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:r. FOREWO];UJ 

Once again the onerous task of editing _ and ~ssemblin,g the News 
•• ..:. •·. , • . ,: i - • • 

Letter bas been most capably performed by Miss Ellen Dempsey. I am 

sure th~t ·I speak for a11··maize g~net iqiste ·w:~eri .I . aay .that h~r .' '· . . ' 

invaluable· , s_ervicea are 1• great'.cy appreciated, ,·', -

'' 'l 

You will be interested in lmowing that the current News Letter 
: .' :-, !' ., 

will be. sent to 450 individuals and libraries. ·The demand increas es 
.. , 

by apprcddmately: teri pero:en!, eaeh yee.r. · 

. A portion of the expense incurred · in connection with • cutting 

stencils, ,mim~og~aphing, . and bin di ng was met by ~ grant fr _om the . . 
Natibnal Science · Foundation~ 

M. M. Rhoades 

'• · .. 

·,. 

'I 

I • 

l 
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II. REPORTS FROM COOPERATORS 

I 

\ 
AGRICULTURAL ALUMNI SEED IMPROVEMENT ASSOCIATIONr, IN©• 

West Lafayette, Indian~ 

1. Preliaj.nary indtcations of an !£. _suppressor-., 

Observations from two sources during the past season indicate- an 
unusual reaction of CI.44 when used as the pollen parent on line$ 
carryitlg Texas sterile cytoplasm and restorer genes. The single cross 
Oh45 T Rf'Rf" x CI.44 was completely sterile until its silks started to 
dry andthen it shed a little pollen. · · · 

In a program of backcrossing,CI.44 on T Rf, difficulty has been 
experienced in 11:l.oosingn-the Rf gene. · This summer two of four backcromm 
progenies of CI. 44 on plants -lm~ to -be .of . the composition T Rf rf 
yielded all sterile plants. - -

· This peculiar reaction of CI.44 seems to indicate it carries a 
gene, or genes, which suppress the Rf gene •. To our knowledge no such 
gene has been reported but it is entirely within the r ealm of possibility 
that such a gene does exist. Numerous additional crosses have been made 
to further investigate these unusual reactions. These crosses will be 
observed in Florida this winter and in Indiana next summer. 

Merle T. Jenkins 

ANDERA UNIVERSITY 
Waltair, India 

Department of Botany 

1. Numerical non-disjunction of chromosome 6 in an autotetraploid maise. 

Numerical non-disjunction of chromosome 6 in a colchicine induced 
autotetraploid maize was studied by observing the number of nucleoli 
contained in the nuclei of the four spores in the pollen quartets in· 
which the spores have not yet become free from each other. In mai.ze, 
they remain together for n time after the completion of meiosis and it 
is also possible to distinguish the two division planes, since a cell 
division follows the first meiotic division. Usually each of the four 
microspore cells of the pollen quartet contains two nucleoli in the 
early stages organized by the two chromosomes 6 contained in their 
nuclei. These become fused together in the later stages. In each of 
five out of 207 pollen quartets examined at the early stages with 
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unfused nucleqli in the spore nuclei, three nucleoli were seen in eac .h 
of two of the spore nuclei and only one in each of the other two. This 
dis"t,ribution implies that non-disjunctiort occurred at divisi on I. The · 
poll ~n .quartets in which a 3 : 1 distribut:i:on o~ nucle oli was observed · 
comprise 2.42 percent of the total examined and .can be tak en t6 ·represent 
the percentage numeric~lnon-disjunction · of qua~ri~alents formed. by 
chromosome· 6. · This valu'3 . derived from the · cytological data . is . close to . 
t ~e value obtained by Wel9h '(1942) for ·chromo~ome 2 from genetic~l . 
evid ence. · · ($ee Welch, G. 1942 Linkage irl au~.otetraploid maize. 

Ph.D. thesi~, Cornell University.) 

·J. Venkateswarlu 

.. -
BLANDY EXPERIMENTAL FARM 

University of Virginia . . 
Boyce, Virginia 
• 

1. Twp recessive genes necess ary f or white seedlings. 
' 

I • 

Sever al different genes ,for ·white seedlings in maize are known.· 
Thesaare ~aueed by monogenic recessives. · Ten, different rows segregating 
white seedlings were grown in ·1962. Nine b:f these showed a monogenic 
segr~gation. "rt is not certain which genetic ·yTh::l.te seedling this is~ 
Counts for . thes e nine rows were: Green 690, white 228, compared with 
an expected r 9-tio of 68&.5 to · 229~,, almost a perfect rat'io. ·. The ot ·her 
row-·show~d. a q.efinite · dihyorid . ratio or-· .299 gr~en ·: 20 w};rl-te, almost a 
perfect 15 ;1 ~~t~o. · Here '· apparently two genes · must be ' homozygous · · · 
recessive to produce white s8edlings. Seed is limited because - o.f ·a ·:
drought in 1962 that killed all . pl ants before pollen shedding. ·. · Reserve 
seed will be planted . and plants self edf Approximately 1/4 should be•· 
s~greg ating for the t~10 genes for · white seedlin •g:, while another 1/4 · . 
should give · monogenic ratios of 3:1. Has anyone observed a similar · 
occurrence? 

· .• . ... 

2. Mutation CI to -c: 

I 

' .. 

: ~ 

w • Ralph Singleton · 
.. t." 

: ,· 

In 19.59 a plant which was B A1 A . Pr Y Pl CI Sh Bw Wx R .Q& wa~ ' . 
radiated at the rate of 94 r/day !or- 2theperlod2'9"tol> ... days before 
the pollen was collected f or pollination onto a stock which was 
! 1 ,!2 E! I C sh ~ ~ l! 52JJ.• Among the resulting 12,000 seeds was one 
with a purp'Ieflinty endosperm. This was grown in 1960 and produced 
a plant which w~s BA Pl .Qs.• Pollen examination indicated 97.5% 
good pollen. The reshl.ting ear had a full seed set and segregated 
!/l !/I!!. S/£ !/sh VE! !/'JE!;.• The colorless seeds were linked to the 

. .. 
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~ endosperms. In 1961 fifty of the colorless flinty seeds were planted. 
Forty-one of t:ge resulting plants · were ~, with two ~• Most of these 
plants were also B, Pl and~• Fort y of the plant s were tested for c 
and CI. Thirty-two were cc, with two +/c and su not tested on cc stock. 
Thirty-six were tested on CC stock with no evidence of the presence of 
CI. It was evident that the purple seed in 1959 was the result of a 
mutation from CI to c. In 1962, 10 of the 40 plants selfed in 1961 were 
tested for theresponse cf the cc mutant to the action of Blotched. All 
ten of the lines tested blotched and were colorless when tested by c. · 
As with the spontaneous CI • c mutant tested by Coe (Genetics 47: 716, 
P• 779 - 783, 1962), tbismut2nt ac~ed like normal. recessive c. In 1960 
two, and in 1961 three m re mutants which appear to be mutations from 
g to c were recovered from radiation experiments. 

Alan Caspar 

J. Summary of recovered endcsperm mutations. 

We have been ·attem pting since 1952 t,.o induce mutations of the 
endosperm genes in chromosome 9 of matze. Below is a summary of the 
mutants which have pr oved to be inherited without , dete .ctable sterility 
into the R2 generation. In. experiments where more than one dcee of 
radiation was used or in which more than one stage of microsporogenesis 
was radiated the populations are bulked as , too few mutants are found 
at any one dose or stage tb determine rates. In the stage experiments 
no populations are included which were radiated · earlier than 13 days 
before pollen shedding. We have yet to prove a mutant from these 
stages because of the lack of coinci .dence between the embryo and 
endosperm. · 

These data do not indicate that the spontaneous mutation rate 
in the male is any different from those recovered for nro.tants recovered 
in the female. Therefore it would seem that radiation can induce 
mutations in maize which are in all ways similar to those which occur 
naturally at rates which are at least ten times greater than the 
control. 



Year Experiment -
1952 Chronic~ Radiation 

5 r/d to 415 r/d 
1952 Chronic~ Radiation 

5 r/d to 415 r/d 
19.5) 20 hrs. 1320 r 13-20 

days before anthesis 
1955 40 hrs. 2000 r 13. 35· · · 

1958 .. days before anthesis 
23.5 hrs. 1880 r ·14~35 
days before anthesis 

1959 Chron~c ~ Radiation 
29-14 days before 
anthesis 
12 .. r/d to 129 r/d . 

1960 23.5 hrs. 1080 r 13-28. 
days before anthesis 

1961 ' 23.5 hrs. 16-35 days- . 
before anthesis 987 r 

, 705 r I' 

· 517 r 
270 r 

Total 
.. . 

Control Populations Mutation in Male: 

Year - Rl. Seeds · - . 
1958 38·,000 
1959 37·,000· 
196o 1,0;000 ·-
1961,. 24,900, 

Total 249.,000 · . 

1953., 58.;.61 1481000 
., 

. . 

R1 Seeds-

29,,000 

30,000 

16,000 

18,000 

65.,ooo 

123,000 

94,oqo 

83,000 
69,oocr 
79·,000 . 
97,000 

328,000 

Proved 
Mutants 

7 Sh• sh 
1 Wx• WX 
1 Sh• sh 

1 Sh• sh 

3 Sh..->sh· . .. 

1S~ • sh 

f s·h• sh 
2 Wx•:wx. 
1 CI• c 

5 Sh• sh 
2 CI• c 

2 CI• c 
l Sh~h 
2 Sh• sh 
1 CI• c 

3 Sh• sh 
. ·3 CI~c 

· Mutante 

0 
0 
0 

1 CI• c. 

5 

Rate 106 

24 

33' 

63 

167 

15 

16 
16 
8 

53 
21 

24 
14 
25 
10 -

9 
9 

1 CI • c · 4.0 ., 

· 1 Wx~wx 7.0 

1952-1961 ·c~ntrol Populations Mutations in Female: -~ 

. ''. 

Coe(0enetics 
47 :779-783) 

R1 Seeds . -·• 

4. 089· 000 · , ' , . 

6,598,ooo 
6.,180.,000 

2,390.,000 
. • I 

· Mutants • 

.. 0 CI• c · •: • 
6 .Sh • sh 0,9 

14 lV.X• WX . I • 2. 3 

Alan Caspar 
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BOSTON COLLIDE . 
Chestnut Hill 67, Massachusetts ·· 

Department of Biology .· · 

1. A new chlorophyll-deficiency mutant. 

~ • • I 

Among the progeny of a cross between an inbred sweet corn and a 
strain of South American maize, a chlorophyll-deficiency plant was 
found. Its leaves and stalk were light green. ·When this plant grew 
to two months old, yellow and white stripes appeared on the - leaves. 
These characteristics became more pronounced as the stage of growth 
advanced. The plant was later in maturing than . its ·sibs• 

For a test of the inheritance of this variegat.ed ch?racter,' this 
plant was crossed on a standard inbred strain .of Wilbur's flint posses
sing green leaves and stalk. The' F1 plants ·,fr.om this cross were all 
green. In contrast, plants in the selfed progeny of the mutant showed 
t:Eie similar leaf and stalk characteristics-as those of the parent, even 
though the degree of variegation varied from plant to plant. The F2 
plants from selfing the Fi. of the. cross ·were classified as follows: 
5 chlorophyll deficient plants: 77 green. This ratio fits well the F2 
ratio expected for a pair of duplicate genes. A study of the chromosome 
constitution of this mutant is being carried on. 

Y. c. ;Ting 

2. A preliminary report on the fourth chromosome male gametophyte 
factor in teosintes. 

S The fourth chromosome male gametophyte factor (alleles~ ,9!1, 
Ga1 ) in maize has been extensively studied but its occurrence Li · 
teosintes has not been re ported. This factor has assumed an important 
rol _e in evolution, because it acts as an isol~ting barrier between 
individuals or between populations of plants. During the last few years 
it was noted that a crossing barrier exists between maize and some of 
the teosintes. When pollen from an inbred strain of Wilbur's flint was 
applied to the silks of the teosintes, seed set was scant. It seemed 
possible that the crossing barrier between maize and these teosintes 
might well be the fourth chromosome male gametophyte factor. During 
the last two years a preliminary test on this factor in teosintes was 
made. Three varieties of Guatemalan teosinte and six varieties of 
Mexican teosinte were employed. From three to five plants of each 
variety were crossed by the maize tester of genotype 21./~ 1• Pollen 
of each teos~te !as crossed to two plants of the maize tes'ter having 
genotype Ga1 /Q!i_. The number of -female gametes tested for each 
teosinte variety varied from 42 to 154. Even though these numbers 
used do not seem large enough to provide adequate evidence for any 
definite conclusion, they do disclose certain indications concerning 
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the ·genetic constitution of .these teosintes. Maize testers of ·the 
genotypes "_ga lf!At and _oa.1S/~S were kindly provided by Dr. o. E. Nelson 
of Purdue U~vertity. -Seeds of teosintes were obtained from Professor 
P. c. Marigelsdo:rf' of Harvard University. It was f ound -that all of the 
teosint~s (except ··chilpancingo) · possesBed ~ (Table 1}. Its -strength 
·irl Florida, Lake Retene, Huizta, .Arcelia., alco and XochirnilOo 
tepsintes appea?led stronger t ·han ordinary 2!i,, and it was subsequently 
desigtia.ted as '2!,i s. · • 

Table. 1. Results of the tests on -the fourth chromosome gametophyte 
factors in Guatemalan ( 1-3) and .Mexican teosintes ( 1':K" indicates full 
seed set). · 

Teosinte % seed set 
On G:a1S/G,a1~ 

' in X ~a1/~a 1 

1. Florida 0 X 
2. Lake Retene 2 X 
3. Huixta 0 X 
4. Chilpari?ingo O(one plant x · 

set seed 

Arcelia 
-w-ell) 

5. 0 X 
6. Chalco 1.8 X 

, .. 
7. Xochimilco 7 ~ X 
8. 'Chapingo 24 X 
9. Nobogame 25 X 

r ,.. ., ,#'. Y. C. Ting 

.: . . 
J. Meiosis in a haploid Ga18 tester plant. 

. . 

