11ized plants will be [R] ms ms. These are identified by the crosses on ms
plants.

Chas. R. Burnham
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A balanced lethal stock (repulsion) for chromosome 6, and a derived stock
(coupTing)

These stocks involve wl5 (w*-8896) and 110, closely linked with each other and
with Y vs. y. The original stocks obtained from Robertson were from selfs of
Y +/y 110 and Y +/y wl5. Crosses were made of the green progeny from one stock
with those from the other. Ears from crosses that were between Y +/y 110 and
Y +/y wl5 were segregating for yellow and white endosperm. Most of the plants
from the white seeds from that cross were heterozygous for wl5 and for 110 in
repulsion. These plants were selfed and also crossed on a Y Y normal stock. The
progeny were grown in a somewhat isolated block and allowed to open pollinate,
except for 54 which were self-pollinated. The results of the seedling tests for
299 ears are as follows:

A11 green seg 110 seg wlb seqg 110, wlb Total

42201 selfed 0 19 34 1 54
42201 open poll. 2 74 69 2 147
42202 open poll. 1 45 _5] 1 98

TOTALS 3 138 154 “ 299

A11 ears were segregating for yellow vs. white endosperm. There were 7 recombi-
nants between 110 and w15, 2.34% recombination. In an earlier report (Maize
Newsletter 51, 1977, p. 55), on a similar experiment using self-pollination,
there were 158 that segregated 110, 155 that segregated wl5, nine that had only
green seedlings and three that segreqated 110 and wl5, a recombination value of
3.1%. Many more ears remain to be tested. There are four ears from coupling
heterozygotes already identified and available for further use: one from this
year's self-pollination and three from the open-pollination plot.

The gametic frequencies for a plant heterozygous for wl5 and 110 are: p/2 ++,
(1-p)/2 + w15, (1-p)/2 110 +, and p/2 110 wl5, where p = recombination in
repulsion. The frequencies of the three poss1b1e F2 phenotypic classes are:
(2+p2)/4 green, (1-p2)/4 yellow, and 1/4 white. Plants that are 110 110 wl5 wil5
are white.

To calculate the expected frequencies in repulsion (R), substitute for p the
recombination percentage for the numbers in coupling (C), substitute 1-p for p in
the expressions.

The figures for a few p values are as follows:

Recomb. linkage phase green yellow white
0.0 R .50 25 25
0.0 o .15 -- 25

.01 R .50025 .249975 <25
.01 C . 745025 .004975 25
.03 R .5002255 .249775 25
.03 C -735228 .014775 +25
.20 R .51 .24 25
.20 C .66 .09 25
.50 R .5625 . 1875 o2
.50 C .5625 . 1875 w25

Note that in F2 for repulsion 50% of the chlorophyll deficient plants are yellow
at 0% recombination and 42.9% are yellow at 50% recombination. In F2 from
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coupling when recombination is zero, there are no yellow seedlings. At the
observed 3% recombination the ratio of yellow:white seedlings is about 1:17. To
have only a .01 chance of failing to obtain at least one yellow seedling, 81
plants from the white seeds would have to be grown. If Y y is not used as a
marker, over 300 would need to be grown.

In this year's plot, comprised of plants from the repulsion heterozygote

(y + wl5/y 110 +) crossed on Y Y; at 3% recombination, about 1.5% of the plants
would be coupling heterozygotes, 1.5% would be heterozygous for neither 110 or wl5,
and the remainder would be either 110 or wl5 heterozygotes in equal numbers. 0?__
the green survivors from selfs of the coupling heterozygotes, about 64% of the
green plants will be coupling heterozygotes, 32% homozygous green, 4% heterozygotes
for yl§_or 110. In the open pollination plot, the pollen mixture will be about

2 Y+ +:1y +wlb:1y 110 +. For the white seeds from open-pollinated coupling
heterozygotes the ratio of yellow:white seedlings will be about 1:1. For all
seedlings about 1/8 will be yellow. Most of the green plants from white seeds
will be repulsion heterozygotes; a few will be from crossovers between Y vs. y

and 110 or wl5. About 38% of the green plants from the yellow seeds will be
coupTing heterozygotes Probably the best way to obtain and maintain demonstra-
tion ears that will give these higher numbers of yellow seedlings is to grow the
progeny from those open pollinated ears, and pollinate the green survivors with a
mixture of pollen from progeny of Y Y x y + wlS/x_110 =

These stocks should be useful for class use in genetics to illustrate:

1. Close Tinkage: Y y vs. 110 or vs. wi5.

2. Balanced lethal, a repulsion heterozygote: the surviving green plants
are usually heterozygotes.

3. The coupling and the repulsion heterozygotes illustrate the explanation
for the true breeding of heterozygotes in many wild races of Oenothera,
also the rare occurrence of types that were believed at first to be
mutations.

4. The repulsion heterozygotes are useful for making crosses for Tinkage
studies, for mapping these lethal traits.

5. Open pollination plots using this material might be useful for popula-
tion theory involving closely linked factors.

Chas. R. Burnham

A stock useful for demonstrating 3-point linkage

A Tazy sugary glossy-4 stock with about 10% recombination in region 1 and 15%
in region 2 has been established. Ears from backcrossing F1 heterozygotes with
the triple recessive can be classified first for Su su endosperms. If these are
planted in pots, the seedlings can be classified first for glossy, then for lazy
by laying the pots on their sides (after about 2 weeks). Normal plants will turn
upward, lazy ones do not. Seeds of the multiple recessive stock and backcrosses
are available and will also be sent to the Coop.

Chas. R. Burnham

Studies of colchicine- and colcemid-induced fertility in multiple interchange
heterozygotes in corn and their F2 and F3

In Newsletter #56, pp. 151-153, one of the partially fertile plants obtained
from colcemid-treated seedlings of F1 multiple interchange heterozygotes was
reported to have 38 plump seeds. These were from cross A (T3-2-4-9-10 x
T1-5-6-7-8). Five of these seeds were planted in the greenhouse in 1982. Three
plants were fertile with pollen similar in size to that in normal diploid corn.
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The other two were similar to their F1 parent, i.e., partially fertile with

some 2n-size and some 1ln-size pollen. The five plants were selfed and the three
fertile ones were testcrossed on normal diploids. Self and testcross progenies
were grown in the field in 1982, and sporocytes were collected. Test cross
progenies of two of the fertile plants had a ring of ten chromosomes each at
diakinesis, neither involving chromosome 6. These, probably, represent one of
the original parental combinations. The testcross of the other fertile plant had
a ring of four, also not involving chromosome 6. This must be the result of a
crossover in one of the differential segments of one of the parental interchanges.
The three fertile F2 plants were evidently diploids. Hence some of the pollen
produced by the partially fertile F1 parent must have been ln. Pollen classes b
and ¢ in last year's report are probably this type.

A1l but a few of the remaining F2 seeds and the F3 from selfing the two
partially fertile greenhouse plants were planted in the field. Certain plants
were fertile with normal-size pollen; others were partially fertile with some
large-size pollen as well as normal-size pollen. The degree of fertility in the
latter group varied somewhat from plant to plant.

The fertile plants were selfed and testcrossed on both diploid and tetraploid
stocks. Crosses on the tetraploid produced only shriveled seeds (probably
triploids). Excellent seed and seed set were obtained from the crosses on
diploids.

Test crosses of the fertile plants will be grown for cytological examination.
It is hoped that one or more of these will have two rings, each with ten chromo-
somes. This would indicate that the fertile parent was homozygous for the two
original parental multiple translocations, T3-2-4-9-10 and T1-5-6-7-8.

Helmy Ghobrial

The use of colchicine and colcemid treatments to produce homozygotes for
multiple interchanges involving all corn chromosomes

For this experiment F1 seeds from a cross between two interchange homozygous
stocks, T5-7-1-9-10-8 and T6-3-2-4-8 were used. The seeds were placed on filter
paper, in Petri dishes, and watered with 0.02% aqueous solution of colcemid or
colchicine for 5 days (The colchicine concentration was erroneously reported as
0.2% instead of 0.02% in the 1981 Newsletter). The seedlings were placed in sand
in the greenhouse for 10 days before transplanting them in the field. Most of
the plants were highly sterile and did not shed pollen. However, there were 5
plants from the colcemid treatment that were partially fertile and shed pollen.
No fertile plants were obtained in the colchicine treatment. A higher frequency
of fertile plants was obtained in previous experiments when the seeds were
presoaked in water 20-24 hours prior to treatment.

Microscope examination of pollen samples from the five plants that shed pollen
indicated that all samples had starch-filled grains of large size as well as
normal size. Four of these plants had tillers. Fertility of the tassels on the
tillers was similar to that of their main stalks. Self seeds were obtained on
the ear on the main stalk of the five plants and also on the ear on each of the
four tillers. The events that gave rise to the fertility, probably chromosome
doubling, must have occurred in the tassel, ear, and tiller primordia in the same
plant. This is contrary to expectation, since in the mature seed the tassel and
ear are each known to be represented by separate multiple-cell primordia. The
probability of the same independent event occurring in the three primordia in the
same seedling simultaneously is extremely small. Some other mechanism is more
likely to account for these results.
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Two possible explanations can be offered:

1. One chromosome doubling event in the meristematic tissue with the resulting
cell subsequently taking over the other cell lines to form the vegetative
portion of the plant.

2. One event, probably chromosome doubling, in a tiller primordium which is
possibly represented by one cell in the germinating seed, with it
subsequently forming the main stalk and possibly other tillers.

A1l five plants were testcrossed as male parents on diploid and tetraploid
stocks. Crosses on the tetraploids resulted in only shriveled seeds, probably
triploids. Crosses on the diploids resulted in normal ears with fully developed
seed, and no shriveled kernels. These results are similar to those obtained for
the partially fertile plants in the 1981 experiment (this Newsletter). These
partially fertile plants appear to have viable diploid and haploid pollen in
addition to the aborted class. The haploid pollen seems to have a competitive
advantage over the diploid when applied on either diploid or tetraploid female
parents.

The F2 progeny will be planted in the field this spring. Fertile plants with
haploid-size pollen will be selfed and testcrossed with normal diploids as well
as with the two parental translocations. F2 plants, whose testcross with the
normal diploid shows an association of 20 chromosomes at diakinesis, must be
homozygous for a multiple translocation involving all 20 chromosomes. This would
be T5-7-1-9-10-8-4-2-3-6. Such an F2 plant would be produced by gametes
resulting from a crossover in the differential segment of chromosome 8, the
chromosome common to the two parental stocks. In T5-7-1-9-10-8 the breakpoint in
8 is in one chromosome arm, that in T6-3-2-4-8 in the opposite arm.

Fertile plants with diploid-size pollen would be either normal tetraploids or
tetraploids homozygous for the multiple interchange involving all ten chromosomes.
The latter combination would be expected to have similar fertility to that of
normal tetraploid since it has ten tetrasomes (each tetrasome having four
similar chromosomes). The two types can be separated by testcrossing to a normal
tetraploid stock. Plants that give partially sterile testcross progeny would be
the desired 4n multiple interchange homozygote.

Helmy Ghobrial

An alternative method of obtaining the multiple interchange stock to produce
a ring of 107

If the experiments by Ghobrial reported above prove to be a method of obtaining
homozygotes for parental combinations in multiple interchange heterozygotes, there
are several interesting applications. One is the following.

Test crosses have been made to establish a homozygous T6-3-2-4-8-10 stock,
i.e., one with T8-10 added to the T6-3-2-4-8 that was used in the above experiment
reported by Ghobrial. Since this T8-10 interchange is common to the 5-7-1-9-10-8
stock, F1's from the cross between the two will have two rings of 10. In these
plants, barring crossing over, there are only three viable micro~ and megaspore
1In combinations: one with one parental chromosome set, one with the other
parental set, and the third one with all the interchange chromosomes, i.e.,
5-7-1-9-10-8-4-2-3-6. This latter combination occurs without crossing over. The
use of Fl's from T5-7-1-9-10-8 x T6-3-2-4-8-10 for colchicine treatment should be
worth a try.

A homozygote for all those interchanges might be used for gamete selection, but
only if crossing over at meiosis is bypassed also.

Chas. R. Burnham
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IIT. ZEALAND 1983

This is an extraction of new data reported in the current list of Recent Maize Publications (author, year)

and in the Reports from Cooperators in this issue of the News Letter(author, 57:page).

Genetic locations are

given with recombination percentages when available; the source should be consulted for standard errors and

other factors that affect the precision of the numbers. New alleles and new loci are also

the first time, a few genomic clones.

listed, as are, for

Studies that contribute to the genetic structure of chloroplasts (ctDNA)

and mitochondria (mtDNA) are cited without attempting to make a synthesis of the information; this is the first

attempt to compile these reports.
"resistance" and "tolerance" are cited, again for the first time.
would be most welcome.

Chromosome 1

Adnl allele -2F11 contains a 2kb insert (Ds?) and displays Knl phenotype

Adhl allele -53034 contains a 1.35kb insert, designated Mul; restriction sites for
Xbrl, Sau3A, Aval, BstNI, Pstl, SstII, Avall, HindIIT

Adhl allele -53034x1; locations of inserts relative to intron, in Mu-induced alleles
-53034,-53034a, -S3034b

Adhl cDNA, restriction map of Hinf, Sall, HindIII, Dde, Sau3A, Tagl sites; base sequence
for 168 COOH-terminal aa's

Adhl allele -Fm335, Ds-suppressed

AdhT alleles =S, -53034, -53034a, -53034b, restriction maps for Kpnl, BamHI, BstEII, SstI,
Xbal, HindIIT, BgTIl sites

Cat3 not on 1L; -null allele

hcf*-9 allelic to hcf*-3; hcf*-3 not allelic to hef*-1

REF*=Z uncovered by TB-ILa

hcf*-3 uncovered by TB-1Sb

hef*-12 uncovered by TB-1lLa

hefr-13 .

W " "

MuT insert in Adhl; restriction sites for TthIII-1, Taql, Notl, Bgll, HaelIl, BstEII,
Aval, Avall, SstII, BstNI

Protl alleles -L, -I, -§

Chromosome 2

hcf*-1 uncovered by TB-15b-2L4464 but not by TB-1Sb

hcf*-15 " " ; not allelic to hcf*-1 or hcf*-3
lﬁ}_- 22 - g12 - 4 - necd - 22 - Bl; necd was nec*-5161B
whpl uncovered by TB-3La-2L7285 but not by TB-3La

ws3 - 8.8 - 1gl - 15.8 - Mut - 8.1 - GI2
Htl alleles -A, -C, -D
Chromosome 3

al-rug allele

a3 - 26 - sh* (sh2?)

