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I. FOREWORD

As has been true for the past eleven years, the task of
editing, assembling, and supervising the Maize Genetics
Cooperation News Letter has been in the efficient hands

of Miss Ellen Dempsey. Her careful reading of the articles
has lead to many contributors being spared the embarrass-
ment of having published errors. All of us who profit from
this exchange of research information owe her our thanks
for an onerous task exceedingly well performed. Acknow-
ledgement should be made of the voluntary assistance of
Wayne Carlson, Earle Doerschug, John Mottinger, Reid Palmer,
Karl Rinehart, and David Weber in proof reading.

If you will call to our attention any mistakes, irrespec-
tive of their source, which you find in your contributions
we will be happy to issue an Errata.

It is most appropriate at this time to express our grati-
tude and deep appreciation .of the admirable way that Dr.
Earl Patterson has managed the Maize Genetics Stock Center
at Illinois. As indicated in the Report on the Maize
Cooperative, he will no longer be in charge of the Stock
Center. It is no exaggeration to say that Earl has made a
great personal sacrifice by devoting himself so whole-
heartedly to an organization which exists for the benefit
of us all. He deserves our highest commendation for his un-
selfish service, Responsibility for the maintenance of the
Stock Center has been assigned to Dr. Robert Lambert of the
Agronomy Department, University of Illinois. In the past
he has been associated with the Stock Center and is quali-
fied to take over from Earl. We wish him well.

M. M. Rhoades




II. REPORTS FROM COOPERATORS

BOSTON COLLEGE
Chestnut Hill 67, Massachusetts
Department of Biology

1. Further studies on T6-9t in maize.

As reported previously (M.N.L. 39: 5-6, 1965), a reciprocal
translocation between the long arm of chromosome © and the
short arm of chromosome 9 was found. In addition to the high
frequency of chain configurations at diakinesis and low ovule
sterility of the plants heterozygous for this T6-9t, it was
further observed that the average pollen sterility of five
plants was 15%, which is much lower than expected. This
might indicate that the araphase I disjunctions were not at
random. It is likely that the alternate type of disjunction,
leading to the production of fertile gametes, was favored
against the adjacent types.

In the summer of 1965, progeny of the cross Y y T Nxyy NN~
and its reciprocal was classified. The results are shown in
Table 1. Among a total of 241 plants examined, 230 were
parental types, while 11 were recombinants. Therefore, the
recombination frequency is five per cent. The distance be-
tween the Y locus and the point of break of this transloca-
tion in the long arm of chromosome 6 is five crossover units.
Whether the point of break is distal or proximal to the Y
locus has not yet been determined. Data locating the point
of break of this translocation in the short arm of chromosome
9 are incomplete. Further studies are in progress.

Table 1

Results of the cross Y y T N x y y N N and its reciprocal

Ny Ty NY TY
No. of Plants 114 2 9 116
X-over Plants' 2 9
Parental Plants 114 116
% of X-over 5

Y. C. Ting

Hei-sook Park




2. The effect of X-rays on pollen fertility of maize.

In the summer of 1965, a study on the effect of X-rays on
pollen fertility of maize was carried out. Freshly collected
pollen was irradiated with X-rays at three different doses,
1500r, 3000r and 4500r. This treated pollen was applied on
the silks of an inbred maize strain homozygous for gl,. A
total of 21 plants were fertilized with the rayed polien;
seven plants were fertilized with pollen rayed at a dose of
1500r, six plants with pollen rayed at a dose of 3000r, and
eight plants with pollen rayed at a dose of 4500r. In ad-
dition, five plants were fertilized with non-irradiated
pollen and these plants were maintained as control. During
harvesting, conditions of the kernel sets of these plants
were examined. It was found that as the radiation intensity
on maize pollen increased, the per cent of kernel sets on
the ears fertilized with this rayed pollen decreased. This
decrease was about linearly proportional to the increase of
radiation intensity. For instance, the kernel sets on the
ears of the control were 95% of the total ovules produced,
while the kernel sets on the ears fertilized with pollen
rayed at 1500r were 65 per cent, the kernel sets with pollen
rayed at 3000r were 20 per cent, and those with pollen rayed
%t 4500r were only five per cent. The results are shown in
able 2.

Table 2
Effect of X-rays on pollen fertility of maize
(based on % of kernel sets

Dose (r) % of kernel sets
1500 65
3000 20
4500 5
Control 95

Y. C. Ting

3. The inheritance of B-chromosomes.

Because of the study of mutagenic effects of B-chromosomes,
an attempt was made to accumulate a large number of B's in
individual maize plants. From the progeny of a selfed in-
bred maize plant, individuals possessing 3 B's were selected
and self-fertilized in the summer of 1964. Bulked kernels
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from three such plants were grown in the greenhouse in 1965.
When the seedlings were three weeks old, samples of the

root tips were collected and fixed in a 3%:1 alcohol-acetic
fixative. With the standard squash technique, B-chromosomes
in the root tips of each plant were counted. Data were ob-
tained as follows: among 40 plants, one had no B-chromo-
some; six plants, one B; nine plants, two B's; eight plants,
three B's; seven plants, four B's; six plants, five B's;
three plants, six B's., Therefore the distribution of B's
among the plants of this small population follows. more or
legs, a standard modular form.

Y. C, Ting

4, Induced changes in number and structure of maize chromo-
somes by X-rays.

In the summer of 1964, maize pollen possessing B-chromosomes
and other genetic markers was irradiated with X-rays at a
dose of 1500r. The rayed pollen was crossed with an inbred
maize strain having the factor Gp (good spreading pachytene
chromosomes) and other known cytological markers to facili-
tate pachytene studies of the F1 hybrids.

Kernels from the above hybrids were grown in the field in
the summer of 1965. Up to the present, 126 plants were in-
vestigated cytologically. Among these plants, 57 were
heterozygous for one translocation (some possible A-B trans-
location), four have one dicentric chromosome, one is
monosomic, and three have a deficiency for one chromosome
arm, Studies on the details of these alterations are in
progress.

Y. C. Ting

Note: Certain phases of these experiments were carried out
at Brookhaven National Laboratory, Upton, Long Island,
New York. Dr. A. H. Sparrow's help in providing
space and facilities is gratefully acknowledged.



BROOKHAVEN NATIONAL LABORATORY*
Upton, New York 11973
Biology Department

1. QColored scutellum stocks to detect haploids and deter-
mine the distribution of a recessive gene in maize.

Maize geneticists have been interested for many years in
inducing and detecting haploids. Haploids are of interest
mainly because a completely homozygous diploid is pro-
duced when their chromosome complement is doubled, thereby
obviating the several generations of inbreeding normally
required to achieve uniformity. A considerable amount of
the early studies on the genetics and application of hap-
loid induction was done by Dr. S. S. Chase. Some of his
first work dealt with the use of seedling markers to de-
tect haploids. Some of this work is published in Genetics
54: 328-332, 1949 and in Heterosis, Chap. 25, pp. 389-
399, 1952 and has recently been reviewed by Briggs (J.
Heredity, in press).

The recent work of Coe and Sarkar (J. Heredity 55: 231-
233, 1964) has shown that it is practical to detect hap-
loids by scoring the dormant kernels. Their method uses
stocks which are GC and which have colored scutella for
t?e female parent. The male parent was a stock with a
C QI genotype. The diploid Fy of such a cross should
give a colorless endosperm and no scutellum color while
the putative haploids should show color in the scutellum
since the sperm nucleus, carrying ¢l, does not fertilize
the egg cell which would give rise to the embryo. In
growing the kernels with colored scutella they reported
97% haploids from several types of crosses.

Chase and Nanda (Am. Soc. Agron. Abstr., p. 17, 1965)
recently reported a similar procedure to detect haploids.
Their method invglyed the use of a stock with the geno-
type b pl A C RBJ:ludu pr PWT yhich imparts a purple
embryo, visible in the dormant kernel. This stock is
used as the male parent and can be crossed to any materi-
al as the female parent. The F, seeds that lack purple
color in the embryo are selecteé and sown as putative
haploids. By this technique approximately 90% of the
kernels can be discarded before germination. This method,
in contrast to that of Coe and Sarkar, can be used to
extract haploids from commercial material.

As reported by Emerson, Beadle and Fraser (Cornell Univ.
Agr. Expt. Sta. Mem. 180: 1-83, 1935) and Sprague (U.S.
Dept. Agr. Tech. Bull. 292: 1-43%, 1932) many genes are

*Research carried out at Brookhaven National
Laboratory under the auspices of the U.3. Atomic Energy
Commission,
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needed to produce pigmentation in the scutellum. Five of
these--8,, S,, Sy §4, and S.--are concerned with the ex-
tension %f a%eurdﬁe pigment—ﬁo the scutellum. If purple
or red aleurone is present (in the phenotype A ﬁZ g_g)
then scutellum color appears in the presence o}: (T) the
dominant allele 8,; (2) the recessive allele s.; and (3)
the dominant alleles of any two of the genes S4, S,, and
S,. The genes Pr and pr differentiate purple gnd éed
pigment in the scutellum as in the aleurone. It should
be further noted that colored aleurone is required to
produce scutellum pigmentation.

Chase has proposed that colored scutellum stocks be used
to detect haploids in the dormant kernel and work has been
initiated at Brookhaven to obtain data using such a
method., This procedure of using colored scutellum stocks
to detect haploids, as is true of the purple embryo marker
technique, can be used to detect haploids in commercial
material. Sib pollinations among the females can gener-
ally be detected since sibs will not have aleurone color,
and in the stocks such as su; (sugary-1l) and sh, (shrunken-
2) they are readily detectabie. To obtain scuté&éllum color
the genes A C R S, s. and at least two of the genes S,,
S,, and S ~aTe netded. Therefore, to produce scutelTam
célor iﬂ—g hybrid and to detect haploids by using colored
scutellum stocks the recessive gene s. would need to be

in the male as well as in the female.’ The critical gene
is 8¢ since the other genes needed to give scutellum color
are dominant. Chase stated that scutellum stocks make
excellent markers in certain stocks and that preliminary
tests are necessary to determine their suitability in any
given cross. One reason that preliminary crosses were
necessary may have been because all of the female materi-
al that Chase used may not have been §5/§ . Therefore,

it appears that by using the scutellum stécks as the male
a survey of the frequency and distribution of a recessive
gene could be made of various maize types, in addition to
its use in detecting haploids.

Rhoades (see Principles of Genetics, 4th ed., Sinnott,
Dunn and Dobzhansky, pp. 322-323, 1950) has self polli-
nated several varieties of c¢pen pollinated corn vari-
eties. Many mutant genes were detected in this manner.
Some of the genes found (white and yellow seedlings, de-
fective endosperm, and germless and viviparous seeds) are
lethal when homozygous, while others (virescent, pale
green, and dwarf seedlings) may be classified as semi-
lethals.

Bianchi and coworkers have carried on extensive studies,
observing mutant genes in self pollinated progenies of
Italian maize (MNL 38: 89-91, 1964 and earlier volumes).
They have done allelism tests on some of the mutants ob-
tained and have also classified the genes into seed,
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seedling, and plant traits. Many different types have been
discovered, some of which have been lethal and semilethal.

This work of Rhoades and Bianchi on inbreeding open-polli-
nated varieties of maize detects visible mutants directly
and therefore some of the mutants may have been selected
both naturally and artificially by man. In such studies
the lethal genes are selected against naturally as albino
seedlings, defective endosperm, germless and viviparous
seed mutants, If any selection was made by man on mature
plants certain morphological characters, e.g., stature
mutants, may have been selected against. With the s
such natural and artificial selection has probably ngt
taken place. The reason for this is that this gene is not
detectable by inbreeding and might not be considered as a
visible in the usual sense. Therefore, the s- gene may

not have been selected naturally and quite certainly has

not been selected for or against by man. That is, it
probably has not been selected for or against in a conscious
manner by man because the gene is detectable only by a
special test cross. ‘There is always the possibility that

it may be linked with gametophyte factors which could bring
about selection. Assuming that no gametophyte factors are
involved it is quite probable that natural selection pres-
sure would not be nearly as great on s as on an albino
mutant; i.e., s is undoubtedly not a %ethal. Also, §5 is
probably not a aetrimental gene. It therefore, seemed”of
interest to begin an assay of some maize material to ob-
tain some information on the frequency and distribution of
the §5 gene.

gene

1f the gene pr (in place of Pr) and the genes to give
aleurone and scutellum color are present in a stock, red
aleurone and scutellum color would be produced. By using
such a stock as the male the frequency and distribution of
the pr gene could be determined at the same time that the
assay was being made for the s, gene. That is, if the red
scutellum stock was used as thg male and the hybrid seed
had red aleurone and red scutellum color the female stock
would be pr. However, if the hybrid seed had a purple
aleurone and purple scutellum the female would be Pr.

In order to obtain scutellum color the standard aleurone
genes A C R are needed plus other factors discussed pre-
viously.” Tf the inhibitor allele (C!) of the C locus is
present in the female no aleurone or scutellum color will
be produced in the Fy. Therefore, this system of using
scutellum stocks as %he male to detect haploids and_to
assay a population for s. will not be possible if ¢! or any
other aleurone color inhibitor gene(s) is present In the
female material. However, by using the scutellum stocks
as the male parent information on the distribution of such
inhibitor genes can be obtained from the female material.
Also, il aleurone color inhibitors are present, the purple
embryo marker system of Chase and Nanda will not be usable.

Pk
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For convenience the aleurone color inhibitor gene or genes
will merely be considered as being a single gene throughout
the remainder of this paper.

Scutellum color in maize has been known for many years
(Sprague, U.S. Dept. Agr. Tech. Bull. 292: 1-43, 1932).
Therefore, stocks with colored scutella are probably in
various types of maize that represent various genetic back-
grounds. It may therefore be worthwhile to survey these
stocks for their ability to induce haploids. Coe (Am.
Naturalist 93: 381-382, 1959) discovered a line of maize
that produces 3.23% haploids. Prior to Coe's investiga-
tions, the highest frequency of haploids was reported by
Chase (Genetics 34: 3%28-3%332, 1949) as 0.688%, with an aver-
age frequency of 0.111%. In order to perform such a survey
colored scutellum stocks could be used as the male parent
and crossed to a female parent that had been confirmed to

be homozygous for the s, gene. Also, the female parent can-
not have any aleurone c8lor inhibitor genes. By scoring

the kernels from such a cross a survey could be made of
various colored scutellum stocks to determine their ability
to induce haploids.

The results of using colored scutellum stocks as the male
on various types of maize are shown in Table 1. The third
column, "No. seeds with colored aleurone and colorless
scutella," gives the putative haploids in most cases. That
is, the entries in this column should be haploid if the
female parent is s./s. and if the female does not have an
aleurone color inhibitor gene. The indication is that Ml4
has the required gene (s.) because most of the seeds have
scutellum color. It the%efore apparently is possible to
detect haploids by using the scutellum stocks as the male
in this cross.

In the Hayes White material, which is an open pollinated
variety, one ear appears to be segregating for colored and
colorless scutella. However, the number with colorless
scutella are at such a frequency that they probably are not
all haploids. This is confirmed since four of the seeds
produced haploids (based on morphological criteria of the
seedlings). The data do not fit a 3:1 ratio, but do fit

a 13:3 ratio rather well. Various possibilities are being
considered to explain such a ratio. The fact that the data
fit a 13:3 ratio may not necessarily mean that two genes
are segregating. That is, only one gene may be segregating,
but the data deviate considerably from a 3:1 (12:4) ratio
and appear to fit a 13:3 ratio. However, more data will be
needed before a definitive conclusion can be made., Tenta-
tively, it might be stated that s. is segregating. Also,
there is the possibility that somé factor(s% may be segregat-

ing in the male. However, after harvest the kernels from

the male parent were examined and all of them had scutellum
color. Also kernels from another ear appear to be segregat-
ing for a color inhibitor gene in the female parent, because
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Table 1
Results of Using Colored Scutellum Stocks as the Male and
Crossing them with Various Females. Each Horizontal Line
Represents an Individual Ear Except Where Noted.

o g ﬁ o33
[63] — 0 (O] 0w o
~ 3 O I O~ G DA O * )
0 o @ Ogw 0 "o~ OO o o e
o 0 @ OOHL © OO0+ VO Om =3 -
N ® OHES 0 4L O © g o —~ o)
IRE g4030 doSoL guzse © ~
2 CP~HO®WN e PHOBOS 00O > %
H o 2 T0T8 22370 2289 9 a, i
M14 (dent) 518 5
257 20
319 15
300 )
251 7
290 4
404 18 1
346 15 2
202 5
Hayes White 314 6 2
(sweet, su) 4979 28 2
- 278 66 .01 (3:1) 4
.70 (1%:3)
153 0
156 0 149 .70
Illinichief? 3219
(sweet, ggz)
Early Triumph 368 33 2
(sweet, §E§ 365 10 1
271 4
57 0
28 1
Tendercrisp 205 29 158 .01
(sweet, su) 227 17 163 .01
170 11 190 .30
165 5 104 .01
137 17 120 .30
210 14 188 .30 1
127 12 114 .50
Minhybrid 250 298
(pop) 112
268
84
106
Strawberry 154
(pop) 55
69
83

*Hypothesis of 1:1 ratio unless noted.
tBulk of 9 ears.
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a 1:1 ratio of seeds with colored aleurone and scutella to
seeds with colorless aleurone and scutella was obtained.

Illinichief appears to carry an aleurone color inhibitor
gene. This is a single cross hybrid and apparently both
parents have the inhibitor. This material has recently
been developed by a breeding program to replace the su, gene
with sh.,. Therefore, it would be of interest to test the
related™single cross, i.e.,, lochief, to determine if it
carries an inhibitor or whether the inhibitor gene was added
in addition to the sh, gene. Early Triumph seems to carry
the §5 gene in the hofiozygous condition, and therefore hap-
loids”should be obtainable from this material.

If one attempts to extract haploids from Tendercrisp only
half of the material can be scored for haploids, i.e., the
half with colored aleurone. The other half of the material
has a colorless aleurone and therefore colorless scutella.
This apparently is due to having an aleurone color inhibitor
gene. Tendercrisp is presumably a single cross and one of
the parents has an aleurone color innibitor.

Minhybrid 250 apparently has an inhibitor gene since no
aleurone color and hence nc scutellum color was produced.

The F, seed was segregating yellow (¥) and white (y) in-
dicat}ng that a cross rather than a sib was made. This is
important to determine since the two lines that make Minhybrid
250 were derived from Japanese hulless. Japanese hulless has
been reported to have a gametophyte factor by Nelson (Genetics
37: 101-124, 1952). The gametophyte factor may have been
lost during the development of the lines; however, a low seed
set was obtained in the cross.

Strawberry popcoran is not a very desirable source material
from which to extract haploids or to survey for s since

the seed has a red pericarp. However, by removing the
pericarp no aleurone or scutellum color could be detected.
This indicates that this material also has an aleurone color
inhibitor gene. Strawberry popcorn, which is an open-polli-
nated variety, has a gametophyte factor and a low seed set
was obtained in this cross also.

Based on morphological criteria of the seedlings, 15 hap-
loids were obtained in this study (Table 1). By considering
the seeds with colored aleurone this is a haploid frequency

of 0.235%. To detect haploids by using colored scutellum
stocks as the male on the various female stocks shown in

Table 1 and considering only the kernels with colored aleurone,
approximately 95% of the kernels can be discarded before
germination.

This research has indicated that it may be feasible to use
maize stocks with colored scutella to detect haploids. Also,
stocks with colored scutella may be used to survey for the
distribution of a recessive gene that is visible only by a
particular cross.
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Acknowledgement is made to William VonBergen of Seed Re-
search Specialists, 1lnc., Ontario, Oregon for providing the
Tendercrisp and Early Triumph seed.

Robert W. Briggs
2. Energy requirements and RBE for producing a cytogenetic

phenomenon in maize by irradiating seeds with x rays
and monoenergetic neutrons.

The frequency of occurrence of yellow-green (182) sectors
in seedling leaves that develop from irradiated~Yg /ZE
maize seeds was used as a criterion of radiation e%fec .

The %g phenomenon is due mainly to a break in chromosome

9 between the centromere and the Yg, locus, with loss of

the Yg.,-containing segment. The doSe-response curves for
250 E%% x rays (1420 to 14,250 rads) and for monoenergetic
neutrons (0.4%, 1.25, 1.80 and 14.7 MeV) were linear (or
indistinguishable from linearity) and were independent of
dose rate (with x rays from 10.3 to 1758 rads/min) thus in-
dicating that breakage of the chromosome, with loss of

Yg,, may be due to a single charged particle., X-ray- ~7
induced yg, "mutation" rates were 16.4 x 10-7 and 8.3 x 10
per rad fog cells of leaves 4 and 9, respectively. The
"mutation" rates per rad for neutrons were dependent on

the leaf scored and the neutron eneggies employed. For

leaf g the range was from 3.9 x 1077 (1.80 MeV) to 6.8

x 10=” (0.4% MeV). The "effective volume" was assumed to

be a sphere and, based on microdosimetric concepts, was
computed to have a diameter of 1l.35a in leaf 4 and 1.10 u
in leaf 5. The corresponding estimates arrived at by
cytological methods were 1.52 a and 1.3%38 m, respectively.
The results can be accounted for both relatively and ab-
solutely on the assumption that the interphase chromosome

is broken, to cause the occurrence of a yg., sector, when

a single charged particle delivers an energy of approxi-
mately 9% KeV or more to a spherical region of the seed
embryo cell nucleus that is approximately one micron in
diameter but proportional to nuclear diameter.

The relative biological effectiveness of the neutron irradi-
ations used, compared to 250 kVp x rays, ranged from 47 to
102.

Harold H. Smith
[Harald H. Rossi
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UNIVERSITY OF CALIFORNIA

Riverside, California

1. Corn earworm resistance as affected by starchy (§El)
and sugary (ggl) malze endosperm phenotypes.

In a continuing search for genetic factors contributing to
resistance of corn to the corn earworm, Heliothis zea, the
effect of the sugary (su,) kernel phenotype as contrasted
to the starchy (Su,) phefiotype, on similar or identical
seed-parent backgrdounds, was studied in replicated plots
in 1964 and 1965, Other work has shown that husk tight-
ness is important to resistance, but there has been much
less evidence that other characters, including postulated
chemical ones, play a very great role. The studies dis-
cussed here relate to earworm damage to ears on sweetcorn
backgrounds, classified at fresh market harvest (some 15
to 20 days after pollination under Southern California
conditions). Effects on ears carried to maturity, for
seed, may be different.

In 1964, the sugary inbred, Purdue %94, and a converted
P39A homozygous for Su, were planted in randomized plots
with 4 replications,“ﬁ%d 20 top (upper) ears per replica-
tion were earbagged before any pollen shed in the early
morning of the first day of silking. FEach afternoon after
pollen shedding had ceased, the bags were removed to allow
egg-laying by the nocturnal earworm moth, which causes 98
to 100% natural infestation at Riverside; bags were re-
placed early each morning. On the 3rd and 5th days of
silking the sugary ears were heavily hand-sib pollinated,
while the homozygous starchy ears were open pollinated
(since they would remain starchy anyway). Twenty days
after silking the following data were obtained, expressed
as earworm damage in inches measured downward from the tip
of the ear (only ears filled to the tip were rated):

Analysis
Mean damage of vari-
Inbred A 3 C D (inches% ance F test
P39A starchy 1.0 1.0 1.2 1.1 1.08
non-~-significant
P3%A sugary 1.1 0.9 1.2 1.3 1.13

The P39A starchy was a 4th backcross from a Su, line and
it was highly similar to P39A itself in most characters,
but average length of husk extension was 0.6 inch longer
than in the P39A sugary. This difference should have had

little effect on earworm resistance.

In 1965 three experiments were run, in which all the plants
were Fl hybrid sweet corn, thus eliminating genetic plant
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and husk character variables. In the first experiment, using
"I'. M. Cross," replications and ear-bagging procedures were
as in 1964 and natural earworm infestation was relied upon.
Four replications were hand-pollinated by starchy pollen from
a planting of the P39A starchy inbred, and four others were
open pollinated by their own sugary pollen (with no starchy
pollen nearby). The results of this test (below) indicated
starchy kernels to be slightly the more susceptible.

', M. Cross Replication Mean damage
pollinated by A 3 C ) (inches) ¥ Lest
starchy (§31) 1.9 1.5 1. 1.4 1.5%5
) sipgnificant
f- 030
gD (su,) 1.4 1.3 1.3 1.1 1.28 at 5%

The second and third experiments were run with Golden Cross
Bantam, T Strain, about 1 and 2 weeks later, but all ears,
within each experiment, were hand-infested on the same day
with three first or second instar earworm larvae, grown in
culture. In both experiments the sugary ears averaged
slightly but significantly more damage than the starchy ones.
Since hand infestation on a single day should be more uni-
form than even the heavy natural infestation, the data sug-
gest that the sugary kernel type does make for slightly more
susceptibility during the first 15 to 20 days. It is also
possible, but unlikely, that the starchy pollen used intro-
duced other genes which affected endosperm attractiveness

to the worm.

James W. Cameron
L. D. Anderson
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UNIVERSITY OF CATANIA
Catania, ltaly

1. Maternal effect and heterosis in maize.

Having obtained three luxuriant lines from the I. progeny
of the same plant, after sibbing at the 4th gene?atlon,
experiment was performed to check the relative 1mportance
of the genetic and cytoplasmic determination of the ob-
served heterosis.

The intraprogeny fertilization (sibbing) was performed on
all the 4th generation progenies deriving from the same
plant while the luxuriance phenomenon appeared only in all
the plants of three progenies. No luxuriance has appeared
in previous generations, neither in the remaining portion
of the experiment after sibbing.

This fact and the care used in pollen harvesting and dur-
ing fertilization eliminate the possible participation of
strange pollen, the appearing of spontaneous mutants re-
sponsible for the luxuriance phenomenon, and the occur-
rence of technical errors.

Luxuriant plants were selfed. 1In the next generation self-
ing and crossing to the normal parent was performed, in
order to obtain for each line one F5 and two reciprocal
backcrosses. Among the progeny the”following characters
were considered: (1) flowering date (2) number of branches
in the tassel. All progenies were compared for the mean
values and the variability.

Under the hypothesis that the observed phenomenon is com-
pletely dependent on additive genetic factors, the mean
values and the variability estimates of the reciprocal
crosses are expected to be similar, the genotype of the
reciprocals being identical. The genotypes of reciprocals
and selfed progenies are expected to differ in frequencies
of homozygotes and heterozygotes and the mean values of
backcrosses are expected to be closer to the mean value of
the luxuriant genotype than that of the selfed progeny,
while variation of backcrosses is expected to be larger than
that of the selfed progenies.

From tables 1 and 2 it appears that the mean values of back-
crosses involving all the lines used are different, there-
fore suggesting a maternal effect in the determination of
the luxuriance phenomenon. Comparison between backcrosses
and selfed lines suggests that there is a fair agreement
between expected and observed values.
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Table 1
Mean values for the "number of branches in the tassel" and
results of comparisons performed using the Student t-test.
*) Significance above the 0.05 P level; XX) Significance
above the 0,01 P level

line 32 line 88 line 96
Normal parent 10.42 10.13 92.35
Normal § x F.d 13,267 | *% 15.55%| XX <y |20.28%
F,¢ x Normafoe 1%.98 16.59 21.26
Selfed F5 progeny |{ 14,0¢% 13.53 20.24 '
i
Table 2

Mean values for the "flowering date" and results of compari-
sons performed using the_ Student t-test. ¥) Significance
above the 0.05 P level; ¥X)Significance above the 0.01 P

level
line 3%2 lire 88 line 96
Normal parent 16.62 20.05 20.43
Normal § x F. & 13.49% || 14.61% [ 16.68% |X*
F, ¢ x Normfl & 12.98 13.86 *X116.09
Sélfed Fy progeny| 14.54 16.60 15.26

On the contrary the behaviour of variability estimates, given
in terms of variances in tables 3 and 4, is found to be far
from expectation, suggesting that a strong interaction ef-
fect takes place between genotypic and extra-nuclear factors,

Table 3
Variance estimates for the "number of branches in the tassel"
and results of comparisons performed using the F ratio.
*)Significance above the 0.05 P level; XX%Significance above

the 0.01 P level

line 32 line 88 line 96
Hormal parent 5.4070 8.5263 11.5753
jormale x F,o&  |17.0085% *X| 130.9458 | 25.6177 | **|
F, 9 x Norm8ld |24.4437 XX\ 5204826 | 23,9655
Selfeqd F5 progeny | 56.7789 30.5313 46,0313
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Table /4
Variance estimates for the "[llowering date" and results of
comparisens performed using the F ratio. ¥) Significance
above the 0.05 P level; XX)Significance above the 0.01 P

level
line 32 line 88 line 96
Normal parent 3.9371 7.5476 8.4367 .
Normal ¢ x F, & 8.8558 X 19.5673 12.0128 x
F,® x Norm&1 & | 8.7360 19,3295 | 10.5126
Selfed F3 progeny | 14,6826 15,4047 24,0438

The data shown in the quoted tables suggest, moreover, that
the maternal effect as detected through the reciprocal
crosses may be underestimated as a consequence of the nucleo-
cytoplasmic interaction.

The nature and the role of maternal factors in the heterotic
Phenomenon shown in our material will be considered in the
continuation of our experiments. It is worthwhile to note
that among the many hypotheses on the origin of the luxuri-
ance phenomenon the importance of the interaction between
genetic and non-genetic factors has been assumed by Jones,
already in 1913; very recently Dhawan (1965, in press) was
able to stress the importance of the extrachromosomal com-
ponent of heterosis in crosses involving primitive types

of maigze.

Domenico L. Palenzona
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CORNELJ, UNIVERSLTY
lthaca, New York

1. The present center of diversity of the genus Tripsacum

The widespread distribution of Tripsacum species in the
Western Hemisphere suggests an ancient origin of the genus,
but new species apparently are continuing to evolve among
groups of populations in different habitats from near sea
level to altitudes of about 2500 meters in Mexico, Guatemala
and neighboring regions. Elsewhere throughout the range of
the genus from Mexico northward to the northcentral and
northeastern United States and from Central America south-
ward in South America to southwestern Brazil and Paraguay
populations are more uniform, discontinuities and habitat
preferences are more apparent and species are more definite-
ly delimited.

At the periphery of the present distribution of the genus
diploid species are predominant and the taxonomic status
of the limited number of known tetraploids is about as un-
certain as elsewhere. In South America the diploid T.
australe is widely distributed and an essentially glabrous,
undescribed variant is well established on the western
slopes of the Colombian Andes. “riploidy and tetraploidy
are represented in South America by 1. laxum, introduced
for forage from Central America =znd The Caribbean about

55 years ago, and by tetraploid populations of uncertain
affinities in Ecuador and Venezuela. In the United States
a diploid form of T. dactyloides occurs from Texas north-
ward to Kansas and there are tetraploids some of which
may be autoploids of T. dactyloides and others that are
sparsely distributed along the East Coast from southern
Florida to Connecticut have the appearance of being rela-
tively recent introductions from south of the Mexican bor-
der or the Caribbean. Four tetraploid species (T.
lancelatum, pilosum, latifolium and laxum) have been de-
scribed from Mexico and Guatemala, and in 1950 two very
unlike diploid species (T. maizar and zopilotense) were
described from the state of Guerrero, Mexico by Hernandez
and Randolph (Ofic. Estud. Espec. de Mexico, Fol. Tec. 4).

From my field studies of 1963 and 1965 in collaboration
with Professor Hernandez, other distinctive tetraploid
populations in addition to those that have been given
Species names, and six additional localities for the
diploid T. maizar as well as four reproductively isolated
populations of T. zopilotense in the Canada del Zopilote
and one near Tepic have been discovered. Mixed popula-
tlons including types resembling T. maizar and morphologi-
cally variable tetraploids have been ldentified at
Acahuazotla and Aguacate in the stabe of Guerrerc and at
Tepic and Oblatos Agua-Caliente in Jalisco. From these
recent discoveries it has become increasingly obvious
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that the present cenler of diversity of the genus Tripsacum

is in southwestern Mcxico and adjoining areas as previousl

suggested by Randolph and llernandez (Genetics 35:668, 1950
.. I', Randolph

2. Cytogenetics of gspeciation in ‘Pripsacum.

There are many well known examples of species with the
tetraploid number of chromosomes that apparently have arisen
by hybridization of distantly related diploid species fol-
lowed by chromosome doubling. Such alloploid species are
essentially true-breeding because of the synaptic incom-
patibility of the chromosome sets of the parental species
and lack of gene exchange between them at both the diploid
and tetraploid levels. But the possibility that a series

of tetraploid species might arise by chromosome doubling
following the hybridization of two closely related but
phenotypically very unlike diploid species having chromo-
somes sufficiently compatible to pair regularly and exchange
genes freely seems not to have been generally recognized

as a potentially significant evolutionary process. It is
Just these conditions, however, that appear to explain most
satisfactorily the occurrence of extremely variable tetra-
ploid populations of Tripsacum widely dispersed in Mexico
and Central Amerlca, of which four types have been de-
scribed as species (T lanceolatum, laxum, pilosum and
latifolium) and others appear to be equally deserving of
specific or sub-specific status as they complete the pro-
cess of acquiring adequate discontinuity and other essential
attributes of definitive taxa.

There are only two diploid species of this region that com-
bine most of the characteristics found among the tetra-
ploid populations of this and nelghborlng areas: T.
zopilotense and T. maizar. The former is a small, grass-
like essentially glaBrous plant with slender, sparsely
branched culms usually less than a meter in height and with
a single or rarely two terminal spikes, narrow flaccid
leaves less than a cm. in width; staminate spikelets in
pairs, one sessile. The latter is a robust very pubescent
plant, corn-like in general appearance with thick culms
branched at upper nodes, up to 4.5 meters in height;

leaves 7-10 cm. wide; tassels with as many as 45-50 branches
of which the staminate portion is much longer than the
pistillate; staminate spikelets in pairs of which one is
sessile the other pedicellate; a plant of rich moist soils,
in sharp contrast to the habitat preference of T. zopilotense
for the poorer soils of rocky, arid slopes. The pachytene
chromosomes of T. maizar have few if any conspicuous knobs;
those of T. zopilotense have numerous terminal and inter-

calary knobs. Although differing phenotypically in many
traits these two species are cross-compatible and their
chromosomes pair fairly regularly in the diploid F, hybrid
(Prywer, Bolet. Bot Soc Mexico 28:11-18, 1960). Among the
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natural tetraploids there is a low frequency of quadriva-
lent synapsis indicative of an auto-alloploid origin. Ex-
perimental verification of the hypothesis that the tetra-
ploids did in fact originate as doubled hybrids of T.
maizar and T. zopilotense or similar diploid species
(Randolph and Hernandez, Genetics 35:686, 1950) has been
undertaken by making the appropriate crosses to be fol-
lowed by induced chromosome doubling of the diploid
hybrids.

L. F. Randolph

5. Cytotaxonomic studies of Tripsacum in Mexico and
Guatemala.

In 196% field studies of Tripsacum populations were under-
taken in Mexico and Guatemala and continued in 1965 to
learn more about the interrelationships of the diploid

and tetraploid species and to evaluate their taxonomic
status. Included in these studies were populations from
the state of Durango in northern Mexico and southward
through Sinaloa, Nyarit, Jalisco and Guerrero on the

west coast, eastward to Vera Cruz and southward into the
states of Oaxaca and Chiapas. In Guatemala populations
were studied from the rain forests of the Coban area,

the San Antonio Huixta area of southwestern Guatemala,

and the neighborhood of Jalapa in southeastern Guatemala.
The type localities of the six species of Tripsacum de-
scribed from these countries were visited. Utilizing
appropriate techniques of cytogenetics and nwnerical
taxonomy, measurements and other data were obtained for
statistical analysis from 5 to 15 or more individuals
selected as representative of more than 40 reproductively
isolated populations. The size of the populations studied
varied from a small number of clones in recently disturbed
habitats to many hectares in undisturbed habitats of
various kinds. The measurements included morphological
characteristics of the culm, leaves, inflorescences,
spikelets and the amount, kind and distribution of pubescence;
also the percentage of good pollen, chromosome number and
other features of taxonomic significance that were re-
corded totaled more than 20 items for each plant. Voucher
herbarium specimens were preserved and live-plant collec-
tions were made for garden culture of individuals from
which the measurements and other data had been recorded.

P;eliminary evaluation of these data and the accompanying
field observations indicated it is only at the diploid
level that there are in the region studied good species as
ordinarily defined. Among the tetraploid populations there
1S a unique array of phenotypes varying widely in combina-
tions of morphological traits from extremes much like the
assumed parental species, T. zopilotense and T. maizar, to
intermediates including a wide range in combinations of the
various contrasting traits of those two species or others
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like them. Although habitat preferences werc apparent with
populations having plants with narrow leaves being restricted
ordinarily to the more arid regions, thosec with broad leaves
to humid areas and intermediates to localities with inter-
mediate amounts of rainfall, morphological discontinuities
between populations limited to these or other habitat pre-
ferences were not observed.

Among the populations studied there were noted various indi-
vidual characteristics not present in sither T. maizar or

T. zopilotense as, for example, the soft lanulose-tomentose
pubescence of T. australe noted in three geographically
isolated tetraplioid populations, essentially glabrous tetra-
ploid types with narrow leaves and a general growth habit
like that of T. dactyloides, and a diploid population from
Chiapas having a growth habit in certain respects remarkably
similar to that of Manisuris rugosa. Such characteristics
might have originated as gene mutants in these particular
populations or they could be segregants from hybrid combina-
tions of species other than T. maizar and T. zopilotense.
The distribution of T. australe and T. dactyloides, now
apparently limited to South America and the United States,
respectively, in earlier times might have included inter-
mediate regions where they might have been sympatrically
associated with T. maizar, T. zopilotense or similar species
and participated with them in the origin of present day
tetraploid populations. These possibiiities need further
study and it 1is essential to explore the possibility that
relatively true-breeding, morphologically similar popula-
tions are in process of becoming established in contiguous
areas with a geographical distribution adequate for their
consideration as species or subspecies. Very much needed,
also, are thorough karyotype analyses of the pachytene
chromosomes in all existing diplcid Tripsacum species and
tetraploid populations from very different geographical
areas. There is some indication that knob frequencies are
variable in some of the diploid species, and this as well

as other features of Tripsacum chromosome morphology need
further study to clarify their usefulness in the study of
natural relationships.

There is also need for ecological studies of Tripsacum,
especially in Latin America where different types display
an amazingly wide range of adaptation to differences in
altitude, latitude, climatic and edaphic conditions. More
needs to be known concerning modes of dispersal of the
corneous Tripsacum "seeds" by migratory birds over long
distances and over shorter distances by birds and other
animals not actively migrating, and to a more limited ex-
tent by seeds floating in mountain streams, arroyas and
drainage canals. The aggressive spread in recent decades
of tetraploid populations into disturbed habitats border-
ing improved highways oi Latin America is especiully note-
worthy. Various methods of sexual and asexual reproduc-
tion, the role of apomixis, polyembryony (c.f. Farquharson,
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Indiana Acad. Sci Proc. 63: 80-82, 1954) and partheno-
genesis in relation to the rare occurrence in tetraploid
populations of atypical diploids and extremes of
aneuploidy, and of their low percentages of viable seed
produced, should be investigated more thoroughly. Various
alleles affecting plant colors of Tripsacum apparently in
much the same manner as in maize with respect to the

well known A B Pl C R Pr series, are widely distributed

at both the diploid and the tetraploid level from the
equatorial region of South America northward in many
localities of Central America, Mexico and the United States,
suggesting that parallel mutation rather than "introgres-
sion" is a simpler and more plausible explanation of the
presence of tripsacoid traits in various unimproved races
of maize.

L. F., Randolph
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‘IE DEFIANCE COLLEGE
Defiance, Ohio

1. Selection for different states of the R gene in pollen.

In Vol. 38 of MGCNL we reported the results of selecting
the lightest and darkest aleurone phenotypes among kernels
of selfed ears. Such kernels had three doses of R which
had undergone paramutation with R”” for six generations.
Plants from the lightest and darkest seed selections, when
selfed, gave similar ear-mean pigment scores in the follow-
ing generation.