• Probable 
allele 

In a test for the fourth chromosome male gametophyte factor in 
different varieties of teosinte, a haploid te~ter plant ·was identified 
among a total of 41.-plants homozygous for Ga.1 • A:t,-pachytene of the 
microsporocyte divisions of this haploid plan-ti, univalents :like those 
.:.in the haploid maize - teosinte h,ybrid (M. G. N. L.. JO: 21), always 
folded back on themselves. Pairing between heterologous chromosomes 
and univalents uq,afred througho~t their entire length were seldom 
observed. At diakines~s, most of the chromosomes .remained as univalents. 
It appears that the ·amount of duplication for various segments among 
maize chromosomes is not large, if any. 

At metaphase I, a total of 538 randomly chosen sporocytes wa~ 
studied in polar view. The most frequentiy observed type of chromosome 
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association in a sd.ngle cell ,as -10 univalents, which represented 44 
percent of the total. The less frequently observed tyP.e of association 
was eight univalents plus one bivalent, which represented 41 percent of 
the total. The third type of asso •ciation was six univalents plus two 
bivalents, which made up 15 percent. From metaphase .I to anaphase I, 
unusual features of chromosome behaviour were as follows: (1) The 
spindles often appeared crescent-shaped and univalent chromosomes were 
often distributed over the entire cell area. Hence it seemed difficult 
to distin~ish metaphase I from anaphase I. (2) If all of the 10 
chromosomes by chance oriented attt.he equatorial plate, it was found 

· that they were likely to split,; (3) In some cells the univalent 
chromosomes did not split and they were randomly distributed to the 
two poles. The distributions of 1-9, 2-8, 3-7, 4-6, 5-5, were all 
observed. As expeqted; the latter two were the most fre quently 
observed-ways of distribution. However, 0-10 type of distribution was 
not f ound in a limited number of .sporocytes studied. (4) The 10 
chromosomes of certain sporocytes were no longer distinct but divided 
into several conglomerate chromatin masses. These masses scattered 
along the spindle. After telophase I, cytokinesis in many primary 
sporocytes .was incomplete~ · 

At t~e second meiotic division, the unsplit chromosomes from the .. 
previous division divided in t he normal manner, while halves of the 
previous split chromosomes did not. The undividing chromosomes usually
failed to congress at the equator at metaphase II. On the other hand, 
the dividing .chromosomes t .ended to do so.. .Attenuated chromatin masses 
were sometimes formed at anaphase II. At tetrad stage, the phenomenon 
of: multispory consistently appeared. Micronuclei were always present. . . 

For a test of owle fertility the first ear of this haploid plant 
was pollinated by a sib. About 1~ percent of the female gametes were 
fertile and set well developed seeds, which is much higher than 
expected. This high fertility is probably due tothe high frequency of 
natural chromosome doubling in the ovules. 

BROOKHAVEN NATIONAL LABORATORY* 
Upton, New York . 

Department of Biology 

1. Further studies of perennialism in derivatives of Zea. 

A. Tetraploids ·: : 
St).ldies car.ried •on since 1956 indicate .that the prosaic breeding 

procedure of sibbing among the :most perennial seg~egatesin the hybrid 
*Research carried ·out· at Brookhaven -National Laboratory under the auspices 

of the U.S. Atomic Energy Commission. 

,, 
.. • 9 • ~ 
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• • I • 

of 4n maiz~ x 4n . perennial teosil).t ·e 'quickly r.estores ,perennialism to 50% 
maize tetraploi'ds through increasing the e~pre~siori of the rhizomatous 
habit .under selection pressure. Similarly, only two generations of 
se).ection at the 75% .maize level have resulted in a progressive recovery 
of the perennial expression. A high degree of maize-likeness therefore 
appears to be· compatibLe with the pe~ennial expression at the . 4n level. · 

B. Diploids: 
Diploid derivatives of maize and perennial teosint ·e have been · 

produced by making the triploid hybrid 4n perennial teosinte x 2n maize, 
then backcrossing this JO chromosome hybrid back to 2n maize, and then 
intercrossing among the resulting array_of aneuploids and euploids. 
Selection for perennialism is practiced in the post-triploid generations. 

If the triploid is used as the female 1n the backcross to maize, the 
chromosome numbers · in the progeny ar~: ·· 

First Post-Triploid Generation 

Chromosome No. No. Plants 

20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

1 
.3 
7 
8 
9 

10 
. il 

5 
6 
3 
0 

Second Post-Triploid Generati0n, 
.Obtained by Sibbing First 

Chromosome No. 

-~ . 

20 
21 
22 
2.3 
24 
25 
26 
27 
28 
29 
30 

No. Plants 

35 
12 

9 
3 
3 
0 
0 
1 
0 
0 
0 

If the triploid is used as the male in the backcross to maize, 
the chromosome numbers in the ·progeny . are; . 

Second Post-Triploid Generation, 
First Poat-Triploi,d Generation Obtained by Sib bir'lg _ First 

Chromosome No. · No. PJ.,ants Chromosome No. No. Plants 

20 · 8 20 41 
21 ... 3 21 . 8 
22 1 22 4 
23 o. 23 ·.2 
24 1. 24 1 
25 1 25 0 
26 ·o 26 0 
27 2 27 0 
28 .3 28 0 
29 2 29 0 
JO .3 30 0 
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As these data indicate, there is a rapid shift to euploidy in the 
second post-triploid generation obtained by sibbing among the euploids 
and aneuploids of the first. In the third post~triploid generation, 
nearly all are 20 chromosome euploids, except for a few rare trisomics. 

Study of univalency at AI and of segregation of genetic markers 
in the triploid interspecific hybrid indicates that 20 chromosome 
plants found in the first post-triploid generation should have about 42% 
teosinte chromatin and about 58% maize chromatin. Pachytene analysis 
of such plants reveals several regio _ns of pairing failure or apparent 
failure, including at _least one large internal region and several 
smaller terminal -regions. Failure to form bivalents, however, is ·rare. 

Percentage of good pollen in 10 euploid plants of the first post
triploid generation ranged from 18% to 82%. Among 20 chromosome plants 
in the second post-triploid generation the proportion of good pollen 
ranged from 69% to 97%, and in the third post-triploid generation from 
Bo% to 96%. · . · 

Twenty-one percent · of the -seedlings of _the second post-triploid 
generation prove to carry leth al factors, and 10% of the seedlings in 
the third post-triploi d generation likewise carry lethals. 

The study of both pollen abortion and lethality of offspring 
indicates that perenni al teosinte carries genetic lesions which act as 
diploid-lethals, hut which are apparently functionally viable at the 4n 
level. Pachytene analysis indicates considerable non-homology between 
the genomes of maize and perennial teoeinte. · Since even in spite of 
very strong selection for teosinte characters, especially perennialism, 
in the post-triploid generations., these derivatives are still maize-like 
in morphology, it is probabl,e that there is a strong tendency to eliminate 
teosinte chromatin at the · 20 chromosome level, presumably in conjunction 
with the elimination of diploid-lethal factors. 

Even though one nm.st concede that we have as yet no good measure 
of how much teosinte chromatin may persist -in advanced generation 20 
chromosome plants, it is a clear result that we have not been able to 
demonstrate perennialism in any _ 20 chromosome plant. This is even true 
of the first post-triploid generation 20 chromosome plants which must 
carry large amounts of teosinte chromatin since these cannot have yet 
suffered post-triploid elimination of teosinte segments. It has also 
been impossible to demonstrate perennialism among the whole gamut of 
aneuploids found in the first or later post-triple .id generations. A 
few of these are able to re grow a new generation of culms after maturing 
seed, thus appearing perennial (Maize News Letter 36:5) for a ti.Jrte. 
However, totipotency is lost among the ~illary buds of the second 
generation culms, and the plants die. 
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Only recently, one 21 chromosome plant has been found which appears 
to be truly perennial, and has been cloned to 15 propagules. It is now 
producing fourth generation branches from third generat1on -culms. It ia 
hoped that this plant or clo.ne, ,which cyto genetically Wl<;loubtedly repre
sents the simplest form in which petennialism in Zea. has yet been- ob
served, will furnish · a beginning pci.tnt for definittve studies of the 
cytolqgical; geneti9, · and biochemical basi~ of perennialism in~ .. . 

'.·Donald I.. Shaver _ 
.. . . . 

2. Further · 'studif)S of the ·inherit an6e ct t~,o interspecifi.c traits in 

derivatives of maize and teosinte. 

. -~istichy of ears and photoperi'odism are two traits which are 
consi~ered to be taxqnomica1ly useful :Ln •di5:tinguishj.ng maize from 
teosi,nte. Both of the se traits have l;>een found in maize as well as in 
teosinte. That photoperiodism in maize can be inherited as a monogehic 
tra i t is not ~oubted. The in~eri tance of distichy, however, ha_s been 
variously r~?o~ted to be monogenic and polygenic. 

. . . 

It, is suggested that very • close taxonomic affinities of th .e two 
forms would be indicated if both traits were inherited in mai.ze and 
teosinte as ~xpressions of the same loci • 

. The ·inheritance ·of distichy was studied in selfed backcrosses of 
(eight-ro wed Longfellow Flint~ Fla. teosinte)xLongfellow Flint. If 
Florida Teosinte carries a locus which can confer distichy in a · 75% 
maize background, then 1/2 of the selfed backcross progenies should 
segregate 3:1 for the presumed recessive distichous tra~t: 

ProgeBV No. Distichous 21ants Po!ystichous plants 

551 0 . 16 
558' · 5 · , . 

. .. 8 

S59 10 
.. ' .. 0 . . 

560 . 1 .. 8 
561 '. 11 

• !, ' 

,: .1 ... 
562 .. 6' 7 

' 564 .. 5 10 
565 0 .. .. 3 
566 6 5 

· It is obvious that th~-expr-ession of distichy in this 75% maize 
background is rtot monogenic. Moreover, there was no evidenceof the 
expression of the type of .photoperiodism conferred by the id locus in 
pure maize.. · · - · · 

' •: ..... 
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In the same manner, the inheritance of photoperiodism in selfed 
bac.kcrosses of (!nb. Kys x Fla. Teosinte) x Kys was studied in 11 
progenies totaling 107 plants, Photoperiodism of the type -round in 
adjacent plants of ·pure maize carryfng.the id locus was not found at 
all. Whereas the pure maize plants segregating for id fell into two 
sharply separate classes of determinant and photoperiodic-indeterminant, 
the maize-teosinte derivatives showed a continuous range of flowering 
times, none, however, as late as pure maize homozygous .!g/,!g. No 
distichous plants at all were found in this selfed population of 15% Kys, 
25% Florida teosinte plants. 

One must concede that this st~dy has failed to reveal the existence 
of teosinte loci which can con.fer either distichy or the id type of 
photoperiodism in a 75% maize backgroqnd as single gene expressions. 

A year ago the writer reported that 3 plants of the hybrid between 
teosinte .and Andean maize which has been reported to be homozygous 
id/id were indeteminant-pbotoperiodic in growth habit. This ap~eared 
to be true in greenhouse culture. However, the observation could not 
be repeated out of doors in 1962, since this hybrid flowered ab~ut a · 
month before either pure teosinte or maize homozygous !s(id. Moreover, 
there has been no indication of a single gene segregation for photo
periodism in selfed hybrids of the Andean maize and corn belt inbreds. 
Therefore, there is no evidence in these studies that the Andean maize 
carries the classical g/g locus. 

Donald L. Shaver 

3. Further studies of linkage and preferential segregation in 
allotetraploids of Zea. 

Data from a new region, gl6 - 1! have been obtained .from both 
autotetraploids and allotetra°pioids of Zea. Teetoroee data from the 
two types of coupling duplexes were as Mlows: 

allotetraploid 
percent 

autotetraploid 
percent 

•••"Phenotype of Gametes"•••• 

~2 Q!J!z .s.!6~ g!_ ~ Total 
6 2-

1165 25 36 126 1352 
86.2 1.8 2.7 9.3 

524 84 54 79 741 
10. 1 11.3 7.3 10.7 

Constitution of 
Duplex tested 
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Coefficient of linkage in allotetraploid,. B • .782 + .036 
Coefficient of linkage in autotetrapioid, B • .419 + .110 
Coefficient of preferential segregation in allotetraploid for gl6 • .333 
Coefficient of preferential segregation in allotetraploid for lg 2 = .496 

: These data are in agreement with the range of results·reported for 
· other segments m· pr~v:i.ous- work with these types of, polyploids (Maize 
News Letter JlJ : 56-59). · · .. · 

·.1 . . 

Donald L. Shaver 
; . 

. 4. Further studies of trivalent fr~guencies in tbe interspecific 
triploid ·hybrid 9f ' perenrtial teosinte x annual 'teosinte • 

. . A year ago (Maize News, Letter 36: 4-5) it wa·s r~ported that the 
frequency of trivalents in ·the triploid hybrid between perennial and 
annual teosinte . was .only about 0.36. This seemed surprising . since this 
indicated less homology between "the chromosomes of the twd teosinte ' 
species than between the chromosomes of maize and perennial teosinte, 
where the trivalent frequency at diakinesis was about o.65. 

Since the f.irst value was taken from the study of only one rplant, 
two additional plants of 4n teosinte x 2n annual teosinte were studied. 
In one, the trivalent frequency among 1000 sets of homologues at 
diakinesis was 0.269 + .1210. In the other, the trivalent frequency 
among JOO sets of homologues was o. 397 + .1795. . These additional data 
reconfirm the results reported a yea.r a.go. Howev~r·, when univalen:~s 
at MI..AI in the second plant were "scored, u 200 cells, an average of 
8.89 .:!: .p723 was found. Hence it appears that over 1/2' of the diakinesis 
figur~s scored as trivalents were actually bivalent-plus-associated- '· · 
univalent configurations. This indicates that ~ution must be ·.us.ad in 
interpreting d.iakinesis ass ,octatio~s in this triplQid. 1It aeem1? likely 
·that in the maize-teosinte 'triploids studied last year, many- diakinesis 
figures sc.ored as tl1 valents were also bivalent-plus-associated-univalent 
configurations. 