BcZ transposed From chromosome 8, (tr-Ac2):
gz_é1le]es g5 and
otl alleles -2a,

hcf*-19 uncovered by TB-3Sb
hct*-46 uncovered by TB-3La

gl6 - 22.8 - Ac2 - 8.6 - 192
9314 (pg*-m) ; uncovered by TB-3Sb

Chromosome 4

bxl located by monosome-4 and TB-4S5a

cZ alleles -m826019, -m826021, -m826040, -m826134, -m826204, -826126, -826133,
-816149, -816154, -816155 from En-bearing sources

c2 putative genomic clone LC) from W2Z C1 Rl source, selected for homology to chalcone
synthase of Petroselinum, hybridizes to Spm-controlled c2-m-1 DNA EcoRI fragments
and to revertants from this allele and to c2-m2 DNA and cZ-m3 fragments, all of
which are 800 bp larger than fragments from C2 source

cupule development and induction, teosinte vs. maize

pointed kernels, teosinte vs. maize

hcf*-23 uncovered by TB-45a

zein, 22kd, map locations near f12. sul, gl4

zein, cDNA clone for 21-23kd chain hybridizes in situ to distal 1/3 of 4L, located
relative to T4-6(8764), T4-9g, T4-10b; two clones for 18-20kd chain hybridize
to proximal 1/3 of 4L

Chromosome 5

InvSP&G - paracentric inversion in 5L of Z, diploperennis x Z. mays

1§c1 (also called 1yl) allelic to psl, deSignated psi-Tyc

09 tentatively located in 5L by TB tests

zein mRNA, cDNA clone pcM4 hybridizes in situ to terminal 1/3 of 5L, located relative
to T5-9a, T5-9c

Finally, studies that contribute to definition of the inheritance of
Comments, suggestions, corrections and ideas

--Prof Ligate

Hake, 57:11
Freeling &, 57:13

Alleman &, 57:157
Gerlach &, 1982

Osterman &, 1981
Strommer &, 1982

Goodman &, 57:129
Leto, 1982

Freeling &, 57:13
Kriz &, 57:13

Leto, 1982

Hoisington &, 57:159
Modena, 57:39

Rhoades &, 57:17
Raymundo &, 1982

Friedemann &, 1982
Styles, 57:150
Rhoades &, 57:18
Whalen, 57:20
Shumaker &, 1982
Leto, 1982

Simcox &, 57:107
Peterson, 57:2

Wienand &, 1982

Galinat, 57:152

Leto, 1982
Soave &, 1982
Viotti &, 1982

Pasupuleti &, 1982
Robertson &, 1982
Fletcher, 57:150
Viotti &, 1982
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Chromosome 6

hcf*-26 uncovered by TB-6Sa Leto, 1982

hcf*-34 uncovered by TB-6Lc N

ilﬁ - 3~ wl5 Burnham, 57:168
(1ow crossover frequency in Y1 Dt2 interval); pll assorts independently Higgins, 57:41

EE% uncovered by Dp Df from T6-9(067-6) Phillips &, 57:132

allelic to pol Golubovskaya &, 1981

Chromosome 7

o2 alleles -R, -m(r), -Charentes, -Italian, -Columbian, -Agroceres, -Crow Salamini, 1980

EEQ_]OcaT1zEE by trisome-7; Px3 - 15.4 - Pnl; sT1 - 44.4 - Px3; Tpl - 43.0 - Px3; Brewbaker, 57:49
02 - 56 - Px3; wx T7- 9a T-81.8 - Px3 :

Px3 localized by monosome-7 Weber &, 57:108

"7_h11e11c to zl; vp9 redesignated y7; alleles y7-4889, y7-z, y7-Wisconsin#2 Robertson &, 1982

ze1n 20kd and 1¢ 14k map locations near 02 and de*- B?U Soave &, 1982

zein, cDNA clones, two for 18-20kd chains, hybridize in situ to distal 1/3 of 7S, Viotti &, 1982

located relative to T7-9a and T7-9(4363)

Chromosome 8

ell uncovered by TB-8Lc Curtis, 57:32

f13 - 1.6 - prol Nelson, 57:81

Tdhl distal to TB-8Lc breakpoint, Mdhl not Goodman &, 57:131
Chromosome 9

bzl alleles -m826301, -m826302, -826357, -826361, -826440 from En-bearing sources Peterson, 57:2
Cl-w allele Tweak) E Rhoades &, 57:16

Ds standard location C1 Wxl Ds centromere Rhoades &, 57:13
TnvoP&G terminal inversion in 9S of Z, diploperennis x Z, mays Pasupuleti &, 1982
shl allele -826466 from En-bearing sources Peterson, 57:2

ShT isoalleTic polymorphisms identified with Bg1Il; allele shl-t standard tester Dellaporta &, 57:26

allele; mutant shl-*
shl alleles -m5933, -m6233, genomic clones, relationships-of breakpoints and inserted Ds Courage-Tebbe &, 57:29
Sh1 genomic clone, restriction sites for HindIII, Bglll, Sphl, Clal; 14 introns Werr &, 57:30
Sh alleles -4864A, -5245, -6233A-2, -5652, -5019-1, -6795Rev; Ds-bearing alleles Burr &, 1982
shl-m6795, -m5933 -m6233 -m6258 -m6598- restriction map of Shl and Ds with
AccT, BamHl, BcTT, BgTIT, BSTEIT, EcoRI, HaeII, HincIII, HindITT, PstI, Pwul,
SstI, Xbal sites

shl alleles -W22, -7196, -7205, -7342, -7611, -7650, -7731, -m6233, -m5933, -bzl-md; Chourey, 1981
Shl-W22
Shl restriction map with EcoRI, Xbal, BclI, SstI, BglI, BglII sites Ddring &, 1981

Chromosome 10

TB-10L22 - Efl - TB-10L36 - Ef2 - TB-10L20 - Ef3 - TB-10L14 - (Ef4); Lin, 1982
TB's in 10L (18,19) - znl - (26) -dul - (227 - (bf2, 1il) - (36) - (20) -
(15 35 85 5s 7y 95 W0u 255 285 3L, %) - (6.8 XLy 12,°04; 16, 17,245 27, 29,
30, 34, 35, 38) - (2, 21, 23) - g1 - (32) - r1; Ef3 - (13, 15, 33) - gl
zein cDNA clone for 18-20kd chains hybridizes in “Tku to distal 1/3 of 10L, with T9-10b Viotti &, 1982

nElaced
(Bergamo} regulatory element; *B2h regulatory element Salamini, 1980
B -in inactive regulatory element Salamini &, 1982
E -x - 1.35 - te* (terminal ear) Mynbaev &, 1982
syl not allelic to dsy2, afdl, asl, aml not allelic to pam2 Golubovskaya &, 1981
a E not uncovered by » TB-5La, TB-6Sa, TB-7Lb, TB-9Sd Curtis, 57:31
EET 7-1, -G7-2, -G33, _27 1 -5? l, —64 L —51-1, -G22, -55-1, -54-1, -56-1, -48-1, Dolfini &, 57:93
-61-T idevelopmen al mutants in seeﬁ]
hcf*-6 not allelic to hcf*-2; hcf*-38 not allelic to hcf*-2 Leto, 1982
Etr*-IQ (1ysine plus tﬁreonine resistance) Hibberd &, 1982
phosphohexoseisomerase) isozymes Stuber &, 57:128
Sd (South Dakota 15) regulatory element Salamini, 1980
1 (thylakoid polypeptide modifier)? "slow" form dominant to "fast" Modena, 57:38
U (ubiquitous) controlling element Friedemann &, 1982
zein cDNA clones (two of 22kd, six of 19kd, six of 15kd chains), maps of BamHI, Ddel, Marks &, 1982,
HaelII, HincII, Hinfl, Pstl sites; base sequences of two of 22kd and one of 19kd & Pedersen &, 1982

zein cDNA clones (four 21kd), maps of Haelll, Hpall, Pstl, BstNI, BamHI, Pvull, HinclI, Pintor-Toro &, 1982
Pvul, HinfI sites; homologies inter se and with a 19kd clone

Genomic clones

Cinl, 700bp repetitive sequence (Cinteotl, young maize god; corn insert), present on Shepherd &, 1982,
5.7kb EcoRL fragment of McClintock Northern Flint 1ine but not on W22 C1 R1, same & 57:158
fragment; map of Sall, BamHI, BglI, EcoRI, HindIII, Kpnl, Sstl sites
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Genomic clones, continued

Cinl02 member of Cinl family of dispersed, repetitive sequences, 87% homology to Cinl

Teol insert, 3kb, in 8kb EcoRI fragment of Guerrero teosinte along with 5kb EcoRI fragment

CtDNA

tRNAile2 base sequence, and intron

map of BamHI, BglII, HindIII sites, LS-RNA, wheat homologies

base sequences of genes for beta and epsilon subunits of CF1

tRNATeuUAA base sequence, and intron

map of restriction sites, LS, tRNA's, rRNA's; includes tRNAhis, tRNAile, tRNAala,
tRNAval, 16SrRNA, 23SrRNA, IVSI, IVSII, LS, and sites of Alul, Avall, BamHI, BglII,
EcoRI,Haelll, Hhal, HincII, HindII, HinfI, Hpall, PstIl, Sau96l, Smal, Taql

mtDNA

plasmids (2.35, 1.57, 1.42, 2.2kb) variable in cms-T, cms-S, cms-C, cytopl-B37,
cytopl-Ky2l

plasmids (2.3kb Tinear, 1.94kb circular, 1.4kb linear) variable in stoichiometry

S1 and S2-homologous sequences in BamHI fragments

plasmids (1.5, 1.8kb), homologies to total mtDNA and mtRNA; Hhal restriction fragments

moxl (cytochrome oxidase subunit II) contains an intervening sequence; map of HinfI,
Taql, Sau3A, BamHI, EcoRI, HindIII, MspI, Haelll sites; base sequence

Xhol fragment differences in cms-T vs. fertile revertants

map of rRNA26S, rRNA18S, and BamHI, PstI, Sall, HindIII, Smal sites

S1 and 52 homologies inter se, maps of HindIII, Xhol, EcoRI, SacI, Xbal, Sall, BamHI,
BStEII sites; inverted repeats

BamHI fragments of cms-T vs. cytopl-NC7 (xT204); 15 of 35 sequences conserved

map of SstIl and Smal sites, rRNA15S, rRNA18S, rRNA26S; hybridizations and cosmid frags.

map of BamHI, Clal, Smal, Sstl, SstIl sites, cosmid fragments; homology to ctDNA repeat
region carrying 16SrRNA, tRNAval, tRNAile, tRNAala; alterations in cms-C, cms-5,
cms-T restriction fragments

Rl and RZ linear elements and BamHI sites; cytopl-RU

Resistance and Tolerance

anthracnose stalk rot (Colletotrichum graminicola) resisténcefsuszaptibi1ity; additive
genetic effects accounted for 90% of total variation; heritability estimates

anthracnose stalk rot R/S associated by translocation tests with chromosomes 1, 4, 6, 8

downy mildew (Peronosclerospora phillipinensis) R/S dominance vs. additivity variable
with age and intensity of infection; polygenic inheritance

downy mildew {Peronosclerospora sorghi) R/S variation in diallel

gray leaf spot (Cercospora zea-maydis) R/S association with chromosomes 1, 7, and/or 9
of Durango teosinte

kernel rot (Fusarium moniliforme) R/S variation in diallel

leaf spot (CochTiobolus carbonum = H. carbonum) R/S, additive gene effects

northern corn lea ight (H, turcicum) R/S did not segregate in F2 from crosses
inter se or with Htl sources; 15:1 segregations occurred in crosses with Ht2 source

northern corn leaf blight R/S polygenic, predominantly non-additive gene effects

southern corn leaf blight (Helminthosporium maydis) T toxin exposure not lethal to
hybrid fusion protoplasts of cms-T with normal

southern corn leaf blight R/S to race 0, 58.8% of variation due to additive effects

Maize Dwarf Mosaic Virus R/S to strain A, estimates of 1, 2, 3 genes

Maize Streak Virus R/S simply inherited in some progenies

Alachlor tolerance/susceptibility; non-additive genetic effects
Eradicane R/S intermediate in hybrids

Glyphosate T/S differences in 240 F2 hybrid tests

Diclofop T/S differences in F2 hybrid tests

Ligate's Corner
Gnomic Clone:

Ligate's Corner

Candidate Clone: Sequence not yet elect

Shepherd &, 57:158
Shepherd &, 57:159

Guillemaut &, 1982
Koller &, 1982
Krebbers &, 1982
Steinmetz &, 1982
Stiles, 1982

Newton, 57:139

Smith &, 57:47
McNay &, 57:48
Dale, 1981

Fox &, 1981

Gengenbach &, 1982
lams &, 1982
Kim &, 1982

Spruill &, 1981
Stern &, 1982
Stern &, 1982

Weissinger &, 1982

Carson &, 1981

Carson &, 1982
Kaneko &, 1981

Lima &, 1982
Galinat &, 57:53

King &, 1981
Hamid &, 1982
Hooker &, 1980

Moura &, 1981
Earle, 1982

Saxena &, 1981
Scott &, 1982
Soto &, 1982

Francis &, 1980
Landi &, 1981
Andersen &, 1982

Sequence from a dwarf,

pygmy or brachytic locus
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GENE LIST AND LINKAGE MAP OF CORN (MAIZE) (Zea mays L.)
March 1983

Edward H. Coe, Jr., David A. Hoisington and M. Gerald Neuffer
U.S. Dept. of Agriculture and Dept. of Agronomy

Curtis Hall, University of Missouri

Columbia, Missouri 65211

The following List, arranged by gene symbol, identifies the unit factors for which stocks are available in
the Maize Genetics Stock Center (Department of Agronomy, University of ILlinois, Urbana, IllLinois 61801),
those for which variants exist in generally available strains (e.g., isozyme variants), and those upon which
current or recent research studies have been published or reported in the Maize Genetics Cooperation News
Letter. The information tabulated includes the chromosome (L=long arm, S=short arm) and map position or
approximate location, the name and phenotype, availability from the Stock Center (S), a photograph (P) in The
Mutants of Maize (reference number 199), and references to the original descriptions.

The Linkage map represents the order and recombinational distances, in centimorgans, for those genes for
which sufficient information is available to make a reasonable judgment of their location. Bracketing
signifies that the exact order of the indicatec genes is uncertain. Each chromosome is arranged beginning
Wwith the most distal gene in the short arm. The information on order and distances is not always unambiguous,
and a number of positions are subject to correction with further data; this is particularly the case for
parts of chromosomes 4, 5 and 10. Locations of the centromeres (Centr.) are indicated according to the best
available data from cytogenetic studies. Locations of the B-A translocations, which generate hemizygous
segments distal to the position indicated, are shown as TB=....; TB's shown as spanning one or more genes may
or may not uncover the indicated gene or genes. The knob on the Long arm of chromosome 3, K3L, has been
placed by recombinational analysis. NOR is the nucleolus organizing region.