In 1964 light and dark seed selections were made from test-
cross ears where paramutated R, introduced through pollen,
was present in one dose. Testcrosses in 1965 show that
those seeds which showed least pigment produced plants
which still showed the least pigment in 1965 tesbtcrosses.
In Table 1 no overlap is found when comparing ear means of
testcrosses from plants of lightest and darkest seed se-
lections. It may be concluded that in testcrosses where
paramutated R is introduced through the male, all kernel
to kernel pigment differences may represent genetically
different states of the R gene.

Table 1
1965 pigment scores showing persistence of light and dark
phenotypes in testcrosses of plants grown from seeds se-
lected from two different testcross ears of plants grown
in 1964.

Dark Selections Light Selections Dark Selections Light Selections

20.08 15.56 18.58 12.50
20.12 14,80 15.60 9.66
18.80 16.78 20.84 15.50
18.3%8 11.60 17.68 9.40
18.24 9.38 19.92 8.38
pooled X 19,12 13.22 18.52 11.09

Bernard C. Mikula
Dean Flightner

2. Genetic differences for R expression from tassels of a
single plant.

In Vol. 39 of MCGCNL polarized sectors were rep%rted for R
pigmentation. In corn grass background in RR™" heterozygotes,
variation in paramutated R expression could be correlated
with the day that pollen was collected from a single tassel.
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Earliest collections which came from the upper part of the
tassel tended to give the lightest pigment values. Seeds
whose pigment had been scored in 1964 were grown out in 1965
to see if the differences in pigment scores persisted in

the testcrosses of the following generation. Table 2 shows
that the differences observed in 1964 are carried over into
the results of 1965. It can be concluded that the pigment
differences noted in different pollen samples represent
different states of R pigmentation which can be carried over
from one generation to another through the male gamete.

Such pollen samples represent genetically distinct sectors
in a tassel (or between tassels of a single plant) where

the R gene is "more or less turned on". What is remark-
able is that the partial "on-or-off" state can be trans-
mitted so faithfully, that is, the darkest seeds still re-
tain the dark phenotype in the following generation even
though considerable reversion has taken place in paramutated
R.

Table 2
Comparison of testcross scores of kernels in 1964 and progeny
from these kernels in testcrosses of 1965.

Year Testcross Pigment Scores Pollen Source in 1964
*1964 6.28 8.90 11.06  Same plant, differ-
ent tassels,
same day
1965 pooled X 15.38 17.16 18.88

(4 plants ea.)

1964 6.14 13.80 Same plant, differ-
ent tassels,
different days

1965 pooled X 14.62 19,07

(5 plants ea.)

1964 3.34 5,28  Same tassel, dif-
ferent collections
(5 days apart)

1965 pooled X 4,77 10,08

(6 plants ea.)

1964 6.58 6.94  Same plant, dif-
ferent tassels,
same day

1965 pooled X 6.13 6.55

(6 plants ea.)

x .
scored seed source for plants grown in 1965

Bernard C. Mikula
Robert Locy
Dean Flightner
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3. 'lasgsel mosaics (paramutation) from RR and Rr backgrounds.

In our reports above, difterence:s in paramutated R expres-
sion, when R is introduced through pollen, are likely to
represent different sisbes of the R gene. Relatively large
score difterences have been found in tassel sectors and
since these differences are carried over into the follow-
ing generations, they are of genetic significance. 1t is
possible to inquire whether such tassel mogsaicism which
attends paramutation is o peculiarity of che paramutagenic
alleles (such as RS') only. We find that tassel mosaics
for R expression can be conditioned in RR and Rr backgrounds
and Thus all alleles of R can be considered paramutagenic,
even R itself. This view hus the value of permitting con-
ceptual unity with, respect to paramutation; paramutagenic
alleles such as ES can now be regarded as paramutagenic
extremes in an allelic continuum where all alleles possess
paramutagenic ability to one degree or another.

Table 3 shows scores from testcrosses of RR homozygotes.

The pollen collected earliest on the tassel produced the
darker phenotypes compared to those collections made four

to seven days later. The same gradient is expressed in the
data on Rr pollen collections where the last collections
tend to be lighter than the first. Another point to be
noted in the data is that slightly higher pigment values

are recorded for the Rr combination. Brink and his students
have already noted this difference in the earlier literature.
The interesting point is that the difference in R expression
becomes most marked in the last pollen collections; when

the first pollen samples for RR and Rr testcrosses are conm-
pared a relatively slight difference 1s recorded. The data
suggest, therefore, that the mosaic gradient for R ex-
pression is increased in single tassels of the RR combina-
tion compared to the Rr heterozygote. In terms of paramuta-
tion, R is somewhat more paramutagenic than r.

Table %
Comparison of Gtestcrosses from pollen samples taken from
the same tassel. PFirst and last pollen samples were
separated by periods ranging from four to seven days apart.

Passel Sample Plant HNumber Sample

1 ” 3 4 5 6 7 Pooled

RR Testcrouss Scores Mean

First Pollen 20.94 20.66 21.06 20.3C 21.48 20.98 20.91
Sample

Last Pollen 19.60 19.7G 20.24 19.42 20.48 20.04 19.92
Sample

52 Testcross Scores
Pirst Pollen D21.12 20.80 21.306 20.94 20.94 21.24 21.16 21.08

Sample
Last Pollen PO.L1Se 20,00 D1L.02 19,72 20.80 20.76 20.98  20.060
Sample

Bernard C. Mikula

William Mezer ﬁ
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4, Gene-modulating environments.

In inbred W22, the expression of the R gene can be altered
by environmental conditions. The R gene, which conditions
pigment in aleurone, is first sensitized by paramutation
with RSt so that relatively small changes in phenotypic ex-
pression can be readily observed. DPlants with paramutated
R were grown for one month in growth chambers set for daily
ID conditions of 12 hours light and 12 hours dark; other
plants were given LL conditions (constant light). Plants
were also given mixed treatments of LL-LD (two weeks con-
stant light followed by two weeks of LD) and LD-LL (two
weeks of LD followed by two weeks of LL). Growth chambers
were held at 70°F for the mornth of seedling treatment. In
early June, all plants were transplanted to field conditions
for the remainder of the life cycle. Testcrosses of
treated plants were made to colorless inbreds grown in the
field; pigment in testcross ears was scored by methods out-
lined in our earlier reports (MGCNL 38, 39).

In Table 4 testcross pigment scores of treated plants show
that the LD conditions during the first month of plant de-
velopment produce paramutated R genes which condition more
pigment; LL treatments show that less pigment is procduced

as a result of early environmental treatments. Mixed treat-
ments LL-LD show pigment values close to those of LD-treated
plants; LD-LL mixed treatments show pigment values close

to the LL-treated plants. Mixed treatment scores suggest
that the second two-week period of development determines
the R expression of the testcrosses. Pigment differences
between plants receiving LL and LD treatments during the
second two-week period of development are highly signifi-
cant, statistically.

Table 5 shows that plants grown in the field but which were
given the above environmental treatments in 1964, still
show the relative differences found betweer LL and LD con-
ditions. In the report of Tabie 5 aleuronec scores are
based on phenotypes from three doses of paramutated R.
Under these high R dosages, only relatively small differ-
ences can be observed but these differences made it possi-
ble to select the more sensitive level of paramutated R so
that the large score-differences of Table 4 could be ob-
served in 1965 testcrosses.

It was noted irn the reports above that pigment score dif-
ferences can be found in the testcrosses of different pol-
len samples from single tassels of the same plant. It can
al§o be noted that while scme of these differences can be
quite small, the relative differences noted in one genera-
tion can be carried across into the testcrosses of the fol-
lgwing generation. It was concluded that the phenotypic
differences noted in each cf the testcross kernels can be
considered to represent different states of the paramutated
R gene. Because of the differences in testcross scores in
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Table st

Pestecross scores for R expressions from RR heterozygotes

after environmental tTeatments during the first four weeks

of seedling development. Scores represent ear means based
on scores of 50 kernels per ear.

Environmental Treatments

LD LL Field LL-1LD LD-LL
12.64 8.72 8.58 13.08 7.62
11.90 6.66 10.38 12.96 5.54
16.58 10.48 12.%6 15.78 8.64
16.14 4,48 7.72 12.80 7 .86
12.60 7.66 11.84 13.52 7 .04
14.44 10.68 14,06 1%.3%6 10.30
14.82 10.96 11.96 13.04 8.06
14,76 8.20 13,74 12.64 8.44
14,25 8.47 11.3%% 1%.15 8.01

Table 5

Persistence of relative pigment differences associated with
specific early plant environments.

1964 1965 Total % Kernels
Treatment Treatment Kernels Scored Fully Pigmented
LD Field *1299 77.5
LL Field 1106 75.6
Field Field 1072 76.7
LL-LD Field 1571 74.9
LD-LL Field 1430 68.1

*Scores based on self-pollinated ears. All kernels on each ear
were scored according to the numbers of kernels showing
full pigmentation over the crown of the kernel.
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Pable 7, one may conclude that the LL and LD environment
can make olgq1¢3canh contributions to the stute cf the
paramutated R gene. Cne may no longer assume single gene
expression to be immune from environmental influence from
generation to geuneration.

One can only speculate aboutv the mechanisms involved in
this unusual behavior of R. One linc of speculatlon wiich
will offer experimental test possibilities is that R ex-
pression is internally regulated by specific growth sub-
stances., The LD and LL conditions may affect R expressions
shrough internal balance of growth substances--at this
point it may be useful to consider the model developed for
insect larval development where hormonal control of chromo-
some puffing has been demonstrated. What appears novel in
our siluation with corn is the possibility that the differ-
ences observed are also carried over into the following
generations.

This work was mude possible by the Charles F. Kettering
Foundation.

Rernard C. Mikula
William Meyer
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1. Development of an analylical procedure for use in
penetic studies of fatty acid composition o) corn oil.

Gas~liquid chromatography (GLC) has been extensively used
for determining the fatty acid composition of o0il of corn,
flax, soybean, cotton, rape, safflower, castor bean, and
other crops. Most reports indicate that the standard GLC
procedure in common use requires from 19% to 25 minutes to
complete the analysis of a single oil gsample. Due to a
lack of funds, time, and labore, development of an accurate
and much more rapid mcthod than the standard GLC procedure
was necessary for studies of fatty acid composition of
corn oil. The GLC procedure now in use requires about 3
minutes per sample for determination of Uive fatty zcids
(palmitic, steariec, oleic, linoleic, and linolenic). Wibh
aging of colums, the retention time of linolenic boecomes
shorter and samplec analyses have been made in 2 minutes
and 20 seconds.

A brief description o the rupid Gl procodire duia soms:
comments on past expericnce are oo Vol tows: e equi printol,
consisted of an IF & M Model YCO dunl colomn charonrtbosrion
with flame ionization deteclors and o vonoywell Bloctronik
16 recorder. Columns were 0.25% in. x /.» I'lL. packed wiih
15%, by weight, of stabilized diethylcene lvcol succinule
(Analabs, Inc., Hamden, Conn.) coated on Anakrom Ail /0/G0
mesh solid support. Operating ltemperatures (C) weee 2595
(column), 265 to 275 (injector), and 290 (deteclor).

[Telium flow rate was 110 ml/min at GO psi pressure.  Abtenu-
ation was made for each peak in order (o oblain maximun
pegk area for each fatty acid._. Attenuation was usually >
10 x 5 or 10 for palmitic, 10 x 1 or 2 for stearic, 10

x 10 or 20 for oleic and linoleic, and 102 x 1 for linolenic.
Small samples (approximately 0.01 ul) were injected with

a Hamilton No. 7101 1.0 ml syringe. Sample sizes may vary
with different syringes; however, small samples were uscd
50 that attenuation was never higher than 10 x 10 for
palmitic (preferably peak height no higher than 60 or 70
on the chart scale). Studies with sample sizes and the
possibility of overloading the column or detector have
shown that the present sample size may be increased several
times without distortion of peak heights or of fatty acid
composition. Our experience with another syringe (Hamilton
No. 7001) has shown that a uniform sample size could not

be obtained from sample to sample and that palmitic acid
content was considerably over-estimated and, consequently,
the other ratty acids were under-castimated. Deteclors have
been cleaned as frequently 2 once o day (a 15 min. job).
Also, detectors have been uscd over a period of time with-
out cleaning. ‘he necessity for clcaning delectors is
evident by the amount of bascline noise wilh aittenuation
set at 10 x 1.
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Of course, a rapid GLC procedure is of no value unless the
results are accurate and reliable. Confidence in the rapid
procedure was obtained by comparing results with: (1)
analysis of similar oil samples by others, (2) analysis of
commercial corn oil, and (3) analysis of a reference standard
with a known composition of the five major fatty acids found
in corn oil. Over a period of time an average of 14
chromatograms of commercial corn oil gave the following re-
sults: 12.5% palmitic, 2.5% stearic, 28.7% oleic, 55.4%
linoleic, and 1.0% linolenic. These results agree closely
with the reported composition of commercial corn oil as

found in the literature. Table 1 gives the results from
analysis of a known standard containing 20% by weight each
of five fatty acids. Comparisons were made with three column
temperatures each at two helium flow rates. Time required
for each procedure and recorder chart speed is also given

in Table 1. The rapid procedure was as good as any of the
other procedures.

Duplicate chromatograms of the same o0il sample agree very
closely as shown in Table 2 for 12 samples of oil. Tatty
acid composition was determined by triangulation of peak
areas. Only one¢ measurement and calculation was made on
cach chromatogram. It is concluded that only one chromato-
gram per sample is necessary for genetic studies since
differences (fatty acid composition) among the various oil
samples are usually quite large. Duplicate chromatograms
would be necessary if very small differences are to be
determined.

Table 1
Average fatty acid composition of four chromatograms of a

standard analyzed at threc column temperatures each at wwo .
helium fleow rates. ]
Recorder lHielium Sample
chart Column flow analysis Fatty acid composition (%) :
speed  temp. rate time  16:0° 18:0 18:1 18:2 18:5 .
in/min C ml/min mirn
0.9 180 55 25 19.6 20.1 20.7 20.2 19.4
0.5 180 110 16 20.2 20.2 20.5 20.1 19.0
0.5 200 55 15 20.1 20.1 20.6 20.4 18.9
1.0 20Q 110 9 19.8 20.5 20.6 20.0 19.0
1.5 255 55 4 20.5 20.2 21.6 19.9 17.9
5.0 235 110 3 19.7 20.1 20.7 20.2 19.4 3
Average 20.0 20.2 20.8 20.1 18.9 :
§taqd§rd Grror 0,21 D.16 0.13 0.12 0.21
Coefficient of variation (%) .12 1.63% 1.24 1,15 2.21
2
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; Table 2
i Examples of results obtained with duplicate chromatograms
W of 12 corn oil samples.

Fatty acid composition (%)

Sample No. 16:0 18:0 18:1 18:2 18:3

' 1501 A 1l2.46 2.67 2%.05 58.50 3.51

B 12.10 2.85 22.40 59.00 5.67

1502 A 12.76 1.47 24,35 60.69 0.75

B 12.88 1.54 20 .45 59.37 0.78

1505 A 14,74 1.78 15.81 67.15 2.52

B 14.06 1.82 14,36 67.12 2,64

1504 A 15.15 1.01 15.76 66,56 1.52

B 15.12 1.07 16.05 66.20 1.56

1505 A 16.22 2.49 24.23% 54.09 2.98
B 15.99 2.63 24,22 54.08 5.07

1505 A 15.32 1.60 30.45 51.85 0.78

B 15.22 1.67 29.85 52.44 0.82

1507 A 19.17 1.58 15.28 60.94 5.05

B 19.29 1.60 15.14 60.9% 3.03

1508 A 18.43 1.11 19.54 58.78 2.15%

B 18.52 1.09 18.69 59.68 2.01

1509 A 14,88 1.82 26.26 54.03 5.00

B 14.55 1.79 25.88 54.88 2.90

1510 A 14,89 1.5% 26,74 55.82 0.92

B _15.61 1.46 25.88 56.19 0.86

1511 A 19.33 1.85 12.91 62.65 5.27

B 19.48 1.76 12.25 ©5.28 5.25

1512 A 18.85 1.16 15.44 62.35 2.20

B 18.61 1.08 15.54 62.59 2.17

Variation is due to chromatographic equipment and, proba-
bly, mainly due to human errors in measurement of peak
areas.

M, D. Jellum

2. Fatty acid composition of reciprocal crosses.

The fatty acid composition of a number of reciprocal crosses
has been determined. The results for inbred lines and
their reciprocal crosses are shown in Table 1. Averages
are of nine kernels (fatty acid composition of o0il) from
each of two ears for each inbred and cross. Reciprocal

‘ crosses of GE295 and GE297 showed heterotic effect for

| palmitic acid. Oleic and linoleic acid composition of

the reciprocal cross was similar to that of the inbred

line used as the female parent. The reverse of this
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(reciprocal cross similar to male parent) was shown for oleic
and linoleic in reciprocal crosses of GEC314A and T6l.
Palmitic acid of GEC314A x T6l was higher than the high par-
ent (GEC3144) and the reciprocal was lower than the low par-
ent (16l). Fatty acid composition of reciprocal crosses of
SC31% and GE297 were similar and close to the midparent
value. Palmitic and stearic acid composition of the crosses
were in the direction of the maternal parent value. GEC3144
and Mp482 did not differ greatly in fatty acid composition,
Reciprocal crosses were similar for oleic and linoleic com-
position and similar to the parent GEC314A. Therefore,
dominance in the F, for high linoleic and low oleic was ex-
hibited in this pa%ticular Cross.

Fatty acid composition of reciprocal crosses are different
in some cases but not in others. Whether differences be-
tween reciprocal crosses can be attributed to true maternal
effects or to some type of cytoplasmic effect has not been
determined.

Table 1
Average fatty acid composition of the oil from 18 individual
kernels of parental inbred lines and their reciprocal crosses.

Inbred Fatty acid composition (%)

No. 16:0 18:0 18:1 18:2 18:5
GE29% 1 14.6 3.02 31.1 50.0 1.26
1 x2 15.2 2.48 32.2 49.1 1.11
2 x 1 15.2 3.05 38.0 42.8 0.92
GE297 2 14.8 3.22 328.4 42.6 0.97
GEC314A 3 15.1 2.86 41.1 40,2 0.78
5 x 4 15.7 3.13 34,4 46,0 0.77
4 x 3 4.4 4.29 38.4 42.2 0.79
T6l 4 14,9 3.72 34,0 46.4 0.91
SCAh13% 5 15.1 0.97 22.9 62.5 0.82
5x 2 13.9 1.89 %32.8 50.5 0.90
2 x5 14.5 2.50 32.4 49.7 0.95
GE297 2 14.8 3.22 38.4 42.6 0.97
GEC314A 3 15.1 2.86 41.1 40.2 0.78
3 x 7 16.2 2.76 40.9 39.5 0.69
/7 x5 15.1 2.72 40,4 41.0 0.76
Mp482 ? 15.5 2.14 45.5 36.2 0.74

M. D. Jellum
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1. Inbred variation and hybrid performance.

Five to seven stocks of the same long-time inbred line for
each of six inbreds were crossed to a common yellow or

white single-cross tester. Comparisons at the same location
of three-way testcrosses within the respective inbreds re-
vealed significant differences between the hybrids in 9 out
of 10 agronomic characters: yield, time of silking, ear
height, plant height, stalk lodging, erect plants, ears

per plot, dropped ears per plot, and leaf position. Grain
quality was the only character in which no significant 4if-
ferences were obtained.

These results show a great amount of variation occurring
within long-time inbreds maintained at different locations
and in their hybrid progeny. Thus a hybrid produced with
Inbred A from Texas may not give the same performance as
the supposedly same hybrid produced with Inbred A from
Georgia.

A. A. Fleming

2. Biochemical analyses used to differentiate lines of
maize.

Biochemical analyses were used to differentiate stocks of
the same long-time inbred line of maize in this experiment.
Significant differences were found in the amounts of
carbohydrates and amino acids in the stocks. The signifi-
cance of these findings is to provide a biochemical tool
for the geneticist to use in selection phases of breeding
programs and in basic genetical work.

Seedlings of four stocks of the inbred CI 7 were compared
biochemically for total carbohydrates, alcohol soluble
sugars, and free amino acids. Apparently three sub-lines
with different biotypes have evolved in the four stocks.
In general, the stocks which had agronomic differences in
a previous study also had biochemical differences in this
study.

A, A, Fl-Tryani
A, A. Fleming

3. Effect of Phosfon on growth of maize.

Phosfon is a chemical height retardant on certain plants
such as Easter lilies, chrysanthemums, lima beans, seed-
ling Jonathan apple and several other plants. The effect
of Phosfon-D on a white single-cross tall hybrid corn,
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GA 151 X T 113, was studied in a greenhouse experiment.
The five levels of Phosfon had a marked effect on early
plant height and leaf coloration. A certain degree of
recovery of height growth was observed except for some
plants which were extremely stunted. At 60 days from

the date of Phosfon application, there were no signifi-
cant differences between the zero level and other levels
of Phosfon. Chlorosis seemed to affect mostly the leaves
which emerged within the first ten days from the date of
application. At later dates all new leaves emerged with
normal coloration., Levels of the chemical had no effects
on the date of tasseling.

0. K. Hudson
A, A, El-Eryani
A. A, Fleming

4, Source of resistance to maize dwarf mosaic virus.

GA 209, a white inbred line, has given excellent ratings
of resistance to dwarf mosaic virus in tests in Tennessee
and Ohio., ©Small amounts of seed may be available for
distribution.

A, A, Fleming
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HARVARD UNIVERSITY
Camrbridge, Massachusetts

1. Blotching gene on short arm of chromosome 4.

Earlier tests (MNL 31:60) have shown that one of the three
genes involved in the blotching system, which causes
blotches of color Lo appear in the aleurone layer when

the genotype for the principal color factors is AA cc RR,
is located on chromosome 4. Three-point backcross tests
completed during the past season show that the Bh gene is
located on the short arm of this chromosome, 42 cross-over
units from Su and 50 units from Gl,. This is one of the
few genes so far located in this géneral region. The

data are shown below:

Table 1
Three-point Tests of Linkages of Bh, Su, and §£3 on Chromo-
some ‘4.

Genotypes Linkage Number of Individuals Recombinations

XY Phase XY Xy xY xy Total Number Percent
Su Bh RB 439 593 631 454 2117 893 42.2
Su Gl5 CB 180 149 138 200 667 287 43,0
Su Gl5 RB 248 382 338 2%4 1202 482 40,1
Total 1869 769 41,1
Bh Gl5 CB 287 303 299 313 1202 602 50.1
Bh Gl5 RB 159 171 159 178 G667 3377 0.
Total 1869 9%9 50.

P. C. Mangelsdorf

2. Races of maize in Argentina.

This work has been started with a collection of maize ears
from the highlands of Northwestern-+«Argentina.

On the basis of the external morphology of the ear, a pre-
liminary classification of the entire collection was made
and it was possible to choose typical ears to represent
the different races. The internal characters of the ear
and kernels are being studied and the preliminary classifi-
cation may have to be altered in some cases. Roughly
there seem to be about 20 different races of indigenous
corn in Northwestern Argentina. Almost half of them are
related to races of Peru such as Confite Puntiagudo,
Kculli, Confite Punefio, Chullpi, Uchuguilla, and most of
the races show close relationship with Bolivian races.
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; Cytological material has been collected to obtain informa-
tion on the knob numbers and their position at the pachytene
stage for each race. However, it was found that most of
these races showed a poor spreading of chromosomes at
pachytene. Nevertheless, it has been possible to obtain
the following frequencies of total number of knobs: O
knobs, 35.4 per cent; 1 knob, 47.0 per cent; 2 knobs,

13.7 per cent; 3 knobs, 3.9 per cent; 4 or more knobs,

0.0 per cent. The percentage of knobless chromosomes is
higher than that reported by Grobman et al. (1961) for

the races of Peru, probably because the proportion of high-
altitude races is larger than in the Peruvian studies.

Julidn A. Cémara-Hernéndez

3. A preliminary report of meiosis in Tripsacum lanceolatun.

Cytological studies are being made on plants of Tripsacum
from Mexico and Guatemala collected by Wilkes and Chaganti
(MNL 39) and now maintained at the Fairchild Tropical Garden
in Florida. A study of one of these, originally collected
from Penjamo and identified as T. lanceolatum, has produced
the following data: The pachytene chromosomes are differ-
entiated into proximal deep staining heterochromatic and
light staining distal euchromatic regions. The euchromatic
regions are terminated by a knob or more often by a deeply :
stained chromomere. This species is a tetraploid and con- i
sequently the chromosomes are often associated in more than i
pairs. Usually the two sets of homologs that make up a
quadrivalent are associated at the centromere. However, in
a few cases association and partner exchange was observed
in the euchromatic regions also.

At diakinesis and metaphase I, varying numbers of quadriva- i
lents, trivalents, bivalents, and univalents were observed. :
Of the ten possible types of quadrivalents (Darlington, i
1937), types 11, 12, 15, 16, 17, and 18 were encountered. :
The most frequent types, however, are types 1l (a chain

of four) and 17 (a ring of four). The average quadrivalent

frequency at diakinesis is 5.8. Both ring and rod types

of bivalents are present and the mean number of bivalents

per nucleus is 22.5. At metaphase 1 the chromosomes are

pretty much crowded on the plate and the wunivalents were

found scattered outside the plate. Several lagging chromo-

somes were observed at anaphase but these eventually reach

the poles. The second division is quite regular and at

the end of the second meiosis normal pollen tetrads are

organized.

R. V. Tantravahi
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UNTVERSIHTY Ol 1LLINOIS
Urbana, 1llinois
Department of Agronony

1. Maternal effect on 0il content and fatty acid distribu-
tion.

" Twelve agronomic inbreds were reciprocally crossed to pro-

B duce 18 F,'s. The hybrids were analyzed by wide-line NMR
for oil c%ntent and two were analyzed for fatty acid con-
tent by gas-liquid chromatography.

The conclusions that were drawn are:
a. Substantial maternal eiffecls were observed.
| b. Heterosis for total o0il was observed in 15 of the 18
hybrids. The mean of the Fl was higher than the mean
of the high parent in 8 of “the hybrids.
¢. The genotype of the embryo primarily determines fatty
acid distribution, i.e., the maternal sporophyte did
not appear to have an appreciable effect.

Vernon Reich
D, EBE. Alexander

2. Accuracy of wide-line NMR analysis of oil in corn.

Samples of dried kernels are placed between pole pieces

of a permanent magnet. A radio beam is interposed and

the field strength simultaneously modified electromagneti-
cally. Resonance for protons in the liquid phase in the
kernels occurs in concert. Protons in solids resonate
throughout the shift in field strength and are disregarded.

Accuracy of analysis was estimated by the standard devi-
ation from the regression line of NMR signal on careful
gravimetric analyses. The mean of two 30-second sweeps
on 2% g. samples was found to fall within +0.12% of the
0il content 95% of the time. Approximately the same
error, in terms of oil percentage, was found for single
seeds.

D, E. Alexander
Lais Silvela S.
Irloyd Collings
Ralph Rodgers

3. Application of wide-line NMR to breeding high oil corn.

NMR was used to non-destructively analyze 3,800 individual
kernels coming from 38 cars of the third cycle of a high
01l synthetic. The ten higher, the ten lower and ten
intermediate 0il kernels from each ear were planted and the
resulting plants were self-pollinated. NMR analyses were
made of o0il content of cach selfed car.
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The overall correlation coefficient of per cent oil of the
parent kernels and per cent oil of the progenies was 0.857.

Comparisons of response to selection by classical recurrent
selection for oil (destructive analysis and planting of
remnant seed) and by a single kernel NMR-selection scheme
suggests that progress should be about 2.25 times as rapid
per generation by the latter scheme.

Luis Silvela S.
D. E. Alexander

4, Seed set in an autotetraploid maize synthetic.

Per cent seed set has been determined in autotetrapolid syn
B each year since 1958. The synthetic was maintained by
selecting approximately 200-300 well filled ears from
agronomically desirable plants each year as parents of the
next generation. Each year seed set was determined in a
random sample of 30-40 ears by determining the actual num-
ber of kernels on the ear and estimating the potential num-
ber from the kernel row number and a count of the potential
kernels in a typical row. Mean per cent seed set for each
year was:

1958 1959 1960 1961 1962 1963 1964 1965
60 68 74 69 78 80 69 83

Seed set has increased each year except for 1961 and 1964.
Nineteen sixty-four was an adverse year for seed set which
may account for the low seed set in this year. Improvement
in seed set was rapid through 1962 but has since been slow,
indicating that this synthetic is becoming stabilized at
the autotetraploid level.

J. W. Dudley
D. E. Alexander

5. Mutation rate of opaque-2.

Recent findings by Nelson, et al, (Science 1964) on the
altered amino acid composition of opaque-2 endosperm pro-
teins has stimulated the interest of corn breeders in the
improvement of protein quality. Many breeders are pre-
sently converting inbred lines to the opaque-2 genotype.
The backcross method is satisfactory for this conversion.
However, if opaque-2 mutants could be obtained directly
through spontaneous mutation, considerable time could be
saved in developing opaque-2 versions of these lines.

With this in mind, an investigation of the mutation rate
of the normal allele (0,) to the opaque-2 allele (0,) was
conducted in 1965. The“male sterile (T-sterile) versions
of the lines B37, €103, Ml4, and Wé4a (Genotypes 0,/0 )
were used as female parents in an isolated crossing.b%ock.

P =
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The male parent was a homozygous opaque-2 stock. Any muta-
tions of the normal allele to the opaque-2 allele can be
detected in the F, seed, assuming no aberrant reproductive
events. The foll%wing table summarizes preliminary results
for three of the inbred lines. The results are based on

the phenotypes of the F, kernels but verification of their
genotypes will be made %y crossing with a homozygous opague-
2 stock. -

Table 1
Estimated No. No. Suspected
Inbred Gametes Tested Mutants Rate
1. €103 655,660 6 .9 x 1072
2. M14 1,045,077 6 .6 x lO_5
3. Wolda 1,118,665 2 .2 x 10

If these suspects are the result of mutation, then two con-

clusions are possible:

1. the mutation rate of O, allele is comparable to that of
other maize loci;

2. the mutational events of 02-——>9_ are frequent enough

to warrant closer scrutinizing of inbred seed by corn
breeders for these events.

R. J. Lambert
D. E. Alexander
E. B. Patterson
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1. An investigation of abberant transmission associated
with the etched locus in maize.

The mutant etched allele of chromosome three is sometimes
associated with viability effects which in certain back-
grounds cause an upset in progeny ratios (Rhoades, M.G.C.N.L.,
1957). Rhoades (M.G.C.N.L., 196l) observed that the elimina-
tion of etched individuals, in response to a "zygotic semi-
lethal" system, varies in different genetic backgrounds.

The complete elimination of etched individuals was not re-
ported in this study.

In the present study self-pollination of a plant of the

A Et/a et genotype produced an ear totally devoid of etched
kKernels. The absence of etched kernels is demonstrated to
be conditiog%d by the action of a previously unreported
modifier, M~~, (modifier of etched). Individuals homozygous
for the modifier are defined as full strain. Because of
the close linkage (12 units) of the color factor A, to the
etched locus, self-pollination of A Et/a et (full train)
individuals produces ears having distorted colored to
colorless ratios indicative of the complete elimination of
all expected etched individuals (Table 1; Experiment 1).
When these full-strain plants are used as pollen parents
with colorless, etched testers (a et/a et), normal etched
transmission is observed. The use of full-strain p%%ntgt
as pistillate parents, as in the cross A Et/a et; I M

X a et/a et; ++, produces ears that indicate the elimina-
tion of all normal etched kernels. Some (53%) of the ears
resulting from this cross possess vestigial etched kernels
in varying frequencies and sizes. The other 47%, although
they possessed the same genetic background, were entirely
devoid of these abortive etched kernels. These reduced
kernels are viewed as etched individuals able to develop

at least partially in this background. If these reduced
kernels are ignored in the scoring of ears the data in-
dicate the total elimination of etched individuals (Table
1; Experiment 2). 'The cross 4 Et/a et (fuil-strain) X a
Et/a Et yields results that indicate that the system of
aberrant etched transmission is based on the zygotic elimina-
tion of etched individuals (Table 1; Experiment 3).

All the kernels produced by a cross between ﬂet MeL (full-
strain) plants gnd nonrelated plants (+/+) are defined as
half-strain, +M°~. Self-pollination of any half-strain
A Et/a et indIvidual produces an ear having 50 per cent
0f The expected etched kernels (Table 1; Experiment 4).
It is possible to demonstrate the survival of 50 per cent
of the expected etched kernels as a result of the test-
cross A Et/a et(half-strain) X a et/a et(table 1; Experi-

ment 5).  When any half-strain Individual of the A Et/a et

. | . .~
Bt re i sy s
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Table 1
Outline of experimental results.

Experi- Frequen-
ment Model Cross cies Kernels 5
expected Y a X~ Probability
(4:2a)
1. No survival of A Et/a etb; o 0.924: 2887 225 2.51 =0.12
et individuals TIMET ﬂe’ﬁ— 0.08a
2. No survival of A Et/a et X a et/a et 0.88A: 2764 341 3.12 £0.08
et individuals  TeT Mt +/+ 0.12a
5. 1lA:la ratio A Et/a et X a Et/a Et; O.50A: 2889 2777 2.14 x0.16
expected MeT et T 0.50a
4, Survival of 50% A Et/a et; g 0.824: 15810 3424 0.51 20.48
of et individ's. MET T /+ 0.T2a
5. Survival of 50% A Et/a et X a et/a et; O0.63A: 8704 5303 1.25 x0.28
of et individ's. ~ MEU/+ T+/F 0.37a
6. Survival of 50% A Et/a et X A Et/a et; 0.824: 850 160 3.20 =0.07
of et individ's. ~ Met/+  MeT MET 0.18a
7. No survival of A Et/a et X A Et/a et; ~
et individuals TeT MEt w7 0. 92A 1629 124 1.98 =0.18

- 08a

Ot



e ke

- ———— T AT

41

Table 2

Classification of ears produced by tests of F, individuals

from self-pollinated half strain A Et/a et. f1so shown is

the chi-square value testing the fit of these data to a
1:2:1 ratio.

Full Strain - Half Strain Normal 2 Probability
(Me Mg%) + Me ) X (2 d.f.)

(++) range
8 15 7 0.066 .95-.99
Table 3

A résumé of the various crosses performed in the course of

this investigation, the resulting genotypes in terms of the

modifier M, and the ccrresponding effects on the survival
of the mutant etched allele.

Cross Zygote Endosperm Progeny
mgtgft ® - Eftgft Xftﬁftﬁft No et kernels
s+ X MOOMCT + 1T s+ 1T Normal et survival
metmet X ++ Met + .metﬂet+ No normal et (reduced
only)
Mt ® et et 50 per cent of the
expected etched in-
+ o+ + o+ dividuals survive
ﬂ“tﬂet me‘tﬂetget
ﬂet* mgciut+
+ ﬂet X ++ + o+ + o+ 4+ 50 per cent of the
et etyet expected etched
o+ L irdividuals survive
++ X‘ﬂet+ oty LR Normal etched
+ M + + M survival
—_— e
++ = Nonrelated Tester; ﬁetﬂe’ = Pull Strain; + Met =

Half Strain
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genotype is used as a pollen parent with a nonrelated etched
tester, normal phenotypic frequencies are observed.

If the modifier which conditions the zygotic elimination of
etched individuals is independent of the etched locus,
self-pollination of F, half-strain individuals should ex-
press this factor in % 1:2:1 (full-strain:half-strain:nor—
mal) ratio among the resulting kernels. This distribution
was demonstrated by tests or the F2 population. (Table 2).

Reciprocal crosses between full-strain and half-strain A
Et/a et plants indicate the operation of an endosperm dosage
phenomenon as the causal factor of etched elimination. The
zygotic genotypes produced by these reciprocal crosses are
the same. However, when full-strain plants were used as
the maternal parent in these crosses no normal etched ker-
nels were produced. But when half-strain plants were used
as the pistillate parents, 50 per cent ot the expected
etched kernels were observed (Table 1; Experiment 6 and 7).
The inequality in the results of these reciprocal crosses
infers the existence of an endosperm dosage phenomenon.

Agtinteresting relationship between the endosperm dosage of
M”" and the survival of etched kernels can be illustrated
for all the levels of aberrancy thus far reported. Table

5 presents a résumé of the zygotic and endosperm genotypes
which were obtained as a consequence of these studies.

The genotypic relationshigg presented in Table 3 imply that
endosperm dosage of the M ~ factor causes the elimination
of etched individuals. Tt is interesting to note that at
any given level of aberrancy, where a nonrelated tester in)
is used as the maternal parent, normal phenotypic frequen-
cies are produced on the resultant ears. These findings
imply that under the conditions of this type of cross, the
etched individuals survive because they never receive more
than one dose of the modifier. The zygotic elimination of
etched individuals is appareng%y based on the maternal
contribution of the factor, M7, to the products of double
fertilization.

Developmental studies were undertaken to determine the
histological basis of the zygotic elimination of etched
individuals. Self-pollinated, full-strain ears of the

A Et/a et genotype demonstrated a 3:1 ratio for full :re-
duced developing kernels as early as eight days after polli-
nation. Both full and reduced kernels were fixed and sec—
tioned at 8, 10, and 15 days after self-pollination. These
sections demonstrated normal development for a given full-
sized developing caryopsis. The reduced kernels, although
they were obviously postzygotic, maintained a Jjuvenile
appearance consisting of only a proembryonic axis embedded
in a nondifferentiated endosperm.

These studies, both histological and genetic, demonstrate
that the aberrant transmission under investigation is due
to the zygotic elimination of etched individuals which is
conditioned by the action of an independent modifier.

Delano K. Cox
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UNIVERSITY OF ILLINOIS
Urbana, Illinois
Department of Plant Pathology

1. Inheritance of chlorotic lesion resistance to
Helminthosporium turcicum in the Australian inbred NN14,

Chlorotic-lesion resistance to northern leaf blight (H.
turcicum) has been described in previous communications from
this laboratory. 1t has been found in numerous pop, sweet,
white dent, yellow dent, and flint corns and in teosinte.
Usually resistance is inherited as a single dominant gene

in each source, although a slightly different form of chlorotic-
lesion resistance is apparently recessive in inheritance.

Inbred NN14 is unique in that it contains two dominant genes
for resistance. This hypothesis is supported by the fol-
lowing data from crosses involving several susceptible in-
breds and NN14:

Greenhouse [Observed Ratioflixpec- P
' Cross Fielngest Res. Susc. Rgigo X Value
NN14 x Rl4 F2 Greenhonse| 92 4 15:1 [0.7111 | 0.30-0.50
NN14 x Syn A P, " 93 5 |15:1 [0.2204 | 0.50-0.70

(NN14 x Syn A)
x 168 " 74 26 3:1 ]0.533% 0.80-0.90

Field 95 9 15:1 |1.0256 | 0.30-0.50
Res.Seg. Susc.

R168 x NN14 F2

:8:1 [0.4770 1 0.30-0.5C

N>

NN14 x Bla F Greenhouse| 58 659 7

5

A. L. Hooker
K. M. S. Saxena

2. Apparent reversal of dominance of a gene in corn for
resistance to Puccinia sorghi.

Necrotic flecks develop on seedlings of the resistant inbreds
NN14 and M16 when inoculated with P. sorghi culture 90laba
whereas small pustules surrounded by chlorotic margins de-
velop when these inbreds are inoculated with culture 933a.
Well developed pustules without chlorosis form on the sus-
ceptible inbreds Bl#4 and R168 when inoculated with either
culture.

N
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On single crosses between the resistant and susceptible

inbreds, nescrotic flecks developed when the seedlings were

i inoculated with 90laba but well developed pustules formed
when inoculated with 9%%a. On the basis of F, data, re-
sistance was dominant over susceptibility to %Olaba but
recessive to 933a.

In the first experiment involving segregating plants, F2
progeny were tested for reaction to the two cultures.