The simplest interpretation of these · results is that there is a 
high degree of prefere~tial pairing and segregation in the teosinte 
inter-specific tr1gloid, perha ps even more .than .in the teos;tnte-maize . 
inter-specific triplo1d. ·However, since there are no, ~ehetfc markers to 

· follow . in the teosinte . triploid hybrid, it is still only ,a supposition 
.that the -preference for pairing is perennial teosint~ chromosome·-with 
perennial teosinte chromosome. A clarification of .this potht could be . 
made by inserting markers into annual teosinte from maize; and "then 
deteriµning the degree of genetic prefer~nt1ai segregation in the 
teosinte tri,ploid. · · · 

· . .D~nald · L.- Shaver . 
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UNIVERSITY OF CALIFORNIA 
Los Angeles 24, California 

1. The effecta of anthocyanin ( cyanidin di-glucoside) on root growth. 

Snythetic anthocyanidins, especially 3,7,4 trihydro:xy 2-phenyl 
benzopyriliwn chloride and 7,4 dihydroxy 2-phenyl benzopyriliwn 
chloride, have been reported to stimulate the growth of wheat roots 
(Stenlid, Physiol.Plant. 15: 1962). To determine whether or not 
anthocyanin is also a growth stimulator, cyanidin di-glucoside was 
extracted from•~• husks of maize, and tested for biological activity 
on seedling roots of wheat, oats, and maize; all three types of roots 
showed a statistically significant increase in length over the controls. 
The maize seedlings used for assay were homozygous for th~ !,1 gene. 
These dat~ are ·being extended to include relative activities of pure 
preparations of cyanin, chrysanthemin and the aglycone, cyanidin. 
Responses to exogenous anthocyanin are also being detennined for maize 
seedlings homozygous for !land seedlings homozygous for !i_• 

2. Leucoanthocyanidin accumulation by maize. 

G. M. Reddy 
M. Katsumi 
B. o. Phinney 

Inter-tissue complementation studies with fresh aleurone tissue 
have suggested the following gene action sequence for the control of 
steps along .a pathway leading to anthocyanin synthesis (Reddy and Coe, 
Science 1962): · 

(cI)-C - (C ) - R - (In) - A - A - Bz - B'z -- Anthocyanin. 
1 2 1 2 1 2 

In this sequence the homozygous a? mutant accumulates a leucoantho
cyani din which can be converted to anthocyanidin by heating with 
acidified-alcohol (Coe, Genetics 1955). If the gene order is true, 
mutants which block steps prior to the a

7 
gene should lack leucoantho

cyanidin when in combination with a. 'rnose which block steps after the 
a gene should have leucoanthocyantain when in combipation with a. 
lffimozygous double mutant stocks in several combinat ions were kindiy 
supplied by Dr. Coe. ElKtracts of the aleurone were' tested for the 
presence or absence of leucoanthocyanidin. Pericarps were peeled from 
10-30 mature seed of each genotype after soaking in water for one hour. 
The exposed endosperms were then extracted with acidified-aloohol for 
24-48 hours at room temperature. Each extract was heated 2-5 minutes 
to detect visihle evidence of conversion to pigment. All tests turned 
out as predicted (Table 1). Recessive intensifier(~) increased the 



amount of leucoanthocyanidin about five times. The purple pigments 
obtained by heating extracts from aleurone homozygous for~ ! 2, 
a~, a bz, and a, had absorption spectra identical to cyanidin. 
- .. .1 -2 -z -2 . 
Pigmentation could be visibly observed from the heated extract of a 
single ! 2 mutant. 

Table 1. Presence(+) or absence ·(-) of leucoanthocyanidin 
based on visible appearance of pigment, two to 
five minutes after heating an acidic-alcoholic 
extract of aleurone. 

,_ 
" 

. "• < 
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Mutant cI a .1n a• a
2 

bz
1

. a
2 

bz
2 

A
2 

bz
1 ~ombination c

1 
a - t: a r . a a a a. 

2 . 2 2 2 2 2 1 2 .2 

Color ·- - - - - + - + + + -
' I . ~ 

a. M. Reddy 

J. Double mutants .for dwarfing genes of ,Zea mays. .. ·,, .. 
Four of the five gibberellin-responding dwarf mutants of maize • 

have been intercrossed in all possible combinations .an~ the Fl 
selfed to ,give F2 1s which segregate for the ·double mutant. These 
presumptive double mutants can be identified ~n the . early see~ing 
stage in some case~, or in other cases · as the plants become older. 
The d - [1 d:>uble mutant has been 'backcrossed to both d- and an 
plani~;a 1 progeny were dwarf, ~onfirming the presumpttve geno!ype 
of the double mute,flt. All pr.esumpti ve double mutants . ( seven . different • •·: 
combinations test~d) res pond ~o exogeno~s gibberellin ey ·increased 
growth to give .a phenotype which approached that of ~e normals. 

Bernard Phinney. 

I I 
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CARGILL, IlJCORPORATED 
Grinnell, Iowa 

Research Department 

1. Local evaluation of d~ylength sensitive exotic germplasm. 

A much needed beginning has been made toward a systematized method 
of evaluating exotic germplasm for use in the Corn Belt. Fortunately, 
this has included considerations of yield and general agronomic 
excellence as well as the usual search for specific qualitative traits. 
Of especial interest tQ the _prac~ical temperate zone breeder are investi
gations which deal with materi al from short-day areas. It ±s very 
difficuit to lo~ally _ evaluate such introductions due, of course, to 
their tangled overgrowth urid~r our field conditions. One mu:st rely 
heavily:, with some justi f ication, upon na:t,ive per_formance records. Since, 
fhowever~ the F1 crosses of such :~ermplasm with· early Com Belt material 
are gener ally adapted to ·the · Central Corn Belt, one would be interested 
in comparing their relative performance in such crosses with (1) their 
behavior in the overgrowth condition, and (2) the contribution given by 
the exotics after incor poration. The data reported here are concerned 
only with the first comparison. 

In 1959, five exotics (one variety, one double cross, and three 
single crosses), representing various degrees of maturity and overgrowth 
response, were crossed in common to a very early Corn Belt · dent inbred, 
A509. Attempts at crossing to a second early inbred, A340, failed. The 
two heterogeneous exotic populations were each represented by a sample 
of 28 plants crossed individually to A509 and bulked in equal proportions 
for this study. Each sample of 28.plants constituted the earliest 
segregates out of populations of 200 plants (San Juan) and 400 plants 
(H309)·. To this ·_ extent, these samples were not fully representative 
of the populations. , The exotics, exotic x . . inbred crosses, the early 
inbred test er, two adapted single crosses, and an adapted snythetic 
variety were grown at Grinnell in 1960 in a replicated study involving 
six repiications. Subplots were single 19 plant rows. Considerable 
are was taken to border the weak inbred tester and ·the excessively 
vigorous exotic populations with material of comparable vigor and 
maturity. Individual plant data were taken for a number of quantitative 
traits. 

Subplot size was not adequate for a variance study in several of 
the traits. The study suffered further in the absence of additional 
testcross series to other early testers. In consideration, too, that 
the F1 rather than the F2 generation had to be used for the three exotic 
single crosses, it seemed wise not to attempt a close interpretation of 
the data. The average performance in each population for each of seven 
traits is offered for the reader's own consideration. 
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Dry 

/ · Weight 
Ear Kernel Shelled % 

Mid!/ Plant Node Ear Row Seed per Prolific• 
Silk Ht. Ht. 

~) 
Number Plant acy'ij 

""""(1ii:") ( in. ) (grams) 

A509 22.0 54.0 12.4 4.48 15.6 47 
Wf9 x Oh43 22.9 102,7 31.2 1.11 19.3 254. 
fil.4 X 187-2 24-.5 100.7 34.7 9.57 15.8 271 
Minnesota Synthetic 2 25.4 100.4 36.1 a.31 16.8 223 

A509 x(Mp305xMpJ07) 27.5 106.3 44 • .3 7.54 15.2 238 
x(Nc218xNc222) 21.9 106.3 41.0 7.72 . 16.1 233 
x San Juan , .. 28.5 · 101·.9 44.9 1 •. a5 . 16.5 219 
X H309 30.3 . 108.3 42.5 7,.93 16.9 198 
x(Mp4l4xMp428) 33.0 108.3 41.3 7.79 16.2 231 

Mp305 x MpJ07~ ,. 39.a· . 123.1 63.9 7.98 12.8 301 
Nc218 x Nc222,2/ ·46.3 109.2 57.8 . 7.28 16'.6 217 
San Ju~~ 57.J 132.1 a2 .. a 6.aa .. 14.9 111 
H309 65.1J/ 140.6 94. o'J// · .. -- .... ' --
Mp414 x Mp428Y 49.4 .-116.9 50.1 6.74 13.7 142 

!I Number of days after J'lily 1 · · · · · · 
y Based on number·or plants bearing second ear 50% or more the size of 
f~~~r . · · · · · 

:JI A downward estimate as only;1the early portion (4.5%) of the populatio~ 
silked : · ·. . . · .· ·. 

4/ Mississippi white dent a'ihgle cross 
>f North Carolina yellow dent · single cross · 
o/ Mexican , white dent variety, race Vandeno . 
1/ Mexican white dent double cross ·, race Celaya W Mississipp~ yellow dent singl~ cross 

2. Wild maize undone by domesticated forms·? . . 

A: recent_ .~o~cept of ~ild m~iz~, 6·,000 BC, ~eems to be that of ·a 
branch ot the Maydeae in a particularly precar.ious position due·to 
(1) over speci~lization in ; the lateral, pistillate 'branches and,.. • 
( 2) · confinement to a narrow ecological niche { low natural population) •. 
Ie it in the realm of possibility that the wild forms were cai:-ried to 
extinction by the ~onstant , introgression of the more nUJ11.erous, but 
even le~s fitted types developing undeP man's protection? · · 

... 

E. E. Gerrish 

,, 
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CORNELL UNIVERSITY 
Ithaca, New York 

Department of Plant Breeding 

1. c14. assimilations study. 

Maize inbred lines, D-16, W37-A, and N-40 and one single cross 
hybrid F1 (D-16 x W37-A) were tested for their respective capabilities 
in carbon assimilation. Three week old seedlings in lots of three 
were exposed to c14o2 for 10 minutes for each entry and the seedlings 
were quickly ldlled by submerging into liquid nitrogen. 

Subsequent extractions were carried out with Ethanol, Chloroform, 
and each extract was tested for its radioactivity and dry weight. The 
residue was finely homogenized in a glass tissue-homogenizer and 
suspended in water for homogeneous dispersion so that samples of uniform 
thickness without substantial self-absorptions could be pr epared from 
residues for radioactivity determinations. 

Radioactivity (cpm, count per minute) and the specific activity 
(cpm/rng of solute) are presented in tables land 2 and dry weights of 
each extract fraction in table 3. There were varietal differences 
among the inbreds and. differences between the F1 and its parental 
inbreds (D-16, W37A) in each extract fraction. . The total carbon 
assimilated rates hi ghest for the Fl hybrid · (table 1). However, in 
terms of specific activity (table 2), the F1 h,ybrid gave a count of 
21,834 cpm/mg, which is lower than either of its parental ii:ibreds. 
This seems, at first, to indicate that the highest total carbon assimi
lated by the F1 hybrid was due to its larger ·leaf area but probably 
not due to an elevated chloroplast activity by "heterosis of chloro
plasts"• IEinrever, when one examines the residue fractions in table l 
column 3, it is noticed that the F1 gi ves a specific activity (3,822 
cpm/mg) higher than either parent activity. Since the ethanol and 
CHC1

3 
would extract most of the free sugars, amino acids, and fatty 

materials etc. from the samples, the residue fraction would consist 
of cellulose and high molecular weight polymers. This : seems to 
indicate that the F hybrid exhibited a high degree of efficiency in 
translocation as well as transformations from immediate low molecular 
weight photosyntheti ·c products to higher polymers of plant ·constituents, 
as evidenced by its hi gher specific activity in the residue fractions 
(table 2). It is also noticed that the hybrid F1 accwmrlated in its· 
residue 9.5% of the total cl4 assimilated during a 10 minute ·exposure, 
which is twice as much as the amount of C14 accumulated by either of 
its parents in their residue fractions, respectively. 

Since the total dry weight consists of all of the constituents in 
the tested plants, it would be premature to make any definite conclusions 
as to the hybrid chloroplast activity until the isolated chloroplasts 
are examined and compared against those of their parental inbreds. 
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Table 1 Radioactivity of Samples (CPM) 

Ethanol CHC13 Total 
Sample Elttraction %' Extra.otion& % Residua ,. ~ CPM ., 

CPM CPM CPM 
D-16 .3,695,642 93.28 96.,000 2.wt 1.10,068 4 .. 29 3,961,110 : . 

.. 
W37A 3,594,992 90 •. .33 . 153,025 .3.84 2.31.,856 ,.a,··· . .3,979_.a74 

F1(D-16xW37A) 4,915~1_95 85.63 282,481 4.92 542,356 ·9.45 5i-740,,032 .. .. ' 

N-40 5,067,208 90.24 -lh9,B55 2.67 397,40.J 7.08 s,,615,466 

Table 2 Specific Activity ot cl.4 :in Samples (count/inin./mg.) 

Sample 

D-16 

W.37-A 

Ethanol . Chloroform 
Extract Extract 

115,489 8,000 

76,489 S,668 

F
1

(D,•16xW37A) 59~941 7,243 

N-40 103,412· 3,405 

Residu~ 
in H2o 

1,966 

2.,482 

3,822 

5,504 

*Pooled 
Specific Activity 

30,351 

23,775 

21.,834 .. : 

33,991 . . .. . . 
I O • •• 

· . · · Each ~igure ~s average ' 0f J ~eterminatio~s 
. ... .. . . . . 

' ~ 
.. . . 

*Pooled specific activity is obtained py: 
(SP) (DWS) ETCH + (SP) (DWS) QHCl.3 + (SP) (DWS) _Res~·· ·- . .. . 

• Pooled SP 
• • • 

1 Total dry weight · 
.. ... 

SP c Specific activity (Table 1) ETOH = Ethanol Res= Residue 
DWS ~ Dry weight of the solute (Table 3) CHC1.3 = Chloroform 

Table 3 Dry Weight of Sample (MG) 
Ethanol 

Sample Extraction % 

D-16 

W37A 

F1(D-16xWJ7A) 

N-40 

32 mg. 