Note: This List and map is an updated version of the one recently published in Genetic Maps, Volume II, S.J.
0'Brien, ed., National Cancer Institute NIH. The authors greatly appreciate the corrections supplied by
fellow maize co=-operators and encourage all those interested in maize genetics to make suggestions and/or
corrections to this Llist.

Symbol Location Name, phenotype S P Reference

al 3L-127 anthocyaninless: colorless aleurone, green or brown plant, brown S P 65
pericarp with P1=RR

a2 58-35 anthocyaninless: Like al, but red pericarp with P1-RR S P 123

a3 3L-11 anthocyanin: red pigment in sheath, culm, and husks; resembles B1 but is S P 159
recessive

Acl activator: transposable factor, regulates Ds activity P 174

Ac2 activator: controlling element of bz2-m 236

ad1 1L-108 adherent: seedling lLeaves, tassel branches, and occasionally top leaves S P 135
adhere

Adh1 1L-(128) alcohol dehydrogenase (Adh2 of Scandalios): electrophoretic mobility; S 260
hybrid bands occur; null allele is known

Adh2 45=46 alcohol dehydrogenase: electrophoretic mobility 258

Adr1 - alcohol dehydrogenase regulator 145

afdl - absence of first division: first meiotic division replaced by mitosis 97

ael 5L-57 amylose extender: glassy, tarnished endosperm; high amylose content S P 295

agt1 - ageotropic: primary root unresponsive to gravity i

al1 25-4 albescent: erratic development of chlorophyll; pale yellow endosperm s P 219

alh1 1L=near histone Ia (symbol Hla, also used, is non-conforming): electrophoretic 282

bm2 mobility

alpha 3L-111 alpha: component at A1 (see beta); pale aleurone, red-brown plant, dark P 148
brown pericarp with P1-RR

am1 58-20 ameiotic: meiosis fails, sporogenous tissue degenerates S P 210 233

Amp1 1L-near leucine aminopeptidase (was LapA, Lp1): electrophoretic mobility; no 208

f1 hybrid bands

Amp2 1 Lleucine aminopeptidase (was LapD, Lp2): electrophoretic mobility; no 208
hybrid bands

Amp3 5 -near leucine aminopeptidase (was LapC): electrophoretic mobility 208

bt1
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Symbol Location Name, phenotype S P Reference
Amp4 - Leucine aminopeptidase (was LapB): electrophoretic mobility 208
Amy 1 - alpha amylase: electrophoretic mobility; no hybrid bands 36
Amy2 5 -near beta amylase: electrophoretic mobility; no hybrid bands 35
Cat1
an1 1L-104 anther ear: dwarf with anthers in ear florets; few tassel branches; S P 6272
responds to gibberellins
Ap1 - acid phosphatase: electrophoretic mobility 60
Ap2 - acid phosphatase: electrophoretic mobility 60
Ap3 - acid phosphatase: electrophoretic mobility 60
aph1 - aphid resistance 34
ar1 9L=-62 argentia: virescent seedling, greens rapidly SP 75
AR aberrant ratio: distorted ratios following virus infection 276
as1 1 =56 asynaptic: synaptic failure of meiotic prophase chromosomes SP 15
Asrl 45-19 absence of seminal roots 182
Atcl 9 -near strong anthocyanin: on leaf blade after 4-6 leaf stage 200
wx1
81 25-49 colored plant: anthocyanin in major plant tissues: some alleles (see R2) S P 67
affect seed color
B chr B chromosome: supernumerary chromosome P 227
bal 3L-80 barren stalk: ear shoot and most tassel florets missing S P 113
ba2 2 -near barren stalk: Like bal, but tassel more normal S 113
ts1
bd1 7L-109 branched silkless: branched ear and tassel; silks absent SP 138
beta L-111 beta: component of A1 (see alpha); purple or red aleurone and plant 148
color, red pericarp
Bf1 L-137 blue fluorescent: homozygous seedlings (homozygous or heterozygous S P 288
anthers) fluoresce blue under ultraviolet; anthranilic acid present
bf2 10L-30 blue fluorescent: similar to Bf1 in expression; shows earlier, stronger S 2
seedling fluorescence than Bf1
Bh1 6L-46 blotched: colored patches on colorless (c1) aleurone S P 68
Bif1 8 -near barren inforescence (=Tht): florets missing from ear and tassel 200
v1é
bk2 9L-82 brittle stalk: brittle plant parts after 4-leaf stage S P 147
bm1 58-41 brown midrib: brown pigment over vascular bundles of Leaf sheath, midrib, S P 74
and blade
bm2 1L-161 brown midrib: Like bm1 S 33
bm3 4 =near brown midrib: Like bm1 (C.R. Burnham, unpublished) S
sul
bmé 9L=~141 brown midrib: Like bm1 S 30
Bn1 7L=-71 brown aleurone: yellowish brown aleurone color S 142
br1 1L-81 brachytic: short internodes, short plant; no response to gibberellins S P 134 136
br2 1L brachytic: Like bri S 150
br3 S brachytic: Llike br1 S 266
bs1 - barren sterile 178
bt1 5L=-42 brittle: mature kernel collapsed, angular, often translucent and brittle S P 169 296
bt2 45-67 brittle: Like bt1; ADP glucose pyrophosphorylase electrophoretic S
mobility (G.F. Sprague, unpublished)
btn1 - brittle node 133
bu1 - Leaf burn: leaves show burning, sometimes horizontal bands, accentuated 89
by high temperature
bv1 S5L-47 brevis: short internodes, short plant S 152
bv2 - brevis: plant height 30-50% of normal 220
Bx1 - benzoxazin: blue color reaction of crushed root tip with FeCL3, 46
indicating cyclic hydroxamates present
bz1 95-31 bronze: modifies purple aleurone and plant color to pale or reddish s P 232
brown; anthers yellow-fluorescent
bz2 1L-106 bronze: Like bzl; anthers not fluorescent s P 205
c1 95-26 colored aleurone: cl=colorless; C1-I=dominant colorless S P 59
c2 41117 colorless: colorless aleurone, reduced plant color S P 39
Car1 18 catalase regulator: enzyme activity level increased 249
Cat1 5S-near catalase: electrophoretic mobility; hybrid bands occur 18
Mdh5
Cat2 18 catalase: electrophoretic mobility; hybrid bands occur 250
cat3 1L catalase: electrophoretic mobility 252

Cdh1 - cinnamyl alcohol dehydrogenase: electrophoretic mobility 84



Symbol Location Name, phenotype S P Reference
Cel - curled entangled: rolled lLeaves tend to be entangled 37211
cfl2 - complementary to fl2 209
Cal 35=23 corngrass: narrow leaves, extreme tillering S P 265
ch1 2L-155 chocolate: dark brown pericarp SP 5
cl1 35-39 chlorophyll: white to green seedlings, depending upon Clm1; pale yellow § 73
endosperm
clhi - histone Ic: electrophoretic mobility 282
Clm1 8 modifier of cl1: modifies seedling, not endosperm H 73
clt1 8 clumped tassel: variable dwarfing, developmental anomalies 92
cml 10L-near chloroplast mutator: Llike ij1 S 284
R1
cms=C - cytoplasmic male sterility: female transmitted male sterility, C type; 16
restored by Rfé4
cms=§ - cytoplasmic male sterility: female transmitted male sterility, S type; 130 132
restored by Rf3
cms=T - cytoplasmic male sterility: female transmitted male sterility, Texas S 130 132
type; restored by Rf1 Rf2
cpl 7 -near collapsed: endosperm collapsed and partially defective 162
vp?
cpd 7 -near collapsed: endosperm rough, collapsed, partially defective; seedling P 199
cpl very lLight green with darker streaks
crl 350 crinkly: plant short; leaves broad, crinkled S P &9
ctl 8 compact: semi-dwarf plant 194
cte 18 compact: semi-dwarf plant with club tassel 96
ctol - cob turned out: ear inverted.to a sheet or tube, kernels internally 294
placed; variable expression (compare tel)
Cx1 10 -near catechol oxidase: electrophoretic mobility; no hybrid bands; null allele 226
dul is known
d1 35-18 dwarf: plant andromonoecious, short, compact; responds to gibberellins S P 62
d2 3 dwarf: Llike d1 286
d3 98-59 dwarf: Like d1i S 52
d5 25=34 dwarf: Like d1 S 286
D8 1L.-133 dwarf: dominant, resembles d1; not responsive to gibberellins s P 217
da1l 9 dilute aleurone: aleurone color diluted 79
db1 o dichotomously branching plants (=dib): variable Location of dichatomy, 177 178
usually at 4=-8th node (possible association with aneuploidy)
dek1 15-27 defective kernel (was clfl, gayl): germless, floury; anthocyanins and 201 202
carotenoids absent
dek2 1L defective kernel: discolored, scarred endosperm; inviable 201 202
dek3 2s defective kernel: germless 201 202
dekd 2L defective kernel: collapsed, floury Lethal 201 202
dek5 3s defective kernel: shrunken endosperm; white seedling with green stripes 201 202
deké 3L defective kernel: shrunken, Lethal 201 202
dek? 4S defective kernel: shrunken sugary endosperm; white seedling with green 201 202
stripes
dek8 4L defective kernel: shrunken, Lethal 201 202
dek9 5L defective kernel: crumpled endosperm, Lethal 201 202
dek10 6L defective kernel: collapsed endosperm, lethal 201 202
dek11 7L defective kernel: etched endosperm, Lethal 201 202
dek12 9s defective kernel: collapsed endosperm, Lethal 201 202
dek13 9L defective kernel: defective opaque endopserm, Llethal 201 202
dek14 108 defective kernel: collapsed endosperm, lethal 201 202
dek15 10L defective kernel: collapsed floury endosperm, Lethal 201 202
dep1 6 defective pistils 179
Df deficiency: general symbol for Loss of segments of chromosome
dp1 4L-137 distal pale: seedling Leaf tip virescent (E.G. Anderson, unpublished) S
Ds dissociation: transposable factor, associated with chromosome breakage S P 174
and/or control of expression of adjacent genes; regulated by Acl
dsy1 - desynaptic 98
dsy2 - desynaptic 100
Dt1 9s-0 dotted: regulates controlling element at A1; responding al-m alleles S P 228
express colored dots on colorless kernels and purple sectors on
brown plants
Dt2 6L-40 dotted: Llike Dt1 S 206
ot3 7L dotted: Like Dt1, but expression variable S 206
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0té 4 dotted: Like Dt1, but dots chiefly on crown of kernel S 54
Dt5 9 -near dotted: Like Dt1 54
yg2
dul 10L-28 dull: glassy, tarnished endosperm (P.C. Mangelsdorf, unpublished) S
dv1 - divergent: spindle nonconverging in meiosis in microsporocytes S 38
dy1 - desynaptic: chromosomes unpaired in microsporocytes S 193
E1 7L esterase: electrophoretic mobility; hybrid bands occur 255
E2 = esterase: presence-absence 257
E3 3 -near esterase: electrophoretic mobility; hybrid bands occur 256
E4
E4 3s esterase: electrophoretic mobility; no hybrid bands; null allele is known 108
ES5-1 - esterase: electrophoretic mobility; duplicate factor with E5-II 165
E5-11 - esterase: see ES5-I 165
E6 - esterase: presence-absence 165
E7 " esterase: presence-absence 165
EB 3s esterase (=Est1): presence=-absence 165
E9 - esterase: electrophoretic mobility; null allele is known 165
E10 = esterase: electrophoretic mobility 165
E12 - esterase: electrophoretic mobility; no hybrid bands 26
E16 7 esterase: electrophoretic mobility; no hybrid bands 26
egl 5L expanded glumes: glumes open at right angle S 3
Ej1 10 (see Isrl)
el - elongate: chromosomes uncoiled during meiotic metaphase and anaphase; S P 233
frequent unreduced gametes
En enhancer: transposable factor, regulates pgl4-m mutation; equivalent to P 215
Spm
Enpl 6 -near endopeptidase (was Epl1): electrophoretic mobility; no hybrid bands 176
Y1
et 3L-139 etched: pitted, scarred endosperm; virescent seedling S P 278
1 1L=-86 fine stripe: virescent seedling, fine white stripes on base and margin S P 156
of older Leaves
Fcu factor Cuna: controlling element of rl-cu 102
fu1 25-68 floury: endosperm opaque, soft; dosage effect s P 112
fL2 45-58 floury: Like fL1, but phenotypically dominant (W.J. Mumm, unpublished) S
L3 8L-0 floury S 190
fvl - flavones™ polyphenols in silks absent 151
gl 10L-47 golden: seedling and plant with distinct yellow cast S P 62 64
g2 3s golden (allele pgl4): like g1, but more extreme; sheaths whitish 120
yellow-green
g5 3 (allele pgl4) H
Gal 45-32 gametophyte factor: Gal pollen grains competitively superior to gal on S 131
Gal silks
ga2 5L=5 gametophyte factor: Ga2 pollen grains competitively superior to gaZ 29
ga7 3L-145 gametophyte factor: ga7? pollen from heterozygotes 10-15% functional 230
regardless of silk genotype
ga8 9S-near gametophyte factor: Ga8 pollen grains competitively superior to ga8 on 254
Lo2 Ga8 silks
gal0 5 gametophyte factor 101
Gdh1 1L=145 glutamic dehydrogenase: electrophoretic mobility 224
Gdh2 10 glutamic dehydrogenase: electrophoretic mobility 103
gl1 7L=36 glossy: cuticle wax altered; Leaf surface bright, water adheres S P 142
gle 25-30 glossy: Like gl1 SP 110
gl3 4L-112 glossy: Like gl1 S 110
glé 4L-81 glossy: Llike gl1 (G.F. Sprague, unpublished)
gl5 - glossy: Like gl1 (G.F. Sprague, unpublished)
glé 3L-47 glossy: Llike gl1 (G.F. Sprague, unpublished) S
gl7? - glossy: Like gl1 (G.F. Sprague, unpublished)
gl8 S5L-67 glossy: Llike gl1 (G.F. Sprague, unpublished) S
gLy = glossy: expression poor (G.F. Sprague, unpublished)
gl11 25-near glossy: Like gl1; abnormal seedling morphology S 273
81
gl1é4 2 glossy: Like gli S 275
gl15 9L-66 glossy: Like gl1; expressed after 3rd Leaf (G.F. Sprague, unpublished) sSP 3
gLi7 58-34 glossy: Like gl1 but semi-dwarf with necrotic crossbands on Leaves s 234
gl18 8 glossy: Like gl1; expression poor s ks
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Glul 10 -near glucosidase: electrophoretic mobility 225
dul
Got1 3L-near glutamate-oxaloacetate transaminase (possibly = Tal): electrophoretic 251
nal mobility; glyoxysomal
Got2 5L-96 glutamate-oxaloacetate transaminase: electrophoretic mobility; cytosolic 104
Got3 5S-near glutamate-oxaloacetate transaminase: electrophoretic mobility; 104
a2 mitochondrial
gs? 1L=135 green stripe: grayish green stripes between vascular bundles on leaves; S P 68 181
tissue wilts
gs2 25-54 green stripe: like gsi1, but pale green stripes; no wilting (G.F. Sprague, S P
unpublished)
gt1 - grassy tillers: numerous basal branches; vegetatively totipotent in 261
combination with id1 and pel
h1 3 soft starch: endosperm soft, opaque S 188
hcf1 - high chlorophyll fluorescence: strong red fluorescence under Long=wave 180
ultraviolet irradiation; very low €02 fixation
hcf2 - high chlorophyll fluorescence: Like hcfl, but Lethal 180
hef3 - high chlorophyll fluorescence: Like hcf1, but lethal 180
hm1 1L-64 susceptibility to Helminthosporium carbonum: disease lesions on Leaves, S P 292
black masses of fruiting bodies on ears with race 1
hm2 9L-near susceptibility to Helminthosporium carbonum: Like hmi1; masked by Hm1 196
bk2
Hs1 7s5-0 hairy sheath: abundant hairs on Leaf sheath S P 287
Ht1 2L-121 resistance to Helminthosporijum turcicum S 114
Ht2 - resistance to Helminthosporium turcicum 115
Ht3 i resistance to Helminthosporium turcicum (from Tripsacum floridanum) 116
I inhibitor (=C1-I, inhibitor allele at C1 locus): also commonly used as a 56