R : Rust Ob;:iggd Expected > P
Cross Culture Res. Susc. Ratio X Value
M16 x Bi4 90laba 76 23 3:1 0.16 90.50-0.70
M16 x Bl4 933a 15 o4 1:3 1.52 0.10-0.25
NN14 x Bl4 90laba 1090 32 3:1 0.04 0.80-0.90
NN14 x Bl4 933a 19 84 1:3 2.%36 0.10-0.25

In the second experiment, individual F, seedlings from the
cross NN14 x Bl4 were inoculated sequegtially with cul-
tures 90laba and 933a. All seedlings were inoculated at
the three-leaf stage; the third leaf was covered with a
thin paper envelope so that only the first and second
leaves were exposed at inoculation with the first culture.
Three days later, paper envelopes were removed and the
plants were inoculated with the second culture. Half of
the plants were inoculated with culture 90laba followed
by 933%a and the other half with 933a followed by 90laba.

In this experiment, 21 seedlings were resistant to both

rust cultures and %6 seedlings were susceptible to both
cultures. The remaining 61 seedlings were resistant to
culture 90laba but susceptible to 955%. The observed

ratio fits an expected 1:2:1 ratio (X< = 3.949, P = 0.10-0.20).

In the third experiment, F, plants were selfed and approxi-
mately 20 seedlings in eacﬁ progeny were inoculated with

each culture. The following data were obtained:
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P. sorghi Observed Ratio P Value
Cross Culture Res. Seg. Susc. X2 (1:2:1)
NN14 x Bl#4 90laba 36 67 22 3.784 0.10-0.25
NN14 x Bl4 933a 36 67 22 3.784  0.10-0.25
M16 x Bl#4 90laba 17 4], 15 1.219 0.50-0.75
Ml6 x Bl4 93%a 17 41 15 1.219 0.50-0.75

No progeny in the F, was uniformly resistant or suscepbible
to one culture and gegregating for the other or uniformly
resistant to one but susceptible to the other.

The dominant gene has previously been designated as Rp;.
Gene 393 acts as a dominant in conferring resistance ¢t
culture” 90laba of P. sorghi and as a resessive in con-
ferring resistance to culture 933a. The apparent reversal
of dominance may be accounted for on the basis of dosage
effect of a single allele or on the basis of two alleles
being closely linked.

A. L. Hooker
K. M. S. Saxena

INDIANA UNIVERSITY
Bloomington, Indiana

1. Preferential pairing in chromosome 10 structural
heterozygotes.

Rhoades (1952, in Heterosis, Iowa State Press) has observed
at diakinesis a high degree of preferential pairing of
structurally alike homologs in chromosome 10 trisomes which
were duplex or simplex for abnormal chromosome 10 (K10).
Results indicating preferential pairing of chromosome 10
are reported here for duplexes (K10/K10/k10/k10) derived
from Kl10-carrying asynaptic diploids crossed as females
with an established tetraploid stock. The duplex hetero-
zygotes were backcrossed to tne tetraploid parent and the
resulting progeny were scored for K10 in dividing root

tip cells prepared by a modified Feulgen squash technique.
The data obtained are presented below.
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/# progeny with
Duplex crossed 3as #plants QK12 1K10 2K10 total

male 2 11 4 c 91
female 5 9 )5 15 115
No. observed 20 167 19 206

No. expected with
random chromosome
segregation 34,33  137.33  34.33  205.99

2 5.98 6.42 6.86 19.26

X

The somewhat reduced ability of KlO-carrying pollen to com-
pete with k10 pollen in fertilization may account for the
slight excess of male backcross progeny in the OK1l0O com-
pared to the 2K10 class while the reverse imbalance noted

in the female data might reflect the occurrence of preferen-
tial segregation of K10 (Rhoades, 1942, Genetics 27:395).
Assuming that these two complicating factors would essential-
ly cancel out each other, the male and female data were
pooled for purposes of X2 calculations.

The observed distribution of K10 among the progeny does not
fit (X2=19.26, P=0.005, df=2) that expected on the basis

of random chromosome 10 pairing and disjunction in the
duplex parents. Rather, the data suggest the occurrence

of a high frequency of homomorphic bivalents (K10/K10 and
klO/klO% leading to the excess of 1K10 progeny. Cytologi-
cal data on chromosome 10 pairing relationships at diakinesis
support this contention. It was found that homomorphic
bivalents occurred in 195 (56.7%) among a total of 344
microsporocytes while heteromorphic bivalents occurred in
only 4% cells (12.5%). Quadrivalents and trivalents plus
univalents were found in 98 (28.5%) and 8 (2.3%) cells,
respectively. If pairing and chiasma formation were random
among the four chromosomes 10 in duplex heterozygotes, the
frequency of homomorphic associations among total bivalents
scored should be only 33.3% whereas it was actually found
to be 81.9%. This represents considerable preferential
pairing.

Undoubtedly preferential synapsis will render the factors
of double reduction and numerical non-disjunction consider-
ably lower in this case than the estimates of 2.7% and 2.6%
for chromosome 4 (Catcheside, 1956, Heredity 10:205) so
that their elimination from the above considerations is
warranted.

A. J. Snope

2. The effect of abnormal chromosome 10 on numnerical non-
disjunction

Tetraploids carrying O, 1, and 2 abnormal chromosomes 10
(K10) were derived from asynaptic diploids segregating for

;------------IIIIIIIIIIIIIII
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K10 and crossed as females to established tetraploid stocks.
The K10 constitution and chromosome number of the derived
tetraploids were determined from examination of dividing

root tip cells prepared by a modified Feulgen squash tech-
nique. The extent of numerical non-disjunction of chromo-
some 6 was determined by scoring the nucleolar constitu-

tion of quartets of balanced 40-chromosome plants. Quartets
with 3 or 4 spores containing 2 nucleoli each were scored

as having arisen from 2-by-2 anaphase I disjunction. Quartets
with 2 spores containing 3% nucleoli each (or 3 and 2 nucleoli)
and separated by the anaphase I division plane from 2 spores
containing 1 nucleolus each were scored as having arisen

from 3-by-1 disjunction. Numerical non~-disjunction of chromo-
some © is recorded below as ber cent of %:1 quartets.

Chromosome 6 0K10 1K3i0 2K10
non-disjunction A* B C A B C A . B C
#plants 4 2 3 3 2 2 1 2 1
#quartets ©1l8 520 473 517 364 364 360 229 327
%3:1 quartets 4.9 5.0 7.0 9.3 2.2 12.1 11.4 11,7 15.3

overall quad.
freq. at
metaphase I

tot. #homologues 154C 1150 1340 1260 1090 1080 98C 1010 810

%uad. frequency .853 .853 .893 .373 .853 .880.895 .848 ,874
% quads. with

free ends 4l.7 46.3 42,6 42,3 35,7 40.6 37.2 36.2 %8.8

*lines A and B had the same diploid but different tetraploid
parentage while line C consisted of backeross progeny of 2K10
pPlants from line B

It is apparent that a striking increase in chromosome 6 non-
disjunction is associated with the presence of K10 in all
lines, especially in C. At least three explanations could be
foered for this phenomenon: (1) K10 causes a significant
increase in chromosome 6 quadrivalent frequency thereby in-
Creasing the Possibility of numerical nen-disjunction; (2)
K10 alterations in chiasma frequency result in an increase
in those quadrivalent configurations which lead to the more
lrregularly disjoining linear and indifferent centromere co-
orientations (see Darlington, 1931, Jour. Gen. 24:65); (3)
K10-induced neocentric activity overtakes true centromere
activity resulting in greater disjunctive irregularity.

That explanation (1) is unlikely is suggested by the above
data demonstrating that K10 has little or no effect on over-
all quadrivalent frequency as determined from whole-cell
Scoring. Furthermore, preliminary data reveal no differ-
énce in chromosome 6 quadrivalent frequency at diakinesis
(.943 versus .938) between OKLO and 2K10 plants from line C.
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If possibility (2) were tenablie one might expect that the

presence of K10 would result in an increase in those

[ quadrivalents with free ends, that is, those configura-
tions with one or more chromosome arms not involved in a

E chiasma. However, data reported in the above table show

that such quadrivalent types scored at diakinesis actu-

ally decrease in the presence of XiO,

: Possibility (3) postulates a relationship between K1lO-

3 induced non-disjunction and knob constitution. This pre-
H diction seems to be fulfilled at least for T6-9b/N hetero-
I zygotes. Dempsey (MNL 3%:55, and personal communication
it has obtained data which indicate, first of all, a sub-

E stantial Kl1O0-induced increase in 3 to 1 segregation in
these translocation heterozygotes and secondly, & greater
increase in 3 to 1 segregation in those heterozygotes
with two chromosome 9 knobs than in those with only one.
Pachytene analysis of several line B plants in the pre-
sent study revealed that chromosome 6 was quadriplex for
one knob in the long arm and duplex for ancther more
distal knob,

Limited data (Carlson, personal communication) suggest
that non-disjunction may also be increased by K10 in
T5-9¢/N heterozygotes. Non-disjunction of chromosome 10
itself has been found %o occur in K10 carrying diploids
(Emmerling, 1959, Jour. Hered. 49:205%; Ashman, 1964, MM
38:122) and has been attributed by Emmerling to neocentric
activity.

A. J. BSnope

%3, The effect of abnormal chromosome 10 on female fertil-
ity in _autotelrapleids.

Autotetraploid sterility in maize, as well as in other
plants, has been attributed to both genetic and cytologi-
cal causes although its preciss nature remains unresolved.
In a new approach to this problem (suggested by Dr. Rhoades)
abnormal 10 (K10) was introduced inte three tetraploid
lines A, B, and C, as described in the above repcrt, to
investigate the possibility of correlating K10O-induced neo-
centric activity, or increases in crossing over and chiasma
frequency, with effects on fertiiity. Forty-chromosome
tetraploids were pollinated daily until fresh silks no
longer appeared. Developed kernel and ovule counts were
made on the resulting ears from which the tip and butt ends
had been removed and fertility is expressed below as the
per cent of ovules which successfully developed into mature

kernels.
0K10 1K10 2K10
line A B C A B C A B B
#ears [} 2 Iy 7 I ~

) > 5 9 2
tot. # ovules 2631 607 1188 2887 1610 2239 3434 633
% successful

ovules 92.3 4.7 76.8 73,0 73.9 65.1%* - 70.7 54.8**
¥¥significantly different from OKLO at P=0.001 (Tt test)
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No significant differences in female fertility between
K10-carrying plants and k10 controls are roted for lines
A and B although larger populations may be required to
detect small differences that may exist. In line C, how-
ever, there was significantly greater ovule abortion in
K10-carrying plants than in klC controls.

; Although K10 was found to increase the recovery of chromo-
] some 3 and 9 genetic recombinants in lines A and B, re-
spectively, its presence was not accompanied by signifi-
cant changes in chiasma frequency, as determined from the
metaphase I frequencies of bivalents, trivalents plus
univalents, and quadrivalents, in any of the three lines.
It is thus not possible to correlate K10 effects on female
fertility with changes in chromosome pairing relationships
at meiosis.

1 However, in view of the previous report, it may be suggested
{ that an increase in female sterility in the presence of

' K10 in line C reflects an increase in gametic aneuploidy
resulting from KlO-accentuated numerical non-disjunction.
The lack of a detectable effect of K10 on fertility in
lines A and B could be a reflection of the differences
between line C and lines A and B in overall chromosome
knob constitution., That is, if non-disjunction is corre-
lated with neocentric activity (see above report) then
plants with more chromosome knobs should exhibit more
non-disjunction. On this basis, there should be a greater
number of knobs in line C than in liine A or B plants b0
account for the differential effect of K10 on fertilivy.
Because of the lack of complete information on knob con-
stitution in ths thiree lines, itv will be necessary to
await further experimentation designed to adequately test
the hypothezis of a relationship between knob constitu-
tion, non-disjunction, and Kll-accentuated sterility.

-

A, J. Snope

4. A plant with oppcsite leaves,

During the summer of 1964, twin plants frcm one seed were
observed which apparently bore %wo leaves at each node.

The leaves were inserted opposite each other, and ear shoots
also appeared in pairs inserted opposite each other. Both
members of the uppermost ear shoot pair were fertile. It
seemed highly possible that this trait might be inherited
since two plants germinated from the same cseed, and both
possessed this trait.

g« e ———— S Py e S T T YT

However, when the plant was selfed, no opposite-leaved off-
spring were obtained in a population of 100 plants.

A careful morphological examination revealed that there were
two meristematic areas at each spparent node. This indi-
cates that the plant actually had alternating long and ex-
tremely short internodes.

David Weber
Paul Weatherwax

|
e
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5. A test for distributive pairing.

From genetic data, Rhoda Grell (PNAS 48:165-72) hypothe-
sized the following sequence of events in meiosis: (1)
Exchange pairing (synapsis between homologous loci prior
to exchange), (2) exchange, (3) Distributive pairing
(crossover elements remain associated, non-crossover ele-
ments pair with one another., Pairing at this time may in-
volve non-homologous elements), (4) disjunction.

The above scheme is based entirely on genetic data; there-
fore it would be highly desirable to study the process at
the cytological level in order to determine the stage at
which each of the hypothesized events occurs, Since
cytological preparations of meiotic cells in Drosophila are
not suitable, studies with analogous situations in maize
were undertaken,

Two chromosomes in addition to the diploid complement were
incorporated into plants and disjunction of the chromo-
somes at anaphase was studied. Two different situations
were studied and are described below.

A, Trisome 4 plants containing one B chromosome.
Plants were synthesized which contained 2 normal chromo-
somes 4 plus one chromosome 4 which carried inversion
4a,., In addition, these plants contained a B chromosome.
These plants were made heterozygous for inversion 4a
in order to increase the percentage of cells which
would have one of the chromosomes 4 as a univalent
(see MNL., 34:55-56). This is an analogous situation
to that reported by Grell where she studied disjunc-
tion of a chromosome which was mostly heterochromatic
(the Y chromosome) from a chromosome 1I carrying in-
versions.

If there were no interaction between the extra chromo-
somes at anaphase I, there should be equal numbers of
sporocytes with eleven chromosomes going to each pole
and sporocytes with twelve chromosomes going to one pole
and 10 going to the other. Many cells would alsoc be
expected to contain univalents on the metaphase plate
which are undergoing equational division. However, if
the two extra chromosomes interact and disjoin from each
other, there should be an excess of the class with
eleven going to each pole. The following data were ob-
tained from a plant of the above constitution:

Anaphase I Disjunction of Chromosomes
(Number of chromosomes going to each pole)

11-11 12-10 One or Two Not able
Lagging Univalents to score
o4 94 84 30




|
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Since there is no excess of the 11-11 class, it can
clearly be seen that there is no tendency for the two
extra chromosomes to disjoin from each other. Scor-
ing was done at very early anaphase; therefore the
frequency of sporocytes with one or two univalents

is probably somewhat high.

Because of the apparent lack of homology between A and _
B chromosomes, it was felt that this might not be a L
completely valid test; therefore, the following situ-

ation was also studied:

B. Double trisomic plants.
Five plants were studied which were trisomic for chromo-
some 6, and contained two normal chromosomes 4 plus one
chromosome 4 containing inversion #4a. Data on disjunc-
tion of chromosomes at anaphase I are presented below:

Anaphase Disjunction of Chromosomes
(Number of chromosomes going to each pole)

11-11 12-10 10-11 + 1 10-10 + 2 Not able
Lagging Univalent Lagging Univalents to score
202 217 219 44 129

In these plants, there is an excess of the 10-12 class,
which is no% in agreement with what would be expected
on Grell's hypothesis. Therefore, one must conclude
that there is apparently little cr no distributive pair-
ing in maize under the conditions studied. Further
tests with additional combinations are in progress.

These data appear to be in conflict with those found by
Michel (see the Minnesota report in this newsletter). How-
ever they may be reconciled if (@) pairing at diakinesis does
not necessarily result in disjunction of the non-homologous-
ly paired chromosomes from each other at anaphase or (b) the
chromosomes analyzed in Michel's study contained small
regions of homolegy, resulting in pairing. Further WOTrK
will be necessary to resolive these differences.

David Weber

6. Conversion at the B lccus,

It was reported in the 1963 Newsletter that a light-
colored plant had appeared in the selfed progeny from a
plant presumed homozygous for B P1. Thie was originally
thought to represent a convertcr allele at the PL locus.
Evidence now indicates that it is the B locus which is
involved. Preliminary indication came from crosses with
dilute purple (t P1) and sun red (B pl) stocks. When
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crossed to B, convertor plants heterozygous for b segregated
in a 1:1 ratio for light and intense purple. A parallel

cross with Pl, using pl heterozygotes, gave no segregation.
Linkage data which implicates the B locus were obtained in

the following manner. The convertor (Ws Ig Gl B') was crossed
to a chromosome 2 tester (ws, lg, gl, b). Since a chromosome
2 tester stock carrying B wasd not avgiféble, these F. plants
were crossed to Ws Lg Gl B and the progeny were first classi-
fied phenotypically as either intense purple (B/b) or light
(B'/B') and then progeny-tested for the segregation of the
chromosome 2 markers, WS35, ig,, and gl,.

Intense purple Light purple
n.c.o. : ws lg gl 316 Ws Lg Gl 530
c.0. 1 Ws 1lg gl 42 ws Lg Gl 44
c.o. 1II Ws Lg gl 66 ws lg Gl 70
c.o, III Ws Lg G1 77 ws lg gl 125
c.o, I-IT ws Lg gl 1 Ws 1g Gl 0
l c.o., I-III ws Lg Gl 2 Ws 1g gl 10
I c.o., II-TIIT ws lg Gl 7 Ws Lg gl 6
| Z = 1096
ws-1lg = 9.04%
lg-gl = 14.79%
gl-b = 20.73%

Certain stocks were reported to be nonresponsive to con-
vertor action since offspring grown in Florida during the
winter of 1963 were quite dark. Both plant color and cob
color were affected. Seeds from the same ears grown in the
field in Indiana the following summer gave plants which
were light in color., Subsequent crosses of these plants to
B have yielded only light-colored progeny. The Florida
effect must have been due to some environmental modifica-
tion of phenotype and has not reoccurred. All B alleles
tested so far have been converted. Tests of some B alleles
derived from South American lines are now being made.

The original light-colored stock has been maintained for
five generations through selfing and back-crossing to B.
All progeny have been light purple. The F. self when

crossed to B yields only light-colored offgpring.

Both in behavior and in phenotype this system parallels

that described by Coe (P.N.A.S. 45: 828). The two con-
vertors are phenotypically indistinguishable in the field.

Dorothy Stroup
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7. The E, esterase.

The E, esterase in maize migrates toward the positive
electrode in starch gel electrophoresis at pH 8.5. There
are five different alleles of the gene responsible for the
production of the E, esterase. Four of the alleles are
distinguishable by the relative rates of migration of the
enzymes which they produce in electrophoresis. The fifth
form is a null gere which produces no active E, esterase.
In the roots of seven day seedlings, each of tHe four
active alleles produces a series of enzyme bands. In each
case, the slowest moving band of the series is the most
intense, with each faster moving band having a lower in-
tensity than the band below it., FEach of the four alleles
is distinguished by the position of the slowest moving
band of the series, Diagram 1 shows the relative posi-
tion of each enzyme series in starch gel electrophoresis.,

When samples of roct extracts from seedlings with differ-
ent genotypes are run side by side on the same piece of
filter paper, it is observed that the bands produced by
the different alleles correspond._ Thal is, the slowest
moving band produced by allele E ¥ migrates t¢ the same
position as the second band proﬁﬁb?d by allele ng; the
slowest band produced by allele E * migrates %o 4 position
identical to the second band of THe E, * series, etc. This
correspondence holds for all four series.

In heterozygotes between zny two of the four active alleles,
the enzyme produced by each allele migrates to the same
posgition as that found in the homozygote. For example, a

E QK§4D heterozygote preduces an enzyme series in which the
Bﬁhds migrating to the C and D positions are intense. with
the faster moving bands being less concentrated. A E,C/E,E
heterozygote produces a series in which the bands migrating
to the C and E positions are intense with the other bands
being less concentrated. There is no evidence of hybridiza-
tion by dimer formation in the E, series.

The gquestion arises as tc the nature of the differeances be-
tween the enzyme bands which cause them to migrate to dif-
ferent positions in starch gel elccirophoresis. There are
several pessitilities which could explain the differential
migration rate. One possibility is that the differences

in migration rate could be due to sigrificant differences
in molecular weight, as would occur if the different bands
were to represent different degrees of enzyme polymeriza-
tion. The differences in migration vate could alsc be due
to differences in charge between cenzyme forms in the dif-
ferent bands. This charge difference could be due either
to differences in charged side groups asscciated with the
enzyme mo.ecule cr to differences in neit chavge of the
amino acids in the polypeptide. Two lines of evidence sup-
port the theory that the differences in migration rate are
due to differences in charge ratiher than to significant
differences in mclecular welght.
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The first line of evidence comes from experiments in which
extracts from roots of seven day seedlings with genotype
E,U/E, D were run in electrophoresis using starch gels of
different concentration. One set of starch gels contained
10.5 grams of starch per 100 milliliters of buffer while
the other set contained 15 grams of starch per 100 milli-
liters of buffer, If the different bands were to migrate
to different positions due to differences in the degree of
polymerization of each band, one would expect that the
larger molecules would be relatively more hindered in their
movement in starch gels than would smaller molecules and
thus, a change in concentration of the starch gel would
affect the movement of the larger molecules more extremely
than the smaller molecules, Measurements were taken of the
movement of each band with respect to the origin. The re-
sults are shown in table 1. The results are expressed as
ratios of the movement of the bands which migrate to the D
and E positions (see diagrom 1) as compared to the movement
of the band which migrates to the F position for each
sample. The table shows that there is no significant dif-
ference in the rates of movement of the bands migrating to
positions D and E for each sample in the two types of starch
gel. Thus, the evidence indicates that there is no signifi-
cant difference in the molecular weight of the enzymes of
the different bands.,

The second line of evidence comes from experiments in which
samples were run in gels that were made with buffer that

was lower in pH than the pH 8.5 buffer normally used to

make starch gels. If the differences in the migration rates
of the bands are due to differences in charge, then one
should be able to lower the pH of the gels to a point where
it is below the isoelectric point of the slower moving bands
but still above the isoelectric point of the faster moving
bands. At such a pH, one should be able to obtain movement
of some of the bands toward the cathode while others are
still moving_to Ehe anodﬁ. Samples from seedlings with
genotypes E E/E, 2 and E, /§4F were run on gels with three
different ﬁﬁ ranges, pH 6.5, pH 6.0 and pH 5.5. With the
pH 6.5 gels, all bands from the F seedlings still migrated
in the direction of the anode. However, the lowest band
from the E seedlings migrated slightly to the cathodal side
of the origin. At pH 6.0, all bands from the F seedlings
still migrated to the anode. The lowest band from the E
seedlings migrated further from the origin in the direction
of the cathode. At pH 5.5, the lowest band from the F
seedlings migrated slightly to the cathodal side of the
origin. The lowest band from the E seedlings migrated still
further in the direction of the cathode and the second band
also migrated slightly to the cathodal side of the origin.
Thus, by lowering the pH of the starch gels, it was possible
to divide the series of bands produced by a single allele,
with some migrating to the cathode, while others migrated
to the anode. Therefore, the evidence indicates that the
bands of a series differ in charge.

—ﬁ———-——----u=mmm----------------------...
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. o Diagram 1
Enzyme Series Produced by the Alleles of the gh'Esterase
anode position
A
]
- CE—— I hF
te——— ———— T E
e TR D
e
C C D D E E F F < ¥
origin E4 /E4 E4 /E4 E4 /E4 E4 /E4
Genotype
Table 1

Esterase Migration in Starch Gels of Different Concentration

Set 1

(gel conc. = 10.5 gm./100 ml.)

Set 2
(gel conc.

= 15 gm./100 ml.)

Sample Band 1 Band 2 Sample Band 1 Band 2
1 .76 .87 1 .78 .90
2 77 .87 2 .75 .87
5 .76 .88 3 .74 .87
4 <75 .89 4 .75 .88
5 .77 .89 5 .75 .88
6 .77 .88 6 .77 .90
Average .76 .88 Average .76 .88
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Evidence supporting the theory that the charge differences
are due to differences in charged side groups comes from
experiments with glyceraldehyde. Wh?n 87tr%cts %f s%ed—
lings of each of the four genotypes (E,Y/E, v, E YU/E U,

L/E, B, E/F/Emg) are incubated for 2E4563?E'1545h€q§fesence
3%‘@T§Eéraf3ehyde and then run in electrophoresis, it is
found in each case that the series of enzyme bands is con-
verted to a single more acidic band. 1In all four cases,
the converted bands move to the same position in the starch
gel. Thus, glyceraldehyde eliminates the charge differences
between the various enzyme bands while maintaining their
esterase activity. These results favor the theory that the
charge differences are located in side groups attached to
the enzyme molecules, since it seems unlikely that
glyceraldehyde would cause breakage of the peptide linkages
between amino acids in the enzyme molecules, resulting in
the loss of charged amino acids, It is interesting to
note that glyceraldehyde also has an effect on another,

: non-allelic esterase in maize, the E, esterase. In this
series, charge differences between eﬁzymes in the series

| are also eliminated by glyceraldehyde treatment. In this

‘ case, it has been demonstrated (Schwartz, Genetics 52:

1 1295-1302, 1965) that glyceraldehyde exerts its effect on

! the esterase molecule by causing a change in the net charge

; of the molecule rather than by causing dissociation of the
molecule into smaller subunits.

John W, Harris

8. Maize DNA composition: analysis of plants with and
wlithout B-chromosomes,

DNA was extracted from etiolated maize seedlings by the fol-
lowing modified Marmur technique. Plants were ground in
liquid nitrogen to a fine powder in a mortar. The powder

was added to an equal weight of NaCl-EDTA solution (0.15 M
NaCl + 0.1 M EDTA, pH 8,0). Sodium lauryl sulfate (25% in
H,0) was added to a final concentration of 2% and the
suspension was lysed at 60°C for 1C minutes. After the
solution cooled to room temperature, 5 M NaCl was added

with rapid stirring to a final concentration of 1.4 M NaCl.
The suspension was centrifuged at 3000 x g for 5 minutes.

The supernatant was filtered through silk, layered with ice-
cold ETOH and the DNA was wound out on a glass rod and dis-
solved in dilute saline citrate (DSC) (0.015 M NaCl + 0.0015 M
sodium citrate). The solution was brought to standard saline
citrate concentration (SSC) (0.15 M NaCl + 0.015 M sodium
citrate) using concentrated saline citrate (CSC) (1.5 M NaCl
+ 0.15 M sodium citrate). The DNA solution was deproteinized
three times by shaking 15 minutes with an equal volume of
chloroformisoamyl alcohol (24:1, v/v, layering the aqueous
phase with ice-cold ETOH, and winding out the DNA. In all
cases, the DNA was dissolved in DSC and brought to SSC with
CSC (all steps must be carried out using a minimum volume

of saline citrate). RNase (5mg/ml in H20: heated for 10

i
! )




e —— T

'%Ill"""""""""""""'"""""""""""" —

57

minutes at 70°C) was added to a concentration of 50 ugm/ml

and incubated for 30 minutes at 37°C. Deproteinization was

repeated until free of protein, Aftsr the last deproteiniza-

tion the DNA was dissolved in DSC and 1/10th volume acetate-

EDTA (3.0 M sodium acetate + 0.001 M EDTA, pH 7.0) was

added while stirring. The DNA was wound onto the stirring

rod upon dropwise addition of C.54 vclume of isopropyl alcohol.

After washing the DNA progressively in 70, 80, and 95% ETOH

to remove the acetate, it was dissolved in SSC and stored

over chloroform. This technique was obtained from Dr. Gene

Williams, Botany Dept., I. U. The amount of DNA was cal-

culated by absorption at 260 mu assuming 1.0 O0.D. unit equals

45 pgm of DNA. In runs with the marker DNA present(Figures

| 1 & 2) 2 ugm of the sample DNA

and 1.5 agm of the marker DNA

were dissoived in 0,80 ml of

SSC and added to 1.03%00 gm of

CsCl (optical grade obtained

from The Ealing Corp., Cambridge, !

Mass., Cat. #90-495). This

gives the sample a density of

approximately 1.71 g/cm?. In

the run shown in Figure 3, 4.2

fgm of DNA were used. All

samples were centrifuged in a
Beckman Model E Analytical Ultra-
centrifuge at 44,770 rpm at

25°C., After 20-22 hours photo-

graphs were taken using UV optics
and the devaloped photograph

was scanned on a Beckman Analytrol
Dengitometer. The marker DNA was

Aerobacter aerogenes which has 3

1 a buoyant density of 1.715 gm/cm” **
_ 1. aerosenes and a G-C content of 56%. Heat

Fig. 3 2. 8°TOgeALS denaturation studies of maize were

carried out on a Beckman DU equip-

ped with a high temperature cell.

Fig. 1

|
|
| Figure 1 shows the densitometer
tracing of the photograph pro-
| duced by centrifugation of DNA
| extracted from Elack Mexican
| Inbred Lirne with no B-chromosomes
present., Figure 2 is the tracing
| from a run using another line with
[ an average of 4.8 B-chromosomes
l per diploid genome., Both of these
runs used Aerobacter as the marker
| DNA. It can be ceen that both
1.7015 samples of maize DNA band at the
maize same place in relation to the
marker DNA., The density of the
maize DNA calculiated from the
marker density is 1.7015. This

*¥(determined in relatio% to
E coli at 1.710 gm/cm?)
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corresponds to 42% G-C content (Ifft et. al., 1961, J. Phys.
Chem. 65: 1138-1145).

Figure 3 is the tracing of a run when excess DNA from plants
with an average of 4.8 B-chromosomes per diploid genome was
used in order to note any minor amounts of DNA of a differ-
ent density. As can be seen from this curve, no significant
minor peaks are present. All centrifuge runs reported banded
at the same point in relation to the reference markers in

the centrifuge.

This study indicates that the B-chromosome DNA has an over-
all G-C content of 42%, the same as the DNA from the A-
chromosomes. Heat denaturation studies of plants with B-
chromosomes give results consistent with this base-ratio.
Dr. Norman Sansing at The University of Georgia has analyzed
the DNA from a single cross hybrid of maize using CsCl
centrifugation, heat denaturation, and enzymatic hydrolysis
and subsequent column chromatography. He determined a G-C
content of 42% for this stock.

Note: wvan Schaik and Pitout in this MNL have reported that
they find differences in base-ratio for three different
stocks studied. Their base-ratio determination for the in-
bred agrees with those reported here, but their determina-
tions for the other lines do not. Differences in extrac-
tion and analysis procedures exist and at this time no defi-
nite conclusions can be stated.

Karl Rinehart

9. Loss of dominant markers in single chromosomes.

In the 1964 field planting and in the 1965 greenhouse crop,
crosses of A Shg/A Sh, male parents on a, sh, silks gave

a few a sh Steds> Many-and perhaps all oT theSe had colored
embryos. A large number of crosses were made in 1965 in-
volving the same A, Sh, stock as male parent with female
parents homozygous for-recessive genes on several different
chromosomes (su, pr, r, Wx, C, & %. The resulting ears
showed a low frequency of the mutant present in the female
parent. Although these kernels must be tested further, it
is evident in several cases that contamination is not the
explanation. TFor example, the a sh kernels on ears result-
ing from a cross of a sh dt females with A Sh/A Sh, Dt/Dt
males were also Dt. ~In crosses of r wx females with R/B
Wx/Wx males, colorless kernels were found which were Wx

in phenotype. A few colorless waxy kernels also were found
and these are probably contaminants. Kernels with small
sectors of mutant tissue have also been observed but the
frequency of fractional deficiencies is much less than that
of whole kernel losses in the '"high loss" ears. Preliminary
observations indicate the highest rate of loss occurred for
markers on chromosome 3.

-—-——
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Two sib plants arising by self pollination of an A A

Ao o, CCRR plant in the "nigh loss" stock showed glite
E@ffgrent Pehavior when used as males in crosses with an
3y tester. The seeds were classified for whole losses of
Tland mosaics; the latter class is not as well defined
Since some kernels were small or had loose pericarp making
it difficult to score small sectors. The results are pre-
sented below:

Male parent A A-a moszaics a Dt
27342-19 264 5 45
77 1 2

252 0 20

469 9 40

380 11 27

520 > 27

Total 1862 29 161
Male parent A A-a mosaics a Dt
27342-27 378 3 1
329 5 1

427 5 1

309 3 0

410 7 0

244 0 0

Total 2097 23 3

It is evident that there is considerable variation in this
phenomenon from plant to plant, but that it is fairly con-
sistent for any one male parent. This would indicate that
the loss phenomenon has a genetic basis which will be the
subject of further investigation.

A few of the exceptional a kernmels were planted. They

gave rise to A plants and on backcrossing showed typical
14A: 1 a ratios. It was considered pcssible that the a
kernels with A embryos arose by nondisjunction of chromo-
some 3 in the mitosis giving rise to two sperm cells. This
is apparently not the case since the A plants did not ex-
hibit trisomic ratios for A:a. -

M. M. Rhoades
Ellen Dempsey

10. Cytological location of gl6

In the MNL 29:48, backcross data were presented involving
TB-3a heterozygotes of GlE/GlE conetitution as male parents
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on glg females. The observation of gl individuals in the
progeny was taken to indicate that gl is located distal to

the breakpoint of TB-3a in the long arm of chromosome 3 (3L.1).
These tests have not been considered entirely critical be-
cause hypoploid offspring often have an abnormal phenotype
which might have been confused with gl even though the plants
carried the Gl allele.

Recently this objection was eliminated by the following

crosses:
Female parent Male parent g Gl gl Z %g1
3 ! ! 5
ay 8lg Gl 354 84 438 19.2
3 &
B
"
aq Sh2 Glg 3351 0 351 0

l The same male parents were used in crosses on the gl and Gl
testers. In both tests a kernels were found on the ears
and in the second cross these were also sh. Although
hypoploids must be present in both progeﬁfes, 1 plants
were observed only in the backcross to 1 females. There-
fore, it is believed that the test is a legitimate one and
that the Gl locus falls distal to .1 in the long arm of
chromosome 3.

M. M. Rhoades
Ellen Dempsey

11. Recombination values in homozygous duplication and
homozygous deficient plants.

In the Maize News Letter for 1960 I reported that crossing
over in the Sh-Wx region was no greater in plants homozygous
for a piece of 3L inserted into chromosome 9 than it was in
plants homozygous for structurally normal chromosomes 9.
The inserted piece of 3L was located between the Bz and Wx
loci so, in the physically larger segment of chromatin be-
tween the Sh and Wx genes, one might expect to find higher
recombination values. The crossover value of 17% found in
Dp Dp plants is certainly no greater than the standard dis-
tance for this region and appears to be similar to the
frequency found in control plants. Following publication
of the preliminary report a considerable body of test-
cross data have been accumulated on crossing over in Dp Dp
‘ plants. They are listed below:

4-------Illl'
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Recombination Coincidence Popula-
Female parent percentages value tion
C-Sh Sh-Wx
C Sh Dp Wx N% N3 7.5 16.2 1.1 2175
c sh Dp wx
C Sh Dp Wx Df3 Df3 8.1 15.9 0.8 223%%
c sh Dp wx
Yg-C C-Wx
Ye C Dp wxX N3 N5 28.0 16.7 0.7 3728
yg ¢ Dp Wx

(L) @) (3) (-2) -3) (2-3)
Yg-C C-Sh Sh-Wx

i Ye ¢ sh Dp wx N3 N> 25.9 7.5 15.2 0.1 0.8 0.9 1333
yg C Sh Dp Wx

Coincidence values are low for double exchanges in the studied
regions of chromosome 9 in plants with structurally normal
chromosomes 9. A remarkable feature of the Dp Dp data is the
increase in number of double exchanges. This is particularly
striking in those doubles where one exchange is in the Sh-Wx
region. Although no increase in crossing over occurred 1in
this extended segment, its physically longer length reduced
the interference distance so that the probability of a second
exchange taking place in either the YIg-C or C-Sh region was
not markedly reduced. A secornd feature of the Dp Dp data is
the enhanced crossover values for the Y¥g-C and C-Sh regions.
In the latter region the recombination values are twice that
normally found. The data on chromosome 9 indicate that no re-
combination cccurs in the segment of 31, inserted into chromo-
some 9., The question as to whether or not recombination took
place in this segment when part of a normal chromosome 3 was
answered by the following data.

-

| Female parent Recombination percentages Coincidence
‘ Gl-Lg Lg-A

Gl Ig Df a Dp% Dp9 25.1 31.3 0.7

gl lg DI A

The deleted segment of 3L was originally located between the
Lz »nd A loci so in homozygous Df3 Df3 plants these two genes
arc . eparated by a smaller segment of chromatin than they

arc in N3 N3 plants. A lower percentage of crossing over
mig.:t be anticipated but the observed amount is not less than
that occurring in closely related plants with normal 3's.
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It may be concluded that recombination does not take place
in the segment of 3L involved in the transposition either
in N3 N3 chromosomes or in Dp9 DpQ bivalents. That it is
not genetically inert is evidenced by the abortion of both

N9 Df? megaspores and microspores.

M. M. Rhoades

INSTITUTO FITOTECNICO DE SANTA CATALINA
Llavallol, Argentina

1. Paramutagenic action of the C locus.

A paramutagenic gene gIP (provisional designation), has been
found in a strain which was the product of a cross between
Euchlaena mexicana x Zea. This cross was backcrossed 10
Times with the recurrent homozygous strain o%Pgenotype: a a,
¢C,rr, gl gl, ij ij. The action of the ¢ gene produces
mubations ol the;alleles C and ¢ and the mutational sequence
is C-»c and ¢>c™ (induced inhibitor). The paramutation
shows extensive areas in the ear of somatic mosaicism. The
mutated genes are more unstable than the standard.

Experimental data: ;p
(1) In the creoss: ¢ /C(>c) x C/C the following data were
obtained:

1389 Colored Kernels Pr
1414 Colorless Kernels

Data from the reciprocal cross vwere as follows:

808 Colored Kernels Pr
€88 Colorless Kernels

In the preceding data the mutation of C->c was not detectable

due to the dominant_effect of the C/C parent.

(2) In the cross ¢t¥/C(>c) x g¢/c Ttester) the following data
were obtained: -

426 Colored Kernels Pr
896 Colorless Kernels

The mutation C—>c was detected by an excess of colorless
kernels.
(3) Allelomorphism.

In the crosses_gIP/g x c¢/c (tester) 18 ears with all colorless
kernels were obtained. By selfing the genotype, E;P/g, 8
ears with all colorless kernels were obtained.




i
I

63

(4) In the crosses gIP/g x C/C (tester A C R B P1 Pr) the
following data were obtained:

600 Colored Kernels Pr
1031 Colorless Kernels

The mutation g;e>cIP was detected by an excess of colorless
kernels, frequently expressed in extensive areas in the ear
of somatic mosaicism,
(5) The following data were obtained on localization of

the induced unstable gene, ¢IP, with the marker sh, and

on expression of mosaicism on the ear:

¢ (induced) sh C sh
X

e Sh C sh
lateral right half of the ear: Pr Sh 48
» Pr sh 9
colorless Sh 0
colorless sh 25
lateral left half of the ear: Pr Sh 52
Pr sh 47
colorless Sh 0
colorless sh 4

In other ears of the same origin, these phencmena of
mutation and mosaicism with variable expression were also
observed.

Hypothesis:

The phenomenon could be due to an excess of replicated sub-
units (#) and (*) of the gene cIP (this gene was created

in maize by teosinte). These sub-units (#) and (*) could
remain transitorily free or attached with variable frequency
to the locus C. C + (#) = ¢ ; ¢ + (*) = EIP. This hypothesis
could account for the contiguodg phenomena of paramutation,
mosaicism, mendelian segregation and genetic instability.