47 

82 

49 

, 24.5 

28.08 

31.19 

29.66 

CHCl3 
Extraction 

12 mg. 

27 

39 

·44 

H. 

Total 
% Residue % Dry Weight 

.. 
9.19 86.5 mg. 66.28 ·130.5 mg. · 

16.13 93.4· ,5.79 167.4 

14.83 141.9, 53.97 262.9 

26.63 ·. 72.2 43. 70 165. 2 

A. Liu and H. L. Everett 
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2. Brachytic-2 dwarf hybrids. 

Hybrids of brachytic single crosses and normal single crosses have 
been obtained. The brachytic gene causes a shortening of stalk internodes, 
especially those below the ear. other parts of the plant are ~ua.lly not 
reduced.· In the past three·years, many hybrid combinations have been 
measured for ear and plant height, grain yield, and in some cases for 
culm diameter and silage yield. 

A preliminary' analysis of the performance is summarized in the 
accompany~g table (No. 1 ). The means representing normal, semi, and 
full dwarf hybrids show an obvious trend. The brachytic-2 gene has 
par,tial dominance which is enhanced in specific genetic backgrounds. 
In addition, there is evidence that reciprocal semi-dwarfs respond 
differently. The degree of expression of the brachytic gene in 
identical nuclear backgrounds is not alwr1.ys equal in dwarf and normal 
cytoplasms. 

Table 1 Dwarf-Normal co~parative means by .years: 
1960 1961 

Culm Silage Culm 
Grain Plant dia
yield height meter 

I bµ A mches 

Grain Plant Ear dia- Grain yield Plant Ear 
yield height height meter yield lbs height height 
bu/A inches- inches bu/1 inches incl).es DMl'tt inches inches-

Normal 90.2 BB.o 0.98 100.9 92'•6 37.6 · 0.81 
' 

90.J 8726.4 84. 7 .31. 9 

Semi- 86.o 81 .. 6 1.05 101.1 92.5 35.1 0.82 86.4 8870.0 80.3 28.7 dwarf 

Dwarf - - - 97.2 90•1 31t.o 0.83 61.3 5749.9 57.1 13.6 

J. c. Thompson and H. L. Everett 

3• Chromosome lmobs. 

Dr. Albert Longley in a report to the Rockefeller Foundation 
Mexican Program ( "Chromosome Knobs of Maize from the Latin America,s II 
by Albert Longley an'd Angel Kato Y. 1961) described the origin of large 
masses of -heterochromatic material in several diverse collections of 
the race Nal-Tel. Plants used in Longley's studies were sacrificed. 
Seed samples (S kernels) of collections reported to show unusual 
heterochromatic accumulations were planted in the greenhouse in.winter 
1962 and microspore .mother cells were collected for chromosome obser
vations. 
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Thee~ eleven collections were s~pled: Gua:t!3mala 207, Guatemala 299, 
C,uerrero 174, Panama 5P," Panama 12P 1 Panama 39P, · Costa Rica ·45, 
Nicaragua 3432, Nicaragua 340Q, Costa Rioa 400, and Guatemala 835. A 

· ·total of 27 plants were · characterized successfully for chromosome · 
morphology. One 'piant in eaoh of three oollec~ions .(Guatemala 269, , 
Panama 5P, and Panama 39P) showed a heterochromatio block ·siinilar to 
that terl)linating abnormal chromosome lOL terminating 9s. The abnormal 
10 cQndition was seen. in four other plant~. 

Due to poor plant growth and lack of adaptation to Ithaca conditions, 
it was not possible to OQtain selfed lines. . Crosses were made to other 
plants, however, and stocks carrying the u_nusual chromosome 9 ·have been 

: obtained. · · 

H. ~ Everett and . 
Margaret Emmerling Thompson 

· 4. · ' · Iojap encl te~sinte cytoplasm. 
I • • 

. ·Mazoti (1950) has reported that the expression of the iojap gene • 
is grea~ly . reduced or entirely lacking in homozygous !j_ ij plants -wh'ich 
contain teosinte cytoplas111e Several years ago Mazoti---C-kiiidly) gave us 
seed of two of. his ioja.p stocks. . Ql~ was a standard il g!_ ,Y ii line . 
wlth ,naize · cytoplasm, and the other a stock derived from~e f'Irst line 
by backcrossing it as male parent £or 8 generations to teosinte 
cytoplasm. The second line with teosinte cytoplasm was thus also 
presumably 11 .fil !j !j• . The two lines, however, clearly differed in 
the degree of chlorophyll variegation. The strain . with teosinte 
cytoplasm has shown few striped plants in the .. four seasons it has been 
grown, and the few striped plants that did apoear usually contained 
only ~ne or a few short whl.te stripes. The stock carrying ·lllSize 
cytoplasm has given all variegated plants which typically hav~ a 
moderate number of relatively narrow stripes~ That the'stoc~ · with 
t~osinte cytoplasm is homo~ygous y y has been confirmed by crossing 
it as male parent to standard _!i !J. and! !J. female p·arents wit .~ im.ize 
cytoplasm. We have continued the backcrossipg for three more generations 
with no change in the expression or the iojap phenotypes ip the two 
lines. · · 

. . . 

The strain with teosinte cytoplasm was also crossed · as .r .emale . 
parent with two of our standard iojap stocks ( obtained · originally from · 
the C<?OP• t:µlQ. maintaiped by selfing). The Fl-· f am:llies ,· all ll !:1 in 
teosinte qytoplasm, ~ere vigoro~~• At maturity both progenies contained 
more striped plants than were prssent in the !J. !J. te,osinte cytoplasm 
female parent. Each family also had solid " green plm1ts (4 green, 1, 
striped in one family, 8 gr~eni 12 striped in th~ second family). 
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Green plants in the F1 families were backcroS~E!d as seed parents by the 
standard iojap stocks. One backcross progeny contained 7 green or 
slightly striped plants and 7 plants with a moderate number of stripes .. 
The second backcross progeny haQ 2 green, 2 sli ghtly striped plants and 
7 plants judged to be typical iojap like the recurrent male parent. A 
second backcross generation ' stemming from both , green and striped female 
parents consisted of 6 families all of which contained orily striped 
plants. The intensity of variegation in the BC2 progenies was not 
obviously correlated with the degree of vari egation of the BC1· females 
(pollen from the sameplant was used 'in.makin g all backcros~es), all 
6 BC2 progenies showing about the same degree of variegation whether 
derived from green or stri ~ed seed parents. · , 

The expression of the iojap phenotype in the BC2 families was 
much more pronounced than in the original !J. ij, teosinte cyto plasm 
stock from Mazoti, but was probably somewhat less pronounced than in 
the standard !J. !;i recurrent parents. The teosinte cytoplasm ma.y 
thus be interactin g with the ij genotype in our stocks, but if so the 
resultant modification af the1ojap phenotype is less dramatic than in 
Mazoti 's stocks. If one rules out pollen transmission of maize. · 
plastids and cytopl asm, the r esults to date might suggest, among other 
thil;l.gs, differences in iojap alleles or differences in ·-modifiers -of 
the iojap gene in the different stocks. Our standard $ojap stocks 
( with maize cytoplasm) are consider·ably more variegated than the 
standard · stocks received from Mazoti, and it ·appears that these 
differences are also manifest by the degree of expression of the two 
genotypes in teosinte cytoplasm. , 

Harry Stinson 

DEKALB AGRICULTURAL ASSOCIATION, INC. 
DeKalb, Illinois 

1. Conversion of inbreds to Texas-sterile cyto 
a tetrap aid-diploid cross. 

enesis- in 

A· Texas-sterile cytoplasm, tetraploid version of the 11Emerson Brown" 
marker., a B Pl, was used as the female parent in a cross- by the Purdue 
inbred H~2; -rmong the progeny, there was one individual, diploid and 
paternal in phenotype. This individual was partially fertile and set 
some seed upon self poilination. In the second generation, field grown., 
most individ~ls were <;:ompletely sterile; a few were partially fertile; 
all .were .phenotypically -ind;tstinguisha ble in other characteristics . 
from normal H52. Apparently an unreduced gamete from the male functioned 
androgenetically and:, as expected, acquired the cytoplasm of. the_ r ·emale 
parent~ . This gSl'llete., pre~umably., was heterozygous for partial fertility; 
or, possibly, the greenhouse environment in which the androgenetic 
individual was grown favored pollen formation. 
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A number of other inbred lines were used as males on the tetraploid 
oyto-sterile marker stock last .summer. Among the progeny now in the seed-
ling stage a number of patem.al mon9ploi~s .~nd several diploids have 
been recognized. The expectation is tha~ these individuals carry the 

·· :Texas.i.sterile type of cytoplasm. ( See Qoodsell: drop Science Vol. 1, 
No. 3, P• 227, 1962) -

EMORY UNIVERSITY 
Atlanta, . Georgia 

Sherret s. Chase 

i. Associations between chromosome knobs and plant characters. 

Cytological and morphoiogical analyses : of .a Maiz chapalot _e 
population has revealed statistically significant associations 
between specif ,i9 Q,hromosome segment.s marked by la10bs · and certain 
plant ch~ac.ters • . Six knobs ( positions 1t, 4S, L.L,. 6a, 6b, and BL) 

· · were segregating in -1;,he- population tot he extent that their pre _sence 
or absence could be compared with 21 commonly-used plant charact~rs. 
Only knobs 4L an~ 6b showed significant associ~tion with any of th~ 
characters used. These · associations are listed in the following 
table; . · · · · · 

•Ta~le . 1 
Knob--plant character 
association 

. Small ste .m diameter 
:and knob 4L (mm.) 

Many tillers and 
lmob 4L 

. Late pollen shedding 
'and knob 6b (days) · 

Many stem internodes 
, ·and knob 6b . 

Narrow leaves and 
knob 6b 

Knob 
condition 

KK and KO 

00 

KK 

00 

KO 

00 

KK and KO 

00 

KK and KO 

00 
, 

. KK and KO 

oo· 

'N 

13 

5 
' 9 

5 
4 
5 

2'1 

3 

2~ 

. 3 . 

27 . 
;3 , 

. " 

X s2 , P value 

24.7 2.20 

4-25 
.05 

26.9 

2.7 o.,o 
.•. 001 

1.4 9.30 
~.o o.66 
1.4 0 .. 30 

.01 

,71.14 11~97 
· ·64._33· ·.· "6.33 

.01 

. 14.14 1.20 

12.33 ., . 1.33 .. . . 

.9.~r· ... o._71 

10.50 ' o.oo .02 · 
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Genetic experiments are now ih progress to validate cytological 
observation and to possibly reveal , the existence of knob-linked genes 
having some control on the expression of quantitative plant characters. 

w. H. Murdy 

GEORGIA. ElCPERIMENT STATION 
Experiment, Georgia 

Department of Agronoll\Y' 

1. Fatty acid composition of corn oil of certain inbred lines and 
their F1 hybrids. 

Two groups of inbred lines (selected for high mil content in the 
kernel) were grown at Experiment., Georgia., in 1961. One·group (I) of 
inbred lines which had been developed by a number of experiment stations 
was selected from the ~reediijg nursery at the Georgia Experiment Station. 
A second group (II) of inbred lines was selected from inbreds developed 
at the Pee Dee Agricultural Experiment Station., Florence, South 
Carolina. Selfed seed of these inbred lines were analyzed for oil 
content ·and fatty acid distribution. All possible single crosses 
within groups I and II were also made in 1961. During the winter of 
1961-62., these single croemes were grown in Florida and 5 to 7 selfs 
were made in,. each cross. Fatty acid analyses were made on the self _ed · 
seed of F1 progeny from crosses of inbreds of high x high., ·high x low, 
and low x low composition for each of the five important fatty acids 
in corn oil. ·The results of fatty acid analyses of the inbred parents 
and their F1 hybrid single cresses are given in Table l. · 

The F1 hybrids had less pallnitic acid than the average of the 
parents for all types of crosses in groups I and II. The cross of 
two inbred lines low in palmitic acid resulted in F1 hybrids with 
less palmitic aci<;i than the low parent. The F1 hybrids were lower 
in stearic acid than the average of the parents in crosses of high x 
high and low x high. Crosses of low x low resulted in a slight 
increase of stearic acid in the F1 as compared to the average of the 
parents. For oleic acid, thei high x high cross gave F1 hybrids with 
less oleic acid and the low x low cross had mer~ oleic acid as compared 
to the parental averages. The low x high cross had less oleic acid 
in F 

1 
hybrids of group I and more in group II as compared to the 

average of the parents. · Linoleic acid content of the F hybrids was 
slightly increased over the parental average in the higfi x high cross, 
moderately •increased in the high x low cross, and considerably increased 
in the iow x low cross. F1 hybrids had lower lirtolenic acid contents 
than the average of the parents in all types of crosses exc~pt the 
low x low cross in_group II. 
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Additional crosses of high x high, high x low, and low x low for 
each of the fatty acids are bein g made to substantiate th~ results 
obtained so far. Segregat i on in the F2 generation will also be 
studied for each of the fa t ty acids. -

This study was made poss ib le by the cooperation of several 
individuals. The South Car olina inbred lines were made available by 
Dr, Alfred Manwiller. Oil analyses were determined by the Clinton 
Corn Processing Company, a division of Standard Brands, Inc., Clinton, 
Iowa. Fatty acid distributions were determined at the Blue Bonnet 
Division of Standard Brands, Inc., Indianapolis, Indiana.. The oil 
and fatty acid analyses were made possible by grants from the Corn 
Industries Research Foundation to the Clinton Corn Processing Company 
and the Blue Bonnet laboratories. 