general symbol for inhibition and for the controlling elements
responding to En

id1 1L-near indeterminate growth: requires extended growth and short days for S 264
anl flowering; vegetatively totipotent with gt1 and pel
1dh1 8 isocitrate dehydrogenase: electrophoretic mobility 104
Idh2 6L-near isocitrate dehydrogenase: electrophoretic mobility 104
pyl
igl 3L-68 indeterminate gametophyte: polyembryony, heterofertilization, polyploidy, S 139
androgenesis
ii1l 7L-52 iojap: many variable white stripes on leaves; conditions chloroplast S P 119
defects that are cytoplasmically inherited
inl 75-20 intensifier: intensifies anthocyanin pigments S P 8
Inv inversion: general symbol for inversion of a segment of chromosome SP
is1 - cupulate interspace 87
Isr1 10L-near inhibitor of striate: reduces expression of sr2 and other leaf-striping 140
R1 factors (replaces Ej1)
i1 8L-42 japonica: white stripes on leaf and sheath; not expressed in seedling S P 64
j2 4L-106 japonica: extreme white striping of Leaves, etc. (R.A. Emerson, SP
unpublished)
K3L 3L-93 knob: constitutive heterochromatic element 53
K10 10L-near  abnormal=-10: heterochromatic appendage on Long arm of chromosome 10; S P 161
sré neocentric activity distorts segregation of Linked genes
Kn1 1L-(128) knotted: scattered proliferation of tissue at vascular bundles on leaf sP 27
& 10L-63 Luteus: yellow pigment in white tissue of chlorophyll mutants w1, j1, S P 154 155
ij1, etc.
L4 - Lluteus: Llethal yellow seedling S$P 125
L6 9S-near Luteus: Like L4 (W.H. Eyster, unpublished) S
bz1
L7 95-42 luteus: yellow seedling and plant S 79
L10 6L-15 luteus: Llike L& S 241
L1 6 luteus: yellow seedling with green Leaf tips S 8
L12 6L-12 luteus: Like L& s 47
113 10L-91 Luteus (was L#*=-E59, L*x=Neuffer2): Like L& 170
L15 6L=-26 Luteus (was L*-Blandy3, L*-Brawn): like L4 245
Lal 4555 lazy: prostrate growth habit S P 126
Lecl 10L=-65 red leaf stripe: red color in leaf surface S 19
Les1 28-near lesion: large necrotic Lesions resembling disease lesions formed by S 198

wtl fungal infections on susceptible Lines
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Les2 15 lesion: small white lesions resembling disease lesions formed by fungal S 198
infections on resistant lines
Les3 10 lesion: Like Lest 7
Lg1 25-11 Liguleless: Lligule and auricle missing; leaves upright, enveloping S P 62 63
Lg2 3L-79 Liguleless: Like Lg1, Less extreme sp 22
Lg3 3 =43 Liguleless: dominant, no lLigule; leaves upright, broad, often concave sPp 212
and pleated
Li1 10L-near lineate: fine, white striations on basal half of mature Leaves S P 44
bf2
LLs1 1 Lethal Leaf spot: chlorotic-necrotic lesions resembling Hetminthosporium § 293
carbonum infection
Ln1 - Linoleic acid: lLower ratio of oleate to Linoleate in kernel 48
lo2 95-50 lethal ovule: ovules containing Lo2 gametophyte abort S 193
Loc1 - Llow oil content in kernel: associated with albino seedlings 221
Lp1 4 lethal pollen: Lp1 pollen fails in competition with Lp1 192
Ltel 2 Latente: heat tolerance 184
Lte2 10 latente: heat tolerance 185
Lul 558-29 lutescent: pale yellow-green Leaves s 262
Lwl 1L=(128) Llemon white: white seedling, pale yellow endosperm S 290
Lw2 S5L-near Lemon white: Like Lwl S P 290
pri
Lw3 S5L-near lemon white: Like Lw1; duplicate factor with Lwé 290
ve
Lwé 4 -near  lemon white: see Lw3 290
zbé
Ly1 5 Lycopenic: similar to ps1 (possible allelism untested) but not 80
viviparous; accumulates Llycopene
M (commonly used as a general symbol for mutator or modifier)
mal1 9 multiple aleurone Layering: recessive interacts with two complementary 183
dominants Mal2 and an unnamed factor, giving multiple cell Llayers
Mal2 4 multiple aleurone Layering (see mal1) 183
Mdh1 8 malate dehydrogenase (mMdh4 of Scandalios and co-workers): 203
electrophoretic mobility; mitochondrial
Mdh?2 6L-near malate dehydrogenase (mMdh2 of Scandalios and co-workers): 203
py1 electrophoretic mobility; mitochondrial
Mdh3 3L-124 malate dehydrogenase (mMdh1 of Scandalios and co-workers): 203
electrophoretic mobility; mitochondrial
Mdh& 1L-near malate dehydrogenase (sMdh1 of Scandalios and co-workers): 203
ani electrophoretic mobility; cytosolic
Mdh5 55-17 malate dehydrogenase (sMdh2 of Scandalios and co-workers): 203
electrophoretic mobility; cytosolic
Me1 3L-103 malic enzyme: electrophoretic mobility 104
mep 5L modifier of endosperm protein: affects quantities of Prot1 protein forms 259
Mer1 4 IAC Maya earworm resistance 186
Mer2 3 IAC Maya earworm resistance 186
mi 1 midget: small plant (H.S. Perry, unpublished) S
mmm1 1L-near modifier of mitochondrial malate dehydrogenases (mobilites) 203
ani
mn1 2 -near miniature seed: small, somewhat defective kernel; fully viable S P 163
fu1
mn2 7 miniature seed: small kernel, loose pericarp; extremely defective but S
will germinate (R.J. Lambert, unpublished)
Mp modulator of pericarp: transposable factor affecting P1 locus; parallel 24
to Ac-Ds
Mr 9S-near mutator of R1-m: transposable factor, regulates R1-m mutation P 207
L7
Mrh mutator: controlling element of al=m-rh 235
ms1 6 -near male sterile: anthers shriveled, not usually exserted 267
Y1
ms2 -4 male sterile: Like ms1 S 76 79
ms3 3 male sterile: Like ms1 76 79
msS5 5 -near male sterile: anthers not exserted S 12
v3
ms7 7L-near male sterile: Like ms5 s 12

gl1
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ms8 8L-28 male sterile: Like ms5 SP 12
ms9 1 =-near male sterile: Like ms5 S 12
P1
ms10 10L-near male sterile: Llike ms5 S 12
bf2
ms11 10 male sterile: Like ms5 S 12
ms12 1 male sterile: Like ms1 S 12
ms13 58 male sterile: Like msS S 12
ms14 1 -near male sterile: Llike ms5 S 12
as1
ms17 15-23 male sterile: Like ms1 S 70
Ms21 - male sterile: dominant; potlen grains developing in presence of Ms21 are 149 253
defective and nonfunctional if sksi, hormal if Sks1
Mst1 10L=-67 modifier of R1=-st: affects expression of R1-st 5 -1
Mu mutator: non-Mendelian trait; increased mutation rate 244
Mut 2 mutator: controlling element for bzl-m=-rh 236
Mv1 - resistance to maize mosaic virus I ("corn stripe") 20
nal 3L-91 nana: short, erect dwarf; no response to gibberellins SP 118 153
na2 5L-near nana: lLike nal (H.S. Perry, unpublished) S
bt1
NCS nonchromosomal stripe: maternally inherited Light green Leaf striping S 263
necl 8 necrotic (was nec*-6697, sienna»-7748): chlorotic seedling that stays $ 170
rolled, wilts and dies .
necd 18 necrotic: green seedling develops necrotic lesions at 2-3 leaf stage; s
Lethal (E.G. Anderson, unpublished)
nec3 5 -near necrotic: seedlings emerge with tightly rolled Leaves that turn brown S 197
bt1 and die without unrolling; manually unrolled Leaves tan with dark
brown crossbands
nl1 10L=-near narrow Leaf: leaf blade narrow, some white streaks (R.A. Emerson, SP
bf2 unpublished)
NOR 6S nucleolus organizer: codes for ribosomal RNA S 172
ol & =~near opaque: endosperm starch soft, opagque (W.R. Singleton and D.F. Jones, S
gl3 unpublished)
02 75-16 opaque: Like o1; high Lysine content (W.R. Singleton and D.F. Jones, SP
unpublished)
o5 7L=-near opaque: Like o1 S 240
gl1
ob - opaque: Like o1; Llethal seedling 189
o7 10L-87 opaque: Like o1; high lysine content S 187
o9 - opaque endosperm: crown opaque and Light in color, frequently with a 191
cavity; base or abgerminal side of kernel often corneous
010 = opaque endosperm: like ol 191
o011 - opague endosperm: thin, opaque, somewhat shrunken kernels with greyish 191
cast
012 - opaque endosperm: thin, etched or scarred kernels, variable in size; 191
plants chlorophyll deficient and small, with pollen but few ears
013 - opaque endosperm: opague, etched kernels with rim of corneus starch on 191
abgerminal side
0g1 105-16 old gold: variable bright yellow stripes on Leaf blade S P 159
ora3 - orange endosperm: heterozygous plants in hybrids taller, earliér, 55
smaller-eared than homozygous normals
orol 6 orobanche: yellow to tan necrotic with cross-banding when grown under 170
Light-dark cycle; some chlorophyll with Orom1l
oro2 - orobanche: Like orol 170
Orom1 - orobanche modifier: partially corrects bleaching of orol 170
oy1 108-12 oil yellow: seedling oily greenish-yellow spP 78
P 10L-61 plant color component at R1: anthocyanin pigmentation in seedling lLeaf 279 280
tip, coleoptile, anthers
P1 18-26 pericarp color: red pigment in cob and pericarp S P 61 160
pam1 - plural abnormalities of meiosis: desynchronized meiotic divisions and 99
premeiotic mitosis; plants male sterile, incompletely female sterile
pam2 - plural abnormalities of meiosis: Llike paml 100
pb1 6L-near piebald: very Light, irregular green bands on Leaf P 51
L10
pb4 6 -near piebald: Like pb1 S 51

Y1
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pd1 - paired rows: single vs. paired pistillate spikelets; pdl is found in 146
teosinte also
pel - perennialism: vegetatively totipotent in combination with gt1 and id1 261
pgl1 6L-34 pale green: seedling light yellowish green; mature plant pale and S P 20
vigorous; duplicate factor with pgl2
pg12 9L-61 pale green: see pgll S 231
pgls 3s pale green (allele g2 and g5): pale green Leaves with normal green S P 215
sectors; mutable allele controlled by En (Spm)
Pgd1 6L-near 6-phosphogluconate dehydrogenase: electrophoretic mobility 104
Y1
Pgd2 3 -near 6-phosphogluconate dehydrogenase: electrophoretic mobility 104
Lg2
Pgm1 1L-near phosphoglucomutase: electrophoretic mobility 104
tb1
Pgm2 55-0 phosphoglucomutase: electrophoretic mobility 104
Ph1 45-0 pith abscission: cob disarticulation 88
Phi1 1L=-140 phosphohexose isomerase: electrophoretic mobility 104
PL1 6L=45 purple plant: sunlight-independent purple pigment in plant S P &7
pm1 3L-near ,pale midrib: midrib and adjacent tissue Lighter green SP 23
tsh
Pn1 7L-112 papyrescent: long, thin, papery glumes on ear and tassel S P 90
po1 65-0 polymitotic: microspore division without chromosome division S P 11
pri 5L-66 red aleurone: changes purple aleurone to red SP 59
prol 8L proline requiring: crumpled opaque kernel; green stripe lethal seedling 91
Prot1 1L-121 protein: embryo protein mobility variations 259
ps1 55-39 pink scutellum (svp7): viviparous; endosperm and scutellum pink, s P 272
seedling white with pink flush
Pt1 6L-56 polytypic ear: proliferation of pistillate tissue to produce irregular S P 195
growth on ear and tassel
Px1 - peroxidase: electrophoretic mobility; no hybrid bands; null allele is 106
known
Px2 - peroxidase: electrophoretic mobility 164
Px3 - peroxidase: electrophoretic mobility 164
Px& - peroxidase: electrophoretic mobility 164
Px5 - peroxidase: presence-absence 164
Px6é - peroxidase: presence-absence 164
Px7 - peroxidase: electrophoretic mobility; null allele is known 164
Px8 - peroxidase: electrophoretic mobility 21
Px9 - peroxidase: electrophoretic mobility 21
py1 6L-65 pigmy: leaves short, pointed; fine white streaks S P 286
pyd1 9S-near pale yellow deficiency: pale yellow seedling; deficiency for short 173
yg2 terminal segment of chromosome arm
R1 10L-61 colored: red or purple color in aleurone and/or anthers, Leaf tip, brace S P 59
roots, etc.
R2 25-49 colored: duplicate factor with R1 for aleurone color (either R1 or R2 is S P 285
required); allelic to B1, affects plant color
rail 7L-32 ramosa: ear branched, tassel conical SP 1293
ra2 3S=-near ramosa: irregular kernel placement; tassel many-branched, upright (R.A. SP
d1 Brink, unpublished)
ra3 4 ramosa: (R.A. Brink, unpublished) s
rd1 i reduced: semi-dwarf plant 5 194
rd2 6L reduced: Llike rd1, but not as extreme 95
Rf1 3 =near restorer: restores fertility to cms-T; complementary to Rf2 S 129
Lg3
Rf2 9 -near restorer: see Rf1 S 58
wx1
Rf3 2L restorer: restores fertility to cms-§ 28
Rf4 - restorer: restores fertility to cms-C 105
Rg1 3 =45 ragged: chlorotic tissue between veins of older Leaves, causing holes SP 25
and torn appearance
rgd1 6 -4 ragged seedling: seedling leaves narrow, thread-like, have difficulty in S P 143
emerging
Rgd?2 5 ragged leaves (was Rgd#*-1445): distorted growth 200
rgol 2 reversed germ orientation: embryo faces base of ear; variable frequency, 246

maternal trait



Symbol Location

Name, phenotype

S P Reference

183

rhm1

Ri1
Rp1
Rp3

Rp4
Rp5

Rpé
Rpp?