Imis B. Mazoti
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IOWA STATE UNIVERSITY

Ames, Iowa
Department of Agronomy

1. Instability at A, and C,

In tests to uncover instability at the A, and C; loci
twenty-two newly induced and independent change% have
been confirmed in a population of over 10 million
gametes. These unstable loci representing a wide
spectrum of states (timg and frequency of the mutation
event) were found in a lines containing the En system
and will be tested to: (%) identify the controlling-
element system involved, (2) determine the state of
each, and (3) compare the state induced with the state
of the original a, mutable. Although there are dif-
ferences in state% between lines (resulting in identifi-
able patterns), the patterns of mutants isolated within
lines are strikingly uniform. This suggests that the
transposable element is the determinant for the pattern
phenotype.

Peter A, Peterson

2. ©Phase variation of regulatory elements.

Two particular phenotypes represented by reciprocal

patterns of mutability in the aleurone are due to the
modification of activity of the regulatory ele%ents
(Enhanc?rs,wgg) governing mutability at the a,” locus. The
one, Enlflo is active at the base of th? Ksrnel but
inactive at the crown, while the other, En crown), is active
at the crown of the kernel but inactive at the base.
Mutability is found only where En is active. It is hypothe-
sized that here the regulatory elements "switch on'" and
"switch off" (phase variation) during development of the
endospern.

Peter A. Peterson

3. Linkage and control of mutability of W » — a white
=l_/

seedling mutable.

A white mutable seedling, EP R wasmfound among the progeny
of some pg lines. The stats of w'); mutability, like
those of pg , vary from verymearly % very late. Stable
forms have been isclated. W is located on chromosome 3,
28-30 units from a, and near ié . Its exact location with
reference to ng'T under inves%igation.

In order to determine whether the mutability of HP is
related to B%%)EQ system, crosses wegﬁrgade with tﬁé En
tester - a, . From the cross, 3, /a; sh X EmlB
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a, sh/a m(r) Sh, (non-variegated Sh x variegated Sh)
v&riega%ed and non-variegated non-shrunken (Sh), and
non-variegated shrunken %gg) kernels were selected,
and plants obtained from these were selfed in order to
test the presente of ¥iy3e
Three sets of progeny (1, 2 and 3) of three crosses.
w .5 in selfed progen
progeny of — 15 Tabsent P gErZsent
variegated Sh 1 -5 17
2 2 19
5 0 15 i
non-variegated Sh 1 21 0 i
2 22 o i
3 14 0
non-variegated sh 1 8 8
2 4 19
) 6 14

The gata indicate that En is part of or closely linked
to w 1%¢ mMost of the variegated Sh progeny are associated

with =7 w,,; some, however, are Wfﬁhout W ,z. This in-
dicates Thif En is separable from w exc%ét that fthe

—_— & )
same result could be obtained from tﬁé mutation of E?AB to

W.z (green). Distribution of progeny types in the no
v&giegated Sh class supports the indication of a close
relatignship between w3 and En, If En were separable
from w , Wz would b expected to occur in a ratio
recipro%gl tolthat of the variegated sh class. None were
found. Results obtained and listed under the heading non-
variegated sh, show linkage of w with a,;sh. The non-w-;z
progeny arise from crecssovers be%éeen sh &nd w which

is near lg,. En is either part of the w compiéx or it

is closely linked to w 13° This relation%ﬁip is now being
tested further.

Peter A, Peterson

IOWA STATE UNIVERSITY
Ames, Iowa
Department of Genetics

1. Linkage studies involving the aq-btl region of chromo-
some five, -

For the past several years we have undertaken a rather in-
tensive crossover study of the region from a,-bt, 1in
-
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chromosome five. These studies have involved the loci 8ns
vp,, bm; and bt Plants of the constitution a, + + +/as5
Yps & +were cr ssed to A, A, + + bmy bm, bt b% plants to

produce Fy seeds of the genotypes A, + bmy EEH/EQ ¥p, + + and
A, + bmy Dbt,/a, + + +. Also, plants of the constitution
A, + + +/A, vp, + t were crossed to a, a, * * bm, bm, bt, bt,
plants to produce a, + bmy bt;/A, vp, + + and a, + bm; Dbt,/
A, + + + F, seeds. The F, plants were used as females in

an isolation plot in which the male parents were a, a, + *
221 bm, bt, bt
for crossovers in the a,-bt. region. The number of rows on
each testcross ear was éete%mlned and multiplied by the
number of seeds per row to give an estimate of the total
seeds per ear. Then the number of crossover seeds on each
ear was determined. These crossover seeds were saved for
further testing. The crossover data from these testcross
ears are given in Table 1.

bg,. These testcross ears were then classified

Table 1
Summary of crossover data for the geﬁggl region.

Crossover E
classes ;
Genotype of T, A, #  a,bt;  Totals %C. 0.
Ag * bm, bty
5 l~ r - "
a5 (+ or ¥p,) + * 5,700 217 269,518 4.12%
LR M)
32 X m]_ ..b.t_;.l 9,1;.01 7’911 550,136 5.24%

AE (+ or XRE,) + +

15,101 13,328 599,654 5.05%
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There is a consistent deficiency in the bt, class in these
data. This perhaps is the result of abortlve development
of bt, seeds or the tendency of bt, seeds to mold, thus
hindering their color classificatidn.

In order to determine the vp, and bm, constitution of the
non-purple crossovers from tle two c}asses of testcross
ears, plants from the non-purple crossover seeds were
grown in an isolated plot, detasseled, and open pollinated

by plants known to be heterozygous for 3%2. The results

of these crosses are given in Tables 2, and 4,

Table 2
vp, and bm, constitutions of ron-purple a, a, bt; bt, cross-
Svérs from crosses of Ay + bm, bt X “a, ée + *

g, (zor ¥p,) * =

bm, bm, b, bt

Genotypes of crossovers
ay * bmyja, vp, b3, VB, X + +** |Totals

a

Region 1 | Region 2 | Region 5 -2 = -
Observed numbers 787 77 5 8 877
Corrected value* 355 77 5 0 437

% Corrected Data 8L.2 17.6 1.1

Total % C. 0. fom
regions 1, 2 and
3 = ,0505 (Total
C. 0. a -btl from 4.10 0,89 0.06
Table 19 x ~line 3

*This correction is necessary since only % of the F, plants
carried vp,. Thus, calculations are made on basis of that
half thaT Came frem heterozygous vp. plants.

**A crossover class invoiving region % of non-vp, Iy plants.
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Table 3
XE% and bm, constitutions of non-purple_g% a * bt, cross-
overs from crosses of &, + bmy 7 x a) 8y + *
A, (xorvpy,) £ 2
bm; bm, bt; bt,.
Genotypes of crossovers
a, Vp, + 8ot 8y +Dbm
e —=2 =2 = 2 - 1 Totals
Region 1 Region 2 Region 3
Observed numbers 505 430 15 950 |
|
Corrected values™ 505 156 12 67%
% Corrected Data 75.0 23.2 1.8

Total % C. O. for

regions 1, 2 and 5

= 0505 (Total

Cc. O. a2—23 from 3.79 1.17 0.09
Table 1)°X Tine 3

FThis correction 1s.necessary since only % of the F plants
carried vp,. Thus, calculations are made on basis of that
half that game from heterozygous VD, plants.

Table 4

Totals for C. O. regions 1, 2 and 3 (a, (1) ¥R, (2) bmy g
(3) bt;). 1

f

c. O. C. O. c. O.

Region 1 Region 2 Region 3 Total

Sum of corrected
values from tables 860 253 17 1,110 !
2 and 3 F

% 77.5 21.0 1.5

Total % C. O. for

regions 1, 2 and

3 = ,0505 (Total

¢. 0. a,-bt, from 3.91 1.06 0.08

Table ITEK_T%ne 2
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The data used in making these calculations are based on Ay
selected crossover seeds from the a,-bt region, a distance )
of 5 crossover units. They are. th%refére, equivalent of iy
testing 22,200 (20 x 1,110) unselected gametes from 2 four %
point test crosses, and indicate the following linkage i
map: &, - 3.91 - ¥py - 1.06 -~ bm; - 0.08 - bt,.

Donald S. Robertson

2. Genetic and biochemical studies of cll and its modifiers.

In the Maize Genetics Cooperation News Letter of 1963
(57:74-76) the results of.allele tests were reported that
suggested the dominant Cly. Clg, and g;“ modifiers of the
albino seedling phenotype of t%e wnite endosperm-albino
seedling mutant cl. were allelic. Since then more extensive
data have been collected and the dominant modifier CL
which was found in our genetic stocks was also vested for
allelism. The data reported in Table 1 liends further sup-
port to the conclusion that all known modifiers of c¢cl, are
allelic. Such modifiers seem to bs gather widespread  in
corn lines. The original Qlﬁ and Clg modifiers were found
in the inbreds Ti and Cl06 and Cly in inbred CI31A, In
crosses to transfer cl, into the inbreds Ml4 and W22 they

i also were found to car%y modifiers of cl,. These modifiers
A are being tested for allelism with the o%hers. The inbreds
OH43 and N25 seem to be deveid of Eij modifiers as do some,

if not all, lines of Tama flint. ’

A
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The modifier locus has not been cevermined as yet. Early
attempts to lccate it were hampered by the presence of
modifiers in the series of translocations which were being
used as linkage testers. However, we now have a series of
waxy chromosome-nine tr siocations conversed to Ml4 and
this series has been crossed to cl. devcid of modifiers.
If the Ml4 modifier turns out to be alleiic to the other
modifiers, it is hoped that analysis of F, progeny of this
series of translocation crosses will revedl the location
of the modifier locus.

i Table 1 > 2 N 5
E Summary of data from allele tests of Ciy. Qgﬁ, g;ﬁ and Cly
FE  oeed- # Conclu-
1 F1 Cross lings albinc sions
| el, el Sl Cly x el 21y G Cly 6119 O Allelic
3 012 5 012 Q42 i
ely el) Cly Ol X Yppig 87716 oy cly 2842 0 Allelic
ely el CLg Cip x Cl; el Cif Cif 13,571 0  Allelic
2 T L.
€, e, @12 ¢l x el el Cly Cly gos5 0  Allelic
ol ol OLf GLy % Mppig vippig G Gy <810 O Allelie
c 12 12 ; 2 012 21 1leli
Cl) e1; Cly Cly X Vpoig ¥ooig Ciy Ciy F=t ¢ Allelic
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The alleie tests of the modifiers resulted in stocks that
were heterozygous for the various modifier alleles. These
along with the various homozygotes and stocks which were
heterozygous for the modifier and the recessive allele at
this locus were analyzed for their ability to synthesize
plastid pigments in the seedling stage.

Tests established that cl, and its alleles EEZ%Q and cl

in the absence of modiffg%s were able to pro normalror
near normal amounts of protochlorophyllide in the dark and
to convert this to chlorophyll in the light (Table 2). On
further exposure to light the chlorophyll is destroyed in
the absence of carotenoid pigments. In this regard these
mutants are similar to other white-albino mutants. This
observation suggests that the genetic lesion at the ¢l
locus primarily involves carotenoid synthesis and that
chlorophyll is only secondarily involved. Tests f the
four homozygousg suppressed Rhengtypes (g;_l cl, g;M.g;2,
el ¢l CL Qla"glp Eip Cly Cly and ¥ooyg Y9916

Qia gla) also establish that they possessed normal or

above normal ability to make this pigment (Table 2). Since
tests of effect of homozygous modifiers on the chlorophyll
synthesizing system would seem to indicate that they have

\ the ability to produce this pigment (Table 2), any vari-

‘ ation in pigment concentration in light grown seedlings
! must be due to the effect of the modifiers on carotenoid !
synthesis.

Figure 1 indicates the percentage of plastid pigments
(chlorophyll, carotene and xanthophyll) that mutant seed-~
lings have when compared to their normal siblings from

the same ear. The data are expressed in this form since
the various genotypes were not in a homogeneous back-
ground and there is considerable variation in pigment level
among normals of the various lires tested. The genotypes
are arranged along the abscissa in descending order, with
those giving the closest approximation to normal on the ;
left. The determination of how closely a given mutant 3
approximates normal was largely subjective. In making
this judgment, visual comparison of normal and mutant
plants from the same segregating ear was made using such
criteria as plant height at maturity, date of flowering
and differences in plant pigmentation obvious to the eye.
Such judgments are easier to make in hybrid material that
produced the plants heterozygous for two different modi-
fiers since these populations tended to be more uniform.
This was also true for homozygous g;& plants which were ;
in an inbred background. However, Tor stocks like ng i
Cl% and Clg Clg differences were more difficult to
Fetermine accurately because the progeny of the self
pollination that produced them showed considerably more
variation in both the normal an mutant individuals. This .
is particularly true for the Clg Clg line which for the L f

e e e e E

most part has been perpetuated in the homozygous condition

:
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so that we have had very 1itbtle opportunity Uc maks ac-
curate comparisons between no-male and mutarts from a

jven ear. Those that have been mades would indicate that
nutants are slightly less vigorous than normal mature
lants. However, the chemicai data would sugges?t tnat

the phenotype of this genotype should fall below that

of Cig cl, plaats. It is obvious from visual observation
that this cannct,be the case since even to the casual cb-
server mature g;? cl, are decidadly pale-green pianis
with a tendency to have white sheaths and zebra striping
while Clg Clg plants are a definite dark green and clesely
approxjmate Normals. Tae explanation for the low valies
for Cl Q;z could be due to ar increased effeciency of the
modifiers as the plants mature SO that +tne seedliing values
do not accurately reflect perforrmance i mapurs? plants.
However, this is not chserved to be the gase_for +he cther
genotypes. Perhaps the low vaiue for Clg Cig is due to
some peculiarity in the particular backgroun& of the
material used for these geterminations which camre from
lines of rather locw vigor due to ceveral generations of
inbreeding. We are in the process of crossing this gene
out tc inbreds that do not possess podifiers and Te- 3
extracting what we hope to Le a more VigOrous Ci ¢y Sl
Clg line for further pigment tests.

The outstanding characteristic of Figure 1 is that the
levels of the three plastid pignents vary together. Since
it is known that both the albinc mutarts and the medified
genotypes have a chlcerophyli producing mechanism that, as
far as has been teated, appears tO be riormal, it ig strong-
ly suggestive that the marked paralieilsm between chloro-
phyll content and the caroterne and vanthophyll levels is
dependent on the amount of one or both of the latter Two
pigments that car be produced under the influence of a
given modifier. This iz just what would be expected if
carotere is aching hsre to protect chlorophyll from
photodestruction, At low levais of carouence productions
only small amcuats of chloropnyll car b protectad; atb
higher carctene levels more chlorophyli is protectad.
Thece results are in agreement with thoae of obther workers
that suggest that one of the functiorns of rolored carote-
noids is to »rotect cklorophy.l frem phuto—autouﬁxidation.

3, Electron mizroscopy siudles of plastid Jeveiopment in
mutante at the white ongesperu - Slrane oeedling Vs
Too s

oCus.

bepw: an civeblon mieroscopy study

This past year we bhawv
4, in rormal and sutant plant nmaterial.

of plastid developmern
In these studies seed
the dark at 26.6°C.

ngs wers grown ol 1 - 14 days in

€
L
ii

(80°F.). Other: were grown under
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normal duy-nipgit corrlibions wilne Ligtht inLeusin, of
2GGG TL. candlens Somplens were viken From secondary
leaves of dari grown pilanis L Fined Ln Lhe docky aller
which the plants were exposed to 5000 L. candlesn of
iight and sampled at intervals up to 24 hours. Tissue
was fixed with eithew n% KMm0, or 2% Gluvaraldehyde post-
Fixed with 1% Osmium tetroxide debydrated sn an alcohol
series, cmbedded in Fpon 812 and sectioned on an LED
ultramicrotome with a diamond knife. Sectlons were
stained with Uranyl acetate in methanol and examined under
the electron microscope.

A good portion of the year was devoted to perfecting
techniques and to determining normal plastid development.
This was determined by studying both dark grown tissue
at invervals when exposed to illumination up to twenty-
four hours and by sectioning hissue from the apical
meristem.

#ollowing these preliminary studies, work has been, and
is at present, mainly concerned with the structural de-
velopment of the chloroplast of the albino w; and its
pale green pastely . qp allele as compared witﬁ the normal
dark green chloroﬁ?ggt. The albino w; 18 capable of some
chlorophyll production but lacks colored carotenoids SO
that its chlorophyll breaks down in the light. This
mutant when grown in ihe dark shows 4 gtructurally
organized prolamellax body similsr O that found in the
dark grown normal chloroplast. In dark grown normals ¢X-
posed to light this prolamellar body undergoes & break-
down or disorganization and an increase in lamellar
membranes. However, after 1--%+ hours of j1lumination the
membranes of the albino begin to break down and become
disorganized. This disorganization of lamellar membranes
of mubants continues on further illumination up to 24
nours witih no formation of grana oo observed in normals.,
Tn addition, the albino plastids contain numerous starch
grains, even in dark grown Llissue in contrast to the nor-
mal, where starch was not seen until after 24 hours of
light. 'I'he pale green (pasa-on/ which is presently being
studied, shows some lamelior orsanization al’er 2/ hours
of illumination, but its mepana unlike the normal which
nave short stacks of membranes, arc long lamellar aggre-
gates, sometimes loosely arranged. The developing normal.
chloroplast, by 24 hours, llas numerous well developed
1amellae and stacks of grana throughout tue plastid.

Further work 1s planned with these mutants. The above
suudies were capried out af 26,6°C., lowever, the pheno-
Lypic expression of pPsscan putant is stronyly influenced
by temperature. Grown at 22°t. it has only about 11.1%
as much chlorophyll and 2.0% as much carotene as normals,
while grown ab 4903, it produces 5G 6% as muci chlorophyll
and 61.4% as much carovena. Me erfect of bhese vempera-
fure ¢ifferences on tne development ol plastid gyructures
L DHE e e and the F% belween PREaar and v will be
ctudied i the future. i
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Further studies on other white endosperm-albino mutants
are planned as well as studies on other pigment defici-
ent mutants (e.g., luteus, pale greens, virescents, etc.).

Marilyn Bachmann

ISTITUTO DI ALLEVAMENTO VEGETALE
Via di Corticella 133
Bologna, Italy

1. Very low cross-over rate between wx and the breakage
point of TB-9b.

The position of the waxy locus has been indicated at about
2/5 of the length of the short arm of chromosome 9 taken
from the centromere (McClintock). The breakage point of
TB~-Ob has alsc been given as 4 of the arm from the
centromere (Roman).

Since the wx locus is not uncovered by the TB-9b it should
be inferred that the cytological distance between wx and
the breakage point of such a translocation is quite
negligible. Genetical data suggest that the cross-over
distance is also very tiny indeed.

Crossing of TB-9b on & muitiple tester of chromosome 9
(yg C sh bz wx) permits the easy jdentification of the
hypoploid individuals of the following constitution:

Centromere
Wx

P e N eV

A\

0

—

A\ ana

yg C sh bz wX

When these plants are backcrossed to the multiple tester,
the kernels obtained turned out to be of the following type:

Wx WX Total % of Wx
15 60535 6065 0.21

Obviously the rate of crossing-over between Wx and the
break point could be evaluated also on the basis of pol-
len grains produced by such hypepioid plants. Provided
that the Wx bearing chromosome, because of the terminal
deficiency, leads to pollen abortion, normally filled pol-
len grains possescsing the dominant factor should origi-
nate only from crcssing-over petween Wx and the break peint.

Staining of the pollen produced Ly the hypoploid type plant

with iodine-potassium iodide solution permitted the follow-
ing classification:
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Normally filled grains Deficient grains
Wx - type wx-type %
(vlue staining) (brown staining)
371 163,236 47.7
(0.23%) (11,350 empty
grains in a total
of 23,813)

The rate of the cross-over type is of the same order of
magnitude not only in the two tests, as expected, but also
is of the order of size of the rate of the intracistron
recombination within the locus Wx and of the (intergenic)
crossing-over between A, and Sh,. This situation may be
of use in the study of %ome pheﬁomena.

A, Bianchi

B. Borghi

2. Reversion of chromosome 9 markers in normal and hypoploid
maize.

The multiple recessive tester for chromosome 9 markers yg,
C sh bz wx has been fertilized with pollen produced by
plants of the following hypoploid constitution (produced
in the progeny of the TB-9b stock on the same multiple
recessive tester):

Wx

o

yg C sh bz wx

Other plants of the multiple tester have been self- and/or
sib-pollinated. The kernels obtained in the two types of
crosses have been analyzed as to endosperm and seedling
traits in order to detect possible reversion events. The
results of the scoring have been as follows:

L
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|
Total no. Reversion for Totalj Rever-

of kernels C sh : bz no. sion
= ™ of |for yg
-5 =51 ~51 cand— ~
no.| x10 no. | x10 no. | x10 igeq 'no. | x10 5
ings: . C

from normal x hypoploid

6,066 0 O 0 0 O 0 5,156 0 0.0

from normally diploid plants
70,190 2 2.85 0 0 1 1.42 |48,000] O 0.0

The reversion rate of the genes considered, on the basis of
these preliminary data, indicates that the hypoploid con-
dition, where no opportunity for pormal pairing and cross-
ing-over is given, is accompanied, as in other species
(Saccharomyces, e.g.) for certain mutants (supposed to be -
due To base losses and insertions in DNA), by lower rever- I
sion rates than in the normally diploid condition which has

been postulated to favour such reversion by means of recombi-

nation phenomena. This finding is at variance with what has

been obtained by Bianchi and Pomassini (Mutation Research,

2 352, 1965) for the waxy character cn pollen grains with

a2 much larger statistical basis, where no difference has

been detected between the two chromosome conditions. How-

ever, obviously, more data are needed to confirm or to dis-

prove the differential behavior of the markers yg, C, sh,

and bz as compared with that of the wx locus.

Moreover, the figures of the normal x hypoploid combination
are not directly comparable tc those from the normally
diploid plants, tecause in the former case the paternal
chromosome has not undergone regular pairing and crossing-
over, as contrasted, obviously, to the seed parent chromo-
some which, in this respect, has vndergone the same meiotic
" processes as the chromosomes of the diploids.

A, Bianchi
B. Borghi

3. A three peint test for an endosperm trait in chromoscme

7.

Data reported in the last MNL isoue indicutied Lhat a
collapsed endosperm” (cl) mutant uncovered by TR~} shewed
8-9% crossover with gl,.

An F. of the mutant with a tester marked with ¢ and gl
PrOdaced the following data:
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Gene Recombination %
pair Phase A B ADb aB ab + st. error
o cl R 101 56 33 1 16.1 + 4.5

o gl C 146 11 9 25 13 + 1.8
cl gl R 98 36 57 0 very low

From these data it appears that the mutant is likely to be
located distally to gl,.

B. Borghi
F., Salamini

ISTITUTO DI GENETICA - UNIVERSITA' DI MILANO
Milan, Italy

1. Analysis of variation of growth rate of maize root
Tips cultured in vitro.

variation, because it offers the possibility of a rigorous
control of the environmental factors. This technique of-
fers the possibility of carrying out experiments for study-
ing the effects of the gene action which control continuous
variation at the biochemical level (Ottaviano and Zannini,

1965).

The main purpose of this work is to study the genetic con-
trol of variation of growth rate of maize root tips in
order to see if this material is suitable for genetic bio-
metrical studies. In this experiment five inbred parents
and all their possible F 's, reciprocals included, have
been considered. The bi%metrical analyses are those of
diallel crosses as indicated by Jinks and Hayman (1953),
Hayman (1954) and Jinks (1954).

The growth rate, expressed as weight after two weeks, has
been studied on two different media: 1) Standard (Ottaviano
and Zennini, 1965) and 2) standard with nicotinamide. For
each genotype four repetitions on both media have been ac-
complished. The whole experiment has been completely

randomized.
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Table 1
Hayman Analysis
Items S S DF M S F P
a 362.3354 4 90.5838 7.0161 << 0,001 ***
bl 56.0211 1 56.0211 4,3391 0.01-0.05*
b2 17.8075 4 4,4519 <1 >0.20
b5 115.6640 5 2%.1328 1.9066 >0.05
b 189.4926 10 18.9493 1.4677 >0.05
c 231.8065% 4. 57.9516 4,4886 <0,001 ***
d 234 ,6017 o 39,1005 3.0285 0.01-0.001**
t 1018.23%360 24
N 0.6751 1 0.6751 <1
Na 11.7900 4 2.9475 <1l
Nbl 0.0341 1 0.0341 <1
N‘b2 20.2012 4 5.0503% <1
Nb 65.470% 10 6.5470 <1
Ne 22.5512 5.63%378 <1
Nd 21.1386 S 3.5231 <1
Nt 121.9501 24
Total 1140.8612 49
Residual,nes mogp 160 12.9108
*: P 0,05 ** . P 0,01 **x . P 0,001
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The results are as follows:

(1) The factorial analysis (Jinks and Broadhurst, 1963)
shows that the variability of the character is
genetically controlled. The differences between the
genetical contributions of the five parents are
significant (P<0.05) whether we consider the vari-
ance between male or the variance between female
array means.

(2) Hayman analysis (table 1) shows that:

(1) there is significant additive variation (item a);

(ii) there is significant directional dominance vari-
ation (item b,); since the overall F, mean is higher
than the parental one, this means th&t dominance i
increases the growth rate;

(iii) there are significant differences between re-

‘ ciprocal crosses (items ¢ and a);

(iv) there is no evidence of an effect of nicotinamide
(items N).

(3) More information has been obtained by analyzing the re-
gressions Wwr/Vr and Wr/Wr (Jinks and Hayman, 1963;
Jinks 1954 and Hayman, 1958). This analysis (figure 1)
carried out on the experiment on standard medium shows
that:

(i) There is significant complete dominance (regression
Wr/Wr significant, P<0.05);
(ii) There is no evidence of interallelic interaction.

The same analysis carried out on the data from the experi- )
ment with the second medium (Standard + nicotinamide) gives i
a strong indication of interallelic interaction. The com-
parison of parental means with F. means indicates that the r
amount of heterosis 1is jncreased from 8.69 to 14.41. How-

ever, a complete repetition of the experiment is needed in
order to strengthen these nicotinamide effects.

4 E. Ottaviano
5 N. Zannini
W Wr!'
20 201
5
2
10 * 10
4 1 —
b=0.93%65 + 0.3183
/5 =0.3395 + 0.0728
3
0 10 20 30 0 10 20 v
V2 Wr

Fig. 1. Wr/Vr and Wr'/Wr graphs
4:4
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2. A study of transmission of a B4 derived from a TB-i4a

stock.

As Roman first showed (1947), TB-A translocations in maize
are a useful tool in studying the specificity of different
chromosome segments. Bianchi, Bellini and Ottaviano (1961)
studied the influence of the TB-4a translocation on the
endosperm development. They found that kernels werg heavier
when the endosperm was hyperploid for the segment B, It
was suggested that the hyperploid endosperm condition could
be fixed by transferring the B4 into a normal line where

it would undergo normal disjunction. Accordingly, four in-
bred lines and their hybrids were pollinated with the TB-4a
stock. Because of B4 non-disjunction the resulting progeny
eargucarried three different classes of kernels, in regard
to :

(1) hyperploid embryo and hypoploid endosperm

(2) hypoploid embryo and hyperploid endosperm

(3) both embryo and endosperm normal

Kernels of class 1 have then been selected using as criteria
of selection both different weight and scutellum color mark-
ers. The hyperploid plants obtained were selfed, after col-
lecting part of the tassel from each of them, during the
stages of meiosis. The results of the study of the pachytene
are summarized as follows:

Probably vital Expected Observed Expected Observed

genotypes ratio frequencies frequencies ratio
m

4,4,B 1 1 5 5.3 1
4, 8% BY 1

B } 2 0 10.6 0
4’4,]3 )B sB l
4B g 1
4,48 B B 2\ s 29 26.5 5.8
4,08 Bt B8t 2

B B i 4
RN L1 o2 16 10.6 3.2
4848 5% BY B 1
4,4 0 3 0 0.6
Total 10 53 53

From the table it appears that gernotypes (4,4,B4,B4) and
(4,4, B% B% B4) were not found, while normal genotypes (4,4),
which were not expected were found. The finding suggests
that the BY may be lost before or during both male and
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female gametogenesis. Cytological observations of micro-
sporocytes in plants with (4,4,B4) genotype, show homologous
pairing atb pachytene, in the region of the short arm of
chromosome 4, between the chromosome 4 and the BT, in the
typical way of trivalents,,and also non-homologous pairing
in the same region. The BY may undergo partial or complete
autosyndesis. During diakinesis the B™ is often observed
close to a bivalent, presumably the chromosome 4. At
metaphase I the univalent BY is outside the equatorial plate
in about 30% of the cells, while at metaphase II the BH
shows the same behavior in about 20% of the cells. During
anaphase 1 the univalent BT undergoes division in about 30%
of the cells, but often at late anaphase or at beginning
telophase. Both telophase I and II show micronuclei. These
micronuclei at telophase I are presumably the result of
lagging of the univalent B*. Those observed at telophase

11 are thought to derive from the B4 that divided at the
previous division.

The (4,4,B4) plants, once selfed, yielded kernels of the
following constitution (observations were made on the plants
obtained from them):

Genotypes Expected Observed Expected Observed
ratio frequencies frequencies ratio
4,4 1 o7 22 1
44,8 2 21 o 0.3
u,4,8%, B 1 0 20 0
Total 88 88
4 4

These data indicate that: (1)The (4,4,B°,B ) class, expected
in ¥% of the progeny, was not found. (2) The (4,4) class
largely exceeded the expected .

These observations suggest that: (1) Meiosis is an obstacle
for the transmission of the BY in the normal genotypes eX-
aﬁined. (2) Presumably the few pollen grains carrying the

B+ that escaped the meiotic barrier are then selected against,
when in competition with normal pollen grains.

A, Ghidoni

3., The "gmoky" derivative of RSt.

In the 1965 News Letter it was reported that following intro-
duction of Mp into an RSU stock, several ears were observed
carrying kernels with 3bnormal spotting patterns among the

43----ll-.ll
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standard stippled kernels. One of them has a Vvery fine
sg%tting pattern and has been called "smoky," symbolized
R

(sky).

Cchromatographic com arison of pigment extracts of homozygous
Rst/§§t and BSt(skyg/ESt(sky) seeds does not disclose any
qualitative difference between their anthocyanin content.
The smoky derivatives are strongly paramutagenic.

When ESt(sky)/ _5 is crossed with gg/gg, some of the re-
sulting ears show, besides the expected colorless kernels
(genotypically r8/r8) two kinds of smoky, darker and lighter,
often in equal frequency. While the former breed true in
successive generations, the lighter segregate again, when
crossed with r&/r8, for darker and lighter smoky, in &

ratio of 1:1.

similar results seem to indicate that the li%hter smoky v
phenotype results from the interaction of RSt (sky) with a i
Modifier of the smoky expression that assorts independently m
of RSt(sky). "

Giuseppe Gavazzi

4, Cnromatographic and spectrometric analysis of root and
seed pigments.

Pigments are extracted from roots and seeds of a W22 Ak'
A5, Gy Cn, Pr, R stock carrylng one of the following k COm-—
5ensthonse TSt/RT, rB/RY, r&/R

The extracting solvent used is a 0.1% concentrated hydrochkloric
acid in 9%% ethanol (v/v) sclution. The pipgment extracts are
concentrated under vacuum and then chromatographed with the
ascending method on Whatman paper #l. Lwo solvent systems
have been used:

(1) n-butanol, acetic acid, water (4:1:5)

(2) ethyl acetate, t-butanol, acetic acid, water (%:4:1:3).
Both seed and root extracts are separated into three red
bands that turn blue when exposed %o ammonia vapours., They
represent three different anthocyanins. An additional yel-
low component appears in chrematograms of root extracts.

The absorbance spectra of the four components chromatographi-
cally separated are then determined spectrometrically. In
Table 1 the Rf values and the absorption peaks ( A max.)

of the four components are reported and in Ifig., 1 theilr ab-
sorption spectra, after chromatographic separation, are in-
dicated. It appears, from the graphs, that the three
anthocyanins chromatographically separated have slightly
different peaks of absorbance and are present in quite &
different proportion. Their concentration increases from
compound 1 up to the third in band three.
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Table 1
chromatographic and spectrometric identification of root
pigments.

Compound RF (1) RF (2) A max (ma)

—

1 0.28 ¢.18 535
2 0.36 0.25 555
3 0.45 0.37 530
4 0.71 0.58 448

The anthocyanins of seeds carrying other R alleles, have
been chromatographed with the same procedure and they are
all separated into three bands with the same Rf values Te-
ported in Table 1 for the first % compounds.

Compounds 2 and 3 have been tentatively classified, accord-
ing to thelr Rf and A max. as cyanidin-B—monoglucoside
and pelargonidin—}—monoglucoside. Compound 1, present in
much lower proportion, is still unknown.

The jdentity of pigment constitution of paramutable R and
R seeds seems to suggest that the phenotypic difference
BTetween the two rests only upon a difference in level of
production of anthocyanins without a concomitant alteration
in their single constituents.

Giusseppe Gavazzi

5. A test for the association of paramutation with roots.

Plant and seed pigments are controlled by the two subunits
of the R gene, respectively symbolized P and S5, If paramuta-
tion is not confined to the S component of the R locus but

affects the R locus as a whole, it should also Be pessible
to observe its expression in sporophybtic tissues.

We compared the anthocyanin content of R‘C’t/Rl with that of
r6/RT roots with the intent of disclosing the existence of
paramutation in sporophytic tissues. The former carry a
paramutagenic allele (RSt) and a paramutable R, i.e. an R
allele sensitive to the paramutagenic action of Rst; while
the latter carry the same RT allele in & heterozygote with
#ba i.e. an allele incapabTe of inducing pavamutation.
These roots derive from seeds obtained by parallel crosses
%g ﬁit/BSt and r8/rf plants with the same pollen parent

éf paramutation takes place in roots, we expect ©O observe
thdecrease of pigment in.ESt/Br roots when compared UO
at of rB8/RT roots. The determination of anthocyanin

,___——
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Table 2
Comparison of mean anthocyanin content of:
1

I. .ESt_BP and 55 RY roots I1. B Er and 35 RY roots
Genotype No. roots Mean t
selected Pedigree tested Score* value P

1. Comparison of pigment content of ESt

RY roots with that of r& RT roots

A - 7 days old roots
rBRY g 818 x g 830-3,-4,-6 100 0.28
R°Y B g 780 x g 830-3,-4,-6 100 0.27  0.19 0.05

B - 12 days old roots
r® RrY g 818 x g 830-4 25 0.21
RSV B* & 780 x g 830-4 25 0.24  1.36 0.05

C - 9 days 0ld roots

(pieces)

r® RT g 818 x g 830-3,-5 60 0.39
RS R* g 780 x g 830-3,-5 60 0.41  0.35 0.05

II. Comparison of pigment content of rg Rr

roots with that of r8 Rr roots
D - 9 days old roots
(pieces)
r® R® g 944 x g 940 - a 35 0.24  0.29 0.05
'

r® R g8 944 x g 940 - b 40 0.28

*expressed as mean 0.D. at 530 m
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content 1s based on the spectrometric reading of the optical
density of the pigment extracts of the roots.

e data of able 2 (Part I) indicate that R°Y/R" ana r®/R°
roots do not differ significantly in their pigmenting
potential level. The failure to observe a decrease 1in pig-
menting level in RSURT roots could be due to the insuffici-
ent time, in terms oT cell generations, given to the roots
pefore testing the paramutagenic effect of RST upon RT.

It could be that at least one generation offgSt/g?
heterozygosity is required before paramutation becomes
phenotypically manifest. Accordingly, the comparison of
pigment concentration nas been extended to r€ RF and r8RT
control roots (Table 2, Part II). However, aiso in this
case, when the pigment potential of RC r& roots is compared
to that of RTr8 roots, no decrease in the level of anthocyanin

is observed in the former.

1

The lack of reduction in pigment concentration of B? roots

suggests that the R component, controlling pigment formation
in roots, is either insensitive or less sensifive than the ;-
S component to the paramutagenic action of rSt. The differ- jﬂ
=ntial sensitivity of the two R cub-units to the RSt action g
is here considered as an indication that the R locus as & i
whole is not involved in paramutation. ?

Giuseppe Gavazzil
Nicole Zannini

ISTITUTO DI GENETICA VEGETALE
Universitd Cattolica
Piacenza, Italy

1. ILocation of Ga, in chromosome 9 linkage group.
Toa o

b Preliminary data for a close linkage relationship between &
i gametophyte factor and the waxy locus have been presented

g both by Schwartz and by Bianchi, in previous igsues of IMNL.
However, the question whether the Ga factor was between the

wx locus and the centromere OT placed distally to the WX
Tocus remained unanswered.

Some data from backcrossing plants heterozygous for Gag,
as well as for wx and bz, on & multiple tester for chrgmo—
some 9 are as follows:
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Total No.
Ear No. Kernel types ot % of Cumulative
65-174 Bz bz Wx WX kernels bz Wx %
/169-4 - - 1% 56 69 - 18.8 -
/169-18 244 20 51 2153 264 7.5 19.3% 26.8
/170-22 - - 35 219 254 - 15.9 -
/170-22 297 59 80 276 356 16.6 22.5 39.1
/171-6 166 36 26 176 202 17.8 12.9 30.7
/171-44 164 g 25 149 172 4.6 14.5 19.1
/171-52 298 g 55 2H2 507 2.9 17.9 20.8
/172-1 339 28 79 288 367 9.1 21.5 30.6
/172-20 294 3% ol 26% 227 10.1 19.6 29.7
/172-40 205 28 652 181 253 12.0 22.5 34,5
fotal 2007 221 2228 9.9 % 28.7
80 2071 25501 18.8
( standard

about 29)

Such data sugges?t that Gag is placed closer to bz than to
wx and that Tt is located between the two markers.

The Ga, factor of the pollinator parent used in these back-
crosses is the allele present in the stock originally obtained
from Dr. Schwartz. In such a strain (gg'ﬁg/gg_ﬂg) the Ga -
wx distance calculated on the basis of the frequency (17.4%)
ol the class segregating 25% of waxy kernels is approximately

22.8%.

"hese data, as well as others of a different nature, suggest
that the Schwartz factor is different from that reported Dby
Bianchi, which, on the basis of previous results, appeared
identical or allelic to the former one.

A. Bianchi
M. R. Parlavecchio

2. Linkage relationships for Some mutants.

For some of the recently detected mutants in ltalian culti-
vars linkage relationships with well-known markers have
turned up.
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A shrunken lype, known to be "uncovered' by WB~4, shonld be
placed close Lo su,, although the unreliabilitly cl the
classification of the double recessive makes it difficult
to measure exactly the intensity of the linkage (which,
nowever, should be close). Data involving gl, and @i, are
prosented in the following tablce (a1l data derived from
Ir,, from repulsion phase) :
‘

T e e

Pt i A

,._,.

Recombination %
+ st., error

Gene pair A B Ab al ab

r
i

[
T

v ey T AL

N

gkﬁ—shrunken type 2415 690 1041 8§22 + 0.9 (1) :

gl,-shrunken type 2248 818 940 26 18.7 1 1.0 (2) .

(1) 'The giaﬁggl distance, from data based on these ears, is
5.7 1 0.6.

(2) The gl,-suy distance, from data based on these ears, is

17.8 + .4,

hese values together with those reported in the table sug-
gest close linkage between su, and the shrunken factor.

Four mutants exhibiting a Jjaponica phenotype recognizable
in the seedling stage ain the background used) yielded the
following linkage relationships (F2 data; repulsion phase).

Gene pair A B ADb a B ab Recombination %
, + st, error
E su,- jap. type 1122 401 309 46 37.8 + 1.3 (1)
£ glz- " " 190 85 77 1 12,0 * 3.5 (1)
j y- v 10845 5532 5466 0 wvery low (2)
: su,- " " 8675 3626 2928 291 30.5 + 0.5 (2)
y - " L 68% 280 329 18 8.1 + 1.8
| gly- " " 2h4  14% 114 0 low
g (1) “he Bu; - &l5 distance in these experiments turned oul to
be 41.0 + 2.4,
\ (2) The Y - 8u, distance in these experiments turned cut to be

1 0.0 + 0.5.
ISR
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Other chlorophyll mutants show indication of linkage with
genetic markers, as follows (F2 data; repulsion phase).