Table 1. Fatty acid distribution in seed of F1 progeny (sin gle crosses) 
of inbred lines of high x high, high x low, and lo w x low 
composition of the five important fatty acids in corn oil • 

.. 
~roup anct ~ercent on totaI ratty acid oasisI 

Fatty aoid type of Female Male Average of -F1 ·single 
and pedigree cross pa.rent parent parents cross Diff.,* 

Palmitic Groue I_ 
Mp46a=x Mp428 HxH 10.3 J.6 .. 5 17.4 16.7 -0.7 
Mp468 x GE84 HxL 18.3 11.9 15.1 13.1 -2.0 
GE84 x GE72 LxL 11.9 12.0 12.0 11.3 -0.1 

GrouE II 
-o.6 SC246C x SC138-28 H xH 11.0 16.6 16.B 16.2 

SC246C x SC212D HxL 17.0 13.0 15.0 13.6 -1.4 
SC31} x SC212D LxL 13.1 13.0 13.1 12.3 -o.B 

Average lS.9 13.8 14,9 13.9 -1.0 

Stearic Group I 
Pl21 x GE72 HxH . ·4.4a 4.21 4.35 4.16 -0.19 
Mp428 x GE72 LxH 2.25 4.21 3.23 2.66 -o.57 
Tx20J x Mp428 LxL 2.44 2. 25 2.35 2.45 +0.10' 

Grou12 II 
SC260E x SClJB-28 HxH 3.30 4.17 3.74 2.41 -1.33 
SC313 x SC138-28 LxH 1.67 4.17 2.92 2.64 -0.28 
SC313 x SC212D LxL 1.67 2.16 1.92 2.06 +0.14 

Average 2.64 3.53 3.08 2. 73 -0.35 
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Group and Percent on total fatti acid baais 1 

Fatty acid type or Female Male Average or F1 Single -
and pedigree cross parent . parent parents cross Diff.* 

Oleic GrduE I 
~2 x GE72 HxH 46.5 45.a 46.2 39.4 -6.8 

Mp42B x T202 1·x H 31.0 46.5 38.8 36.8 -2.0 
Tx39-16 X Mp428 Lx L 32.7 31.0 31.9 33.1 +1.2 

Groue II 
SC260C x SC138-2 HxH 43.8 44.4 44.1 40.4 -3.7 
SC313 x S0138-2 LxH 24.3 44.4 3).h4 36.7 +2.3 
S0313 x SCJllA LxL 24.3 37.4 30.9 33.6 +2.7 

Average 33.8 1.il.6 37. 7 36.7 -1.0 

Linoleic Grou:e I 
Mp428 x GE84 1-IxH 49.0 l.i7ir6 4a.3 49.2 +0.9 
MJ'428 x T202 HxL 49.0 35.1 42.1 45.8 +3.7 
T202 x OE72 LxL 35.1 37.3 36.2 44.0 +7.8 

SCJ13 x SC211E 
Groue II 
H X ff 59.7 45.3 ,2., 52.8 +O.J 

sc313 x sc26oc HxL 59.1 35.7 47.7 49.3 +1.6 
sc26oc x s0138-2 Lx°L 35.7 · 36.5 36.1 40.0 +3.9 

Average 48.o 40.0 43.8 46.9 +3.1 

Linolenic Grou;e I 
T202 x Pl21 HxH 1.61 1.46 1.54 1.10 -0.44 
T202 x GE72 HxL 1.61 0.82 1.22 1.11 -0.11 
GE80 x GE72 LxL 1.04 0.82 0.93 o.oo -0.93 

Grou:e II 
SC313 x SCJllA H X H 1.39 1.37 1.38 0.98 -0.40 
S0313 x S0138-28 H x .L 1.39 o. 79 1.09 Trace -1.09 
SC246C x SC138~28 LxL 0.99 0.79 0.89 0.94 +0.05 

Average 1.34 1.01 1.17 0.69 -o.48 

1Average of two fatty acid analyses. 

* Difference of the F1 single cross compared to the average of the two 
inbred parents. . 

M. D. Jellum 
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1. Prehistoric wild and cultivated maize from Tehuacan Va_lley in 

Mexico. 
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We have recently made a detailed study of all of the prehistoric 
maize from four caves in the Valley of Tehuacan in southern Puebla, 
Mexico, uncovered by MacNeish and his associates. These p~ehistoric 
specimens number more than 10,000 and include all parts of tbe plant: 
roots, stalk, sheaths, leaves, husks, prophylls, shanks, cobs, kernels, 
tas sel fragments, and anthers. Together they provide a fairly com~l ete 
picture of corn's wild progenitor and furnish abundant evidence of an 
evolutionary sequence from wild maize to modern cultiv ate d maize. 

Therrost numerous prehistorio specimens are those of cobs. The 
earliest cobs from two of the caves, San Marcos and Coxcatlan , most 
of which are well preserved, dated by radio-carbon determinations of 
associated wood at about 5000 B.c., are almost certainly those of wild 
maize since they are quite uniform.and there is no evidence from other 
species that the practice of agriculture had become established. These 
cobs are small and slender, about two centimeters in length and taper 
at both ends. Tbe kernel row number is usually eight but a few cobs 
are four-rowed and dist-ichous. The rows bear six to eight spikelets -
the average number of Spikelets on intact cobs is 55. The spikelets 
are uniformly paired. The glumes are long in relation t o the rachis 
diameter and are approximately like the glumes of half tunicate 
associated with minus modifiers. Tissues of both rachis and glumes 
are soft - not indurated like those of teosinte and Tripsacum. Many 
of the cobs have slen der stumps, presumably of staminate tips which have 
been broken off in handling. 

, I 

The specimens of lower stalk intemodes with attached roots show 
that the seminal root system was well devel9pe d - probably an adaptation 
to somewhat droughty conditions. There i_s no evidence of tillers. The 
lea f sheat hs are predominately completely glabrous. One intact husk 
covering from an early zone consists of only two husks: a thick outer 
one and a much thinner inner one. The low husk number and the short 
shank suggests that the ear was born in a high position on the stalk. 
The leaves are wide in relation to their length and the leaf veins are 
closely spaced as in teosinte and Tripsacum. 

At about 4000 B~ C. cobs somewhat larger in size but having the 
sa.~e botanical characteristics as 'the wild maize make their appearance 
in the two caves. Since by this time there is evidence of cultivation 
of beans, squashes, and chili peppers, we assume that the slightly 
longer cobs are those of early cultiv ated maize. 
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At about 1000 B.C. a completely different maize with tripsacoid 
characteristics, presumably tb.e product of hybridization with teosinte 
or Tripsacum, makes its first· appearance. Since neither teosinte nor 
Tripsacum is known in Tehuacan Valley today and since no archaeological 
remains of either species have been uncovered in the caves although 
the remains of other indigenous grasses are abundant, we assume that the 
tripsacciid maize has been introduced from elsewhere~ 

The hybridization pf the introduced tripsacoid maize with the 
early cultivated maize of Tehuacan Valley gave rise to types res .ambling 
two living Mexican races: Chapalote and Na:1-Tel, the former now found 
in northwest~rn Mexico, the latter in southern Mexico. The two races 
are closely related, differing primarily 'in pericarp color, Chapalote 
having brown and Nal-Tel orange pericarp • . Since both colors occur among 
the prehistor:ie kerne,ls in the Tehuacan caves there. is no way of 
distinguishing Chapalote from Nal-Tel in the prehistoric cobs - both .are 
obviously components of the same complex. 

It now seems probable that wild maize, though perhaps never abundant 
in any part of Mexieo, was widely distributed geographically. Fossil 
pollen from deep driµ cores from the Valley of Mexico, identified by 
Barghoom et al., sho~ that wild maize once · grew there. The appearance 
of a . tripsaeoid maize in the Tehuacan Valley sugg,es'ts that adjoining 
regions also had.maizi:). The popcorn race from the Valiey of Toluca, 
Palomero Toluqueno, differs from the Chapal 9t'e-Nal-Tel complex of the 
Tehuacan Valley in having pilose leaf sheaths and pointed kernel$ and 
it may represent the descendant of a fourth distinct geographical race. 

P. c. Mangelsdorf 
R. s. MacNeish 
w. c. Galinat 

2. Further data on the components of the tunicate locus. 

. In previous News letters (35, J6) we reported that the two com
ponents of the Tu locus which had been separated by crossing over 
appeared to have slightly different ef f ects. After an additional 
backcross to the inbred .Al58 which produced lines which are t~eoretically 
61/64 or 95.3 percent Al58· there is now no doubt that this is true. · The 
differences are apparent in a number of characteristics. Lines · · 
heterozy gous for the locus 'tuh-d have more orominent central spikes, 
longer · staminate glumes, andlon ger, tbicke~ pistillate glumes than 
lines heterozygous for tuh• 1• Although the kernels are not completely 
enclosed inhe:i.ther groupof lines they are .shelled off .with difficulty 
from the tu -ct lines and more easily' from the tuh-1 lines. - : ~ .. 
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There is still a possibility that the differences are due to 
modifying genes linked with the loci in ouestion rather than to the 
loci themselves. This possibility now seems somewhat remote since 
increasing isogenicity has served t o differentiate the components 
instead of increasing the similarity between them as would be expected 
if they were actually identical. 

As •pointed out previousl y , a difference in the two components of 
the Tu locus suggests that (a) the wild locus was Tu or (b.) that there 
were two wild loci, tuh-d ~d tuh-1 which through unequal crossing over 
sometime during domesticatiqn were brought together to produce the 
present Tu ··1ocus. The fact that all early prehistoric corn so far 
studied Is s:iJnilar to half tunicate r~ther than to full tunicate 
favors the latter poss.ihility. 

Crosses were made in 1961 between plants heterozygous for the 
two components. In 1962 plants heterozygous for both(+-/-+, a 
modif ied trans form in which the two + 1s reoresent different "wild" 
loci) were backcrossed to tu tu. A backcross population is now 
bein g grown in Florida to det ennine whether the Tu locus can be 
resynthesized by restoring its separate components to their original 
positions on the same chromosome. 

.P. c. Mangelsdorr 

3. Combining extracted chromosomes with tripsacoid effects - its 
bearing on convergent improvement. 

In last year's News Letter I re ported the results of intercrossing 
lines of A158 which hadbeeri modified by incorporating . into them 
chromosomes with tripsacoid .effects extracted from varieties of maize 
from the ·countries o{ Latip America. During the past summer highly 
tripsacoid segregates from F2 populations of such crosses were grown 
,for the purpose of establishing new lines of Al.58 carrying extracted 
chromosomes from both parental lines. In virtually all lines some 
plants were completely barren, producing no ears - in some lines 
virtually all plants were barren. This confirms the conclusion reached 
last year that there is a limit to the amount of tripsacoid germplasm 
which can be introduced in a homozygous state into an inbred strain. 

These results have an important bearing on the method of conver gent 
i mprovement in maize which assumes that inbred strains and their single 
crosses can be improved by backcrossing an F1 hyhrid to each of its 
par ental lines followed by selfing. If heterosis is due in some 
i ns tances to blocks of genes ori ginally from teosinte or Tripsacum then 
convergent · improvement will not in such ca~es be successful because 
these blocks of genes tend to have deleterious effects when homozygous. 
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A survey of the published data on convergent improvement shows 
that results are ., as expected, conflicting arid the m.ethod has been 
unsuccessf1,1l I!lore often than not, The data showing lack _ of ;improvement 
are of part:f,cmar interest _here. Or 54 single crosses o~· second cycle 
recovered lines of B2 and K4 tested by Sprague et al. (1959) not a 
single one was equal in yield to the original s!iigie cross. _ Of 40 
single crosses involving recovered lines of Wf9 and 38--ii tested by 
Lonnquist (1?60) not one .was equal in yield to _the original si~gle cross. 

· When blocks of.teosinte or Tripsacum genes are invqlved in ·heterosis 
convergent improvement is _obviously not a valid test _to distingui:;;J:). 
between dominance, overdom;i.narice, and epietasis as the principal factor 
in heterosis. Practiced for a sufficient number of cycles on inbred 
strains carrying blocks of teosinte or Tripsacum genes, convergent . 
111mprovement" will almost certainly lead to eventual extinction of 
the lines. 

' P •. c. Mangelsdorf 

4. -,~inkage relations of tpe gene for , pointed kernels. _ 

An indication previously reported '(MNL No. 35) that pointed ·· · 
kernels, cha~acteristic of certain varieties of popcorn, may be a 
simple Mendelian character exhibiting incomplete dominance and having 
its locus on chromosome 4 has been substantially confirmed by additional 
data obtained in 1962. F 2 populations of crosses of round and-,point _ed 
kernels segregated as f ·61Iows: · · · · ··· · · 

. 660 
279A 279B Su SU SU SU Total 

Pointed 45 36 ·. 104 18 203 
Intermediate 96 86 177 56 415 
Round 31 32 66 36 165 

172. 154 347 110 · 7-83. , 

The· data •fit a 1:2:1 ·-ratio with reasonable -closeness and in this 
respect differ from those of Hayes and East, 1915, which indicate that 

.· two factors are involved in the inhe~itance of pointed kernel shape. 
The consistent deficiency of round genotypes is probably due to the 
effect of the fourth chromosome Ga factor carried by the pointed
kernel stock. Evidence of linkage with Su, another ·chromosome 4 gene, 
is ·furnished by the ·data from family 660in which 19 percent of the 
ears originating from starchy seeds were round kerneled compared to 
Jl percent among those originating f'.rom sugary seeds. 
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Family 660 was also segre gating for ~S• The segregation for 
this character among the thre e clas ses for kernel shape was as follows: 
pointed, 63 .:59; intermediate, 129 :10~; round, 57:45. There is no 
indication in these data of lin kage between .!Ee; and kernel · shape. 
Therefore if kernel shape is indeen lin ked witn the ~-~ and Ga-£@, 
loci as the other data indicate the sequence of genes must be Pt Q! Su Ts5• 
Additional tests involvin g backcrosses are being made to determine 
whether this conclusion is correct. 

There is some indication of linkage between kernel shape and 
development of a staminate tip on the ear. Segregation for presence 
and absence of a staminate tip among the three classes for kernel · 
shape was in one population as follo ws: pointed, 8:13; intermediate, 
26:20; round, 13:2. If this indication is confirmed by further tests 
one more primitive character will be added tot he list of those, Tu, 
Ga, Pt, and possibly ~S' which have their loci on chromosome 4. -

P. c. Mangelsdorf 
W. c. Galinat 

5. Low penetrance of mutant dwarfs arising in teosinte derivatives. 

We have re peated the experiments reported earlier (MNL 35) in 
which mutant dwarfs occurr ing in teosinte derivatives failed to 
segregate norma.lly in F2 popul aM.ons of crosses with various inbred 
strains. The data on segregation of dwarfs obtained in 1962 are 
similar to those previously re port ed ·but are now explicable. The ears 
in F2 populations in which the parental mutant dwarfs failed to reappear· 
could be classified with respect to t heir ears into norme.l, intermediate, 
and tripsacoid. In 14 F2 populat i ons in which the dwarfs failed to 
appear or occurred in lo w fre quencies, the ears were classified as 
follows: normal, 152; intermediate, 330; tripsacoid, 165. 