Rs1
rs2

rt1

Rug1
S
sel
senl
sen2
sen3
send
sen5
sené
sg1
sh1

sh2

shé
si1
sk1
Sks1

sl
sm1
Sod1
Sod4
Spc1

Spm
sri
sr2
sr3
st1
sul
su2
Sup1
syl
Tal
tb1

td1
tel

Thet

4s

45-27

105-0

3 -near
glé

45-24

10S-near
Rp1

10S-near
Rp1

10S-near
Rp1

1 -near
as1

3 -near
cgl

10L-61

3
7
1

2
5

95-29
3L-127.2

5

6L-16
25-56

2 -near
vh
7L-50
6L=-55

3

15-0
10L-95
108

45-62

45-66
6L-54

1L-near

resistance to Helminthosporium maydis: chlorotic-lesion reaction with
race 0

rind abscission: cob disarticulation

rust resistant: resistant to Puccinia spp

rust resistant: resistant to Puccinia sorghi

rust resistant: resistant to Puccinia sorghi
rust resistant: resistant to Puccinia sorghi

rust resistant: resistant to Puccinia sorghi
rust resistant: resistant to Puccinia polysora

rough sheath
rough sheath

rootless: secondary roots few or absent

receptor: responds to regulatory element of Ugl

seed color component at R1: anthocyanin pigmentation in aleurone

sugary-enhancer: high sugar content with sul

soft endosperm: endosperm soft, opaque; duplicate factor with send

soft endosperm: see senl

soft endosperm: Llike sen1; duplicate factor with sené

soft endosperm: see sen3

soft endosperm: Like sen1; duplicate factor with sené

soft endosperm: see sen5

string cob: reduced pedicels

shrunken: inflated endosperm collapses on drying, forming smoothly
indented kernels

shrunken: inflated, transparent, sweet kernels collapse on drying,
becoming angular and brittle; ADPG pyrophosphorylase reduced

shrunken: collapsed, chalky endosperm

silky (=ms=si): multiple silks in ear; sterile tassel with silks

silkless: pistils abort, no silks

suppressor of sterility: pollen grains developing in presence of Ms21
are defective and nonfunctional if sks1, normal if Sks1

slashed: leaves slit Longitudinally by necrotic streaks

salmon: silks salmon color with P1-RR, brown with P1-WW

superoxide dismutase: electrophoretic mobility

superoxide dismutase: electrophoretic mobility

speckled (was Spc*=1376, Les*=-1376): brown'speckling on lLeaves and
sheath at flowering; supporting tissues weak

suppressor-mutator: transposable factor, regulates responsive element at

al-m1, c¢2-m, pglé-m,etc.

striate: many white striations or stripes on Leaves (A.M. Brunson,
unpublished)

striate: white stripes on Leaf and sheath

striate: virescent and striate to striped

sticky chromosome: small plant, striate Leaves, pitted kernels resulting

from sticky chromosomes

sugary: endosperm wrinkled and translucent when dry; sweet at milk stage

sugary: endosperm glassy, translucent, sometimes wrinkled

suppressor: modifies o2 kernels to semi-transparent

yellow scutellum

reciprocal translocation: general symbol for exchange of parts between
two nonhomologous chromosomes

transaminase (possibly = Got1): electrophoretic mobility; hybr1d bands
occur

teosinte branched: many tillers; nodes with slender branches ending in
unbranched tassel

thick tassel dwarf: (E.G. Anderson, unpublished)

terminal ear (was iel): stalked ear appendages at tip; varying tn
infolded ears (compare ctol)

thiocarbamate sensitive: sensitive to Eradicane

w v

L]

T TwTo

268

88

166 167

297

297
248

297
291

141
141

122

85

279
81

281
281
281
281
281
281
86

117

168
289
83

128
149

110

200
175

127
96
13
45
79
171
271
164

32

247

216

253
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Symbol Location Name, phenotype S P Reference
tL1 - tasselless 178
Tp1 7L-46 teopod: many tillers, narrow leaves, many small partially podded ears, S P 158
tassel simple
Tp2 10L-45 teopod: Llike Tp1 S P 214
trl - two-ranked ear: distichous vs. decussate phyllotaxy in ear axis 146
ts 25=74 tassel seed: tassel pistillate and pendant; if removed, small ear with S 66
irregular kernel placement develops
ts2 15-24 tassel seed: like ts1, but branches pendant rather than whole tassel SP 66
tsé 3L=52 tassel seed: tassel compact, upright, with pistillate and staminate S P 218
florets
Ts5 48-53 tassel seed: dominant; nearly normal tassel with scattered, short silks § 71
Tsé 1L-158 tassel seed:; tassel pistillate to mixed, compact; ear with irregular S P 204
kernel placement
Tul 4L-101 tunicate: kernels enclosed in long glumes; tassel glumes large, coarse S P 42 43
ub1 - unbranched: tassel with one spike s P 199
Ug1 ubiquitous: controlling element for Rugl 85
vl 9L=-63 virescent: yellowish white seedling, greens rapidly SP 50
v2 5L-107 virescent: like v1, but greens slowly S P 64
v3 SL-45 virescent: light yellow seedling, greens rapidly SP S0
vk 2L-83 virescent: Like v2 S P 50
v5 78-24 virescent: Like v1, but older Leaves have white stripes S P 50
v8 4L-near virescent: Like v2 S 52
Tul
vi2 5L-near virescent: Like v3 s 219
ys1
vi3 - virescent: first Leaf white with green tip; greens slowly 8 219
vié 8L-14 virescent: like v2 S 219
vi? 4 virescent: Like v1, but greening from base to tip S 219
v18 10 virescent: like v1 S 219
vel 8L virescent: grainy virescent, greening from tips and margins inward S 17
vaz2 1 -near virescent: Like v1 (E.G. Anderson, unpublished) S
anl
ve3 & -near virescent: Like vl (E.G. Anderson, unpublished) S
sul
val 7L-near variable sterile: male sterile with some fertile anthers s 14
ij1 )
Vg1 1L-85 vestigial glumes: glumes very small, cob and anthers exposed S P 274
vpl 3L viviparous: embryo fails to become dormant; chlorophyll and carotenoids § 77
unaffected; anthocyanins in aleurone suppressed
vp2 55-38 viviparous: embryo fails to become dormant; white endosperm, white sP 77
seedling; anthocyanins unaffected
vp5 15-1 viviparous: like vp2 S P 237
vp7 5 (= ps1)
vp8 1L=154 viviparous: embryo fails to become dormant; chlorophyll, carotenoids, S 238
and anthocyanins unaffected; small, pointed-leaf seedling
vp? 7 =25 viviparous: Like vp2 S P 238
wi 6L-near white: white seedling S 62 63 155
wWlé
W 10L-77 white: white seedling S 157
w3 2L-111 white: Llike wp2 S P 157
wil 95-54 white: Llike w1 S 52
Wik 6L-74 white: Like wl S 47
w15 6L-9 white: Like wl S 47
Wel oL-107 white cap: kernel with white crown and pale yellow endosperm S 144
wd1 9S-near white deficiency: white seedling; deficiency for distal half of first SP 173
yg2 chromomere of short arm
whp1 - white pollen: duplicate factor with ¢2 for yellow pollen and for 40
anthocyanins
Wil 6-near wilted: chronic wilting, delayed differentiation of metaxylem vessels S 223
Y1
ws1 - white sheath: Light yellow Leaf sheaths; duplicate factor with wsZ2 S 137
ws2 - white sheath: see ws1 5 137
wWs3 250 white sheath: white Leaf sheath, culm, husks S P 229
wtl 25-60 white tip: tip of first leaf white and blunt S 277
wx1 95-56 waxy: amylopectin (stained red by iodine) replaces amylose (blLue S P 41

staining) in endosperm and pollen
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Symbol Location Name, phenotype S P Reference
Y1 6L-13 yellow: carotenoid pigments in endosperm; some alleles affect green S P 45
pigments in seedlings
Y3 2S-near yellow: endosperm color 213
al1
y8 75-18 yellow: Light yellow endosperm S 124
y9 1058-24 yellow: pale yellow endosperm, slightly viviparous; green to pale green S 243
seedlings and plants
y10 3L yellow: pale yellow endosperm; white seedling S 239
yd2 3L-near yellow dwarf 242
Lg2
ygl S5L-near yellow-green: yellow-green seedling and plant S 74
ve
yg2 95-7 yellow-green: like ygl SP 121
ys1 5L-75 yellow stripe: yellow tissue between leaf veins, reflects iron SP 10
deficiency symptoms
ys2 18 yellow stripe (previous use of ys2 has lapsed): yellow tissue between 222
Lleaf veins
ys3 3L-near yellow stripe: Like ys1 S 298
Lg3
Ysk1 4 -near yellow=streaked: Llongitudinal yellow streaks top 3rd of mature leaves 200
su
z1 - zeta-carotenic: carotenoids photosensitive; embryo viviparous; 80
accumulates zeta-carotene
zb1 - zebra: yellowish crossbands on older Leaves s 49
zb2 - zebra: crossbands on seedling Leaves S 283
zb3 5 -near zebra: crossbands on older lLeaves (M. Demerec, unpublished) S
ve
zb4 15-19 zebra: regularly spaced crossbands on earlier Leaves; enhanced by cool S P 109
temperatures
zbb 4 =79 zebra: regularly spaced crossbands on older leaves; enhanced by cool s 11
temperatures
Zerl 4 lapalote Chico earworm resistance 186
Zer2 6 lapalote Chico earworm resistance 186
Zer3 2 Zapalote Chico earworm resistance 186
Llerd 1 LZapalote Chico earworm resistance 186
zn1 10L-26 zebra necrotic: necrotic tissue appears between veins in transverse lLeaf S P 107
bands on half-grown or older plants
zn2 - zebra necrotic: Like zn1 S 9%
Zp1 7 =near  zein polypeptide: variation in 20 kd zein proteins 269
ral
Ip2 7 -near zein polypeptide: Like Ip1 269
ral
Ip3 7 -near zein polypeptide: Like Zp1 269
ral
Ip6 7S-near  zein polypeptide: Like Zp1 269
Hs1
1p16 7S-near zein polypeptide: Like Zp1 270
gl1
Ip21 75-9 zein polypeptide: Like Zp1 270
Ipa9 75-12 zein polypeptide: Like Zp1 270

1. Anderson, E
2. Anderson, E.
3. Anderson, E
4. Anderson, E
5. Anderson, E.
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[The linkage map follows on page 191, after a brief piece of injeanuity
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V. FIFTY YEARS AGO IN OLD ZEALAND (MNL 3)

NEW YORK STATE COLLEGE OF AGRICULTURE AT COANELL UNIVERSITY

CORNELL UNIVERSITY AGRICULTURAL EXPERIMENT STATION

ITHACA N Y DEPARTMENT OF PLANT BREEDING

Dzcember 12, 1932

To daize Genaticists :-

If you have any good tastsr couwbinztions you
wish to send in so that they may be mads aveilable for
the whole group or if there is any comlbination of gsnes
you would like to haves, will you please notify us hare
at Cornell so that we may list your contributions and
wants in the corn-letter which wlll come out in thz noar
future. January lst has been set as tha dead lins for
receipt of matarisl to be included in the lstter. UTill
you please cooperate with us so that we can make this
cooperative affair a real service to all concernsd,

. chniwe plin tg tnctgde in the letter a summary of
e te ¢ employed by e Russian physiologist, Lysenk
in his "Springefication" of corn. i . e 4

If any of you have this year's linkage data
vhich could be added to the linkage summary, we shall
be glad to receive them at once. The sumnary is in pre-
paration for rublieation.

Sincerely yours,

M, M. Rhoades

NEW YORK STATE COLLEGE OF AGRICULTURE AT CORNELL UNIVERSITY
COoANELL UNIVERSITY AGRICULTURAL EXPERIMENT STATION

ITHACA, N. ¥ DEPARTMENT OF PLANT BREEDING

EMIBIT V

Jrnuazry 28, 1953

To mcize genaticists :-

W2 are including in this report an invantory of all mzize
charzcters whoso description has sither b2en published or czllad
to our attantion. We ars slso incluaing a suanary of the tach-
nique =aployed by Lyssenko in his 'Jarovization' of corn.

Denersc wuas kind enough to makes the translation froam the Russian.

The response of the maize geneticists to the two lsttzars
froa this office asking for their cooperation in establishing a
clsaring house and central repository has besn good. Either :seed
or the statement that certain stocks were avazilable and would be
sent later has been received from the following institutions:
Wisconsin, Texas A. and M., idissouri, Carnegie Institution,
U. S. Department of Agriculture, Connecticut Agriculturzl Experi-
went Station, California Institute of Technology, Yinnesotz,
Ames, Bucknell and Cornell. A list of these stocks is included
in this report.

e following wants have bes ved:

1. Related stocks homozygous for Ga and ga. Spragu=.

2. A oultiple rescessive stock for sach chromosome involving cs
grzat a map distznce as possiblz with genes so situsted as
to reduce undetected doubls crossevers to a minimum. Spragus.