Gene pair AB Ab aB ab  Recombination %
+ st. error

- virescent-type 909 366 195 55 43,5 + 1.4 (1)

=]

glz- " "o 264 109 o4 0 low (1)

gl,- yg-type 931 425 282 109 44.2 + 1.4

gl,- f-type s42 161 191 40  45.1 + 1.7 (2)

o, - " " 169 57 63 4 29.1 + 3.6 (2) |
wx - v-type 584 336 248 5 13.0 + 1.9

(1) the su, -gl, distance in these experiments turned out to g
50y —813

be 42.0 + 2.1.
(2) The o5 815 distance in these experiments turned out to

be 14.2 + 1.5.

C. Lorenzoni
M. Pozzi

%, Balanced lethal systems and physiological responses.

Two balanced lethal systems, based on defective caryopsis
traits, have been recently described in maize - teosinte de-
rivatives:
pe bt dete/de De
crossover percentage between The Tactors in both cases 1is
about 14 so as to permit recovering of the normal genotype
(ear segregating no defective) in about one case out of one
hundred.

The double heterozygous plants have been compared with the
normal ones for the field and laboratory traits, as follows:
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t First system ﬁ econd S8Y¥YS t en
‘ 7

Characteﬂ double ! normal \ double normal
heterozygous genotype i heterozygous genotype
I ]
| | |

a— M !

Pollen ‘

shedding

time - - 9.%38 + 1.49 7.5% + .95

(in days,

from

July 8®) | 19.40 x O.41 18.63 + 0.39 17.29 + 0.78115.24 & .85

Kernel ‘
No./ear [21.1 * 9.% |{151.8 * 6.5 | - -

Kernel
weight
in g
(defec—-
tives
ex-— Co 1
cluded) 215 + 0.3%.2000 % 0.4% - -

Root ‘ ‘

prowth . .

in mmgl/ 5 |

after I

doys & 03.0 r 0.0 20.E X 0.6 | - “ -
10 | 30.6 = 0.9, 32.5£0.9 | - -
15 |35.0 + 1.3 36.5 1.3 | - -
50 | %6.0 + 1.7 | 38.5 % 1.8 - -

(1) Root-types of about 7 mm were cut and grown on artificial
medium.

These preliminary results suggest a general delay in the
growth rate of the double heterozygotes which produced ears
with a 1ower number of xernels. ‘Thelr ljarger size 1S ob-
viously related Lo the presence of about 50% of defective
CATYOPHBCE.

¢. Lorenzonl
M. Pozzi
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MACDONALD COLLEGE OF McGILL UNIVERSITY
Province of Quebec, Canada

1. A test for Spm control of mosaic pericarp.

Mosaic (F™"), one of the unstable alleles at the first chromo-
some pericarp locus, does not activate Ds and Barclay and
Brink (PNAS 40:1118-1126, 1965) have inTerred chat the in-
stability is not controlled by Mp or Ac. The mosaic pattern
appears in a wider variety of patterns than variegated
pericarp and it frequently changes from one unstable state

to another. The instability controiled by Spm-En at other
loci is so similar in many respects to mosaic, that it seems
reasonable to suspect that an Spr-like element might regu-
late the Emm allele.

To test this hypothesis an a m-1 EWW stock lacking Spm but
in which gene acticn is unde% the ccntrol of the Spm system
was crossed ag a male with six different geographical col-
lections of . The mosaic lines were fourth generation
backcrosses To inbred Al71 (Eﬁw), and sg _ the mosaic €ars
were homozygous A A, and heterozygous Eﬁngww. The Iy's

. m=1 , . mnm ,oWw WW ,pWW :
which were Al/g "L and either P /B or P /PYY were back-

crossed to a~a lm-1 pww, 1t was expected That % the ears
would be mosaic and J2 colorless pericarp and on each ear )
the kernels would be a;®7*.

a m-1 kernels without Spm show pale alesurone pigmentation
over %ll and with Spm they have deep spots on a colorless
background. The presence of spotted kernels on the backeross
ears would indicate response of g;m‘l to Spm-like control.
The ears were accordirngly scored %or pericarp color and the
presence or absence of spotted aleurone. The results are
shown in Table 1.

The a

The data are confusing at best. One family, 2547, consisted
of three ears with mosaic pericarp and approximately 1% spotted
kernels, butw%lso three mosaic ears without spots and one
apparently P°° car with many %Rotted kernels. A sister
family, 2548, with the same P allele ccnbained no spotted
kernels. Ten other families gsegregating mcsalc ears es-
sentially did not show spotted kernels. Four of these ten
families, however, each contained a singie deeply spotted
kernel. These single kernels could be contaminants from an
Spm-carrying stock, but I am inclined to doubt it for (1)

my usual pollination technique does not show this level of
contamination, and (2) I have only a few known Spm-carrying
stocks and these were widely separated from the mosaic
stocks, which themselves were distributed cver a considerable
area interspersed with other corz.

The test does %BE give clear evidence that Spm controls gene
action at the Y aliele, neither does it rule out this
hypothesis completely. Several explanations for these

et
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am Table 1
Tests of different Ef alleles to promote gene action
at the a,@~+ locus.

Pericarp and aleurone phenotype of backcross ears

Family Source of alleles Mosaic P. DMosaic P. Colorless P. Colorless P.
spotted no spots spotted no spots
2547 Peru - from S. C. Harlan 3 3 1 0
2548 ditto o] 3 0 3
2549 Rainbow Flint - local strain 0 3* 0 3
2450 ditto 0 5 0 2
2558 P.I. 213797 - North Dakota 0] 4 0 2
2559 ditto 0 2 0 3*
2561 P.I. 214200 - Manitoba o) 2* 0 3
2562 ditto 0] 1 0 5
2564 Assiniboine Flint - Manitoba 0 2 0 3
2565 ditto 0 1 0 4
2587 Medium mosaic - R.A. Brink 0 3 0 3

*g single kernel heavily spotted on one ear.
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results are possible:
(1) An Spm-like element could be present in some plants of !
inbred A1l71 which I use as & recurrent parent throughout my i
genetic stocks. This is quite likely since I reported in
1964 that another breeding line carried an Spm-En like ele-
ment. The four isolated spotted kernels, then, could more
probably be contaminants. Family 2547 which seems 1O show
independence between mosaic and spotted kernels would be
explained.

(2) Spm-En occur in many states. (a) Mosa%glpericarp might
contain a state which does not regulate 2 ordinarily,
but which may change into a regulating st%te as in family
2547, 1t might be expected that such a change would also

be correlated with a change in pericarp phenotype. However,
no difference in pericarp phenotype could be detected in
cars with and without spots. (bgplnbred A171 could contain
a non-activating state of Spm which changes to an activating
state occasionally.

(3) A1l spotted kernels could have resulted from Spm con-

tamination either this year oOr in a previous year.

One last comment - Some states of mosaic pericarp are diffi-
cult to distinguish from variegated pericarp. Family 2547
i%vone of these and it is possible that this family is really
P"'. As far as I knoy, 1o one has ever determined if vari-
egated regulates Elm_v gene acgion. Or perhaps Family 2547
contains neither P nor P but another unstable allele

which is controlled Dy an Spm-like element while the con-
trolling element for mosaic pericarp remains unknown.

R. I. Brawn

=SS e S e R

2. A test for Spm in Diffuse pericarp.

Greenblatt has reported (M.G.C.N.L. 39:120. 1965) that the
Diffuse pericarp gene Idf does not substitute for either
Spm or Ac. I wish to present data which suggest that 1df
may substitute for Spm.

A different tester stock was used in my studies than was
used by Greenblatt. His test required the detection of
dark purple spots on & dilut% purple background if Iaf
caused instability in Co/ mt heterozygotes. This may be
Sesible if IAf inhibits o

C

oﬁly the background pigment, for
Greenblatt has shown that Idf does inhibit aleurone pigmenta-
tion somewhat. However, I Tind that gé/” mt Spm kernels

c
are uniformly purple and SO perhaps hi tgst was not ade-
quate to detect instability of c,™%.

My test involved the same 2 m-1 g¥¥ 1o Spm stock and cross-
ing scheme described in Not% No.”1. The Diffuse stock was
also a fourth generation backcross to inbred A171 (B"Y)

and so the Diffuse ears were A,/A, and heterozygous PXT/B¥"
and Idf/idf. It was expected 1721 % the ears from the
backoross of the F,'s to the & m-1 pww tester stock would
be Diffuse, ¥ red dna % colorl%ss pericarp, and on each of

____——4
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these ears % the kernels would be g_m—l and liable to spot-
ting. The results obtained with th%ee familiés are shown
in Table 2.

This test is far from definitive. The seven Diffuse ears
which show strong g_m"l spotting and the nine colorless
ears which are spo %ed could constitute the ¥% of the back-
cross populations expected to carry Idf. On the other
pand, if Idf does substitute for Spm, the one_ Diffuse ear
with no spots and the four red ears with & m-1 gpots would
not be expected. The several explanations advanced in
Note No. 1 are also applicable here to explain these ex-
ceptional ears. In the case of Diffuse pericarp, however,
it seems more probable that Idf is substituting for Spm
than in the case of PHI described previously.

Table 2
A test of the Diffuse pericarp gene (Idf) to promote gene
action at the a,0~+ locus.

Pericarp and aleurone Ehenotzpes oI backcross €ars
Pamily Diffuse P. Red P. Colorless P.

number spotted no spots spotted no spots spotted no spots

2635 3 1 0 1 1 6*
2636 2 0 2 2 2 3
2637 2 0 2 2 6 1
Total 7 1 4 5 9 10 = 36

¥211 ears show a few kernels with a few spots.

R. I. Brawn

3, Isoalleles of PWR'.

The cob color of the Iowa inbred Bl4 is noticeably darker red
than most other red-eared inbreds. This difference is most
likely due to.ﬁodifiers of the PWR allele and not to an
isoallele of P R, -

Inbred Bl4 with dark red cob color and inbred W-9 with a
much lighter red cob color were crossed and carried to F,.

It was not possible to detect separate classes of red; tﬁe

F, ranged continuously from dark to light red.

The EFR alleles from both Bl4 and W9 have been introduced in-
to the white-cobbed inbred A171 (BWY) by backcrossing. By
the fourth backcross no difference in cob color could be de-
giitfd between the two Al71 sublines with different PWR

eles.

—————————EEEEEE
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Other PWR alleles have also been introduced into inbred
A171 (Eww) by backcrossing and they all seem tO produce
the same red cob color following a number of backcrosses
suggesting that modified genes and not differences at

the PWT locus account for the different shades of red cob
color.

R. I. Brawn

MAIZE RESEARCH STATION
Yousafwala (Montgomery), West Pakistan

1. Sorghoid maize.

A research project has recently been initiated at the Maize
Breeding Station Yousafwala (Montgomery) to develop vari-
eties resistant to the Asiatic Maize Borer (Chilo gonellus
Swinhoe). In the quest for genetic resistance agalns 1S
jdevastating pest of maize, a large number of open polli-
nated varieties were obtained from different maize growing
countries of the world and planted in the borer nursery dur-
ing the year 1964, Part of the seed was also grown in
another field under artificial pest control where the germ-
plasm was maintained by composite pollination.

One of the varieties received from Italy under the name
Zeppetello had plants with rather condensed tassels and
small sized ears with hard flinty grains. These plants weTre
composite pollinated as usual. No detailed observations
regarding the plant or ear characters were recorded. In
the following year, however, this variety was growi under
close observation from the seed obtained through composite
pollination in the previous years. Planting was done in
the 3rd week of August, 1965. Germination and growth of
the plants was normal. Observations regarding different
plant characters were recorded and are summarized below:

Plant:

Tlants short, average height 123.6 cm, early maturing (40.6
days to mid silking); average number of leaves, 10.2; leaf
size, medium to small (average length and breadth, #0.6

and 4.8 cm respectively).

Tassels:

Pequncile medium in length, extending 10-15 cms above the
flag; central rachis short; branching profuse and con-
densed. Apparently the tassel resembles & sorghum head;
female flowers frequently present in the tassel but sel-
dom set grain. ‘
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Ears:

73) External character: Ears short 5 to 8 cm long, 4-6 cm
in dlameter, conical in shape, borne on short 3-5 cm long
shank; average diameter of the shank 1.26 cm; ear enclosed
in 8-10 husks that extend 6-10 cm beyond the tip of the

ear; ears in general appearance resemble small compact heads
of sorghum with similar type of branching. Some of the
branches end in a spike of male flowers.

(ii) Internal characters: Ears in most cases devoid of cobs
(pith), instead thnere 18 central rachis with primary,
secondary and tertiary branches; branches short and stout,
female spikelets borne on primary, secondary, and tertiary
pranches; rachilla of the female spikelets short; glumes
hard and indurated, usually bearing two grains like double

seeded sorghums; lemma and palea thin -and papery.

Grain.
Orain small, roundish in shape, 7.1 mm in width and 7.4
mm in length, hard flinty type, deep yellow in colour.

Most of the tassels shed normal pollen, The pollen when
used on silks of other maize varieties proved to be quite
effective. No grain formation was obtained in self polli-
nated ears. Partial to normal setting was observed in the
ears pollinated by composite pollen from the plants within
the variety. BEars of self pollinated plants that fail to
form grain present a clearer picture of the internal struc-
fture of the ear. The unusual feature of the ear is a
slender sorghum-like rachis with primary, secondary, and
tertiary branches bearing female spikelets.

Studies to ascertain the genetic basis of sorghoid characters
in this type of maize are being undertaken both at the maize
research station, Yousafwala (Montgomery) as well as in the
department of Plant Breeding and Genetics in the West
Pakistan Agricultural University at Lyallpur.

4. Ghafoor Bhatti

NOTE: Photographs of plants and ears of sorghoid maize were
included with this report, but could not be repro-
duced here. They will be preserved in the News Letter
files and are available for inspection.

MARQUETTE UNIVERSITY
Biology Department
Milwaukee, Wis.

1. The null-expression of the wx gene in a monoploid

sporophyte test.

itdis well known that wx WX WX constitution in the endosperm
nd the wx constitution of the pollen grain result in 2

——eeeEEEEEEEE



98

starch change from the Wx condition so that the starch grains
of the waxy type stain red with iodine instead of purple.

It is equally well known that starch grains in sporophyte
tissue of the constitution wx WX are found to stain purple.

One possible testable explanation for such behavior of the
waxy condition is that the expression of the wx gene is de-
pendent upon dosage of the gene in the tissue involved.
While this insight seems incorrect, (pollen of tetraploid
WX WX WX wx plants otain red) it was felt important enough
nevertheless, to test for expression of the wx gene in roofts
of monoploid plants.

In order to obtain the required monoploid wx plants the fol-
lowing mating was made: W23 A A, ¢ C» L D> wx wx, X W23

A A, CC, RO ROJ, Wx Wx. By utilizing the R-navajo allele
ombryos that do not exhibit the dominant conditioned RPJ
pigment, but whose aleurones do have pigment, can be easily
selected in dried seed form. Such colorless scutellum,
colored aleurone kernels are then the presumptive monoploids.
The genetic constitution of the monoploid would then be A ¢

T WX.

In order to confirm the genome constitution and test for
starch type, these presumptive monoploids were germinated
and seedling roots obtained. Each root cap was tested with
jodine while the meristematic region was used for chromosome
counts.

Three different seedling roots were found to have counts
of ten chromosomes in late mitotic prophase cells. Iodine
tests of starch grains from these three roots all showed
a uniform dark purple staining indistinguishable from Wx
Wx controls.

As with diploid pollen, monoploid roots do not alter the
expression of the wx gene known in usual ploidy constitu-
tions.

Irwin M. Greenblatt

NOTE: I would like to express sincere thanks to the staff
of the Department of Agronomy, University of Illinois,
for making field space and help available to the
projects under study in this laboratory.

The address of this laboratory effective September 1,
1966 will be Biology Department, Northwestern
University, Evanston, Illinois.
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UNIVERSITY OF MARYLAND
College Park, Maryland

1. Interchromosomal effects of deficiencies in chromosome
1 on association.

Homozygotes for zb P As br., in chromosome 1 were crossed
with X-rayed polTEﬁ'Eérf?IhE_ Zb, PWT As Br,. Forty-four
plants hemizygous for one or more of the ThTee recessive
genes were amenable to analysis at diakinesis or metaphase

I. Fifteen of the deficient plants, including three
monosomics showing loss of all dominant morphological
markers, were variably asynaptic. Syncytes, curved spindles,
and fragmentation--characteristic of asynaptic homozygotes—-
occurred in the deficient plants exhibiting failure of as-
sociation. It seems likely that As was deleted along with
linked dominant markers in the X, asynaptic plants. The
single dose of As, contributed by the female parent, was
insufficient to control normal first division association,
thereby simulating the homozygous recessive.

R. L. Baker
(Dept. of Horticulture)

D. T. Morgan, Jr.
(Dept. of Botany)

UNIVERSITY OF MASSACHUSETTS
Department of Environmental Sciences
Waltham Field Station
Waltham, Massachusetts

and
HARVARD UNIVERSITY

Cambridge, Massachusetts

1. Genetic correspondence of ‘[Tripsacum chromosomes 10O their
homeologs from corn.

Further progress has been made during the year in identify-
ing Trigsacum chromosomes both genetically and cytologically.
When a Tripsacum chromosome in a 2n+l stock substitutes in
physiologlcal Tunction for a dominant gene in corn by cover-
ing its recessive marker allele present in the maize chromo-
some complement, we can locate a Tripsacum gene on a particu-~
lar Tripsacum chromosome. Thus we can map the Tripsacum
chromosomes, not by their own recessive genes, but by the
ability of their dominant genes to prevent the expression
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of recessive marker genes, either singly or jp linked ceries,
from corn. The data so far obtained, presented below, show
that one Tripsacum chromosome carries dominant genes pre-
venting the expression of three recessives on the short arm
of chromosome while another Tripsacum chromoscme corre-=
sponds to the other arm. A similar situation exists with
respect TO chromosome 4. A single Tripsacul chromosome
carries dominant genes which mask four Tecessive genes on
chromosome 7 and another Tripsacum chromosome masks five
recessive genes on the short arm of chromosome 9.

Corn chromosome Dominant from Tripsacum
1 Bm, *

i 28 Ws Igy Glo (does not cover ¥,)
% 2L v, * (does not cover 1g; gl,)
\ S
t 43 Suy (does not cover 5£5)
[ 4L Gl, (does not cover ggl)
‘ 7 Vo B2y Gy 4y

| : Lo

| 9 Yg C Shy Bz ¥x

w *pAllo-trisomic stocks which were jost but are being re-
P developed. The data for a more complete genetic map of
5 Tripsacum will be forthcoming as CrosSSes and backcrosses

To multiple marker gene stocks of corn are made.

W. C. Galinat
P. C. Mangelsdorf

2. A planting in Florida of perennial relatives of maize.

! Arrangements have been made during the year 5o establish

} and maintain at the Montgomery Foundation of the Fairchild

| Tropical Garden, Miami, Florida, & collection of the
perennial relatives of maize. Representative specimens of
the collections of Tripsacum from Mexico and Guatemala made
by Dr. Raju Chaganti and Mr. Garrison Wilkes (mentioned in
last year's News Letter) were delivered to Florida and are
now well established in & planting protected from frost by
a sprinkler system. The planting includes all of the known
species of Tripsacum, some interspecific hybrids in
Tripsacum, perennial teosinte, three species of Manisuris,
and Blyonurus tripacoides. In February all species €X-—
cept i. sustrale were in flower. The National Science
Foundation has made 2 grant to the Fairchild Garden to

el
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maintain the collection for a period of five years. MMaize
geneticists wishing to use the collection or to add to it
should get in touch with Dr. John Popence, Director, Fairchild
fropical Garden, Miami, Florida.

W. C. Galinat
P. C. Mangelsdorf

%3, Simple dominance of & day~neutral~like condition in an
Y, ceneravion of & corn-teosinte hybrid.

The distribution of anthesis dates in the F. of a cross be-
tween Gaspé Flint and Amecaneca teosinte 1is bimodal with a
large peak in the middle of July and a small peak in the
piddle of August. An organization of the data on the basis
of these two months separates the two peaks and reveals an
almost perfect %3:1 ratio, as follows:

Anthesis Date Frequency Anthesis Date Frequency
July 6 2 August 2 1
8 4 4 1
10 9 6 2
12 17 & 5
14 5 10 5
16 6 12 2
18 3 14 2
20 2 16 0
22 2 18 1
24 b 20 1
26 5 22 1
28 2 24 1
30 > 26 0
TOTALS 61 20

The strong effect of Gaspé Flint germplasm in producing &
day-neutral-like condition for flowering of just the main
stalk, even in the presence of id id has been found by ,
Brawn (MNL, 1963). Likewise in our segregation from Gaspé
Flint x teosinte, many of the plants which flowered early

in July on the main stem, continued to grow tall tillers
which flowered about a month later, in August. The anthesis
dates reported are only for the main stems.

Much of the material from this sepregation nas promise for
the early synthesis of a 'day-neutral' type of teosinte of
possible agronomic, genetic and evolutionary importance.

W. C. Galinat
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4., Tassel-in-the-seed from Gaspé Flint?

The earliest flowering plants in the F2 and ¥, of the cross
Gaspé Flint by Amecameca teosinte have betweeé five and seven
leaves, the embryonic leaf number of corn as reported by

Sass and others. The main stalk of these plants is in full
bloom at the 'thinning stage' when only a foot high and about
three week§ old. Then, as also reported by Brawn for his

id id Gaspé Flint plants, the basal tillers begin to elongate
and ultimately reach a height of about ten feet when they
flower during short days six weeks later on. As suggested
by Brawn for his id material, the primordial tassel was
probably already induced if not differentiated in the seed
at planting time, having been laid down during the short

days of the previous Fall, This 'Gaspé trait' is dominant,
simply inherited and may have economic value in the breeding
of teosinte for the North. Such a Gaspé teosinte would pro-
duce two crops of seed, a Spring crop and a Fall crop. It

is possible that the 'Spring crop' seed formed during long
days would not have 'tassel-in-the-seed'. During the long
days of Summer, it would tiller profusely or, if perennial,
develop rhizomes.

Long;tudinal sections will be cut from the embryos from the
Gaspé Flint-teosinte lines to study the growing point.

W. C. Galinat

5. The corn grass and teopod loci involve phase change.

The switching from one phase of growth to the next is

usually rather abrupt in typical corn as it is with other
plants. That is the organs of the phytomer (internode,

leaf, axillary bud and prophyll) attain a distinct form which
is characteristic for the juvenile, mature vegetative,
pistillate~-floral and staminate-floral modes of their ex-
pression. The time of phase change is usually programmed

for a certain point in development although in certain
genotypes the external environment may trigger the switch-
ing as, for example, in short day corn.

In contrast to normal, phase change in corn grass, and to a
lesser extent in teopod, is a gradual process. The narrow
bloomy leaves of the juvenile phase integrate into the
broad pubescent leaves of the adult vegetative phase fol-
lowed by a gradual transition into the two forms of floral
development. Although variability is common, the tendency
is for an intergradation between solitary vegetative branches
at the base of the plant to paired spikelets near the apeX
of the plant. The various intergrading forms as evidence
of homologies between vegetative and floral phytomers have
been described elsewhere (Galinat, 1959, Bot. Mus. Leafl.,
Harvard U.).
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A recognition that the corn grass and teopod leoci are in-

yolved in phase change may lead to 8 better understanding
of the genetic control of differentiation in corn.
W. C. Galinat

6. Somatic mosaicism in corn grass.

geveral features of corn grass (Qg gene) seemed at first
to be evidence that phase change i this mutant at least
was primarily ‘physiological' and, therefore, to cast
doubt on the suggestion of Brink that phase change in-
volved & somatic paramutational process. Not only is the
phase change process gradual in corn grass, as if follow-
ing somé physiological gradient, but the length of shank
on which an ear is borne is usually related to how 'yegetative'
the ear becomesS. Ears with shor?® shanks are usually more
vegetative as if they were precociously thrust into ear
formation before the vegetative phase had run its course.

However, somewhat to our surprise, the first experiment
designed %o detect the possibility of mutational phase
change in corn grass seemed to reveal it, The first and
second ears of & 1line of corn grass apparently homozygous
for the Cg gene were pollinated by a normal inbred, A 158.
The hybrid progenies from the two ears were grown the fol-
lowing year and there were differences reflecting the
differences in the two parental Cg ears from one plant.

The classifications were made on & basis of five types of
terminal inflorescences. Type one wWas completely proliferated
with no functional spikele®s. Type three had a single spike
male region subtended by leaves and one or more sub-tassel
ears. [Type five was normal, at least in regard to the
tassel.

Although the data are still limited, the differences in
tassel types between the progenies of vegetative and nor-
mal ears from & single plant are consistent (Table 1) and
are significant (P = <.01).

N » Table 1 o o
Frequency distributions for hybrid progeny from two types
of corn grass €ars borne on a single rlant.

Tasgsel Types

S
Parental Type 1 2 3 4 2 Totals
Vegetative ear 6 16 16 9 7 o4
Normal ear 0 n 15 17 22 58

W, C. Galinat
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UNIVERSITY OF MINNESOTA
St. Paul, Minn.

1. Chromosome pairing studies.*

The following series of interchanges are being used in
these studies: M-5, T2-6, -6, and a few 71-6 and T5-9.
Almost without exception homologous ends are closely as-
sociated at pachytene in all intercrosses between stocks
of interchanges that involve the sane chromosomes. Inter-
crosses in all possible combinations between the members
of each series have been made to test the applicability

to corn of the intercross method as applied in barley
(Kasha and Burnham, Conad. Jour. Genetics and Cytology

7(4) :620-632) .

; Johr. Stout
* Joseph Neubauer
Ronald L. Phillips
*supported by N.S.F. Gary Stringam
Grant G B 1586. C. R. Burnham

o. Additional notes on the T2-6 interchanges.

po-6 (027-4) has the break in 6 in the nucleolus organizer.
In T2-6e the break in 6 is in the short arm between the
centromere and the organizer. The break in 2 is also in
the short arm.

Cultures of the interchange listed as mo-6 (014-11) show
a chain of 6 chromosomes associated with the nucleolus.

We have been unable to isolate a stock with an association
of only 4 chromosomes.

Ronald L. Phillips
John T. Stout

3, Notes on the T1-5 interchanges.

In the following stocks, one chromosome is probably incor-—
rect: 1-5 (8972), 1-5 (8347), 1-5 (018-5), 1-5 (024-5, 1-5
(43%1), 1-5 (6178), ana 1-5 (48-34-2). The treaks in chromo-
some 5 in 1-5a and 1-5 (6899), based on genetic data, are

in the long arm rather than the short arm.

John Stout

4, Notes on 2 few of the 4-6 interchanges.

Based on cytological examination in homozygous lines, the
following have the break in 6 in the short arm rather than
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in the long arm: 4-6 (8591), 4-6 (025-12), and 4-6 (011-16).
The following have the break in 6 in the long arm as listed:
46 (8428), 4-6 (8927), and 4-6b.

Ronald L. Phillips
R. Bammi

5. Non-homologous pairing in double trisomics in maize.

Double trisomics of many different combinations have been
observed to show very close pairing of non-homologous uni=
valents in pachytene. In every case the ends have been
paired and oné OTr more foldbacks 1s present. In no case
has there been pairing of the centromeres. The configura-
tions indicate that pairing 1s initiated at both ends and
proceeds toward the middle of the chromosomes.

The non-homologous pairing continues into diakinesis and
metaphase. The frequency of paired non-homologous uni-
valents has been determined at diakinesis. Table 1 gives
the combined frequency of the different possible con-
figurations at diakinesis for the different double trisomics
thus far observed.

Table 1
Frequency of figures at diakinesis of double trisomics.

8I1 + 2II1 911 + 1III + 11 1011 + o7 1111 Total

Number 867 qu4 140 63 1514
Per cent 57.3 29.% 9.2 y.2 100

Kenneth Michel

6. Early hybrid with good pachytene spreading.

This double cross hybrid Minn. A.E.S. 101, which has been
carried on by sib crossing for the past 5 or & years, has
given well-spread pachytenes (reported last year in the

News Letter). The four inbred parents, grown last summer,

do not have superior spreading ability. All have several
knobs. The N.D, 203 line has a large terminal knob on the
short arm of 9. The other three lines have a medium or small
terminal knob on 9.

John T. Stout
Jogseph Neubauver
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7. A new character, tinged, in chromosome 10.

A new seedling character from early generation selfs in
the corn breeding program has been tested with a partial
series of interchange lines. The seedlings are pale
green in the tips of the leaves. This past summer the
plants were pale green to maturity. It is closely linked
with T5-10 (5290), but independent of T5-7e; hence it is
probably located in chromosome 10. A test for allelism
with g, is needed.

C. R. Burnham

8. Propionic acid cotton blue stain.

The addition of a drop or so of Watkins cotton blue stain
before adding the cover slip to a preparation of spore
quartets well-stained in propionocarmine was found to
greatly improve the definition of cell walls and the
nucleolar material was easily distinguishable. Also the
spores remain as quartets within the original spore-
mother—cell wall much better. The cotton blue stain used
was from an old bottle in the lab made up many years ago,
and was highly viscous.

A new solution, made up from the formula
given in Gray is:

25¢cc distilled deionized water
25cc glycerin

25 gm. phenol

25cc lactic acid

This was not viscous and did not give the results obtained
with the old stock. 100cc of glycerin were added %o the
formula and, after mixing, the solution was boiled very
slowly until a fourth of the mixture was boiled away. After
cooling, 1 part of stain was mixed with 2 parts of propionic
acid. This solution still is not equal to the old stock

in its ability to stain the cell walls but it does hold the
spore quartets together. Some destaining is possible if
steam heat is used. If the quartets reject destaining,

less propionic cotton blue must be used. On the other

hand if destaining is too drastic, not enough stain has
been used.

Joseph Neubauer

9. An improvement in the aceto-carmine smear technique.

Corn anthers for pachytene, diakinesis or metaphase 1
analysis are removed from the acetic alcohol killer and



gced for 2 few minutes 1n 20% acetic acid before the
regulal staining procedure. The measurable dismeter of the
cells increases by 70 to % Considerable improvement was
noted in the spreading of pachytene chromosomes in sporocytes
that were relatively poor spreaders. Prolonged exposure ‘
o the acebtic acid results in loss of affinity for the stain.
gimilarl but 1ess pronounced effects were noted in barley.
Pre—treatment with -higheT percentages of acetic acid was

petter in some caseS.
Joseph Neubauer

10. Improved propiono carmine stain.

a—

A number of years 8g0 a worker in the radiation genetics
iono carmineé unintentionally

gtention recently, W€

t as follows:

prepared i
00cc. of 14.5% propionic acid

0.5 gm per 1
reflux for 6‘to 8 hrs.

cool and filter

gives much petter results for corn

This stain
prepared by other methods.

than any that we have

Dilution with 45% acid may be necessary if the cytoplasm
is stained to0O heavily, 28 in the tomato.

John T. Stout

er for use with microscope lamp.

11. Variable transform

For a microscope 1amp using @ spotlight 100W, 120V, GLo
% bulb, OT for one that uses a 100W 120V T 8 % bulb, CCl3
filament, we have used & Powerstatb variable autotrans-—

former:

Type S>PF10 inpub 120V, ©0 cycle

output 0-1%0V, 1 amp-
It is manufactured by the Superior Electric CO.» Bristol,
Conn. A 1 % or higher ampere unit would probably b

C.B.Emﬂmm

e better.
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UNIVERSITY OF MISSOURL
Columbia, Missouri

1. Pollination with liquid suspensions.

Paraffin oil and the aqueous pollen germination medium of
Cook and Walden (News Letter 29: 170; Can. J. Bot. 43: 779)
were used to suspend pollen before pollination; both media
allowed successful fertilization. Papraffin oil was best

of the two in seed set; pollen stored in oil as long as
overnight (in the refrigerator) was also successful. Either
medium can include Tween detergent. An emulsion of paraffin
oil-Tween~aqueous medium can also be used. One cc of pol-
len (estimated to contain well over 2 x 10 grains) per 1

to 6 cc of medium was used. Sequential dilution of suspen-
sions with the aqueous medium OT aqueous-Tween decreased
seed sets. 4 manuscript is in preparation.

vEnrichment" should be possible with these media, parallel
to the use of selective agents and conditions in micro-

organisms.

E. H. Coe, dr.
(in collaboration with D. B. Walden
and F. S. Cook, U. of Western
Ontario)

5. TEndosperm 1loSSe€S following exposure to an intermittent
TC electrical field.

Three plants of Ii/g_ggo were used in a test of effects of
exposure to an intermittent DC field, in collaboration with
D. L. Waidelich (Electrical Engineering Dept., U. of Mo.).
The three plants were uniform 1n jdevelopmental stage at the
time of treatment (meiosis to post—meiosis . Plant No. 1
was untreated. Plant No. 3 was exposed in the tassel
region to 30,000 volts DC across a S cm insulated gap
(6,000 volts/cm) for 40 minutes, intermittently and ir-
regularly (1 to 10 min. on, briefly off, 1 to 10 min. on,
etc.). Plant No. 11 was exposed 1O the same 40-minute pat-
tern as No. 3 and then continued for a total of 3.5 hours,
on a regular pattern (1 minute on, briefly off, 1 minute
on, etc.). No adverse effects other than jocalized sear-
ing (connected with corona discharge) were apparent; pol-
len of treated plants appeared to have slightly decreased
fertility.

Pollinations on a sh, were made daily. Fractional losses

of A Sh, were scored; pooled data for all pollination
dates a%e presented in Table l. Judging by Poisson limits,
fractionals were definitely more frequent for treated
males. Further experiments of better design will be needed

to determine whether the effect is real.

g carn criiC S ts R R
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Table 1
Fractional losses of A Sh., following electric-field treat-

tn—————

ments 6% ++/a sh, males.

Fractional category No. A Sh
Male 1/2 1/4 1/8 1/16 1limi?t Total kernels
1 (Control) 1 4 3 8 16 991
z (40 min) 3 3 8 5 19 686
11 (3.5 hr) 5 "/ 3 15 2% 53 1359
Total 5 11 10 26 %6 88 30%6

E. H., Coe, dJr.

UNIVERSITY OF MISSOURI
Columbia, Missouri

and
UNITED STATES DEPARTMENT OF AGRICULTURE

1. Preferential pairing in trisomic plants containing an
irradiaced chromosome.

Pollen from plants with normal chromosomes % containing the
A allele was given 1000 r and used to fertilize standard
f%isome % plants which were homozygous for 2,. The gene
segregation from the resulting trisome 5 pla%ts (A/a/3)
when used as the pollen parent is given in Table 1. Torre-
sponding control data are given in Table 2.

The control data in Table o indicate that the theoretical
ratio of 1 A : 2 a is held to very closely. There is only
one progeny out of twenty-five in which the percentage of
A gametes 1s significantly higher than 3%3.%%, but this may
be expected at the .05% level. The interaction chi square
of 32.7 with 24 degrees of freedom is not significant.

The data are homogeneous.

In the case of the trisomes with an irradiated chromosome,
it is an entirely different situation. Six of the 26
plants had transmission frequencies of A gametes signifi-

cantly lower than 23 %% and six others had rates which
were significantly higher than 33.3%. The former was




ST DI I S e

Table 1
No.A Total x° No.A Total x°
gan, gamet. % A (1:2) gam. gamet. %A (1:2)
1 523 1280 40.85 31.3"* 14 218 650 33,54 0.0
2 207 532 38.91 2,67*% 15, 462 1379 33.50 0.0
3 he2 1201 38,47 14.4%* 16 70% 2110 33,32 0.0
572 1493 38.51 16.5** 17 ou8 746 3% 24 0.0
5 178 465 38.28 5.1* 18 278 852 32.51 0.2
6 345 931 36.84 5.3* 19 233 749 31.10 1.7
7 256 699 36.62 3.4 20 133 431 30.85 1.5
8 262 728 35.99 2.2 21 161 566 28.44 4H,.7*
9 375 1047 35.82 2.8 22 230 824 27.91 10.6**
10 311 1435 35.61 3.4 23 142 766 18.54 75.1**
11 689 1961 325,14 2.9 24 97 566 17.14 67.2%*
12 280 817 34,27 o.4 25 8% 522 15.90 76, 4%*
13 140 410 34,15 0.1 26 30 1101 2.97 464,2**
Table 2
Control
No.A Total , 5 No.é_Total 5
cam. gam. # A X gam. Gam. % A X
1 173 468 36.96 3.7 14 279 831 3%.57 0.0
2 171 467 36.62 2.2 15 135 405 33.%5 0.0
3 344 o4% 36.48 4.3%* 16 137 416 22.9% 0.0
4 176 u84 36.%6 2.1 17 220 673 32.69 0.1
5 527 1485 35.49 3.1 18 531 1641 32.%6 0.7
6 556 1581 35.17 2.4 19 196 607 32.29 0.3
7 967 2765 34.97 3.5 20 202 631 32,01 0.5
8 265 765 34,64 0.6 21 390 1229 31.7% 1.5
9 463 1338 34,60 1.0 52 286 932 30.69 3.0
10 481 1401 34,35 0.6 2% 167 546 20.59 1.9
11 296 865 34,22 0.5 oy 162 540 20,00 2.7
12 311 o1l 34,14 0.5 25 180 602 29.90 3.5
13 288 851 3%, 84 0.1 Total 7903% 23577 33,81 2.4
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expected, but the latter was not, since there was no in-
dication of "negative preferential pairing" when In 52
chromosomes WeEIe used in an earlier experiment. The term,
megative preferential pairing," may not be & good one.

It is possible that the pairing ig still preferential and
that the tacit assumption that nghe greater the structural
homology between two chromosomes is, the greater is thelr
pairing affinity at meiosis" needs to be examined criti-
cally. It has been observed that synapsis in hybrids 18
often more regular than in the parental inbreds. One ex-
planation is that this is merely an expression of the
greater physiological efficiency of the hybrid. However,
1t is possible if the following hypothesis has any merit
that certain structural differences may enhance the pair-
ing affinity of chromosomes.

Let us consider ghe spatial orientation of two homologous
chromosomes prior to synapsis, i.e., at the leptotene
stage of meiosis. To perhaps oversimplify the matter,
they will either be 1n reverse or non-reverse position in
regard to order of their pairing code units. See figures
1 and 2.

ABCDETF GHI ABCDE FGHI
IHGFED C BA ABCDE reol
Fig. 1 rig. 2
Reverse Orientation Non-reverse Orientation

It may be easily imagined that the jnitiation of synapsis

in the reverse orientation might be very difficult; one of
the chromosomes OT part of one would have %O be rotated 180°.
1f, however, & small inversion has been induced as is shown
in Fig. % and Fig. 4, then pairing could take place with
less difficulty when the chromosomes are in the reverse
orientation. AS the chromosomes slither past ecach in their
random movements, the directionally homoilCcgous segments
could make the initial contact and facilitate synapsis along
the rest of the chromosome. A small inversion would no¥®
seriously hampeT synapsis when the chromosomes Were in the
non-reverse orientation.

ABDCEF GHI A BDCEF G HI
B e WO g
IHGFEDC B A ITHEGFED C BA
(-,, v -
Fig. 2 Pig. %
No cascs of pepgatbive prefercnbial pairinn” wore found when

1n %a chromosomes were irradiated. This 1is probably be-
cause an inversion 1is already present and the chromosomes
do not need help 1n pairing in the reverse orientation.
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ADY adgditional jnversions gould not help much and would

hampeX pairing i1 the non-reverse orientation.

Some derivatives of the jrradiated in 2 chromosomes from
the original experiment have been reintroduced into trisomic
plants and the amount of preferential pairing has been
redetermined. This was done by baking plants grown from
colored (A) kernels from The testcross, a/a ¥ A/a/a, and
orossing them %O the standard trisome 3 stock (g]g]gT and
crossing the resulting trisomes &S the pollen parent to

the g/g tester. The results are given in Table 3.