These data show that tbe segre gation for the tri psacoid condition 
is approximately normal. In some populations the tripsacoid condition 
of the ear is accompanied by conspicuous dwarfing of the plants, in 
other populations it is not. 

P. c. Ma.ngelsdorf 
w. c. Galinat 

6. The tripsacoid nature of variable mutants. 

Because the mutants arising in maize-teosinte derivatives are often 
variable and difficult to classify, it occurred to us that some of the 
variable mutants arising s9ont aneously in maize or appearin g after 
inbreeding might have arisen in the same manner and may be tripsacoid 
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in their characteristics. Accordingly we selected from the characters 
described in Emerson, Beadle, and Fraser a number of those described 
as "variable" .or "difficult to classify. 11 These were grown in 1962 
and the . ears were scored with respect to tripsacoid effect,s, especial3:Y 
the induration of the rachis. and lower glwnes of the cobs. The 
follo:wing charact .ers proved to be .associated with tripaacoid cobs: 
albescent, brevis, narrow leaf-1, pale green seedling-2, rootless, 
silky-1, zebra-1, zebra-2, zebra-3, and ze'bra-4. · .In several segregat~g 
populations the mutants were tripsacoid and normal plants not. Only 
one character of those fltud~ed in 1962, adherent-1, was not associated 
with tripsacoid effects. · 

P. c. Mangelsdorf 
w. c. Galinat 

7. Segregation of genetically marked chromosomes ·in maize-Tripsacum 
hybrids • . 

We have for some years been attempting to produce a hybrid of 
Tripsacum dactyloides nth our WM'!' stock which has recessive marker 
gene~· on seven chromosomes (1., 2, 3, . 4, 7, 8; 9). Ttie principal 
purposes of making this cross were-· (1) to deiterniine whether Tripsacum 
carries dominant alleles of -the maize recessives; (2) to determine 
whether Tripsacum, having almost twice as many chromosomes as · maize; 
carries • the dominant alleles in duplicate in some cases; (3) to identify 
cytologically the Tripsacum chromosomes which carry the dominant alleles • 

. A hybrid plant obtained .by employing embryo culture exhibited -
none of the recessive characters introduced from maize but proved to 
be completely sterile, probaply because of the greater 2m1ount of · 
chromosome pairing than had previously been reported in 11)8.ize-Tripsacwn 
hybrids. The chromosome number of this hybrid was dou,bled through · 
colchicine treatment (MNL 35). Backcrosses to the .multiple recessive 
maize. st.eek produced 32 triploid hybrids having 20 maize and usually 
18 Tripsacum chro~somes •. These, like the F1 -hyb~ids., showed no maize 
recess .i ve characters with three exceptions: one plant .e~oh was ·~w ! · 
and _j_ indicating th at one orITDre Tripsacurn chromosomes had in eac ·case 
been lost. The cytological studies of t he triploid which exhibited j 
showed that three Trips.acu_m chromosomes were absent. 

The triploid hybrid proved to be highly sterile (1.7% fertile) 
when backcrossed by the multiple recessive stock. Ninety-two plants 
of the segregating backcross population were obtained. The frequencies 
of dominants in this population were as follows: , · 

,Maize Chromosome 
1 2 3 4 7 8 9 

Dominant from Tripsacum ~m2 Lgl J1 Su1 Gli · J 1 Wx' · 

Frequency of Dominants 34.5 23.9 31.6 28.2 38.0 60.5 37.0 
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If the Tripsacum chromosomes segrega .te at random at meiosis and 
if there is no selective gametic or zygotic elimination then there 
should be 50 percent of dominants for those loci for which Tripsacum 
carries one dominant allele and 75 percent dominants f or loci for which 
Tripsacum carries two alleles. The data fit neither of these theoretical 
expectations, probably because the high degree of gametic elimination is 
selective against extra Tripsacum chromosomes. It may be significant, 
however, that six of the seven frequen cies are similar to each other 
(avera ge .32.2 percent dominants) while the seventh, !!.t,, has almost . 
exactly twice this frequency. This may suggest that Tripsacum carries 
only one aD.ele for the maize markers, 2!!!2, !g 1 , !,, su, s!i, and ~, 
but carries two for J.i• The final answer wilrdepenctupon the c;rtological 
identification of the Tripsacum chrcmoaomes carrying the dominant alleles 
in 2n+l plants . I f the presence of a particular dominant allele is 
always associated with a particular Tripsacum chromosome, it may b~ 
assumed that Tripsacum carries only one dominant locus for the character · 
in question;. 

One Tripsacum chromosome has so far been identified both genetically 
and cytologically: the chromosome ca1•rying the allele of -wx. This is the 
satellite chromosome of Tripsacum which among the 18 Tripsacum chromosomes 
is the sixteenth longest in length. In one plant with better than 
average pachytene spreading this. chromosome frequently assoc;iated with 
chromosome 9 of maize in a peculair configuration. This chromosome has 
a median centromere and two terminal knobs. Its two arms fold back 
on each other, their terminal lmobs. fusing. This large fused knob may 
then fuse with the terminal knob of chromosome 9 of maize. In this 
plant the satellite chromosoml;! of Tripsacum never becomes attached to 
the nucleolus althoug b it did so at times in the F1 hybrid producing 
configurations in which two satellite chromosomes were attached to 
the nucleolus. 

w. c. Galinat 
P. c. Mangelsdorf 
Raju s. K. Chaganti 

8. Effects of Tripsacum f loridanum chromosomes 6n the meiosis of maize. 

During the summer of 1961-62 a large population ( about 650 plani;,.s) 
was grovm of the pro geny of . the tri ploid hybrid of corn and Tripsacum 
floridanum (produced by J?r. Galinat by backcrossing the F1 corn
Trips acum hybrid twice by corn, MNL 35, 36). Young tassel material was 
colle cted for the f ollo wing types of cytological study: (1) frequencieis 
of the numbers of extra Tripsacum chromosomes transmitted by the 
tri loid hybrid; (2) identification of the Tripsacum chromosome 
carryin g the dominant allele for !QJ when this is covered; (3) affinities 
of maize and Tripsacum chromosomes within themselves when they are 
present as parts of the haploid complement and in different combinations; 
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(4) effects of Tripsacum chromosomes or(the synapsi& and 9ther aspects 
of the _meiosis of maiz·~ when present sin gly ana in various combinations. 
The f 01101-dng :z:epo~ concerns . the fourth aspect mentioned above. 

rn · some of the segregates a very interesting l;lehavior was observed 
in the maize chromosomee·. thems~l:ves apparently under the influence of 
the Tripsacum chromosomes. This was in the form of interruption and 
breaJ{down of. the normal course of the meiotic proQess at various stages 
of the division cycle and total degeneration of the microspores. The 
most co.mmon abnormality was pachytene pairing failure.- The extent of . 
this w~s highly variable ~anging from small segments of the pachytene 
bivalents ~lloi-d,ng ··nonpairi.rig . but with good ·diakinesis ·and metaphase 
pairing (apparently ch:iasma formation lmaffected) to_ a high degree 
of asynapeis including entire chromosomes leading _to highly reduced 
bivalent formation . at diald.l'.lesis and metaphase~ As an example, in 
the following taple are given the frequencies of chromosome associations 
at rnetaphase I in six segregates. 

Plant No. No. of Extra Meclll Association per Cell No. of Cells 
· Tripsacwn Tri"l(alent Bivalent Univa:}.ent Analyse4 
Chromo_somes 

515-3 2 '0.32 . 5.28 10.48 25 
515-8 .... 2· 10.00 2.00 20 
575-11 3 0.20 9,90" 2.60 21 . 
575-15 3 0.15 · 6.oo 10.55· 20 
573-5 12 0.13 11.13 . 9.33 15 
575-10 10 - 2,75 24.50 16 

A second class of aberrations include disturbances in the spindle. 
In these the anaphase is disorganized and the chromosomes are scattered 
all over the cell. They -µndergo_divisions and fragmentations resulting 
in cells with large numbers of chromosomes which eventually degenerate • . 
A variation on this · ~·s the clumping of the bivalents on the metaphase 
plate unaccompanied by division or fragmentation and final degeneration 
of the chromosomes. 

A third type .. .--~£: ~berration ···was eJdlibited by th~ plant 575-14. 
carryi}J.g six ~xtra _Tr;l.psacum chromosomes. In . this plant ~her~ is: _ good 
pairin g (average ~1.83 bivalents and 2.33 univalents at metapha~e I)._ 
But widespread degeneration takes place at almost all stages of ~,iosis 
prior to meta.phase.· 'The cells 1:arely get beyond metaphase I. In -the 
table below are presented the frequencies of -normal and degenerating 
cells in two anthe_ra. from the s~me . spikelet,. · · · . 

No. of cells nor.~al 
No. of cell~ :degen~rat ing 

Pachyt~ne 
1 -

•·· . 21 

Diplotene :: ~iakinesis Metaphase I 
7 , 7,: -35 

14 . 8 27 
(Total• 120) 



The wall of the microsporocyte very early starts goin g throu gh a 
morphogenetic development similar to that of the pollen grains. Thus 
frequently one comes across cells looking like pollen grains but 
containing degenerating meiotic figures from pachytene _ to metaphase. 

A fourth type of aberration observed was transloca .tion. So far 
two plants were observed which were heterozygous for a reciprocal 
translocation ea,ch in the maize chr ,omosomes. 
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These effects resemble abnormalities of meiosis due to genetic 
causes ( eg. asynapsis) and due to t he action of chemical and physical 
agencies. It appears that the Tripsacum chromosomes act in disrupting 
the balance or genetic and physico-ohemical factors at several points 
which together ma.Im meiosis and the subsequent events in the microspore 
an integrated system, · 

Furth~r studies are in progress along these lines for a fuller 
understanding of these phenomena. . __ ~ -

Ra.ju s. K. Chaganti 

9. Northern flint-like characters derived from Tripsacum. 

Certain plants . in our maize populat ions segregating!• dactyloides 
and T. floridanum chromosomes had acquired from Tripsacum several 
characteristics which resemble those of the northern flints including 
the early flowering habit, tillering habit, flag leaf development, and 
long internodes above the ear position. The genes for earliness from 
Tripsacum may be hidden by ·the pere~ial character in this grass. But 
once the perennial plants are well established, these genes may serve 
to speed early flowering in the sprin g. The identification of northern 
f lint-like characters with Tripsacum germplasm agrees with other 
evidence that the northern flints are tripsacoid. 

w. c. Galinat 

10. Teosinte introgression and fasciation. 

Origin of fasciation. Fasciation, a sort of incipient branching 
which flatt ens the ear while it increases the number of kernel rows, 
has an ancient history in maize, perhaps as a mechanism to concentrate 
the grain under short protective husks. Although obvious fasciation 
is rare in modern maize, it does occur in extreme form in certain relic 
races, which are now restricted to high elevatipns, such as Palomero 
Toluqueno in Mexico and Confite Puneno in Peru as well as in a race 
which is maintained as a novelty type in the United States, Strawberry 
popcorn. Experimental evidence nCM indicates that genetic factors for 
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fasciation are common in modern maize but their expression i;s -controlled 
or modified by teosint 'e intr .ogression. ~ 

Effect of te1;>sinte ·germpla~m on fasciation. Our teosinte chromosome 
9 stock causes a complete submersion of any p~enotypic ~ffects of 
heterozygous fasciation in tts hybrids with Strawberry popcorn and with 
a fasciated sweet corn inbred, Iowa. 5125. All teosinte chromosomes 
tested (l, 3, 4) caused some reduction in both fasciation and kernel 
row nwnber as well as an increase in ear lengt~ in such hybrids. The 
teosinte chromosomes entered the hybrids from an isogenic background 
(Al58). The data · for the .Strawberry popcorn hybrid foll~w: . 

' Strawberry pop Aver. Kernel Aver.· Ear · Type of 
crossed by Row N9. Length Cm. Fasc~ation 

Al58 (control) 21.0 1,.0 mediwn at butt 
Al.58-:Fla. l 20.6 . 16.0 slight at -b.utt 
Al.58-Fla. 3 20., 15. 3 medium at butt 
Al.58-Fla. 4 20.0 1'5.4 slight at butt 
Al.58-Fla. 9 18.0 17 • .5 none 

Inheritance of fasciation. In th .e absence of t.eosinte introgression, 
fasciation segregates · as a single -factor showing incomplete dominance 
as found in the F2 generation from a cross between strawberry popcorn 
(fasciated) and . Argentine popcorn (rion-fasci -ated). In 200 .plants, 23% 
showed the extreme 11b.ears paw1i type of f asoiati'on derived from the 
strawberry popcorn parent; 55%, the apparent beterozyg'ot 'es, had butt 
fasciation in which-there ·1s mch drop-row.1.ng as the ear tapers _sharply 
to the tip; the remaining 22%·had the . cylindracal non-fasciated type 
of ear originating froni the Argentine.· popcorn ~randparent. 

W. .c. Galinat 

11. Morphological and heterotic components of teosinte and 11Tripsacum 11 

introgression in maize. 

Morphological components. On the ba-si~. -of , morpholo gical ef.'f ecta 
described in a previous News Letter (35), it baa b~en possible -to . . , 
identify four components of intro gressed ·germplasm i .n teosintei' derivative · 
stocks of Al58. f or conve.nienc .e, these are designated by numbers 1,3 -,4 
and 9 which are probably the chromosomes responsible in whole or part 
for the various t .ripsacoid _ features. 