3. Variesgated pericarp material from different sourcas., Uhznever
possible variegatad/rz2d cob whits combination is prafarable.
Demerzc.

4, pllelomorphs or suspected zll=lomerphs of h such as marblad,
stippled, navajo, mottlsd, =2tc., cnd allelomorphs of R aff=ct-
ing plant characters. Stadler.

5. wultiples recessive combinations of ganes in the pr-v

o Broup.
Hhoadszs.

6. Any recessive genz in the gl; vy group that 1s carrying
dominant yellow endosparum. Hayes,

7« The combinations &l-¥-Pl; i;-ra—gll; ay-na; 1lg;-gls-b;
pr—bml su-gls; Y-P1 pr-bmlj P-fl-an; p»fl-an. Burnhan.

¢6l



8. @multipls s2z2dling cowbinztions for ths sanz znd diffsrent
liasxags groups; particularly nsw g2n=s such as lg,, glossizs,

srgostrips.  Azndolph.
9, 1%2 combinztion El pr in with =zny glossy. Ri:naolpa.
10. S=2edling g=nz3s in th= Y-Pl group otha2r thin zl1 und py.
fizndolph,

Sincz approximctaly £90 differant churzetsrs in aziz2 havs
besn drscribed and cssigned symbeols it 1s becouning hmore znd wore
difficult to find azpproprizts symbols, suggzstiva of the chzrac-
tar, for new gaznes. Tazxrefore, w2 rscoansnd tha following:

¥nen a new charactsr arises yvhich.is similar in its spozar-
ance to & previously described character it should b2 given tao
same syabol as that us2d for tha old character sxcspt that th:
subscript, of coursz, shall bz diffsrent. This has besen don2 in
the past, e.g. the differant virsscants, glossy ss2dlings, =sic.,
but it has not been followed in all cases. As & conerstsz sxazpls
of whzt we havz in aind, w2 have differant stripsd lzsves azs-
cribed as fins streuked, fine striped, green stripsad, yellow
stripad, japonice, lojep, striate, ete., The nuabsr of gan2ti-
cally differsnt striped charascters will probably b= grsat.
Therafors, instezed of trying to find & n2w syaecel for ¢ n2v stripe
designeta it as 12 if it resemblss jzponicu, or ¥sg if 1t r==
sesmblss yallow strips, sic. The sau2 holds for th2 acls starilss,
dwerfs, ete. Unl2ss w2 ar2 willing to do this w2 shall bz forezd
to uss tri-literzl symbols, or bi-litsrcl symbols vhich in no way
suggast ths appezrance of ths charactar.

Y& strongly urgs tizt you corraspond with tnls officz be-
fors assigning syubols to nsw charact.rs. V.2 shzll x=22p ths list
of sssignad symbols up to dctz so that ™2 can b2 of zssistanes
in essigning thes propar syabols. Th2 sucesss of tails projsct
depzndas 2ntirzly upon your coopsration. Thar:z have bazan saverzl
instanczs in ths past whers the sans syzbol nas ba=n usa2d for
differont genses. This 1s confusing not only to wcizz penzticists
but to othars.

balow are est v -
2 sach of th2 10 chrouosomes;

-

2 combinstions of

Some of thes2 stocks have just bz2en isolatzd znd ths
supply of seed is liuitsd. By noxt swager snouph s22d should be
avalluzble for sverybody naving a legitiaatz uss for the stocks.
Howsevar an attempt sill b2 uade thls spring to supply =zny of ths
listed stocks as long as ths supply holds out. .

3'

Totzl lz2ngth

Hap distance
2 of knovm

covared by

Chro me  Comb o} these factors genatie map

I p—br-fl—bm2 £5 % 125 %

II 1gl-gle—b-v4 80 % 80 %

III a,-na=cry 70 & 9

v su—Tu—glz 40 = 70 =

v ys—pr—bml 30 % 87 =
pr-bml-v2 BT &

VI al-y-Pl-py 69 % 69 =
VII Bn—gll-vs 26 =
Bo-ra-vg 26 %

VIII J-msg 20 % 27 %

IX yga-c—sh-wx 52 = 25 =

X r-g-nl 33 % 35 %

Jarov on ue:

= e fessor
At the Sixth Intsrnational Congress of Genetics, Pro
Vavilov reggrted Lyssenko's discovery b{ vhich ths growing E;iiOd
of plants can b2 appreciably shortened jarovization). I R
claims of the worksrs invastigating this problsam are justi }ed’ta
this discovery is of great importance to plant geneticists an
plant breeders.

i 2 i kz2d out for
Following is the description of the method wor 2d
maize and descrfbed in the Bulletin of Jarovization, 283: 105-
108, 1932,

(1) Add water to increass the water contsnt of thz seed
to 30 per cent of weight.

t a tam-
o) Kzep the szed in darkness for 10 to 15 days—a
peraturg lf 20 cantigradsz and allow it to gzrminate ?{nd
regulzting ooisturs th2 germination procsss should b2 controlie
so that ths gera doss not davzlop exc=ssivaly.

L
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W tock va regaivad:

Brink - (1) lgy-tsy-v, x lg)-Ts)-vy; (2) ‘l'lgE’
(3) p-br- f—bma, (4) gl -fl-v,;

(8) gl —ts1 . x el -Tsl—v

Sprague - (1) r- g—nl, (2) _I_ B Pl su; (&) al-y-Pl;

(4) En-gll-vs, (5) Pcl Pey, Pez pcy - Pe = purple

(8) bt o Dtg; (7) 4CR so; sop - SO = colzorhiza;
oran;e scutellun;
(8) sy sy . sy = y2llow scutzllum;

(8) sx - scutellum color; (10) gly; (11) gly;
(12) gl,; (13) g1,; (14) gl; (18)
(18) elg; (17) glg.

317 17

Beadle - (1) sr; (2) gs (early); (3) su-Tu-gl,.
Demersc - (1) XHy (2) LSE (3) Pgy; (4) PEy4; (5) DEz;
(8) Pby; (7 Pby and pby (duplicat= factors);

(8) pby; (9) zebra, ; (10) zsbray; (11) zebrag.

Stadler - (1) ¥ a R&E C pr in b pl; (2) a r C pr vx y;
(3) PYV 4 KE ¢ sh wx pr su;
(4) A Cr8 shwxyprSusu - r8 derived by
(5) a ¢ K8 pr in y wx Su su. outztion from RE;

Jenkins - (1) A, CCKRRERprpr 3, ag (Bt bt);
(2) gl 1) Y¥; (3) gly vg;

(4) gll i1} YY s=g. fry and rrg.

Eyster - (1) 55’ (2) 34, (2) pk; (4) 1g; (5) 145 (6) 1g;
(7) £5; (8) suy; (9) yt; (10) da; (11) ar; (12) sa;
(13) au,; (14) auy; (15) oy; (16) msy; (17) msa;

(18) V'pl, (19) nsla, (no) cra, (‘..l) :1520, (22) bt4,
(23) peg-

5.

gn furnish thz follo ing lst2 stocks:

(1) B b na naj (&) na g; (3) g; (4) ¥ y P1 pl;

(5) 1g gll ra; (8) Pr Pr RE cc wx wx; (7) B © 1g lg Sk sk;
(8) pr pr R& CC su su; (9) Tu tu su su;

(10) Tu tu Tsg tsg su su.

¥=mpton adviges thot he eon furnish:

(1) ra g 11 1g; (2) ra g 1g br; (3) pr 1i 1g £;
(4) er 11 g1l - gi = gigas; (B) lg ad £; (6) wx 1lg gl.

Lindstrom can furnish:
(1) r g 11 b pl; (2) Rg 1i b pl; (3) r g nl b pl;
(4) R g n1 b pl.

zleton Jo have a fo 194 la tastar:

AcR1lg g P suy.

Andsrson has ss2d of:

P-br-f—bug; various combinations cof sm ana sk.

V2 have not listsd any ctocks from Corna2ll. In th2 corm la2ttar
of October 5, 1932, w2 listad ths wultipls tsstars zviilebls
harsz.

Appandad haretitn is the 1list of mzizs churictars with

their gene symbols. W2 have attempted to auksz this list cs
accuratz and up to datz zs possible ptut wistckss nnd discronancies
are bound to cccur. Ve vill appreciatz it if you rill ccll arny

of tnese errors to our zttsntion.

VW2 ars oaking an cttempt to collact ssed of a2ll of th:
naizs characters in th2 central rapository zt Cornz211. In the
list of g=nes w2 hav2 notad the stocks of vhich w2 have s=ad,

If 2ny one2 has s2ed of o charzctsr listad as not on hand =zt Cor-
nell, he should ss=nd us 2 sazll supply of such sz2d.
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Charzetar affected

plzant, alsurons and
paricarp tolor

plant and alsuronz
color

adherent tasszsl

" "

L "
albasscent
anthar 2ar
zrgsntea
argostrips

asynapsis

-

aur=a

sur=a

plant color booster
barren stalk

n n

branched stsrile

branched ear
blotched alzurons
branchad silklsss
brittls stalk
blotched l=zaf

" i
brovn uidrib

" "

" L

Chron- &=z2d ot
osoze  Corn=11
III n
v n
I "

n

n

VI n
T "
IX "
VI "
I "
IX n
"

II n
IIT "
II L
n

vI n
n

"

"

n

v - =
I n

6.
Dzseribad by
En=rson 'l8,
En2rson & An-
darson '3Z2
Jznkins '32
Rzmpton '20

Eystar

Eyster

Bz2udl: and
ScClintock '28

Eyster '289
Eyster '29
Eaerson 'Z§
Hofneyr
Hofnmeyr

Collins znd
Kempton

Bryan
Emsrson
K=.1pton

Tigeuns

4]
(]

Eisrson !
Rirrpens
Eyster 'Z6
Burnhaia
Burnhesn

bp
br
bs
bt
bt
bt
bt

P

Ch

cr

cr
2

i

a
@
[+

de

-2

brotm aleurone
brovn pericarp
brachytic

barren starile

brittls endospsro

" "
" "

n "

brevis
aleurone
chloroblotch

chocolate pericarp

crinkly
n

dwarf

dwarf

dwarf

dwarf

dwarf

dwarf

dilute aleurone

defectivz endospera

" n
n "
" n
f “w
n "
n "

VII
IX

IX

III

IX

I1I

IX

II

IX
Iv

7.
Kvakkan '24
Heyers_'z?
Kzopton '20
floodvorth '26

Hdang=lsdorf '26

Bezadls

Eyater

Li

East & Hayes 'll

Emerson nnd
sndarson '3l

Emerson '21
Eyster '32
Emerson 'lZ
Suttle

Demersec '23

Perry

Eyster '32
Eystar '32
dangelsdorf '26
Mangelsdori '26
wengelsdorl 'Z26

dangelsdorf '26

“Mangslsdorf '26

zngelsdorf '26

Mangelsdorf '26
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defzctive sndosperm
n n

" n

n n
" n
n fn

flint defective
dotted leaf
fine striped

n "

n n
fine streaked
floury endospera
frayed '
frayed
fasciatad
golden
golden
golden
golden

pollen tube growth
factor

glucostactous

prematurs gernination

" n

IX
Iv

=

3 Mo H

VII
VIL

IX
Iv

(s3]

deng=zlsdorf '2

o

Jempelsderf 12
«angelsdorf 26
Jangelsdorf 'Z6
Mdangelsdorf '2€
Mangelsdorf '26
Mangelsdors '26€
Brink '27

Wantz '25

dangelsdorf '26

Ezerseon
Lindstron '18
Eyster 'Z6
Eyster

inderson '2E2
Hayess & Bust '1F
Jenkins & Pope
Jenkins & Pope
Collins & K=mpto
E.srson 'lZ
Jenkins '26
Eyster

Eyster

dzngslsdorf and
Jones '26

Eyster '24
amangslsdorf 126

Mazngeslsdorf 'E6

*gm

gs
h
ns
I

id
in

premature gesruination
" "
L n
gigas
glossy
glossy

glossy

glossy
glossy
glossy
glossy
glossy
glossy

geruless

goermless
gernless
green striped
soft starch
hairy sheath

inhibitor of aleurone
color

iojap

intensifisr of
alzuronz color

#* preportad as gml.

ViI
II

Iv

IX

VI
IX

VII
VIiI

Jangelsdorf '28
dongelsdorf '26
Hangelsdorf '26
Kempton

Kvakan '24

Hayes % Brew-
baker 'Z8

dayes & Brew-
baksr 'Z8

Sprague
Spragus
Sprague

Spragus

Danzrec '=

Eystzr '28
Exsrson '12
wunn ‘29
Tavcar

East & Hdayss '11

Jankins '24

Frassr '24
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G ek el -
PR

[
w

ag

or

s

[

os

as

as

s

L T ]

japonica
knotted leaf
luteus
lut=us
luteus .
lutsus
lut=us
luteus
luteus
lazy
ligulsless
liguleless

lineates

pollen lethal
yellow vhite seedling

n n "

nicropyle color

oid cob color
ninlature gern
oidget plant
uidrib

male sterile

VIII

IX
Ix

II
I11

VI

IX
II1

10.
Emerson '12
Bryan
Lindstrou '17
Lindstroo '25
Jznkins & B211
Jenkins & P21l
Eystesr 'Z2

Eyster

L]

Eystar
Jenkins
Eazrson 'lZ

Brink

Collins and
Keopton 'Z20

Fhoades
Stromcn 24
Stroman '74

Singleton and
Jones

Damarec 127
Wantz '24
Peryy

Kvakan

Singlaton and
Jonsas

Eyster
Eyster
Beadls -

NI
14

Bzadle

ns
I::S,?
mSB
s
ns

10

mSll
os

n
513

14
BS; ¢

as

=516

P, etc.

pb
Pb2
sz
pb

pbe

male stesrile
" "

" n

n "

f n
nottled alzurone
nana
nana
narrow l=zaf

opaque =ndospera

0il yellow

pericarp color (many
allelomorphns)

piebald
piebald
pizbald
piebald

IX

III

v

11.