In the firs® case in Table 3, the A locus has probably
crossed over onto & normal chromosome. The chi square
tests for & fit to a 1 A 2 a ratio. It 18 significantly
higher than 33.%% A. Perhaps & chromosome aberration which

now causes negative preferential pairing has been retained.

Table 5
_Derived Ho. of Potal 5.1
Original _fipi.come A ganetes % I (X)°
% A . case # cameles

17.1) 1 354 90L 56,90

15.65 2 58 369 15.72

18,14 % 6% 063 1%.60

i 81 43 10.90

5 46 B4 10.29

6 115 1072 10.7%

Vi 140 906 15.45

8 269 2277 11.81

9 360 2402 15.00

11.54 10 16l 1057 15.2%

11 121 830 14.58

12 142 693 20.49

12.56€ 1% 107 886 12.08

10.2% 14 121 830 14.58

15 N2 375 11.20

16 192 314 2%.58

17 151 2000 7.55

18 147 674 21.81

19 9% 748 12.4%

20 42 347 1.2.10

1 See text for explanation of chi square tests

T e e ¢
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In the cases 5 - 11, 1% - 15, 17, 19, and 50 the chl square

« s

for a correspondence between the original transmission
20 the rate has been unaffected. The other cases 3 - 11,

14, and 17 show & shift in the amount of preferential pair-
ing, possibly due to the 1oss of positively or negatively act~-
ing aberrations by crossing over.

In cases 12 16, and 18, the amount of preferential pairing
has reverted to that expected from in %a alone (22% A),
again probably by crossing over.

Unfortunately the data are too limited to make any sweeping

conclusions. It is apparent that the lTevel of pairing

affinity 1s heritable and that 1% would be possible to map
!

the location of these ngynaptic mutations.‘

Another method of detecting preferential pairing has been
devised and tested. Pollen from EE/WX plants was given
1000 r and used to fertilize trisome plants which were
homozygous for Wx. The pollen from the resulting zrisomic
plants (E;/Wx/ﬁzj is stained with ijodine and is scored for
Wx and ﬂi.'—The results of this experiment are given in
Table 4.

Table &
Control irradiated

No. wx  toval —— 5. ux Total 5 —

pametes gametes % vxX gametes gametes % wx X (E§f25.22)
1l 182 708 29.71 S 146 681 21 .44 1.2
2 182 731 24,90 7 128 656 19.%1 4,9%*
% 158 egy  2%.10 8 114 635 17.92 9.6**
4 144 654 22.02 9 11¢ 676 17.60 12.0*
5 129 646 19.97 10 109 6el 17.55 11.1*
Total 795 3425 03,22 11 106 652 16.26 17.4%*
inter. z© = 8.23 (not sig.)12 a8 605 1454 2L.5%*

As may be seen in Table & the average frequency of wxX pollen
in the five control trigomes Was 23.22%. The interaction chi
square was only 8.23 with 4 degrees of freedom, SO the data
are homogeneous. Testing the frequency of WX pollen in the
trisome 9 plants which received an irradiated WX chromosome
against_the value of 0% 22% it was found that si¥ out of
seven plants gave an indication of preferential pairing.
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The advantages ci this method may beE rendily apparent. 1t
ig possible to cxamine & hundred trousarnd pollen grains or
more if necessary and thus it 18 possivie Lo detect very
small differences in the level of prefcrential pairing.

Also it is feasible to look for rare€ spontaneous changes

in chromosome structure affecting chromosome pairing with-
out having to plant an acre of tester plants. One possi-
bility, which now can be tested easily, results from non-
homologous pairing of a univalent (the palring with itself)
in a trisomé. Crossing over i this non—homologously paired

region would lead to the formation of an inversion.

G. G. Doyle

NATIONAL INSTITUTE OF AGRIOULTURAL SCIENCES
Hiratsuka, Kanagawa, Japan
Division of Genetics

1. Japanese local races of maize resistant 190 the virus
Jisease, corn stunt. .

Four virus diseases are known Lo occurl in maize under

natural conditions. Stunt disease sransmitted by the smaller
brown planthopper Delphaiodey striatelld Failén, is the

mosv harmful one in Japanese malze production. A great deal
of damage bY virus disease is done Lo malse cultgvagion in
the southern district of Japan, especially in Kyushu.

Over a period of 2 years many variebies were rested for re-
sistance to stunt disease at the MiyakonozyS Sub-station

of the Miyazaki Agricultural Experiment Station, Miyazaki
Prefecture. Seventy materials (48 Japanese local TacesS,

17 varieties introduced from foreign countries, and H recom-
mended hybrids) were tested in 1965. The results showed
that all bub 2 Jjapanese TaceS, Kamigane-1 and Suyame-inno—l,
nad high susceptibility bto this aisease. Frequency (%) of
diseased plants and indeX of susceptibility* was over 50%
and 1.70 respectively. However, Kamigane-1 showed only 13.5%
and 0.42, and Suyama-inno-1 showed 24.4% and 0.65 respec-
tively.

In 19064, two nundred eighteen races (151 Japanes® 1ocal races
and 67 races collected from forelgn countries, of which 17
were from Thailand), were tested. It is said that mos® of
the Thailand races originated from the progenics of Guatemala
Golden Yellow Flint Hybrid. All but some Thailand and the 2
Japanese races mentioned above had low resistance to the
disease, showing similar values regarding susceptibility as
the test in 196%. The yalues in someé Thaijland Taces varied
from 9.4% to 45,2% and 0.3 to l.4. The values of Kamigane-1
were 12.5% and 0.%, and those of Suyama—inno-l were 6.5% and

n 1 respectively.

==
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From the results of the p-year test 1t was concluded that
both Kamigane-1 and Suyama-inno-1 were resistant to the corn

stunt disease and useful

materials for maize breeding in

Japan. These two races were collected from the environs
of Mt. Fuji by our institute in 19541 (cf. Maize Genetics
Cooperation News Letter 32, 1958).

*Index of susceptibility: Four numerical values (v), O,
2, 4, and 6, are given to diseased plants corresponding to
degrees from light to heavy damage, and the number of
plants (n) belonging to each grade are counted. Index of
susceptibility 1is obtained from Snv

ToTal number of plants

K. Murakami
S. Soejima

NORTH CAROLINA STATE UNIVERSITY
Raleigh, North Carolina

1. Considerations in the use of double ceduction in

autotetraploids for mapping.

The coefficient of double reduction, &< , has been used in

estimating crossing-over

between a gene and centromere in

autotetraploid maize (Catcheside, lleredity 10:205-218,
1956). In this case, X was stated to be dependent upon
the coefficients: (1) the amount of crossing-over (c)
between centromere and the locus; (2) the frequency (q) of

%uadrivalent formation;

(3) the frequency (p) of adjacent

or parallel) disjunction of quadrivalents; and (4) the

frequency (d) with which
guadrivalent results in
paired chromosome arms.
the formula - = cgpd, si
the necessary disjunctio
of meiosis is offset by
crossover in each cell.

adjacent disjunction of the
nondisjunction of the genes in
These parameters are related by
nce the half chance of having
nal arrangement at division Il
the double chance of the necessary
Crossing-over between gene and

centromere can then be determined by solving the above

formula for c, ¢ = e,
apd

relationship between

This formula implies & direct
recombination and double reduction.

Unfortunately, this is not entirely true. For example, the
occurrence of a four-strand double CcTrossover involving two
of four chromosomes ylelds strands which are designated
here as pseudo—homostrands.
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™ 1 i 2
(E;y— >< \yéi-l (E/z: 5 pseudo—homostrand
(é:z:_ / EL i (EZ:[: 1 pseudo—homostrand

—_
<§:y— Z <€:i— 2 homostrand

s ™ I
(E:jﬁ' N m 5_' homostrand
4

If the centromeres Were marked, the pseudo—homostrands would
be scored as recombinan® strands. However, the CcTOSSOVeIrS
have placed the telomere portion of sister chromatids (i.e.
5_2 and 1-1) on the same centromere. Mis, of course, PTe”
cludes double reduction, since at second division they must
separate t0 different gametes. Multiple CTOSSOVEersS, other
than four-strand doubles, can also give rise o pseudo-
strands. Since recombinants can occur which actually preé-
vent double reduction, crossing-over between a gene and
centromere determined from double—reduction values will be
underestimated.

A second point should be made. When recombination js esti-
mated from autotetraploid data, it 1is not directly compar-
able with diploid estimates (Sved, Heredity 19:585-596, 1064).
For instance, the upper 1imit of recombination in autotetra-
ploids is 75% while 1%t is only 50% in diploids. Therefore,
if methods were available with autotetraploids for deter—
mining recombination distances between centromeres and
gEenes, these values would need appropriate corrections to

be comparable with diploid values.

Charles S. Levings III

ORISSA UNIVERSITY OF AGRICULTURE & PECHNOLOGY
Bhubaneswal, India
Department of Botany, College of Agriculture

1. Neocentromeres as metaphaSe 1 chromosome markers.

Analysis of the meiotic pehavior of specific chromosSOmes
has been mostly confined to pachynemna, though attempts
have been occasionally made tO extend the analysis to

early diakinesis (for example, Miller 1960: IMNL 34),
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obviously, the reason is lack of suitable 1andmarks which
can differentiate between chromosomes. Centromeres,
heterochromatic knobs, and the chromomere pattern, which
so well characterize pachytene chromosomes are of little
value as chromosome markers in metaphase 1 and subsequent
stages.

The significant observation that neocentric activity is
jnduced ab knob sites in the presence of abnormal chromo-
some 10 (Rhoades, 1952) appears o provide 2 clue to over-
come this difficulty. 17 all knobs, irrespective of their

osition in specific chromosomes are capable of inducing
detectable neocentric activity, it may pe possible to know
the number of knobs present in the genone by counting the
nunber of neocentromeres. On this assumption, if specific
chromosomes are suitably marked with varying number of
knobs, it should be possible to identify particular chromo-
somes at metaphase I as well as metaphase II.

Before trying to use neocentromeres as meiotic metaphase
markers in the manner now suggested., it is necessary to
test the assumption made above that all knob sites show
detectable neocentric activity in the presence of abnormal
chromosome 10. At least two important aspects of this
problem can be recognized. (1) Under some conditions;,
there may be competition between knob sites, particularly
if knobs of different s12€S and/or physiological states
are present in the same chromosome OF chromosomal arm.

(2) It is important to know the extent of variability in
neocentric activity at any knob position duve to intrinsic
and external factors. oSites showing constancy in behavior
should be useful as markers.

Even assuming constancy in neccentric expression and ab-
sence of any competition, rot more than 3-4 chromosomes
out of the ten present in the maizeé genome can be identi-
fied at metaphase 1 or 1I, since the same number of knobs
cannot be employed to distinguish morc than one chromo-
some of the complement. Further, if more than two knobs
and hence neocentromeres are used to mark & chromosome,
difficulty may be encountered due to overlapping or crowd-
ing of the chromosomal fibers at the neocentromeres.
5. K. Sinha

2. A note on the possible use of neocentric activity @S
an addigional trait for characterizing knoo sites and
maize races.

The heterochromatic xnobs, whenever present in maize races,
are valuable aids fer the characterization and igentifica-
tion of maize raceés. Usually observations are taken on
the position and the size of the knob. Maize cytologists

have tried %O evaluate the activity of knob-formlng positions
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by grading the knobs according to Lheir Sizeé. flowever, 19
has beel Telt that tguch an evaluatiol is not entirely satis-
factory due to the personal clement that is jnvolved’
(Longley and Kato, 1965: Chromosome Morphology of Certain
Races of Maize in Latin America). Besides the subjechbive
gifficulty in grading, an important jgefect may arise in

case there is no correlation petween s1Z€ and activily-

In fact, 1P may be visualized that two kxnobs of exactly the
same size My possess aifferent physiological activity and
similarly, the total activity of knobs ip one race may be
entirely different from that of a second race, having the
same number of knobs in exactly the same positions in corre-
sponding chromosomes. From these considerations it appears
necessary o measure Some form of physiological activitys
which may be independent of size and can beé easily estimated
with a fair degree of precision. Thus an additional trait
would be€ provided for characterizing these chromosome markers
and consequently the maize races.

The neocentric activity, elicited py the abnormal chromo-
some 10, and possibly other abnormal chromosomes 1ike Ab.

> and Ab. 9> reported recently DY Longley and Kato (1965)
may be considered as one kind of physiological activity ab
a knob site. Tor the purely gaxonomic purpose of delineat-
ing maize races, it would no® matter whether and to what
extent this sctivity 18 @ property of the site itself or
the result of jnteraction of the site with the rest of the
chromosomal material besides the inducer, 1.©- +he extra

heterochromatic piesce in the abnormal chromosome.

since the method of estimation is important, one must 100k
for the stag® of meiosis where this cstimation can be
undertaken with ease and accuracye. Metaphase 11 appears

to be the right stage for such analysis, since precocious
activity at the neocentromeres results 1n sufficient stretch-
ing of the chromatids, so as to permi® easy measurement
without the risk of the personal element. The total iength
of the stretched chromatid segments cat pe Laken as @

measure of the degree of neocentric activity. For estimat-
ing the total knobD activity within the meiocyte, the fol-
lowing procedure may be adopted. The maize race to be
studied may be crossed with & standard homozygous line,
carrying abnormal 10, bub few knobs. From the total activity
of this hybrid material, nalf of the activity in the

standard 1ine may Dbe€ deducted, and next this difference may
be multiplied by two. The logic of this procedure is fair-
1y simple. By suitably marking the chromosomes with vary-
ing number of knobs, it should be possible to identify
specific chromosomes as discussed earlier and thus the
activity at particular mob sites c3n possibly be estimated.

s, K. Sinha
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The relation of heterozygoszty jge] environmental vari-

ation with Tererence %90 some cecdling Traiits in maize€.

It is now generally believed that developmental nomeostasis
with respectl to many characters 18 associated with hetero-
zygosity, particularly in the cross—fertilized species. To
ctate in simple Lerms, the phenctyplc (=environmental) vari-
ance of intreds ig greater than that of nybrids. Recent
investigations in several organisms indicate that this may
not hold good for all characters. WJith respect o certain
traits it has peen observed that the variance 1n nybrids is
greater than the variance in inbreds. Attempts have bheen

i erms of the pature of

e

made to explain this anomaly 1l L
variation, 1.€-. whetner it is deveicpmental or aue to adap-~
tive responcse. As suggested hy Fa coner (1960), develop—
mental variation, which may be ak xpression of the degree

of buffering oOr canalization of defelopment, would be €X-
pected %o te maximam in inbreds and minimam in hybrids. On
the contrary, sariaticn due to adaptive r&sponse, which may
pe associated with the greater rfitness ci hybrids, should

be high in hybrids pat low in inoreds. 1f this argument

is generally vaiid, a clue ic provided for knowing the nature
of the environmental variation 1 aifferent characters by
observing the gifference in the degree of variation between
inbreds and hybrids.

[ -

i

-

o

Starting with thie premise, W€ have underivacen a study of
the difference in environmental sariation in inbreds anc
hybrids with respect TC seedling 28 well &s
traits. The preiiminary gata on 2 few seadllin

us to the following gentative inferences: (1) In the case
of a few characters 1ike mesocotyl lergth, € ieoptile leagth
and the number of seminal roots, bthe environmental variance
is greater in the inbreds than in the hybrid. According

to the view expressed Y Falconer (19€0) and others, the
variation in inbreds with respect LO these characters mnay

be of a developmental nature, provably raprising from ac—
cidents of development'. Heterozymocilty wouid read to
developmental homeostasis of thess characters. (2) In
another group of characters she variance in the hybrid
is strikingly more than that in vhe inbred parents
greater capiance in the hybric canl presumably pe ascribed
to the tadaptive regponses’ of characiers such 885 radicle
length, the average lengtn of

average number of vascular S

Perhaps, there ig a vthird categoly onf characters, ¢e.g. the
aumber of vascular etprands of the radicle, in which not
much difference can e observed tetween inbreds acd the
hybrid.

traits, (2) certain aspec ¢ onromosonal beravior like
synapsis, aniasma frequencty Ailvicion synchroiy, (%3
variation in pucleolus and (i) poilen grain variaticn.

We are further sxbending this study bo (1) other sesdlirng
v :
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It is hoped that such 2 study will yield more jnformation on
the nature of variation in these traits and 3lso help us to
select additional traits for 2 thorocugh characterization of
inbred lines. Further, this study has an important pearing
on the problem of choice of material (inbreds oT hybrids)

for experimental studies, especially for evaluating the
effect of different factors on growth and development includ-
ing the neiolic evenbs. Thin point will Dbe elaborabted
elsewhere. o '

g. K. Sinha
A. P. Rao

THE PENNSYLVANIA STATE UNIVERSITY
University Park, Pennsylvania
Buckhout iaboratory

1. Photoresporse of albescent mailze.

Wrapping the pases of stems of young, field-grovn g;/g;_plants
with aluminum foil proved useful in prolonging the period
during which green tissue was produced. Plants with the
typical albescent toDp reverted tO the production of green
foliage after & 15-cm 1ength of aluminumn foil was cecured Lo
shade the bases of such plants. Following treatment, the
greening response Was evident within 48 hours in the tlssue
just emerging from the leaf rolls. Most responsive to the
treatment were those albescen® plants which had produced

the most gresh fissue in the lower leaves. This technigue
should be of use whenever g;/g; pollen ;s required; treated
early, albescent plants would probably produce enough greer
foliage to sustain & moderate seed seble.

Green tissu€ produced on g;/gl piants appeared ip thin-layer
chromatographic separations 0 have carotenoid and chlorophyll
complements similar to those of +/al foliage. I1luminated
g;/al seedlings also contained & componen’t in the white tissue
=TT an absorpbion peak near BAOxwu,tentatively identified &s
phytofluene. Dark-grown al/al and +/al seedlings contained
imilar amounts of protocﬁlorophyllT'_ﬁark or brightly illumi-
nated albescent seedlings failed to deveiop & content of
carotenoids equivalent to that of neterozygotes. On the,
other hand, 1in dim light, somewhere below 0,06 m watt/cm’,
total pigment content of g&/al geedlings approached that of
heterozygotes. Red or blue Tight under higher intensity
jllumination appeared to be mosT effective in preventing pig-
ment accumulation whereas a green cellophane filter allowed
moderate pigment formation. I seedlings 28S in field-grown




623

11

4 H

0
n o
®

!
m

Qmi-

121

lants, shading of the apical meristen enhanced development
of photosynthetic tissue.

These observations suggest that albescent plants can produce
functional photosynthetic tissue DY means 0% & light—requiring
pathway. Inhibition of greening by red Or plue light would
seem tO correspond to photodestruction of Drotochlorophyll in
the absence of gufficient carotenoids. Transverse green ands
found ab fimes on field-growll albescent plants are apparently
produced when the apical meristen is below the soil gurface
with the emerged foliage acting as & light filter. There 18

a striking parallel netween albescent responsSes notbed here

and the 1ight requirement for carotenoid formaticn in
Neurospora reported by Zalokar (Arch. riochem. and Biophys.

56: 318-325. 1955) -

Carol ggnder
William D, Bell

THE PENNSYLVANIA STATE UNIVERSITY
University Park, Pennsylvania
Department of Pian% Patbaology

1. Genetlcs cf resistance ro Maizg Dwari Moealc VirusSe.

The inbred Pa. 1l has exhibited & high degree eof resistance,
but not jmmunity. C the Onhio Type gtrain OFf #.D.M.V. 1n

both greenhouse and field trials. Repsated jnocalations of
Pa. D (susceptible) « Pa. 11 nave failed O produce SympLomS «
Phe virus has not been recovered epom this gingle ~voss after
repeated jinoculations.

of 988 seedlings of the single crossS selfed, following two
inoculaticns: 659 were symptomlesss the remaining 229 were
infected. 0f tke infected, o showed gymptoms as broad
bands (tolerant) put these were clagsified 29 susceptible.
No distinction in symphtom severity of the other 205 suscep-
tibles waS opserved. The X“ probability cor a 21 segregad—

tion is U- 5.

Pa. 32 shows resistance to M.D.M.V. in the seedling stage
ond in the field wntil anthesis. b, sas/(Pa. D4 X Pa. 11)
(Pa. 32 X Pa. 35 susc.)/ was selfed and the Sy seedlings
were inoculated to devermine if the genetics of registance

of Pa. %2 W3S similar in expression to that of Pa. 1l.

g16 seedling?s were classified for reaction to M.D.M.V. &S
follows: 362 symptomleesg 170 mildly infected: 220 moderate-
1y jnfected, 30 severe and 30 showed gymap LOms as broad pands.
No simple segregation ratics conld be Fitted O ghe daté.
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}

Restorer Partially Fully

Source Sterile Fertile Fertile g "E"
(No.) (No. ) (No. ) (No. )
B 19 18 ¢ 19:18
G 25 17 C 25:17
L 17 14 6 17:20
M 2% 16 1 2%:17
WG? 11 % 13 11:21
Total 95 :94

Chi square tests show 1O significant differences from the
ratio 1 sterile: 1 nfertile" for the jndividual restorer
gources, nor for the pooled data, and the interaction chi
square 1s not significant. Nevertheless the WG3 gene
clearly has more restoration power than any of the other
four genes.

Donald N. puvick

UNIVERSITY OF PRETORIA
Pretoria, Republic of South Africa
Departments of Genetics and Biochemisvry

1. DNA from maize with B—chromoSomes.

Heterochromatin, that 1S, chromosome material showing
heteropycnosis, has beel reported to differ from euchromatin
in coiling cycle, time of DNA replication and turnover of
DNA as well as 1D content of jdentifiable cligogenes. Tne
sugpestion has been nade (e.8. Herskowilz, Genetics, P- 371)
that heterochromatin might differ from cuchromatin in the
base composition of its DNA. An jnvestigation of this
possibility was made ©Y comparing pase ratios of DNA preé-
pared from LwoO 1ines of Plack Mexican asweet Corn isogenic
with the exception that one contained & yariable number of
largely hcterochromatic B-chromosomnes in addition to the

20 A-chromosomes.

DNA was cxtracted from the endospern of kerncls in the milk
stage of adevelopment. The yield of DA fronm the P-cnromosome
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1ine was 60% higheT ghan thab of t©he normal 1ine a1 though
cytological determinations spowed the averape pumber of B-
chromosomes present to be only 2 PpEer naploid cet of A-
chromoSOomes. Using the pachytene 1engths given by Rnoades
and assuming that & R-chromosomne is apbout the length of the
10 chromosone one can Se€€ that & chromosome of this size
would contribute only aboub 2% of the total length of a
naploid set of chromoscmes. 1f all the extra DNA in the
B-chromosone 1ine comes from the B-chromosomes and if they
contributed an amount of DNA per uni® jength equivalent to
that of the A—chromosomes, more than 8 B-chromosomes per
naploid set would be required UO make up the extra 60% of
ONA. LU must be concluded then, rhat the B—chromosomes
contain on the average: 4 times a8 much DNA peY unit leng L
as the A—chromosomcs. '

the yield of DNA for the normal Black Mexlcanl 1ine was VeIJ
gimilar go that obtained for & white dent commercial inbred

Base ratios of the DNAs were determined by paper chromatography
and by theé bromination reaction. A summary cf the results 1S

Table L
Purine and pyrimidine constituents of DWA-Na of three lines
of maize.

adenine * thymine guanine + cytosine +
5—methyl cytosine

-

Kohr )
i Commercial white 56 Ly
i dent inbred

Black Mexican
gyeet Corn without 45 55
B—chromosomes

Black Mexican
Sweet Corn with 30 70
B—chromosomes

st ———

1t can D€ seen from table 1 that the B-chromosSome line con-
tains 15% more ¢-G base pairs than does ©he normal Black
Mexican line. 1§ the extra 60% of DRA presumably contributed
by the B—chromosomes is composed largely ©T entirely of GC-G
pases, theé alteration in base ratios expected is very close
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to that actually observed. 1t would seem then, that DNA
from the heterochromatic B-chromosomes of maize 15 made up
largely or entirely of C-G base pairs.

An unexpected result was the difference in base ratios be-
tween the normal Black Mexican line and a white dent com-
mercial inbred which 1s typical of all the maize for which
pase ratios have been determined in this laboratory. It
has been assumed generally that normal individuals of the
same species show about the same DaSe€ ratios in their DNA.
Our results indicate that this is not necessarily tru€ for
maize. Further studies are being endertaken te investigate
this aspect ¢f the problem.

N. van Sehaldk
Dapt., oF Genetics

M. .J. Pitcoud
Dept. of Riochemistry

2. Transmission of the P liccus and Modulators in reciprccal
crosses.

Reciprocal crosses were made betwsen z1 plants heterozygous
for light variegated (prr Mp + transposed—ﬂp) and a white
commercial inbred line (PWW, no Mp) in order to study the
transmission of the P 1lccus and Teodulatore through male and
female gametes. The 1ight variegateds ased were all from
families which had shown cloce linkage netween the P locus
and the transposed—Modulator iy previous generations.

Three comparisons were made for cach pairv of reciprocal
crosses:
1. number o? colorless & s to ¢
determine if the transplssion
itaelf was normal

4

olored ears £o
of the P locus

. . - 1 .

2. number of medivm vapiegated carc (r MQ) to light
variegated ears (gf‘ﬂr . tr-Mp) Lo compare the
transmissicn of the transposed—ﬂodulator shrough
maie and female

%, pumbesl of red e&ars
compare the trant
jocus through mal

b=t 00
(¢
w5
) b
[
b
=
o
‘-1
L]

Phe results of the recipreeal Aposses WeIe compared for gach
of the three comparisons by means of X-tests for s x 2
contingency tables. In cases where cither the Gﬁpected
values or the totals were toc small O vae Lthe ye-tpest, the
probability was computed directliy.

Phe resulbs QL€ gummarized in babla L.
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Table 1
No. of reciprocal cT0SSeS giving
Com- Significantly aifferent
parison fransmission through & & *] Not sig. different

colored to

colorless 4 28

medium O

light var. 1 30

red to

variegabed 5 26

In all cases & cross showing & gifferent & and % trans-
mission for one characteristic did not show & significant

deviation for the other two compar

The abnormality of trT
In each of th
fransmitted
was the rale parent.
gametophytic lethal
families.

c

The most striking
crosses was the aif
Tive of the 31 plant
(E’<.05) more Te
male parent. The 26

ly different proporti
a highly significant
1umped together.

at the P locus is
or crossing oVver
gametes than in

transposed-ﬂg pr
plants did not show
ability. 1o only one
cant aifference betwe
variegated ears in
case, the tr-lp was c
the female gamete
plant was used as
that in this sing
in the male tissu
Mp's at the T

S

the C

le ¢C

e 4 signi
at & much

gifference
ference in the

s when the variegated

in the tissues giving rise
esent in
a corresp
the reciprocal crosses

s but independent of
male parent.

e thus behaving in t

isons.

ansmission of the E?r gene 18 puzzling.
ficant cases, the color gene was
1ower frequency when the variegated
I+ may be that there is a male

1osely linked %O the DXL gene in these

—

that appear
proportion of red ears.
e significantly
ant was used as
es which did not give significant—
ons of red €ars i i showed
jifference in the same i
ms ©O jndicate that the Modulator
to undergo gransposition and

i i to the male

he
gated

tested

cross

orresponding female tissues.
i light varie
ease in transpos”
of the 21 plants was there & signifi-
en the proportion of medium and light
. In this one
P when passed through
T when the variegated
interesting to note
jtion of Mp occurred
he same way &5 the

losely 1inked to

It is

ase the transpos

N. van Schaik
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PUNJAB AGRICULTURAL UNIVERSITY
Tudhiana., India
Department of Plént Breéding

1. Reaction of monogenic resistance of Lady Fingel pPOP-
cofn to_the natural ThTection Of Helminthosporigg
Turcicum observed in Talu valley, india.

Northern leaf plight disease of maize caused by Helminthosporium
furcicum Pass. (Trichometas naeria turcica Luttrel) is the

most severe 1eaf disease 1B The Diily Tracts of Punjab and
Himachal Pradesh and according TO Mitra it was first observed

in India (Bihar) in 1907.

In a bid to control the damage caused LY Helminthosporium
burcicum to the maize crop in the Sub-Himalayan Tracts of
Tunjab 2 backcross program to incorporate the high degree€ of
resistance of Lady FingeT popcorn in the adapted paize stocks
was started in 1964. The seeds of Lady Finger popcori were
obtained from pr. Hooker of University of I1linois. The
material was for the first time planted in Kulu Valley, India
in the monsoon season of 1965. The observations made indi-
cated high susceptibility of Lady Fingerl popcorn to the
natural infection of Helminthosporium turcicum in this tract.
The lesions ol the leaves were dark brown and quite large

with an averageé size of 5" X 1B, The lesion type ig clearly
distinct from the one described by Dr. HookeT for this genotype.
The aifferential response cf the variety in this region indi-
cates the presence of a race compieX of the pathogen which
carries the riecessary genetlcC complement for virulence on this
particular stock. The differential reaction of Lady Finger
popcorn to the Helminthos}orium turcicun isolates used by

Dr. Hooker and the natura% Thfection ab Kulu Valley, India
could be important from the point of genetic and physiologi-
cal studies and the variety may serve &8s & useful differential
for classifying the virulencée of the pathogen complexes

found in different® geographical regions.

D. Sharme
5. S. Aujla
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PURDUE UNIVERSITY

Tafayette, Indiana
Department of Agronomy

1. EEW endosperm mutant tentatively designated opaque-4.

An opaque phenotype endosperm nutant has been jgolated from
an "exotic" composite. Negative allele tests have been ob-
tained with du, h, bty bt 297 (<1 and ae. Also, it does
not show the fioutry p%enotzpe osage effect. Analyses‘show
that it 1is normal in amylose 1level and 1n lysine content.

Paul L. Crane

5. 1Induced mutation rates produced by treatments with four
alkylating agents to the proembryo of Zea mays L.

The study reported here involves the use of seedling marker
genes Ig and Gl, at positions 11 and 50 1n the short arm
of chromosome ?‘gnd g, at position 7 in the short arm of
chromosome 9 as & syst%m of testing and comparing the
mutageniclity of ethyl methanesulfonate (EMS), diethyl suf-
fate (DES), ethylenimine (EI), and diepoxybutane

zreatments applied to the proembroyos of maize.

Homozygous 1& glos Igs C Shy Bz Wx female stocks were crossed
with homozygous LE_ Gls, 8> & Sy 22 .=

proembryos 24 and LB hours gfter %ollination were treated

with 20 ml solutions of one€ of the four alkylating agents.

The treatment concentrations for each of the agents were as
follows: EMS-0.2, 0.1, and 0.01653M; DES-.045M; EI-0.2,

0.1, and 0.05M; and DEB-0.01, 0.005, and 0.0025M. As &
control, deionized glass—distilled water was used.

solutions were freshly prepared in deionized glass—distilled

ly to allow one TO wrap absorbent cotton around the ear.

The ear shools were soaked with the sreatment solutions and
covered with a bag. The cotton swab was allowed toO remaln
for 2 hours and then 1t wasS removed. The ear was thoroughly
washed with deionized glass-distilled H,O, the husks were
closed back around the ear and held by %ubber bands and the
ear was covered with a bag.

The mature ears were scored for genetic 1osses of partial
and whole endosperm and seedling markers and are shown in
table 1. This communication reports only the results of

the pooled genetic 1osses of seedling markers. The mutant
phenotypes were scored in seedling material from the firs®
through the sixth leaf stage. lany seedling mutation events
were also scored as Vvery minute streaks of recessive tissure
in addition tO those partial events which were 1/2, 1/%,
1/8, 1/16th part of the seedling leaf.




w .

129

Pooled seedling mutation rates followlng treatment of mailze
zygotes and proembryos o5 and 48 hours after pollination by
EMS, DES, £I and DEB.

Age of
zygote
or .. a
Treat- Chemical proembryo No. of Total Limits—
ment conc. (M at seed- mutation .05
No. treatment 11nGS rate % level
(nrs.)
1 EMS 0.2 2u 280 e/ 23.27-32.37
2 EMS 0.2 43 72 28* 18.06-39.62
% EMS O.1 24 1100 25* 22 .2%=-27.37
4 EMS 0.1 48 756 1%* 10.47-15.56
5 EMS 0.01655 24 1685 5* 3.57- 5.02
6 EMS 0.01655 48 561 7* 6.07- 8.98
7 DEB 0.01 24 220 10* 6.40-14.75
8 DEB 0.01 48 77 6 o.14-14.56
9 DEB 0.005 24 246 7* u,40-11.00
10 DEB 0.005 48 191 5 2,54- 9.41
11 DEBR 0.0025 24 450 5* 3, 46— 7.84
12 DEB 0.0025 48 167 5 5.,49-10.00
1% D—H2O - 24 2738 ) 2.13- 3.38
14 D—H2O - 48 697 4 o, 46— 5.42
15 DES 0.045 24 691 10* 7.48—11.99
16 DES 0.045 48 275 o 5.69—12.70
17 EI 0.2 24 588 6* 4.19- 8.19
18 EI 0.2 48 1%% 10 5.74—16.68
19 EI 0.1 24 861 2 1.52- 3.71
20 EI 0.1 48 217 5 2.56- 8.88
21 EI 0.05 24 315 0 0- 1.17
22 EI 0.05 48 50 0 0- 7.%8
a/ Calculated according to Stevens, 1942.
z/ Mutation rate exceeds respective aged control at .05 level
of significance.
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Bnohyl meuhunesulfonatc produced the greatcst seedling muta-
tion yleld (P8%). The 0.2H EMS solutions applied O both
o) and /18 houl o0ld proembryos yielded 7 to 9 yimes thelr
respective D-I,0 controls and about 5 times the treatments
which gave the“highest rate of loss of genetic markers in
each of the DES, BI, and DEB chemical treatments. The lat-
ter treatments were 2 to 3 times greater in mutation yield
than their respective controls. A1l of the EMS and DES
greatments were significantly better than control when
applied to both 24 and 48 hour old proembryos. However,
the DEB solutions at all concentrations used were only
significantly greater than control when applied to the 24
hour old proembryos. The 0.2M solution was the only EI
treatment which was significantly greater than control.
With the exception of the 0.1M EMS treatments, there were
no significant differences 1n mutation yield between the
o4 and 48 houTl old proembryos treated with the alkylating
agents at each of the treatment concentrations. For each
of the chemical treatments where there was & concentration
gradient, in general there was an jpcrease in the rate of
loss of genetic markers with an increase in concentration.

1t was particularly noted that EMS produced a high propor-
tzion of 1/2 to 1/16th part 1eaf sectors showing the
genetic 10ss for 1g&. and Gl in addition to the small
streaks. The large% sectoré produced in proembryo treat-
ments encourage the use of ghis type of treatment for
screening for true gene mutations since the chance of
survival against diploidal elimination of mutant sectors
seems greater. The induction of several single locus
whole seedling matations by BMS for eitheT Xg% or Gl, and 3
multiple locus whole seédling mutants for bot Xg'—ﬁﬁ
strengthens the suggestion that perhaps EMS is producing
vyrue' gene mutations at the substructural jevel of the ‘
chromosome. i
D. V. Glover !

z, Further tests for the jocation of small plant (spl)
on chromosome o.

The location of & small plant (spl) character has been
shown to be on chromosome 6 near the Y locus (MGCNL 39:152,
1965). Further evidence that it is on chromosome 6 comes
from the following testecross data in the presence of a

series of waxy and chromosome-nine translocations.

Small plant (spl) mutant stocks were crossed to stocks
homozygous for the waxy narked chromosome—nine trans-
locations. The F, plants were backcrossed to a small plant
waxy line. The starchy and waxy seeds from each trans-
location CrosS were planted out separately and the plants
were classified for small plant (spl) segregations. A chi-
square test for independence, utilizing fourfold con-
tingency tables with one degree of freedom, was used to

determine if the populations from the two classes of seeds
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were different. A si%nificant value was found only for the
cross involving T6-9% 05-4 at the one ggr c?nt level. The
data from the progenies jnvolving T6—9‘705" (6L.1% and 9
ctr.) were as follows: starchy seeds gave 55 normals and
49 spl; waxy seeds gave 77 normal and 2% spl giving a X

= 1T.04 and & P-value of 1less than .0Ol. Tithin the waxy
class there was & significant %eviation from the expected
(50%) ratio of small plants (¥2 = 29.16, P<.01l).

D. V. Glover

4, The effects of dimethylsulfoxide (DMSO) upon germination
in Zea mays L.

Dimethylsulfoxide (DMSQ) is knownn as & universal solvent for
protein and carbohydrate materials. Biological materials
are very permeable to this solvent and reports have indicated

that DMSO is an effective carrier for some systemic herbicides.

These characteristics of DMSO suggesbed the possibility of
using it as & carrier for alkylating mutagen agents in treat-
ing mature seed of Zea maysS.

In chemical mutagen experiments using mature seed it is de-
sirable to obtain rapid absorption and uptake of mutagen
solutions and subsequent interaction with active groups.

Some alkylating agents pPOSsSeSS a short nalf-life and there-
fore soon lose their potency as & mutagern 1if not incorporated
rapidly Dby the seed.

A small experiment was initiated to determine the effects of
DMSO on seed germination prior toO using it as a carrisr in
mutagen experiments. Mature COTL. geeds of the single Cross
w23/L317 were sosked for 4, 12 and 24 hours in c, 5, 10, 15,
20, 25, 50, 75 and 100 per cent by volume concentrations cf
DMSO 1in phosphate—buffer solutions. Fifty ml treatment
solutions were used. The pH ranges varied from 6.1 for buf-
fer solutions without DMSO te 11.4 for 100% DMSO solutions.
Each treatment consisted of 20 seeds. After treatment the
seeds were washed with deionized water for % minutes and
germinated for 7 days on folded blotier germination paper.

Phe results of the treatments are showa in table l. Treat-
ments at concentrations greater than 50% /v for & hours oOT
more were completely Jethal to the mature seed. The data
suggested an increcasing 1ethal effectd witn increased treat-
ment timej; however some of this effect may have been con-
founded with oxygel effects on germination. The control
showed decreased germination with increased treatment U1M€,
suggesting the etfect ol insufficient oXygen. The results
of mutagen treatments of mature seed using DMSO as & carrier
are being analyzed.

b. V. Giover
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Table 1
The effect of several dosage rates of dimethylsulfoxide (DMSO)
upon the germination of Zea mays L. (W23/1L317)
DMSO treatment pH of
Treatment Conc. ime treatment Per cent
No. % V/V hrs. solution germination
1 100 4 11.4 0
100 12 11.4 0
3 100 24 11.4 0
4 75 4 9.0 0
> 75 12 9.0 0
6 75 2u 9.0 0
7 50 4 8.25 100
8 50 12 8.25 50
9 50 24 8.25 0
10 25 4 6.9 100
11 25 12 6.9
12 25 2L 6.9
15 20 4 6.75
14 20 12 6.75
15 20 24 6.75
16 15 4 6.6
17 15 12 6.6
18 15 24 6.6
19 10 4 6.4
20 10 12 6.4
21 10 24 6.4
22 5 4 6.4
23 5 12 6.4
24 5 24 6.4
25 0 4 6.1
26 0 12 6.1
27 0 24 6.1




=z

133

Mutation in maize following the application of echemical
mutagens to the pollen and proembrx_.

The mutagenic effect of several alkylating agents upon the
expression of several malize endospernm loci following their
application to the mature seed was reported in the 1965 News
Letter. Molar concentrations of the chemicals were alsc
applied to cotton wrapped maize tassels 5 tO 5 days prior

to anthesis in order to determine their effect upon the de-

veloping male gametophyte.

The greatment was accomplished by saturating the cotton
wrapped tassel with an aqueous chemical solution for a
period of % hours. The treated tagsels were not rinsed with
water or covered, bub were a1llowed to 4ry. Successive daily
ollinations were made to the recessive seed parent and the
resulting progenies were scored for whole OT partial mutant
endosperm events. The chemicals, molarities, and per cent
mutation are presented in the following table.