The information obtained from t _he study of teosinte derivatives 
was applied to ·gain ins ,ight of ·the 11Tripsaoum 11 · derivatives which were 
developed by introducin 'g into Al58, chromosomes or chromosomal segments 

extracted from tri p sacoid . races 'of ma.ize which are not · in sympatric 
' •.. . 



range with teosinte. It was found that some of the 11Tripsacum" 
derivatives could be matched for certain componeµts from teosinte 
derivatives. In other derivatives the dilute effect of one or more 
segments was apparent but in still others, the situation seemed to be 
more complex. It is assumed that tripsacoid components in South 
American tripsacoid races are derived from son:e species of Tripsacum 
as teosinte is unknown in South America. Tripsacoid features in 
"Tripsacum" derivatives could have been contributed by any of the . 
chromosomes of Tripsacum which possesses the genes controlling these 
features. It is, however, remarkable that "Tripsacum" germplasm has 
quite similar although not complet·ely identical effects ~t least on 
the internal morphology of the cob. 
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Heterotic components. A group of 16 teosinte and 11Tripsacum 11 

derivatives in addition to the control Al,S8 were crossed in all possible 
combinations. Out of 136 combinations thus . produced, 109 were included 
in the test. The F1 plants were grown in the summer of 1961 and 
heterosis was measured in terms of (1) yield; (2) hei ght of the plant 
from the ground level to the base of the central spike; (3) days to 
anthesis; and (l.J) length of the central spike. 

Table I. Results of crosses between inbred Al58, teosinte, and 
"Tripsacum" derivatives expressed on per 1Jlant basis as percent 
of control Al58. Days to Central · No. of 

Yield Height Anthesis Spike Crosses 
Control Al58 

Maize (Al58) x Teosinte 
derivatives 

Maize (A158) x 11Tripsacum 11 

derivatives 
Teosinte derivatives 
x Teosinte derivatives 

11Tripsacum 11 derivatives 
x i1Tripsacum" derivatives 

Teosinte derivatives 
x "Tripsacum" derivatives 

loo~o 100~0 100.0 100.0 
116. l.J, 102. 4 98. 5 102. 8 

87.9 

·111.6 

98.9 

108.1 

100.8 

103.9 

101.2 

101.1 · 

100.2 107.6 

108.9 

112.5 

112.1 

6 

'.8 

22 

24 

49 

It is obvious from the results given in Table I that: (1) 
Introgressed germplasm from teosinte produces bet erotic · effects for all 
the characters used as measures of heterosis in these studies. In 
varj_ous intercrosses the introduced teosinte 'chromosomes not only showed 
interaction with each other, but _ a.lso with maize (Al58) and 11Tripsacum" 
components. Furthermore~ there was indi 'cation of an additive effect of 
the components in some crosses and dominance in the others. (2) The 
11Tripsacum 11 derivatives, in crosses with Al58, have shown heterosis only 
for central spike. In crosses among each other, improvement is observed 
for height, days to anthesis, and central spike. Some of the intercrosses, 
however, showed significant heterosis for all the characters suggesting 
the presence of some heterotic 11Tripsacum 11 components. There was 
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indication of inter-component interaction in many crosses. 

Hetero~is in maize. The t wo princi pal hypotheses which have been 
advanced to explain the genetic basis of heterosis are dominance and 
overdominance. The available infomation on these s_eema to suggest 
that the two ro,potheses are not 1mutually exclusive. Present studies 
definitely . suggest that this. situation would be.expected if it is 
assumed that there are, in .the genetic .complex of maize, small heterotic 
segment~ of 11Tripsacum" and teosinte, which confer selective advantage 
to the heterozygote, but are somewhat deleterious in homozygous 
condition. The pseudo-over-dominant effect of .these segments may be 
due to any of the models of gene action. Some-of the segments may 
show additive effect, others epistatic, and still others dominance. 
If this assum?tion is valid., as the experimental results described 
above indicate, then to compartmentalize the observed vigor to one or 
the other hypotheses, at least for a c0mplex hybrid like maize, is a 
basic fallacy. 

s. M. Sehgal 

12. Field studies on teosinte in Mexico. 

Guerrero Teosinte. Teosinte was studied on the mountains 
(700 m to l650 m) that surround .the Balsas Basin where it behaves as 
a weed on open sites. Teosinte is extremely common on road . cuts, 
erosion gullies and forms dense local populations on sites where there 
is available more moisture than on·the surrounding hillsides. There 
is widespread evidence that the natura.l vegetation has been cleared in 
the past and abandoned hillsides have returned to a dry semi-arid scrub 
forest. In some area~ the cultivation of maize has been only sporadic, 
but in areas accessible by road, cultivation of maize· is of an intensive 
milpa, .EJbi·fting-field form, except where prohibited by excessively 
steep slopes. Collections were ma.de of teosinte expressing all degrees 
of vigor depending primarily on the population density and quality of 
the site. Under intense competition from other grasses the plants 
were often less than a meter high with one or two tassel branches .• 
The other phenotypic extreme were plants in or adjacent to maize 
fields which developed thrifty stalks o{ 3 meters. Locally teosinte 
is definitely one of the dominant grasses on slopes that have obviously 
been cleared . in the past but have not been cultivated for several years. 
Natural hybrids are not common but they have been collected from a 
majority of the populations studied to date. Also included here as 
Guerrero teosinte are collections from the drainage of the · Rio 
Papagayo (MazatlfuiJ Guerx:ero). __ 
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Chalco Toesinte.A detailed study was made of teosinte in the 
Chalco area. Observations were conducted over the entire growing 
season in almost every part of the valley and under a wide variety 
of cultivation pra ctices. In direct contrast to the situat io n 
studied in Guerrero, teosinte is limited to cultivated fields as a 
weed where it mimics maize. Field to field inspection indicated 
considerable variation in the number of teosinte plants, but essentially 
fields were of two types: either teosinte was absent (less than 1% 
of the plants in the field), or teosinte was present (more-thant 3%, 
usually between 5 and 15% of the plants in the field). The two classes 
were almost equally frequent. At the end of the season three selected 
representative fields were harvested and every plan t was scored. The 
results are presented below: 

Field 

Los Reyes 
Chalco 
Amecameca 

Total No. of Plants 
in the Field 

17:,511 (acre) 
17:,574 (acre) 
9,121 (1/2 acre) 

% of Teosinte 
Maize x teosinte Plants in the 

}trbrids Field* 

38 
39 
44 

4% 
9% 
5% 

*Based on sample counts of 3600 to 4000 plants at the time of pollination. 

H. Garrison Wilkes 

UNIVERSITY OF ILLINOIS 
Urbana, Illinois 

Department of Agronomy 

1. Estimates of spontaneous non-reduction in diploid inbre~ •. 

Three to thirteen plants in each of 121 dent inbreds were pollinated 
by Snytbeti c B, a tetraploid vari ety. Plump and presumably tetraploid 
kernels were counted, as well as the shriveled triploids on ·each ear. 
The fo ll owing year, plump kernels were planted and the resulting plants 
were pollinate d by a diploid. At maturity, each plant was scored for 
its ploidal nature on the basis of seed set~ 

The frequency of diploid eggs, presumably arising largely from 
non-reduction varied widely from inbred to inbred. Eighty f ive percent 
of the inbredsproduced no verified tetraploids in as many as 3,500 
fertilizations. However, the frequency of tetraploidy in the WF9 
crosses was high. 
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Frequencies of tetraploid and triploid progen,y· from diploid
tetraploid crosses. 

Total no. 
fertilizations · 

Total no. 
veri;f'ied progeny · 

F~~quency per 
10,000 fertilizations 

Seed parent Ln 3n 4n . Jn 

B 
15' 
+1 
.2 

0 
o. 
1 
0 
0 
0 

348 
172 
81 
62 
62 
44 

0 
0 
5 
0 
0 
0 

WF9 
R205 
B46 
38-11 
Rl07 
BlO 
R2ll 
R81 

230 
870 

2100 
320 
J20 
900 
870 

2720 

2 
4 
0 
0 

10 
9 

0 
0 

115 
33 

The quality of triploid seed varies widely. All triploids cited 
in the tabl~ survived field planting and in all cases were plump and 
indistinguishable from tetraploid or diploid kernels. 

An unusual ear was found in inbred BlO pollinated by the 4n 
male. The ear bore the usual shr~veled t~iploid kernels on one side 

·and plump kernels on the opposite side. Further, the f requency of 
triploida among the plump kernels was very low. Subsequent examination 
of stomata of seedlings from plump kernels revealed that they were 4n. 
The sector bearing plump kernels presumably was tetraploid. Estimates 
of spontaneous non-reduction, based on unmarked 2n x Ln crosses, are 
likely to be too high since tetr aploids arising from sectorial chimeras 
cannot be distinguished from those arising from meiotic accidents. 

D. E. Alexander 

2. 4n corn by 4n sor ghum hybridization attempts. 

Attempts have been made for several years to cross autotetraploid 
sorghum and autqtetra o~oid corn. The effort has primarily been made 
using corn al? female althou gh male sterile t~traploid sorghum has also 
been used as female on occasion. 

In 1962, approx;uTl8:tely Bq putative hybrids .were dissected from 
kernels exhibiting varying degrees of stimulation and transferred. to 
sterile media. Many failed to differentiate normally; others slowly 
developed and were transferred to pots. All those showing near-normal 
growth have turned out to be parthenogens, or contaminants. 
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Several interesting growth patterns have been observed in some of 
the dissected embryos. One produced 10-12 plumule-like green projections 
on a sphere of undifferentiated tissue. Another produced a near-normal 
epicotyl that grew into the medium and maintained its green color for 
a time. 

Clint Magill 
D. E. Alexander 

3. Corn x Tripsacum hybrids. 

The relationship of corn and Tripsacum has long been recognized. 
Forty-six European varieties and 82 corn belt inbred lines of corn 
were crossed with a clone of Tripsacum dactyloi~es having 2n=36 
chromosomes. Corn was used as a female parent and two ears of each 
line were pollinated with Tripsacum pollen by the method outlined by 
Mangelsdorf and Reeves (1939). Immature embryos were excised under 
ste r ile conditions 12 to 28 days after pollination and were grot1n in 
nutrient media (White, 1943) in small 3 1/2 11 vials. Best growth was · 
observed in embryos cultured 18 to 20 days after pollination; however, 
younger and older embryos failed to grow !!l vitro. 

In general, Tripsacum crosses with open-pollinated European corns 
were more successful than-when corn belt :inbred lines were used. · 
Fifteen of the 46 European varieties produced viable embryos when 
crossed with Tripsacum. Of t,he 02 corn belt inbred lines, only 12 
were able to hybridize with Tripsacum.. Reciprocal crosses using 
Tripsacum as female parent were also attempted, but in almost all 
cases, plants produced from the embryos arelike Tripsacum and are 
probably apomictic. Further studies on the chromosomal relationships 
in the hybrids are in progress. 

4. Location of brachytic-2 dwarf.. 

Satish e. Anand 
Earl R. Leng 

Mung(unpublished) found the possible location of brachytic-2 
as chromosomes 1, 3 or 6. An attempt was made to locate this gene, 
with A-B translocations, on the above mentioned chromosomes. Dwarf 
type plants occurred in the F1 cross (br 2/br 2 x TB-la)(break in. 11 .2). 
but because of the reduced .vigor of thehypoploid individuals it was 
impossible to classify the plants as dwarf or normal. "Therefore, the 
F1 hypoploid plants w~re backcrossed to the following three genotypes: 
Br2/~; B~2/~ 9 ; br 2/br 2~ The data . for the backcross progeny, 
presen ed 1il taole 1, inCiicate that brachytic;..2 is located in the 
long arm of chromosome 1. 
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Table l 
Br2/- br~r, ~o~al Backcross 

Br 
2
/Br 

2 
x ( br 

2
/br 

2
x TB-la) (_hypoploid plant) 26 . 0 26 1. 

' 
2. Br2/br 2 x ti II It ,. 37 28 65 

3. br
2
/br

2 
x II II II II 0 278 278* 

•~combined data from several families 
The testcross data in table 2 were obtained by the use of reciprocal 

translocation stocks involving chromosome 1. 

Table 2. 

Translocation 

1. 

2. 

3. 

4. ,. 

Tl-8 

Tl-6c 

Tl-3 

Tl-9 

Tl-8 

Break 
Point 

.-lS .39 
8LQ .• 07 
lS .25 
6L .• 'Zl 
1 :cent. 
3 cent. 
lL .19 
9S .20 
lL • 22_ 
8L • 78 

X'l xY -
137 84 

.175 54' 

134 48 

117 16 

172 22 

~ ~ 
·71 133 

-80· 146 

28 127 

3 l33 

12 146 

Total 

425. 

455 

337 

269 

352 I 

% Recomb. 

36.47 

29.45~,H~ 

22. 55-:Ht-

7.06ff 

X=translocation heterozygote;x=normal;Y=normal ht. ;y•brachytic-2 
•* x2 for independence P > .01 ·· 
The data in table 2 again indicate that brachytic~2 is located in the 
long arm of chromosome 1. · 

Brachytic-1 dwarf is also located :in the long arm· of chromosome -1. 
The test for a.llelism of these two dwarf mutants _is neg~t ive. The F 2 of these two dwarf mutants segregated 228 normal: _184 dwarf (X2 for · _ 
9:7 ratio = .1368; P=.-75-.50). Brachytic 1 and 2 should therefore be 
over 50 cross-over tintis apart in the long arm of chromosome 1. 

R. J. Lambert 

S. Frequency of seed set in an FJ hybrid of Tripsacum and corn. 
3 

Well-established clonal divisions of the F1 hybrid of!.· dactyloides 
(3n=54) x Zea mays var. Puno (ori gina lly produced l;,y- Lois 'Farquharson) 
were allowed to open-pollinate in the nursery. Out of a total of 417 
spikelets, 25 produced well dev.eoped seeds (6.0% seed-set). In hand 
pollinations, using com as the male parent, 6 seeds were obtained from . 
a total of 50 spikelets -pollinated (12% seed- set). N:ine of the 31 seeds 
germinated and two of these produced twin seedlings. The occurrence of 
twins indicates that the polyembryony o·f the Tr_ipsaoum parent was 
transmitted to the hybrid. The open-pollinated seedlings could be 
backcrosses to corn or Tripsacum, selfs, or apomicts. Cytological 
analysis of the plants is necessary to determin~ their chromosomal 

, . .. 
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constitution. If some of the seedlings are found to be backcrosses 
to corn, it may be possible to transfer Tripsacum germplasm to corn 
without develo pin g amphiploids to obtain fertility . 