Kesopton '1i9
Butchinson '22
Pzrry

Ensrson

Singl=aton and
Jongs

Singleton and
Jonzs

i abald
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pey
P,
pey
pcy
Pgy
D
Pey
ng,
PEg
PEg
PE,
PEg
PE,

Pg;,
pi;

p12

pk
po
pr
Puy
pu_
'
oy

R, e=te.

colsorhiza color

L] n
L n
" n
n - oon
n n
n "
n n
n n

L

development of secon-
dary florats

non " " n

pollkadct leaves

polysitotic

rad al=zuronz

purple plumuls
" "

pigay

allelomorphic ssriss,

alsuronz, plant and

pericarp color
ramosa
ragged

ragged

I1I

IX

IX
VI

VII
III

Brunson '24
Denesrec 125

Denerac '25

Eyster '32

Eystsr ':zZ2

Eyster
Eystzr

Hudson and
Gillis '.9

Hudson =nd
Gillis '£9

Eyst;r 14
Beoadle '31

East & Haya2s '17
Jznkins '26
Spragus

Suttls

nany

Gzrnert '171
Brink & Sa2nn

Singleton ~nd
Jonszs

To

rs

m

w v tr
L5 B R -

53

5a

ra

sb
sc
sh
si
sk
sl

s

sT
st
su
su

sy

tn

rollsd l=aves
rough shsath
rootlsss
scutzllum color
n n
" L

" n

. " inhibitor

Striped auricle

n n
slit blade
scarred endosperm
shrunksn =ndospsrm
silky
silkless
slashed
salmon silks
small kernsl
orangs scutallunm

" n

snall pollen

striate
sticky chromosomss
sugary endospsrm

n n
yellow scutellum

thrzaded

tinged

Iv

IX

IX
VI
II
VII
VI
IX

Iv
v

worvay 17

i}
e}

J=2nkins '
Spragus
Spragus

Epragus

Eyster

Eystzr

Bzadle

Eystar '26
Hutchinson '21
Fras=r

Jonzs '25
Brewbaker
andzrson '3l
Eyster '32
fpragus
Sprz.gus

¥zngelsdorf anc
Singlaton

Brunson
Bzadle '32
Corrsns '01
Eyster
Spragus

Singleton and
Jonss

Eyster '8
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[ S T Y U N . R

Tu
tw
th

tw

o

tzopod

tassel seed

tunicate

"

f

VII
II

III
Iv

v

twistad se=dlings

n

virsscent
virsscant
virzscant
virasscent
virsscent
virescant
virescent
virescant
virescent
virescant
virescent
virescent
virsscant

viresgent
Y82
virsscant

virzseant

virasscant

X

II
ViI
Vi
vI
v

(sams as IX

IX

Lindstroa
Epsrson 'Z20
Emzrson 'E0
Euserson

Phinps '28

Eazrson
Collins '17
EKvokon '55

Demarsc '#4
Damarsc 'Z4
Carvar '27
Carver '27
Dzmersc 'Z26
Phirps '29
Phipps '8
Phipps ':3

Phipps '29
Phipps '23
Phipps '29
Phipps '29
Phipps '29
Phipps '29

=
-

] |
W @ =2 ®d ;s

?4'51

virescent
virescant
virescant
variable sterile
n n
vivipary
vivipsry
vivipary
vivipary
whits se2zdling

vwhite s2edling

" "
" "
" L
" n
n "
" n
n "
" n

n - "
warty anthsrs
whits cap =ndosparm
dominant whits 2ndosparm
whit2 l=zaf basse
whits shzath
mn n
waxy =ndospsro
xantha

xantha

VII

VI

IX

VII

v

IX

15.

Phiprs '29
Ssndls 'RE
Bzzdl: '32
Lystzr
Bystzr
Eystzr
Eyster

Emsrson '12
Strooon 'E4

Lamarzc '23

Dzasrzc '2E
Demersc I3

Rulksrni ‘24
Yhits '17

&troocn Ti=

Clark '32
Clark 132
Collins '09

Trajkovich '24

Demarse '25

66T



1s6.

Y 2 “¢allow sndosparm VI w il Gorranas 'Oi
yé " yeliow dwars VI S-7YEinglaton and

R n _-I_._’::\Jon_es aw
Y;_-;l ¥=2llow grzzan v " Cystzr '26
Y32 L L IX L) Jznkins '27.
ygz : n L N Burnhza
ys; y2llow stripe v n Baadlz '29
ysz L " II - Brink
¥t yellow top. III " ‘Eyster '31
z zigzag stalk - - Eyster '22
zg ne TN L I - Eyster '22
zbl zzbra striped n Demaree '21
zb,, n " " Dszmsrac

2

;:.b:Js n " " Demarsc
zb‘1 n " sszedling e Hayss 'Z2
zl zygotic lathal I 2 Tgsrson

It should bz unnacessary to do so, but w2 urgs svsryon:
to go car=fully over th2 list of "wants® znd if h2 hus ths d=-
sirzd stock to sznd it to ths chap who regusstad it. Fzilura
to cooperats will d=f=at the purpos=z of this ssrvics.

If enough rzquasts for matarizl comz in w2 shcll cend
out another corn lettzr bafors spring planting.

L mL Rioodes

002
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VI. REPORT OF MAIZE GENETICS COOPERATION STOCK CENTER
During 1982 there were 136 seed requests and 1,333 seed packets were sent.
This was the highest figure in the last five years. Domestic requests amounted

to 112 for 908 packets while there were 24 foreign requests for 425 packets.
The estimated uses of seed are distributed among these categories:

Geneticists 60.3%
Physiologists 16.2%
Breeders 8.0%
Educators 6.0%
Genetic Engineers 9.5%

This is the first time that the Genetic Engineer category has been used, and
interest in this area is expanding rapidly.

The Center has purchased a computer terminal, and efforts are underway to
computerize inventories, request procedures, planting and testing.

The MGCSC has some P.I. stocks recently increased which contain untested and
unlocated markers. These stocks contain glossies and dwarfs, and could be made
available to workers interested in resolving these kinds of probliems.

Dr. Gilbert B. Fletcher
Department of Agronomy
University of IT1linois
S-123 Turner Hall

1102 South Goodwin Avenue
Urbana, IL 61801

Dispersal

When a young person begins planting for himself, by far the most common way
1o obtain seed is as a gift from his parents (referred to as father) or close relatives.
As a result, the seed tends to remain in its original area: however, when a family
member changes residential location he takes his own seed to plant at the new
site. When a new variety, of whatever origin, is grown at a given village, the
neighbors and friends are able to obtain the new seed. In the most remote areas
this seed corn is a gift, but near the highly populated centers seed is supplied on
a loan basis; the borrower is expected to return a comparable amount of corn if
he has obtained a reasonable harvest from the seed. If the seed fails to produce,
both parties just ‘‘forget it’” and start over again the next year.

Feelings about the “"necessity’” of giving seed corn to any one who asks is not
as strong in northcentral Guatemala as in the backwoods of Honduras or Costa
Rica (Johannessen, 1970), where the Indians believe it is essential that all seeds
be gifts. They are convinced that borrowed or purchased seed would displease the
gods who ‘‘tend to these things™™ and who would thus cause poor production.

--Johannessen, 1982
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Catalogue of Stocks

Chromosome i Chromosome 1| (continued Chromosome 2 (continued)
sr zb4 P-WW Bs fl1 Ht vé
sT P-WR gs bm2 £1 Ht v4 Ch
sr P-WW Tsb £l w3
sr P-WR an gs bm2 bm2 fl v4 wl
st P-WR an bm2 id fl w3 Ch
st P-RR an bm2 necl f1 v4 w3 Ch
sr P-RR gs bm2 ms9 ts
st P-WR bm2 msl2 v
vp5 mslé v w3 Ht Ch
zb4 msl7 P-WW mi v4 Ht Ch
zbé msl7? P-WW rs2 D8 w3
zb4 ts2 P-WW br f bm2 Lls w3 Ht
zb4 ts2 P-WW bm2 Les? w3 Ht Ch
zb4 P-WW TB-1La (1L.20) w3 Ch
zb4 P-WR TB-18b (15.05) Ht (A & B source)
zb4 P-WW br ba2
zb4 P-WW br f bm2 Chromosome 2 R2ZisrAA2C
zb4 P-WW bm2 r2 3 r-g A A2 C
msl? ws3 lg gl2 B ch
ts2 P-RR vs3d 1lg gl2 B sk gs2
ts2 P-WW bm2 ws3 1lg gl2 B sk v4 Les
ts2 P-WW br bm2 ws3 1g gl2 B sk f1 v4 2 2Trip Trip? /ws3 lg gl2
ts2 br f bm2 wel 1lg gl2 B gs2 v4 TB-15b-2L4464
P-CR wsl 1g gl2 B ts TB-3La-256270
P-RR wsd 1g gl2 b Primary trisomic 2
P-RW ws3 lg gl2 b sk
P-CW wel 1g gl2 b sk v4 Chromosome 3
P-MO wsd 1g gl2 b gs2 v4 ex’
P-VV ws3 1lg gl2 b f1 vé er d
P-RR as br f an gs bm2 w3l 1g gl2 b sk £l vé4 er d Lg3
P-RR br f an gs bm2 cr pm ts4 1lg2
P-RR br f an gs bm2 rd we3 1lg gl2 b vé4 cr ts4 na
P-RR br £ an gs bm2 id al d-Tall = 4d*-6016 (short)
P-RR br f an gs bm2 v*-A983 al lg d rt Lg3
P-RR br f an gs bm2 v*-8943 al 1g gl2 B sk v4 d Rf lg2
P-RR an ad bm2 al 1g gl2 b d ys3
P-RR an gs bml al 1g gl2 b sk vé d yald Rg
P-RR ad bm2 al 1g gl2 b sk f1 v4 d ys3 Rg 1g2
P=WR an %n bm2 1lg d Lg3 -
P-WR an ad bm2 1g gl2 d Lg3 gl6
P-WR an bm2 lg gl2 8 d Lg3 tsd 1g2
P-WR an br bm2 1lg gl2 B glll d Rg
P-WT = WR an bm2 1g gl2 B gs d Rg ts4 lg2
P-WR br Vg lg gl2 B gs2 vi d pm
P-WR br f gs bm2 lg gl2 B gs2 Ch d yg*-—(W23)
P-WR br f an lw gs bm2 1g gl2 B gs2 sk Ch d ts4 1lg2
P-WR br £ bm2 id 1g g12 B gs2 sk vi d ts4 1g2 a-m ; A2 C R Dt
P-WW rs2 1g gl2 B sk d tsé
P-WW rs2 br £ 1g gl2 B sk v4 d glé
P-WW as br f bm2 lg gl2 B vé4 d 1g2 a-m A2 C R Dt
P-WW hm br £ 1g gl2 b d a-m A2 C R Dt
P~WW br f ad bm2 lg gl2 b gs2 ral
P-WW br £ bm2 lg gl2 b gs2 Ch ral Rg
P-WW br £ an gs bm2 lg gl2 b gs2 sk Ch ral Rg ts4 1lg2
B P-WW br Vg 1g gl2 b gs2 v4 ra2 Rg glb
as 1g gl2 b gs2 v4& Ch ra2 ys3 Lg3 Rg
as br2 lg gl2 b gs2 sk v4 Ch ral ys3 Rg
as rs2 lg gl12 b sk ral Rg 1g2
rd Hy 1g gl2 b sk f1 ra2 pm lg2
br £ 1g gl2 b sk £l vé4 ra2 ts4
br f bm2 v*-5508 lg gl2 b sk v4 raZ ta4 lg2
br £ Kn 1g gl2 b wt v4 ra2 lg2
br f Kn Tsé 1g gl2 b £l Cg
br £ Kn bm2 1g gl2 b £l vd cl
br bm2 1g gl2 b £1 v4 Ch cl ; Clm-2
Vg 1g gl2 b v4 el ; Clm-3
Vg an bm2 lg gl2 b v4 Ch cl-p ; Clm-4
Vg br2 bm2 1g gl2 mn v4 re
v22 1lg gl2 wt ys3
bz2 m ; A A2 C Pr 1g gl2 b gs2 wt ys3 Lg3
bz2 M ; A A2 CR Pr lg gl2 w3
bz2 ad bm2 ACR 1g gl2 w3 Ch ys3 gl6 1g2 a-m et ; A2 C R Dt
an bm2 lg gl2 Ch ys3 ts4
an-bz2-6923 (apparent deficiency lg b gs2 vk ys3 tsh ly?
including an and bz2) lg Ch Lg3
br2 gl2 Lg3 Rg pm
br2 bm2 d5 = d*-037-9 glé
br2 an bm2 B glll glé 1g2 A ; A2 C R
tb-8963 B ts gle 1g2 A~b et ; A2 CR Dt
Kn gllé gl6 1g2 a-m et ; A2 C R Dt
Kn Tsé6 glll
Kn bm2 wt
1w . m
Adhl-5 £l

vpB £1 v4 Ch



Chromosome 3 (continued)
pm lg2

ts4

ts4 na

ts4 na pm

ts4 ba na

ts4 1g2 a-m ; A2 C R Dt
ts4 na a-m ; A2 C R Dt

ig

ba

y10

1g2

1g2 A~b et ; A2 C R Dt

1g2 a-m sh2 et ; A2 CR Dt
1g2 a-m et ; A2 C R dt

1g2 a-m et ; A2 C R Dt

1lg2 a-st sh2 et ; A2 C R Dt
1g2 a-st et ; A2 C R Dt

na

na 1g2

A sh2 ; A2 CR B Pl dt
A-d31 ; A2 C R

A-d31 ; A2 C R pr dc
A-d31 ; A2 CR B Pl dt
A-d31 ; A2 C R Dt

A-d31 ; A2 C R pr Dt
A-d31 sh2 ; A2 C R B P1 dt
A-d31 sh2 ; A2 CR Dt
A-d3] sh2 3 A2 CR B P1 Dt
A-d3l et ; A2 CR Dt
a-m ; A2 CR B P1 dt
a-m ; A2 C R Dt

a-m ; A2 CR B P1 Dt
a-m sh2 ; A2 C R B P1 dt
a-m sh2 ; A2 CR B P1 Dt
a-m et ; A2 C R Dt

a-st ; AZ C R Dt

a-st sh2 ; A2 C R Dt
a-st sh2 A2 C R B P1 Dt
a-st sh2 et ; A2 C R Dt
a-st et ; A2 C R Dt

a-p et
a-p et
a=-x1
a-x3

a Ga?7 ; A2 CR

sh2

vp

Rp3

pglé

al

g5

te

h

yel*-5787

TE-3La (3L.10)

TB-3Sk (35.50)