—

Chemical Conc. No. of Mutation
mutagen M. progeny rate %__
Ethyl Methanesulfonate .0125 281 1.06
(EMS) .025 428 1.17
.05 1190 2.94*
.1 L3 4,08*
.2 263 7,60*
Diepoxybutane .0012 952 1.05
(DEB) .0025 225 .89
.005 785 2.9%*
01 458 3,28*
Diethylsulfate .045a 616 1.79
(DES)
Ethyleneimine L0125 12%6 1.%8
(E1) .025 1105 45
.05 457 a4
L1 1%63% .51
Control 0 3057 75

*Motatl n rate exceeds the control at the .05 jevel of
significance following correction for small numbers.

Aggaturated solution at 20°C.
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yihe non-trented parts of the Lassel were pemoved immedialely
afber treatment and the successive pollinations were made
starting at the time of first pollen shed which was threce
days following treatment. Comparisons were made of the muta-
tion rate of the treatments with the control for the same
pollination date. There was & significant increase in muta-
tion rate for the polllnation dates which occurred five and
six days after the initial treatment. The data indicate

that the less mature pollen grains were most sensitive to

the alkylating agents.

The chemicals were also applied toO cotton wrapped ears at
o4, 48, and 72 hours after pollination in an effort to in-
duce massive endospern and embryo chimeras. The endosperm
mutation rates, chemicals, age of proembryo, and molarity
of treatment solution are presented in the following table.
A1l treatments were of 2 hours duration.

Age of Chemical Conc. No. of Mutation
proembryo nutagen M. progeny rate %
24 hrs. DEB .0025 825 5.30*
EMS 1l 4 737 1.90
DES . 045 498 .80
EI 1 1127 .62
Control 0 805 .62
48 hrs. DEB .0025 1259 2.30*
EI .1 2294 Sl
EMS ol 2458 .57
DES .o45 939 0
Control 0 1397 4
72 hrs. DES 045 2199 Al
DEB .0025 2039 .39
EX .1 1873 .27
EMS o1 2183 .18
Control 0 1432 .07

*Mutation rate exceeds the control at the .05 level of
significance following correction for small numbers.

8gaturated solution at 20°C.

The DEB treatment was the only significantly effective treat-
ment in the 24 and 48 hour age groups. None of the chemical
applications were effective in the 22 hour age groub. Near-
1y all of the mutants that were produced were partial
mutants.

H. R. Lund
D. V. Glover
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PURDUE UNIVERSITY
Lafayette, Indiana
Department of Botany and Plant Pathology

1. The difference in Wx frequency between male and female
gametes Trom wxvoe/wxﬂU.

In 1965 a conventional genetic analysis of the heterozygote
Bz +90 V/bz Ct ¥, 28 ae showed an interesting difference in

— — — v

EE'TEEQEency T the male and temale gametes. Waen the
heterozygotes were used aS males onto the bz WX oe v, ae
tester, 76 apparent Wx, 2€ recombinants were Tound 1In 1335398
kernels. This is & frequency cf 57 X 10-2. The weighted
average of WX frequency in the pollen of the neterozygotes
was 75 X 10-9. When heterozygous plants of the sameé genotype
were used as female parents, 19 apparent Wx, 2€ recombinants
were found in 94,158 kernels or & frequency oF 20 x 1077.

The probability that the observed distribution would be

found if WX gametes were equally 1ikely for both male and

female populations is .0001 (from expanslon of the pinomial
jistribution and summation).

The verification of the presumed recombinants wasqhindered
by poor germination. Test pollinations (by PE.EEPOS v, ae
were obtained on only 36 piants. Of these 31 came from

Wx, ae recombinants, 2 from HE.AE consaminants, and 3 from

Eg.ggﬂgametes. These latter could arise bY neterofertiliza-
Tion events OT misclassifioation.

The same TyDe of test was repeated 1n 1965. Plants of the
constitution.Eg_igg.y/pgbgi.i, ae 3¢ were used as male and
female parents iT orosses with The tester stock bg ﬁﬁpoe v, 2&.
When the heterozygothes were used as males, 18 presumed Wx

ae were found in 35,497 kernels. This is & frequency of

51 X 10-2. The weighted average of Wx in the pollen of The
plants used as male parents 1s 72 X T5->. When tke
heterozygotes were used as female parents, 17 presumed Wx ag
were found 1n 85,679 kxernels ¢or 8 frequency of 20 x 1077,

The agreement petween the regults of 1963 and 1965 indicates
that the diffegence ip Wx frequency petween male and female
gametes for EEPOG/HEQO Teterozygotes 18 real and reproduciblie.
In tests with Bz WX V/bz WX ¥ lants thay are as closely re-
lated as possible To the Bz WX Q E/EE.WEPOQ v heterozygobe,

a——

no differences were found for the bz WX interval (8d 20,0%

a——

ond ¢ 19.1%) or the ¥X v interval [ §& 5.6% and 99 5.4%) .
Oriver Nelson

2. Reconstitution of the RSt allele.

N T30
Near-colorless aleuvrone mutants from E Efb are &
with crossing over betweel outside mWArkers and pess
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ortpart of the paramutagenic actlion characteristic of the

S parental alilele. These tacts suggest that the stippled
phenotype may depend on two or more components that are..
separable by crossing Over. Tests have besh made for Ef
reconstitution in various nelterozygous combinations of
mutants derived from RST, and an apparently successful test
involved the following alleles:

3801115: Self color mutant from B}St; nonparamutagenic.

—

3?01152: Selfs%olor mutant from B}St; as paramutagenic
as R .
gg(l)zz Near-colorlecs aleurone, green plant mutant

isolated from grRst; unstable seed color giv-
ing mubations TO self color; stable plan®
color. Mutants of this type arc not associ-
ated with recombination when i%olated from
RCRST plants, also occur in R gSt plants,

st
-

and are 28 paramutagenic as R

r5(1)5: llear-colorless aleurone, green plant mutant
- isolated from RCRSt; stable ~eed color; unstable
plant color giving mutations to red plant.
Mutants of this type are associated with re-
combination when isolated from RCRST plants, and
are as paramutagenic as R”7.

The two near-colorless mutants were made heterozygous with
each of the two self color mutants, and plants of the four
heterozygous combinations were pollinated with ggs WX pol-
len. Stippled kernels were selected from these ears and
grown out for verification. The results are shown in Table
1. Tests to definitely exclude the possibility of the
stippled kernels having resulted from polilen contamination
are not ye?b complete, put evidence 5o date makes this very

unlikely.
)5

was atypical in phenctype, tne colored SpevusS peing smaller than
those characteristic of the standard RSt aliele. The WO
RSC alleles were not tested for badsk — tations to RSt in
Tomozygous plants, but McWhirter (MGNL 35:142) tested 98 EFC
mutants for back mutations to RSt and none were recovered

in over one million gametes.

One of the three RSt mutants isolated from RSCllli/gg(I

Positive verification of the reconstitution of B?t in cer-—
tain of the hetberozygous combinations would indicate that:
(1) the stippled phenotype is dependent on two Or more
genetic components, (2) the components of g?t can be
separated and reassembled by crossing over, (3) the com-
ponent(s) of ESt carried by the near—colorless crossover
mutant was complementary to the one(s) carried by the RSC

mutants, (4) the component(s) of RSt carried by the

*——-—---lil‘
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near-colorless noncrossover mutant, if any, was ot com-
plementary to the one(s) carried DY tne RSC autants, (5

> utations of pst to RSC and to near-coloriess slleles not
associated with crossing over ipvolve alterations of a

¢ Ommon E?t component, (6) paramutagenic and nonparamutagenio
BFC mubants carry the same unaltered comtonents of E?t,

and. (7) secondary changes Mmay occcur in the separation and
reassembling of Rt components as evidenced by the altered

—

phenotype of one of the reconstitued gst alleles.

Table 1
Occurrence of reconstituted B?t in four heterozygoys com-

pinations of RSC and near-co orless gleurone: green plant
mutants, and in TWO near—colorLess, green homozygotes.

ed
gelected as st pgutant verified

——

r. B. Ashmall

3. Seed color nutations from R?RSC heterozygotes.

- —

Three generalrcl%sses of mutations to oY Loward colorless
aleurone in _;Bf plants have been sdentified: near—colorless
aleurone, green plant; near-colorless gleurone, red plant;

and colorless aleurone, red plant. The near—colorless, green
nutants qo not form a homogeneous group s varying in seed and
plan® coloTr stbability and in their association with pecombind-
tion between outside markers. Tests have shown hat near-—
colorless m%%ants possess gither all or part of the paramutageni‘
action of , and that colorless nutants are nonparamutagenic.
The apparent association petween the near-colorless phenotype
and paramutamenic acbion was examinecd furtoer in the followingd

tvest.
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gelf colored mutants (R

non-paramutagenic to as

SCy from ESt are known btoO_Yyary from
fully paramutagenic . Two

as R
paramutagenic RSC mutants, Rsc(1-1) and Rrsc(1-5), and two

— —

non-paramutagenic RSC mutants, rsc(1-2) and Rsc(1-9), were

made heterozygous with

standard RT. The four heterozygous

combinations were pollinated with 8, Eg.pollen, and the
colorless and near—colorless seed color mutants were selected

and grown out for verif
Table 2; data from the
for comparison.

Occurrence of near—-colo
in RTRst plants and in

ication. The results are shown in
carlier test of RTRST are included

rless and colorless aleurone mutants
RrRSC plants of four heterozygous

combinations spvolving The paramutagenic RSC mutants 1-1

and 1-5 and the non-par

—

amutagenic RS mutants 1-2 and 1-9.

Total No. Number of Mutants ,
Heterozygous of kernels Near-colorless, Near-colorless, Color-
combination scored* green red less red
RERST 92,820 13 15 14
_133“(1-1)/3‘—" 27,621 0 6 I
R°°(1-5)/R° 28,568 0 4 8

Pooled 56,189 0 10 12
RSC(1-2)/R 27,6089 0 0 7
R°C(1-9)/R" 18,469 0 0 7

_——_—_ —— ——— —
Pooled 46,138 0] 0 14

*pdjusted for proportion of selected kernels verified.

The heterozygous combinations jnvolving the two paramutagenic

RSC mutants carried pro

ximal and distal outside markers, and

211 10 of the near—-colorless, red mutants, and 11 of the 12

colorless, red mutants

were recombinant for these markers.

The combination of outside markers was the same as that ob-
tained ig the isolation of these kinds of mutants from RT st

plants, 1.€. the proximal marxer from the RF chromosome and

the distal marker from
combinations involving
were marked proximally

the RS chromosome._ Beterozygous
the two non—paramutagenic RsC mutants
only, and all 14 mutants preceived the

marker from the RF chromosome.
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Absence of the near—colorless, green class of mutants in the
heterozygotes involving eitnexr paramutagenic cr non—paramutagenic
RgSC mutants indicates that mutation of RSt ©o RSC alters an
E;component essential for the near—colorless, green phenotype,

or alters the pairing relationships of the R components in

guch a way hat & crossover necessary for the jsolation ©

The Tecovery of near—colorless nutants from the heterozygous
combinations involving the paramutagenio RSC mutants, put not
from the neterozygous combinations involving the non—paramutagenic

E?C mutants 18 edditional evidence for a close€ association be-
Tween the near-oolorless phenotype and paramutagenic action.

R. B. Ashman

4, A nevw dominant nutant.

A dominant mutant, clumped zassel (gg), has been recovered
from inbred Mi4. This putant gives z compact, shortened
tassel, some dwarfing of the plant and modified ear morphology .
The homozygous ct Ct js not easily recovered. Classification
ig fair in most—ﬁackgrounds. Preliminaly 1inkage tests indi-
cate Ct 1S 1ocated on chromosome 3.

UNIVERSITY OF TEXAS
Austin, Texas

1 Furthel studies oL disjunction at anaphase 1 of the chromo-
somes of & trivalen% conii nratlion.

In 21 chromosome maize %1ants carrying & normal chyomo sone 2,
a 2T chromosone and & T chromosome & genetic test of fre-
quency of nondisjunction at anaphase 1 of the 2T and T
chromosomes ig readily available. From piants carrying reé-
cessive Hg_lg_and 1 only on the 72 chromosome the test gives
frequency of nondisjunotio% following cressing over; from

lants 1in which only the 2~ chromosomne carries dominant alleles
the tesT gives frequency of nondisaunction regardless of

chiasma formation. Results of the former type of test have
been published (Genetics 149 :69-80, 1964 ) . Data have recently
been accumulated from the latter type of test with the ex-—
pectation that gifferences might be attributable to the pat-
tern of distribution of ynivalents. From & gotal of 922
plants it now appears that the frequency of nondisjunction

from the second type of test 18 very much higher (averag®
389%) than thal found in the fipst (19% ). Toen if all tbe

N

anivalents were distributed nondisjunctively at first anaphase,




140

- =

this would leave an avVeIage frequeniy of 3i% nondisjunction
from grivalents. It is suspecthed chat genetic packground
may strongiy ipfluence freguency of non—disjunction.

In some stocks & substantial deficiency of 21 chromosonme
progeny (and excesS of 20 chromosome progeny) from non-
disjunctive jistribution were found (total average = 12%).
These deficienceies and exces3ses vere not correlated with
mortality (although mortality was high and @ potential
source of errol/.

It is thought that they may have regulted from & tendency

at metaphase 1 for trivalents jestined to have nondisjunc-
tive distribution O spient so that only tne 2T chromosome
is directed toward the basal position. Such a tendency
would not have been detected in the previcus study and would
have resulted in a slight underestimation of frequency of
nondisjunction and of crossover frequency.

Further tests are underway. B chromosoies, which are simi-

1ar in length to the me chromesome, are peing added O the

stocks for study of their possible effects on disjunction.
M. P. Maguire

2. Recombination studies in maise with segmental substitu-
tion from Tripsacull.

Although & segment aerived from & Tripsacul chromosome has
been found Lo carry dominanv slleles for markers on the
short arm of chromosome 2 of maize (Ei’.iﬁs 1), crossing
over betwesn this sepguent and the correspondlng region of
chromosome 2 rarely OCCUIS. Previous results have Sug-
gested that in malzé stocks which carry this segment as &
heterozygous gubstitution guch crossover inhibition 1s ac=—
companied DY an enhanced frequency of crossing OVer in
adjacent regions. Disomic stocks heterozygous for the
substitution were constructed ro Lest the frequency of
crossing over in the gl B, B sk, and Sk ¥ regions. Un-
fortunately, only pollen from plants Leterozygous for sk
was available from the segter stock at the appropriate
time, and severe spring weather reduced the testcross
progenies to a total of 622 plante. Results suggest that
the b locus is very near the proximal end of the Tripsacull
segment, that the recombination frequency between B and sk
is high (13 per cent in these studies) and between SK and
v very high (50 per cent). The tests are being repeated

! with pollen from sk sK pilants arnd hope of low spring
mortality.

Similar tests in 21 chromosome plantsﬂcarrying a normal
chromosome 2, & >T chromosome and a T chromosome also
guffered frotw high mortality and the use of an SK sk
tester, bub similarly suggested nish recombinatioﬁ_fre—
quency in the sk ¥ region. These tests are also pbeing

—-—— —

- —
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repeated. They provided convincing evidence, however, that
the 72 chromosSome carries an Sk allele in 1ts Pripsacul
reglon.

M. P. lMaguire

3, The relationship of crossing over to chromosome synapsis
Tn a snort paracentric inversion.

Frequencies of (any) reverse pairing at pachytene and dbridge
and/oTr fragment formation ab anaphase 1 have been compared
in three plants heterozygous for inversion 1 Ih (Longley
508%). This inversion 1is 1listed bY Longley 2as having break-
points at .70 and .87 in the long arm of chromosome 1, and
is thought tO contain well less than 50 crossover units.
Pooled data (homogeneous at the 5 per cent level in chi
square tests) are as follows:

Frequency of reverse Combined anaphase 1 bridge
pairing at pachytene and fragment, and fragmen®
only frequency

Plant No. % No. %
1 182/505 36.0 n66/1303% 35.8
2 149/495 30.1 305/1025 29.6
3 190/544 34,9 wo6/1244 34,2

Since 2 strand double crossovers within the ipversion are
rare, the anaphase 1 data are considered 2 measurement of
crossover frequency within the inversion. Such a close
correspondence of frequency of homologous pairing at pachytene
and crossover frequency in a region of considerably 1ess than
50 mep units is interpreted as further evidence ghat elther

crossing over is a precondition for hcmologous pachytene
synapsis OT invariably follows pairing of the tested region.

M. P. Maguire
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143

Numbers of plants in each categogy

scale of root development: 0 1 4 5
Family 65-45 (really rootless)

H20 (control) 15 13 1
jaily TIBA (250p8) ) 1 8 12 2
daily IAA (50018 ) 13
Family ©95-47 (regular rootless)

HZO (control) 8 11 31 18 2
daily TIBA (25008) 0 5 9 5
daily IAA (500mg) 2 % b

These data show that PIBA, which makes normal plants root-
1ess, enhances root development in really rootless plants
and has less effect on regularl pootless ones. TAA tends tO
enhance the expression of rootlessnessS. The conclusion
reached is that the gene rootless forms no roots pecause of
an excess production of IER, Tatner than pecause of & dearth
of this substance in the nodal meristems of the lowel stalk
of the plant as was thought heretofore. On this assumption
the above data are explalnable in terms of known effects

of TIBA on IAA concentration and roo¥ initiation in normal
sysltems.

c. Differing dates of tassel anthesis 1in the two Types of
ro%tless plants alse occur, &% summarized in the following
table:

Days in Augus?t, 1965 10 11 12 13 14 15 16 17 18 19 20

65-4% (really rootless)
(HZO) 15 17 &8 2 4 1l
65-47 (regular rootless)
(HAO0

o 1 1% 11 28 5 1

TAA and TIBA, based on 1imited data, show no clear effects on
altering the dates of anthesis of either state of the root-
less gene. NAA treatment of 500 mg per day completely
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+

prevents anthenis in the tassceis oi bouht LYPES of rootlecs
plants. giudies are conbinuint.

Norton Il Nickerson

»

5. gtudies invoLvinq,the ENe Knotted.

Development of acublie-knotted plants Kn/Kn was checked. by
selfing three suspected plants and at the same bime cross-—
ing each onc to standard L317/W2>5 female, in 1964. During
1965 these three checks, of 66U, 65, and 6L plants, all de-
veloped ¥nots. They were not as well expressed in the
first group., possibly indicabing +he presence of modifying
genes. Thus the nosumpbion is that double—knotted plants
were indeed obtained. These stocks were greated with
various growth gubstances. pIRA had 1ittle effect CN
masking OT altering the exprescion ol Kn in either Kn/+

or Kn/Kn plants. NAA does suppress or retard clongation
and dovelopment of knots; since there is also & glowing
down of tissue maturation with this chemical, the "sup-
pression" of Kn may simply mean no"“development of knots
which ordinafiiy appearl relatively late in ontogeny. Ir
and IAA had no jemonstrable effects, bub the number of
plants employed were small. When NAA was administered in
a 5% soluvion of DMSO (Dimethyl sulfexide), penetration of
the NAA was apparently ephanced, 35 En manifestations prac-
tically disappeared. A side effect of DMSO at this level
was death of areas within the leaves, however. Controls
treated with 5% DMSO only showed & slight awarfing as we
as death in ieaf areas. The nunbers ol plents ipvolved in
the studilesS, distributed among <0 sced stocks, are given
in the following tabiec:

st

Substance: 5,0 pIBA  NAA 1A I1AA DMSO DMSO-NAA

€~
(uontroi}

No. of planis
greated daily
(includes both

Kn/+ and
Ku/En) 227 T, 920 25 32 20 Ho

Anatomical study of knots Irom Kn/Kn and from Kn/+ leaves
shows 1o vascular proliferation.' A1l cells are eScentially
the csame siz¢ as thelr counterparss in other placcs of the
game leaf. Compared to cells from i/i sibs. these cells

are smaller with thinner walls, but there arc many more of
them. In knotted plants speated with NAA, there is a pro-
gressive lack of devclopmenh of the rransfusion tissue around
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the vascular bundles. In general, cells from Kn/* and Kn/Kn
plants are less differentiated and more numerous than in
normal leaves, &S they have been SO far examined. A knot
seems to be & section of leaf in which there 1is maintained
the same relative cell patterns as in the rest of a leaf,
but there 1is conspicuously less differentiation of cer-

tain cell types. Studies are continuing.

Norton H. Nickerson

THE UNIVERSITY OF WESTERN ONTARIO
Iondon, Canada
Department of Botany

1. Studies at the sy locus.

PR

As part of an undergraduate research project, four genotypes
of maize pollen were tested for their starch content. The
starch was extracted with perchloric acid, hydrolysed and
then measured using the Somgi method of determining reducing
sugars.

Three samples of each genotype were used for the starch
determination while a fourth was used to measure the dry
weight of the pollen.

Results
Genotype Fresh wt. % H0 Dry Weight % starch (dry wt.)

| PR 0.100 gm.  36% 0.064 14.8
| su; + 0.100 gn. 27% 0.073 11.0
+  su, 0.100 gm. 23% 0.077 10.9
su;, Suy 0.100 gn. 22% 0.068 5.3

It is interesting to note that these results resemble those
obtained by R. G. Creech for 28 day 0ld endosperm (Genetics

52: 1175):
Genotype 9% Starch (dry weight)
normal 73 .4
SUy Sy suy 354
SUy Su, Sus cl.0

suy Suq suy Suy su, Sup 18.9




146

The analysi
soluble poly
genotypes 1isted above.

s of hexosesS, pen

2'

toses,
saccharides 1S continuing

Egeliminary biochemical investigation of the Y&~

S T R AR —

disaocharides and H20

for the pollen

John Vandermeerl

locusS.

As par® of an undergraduate re
the leaf pigments of y& /3800
i . Using ect%ophot
orophyll A,

ion of chl
e were determlned a

s
composit
and caroten
tissue.

gearch proje

ZE% ) ,

ometvric rechniques,
chlorophyll B,
fter extrac

ct, & study of
+. and #/% plants was

the amount
wanthophylls

tion from fresh

At maturity (pollen shedding) the following observations

Yige made:
15 15k

(2) ¥/* possessed mO
(3) the

possessed less
a 4dry weight basis;

chlorophyll

u) zg2/+ presented the spectra of

Chlorophyll A and B were
and /% plants (11 leaves) grown
1ighting, November—December 1965
strated the gifferences
leaves from the

Comparison of getraploid VS
I8/ I8 ) did no¥® yield any
of pig%ent per i
pigment.

Smeal technig

e

chlorophyll B and €

re xanthophyll than 152/152
A content was the same in b

estimated for 55

noted above,
two genotypes were nob

. diploid stock

difference
unit 4ry weight or the di

ue for obtaining laxr

arotene than

3
oth genotypess
the +/+ genotype-

day old Y& /38,
der controlled su%pleﬁental
The top three leaves demon-—
whereas the middle four
gifferent.

S

(y&,/38o/ /
s in thex’%éfé% L 2Ines

stribution of the

un

L2

VSe
S

M, C. Weir

ge numbers of metaphases

Tn corn root t1ipS.

The method for ro
Technology 31: 20
(1) Orient seeds with

ot tip smears O

£

p on mois

Wolff and Luippold (Stain
ied for corn 8S follows:
tened filter paper in

s modif

Petri dishes. Incubate 36-40 houTs under intenseé, con-

stant light at 30°C. (The radicle should be >-> mi in
length).

(2) Transfer the seced to @ new dish, same conditions, except
that a 0.2% colchicine solution has been added to the
filter papere. (A drop of tween-80 added to the solu-
tion seems tO yield more cells in metaphase). Incubate
for 8 hours.

CB) Fix jmmediately in Carnoy's. pransfer tO fresh Carnoy's

and incubate for 24 hours a

(4) Pour off Carnoy's.

t 60°C.
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(5) Hydrolyze jp 1NHC1 at 60°C for 20 minutes. Rinse
thoroughly with distilled water.
) Place in ;euco-basic fuchsin for 20-45 minutes.

If the roo¥® tip has not previously been cut off, excise
and place in & 5% cellulose - 5% pectinase solubion at
pH 4.2 for 2 hours.

(9) Cut the deeply stained tip onto & clean slide and
macerate in & drop of propionic carmine. & flattened
end of an 1Vory stick is suitable for maceration and
spreading.

(10) Heat gently.

(11) Add cover slip and flatten with the rounded end of a
glass oT steel rod. Invert onto bibulous paper and
apply pressure with thumbs.

(12) Seal. Temporary smears may be€ stored several months
in a freezeT. Temporary smears may be made permanent

by conventional techniques.

S~

R. M, Brown

4, The mitotic kxaryotype of maize.

Using the smear technique outlined in the previous note, a
number of metaphases suitable for photOgraphlng have been
studied. Two notable features have emerged 8S the karyotype
has been prepared.

(a) A definite gradation in chromosome size from 1arge.
nearly metacentric chromosomes O small, submetacentric
chTomosOmeSs; and consistent arm ratios of the three
classes of chromosomes — large, metacentric; medium,
submetacentric and short, submetacentric.

(b) A secondary constriction with satellites ig easlily seen
in most preparations in two chromcsomes.

At present we are interpreting the karyotype on the basls

of the measurements (Rhoades, JOUr- of Heredity 41: 58-67,
1950) presented for pachytene chromosomes. Arm Tatios quite
similar to those reported for pachytene chromosomes are
found in the mitotic metaphases. We are attempting TO
further qualify the mitotic karyotype with the use of

trisomics.

R. M. Brown
D. B. Walden

5. Influence of calcium concentration on pollen germination.

A suitable medium for the germination of "Seneca 60" (su,/suq)
hybrid corn pollen was reported 1in MCNL 39: 169. This medium,
consisting of 0.35 M sucrose, 100 ppm H B0, and 500 ppm

CaCl .2H20, may be used simply &S aquéoué drops or with

o3 indr 0%7% Difco Special Agar-Noble or 1% %o 2% methyl cellu-

.

lose. Calciul ion has been shown to be required for corn




pollen mermination and a series of experiments were designed

to investigate changing calcium concentrations on per cent
germination.

Fresh "Seneca 60" pollen produced in the greenhouse wWas
placed on drops of media in well-slides and allowed to
germinate for 30 minutes. Densitiés were kept well above
those which might reduce germination because of a "popula-

tion effect" (see following note).

Sucrose and boron concentrations were held constant at the
levels given above. The data were recorded and stored on
film.

The addition of 1% methyl cellulose to the agueous medium
had no influence on per cent germination. Agar was not
tried., Only a trace of germination was recorded at 50 ppm
calcium and below. Optimum concentrations were in the
range 300-400 ppm. Above 400 ppm the per cent germination
slowly fell off but was still above 50% of optimum at 900
ppm. 100 ppm and 200 ppm gave 20-40% and 60-80% of optimum
values, respectively.

F. S. Cook
D. B. Walden

6. The "population effect" in corn pollen germination.

Brewbaker and Kwack (1963) described a pollen population
effect whenever pollen grains are germinated in vitro.

Small populations germinate poorly or not at all under con-
ditions which support good germination of larger populations.
Although no population effect with corn pollen could be

shown on the medium to which Noble agar had been added

(MNL 39: 170), the effect was evident with small populations
on the aqueous medium containing only 0.35 M sucrose, 100
ppm H;BO, and 200 ppm Ca012,2H20, i.e. sub-optimal con-
centrgti ns of calcium.

Greenhouse-produced "Seneca 60" corn pollen was placed in
wells of slides containing 20 ml of the medium and allowed
to germinate for 30 minutes. Numbers of grains and per
cent germination were counted under a dissecting microscope.
Germination in all experiments was compared with that of
"high" populations.

Below 10 grains per 50 ml there was only & trace of germina-
tion. At 100-150 grains per 20 ml, per cent germination
approached a maximum. These results are similar to those
reported by Brewbaker and Kwack for the pollen of Saintpaulia,
Haworthia and others.

F. S. Cook
D. B. Walden




149

UN1VERSITY OF WISCONSIN
Madison, Wisconsin

1. A collection of pericarp factors.

A collection of factors conditioning pericarp pigmentation
has recently been sent to the National Seed Storage
Laboratory in Fort Collins, Colorado. These factors have
been incorporated into a common genetic background by suc-
cessive backcrossing to the colorless pericarp white cob
inbred strain 4 County 63. The collection represents a
comprehensive selection of diverse origin and phenotype.
One group of factors form a continuous series from dark
red through orange and tan to colorless; others group ac-
cording to degree of variegation oI mosaicism. The factors
are individually described in the accompanying tables.

Seed is now available, from Fort Collins, for genetical
studies. The 4 Co 63 inbred strain is of a maturity suited
to Southern Wisconsin.

R. A. Brink
Derek Styles



Collection of factors conditioning pericarp pigment incorporated, by successive
backcrossing, into the colorless pericarp white cob inbred line 4 County 63.

A. Uniform Pericarp Pigment--This collection represents a continuous series from

dark red through orange and tan to colorless or
near colorless. Although not tested individually
for allelism, they are probably all alleles of the
P locus. They are ordered according to intensity
of pericarp pigment: "11" representing the darkest
red in the collection, and "t representing color-
less. '

Pericarp Cob No.
Field No. intensity color Available information on backcross Notes
origin and source generation
to 4 Co 63
65-CF5-33 11 Red  Red husked pointed popcorn 5
65-CFS-272 11 Red Variegated stock from 5
Caingang Ivai aberto 4; from
H. C. Cutler, Nov., 1949;
originally from F, C. Brieger,
Sao Paulo, who raised it from
Indian seed from Parana,
Southern Brazil.
65-CFS5-303 10-11 Red  Peru, 1948; from Paul Mangels- 6
dorf, Harvard Univ., April, 1949.
65-CFS-548  10-11 Red M3 PP 4 Possibly
linked with
zb, s,
65-CF3-3%6 10 Red 90 FP 5
65-CFS-61 10 Red Argentina red popcorn; from W. L. ©
Brown, Pioneer Hybrid Corn Co.,
Jan., 1952.
65=-CF5-257 10 Red Variegated stock from Ames, 5 May be un-
P. I. 168001 stable

04T



65-CF3-266
65-CFS-305
65-CFS-45

65-CFS-71

65-CFS-79

65-CFS-258

65-CFS-315

65-CFS-316

65-CFS-53
65-CF3-186

65-CFS-302

65-CFS8-352

10
10
9-10

9-10

9-10

9-10

9-10

Red
Red
Red

Red

Red

Red

Red

Red

Red

Red

White

White

Georgia, U.S.A.
M13 PP

R. W. Richardson, Minn.,
March, 1951.

Brazil-18; ex Caingang stocks
from F. C. Brieger, Sa0 Paulo,
Brazil, April, 1951.

Brazil-23; ex Caingang stocks
from F. C. Brieger, April, 1951.

Madison variegated stocks, of
U.S.A. origin

Mosaic from Dr. Matlock,
Arizona

Dakota Squaw Mosaic from A. M.
Strommen, Agric. EXp. Sta.,
Spooner, Wis.

Brazil-1A; ex -Caingang stocks
from F. C. Brieger, April, 1951.

Dakota Squaw Mosaic from A. M.
Strommen

Mosaic from Paul WeatherwaXx,
April, 1945 as 1872.119
Originally from Huancayo, Peru,
1945.

Bloody Butcher; from T. C.
Warwick & Son, Blenheim,
Ontario, Canada.

+ v v\

"Unstable"--
occasional
lighter or
darker strip-
ing on uni-
form back-
ground.

May be un-
stable.

Linked T1-2Db

16T
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Pericarp Cob No. XS
Field No. intensity Color Available information on backcross Notes
origin and source generation
to 4 Co 63
65-CFS-75 8-9 Red  Brazil-21; ex Caingang stocks 4
from F. C. BriegeT, April,
1951. :
65-CFS-295 8-9 Pale Mosaic from A. Johnson, 6 Pale crown ¥
Waukesha, Wisconsin. “
65-CFS-327 8-9 Red  R. Andrew, Agronomy Dept., 6 i
Univ. of Wisconsin. .
65-CFS-342 7-9 White Northwestern Dent variety 6 Pale crown &

from Olds' Seed Co. *
Madison, Wisconsin, April, 1
1950.
65-CFS-57 8 Red Brazil-17; &X Caingang stocks 4
from F. C. Brieger, April,
1951.
65-CFS-181 8 Pale pisac, Peru; from H. C. Cutler, 3 Pale crown,
Missouri Bot. Garden, St. Louis, linked Tl-2D. ¢!
November, 1949, i
65-CFS-520 8 Red "Hardware Orange" mutant from 5 '

colorless; of unknown parentage;
from N. P. Neal.

65-CFS-334 8 White Bloody Butcher from 0. & M. Seed ) Pale crown
Co., Green Spring,'Ohio, March,
1948.
65-CFS-324 7-8 Wnite W13%76; from N. P. Neal, Agronomy 6
Dept., Univ. of Wisconsin.

65-CFS—14O 7 Red Quebec 36; from R. Brawn, 4 Possibly
Macdonald College, P.Qes linked
Canada, April, 1951. AR ts,




65-CF5-321
65-CFS-330

65-CFS-350
65-CFS-40

65-CFS-325

65-CFS-564

65-CFS-317

65-CFS-536

65-CFS-263
65-CF8-369

65-CFS-47

65—CFS—345

65-CFS-285

6-7

-7

6-7

4-5

4-5

%-5

Red

White

White
Red

White

White

Red

Wwhite

White
White

Red

Red

Pale

A mutant in W153, @
Wisconsin inbred strain.

Ames, lowa, P,I. 183765;.
Jan. 1951.

Quebec 63M; from R. Brawn.

w153, from J. Maloney,
Agronomy Dept., Univ. of
Wisconsin, November 1951.

Mosaic from Will's Rainbow
Flint, North Dakota.

Tesuque, N. Mexico; from
E.S. Anderson, Missouri
Bot. Garden, January, 1948.

Charasani, Boliviaj; from
g. C. Cutler, March, 1949.

Bloody Butcher; from 0. &
M. Seed Co., Green SpPring,
Ohio, March, 1948.

Uncertain origin.

Mexico, Sin 23 from E. J.
Wellhausen, Rockefeller
Foundation, Mexico City,
November, 1950.

J. H. Tonngquist, Univ. of
Nebraska, Lincoln, DecembeT,

1950.

RBloody Butcher; from T. C.
Warwick & Son, Blenheim,
Ontario, April, 1948.

Ecuador 1184Dbj3 from Paul
Mangelsdorf, April, 1949.

Darkly pig-
mented silk

scar.
Pale crown

Pericarp
slightly
"grained".

Darkly pig-
mented silk
scar.

g6t



Pericarp Cob No. o
Field No. intensity Color Available information on backcross Notes =
origin and source generation
to 4 Co 65
65-CFS-576 3 Red  Unknown 4 Linked
T1-2b,
and possi-
bly zb
vs,
65-CFS-%81 2-3 Red Unknown 5 Linked Tl-
2b
65-CFS-319 2 Red Mosaic from Paul Weatherwax, 5
April, 1949, as: 1872-119
Huancayo, Feru, 1945.
65-CFS-365 2 Red Krug 1-1-1; from W. L. Brown, 6
Pioneer Hi-Bred Corn Co.,
Dec. 1950.
65-CFS-308 1-2 Red Cologaita, Potosi, Bolivia; 5
from H. C. Cutler, March,
1949.
65-CFS-309 1-2 Red Bloody Butchers; from O. & M. 6
Seed Co., Green Spring, Ohio,
March, 1948.
65-CFS-376 1 White Probably the 4 Co 63 inbred 5 Linked T1-
strain itself. 2b (1S.4%;

25.%6)
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IlMediumll . "Light " )

>

Such groupilin
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Degree No.
Field No. of Available information on origin backcross Notes
pericarp and source generation
variega-
tion
65-CFS-138 Dark Jose-17; from E. S. Anderson, 4 Possibly
Missouri Bot. Garden, September, 1inked zb,
1948. ts.
65-CFS-155 Dark Magdelena—ZB, Colombia; from 4 Possibly
Paul Mangelsdorf, April, 1949. linked
zb, Lsp
65-CFS-195 Dark Magdelena-25, Colombia; from 5 Linked T1-2b
Paul Mangelsdorf, April, 1949.
65-CFS-250 Dark Quetzaltenango above Zunil, 5
Guatemala; from E. S. Anderson.
65-CFS-252 Dark Zapalate, Chico; from E. G. 5
Anderson, April, 1949.
65-CFS-278 Dark Brazil 6a; ex Caingang stocks 5
from F. C. Brieger, April, 1951.
65-CFS-96 Medium Open—pollinated variety; from 4 Tinked T1-2b
J. D. Brown.
65-CFS-110 Medium Zapalate, Chico; from E. G. 4 Possibly
Anderson, April, 1949. 1inked zb, IS,
65-CFS-245 Medium Cotogaita, Potosi, Boliviaj from 6
H. C. Cutler, March, 1949.
65-CFS-246 Medium Reyes, Bolivia; from H. C. Cutler, 6
March, 1949.
65-CFS-249 Medium Peru 1233; from Paul Mangelsdorf, 5

April, 1949.

GGt




—
‘ Degree %
Field No. of No.
pericarp Available information on origin backcross Notes
variega- and source generation
tion

65-CFS-253 Medium Peru 1209; from Paul Mangelsdorf, 5

April, 1949.
65-CFS-255 Medium Chacan, Peru 2276; from Paul 5

Weatherwax, April, 1949,
65-CFS-259 Medium Linkenmeyer Bros., Ricerville, Iowa; 5

from E. S. Anderson, June 1948,
65-CFS-262 Medium Uncertain origin 6
65-CFS-264 Medium Crow Creek, U.S.A. ©
65-CFS-265 Medium Minnesota stripe from R. R. St. John, 6

Purdue University, March, 1948.
65-CFS-273 Medium Georgia, U.S.A. 5
65-CFS-275 Medium Brazil-2a; ex Caingang stocks from 3

F. C. Brieger, April, 1951.
65-CFS-276 Medium Brazil 5a; ex Caingang stocks from 5

F. C. Brieger, April, 1951,
65-CFS-279 Medium Brazil 7a; ex Caingang stocks from 5

F. C. Brieger, April, 1951.

65-CFS-280 Medium Brazil 8b; ex Caingang stocks from. F.C. 5
Brieger, April, 1951.

65-CF5-282 Medium Brazil 13; ex Caingang stocks from F.C. 5
Brieger, April, 1651.

65-CFS-283 Medium Brazil 19; ex Caingang stocks from 3
F. C. Brieger, April, 1951.
65-CFS-284 Medium Mexico la ex Chis 101; from E. J. 5

Wellhausen, Mexico City, Nowvember,
1950.

S ™ |




65-CFS-286

65-CFS-497
65-CFS-501
65-CFS-506
65-CFS-116
65-CFS-256
65-CFs-261
65-CFS-281

65-CFS-226

Medium

Medium
Medium
Medium
Light
Light
Light
Light

Very
light

Caingang Ival aberto A; from
H. C. Cutler, Nov., 1949,
Originally from F. C. Brieger,
Sao Paulo, who raised it from
Indian seed from Parana,

S. Brazil.

D. F. Jones, Conn. Agric. Expt.
Sta., New Haven, Conn.

Unknown origin.
J. D. Brown

Peru 123%; from Paul Mangelsdorf;
April, 1949. ‘

Jj. D. Brown, April 15, 1948.

Cornell; from R. Andrew, Agronomy
Dept., Univ. of Wisconsin.

Brazil-12; ex Caingang stocks from
F. C. Brieger, April, 1951.

Ames, Iowa; P.I.

168001, Jan., 1951.

1

Possibly
linked ts,

Possibly
linked %s,

Possibly
linked 2D,

Possibly
linked 2zb,
and ts,.