TB-3Lc (distal ro 3La”(3L.10)
Primary Trisomic 3

i
i

Chromosome 4

Rp4

Ga

Ga su

Ga=5

Ga-S ; y

Ga-5 ; A A2 CR
st

st Ts5

st f12

TsS

Ts5 f£12

Ts5 su

Ts5 la su gl3
Ts5 su zbé
Ts5 su zbb o
Ts5 su gll o
Ts5 Tu

la

la su Tu gl3
la su gl3

Chromosome &4 (continued)

la su gl3 c2 ; A A2 CR
la su gl3 o

la su bt2 gl3

f12

£12 su

12 br2

fl2 su bm3

f12 su gl4é Tu

su

su-am

su bt2 gl4

su bm3

su zb6

su zb6 bt2

su zb6 Tu

su zb6 gl3 dp

su gl4 j2

su glé o

su gl4d o Tu

su j2

su gl3

su gli o

su O

su glé

br2

bm3

glé

gld o

Tu

Tu-1 l1st

Tu=1 2nd

Tu=-d
Tu-md
Tu gl3
j2

32 e2
j2 c2
j2 gl3
v8
gll
gld o
gl3 dp
c2 ; AA2CR

C2 ; AA2CR

C2-Tdf (Active-l) ; A A2 C R
dp

o

vl7

v23

ra3

Dt4 su ; a=-m A2 C R

TB-45a (45.20)
TB-1La-4L4692

= =
&5
ao
ER

TBISb-4L6504 (95.40-.83; 4L.09)
TB7Lb-4L4698 (7L.30-,74; 4L.08)

Primary Trisomic &4
Chromosome 5

am a2 ; A A2 CR
lu

lu shé

msl3

gll?

gll7 A2 pr ; ACR
gll7 a2 ; ACR
gll7 a2 bt ; ACR
gll7 a2 bc v ; ACR
A2 vp7 pr : ACR

A2 bm bt pr ys ; ACR
A2 bm pr ; ACR

A2 bmpr ys ; ACR

A2 bm pr ys eg ; ACR
A2 bm pr v2 ; ACR

A2 bt v3 pr ;j ACR

A2 bt pr ; ACR

AZ bt prys ; in ACR
A2 v3 pr ; ACR

A2 pr ; ACR

AZ pr vz ; ACR

A2 prna2 ; ACR

A2 pr ys ; ACR

A2 pr zbd ; ACR
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Chromosome 5 (continued)

A2 pr vl2 ; ACR

a2 ; ACR

a2 bm bt bv pr ; ACR
a2 bm bt pr ; ACR

a2 bm bt pr ys ; ACR
a2 bm pr vZ ; ACR
A2 v3 pr ; ACR

a2 bt vl p

a2 bt v3 P
a2z bt pr ; ACR
a2z bt v2 ; ACR
aZ vlpr ; ACR
a2 pr ;

a2 pr ;

a2 prvZ ; ACR
vp2

vp2 pr

vp2 gl8

vp7

bm

bm yg

bt

ms5

v3

td ae

ae

shé

glB

na2

1w2

ys

eg

v2

yg

msl3

vl2

br3

nec3

TB~5La

TB-5Lb

Primary Trisomic 5

Shromosome 6

rgd po ¥y
rgd po Y
rgd ¥

rgd Y

po
po
po

ms6

pl

Pl

po wi

po Y pl

y = pb = w-m

rhm

110

111

112

wil5

pbhé

pb4 pl

pbé4 PL

si

wi P1

Dt2 ; a-m AZ C R

pgll ; Wx pgl2

pell wi ; wx pzl2

pgll ; Wx pgl2
]
s

e A

pgll wx pgl2

pell ; wx pgl2

pgll su2 ; wx pgl2

pl

Pl

Pl Bh ; c sh wx A A2 R
pl Bh ; ¢ sh wx A AZ R
su2

110

112

pbé

wi pl

wi P1

su

e A R LT e R T - )

£
-
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Chromosome 6 (continued)

PL Dt2 ; a-m AZ C R
pl sm ; P-RR

Pl sm ; P-RR

Pl sm py ; P-RR

Pl sm Pt py ; P-RR
Pt

w

wl4

ms6

2NOR ; a2 bm pr w2
TB-6Lb

Chromosome 9 (continued)

yg2 C bz wx ; A AZ R

yg2 ¢ sh bz wx ; A A2 R

yg2 c shwx ; AAZ R
yg2 ¢ sh wx gll5 ; A A2 R
yg2 ¢ sh wx gll5 K-S9; A A2 R-g
yg2 c bz wx ; AAZ R

wd-Ring C-1 ; A A2 R

C sh bz ; A A2

Chromosome 9 (continued)

17

yel*-034-16
wk-4B889
w*-B859
wh-8951
w*=8950
w*-9000

Tpd N9 N3 Df3
TB-9La (9L.40)
TB-95b (95.40)
TB-9Le

Primary Trisomic 6 C sh bz wx gll5 bm4 ; A AZ R Primary trisomic 9
Csh; AAZR #Additional waxy alleles available

Chromoscme 7 Cshwk ; AAZR from collection of 0. E. Welsom.
Cuwxar ; AAZR Chromosome 10

Hs 02 v5 ra gl C sh wx K~-L9 ; A A2 R B

In-D C shms2 ; AAZR oy

In=D gl Cbz Wx ; AA2ZR oy R ; AA2C

02 CDswx ; AA2R Pry oy bf2

02 Vs CDs wx ;: AA2ZRprY oy msli

o2 vi ra gl C-IDs Wx ; AAZR oy bf2 R ; A A2 C

02 v5 ra gl sl C-I ; AA2ZR oy bf2 msl0

02 v5 ra gl Tp C'3 AAZ R oy zn R 3 A A2 C

02 v5 ra gl i} C; AAZRB PL oy duR ; AA2C

02 v3 gl Cwx ; AAZR oydur ; A A2 C

02 v5 ms7? Cwx ; AAZRB Pl oy sr2

02 ra gl 1) Cwx ; AAZRD P1 oy zn

o2 ra gl sl Cwx ; AAZRB pl sr3

o2 gl C-Iwxt : AA2R Y Og

o2 gl sl C-I wx ; AAZR y B pl Og B P1

02 1} Cwx ar da ; A A2 R Og du R ;3 A AZ C

02 bd Cwxv :AA2R msll

yB w5 gl Cwxv; AA2RPL msll bf2

in A2 pr ACER Cwx gll5 ; AAZR bf2

in gl ; A2 pr ACR Cwx gll5 ; A AZ R pr bf2 zn

v5 Cwx Bf ; AA2R bf2 1igr ; AA2C

vpd e bz wx ; AAZR bf2 g Rst2 ; AA2C

vpd gl cshbzwk; AAZRY bf2 g v sr2 ; AA2 C

ra e sh we ; AAZ R bf2 r sr2 ; A A2 C

ra gl ij bd cshwev; AA2R nl zng R ; AA2C

gl ¢ sh wx gll5 ; AAZ R nl gR; AA2C

gl-i ¢ sh wx gl15 bk2 ; A AZ R nlgr; AA2C

gl Tp c sh wx gll5 Bf ; AAZR nl g Rsr2 ; AAZ C
c sh wx bk2 ; A A2 R ¥9

gl mn2 c i AAZR y9 v18

Tp cewe ; AAZRY nl

ij cwekv i AAZR 11 zn gr ; A A2 C

ms7 cwx gll5 ; AAZ R l1gR; AAZC

ms7 gl Tp cwx Bf ; AAZR ligr; AAZC

Bn sh 11 g r vl8 ; AA2 C

bd gh wx v 11 g rvl8 ; AA2C

Pn sh wx d3 msl0

o3 sh wx pgl2 gll5 ; y pgll du

o5 mn2 gl lo2 du v18

va wx* du o7

Dt3 ; a-m AZ C R wx-a dugr; AA2C

VE-8647 wll du sr2

yel®-7748 wx d3 zn

TB-7Lb (7L.30) wx d3 wll Zn g

Primary trisomic 7 wx d3 v gll5 zn g Rsr2 ; AA2 C
wx d3 gll5 zn g Tt ; AA2C

Chrcostms B Wx pgl2 : y pgll Tp2 g r ; AA2C

glls wx pgl2 ; y pgll g Rsar2 ; AA2C

vl6 Wx pgl2 ; Y pgll gT; AA2 C

vlé j wx pgl2 ; Y pgll grsr2 ; AAZC

vl6 ms8 j wx pgl2 bméd ; y pgll grsr2l ; AAZC

vli6 ms8 j nec wX v g R-g sr2 ; AAZ C

vlé ms8 j gll8 wx v gll5 bk2 Bf bmé g R-g sr2 v18 ; A A2 C

ms8 wx bk2 g R-g K10 ; A A2 C

nec wx bk2 bmé g R-g 512 ; AA2 C

vzl wx Bf g R-r K10 ; A A2 C

f13 wx BFf bmd g r-r sr2 ; A A2 C

£13 j v El r-r ; A A2 C

TB-8La (B8L.70) ms? Ej r=r ar2 ; A A2 C

Primary Trisomic 8 glls rsr2l s AA2Z C
gll5 Bf R-g ; A A2 C

Chromosome 9 gll5 bmé r-g sr2 ; A A2 C
bk2 Wx r K10 ; A A2 C

¥82 C Bz Wx ; A AZ R We r-g ; AA2 C

¥g2 C sh bz ; A A2 R bmé r-r ; AA2 C

¥22 C sh bz wx ; A A2 R bmé Bf r=-ch P1 ; A A2 C

yg2 C-1 sh bz wx ; A A2 R 16 R-mb ; A A2 C

R-nj ; A A2 C



Chromosome 10 (continued)

R=r 5 A A2 C

R-¢ch B P1L 3 AAZ C
n=1lsk 3 A A2 C
R-sk-me.2 5 4 A2 C
A-sk 3 -A A2 C
R-st {
A=5T 1

s
R-st M=

R=scm2 ; ©
R-seml22 3 p:
R=scm2 a
R-scm2 3 c A A2
Le

W2

w2 1

T5-10La (10L.385)
T8-105¢

T8-10L19

Primary trisomic 10
vhzlaced Genes

dwv

c13

s

W
I I

LS oW

v
| e |

R ol ot
o

L

The Lie ol e ]
B b B R) NI RS M

35U 3
4 su or 3 AL
bz2 a €2 a2 pr Y/y c bz Wi
asuA2CC2PR

bm2 lg a su pry gl JwWx E

colored scutellum

lg gl2 wt 5 a DL A2 C L2 R

a suoriy glouxs A2 0222

hm hm2

ts2 ; sk

1g gl2 wt 3 a-m A2 CC2 R Dt

& A2 C C2 R-nj ; purple embryc S. Chase
Stock & 3 Hi-haploid ®-r B PL

Pogcorns

Amber Pearl
Argentine
Black Beauty
Hulless
Ladyfinger
Ohio Yellow
Red South American
Strawberrcy
Supergold
Tom Thumb
White Rice

Exotics and Varieties

Black Mexican Sweet Corn
(with B-chromosomes)

Black Mexican Sweet Corn
(without B-chromosomes)

Knobless Tama Flint

Gaspe Flint

Gourdseed

Maiz Chapolote

Papago Flour Corn

Parker's Flint

Tama Flint

Zapaluta Chica

Tetraploid Stocks
P-RR

P-VV

B Pl

8 A2 C R Dt
su

pr ; AAZCR
y

gl

Y sh wx

sh bz wx

WH

EAA2CR

A A2 CRBEPL

Cytoplasmic traits

NCs2
NCS3

Cytoplasmic steriles and Restorers

WE9-(T) rf rf2 [Temp. out of seed]
WE9 rf rf2
R213 RE rf2
Ky21 RE Rf2

Waxy Reciprocal Translocations

1-9c (1S.48; 9L,22) * Sx
1-94995 (1L.19; 95.20) * Sx

®x 1-98389 (1L.74; 9L.13) W23 only
2-9b (25.18; 9L.22) * Sx

3-9¢ (3L.09; 9L.12) * S5x

4-9b (4L.90; 9L.20) * Sx

% 4-95657 (4L.33; 95.25) * Sx
4-9g (45.27; 9L.27) W23 only
5-9a (5L.69; 9S.17) % Sx

% 5-9¢ (55.07; 9L.10) W23 only
6-%9a (65.79; 9L.40) * Sx

y 6=9b (6L.10; 95.37) * Sx

wx 7-9a (7L.63; 95.07) #* Sx

wx 7-94363 (7 cent; 9 cent) * Sx
wx 8-9d (8L.09; 9L.16) * Sx

wx 8-96673 (8L.35; 98.31) * Sx
wWx 9-10b (95.13; 108.40) * Sx

EERRRAENGEE

iE

Non-waxy Reciprocal Translocations

Wx 1-9¢ (15.48; 9:.24) * Sx
Wx 1-94995 (1L.19; 95.20) * Sx
Wx 1-98389 (1L.74; 9L.13) * Sx
¥x 2-9¢ (2L.49; 95.33) W23 only
wWx 2-9b (25.18; 9L.22) * Sx
Wx 3-98447 (3S.44; 9L.14) *
Wx 3-98562 (3L.65; 9L.22) * Sx
Wx 4-%e (485.53; 9L.26) * Sx
Wx 4-93637 (4L.33; 98.23) * Sx
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Wx 5-9¢ (55.07; 9L.10) * Sx

Wx 5-94B817 (5L.69; 95.17) M1l4 only
Wx 5-98386 (5L.B7; 95.13) * Sx

Wx 6-94778 (65.80; 9L.30) * Sx

Wx 6-98768 (6L.89; 95.61) *

Wx 7-94363 (7 cent.; 9 cent.) *
Wx 7-9a (7L.63; 9S.07) W23 only

Wx B-9d (BL.09; 9L.16) * S5x

Wx B-96673 (BL.35; 95.31) * Sx

Wx 9-108630 (9s5.28; 10L.27) ML4 only
Wx 9-10b (9S.13; 105.40) * Sx

* = Homozygotes available in hoth
M14 & W23 backgrounds

Sx = Single cross of homozygotes between
M14 & W23 versions available

Inversions

Inv.la (15.30-L.50)
Inv.le (15.35-L.01)
Tnv.1ld (1L.55-L.92)
Inv.1L-5131-10 (1L.46-L.82)
Inv.2a (25.70-L.80)

Inv.2S-L8865 (25.06-L.05)
Inv.2L-5392-4 (2L.13-L.51)
Inv.3a (3L.38-L.95)
Inv.3L (3L.19-L.72)
Inv.3L-3716 (3L.09-L.81)
Inv.4b (4L.40-L.96)
Inv.4c (45.86-L.62)
Inv.4e (4L.16-L.B1)
Inv.5-8623 (55.67-L69)
Inv.6-8452 (65.77-L.33)
Inv.6-8604 (6S.85-L.32)
Inv.6-3712 (6S.76-L.63)

Inv.7L~-5803 (7L.17-L.61)
Inv,7-8540 (7L.12-L.92)
Inv,7=3717 (78.32-L.30)
Inv.Ba (BS.38-5.15)
Inv.%a (9S.70-L.9%0)
Inv.9b (9S5.05-L.87)
Inv. % (95.10-L.67)
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