LGl



¢, Mosaic

No.
Field No. Available information on origin and source backcross Notes
generations
65-CFS-286 Calea, Near CuzcCoO, Peru-2169; from Paul 5
Weatherwax, April, 1949.
65-CF35-287 FTrom Dr. Matlock, Arizona. 5
65-CFS-288 Bolivia: from W. S. Brown, October, 1948. 4
65-CFS-289 Possible origin: San Juan, Pueblo, New 5
Mexico; from Paul Weatherwax, April, 1949.
65-CFS-290 Chas. Fountaine (U.S.A.). 5
65-CFS-291 R. R. St. John, Purdue University, March, 5
1948.
65-CFS-292 Purchased from Madison store by R. Brawn. 5
65-CFS-294 Will's Rainbow Flin® (North Dakota). 5
65-CF5-297 Tesuque, New Mexico; from E. S. Anderson. 5
65-CFS-501 R. W. Richardson, Minnesota, March, 1951. 5
65-CFS-556 Chas. Fountaine (U.S.4.) 6 Linked T1-2b

84T
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D. Miscellaneous

Available information on No.
Field No. Description origin and source. backcross
q generations
oV OV . .
65-CFS-25 \} B - - Orange Ricerville, Iowa 5
variegated. Vary-

ing degrees of

! 1ight & dark

) variegations on an

1 orange-red back-

65-CFS-29 L ground. For F. Valentine 5
further informa-

tion refer toO F.

Valentine, 1957,

Ph.D. Thesis, U.

of Wisconsin

, 65-CFS-124 Library, Madison. F. Valentine 4 Possibly
/ linked
zb, Lsp
65-CF3-167 Orange pvackground, Province of Boyaca, 5 Possibly
grained with red. Colombia, collected linked
by Schultes; from zb,
Paul Mangelsdorf,
April, 1949.
65-CFS-355 Orange background, Province of Boyaca, 7
grained with red. Colombia, collected
by Schultes; from
Paul Mangelsdorf,
April, 1949, .
65-CFS-360 Diffuse, variable Peru, 1948; from Paul 5 P allele is 3
expression. Mangelsdorf, April Ted pericard,
1949. red cob.




Available information on No.
Field No. Description origin and source. backecross Notes
generations

65-CFS-80 Purple-red pericarp ﬂgcn: Burbank" Stock car-
ries Fl.
Has not
been veri-
fied as an
R allele.

65-CFS-69 Purple flushed Venezuela-l. 4

pericarp and purple
cob core. Probably
a Pl allele.

var. Refugio:
Obregon, 1951.

from
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2. Enhancement of R expression in plants hemizygous for

the R locus.

In the 1965 News Letter it was stated that paramutable R
alleles are metastable, i.e., they have a capacity to vary
heritably in plants not carrying an overtly paramutagenic
allele. One evidence of such metastability is that alleles
conditioning a mottled phenotype in single dose are enhanced
in level of action toward self-color when maintained through
successive generations neterozygous with a recessive T
allele. RE (a plant color mutant from standard R, compar-
able with Standard E? in paragenetic properties) has been
maintained for three successive generations in stocks
heterozygous with g?,~and also in otherwise comparable stocks
henizygous for the R locus. Enhancement has occurred in
parallel fashion in both cases. The mating schgme consisted
% an initial pollination of RBRE on silks of r r-x; plants
(r-x, = deficiency in chromosofie-10 spanning (Fe | tocus),
foTlswed by recurrent pollinations of RBrT and R6T-x, sibs
on rfr-x, females. Mean single dose aleurone scores for the
parental R8RZ stocks ranged from 5.38 to 5.72 (seven class
scale: 1 = cOlorless, 7 = self~colored). Mean scores from
two RBr® lines after three generations of heterozygosity
were 6.46 and 6.50. Mean scores from two comparable RSr—Xx
lines after three generations of hemizygosity were 6.61 an
6.24, 1t appears, therefore, thatv enhancement may occul
autonomously; i.e., it is not of necessity directed by, the
partner allele as with paramutation of R to R' in R R®
heterozygotes. - - -

Derek Styles

3., Complete reversion of R'.

gEg?t plants from E?Rg x RSPRSY matings were used as pollen
pgrents in crosses 'I%h rT r-x, plants_(r=x; = defjciency in
chromosome 10 spanning +Fe B idcus). RE =f ~and R3 r-X sibs
were then used to establish R' lines which were Turther sub-
divided at each generation by recurrthly mating with r =X
females and separating again into R'D and R'r-X sublines.
A number of R' lineages were obtained in this malner, SOme

of which were successively heterozygous (R'r'), and some
successively hemizygous (R'r-x ). As there was no consistent
difference in reversion pﬁtterﬂ between heterozygous and
hemizygous lineages, the separation into R'xT and R'r-%X;
classes at each generation served only as a basis Tor
establishing new sublines. Change in R' aleurone expression
was followed by testcrossin representatives of each lineage
at each generation on W2z r& females.

Pestcross scores of homozyEous R?R% plants average cd. 5.50
(seven class scale; 1 = colorless, 7/ = sclf—co%ored). The
R' class on testcross ears from the threo RERSY plants used
To start this experiment scored £.10, 2.Ccarand 2072,

P
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Reversion toward the original R expression occurred at each
generation and was consistent on the average, but the amount
of reversion from one generation to the next within any one
subline was irregular and unpredictable. The overall mean
scores from all sublines in the first, second and third genera
tions were 3.86, 4.28, and 4.72 respectively. Forty-eight
sublines had been established by the third generation, and
although expressions witin sublines were relatively uniform,
their mean scores ranged from 2.22 to 6.39. Thus in some
lineages there had been essentially no reversion in three
generations. In other lineages, however, reversion had
progressed to the point that the reverted R'had a mean score
higher than that of the parental E%B% stock. Further "rever-
sion of R'" in this case could be de cribed equally well as
"enhancement of R". The phenomenon of R' reversion further
reflects the innate metastability of paramutable alleles.

Derek Styles

BFRst

4, Paramutation of standard B? in 2ﬂgd;§f§§t and ¢4¢;;
plancs. T

Evidence so far indicates that paramutation of standard B? in
RCRSt heterozygotes occurs in somatic tissues, and that there
Ts no direct correlation between the pigmenting action of
paramutagenic alleles and their paramutagenicity. A small
scale test has been conducted to determine whether the actions
of other genes concerned with pigment production have any ef-
fect on the process of paramutation. Matings were of two
types:

Class No. Aleurone color score
when testcrossed

Mating of of :
interest Plants on W22 ACr8rf Q¢
LYESY ;R°Cr” !_XL:_;B,PESt 7 3,21
X 4,8, Fr8  a 8RR 6 3.00
S8 -RSt.Ilr C/- aBr_ESt 15 2.20
9
X G sRI® ¢ ¢;R°RS" 8 3.28

There is no indication that overt function of the A, or_ the
C, gene is a requirement for paramutation of standa%d RT in
h%terozygotes.

Derek Styles

B_rB.St
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Addendun:
ANDHRA UNIVERSITY

Waltair, India
Department of Botany

1. Further studies on spontaneous chromosomal variation in
Toix aquatica.

Spontaneous chromosomal variation was observed in certain
populations of Coix aquatica from India (Maize News Letter,
1965). With a view to Isolate different cytologically ab-
normal types the several collections of Goix aquatica from
India were grown intermixed and open pollinated. Seed was
collected from a male sterile plant in the field and, in
the progeny raised, six plants cytologically checked were
all found to be heterozygous for a translocation. There-
after plants were grown in isolation for two generations
and in the population raised from seed of the second genera-
tion 18 plants were cytologically checked which showed the
following categories:

Cytological No.
Class Remarks of
Plants
2n = 10 Meiosis normal 6
2n = 15 Triploid 1
2n = 20 Tetraploid 2
2n = 15 Aneuploid with bridge and fragment 1
at anaphase 1
2n = 17 Aneuploid with association of three 1

and four chromosomes at diakinesis
and metaphase 1

2n = 10 Bridge and fragment ab anaphase 1 2

2n = 10 Ring or chain of four chromosomes ab 3
diakinesis and metaphase I

2n = 10 Ring or chain of four chromosomes ab 1

diakinesis and metaphase I; bridge and
fragment at anaphase I

2n = 10 Desynaptic; eight to ten univalents at 1
diakinesis and metaphase 1

Total 18
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The progeny consists of plants with 10, 13, 15, 17 and 20
chromosomes as somatic number. Plants with the aneuploid
numbers (1% and 17) and the desynaptic plant were completely
sterile and did not set seed. The rest were partly fertile.
The plants with 2n =10 (desynaptic) and 2n = 13 were dwart,
and had a bushy habit with narrow, short, thick, and dark
green leaves. The plant with 2n = 15 had aborted ovaries
also. Plants with 2n = 15, 2n = 17 and 2n = 20 all showed
the gigas characters usually associated with polyploidy.
From the occurrence of chromosome numbers varying from 10 to
20 in this progeny it appears that in Coix aquatica gametes
with n, 2n and intermediate numbers as well function suc-—
cessfully in fertilization.

J. Venkateswarlu
M. Krishna Rao

2. Meiosis in a spontaneous tetraploid of Coix aquatica.

Two spontaneous tetraploids with 2n = 20 were located in the
progeny of a population of Coix aquatica known to contain
plants heterozygous for transiocations (See this News Letter:
Further studies on spontaneous chromosomal variation in Coix
aquatica). Chromosome pairing, in one of the two plants, was
s%udied at metaphase I in 40 nuclei. In addition to bivalents,
trivalents and quadrivalents, acssociations of five, six and
eight chromosomes were present., Univalents were also observed.
The mean frequency of chromosome pairing was O'O5VIII’ O.EVI,

0.075V, 1‘6IV’ 0.4111, 4.9II, 0.6251. In only one case two

associations of six chromosomes (one ring and one chain of

six) were observed in a cell; otherwise, as at diakinesis,

only one association of five or more chromosomes occurred

per cell. Probably during open poliination of plants hetero-
zygous for translocations fusion of two gametes with 2n chromo-
some number gave rise to this tetraploid.

J. Venkateswarlu
M. Krishna Rao

3, Further studies on apomixis in Coix aquatica.

In last year's News Letter (1965) Venkateswarlu and Chaganti
reported apomixis in Coix from attempted crosses between maize
and Coix. The following additional observations have been
made in this regard. In Coix aquatica it has been observed
that at the upper nodes on a culm both male and female flowers
are produced while at the lower nodes, down from the fifth or
sixth node, only female flowers are produced which are sus-
pected to set apomictic seed. Embryo sacs were studied in
squash preparations according to the method of Bradley (1948)
from these flowers. Preliminary observations revealed occur-
rence of two to three embryo sace per ovule all of which were
four nucleate. This is suggestive of the occurrence of
apomixis in Coix aquatica.

J. Venkateswariu
M. Krishna Rao

s e




165

4, Chromosome pairing in autopolyploid Coix lachryma-jobi.

putopolyploidy was induced in Coix lachryma-jobi by the fol-
lowing method. Seedlings at a four To five leaf stage were
root treated with 0.4% aqueous solution of colchicine for 24
nours. After the treatment roots were washed in tap water
over several hours and the seedlings were transplanted and
kept in the greenhouse £ill they recovered from the shock

of the treatment. Of the 25 seedlings treated only four
survived. Though all chromosome counts in squashes of pol-
1en mother cells showed only the diploid number, the high
percentage of seed sterility and the occurrence of some big
sized seeds led us to suspect induction of sectorial
polyploidy. From the seeds of these plants 15 plants were
raised and one was more vigorous from the early seedling
stage and showed gigas characters. A chromosome count of

n = 20 in dividing pollen mother cells confirmed its
tetraploid nature.

Chromosome pairing was studied in 40 nuclel at metaphase L.

On the whole 212 quadrivalents, three trivalents, 269 bi-
valents and five univalents were observed. The mean frequency
of chromosome pairing was observed to be 5.71IV, 0.0751171> 7.511
(ring type), 1.7207 (rod type), 0.1257 Thus, on an average
more than 50 per ce%t of the chromosomes of the complement
regularly pair as quadrivalents. The number of quadrivalents
varied from two to 10 per cell.

J. Venkateswarlu
M. Krishna Rao

NATIONAL INSTITUTE OF GENETICS
Misima, Japan

and
INDIANA UNIVERSITY

Bloomington, Indiana

1. Regulation of catechol oxidase.

Investigations on the genetic control of catechol oxidase in
maize have revealed the existence of three distinct classes.
Type A 18 designated as the constitutive form since in inbred
1ines of this class the enzyme is regularly synthesized in
the plumule of the young seedling. Type B is classified as
the inducible form. No active enzyme occurs in the seedlings;
however, active enzyme ig produced if the seeds arec treated
with maleic hydrazide prior to germination. Type C is the
non-inducible form. The enzyme is not detected in either




166

control or maleic hydrazide treated seedlings. This pat-
tern is reversed in the aerial roots. Type A plants which
contain active enzyme in the untreated seedlings do not
show the enzyme in the aerial roots while type B which does
not contain active enzyme in the untreated seedlings forms
enzyme in the aerial root. Type C is deficient in both
seedlings and aerial roots. These preliminary studies sug-
gest that plants of type C contain an inactive mutant form
of the catechol oxidase gene while types A and B contain
active genes. However, the A and B lines have different
allelic forms which show differential activity in various
tissues of the plant.

Toru Endo
Drew Schwartz
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III. LINKAGE MAPS OF MAIZE CHROMOSOMES

The following is a linkage map which I propose€ to use in

a forthcoming publication of color pictures of the usable
mutants of maize that have been iocated to chromosome.
includes unpublished information volunteered by & number

of corn workers. Most of it is very good but in some cases
placement is based on small amounts of data. The reasoning
behind this proposal is that publication of any map 1s
subject to error and since this is a good one€ it is better
published, with certain errors understood, than held for

an indefinite verification of all facts. This is essenti-
ally the same proposal as was made t©O the Allerton Maize
Genetics Conference March 12, 1966, where permission was re-
quested for use with proper qualifications of the data col-
lected by Dr. Earl Patterson Tn completing this map.

wish to take full responsibility for preparing and present-
ing the map in this form but to acknowledge that credit for
locating the markers goes to many participants in the Malze
Coop and that full credit for collecting and arranging the
information goes to Dr. Earl Patterson. 1f you have sericus
objections O suggestions for changes please write to me
pefore June 1, 1966. The characters in parentheses are those
with some doubt as to position. If you have information
leading to removal of this doubt or raising & question about
established locations, please advise me SO the change can
be made. Your comments will greatly appreciated.

M. G. Neuffer
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Chromosome #1

14

15
19
23
24
26
28
56
58

81
85
86

102

104

(108)
119
127

(128)
135

(154)
158
161

SI‘1
VPg
ag

83¢g
zb4
msy o
ts2
P
zl

as

pa

Striate 0

Vivipary 4
Resistance to 11
grasshoppers

Gametophyte factor

Zebra striped

Male sterile 30
Tassel seed (34)
Pericarp & cob color 49

Zygotic lethal

Asynaptic 54

Pollen abortion 56
68

Susceptible to

Helminthosporium 74

carbonum

Brachytic 83

Vestigial glumes
Fine stripe (107)

Bronze seed & plant

Anther ear (127)
Adherent
Tassel seed 141

Knotted leaf
Lemon white

Green stripe
Vivipary NOTIE
Tassel seed

Brown midrib

Chromosome #2

WS
5

al

lgl

(rp)

g5,
sk
fl

ts

Ht

Ch

White sheath
Albescent
Liguleless
Susceptible to

Puccinia
sorgﬁi

Glossy leaf
Dwarf
Booster of
plant color
Green stripe
Silkless

Floury
endosperm

Tassel seed

Virescent
seedling

White seed-
ling

Resistant to
g. turcicum

Chocolate
pericarp

( ) = location uncertain




: (38)
40

(45)

50
55
72
| (75)
83
(86)

111
111.25

122

128

Chromosome #3

CI‘l
d

I'82
Cg
cl

1
rt

ba

Wooug
lg2

nal

]
sh,

et

8a7

Crinkly leaf

Dwarf plant

Ramosa ear

Corn grass

Rootless

Fertility
restoration

Liguleless

Ragged leaf
Glossy leaf
Tassel seed

Barren stalk

White seedling

Liguleless
Nana
Anthocyanin

Shrunken
endospernm

Etched
endosperm,
virescent
seedling

Gametophyte
factor

35

(55)

56
(60)
66

71

75
o1

84
86

107

112

118

(138)
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Chromosome #4

de1

Gal

st
T35
1la

Spl

sul

1o

del6

Defective
endosperm

Gametophyte
factor

Sticky
chromosomes
Tassel seed

Lazy

Small pollen

Sugary
endosperm

Lethal ovule

Defective
endosperm

Zebra striped

Glossy
seedling

Tunicate
Japonica
Glossy

seedling

Aleurone
color

Diffuse
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(0)
14
15
18
19

22
25
27

(35)

(37)
46

55
87

Chromosome /#5

am
8117
as
VP2
P S
bml

(glg)
(1W2)
ISy

Ameiotic

Glossy seedling
Anthocyanin
Vivipary

Pink scutellum

Brown midrib

Brittle endosperm
Virescent seedling
Brevis

Gametophyte factor
Amylose extender
Red aleurone
Glossy seedling
Lemon white

Yellow stripe

Virescent seedliing

(19)

37

(43)
48

49

(57)

Chromosone #0

rgd

po,

Bh
su,

sm

Pt

Py

Ragged
leaf

Polymitotic

Yellow
endospern

Piebhald

Male sterile-
silky

Pale green
seedling

Dotted

Purple
plant color

Blotched
aleurone

sugary
endosperm

Salmon silk
Polytypic
Pigny
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Chromosome #7 Chromosome #8
0 Hs Hairy sheath
16 05 Opaque endosperm 0 Vi6 Virescgnt
seedling
18 Jg Lemon yellow ‘
endospernm 14 msg Male sterile
20 in Tntensifier 28 J1 Japonica
24 Ve Virescent seedling mn Miniature seed
(25) L VPq Vivipary
] 32 T ra, Ramosa ear
% 36 gl, Glossy leaf
1 46 Tpy Teopod
| 50 sl Slashed leaf
: 52 ij Iojap
] 71 Bn Brown aleurone
; 109 bd Branched silkless
% (112) Pn Papyrescent glume
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26
29
31

ol

59

62

(e4)
(65)

Chromosome #9

Dtl

y&o
Cc

Shl

bz1

bp

WX
gag

dz

PE&yp
ar

-

Vi

gll5
bk?

Ve
Bfl
bmu

Dotted aleurone
Yellow green plant
Aleurone cOiOT
Shrunken endospern

Bronze aleurone and
plant

Brown pericarp
Waxy endosperm
Gametophyte factor

Dwarf

Pale green seedling
Argentia

Virescent seedling
Male sterile

Glossy seedling
Brittie stalk
Wwhite cap

Blue fiuorescent

Brown midrib

(12)
16

o
28

35

35

58

43

57

58

(63)

(92)
(99)

Chromosone j/axs;

Rp

zn

Rust re-

sistant
(Puccinia

SorgAl)
0]

pde

1 yelliow

01d Gold
tripe

-

-

Narrow leaf

Lineate
stripe

Dull
endospern

Zebra
necrosis

Luteus
Golden
Teopod

Aleurone and
plant colox

Red leaf
stripe

Modifier of
stippled

White ceed-
ling

Striate
Luteus
Abnormal

chromosone
appendage
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IvV. REPORT ON MAIZE COOPERATIVE

During the summer of 1965, about 125 reciprocal transloca-
tions were increased at Urbana and by Dr. D. S. Robertson
at Iowa State University. An approximately equal number

is planned for increase at the two locations this year.
This will complete the task of growing the entire collec-
tion of reciprocal translocations and tpansferring them to
the Maize Cooperative for continued preservation. A por-
tion of the collection nas been grown at Urbana each year,
beginning in 1960. It is hoped that during this year the
work of cataloguing and filing the whole series can be com-
pleted in order that the entire collection will be avail-
able for requests. It 1is also planned that samples of all
of them will be sent to the National Seed Storage Laboratory
at Fort Collins, Colorado for long-term storage. Those
translocations which can be supplied at present are listed
in the accompanying catalogue of stocks.

A substantial increase was made of dwarfs, chlorophyll traits,
and endosperm traits. Because of the increasing interest

in physiological and biochemical studies of these categories
of traits, some effort is being made to derive stocks of in-
dividual traits free of other markers.

Work is continuing on chromosome location and allele testing
of unplaced genes in the collection. The bulk of these
represent seedling chlorophyll traits. A considerable amount
of time is also being spent in determining and confirming
pedigrees, and in upgrading the vigor of stocks. At the
present time, there are mere than 75,000 individually-pedi-
greed samples in our collection.

We have available for distribution a number of copies cf the
gene symbol index to Volumes 12 through 35 of the Maize News
Letter. This summary, which was prepared by Dr. E. H. Coe,
Jr., Field Crops Department, University of Missouri, Columbia,
Missouri, was issued July 1, 1962 as an Appendix to Volume
%36 of the Maize Genetics Cooperation News Letter.

Pables 1 and 2 summarize the distribution of genetic stocks
by the Maize Cooperative from the time of ipnitiation of pro-
ject work at the University of Illinois in 1953 through cal-
endar year 1965. During this period, genetic stocks were
supplied to more than 300 different people in 38 States of
the United States and in %4 foreign countries. Of total
samples supplied, 12% were distributed within T11linois, 65%
were sent to other States of the United States, and 23% were
sent to foreign countries. Of stocks supplied to foreign
countries, about 20% were sent to India.

pr. R. J. Lambert will assume full responsibility for the
maize genetic stock program in the immediate future, as soon
as the switch can be effected. Future requests for seed
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samples and correspondence relative to the stock program
should be addressed to Dr. Lambert, S-116 Turner Hall,
University of 1llinois, Urbana, Illinois 61801.

The accompanying catalogue of stocks represents a complete
l1isting of currently available stocks. The interchange
positions of reciprocal translocations are listed in the
following publication: Longley, A. E. Breakage Points for
Four Corn Translocation Series and Other Corn Chromosome
Aberrations. U. S. Dept. of Agr., Agr. Res. Serv. ARS 34-16,
40 pp., 190l.

Table 1
Distribution of Seed Samples from Maize Cooperative Genetic
Stock Collection, University of Illinois (May 1, 1953 -
December 31, 1965)

Summary of Stock Distribution and Sources of Requests by
Areas and Years

Number of oamples Supplied Number of Requests
Year U.5. Foreign Total U.s. Forelgn Total

1953 74 4 78 8 1 9
1954 207 42 249 21 2 23
1955 694 75 767 34 6 40
1956 760 225 983 42 6 48
1957 459 215 674 52 9 6l
1958 574 80 654 71 5 76
1959 926 516 1,442 72 25 95
1960 917 114 1,031 79 5 84
1961 737 554 1,071 59 15 Ve
1962 1,413 519 1,932 83 17 100
1963 997 419 1,416 81 11 92
1964 1,390 224 1,614 86 9 95
1965 1,317 396 1,713 88 22 110
Totals:

10,465 3,159 13,024 776 131 907
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Table 2
Distribution of Seed Samples from Maize Cooperative Genetic

Stock Collection, University of {11linois (May 1, 1953 -
December 31, 1965)

Summary of Stock Distribution and Sources of Requests
by Individual States and Foreign Countries

2] "8 4(?‘ 3 ]
tq @ o4 0 wn o $
SR °% 580 88
-gsm ' O o L3,
oS85 2n JE% o0
m 0w =
A. Egited States

Alabama 1%7 S Nebraska 12% 15
Alaska - - Nevada - -
: Arizona 6 1 New Hampshire 45 1
E Arkansas 93 2 New Jersey 84 5
E California 350 3l New Mexico - -
\ Colorado 3% 4 New York 555 45
: Connecticut 187 5 North Carolina 138 14
: Delaware - - North Dakota 27 %
| Florida 155 12 Ohio 157 1%
i Georgia 199 16 Oklahoma %6 3
Hawail 142 6 Oregon 28 )
Idaho 7 1 Pennsylvania 265 pE
Illinois 1,625 161 Rhode Island - -
Indiana 1,505 117 South Carolina - -
Towa 629 51 South Dakota 103% S
Kansas 90 9 Tennessee 271 16
Kentucky 40 3 Texas 241 21
Louisiana - - Utah - -
Maine - - Vermont - -
Maryland 423 16 Virginia 161 10
Massachusetts 358 32 Washington - -
Michigan 96 10 West Virginia 22 2
Minnesota 6%% 27 Wisconsin 408 ue
Mississippi 24 ) Wyoming - -

Missouri 994 41
Montana 24 4 potal, U.S. 10,460 776

*********'&****:}!

(Continued on next page)
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(Pable 2 continued from page 173)

3 o 3 9]
n o EE w o 40
Gy O o 44 N 4 QO o Gy W
—~ o @ O [ IR
£24 £ 3 joTg el 3
cEEQ O -5 o ¢ O
(o] =3 [o 2N 0] (0] =3 o
= n =4 =G0 = B
B. TForeign Countries
Argentina 92 2 Netherlands 27 3
Australia 146 8 Nigeria 12 1
Brazil 217 9 Peru 60 2
Canada 454 2% Philippines 173 2
Colombia 5 1 Poland ) 1
Egypt 2 1 Portugal 11 2
England 17 2 Pucrto Rico 8 1
France 82 6 Rep. of S.
Germany 14 > Africa 81 2
Greece 8 1 Scotland ) 1
Hong Kong 20 2 Spain 6 1
Hungary 5 1 Sweden 11 1
India o4 26 Taiwan 13 1
Indonesia 10 1 Thailand 4 1
Israel 132 5 U.S.S.R. 230 1
Italy 126 10 Venezuela 279 3
Japan 47 1 Total,
Mexico 93 3 Foreign 3,159 131
Morocco %9 2
GRAND
TOTAL 1%,624 907
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adl an1 bm2
adl bm2

any bm2

as

bry Vg

br2
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Chromosome 1 (Continued)
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Chromosome 2 (Continued)

1gl g12 B 855
lgl g12 b gs, sk

lgl g12 b 855 Vy
lgl g12 b 8S5 Vy Ch
lgl gl2 B sk v,

lgl g12 b sk Vi

lgl gl2 b sk fll Vy
lgl g12 B Vy

lgl gl2 b Vi

lgl gl2 b vy Ch

lgl BS5 b vy

"3

Wy Ch

ws lgl gl2 B

3

WSy lgl g12 b
3 1gl g12 b fll vy
3 lgl gl2 B sk

ws5 lgl gl2 b sk

Chromosome 3
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2%-31 sh
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Chromosome 3 (Continued)

ay sh2; A2 CR Dtl
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st

aq et; A2 C R Dtl
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Ceg

cry

4

d; &lg

dl Lg5

d, tsqlg2
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Chromosome 3 (Continued) Chromosome 4 (Continued)

P8 su; ©1
pm su; Tras
ra, suy Tu
ra, gl6 lg2 suy Tu g;l5
ra, 1g2 pm suy zbg
ras Rg suy zb6 Tu
Rg sulam
rt Ts5

; ts, na; Ts5 suq

: Py Tu gl5
Primary trisomic 5 Vg
Chromosome 4 Chromosone 5
b as; 4 C R
bt, as bmy bty bv, PL; Al C R
bt, gl, &y bmy bty PTr; Al CR
de(l or 167?) a5 bml pr Voi Al CR
Gal Sul ay bm, P¥ ¥Sys Al CR
Gal Suy a, bty pr; Ay C R
gl3 as bt, pr VAL Al CR
la suy gl5 a5 PT; Al CR
1o ae
Lw,; lw5 bm; PT; Ay Ay CR
oy bm; PT Vpi Al A2 CR
st bm, pr ysqs Ay A, CR
su, bmz bmy PT ¥S; Vo3 Ay As CR
suy g15 bty PT; Ay Ay CR

suq gly gl5

ST TS T e
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Chromosome 5 (Continued) Chromosome 6 (Continued)

8lg Y1 ™mS(19)

gll7 btl Yl pb4 pl

gly1y Vo Yy P81y WX P81

1wy Yy P8B113 WX P81p

le; lw4 Iy P1 Bh

na, I pl Bh

na, pr Yl Pl sm Pt

pr; A A, C R Y, PL sm py; A Ay D phR

pPr ¥Sy3 Al A2 CR Yl pl su,

shfl = "sh4" I pl su,

"Sh5” = allele of Eﬁl Yl Pl; seg wy

V3 pr; Al A2 CR Yl pl; seg w;

Vo ¥4 Pl; seg wy

VD, 8lg y, pl; seg wy

vp, pr; Ay Ay C R Ly920

Py "male sterile-silky" =

vpy BT A, Ay C R allele of si, |
Primary trisomic 5 "orobanche" (seedling) ?
Chromosome 6 "ragged" (seedling) ?
at = allele of si; "white 8896" (seedling) ?
Bh Chromosome 7

po Y, pl bd

po y; pl 85

Pt gl; i bd

sil gll sl

wi gll Tpl

¥y llO Hs




Chromosome 7 (Continued)

ij
in; pr A) A, C R

Py

va,

VPg gll; wX
Chromosome 8
gl

V16 91

Vi d13 1
V16 Mg J1

mpecrotic 6697" (seedling)
ngienna 7748" (seedling)

Chromosome 9

bm,,
vbp Wx; PRR
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Chromosome 9 (Continued)

C Ds wx
C sh1 Wx; Al A2 R
C shl WX Al A2 R
c shl WX Al A2 R
C wx; A

1 &R

c Wx; Al A2 R

C wWX; Al A2 R

Dt, (See chromosome
3 stocks)

Bfl

Blyg
g115 bm4

I Ds VWx

I wx; Al A, R B pl
Kg C shy wx; A Ay R
g

1y

WX Bfl bm,,
WX bk2

WX bk2 bm4
WX d5

WX 16

Wx Pg&q03 J1 PEy3
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Chromosome 9 (Continued)

WX Pgio3 17 P81 Pl

WX P81poi Y1 PB13

wx®

ygo © shl wX; Al A2 R
ye, ¢ shy bz wx; Al A2 R
y&o C Shl bz wx; Al A2 R
Primary trisomic 9

Chromosome 10

83
bf2

dul

€1

8, r8; A A, C
By rCh

8y Ts Al A2 C wx
81 R ST

gy T STy

g19

1

11; seg wy

1i gy Ry Al A, C

11 gy T3 A A, C

nl, g R; Al A, C

Og R; Al A2 CBP1

rr; Al A2 C

r abnormal 10; Al A2 C

g .
R ST»s; Al A2 C

Chromosome 10 (Continued)

r aQ -
T .JI‘2, Al A2 C
rb WX Al A2 C
RY: Boone; Al A2 C
R". A A C

1 #2
J.

RM; A A, C

R°Y; Ay A, C

V18

Yo

wy 1y

zn

"oil yellow"

(seedling and plant)

Primary trisomic 10

Unplaced genes

ct

el
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Unplaced genes (Continued) Multiple gene stocks
(Continued)
msq
msy g Al A2 C R Pr wx gll
msy y Al A2 C R Pr wx ¥
ms, 5 Al A2 C R pr
‘ ms, 3 Al A, C R pr su,
‘ ms, , Al A2 C R pr su; y wx
Mt Al A2 CRpry; gll
rd Al A2 C Rpry, wx
Rsl Al A2 C Rpr y; wx gll
! s, Ay A2 ¢ R Pr suy
i "sh5" Ay A2 ¢c R Pr yq wx
Vi3 Al A2 ¢ R Pr ¥y shl WX
va, Al A, C r Pr su,
Wiy Al A2 Cr Prsu ¥; 8
WS, WS, Al A2 Cr Pr yq WX
zbl Al A2 Cr Pr Jq shl wX
zb, bm,, lgl a; su; PT ¥ gll jl
zb3 WX 8§y
"luteus 4923" (seedling) colored scutellum
"necrotic 8376" (seedling) lgy suy bmy ¥y gly Jq
"white 8657" (seedling) su; y; wx a; A, C R® pr
Multiple gene stocks yq wx gll
A A, C R Pr BPL
Ay Ay C 16 Pr B P1
Ay Ay © g5 Pr B pl 1g; ¥,
Al AQ ¢ R Pr
Al A2 C R Pr wx



184

Popcorns
Amter Pearl
Argentins
Black Beautvy
Hulless
Ladyfinger
Ohio Yelliow
Red

South American
Strawberry
Supergold
Tom Thumb
White Rice

Chromosome rearrangements

Exctics and Varieties

Biack Mexican Sweet Corn
(with B-chromosomes)

Black Mexican Sweet Corn
(without B-chromosomes)

Gourdseed

Maiz chapolcte

Papago Flour Corn

Parker's Flint

Tama Flint

Zapaluta chica

The follcowing rearrangements are being maintained primarily
for use in determining the chromosome locations of new traits.
All are marked with closely-linked endosperm or seedling

traits,

The cytological positions of Inv 2a were determined by Dr.
Morgan; those of Inv 9a were determined by Dr. ILi. The in-
dicated interchange points of the reciprocal translocations
are taken from published work of Dr. Longley.

Inversions

* gl, Inv 2a (also available with Ch) 28.7; 2L.8

* wx“Inv 9a

Reciprecal tranglocations

*wx 1-9c¢

*wx 1-9 4995
*wx 1-9 8389
*wx 2-9b

*wx 3-9c

wx 3-9 5775
*wx 4-9b
*wx 4-9 5657
*wx 4-Og

95.7; 9L.9

18.48; 9L.22
1L.19; 98.20
1L.74; 9L.13
28.18; 9L.22
5L.09; 9L.12
3L.09; 98.24
41,.90; 9L.29
41,335 98.25
48.27; 9L.27

gy
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Reciprocal translocations (Continued)

*Wwx

WX
*Wx
*WX
*WX
*WX
*wx
su
ol
suy
suy
f suy
r su
v}

gl

5-9a
5-9c¢

6-9 4778
7-9a
or gll 7-9 4363
8-94
8-9 6673
9-10b
1-4a
1-44
4-5
y 4-6a
-8a
R 4-10b
-6¢
2-5¢c

5L.69; 98.17
58.07; 9L.10
5L.14; 9L.10
5L.06; 95.07
65.79; 9L.40
6L.10; 95.37
6L.1%; 9 cent
65.80; 9L.%0
7L.63%; 98.07
7 cent; 9 cent
8L.09; 98S.16
8L.35; 98.351
98.13%; 10S.40
1L.51; 4S.69
1L.27; 4L.30
4L.21; 5L.36
4L.37; 6L.43
45.59; 8L.19
£L.15; 10L.60
18.25; o©L.27
28.46; 38.52
28.62; 3L.29
28.69; 6L.49
28.50; 10L.75
6L.25; 78.75

*These constitute a basic se

ries of twenty rearrangements

for use in locating unplaced genes.

Stocks of A-B chromosome translocations

B-la 1L.2
B-1b 1S.05
B-3a 3L.1
B-4a 48,25
B-7b 7L.3
B-9a 9L.5
B-9b 09S.4
B-10a 10L.35

Proximal to Hm

Proximal to suy

Proximal to ray

Proximal to BE

Between C and ig; close to WX
Proximal to Ei

e
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RECIPROCAL TRANSLOCATIONS
Temporary Temporary
Translocation Symbol Translocation Symbol
1-2b 1-10a
c b Conn R-41
d 17 c A=-50
e B-75 d A-84
1-3a e B-98
c kil C-36
a g C-47
e A-33 2-3b
h C-15 c
i C-43% d
J F-10 e
k G-3 f A-6)
1-4a g P-35
b Conn R-29 h - K-7
c A-57 2-4a
£ C-46 b
g C-49 c
h X-22-61 d
K-40 e Conn R-42
1-5a f A-29
b 23 C-31
c J K-10
e A-90 k X-1-1
ki D-5 1 X-2-64
g I-24 m X-47-41
h X-1-37 2~5a
i X-23-2 b
1-6a c Conn R-50
c ol A-74
a Conn R-28 e B-69 !
e A-80 £ K-3
£ B-92 g X-14-122
8 F-30 2~-6a
h X-41-13 b
1-7a c
b a
c e ]
a i 84-2
e 42 78 :
f A-69 2-7b
g B-49 c
h B-94 d B-108
i I-17 e C-44
J X-55-16 f F-29
A-37 2-8b A-1
1-8a Conn R-20 d C-24.
b B-42 e C-40
1-%a il Cc-57
b g G-2
c h X-42-32
d I-9 84
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Reciprocal Translocations (Continued)

Temporary Temporary
Translocation. Symbol Translocation Symbol
2-9a 3-Oa
b b
c C-61 c
d H-7 da A-41
2-10a : e A-94
b r-2 £ B-103
I-3 g r-24
3-4 A-21 h X-2%-158
3-5a 3-10a
b b
c c
e A-101 4-5a
g X-4-108 b
h X-7-%8 c
B-104 d
3-6a e Conn R-18
b f Conn R-30
c Conn R-34 g Conn R-32
d A-53 i B-74
3-"7a J X-6-77
b k X-19-5
c 4-6a
d C-75 b
e F-25 c
3-8a a Conn R-43
b e X-57-31
c Burnham H4-"a
e A-22 4-8a
f A-104 b X-17-108
& B-37 4-9a
h X-2%-26 b
c bp

[ =4
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Szmbol

8001
8004
8006
8023
8027

8032
8041
8045
8048
8069

8103
8104
8108
8145
8219

8219
8249
8302
8321
8322

8339
8345
8547
8349
8350

8351
8567
8368
8374
8375

8376
8580
8383
8386
8288

8389
8395
8397
8405
8407

8412
8415
8420
8428
8439

Translocation

T
Nl

N
|

ki
£ o0

g
|
HAJUVIWIND WIANSININD

t
o

mo\fwz

I’\)I\.)I‘—'}'-‘\ﬂ
VWO F O

O

\Nvurv1#
o o) U2l X 0}
O

R
=-~3 & o\n
(@]

IS = 1O
I 111

PEYET N
SWEUO VOO

o

m#\’)ﬁi—'\.w
OO0

Symbol Translocation

8441
gun3
8447
8452
8457

8460
8465
8483
8491
8525

8528
8536
8541
8558
8562

8563
8580
8590
8591
8591

8602
8607
8609
8622
8628

86354
8636
8657
8640
8645

8649
8651
8658
8659
8662

8663
8665

8666
8667
86770

\ﬂi-—‘\IN\.NI'\J

PEPYE
SW\O\Q e N Loy

\N\waﬂ\n
£ \ouasxovw O

1
o OO0

-s':\ﬂ\lj1‘\3}-‘

; il iy
HOWOF DU

o

l
=0
o

NI

I
OO F WOO

——
YR

8671
8672
8679
8683
8696

\nkaYﬂw\n
AN @




Symbol

8746
8764
8768
8770
8782

8786
8796
8806
8818
8854

8864
8886}
8890
8895
8904

8906
8919
8927
8951
8965

8972
8987
8995
8997
9002

9020
9028
48-34-2
48-40-8

001-3
001-5
001-13%
001-15
001-15

002-12
002-16
002-17
002-19
003-5

003-16
004->
004-7
004-~7
004~11

Translocation

—

o\ =N

=0y S\

N\ N\ O

PDWH - == £ 0 l"\.)\J'II—‘-f-?I--’ WD

v

=PEWIF

.
HOOm
(@]

H OO0 I

(@}

I L
FA\O\O\O
o

Lt
OO OY 0O\

|
0o\ Co\n

I
~~J\WnE=EE O

U I
[0 ) N OOl ol g

P
o £ oo\

PNAOJ 00 O

oo

OO

ngbol

004-1%
004-17
005-7
005-14
006-7

006-10
006-11
006-17
007-17
007-19

008-17
008-18
009-19
010-4

010-10

010-12
011-7

011-11
011-16
011-20

012-16
013-3
013-8
013-9
01%-11

015-17
014-5
0l4-12
014-17
015-3

015-9
015-10
Ol6~15
0le-17
017-3

017-18
018-3
018-4
018-5
018-18

019-1
019-3
020-5
020-7
020-19
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Translocation

ORI
1 [
=

I
R VWO

O

O

|
= 0o

1 |
= OWOX OW~II+F O FI WFUVOVO

o
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Symbol Translocation
021-1 7-8
021-3 4-5
021-5 4-10
022-4 2-"7
022-11 5-9
022-15 7-10
022-20 5-10
023-2 2-3
023-5 2-3
023-13 5-7
023-15 2-5
024-1 6-8
024-5 1-5
024-7 1-9
024-11 3-8

Symbol Translocation
024-14 1-3
024-16 4-10
025-4 2-5
025-12 4-6
026-2 1-8
027-4 -6
027-6 6-7
027-9 7-9
027-10 4-5

E. B. Patterson
R. J. Lambert
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