R. J. Lambert 

UNIVERSITY OF ILLINOIS 
Urbana, Illinois 

Departments of Plant Pathology and AgronOJI\Y' 

1. Monogenic resistance to northern corn leaf blight, Helminthosporium 
turcicum Pass. 

A type of resistance to Helminthosp oritm turcicum unlike that 
previously recognized and used in corn breeding programs has been 
observ ed in inbred GE440, Ladyfineer popcorn, inbred W37A, and a 
few other corn selections. This resistan ce, instead of being expressed 
only as a reduction in lesion number, is manifested by a different 
lesion type. The lesions on homozygous or heterozygous resistant 
plants are characterized by chlorosis, reduction in size, absence of 
wilting in the lesion, delay of leaf killing, and almost complete 
inhibition of fungus reproduction. The centers of lesions eventually 
die but a light green border always persists around the tan center 
until late in the season. This resistance is also expressed in the 
seedling sta ge. 

The inheritance of resistance was studied in the F 2. and/or back
cross pepulations involving the 3 sources of resistance and several 
susceptible inbreds. The following data indicate that resistance is 
due to a single dominant gene in each of the 3 sources: 

Cross No. of plants observed · EKpected p 

Res. Susc. ratio V'alue 

( Greenhouse data)" 
Bl.4 x GF.440 F2 176 65 3 ·., • ..I. 0.30-0.,0 

(Bl4 x GE440) x Bl.4 52 62 1:1 0.30-0.,0 

187-2 x GE440 F2 93 24 J:l 0.20-0.30 

(187-2 X GE4,40) X 187-2 61 53 1:1 0.30-0.,0 

W22R x LPY F2 83 26 J:l 0.10-0.Bo 

(W22R x LP) x W22R 54 55 1:1 0.90-0.95 
W64A x LP F2 81 29 J:l 0.10-0.Bo 

,-
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No. of ;elants observed 
Cross Res. Susc. 

Expected p 
ratio value 

(W64A x LP) x W64A 30 29 1:1 0.80-0.90 

Tx 325 x W37A F2 147 46 J:l 0.10-0.80 

NC13 x W37 A F 2 150 45 3:1 o.50-0.10 

(Field Data) 

BlO x GEL40 F 
2 

202 60 J:1 0.30-0.50 

Oh41 x GE440 F2 187 68 J:l o. 50-0. 70 

BlO x LP F2 157 54 3:1 0.80-0.90 

Oh4l x LP F2 186 63 J:l 0.90-0.95 

( Oh07 A x GE440) x Oh07 A ·92 97 1:1 0.10-0.80 

(W22R x GE440) x W22R 97 110 l:i '·· 0.30-0.50 

(Oh07A x LP) x Oh07A 96 87 1:1 o.50-0.10 

(W22:R. x LP) x W22R 102 98 1:1 0.10-0.Bo 

y LP c Ladyfinger popcorn 

To determine the relationship of the genes for resistance in the 3 
resistant sources, the cross W37A x GF.440 was advanced to the F2 
generation and the cross GEL.40 x· Ladyfinger popcorn was crossed 
r.eciproc~~~y w~th the sus~eptible hybrids H;Y,-2 x 0~07 and vJF9 x v[2?~ 
as well as a~vanced to it-he F2 -genera~ion. The genes in the 3 resistant 
sources appear to be identical, alleles, or very closely linked as· 
indicated by .the following data: · 

Number of plants Number of plants 
·Cross in the greenhouse in the field 

Res. Susc • Res. Susc. 

. _: W37 A x GE440 JOO 0 
GE440 x LP~/ F 2 110 0 297 9 
(GE440 x LP) x (Hy-2 X Oh07) 113 0 233 0 
(H;y-2 x Oh07) x (Gl!1i40 x LP) 112 0 240 0 
(GE440 x LP) x (WF9 x W22R) 424 0 210 0 

(1~9 x W22R) x (GE440 x LP) 109 0 229 0 

y LP= Ladyfinger popcorn 



It is suggested that the symbol Ht be used to designate the 
dominant gene in inbred oF.440 for chlorotic-lesion resistance to 
Helminthosporium turcicum. Up to this time, the genes in GE440, 
W37A, and Ladyfinger popcorn cannot be distinguished genetically 
or by disease tests. 

A. L. Hooker 
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2. Location of a dominant gene in maize for resistance to Helminthosporium 

turcicum. 

Homozygous resistant selections of GE440 and Ladyfinger were crossed 
to a series of chromosome rearrangements marked with closely-linked 
endosperm or seedling traits. The F1's (all resistant) were then 
testcrossed to susceptible stocks recessive for the appropriate genetic 
markers. 

Classification of the testcross progenies is being carried out 
in the greenhouse this winter. Seed are planted in soil in flats, 
and the seedlin gs are artificially inoculated about three weeks after 
planting. Plants are scored for disease reaction at about five weeks 
of age. 

In two series of plantings which have been run, tests have been 
made of 2L rearrangements, which together mark one or more re gions in 
each of the ten chromosomes. In all .cases, evidence for linkage has 
been negative or inconclusive, with the exception of Inv 2a, which gave 
the following results: 

g12 Inv 2a ht X 

+ + Ht 

Classes 
gl

2 
ht 

Number 
300 
56 

g1
2 

ht 

gl2 :Ht, 

+ ht 
Recombination 

63 
= 119/709 = 16.8% 

+ Ht 290 
Total 709 

Additional testcross progenies involving Inv 2a, T 2-6b, and T 2-lOb 
are now being grown to provide f urther linkage data. 

It is planned that homozygous resistant selections will be crossed 
to Chromosome 2 genetic testers in the current 1-1inter greenhouse genera
tion as the first step in mapping the gene for resistance. 

E. B. Patterson, A. L. Hooker, 
and w. L. Hagan 
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UNIVERSITY OF _ ILLINOIS , 
Department' of . AgttonOllt'f .. . -. and 

CROPS RESEARCH DIVISION, ARS:, USDA 
Urbana, Illinois 

1. Distribution and analysis of Triosacum da.-ctyloides in Illinois. 

A survey of the distribution of T. dactylo ,idea (L. )L. in Illinois 
has been in progress for 2 years. Using herbarium records and published 
reports as a guide to 11car ·window11 surveying., the authors have collected 
material from 26 different sites in 14 counties in central and southern 
Illinois. Seventeen of these sites had been previously reported and 9 
new sites have been found. 

The ploidy l~vel of the different colonies is being investigated. 
From prelimi .nary observations., it appears that both diploid (2n = 36) 
and tetraploid (2n = 72) races are present. Mixed colonies of varying 
ploidylevels may also occur. An· attempt · is being made to correlate 
certain characters with ploi~y level in order to facilitate · analysis 
of the distribution of the diploid and tetraploid races in ,the state. 

Individuals from each site are being tested for ability to hybridize 
with corn. By pollinatin g shortened corn silks, it has been poss~ble to 
produce 19 hybrids without resort to embryo culture. Seven of these -
hybrj,ds were- obtained fro H1 only 18 ears pollinated by a clc-ne from 
near Sandoval in Marion County. 

Efforts are being made to hybridize T. dactyloides with a set of' 
chromosome marker stocks of maize. If a complete set of such hybrids 
can be produced, the contributions of particular Tripsacum chromosomes 
or chromosomal segments will be assessed by backcrossing to the proper 
marker stock. 

· J. B. Beckett 

R. J. Lambert 
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1. Some estimates of double reduction in autotetraploid maize. 
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The coefficient of double reduction (alpha) was determined for 
eight loci in autotetraploid maize ( Table 1). Alpha values · were derived 
from duplex backcross data. Two estimates of alpha appear for each 
locus. The first is based upon the assumption of no numerical non
disjunction (x = 0) while the second alpha value is corrected for a 
numerical non~disju11ction of 0.0258 per chromosome (x =0.0258). The 
occurrence of nwnerical non-disjunction results in ah ~ver estimation 
of alpha; therefore, correction for nwnerical non-disjunction decreases 
the size of alpha. 

Formulas for estimation. of the parameter alpha and its standard 
error were derived by the log likelihood method. The formula for alpha 
and its standard error are: · 

12z - X -a ... 
4 - 3x 

2 , 

and, 

s = 12 
a 4 - 3x 

where z is the proportion of recessive phenotypes in the population, x 
is the frequency of numerical non-disjunction and~ is the total number 
in the population. 

Crude estimates of a gene's location with respect to the centromere 
can be ascertained from the magnitude of alpha. Genes in close 
proximity to the centromere have small alpha values while genes more 
distal to the centromere have larger alpha values. The alpha values 
for the !i and~ loci are not significantly different from al pha 
values expected fiom random chromatid segreg ation. Since the genes, 
! and~ are known to be more than 50 map units from the centromere, 
ttese alptta values are in general agreement with the known location of 
the loci with respect to their centromeres. The loci, !, tti, m2, ~ 
and i 1 ,have al pha values which are significantly different from those 
expect.ed of random chromat.id segregation, complete equational separation 
and chromosomal segregation. Alpha values of this magnitude are 
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expected of genes which are less than 50 units from the centromer.e but 
not completely linked to the centre.mere. .Four of the five loci, r, .s,

1
, 

~
1 

and z
1

, have alpha values in agreement with their location wi~h 
respect t~ the centromere. The fifth, u_,, has an alpha value which 
is too small, since u_2 is known to be loEated more than 50 units from 
the centromere. The gene ~ has an alpha value which is not significantly 
diff erent from that expect _ed of chromosomal segregation. There is a 
difference of opinion as to the dist ·ance between the ~ locus and its 
centromere. It has been estimated by Anderson and Randolph to be between 
2.0 and 3.6 units away from the centromere. The alpha value obtained 
for t he -~ 1 lo?us indicates very close linka ge of . th~ . gen~ and its 
centromere. With one exception. therefore, the magm.tude of· alpha was 
reliable in giving a. rough estimate of the gene's location with 
res pect to the centromere. · 

Table 1 

Locus 

a 
1 

Alpha and its standard error when numerical non-disjunction 
is zero and 0.0258. · · 

Standard. Standard · 
a; error ~ error 

X = 0 X = 0.0258 

.1693 .:!:•0380 .1661 !.•0387. 

.0$26 .:!:,•0153 .0471 .:.-0156 

.1066 .:!:•0201 .1021 .:.-0204 

.o.514 !_;.0146 .04858 .:,.0149 

( .0988 :_.0482 .0942 !~0389 

.0097 !_.0341 .0033 !.•0348 

.d478 !_.0080 .0422 +.0082 

.0385 +.0066 ·; .0327 .:.-0067 -
c. s. Levings, III . 
D. E. Alexander 



..... ' 
.UNIVERSITY OF ILLINOIS 

. . . . Urbana, Illino~.s · · 
Department of Agronoiey" 

and 
PIONEER HI-BRED CORN COMPA'JY 

Yellow Springs, Ohio 

1. Survival of tetraploids . in mixed 2n-4n plantings. 
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· Four mixtures of varying proportions of .tetraploid Snythetic B 
a~d d?-ploid Ill. 1996 were grmm in isolation in 1959. The plots were 
allowed to open-pollinate to provide free competition ·between pollen 
of diploids and tetraploids. After ' harvest, shrivf:)led triploids were 
screened out, leaving a mixture of plump diploid and tetraploid kernels. 
A random seed sample from each of the ~our plots was planted the 
following year, again in isolated blocks. 

Random seed samples of each of the four mixtures harvested from 
the plots in 1959 and in 1960 were planted and all plants detasseled. 
Interplanted di loid hybrids provided pollen. Tetraploids were 
identified at maturity by .the presence af triploid _kernels. 

Survival of tetra oloids was unexp~ctedly poor. In populations 
involving as little as a 10% admixture of diploids, virtually all 
tetraploids would be expected to disappear after three generations 
of competition. 

Survival -of tetrap!Oids:in mixed 2n-!i.n plant1:Jlgs. 

Gen. of open-pollination 
No. plants observed 

(2n and 4n) 
% 4n plants 

*4n percentage listed first. 

90:10 · 

l · 2 
745 763 

65 31 

Initial population* 

1 2 1 2 
798 840 827 840 

32 12 16 4 

40:60 
1 . 2 

846 842 

1 0 

The rapid decline in 4n1s was primarily brought about by more rapid 
growth of ha.ploid pollen and/or its establishment than in the case of 
diploid pollen. A series of nollinations involving 4n females x unrelated 
4n pollen parent.a, followed 3 1/2 hours later by application of haploid 
pollen, were rnade. Even with the long delay, . h~ploid pollen tubes 
were able to e~fect fertilization at a high frequency. Genotype of 
poll~rt of the tetraploids appears to be of importance in establishment 
and/or pollen tube growth rate, in dipl~id or tetraploid styles. 
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Summary of 4n seed set in 4n x 4n pollinations, followed 
3 1/2 hours later by pollination from a diploid source. 

-% 4n kernels No. Duncan's multiple 
Pedigree (1) pollinations (mean) range test (2) 

A. F. x "W811 ( +2n c!) 74 46 a b 
A. F. x 1'W2611 ( +2n .er) 63 34 a C 
A. F. x 110h51A 11 ( +2n o") 53 37 b C 
11W811 x A. F. ( +2n d') 72 59 d 
1rw2611 x A. F. ( +2n cf) 22 53 a d 

(1) First named member was s~ed parent. A. F. = Argentine Flint. 
(2) Means followed by same letter are not significantly.different from 

each other (5% level). 

J. A. Cavanah 
D. E. Alexander 

UNIVERSITY OF ILLINOIS 
Urbana, Illinois 

Department of Botany 

1. The use of hypoplo~ds in ~dentifying naturally occurring duplications. 

· We have commenced using· various hypoploids · in an arm by arm search 
. · .for naturally occurring duplications in the maize genome. Assuming 

.that such duplications are not uncommon, it is argued that during 
meiosis in the hypoploid individual, the chromosome arm, or part thereof, 
that is in haplo condition should synapse occasionally with segments of 
other chromosomes representing duplications of chromatin in the haplo · 
arm. Crossing over in such "illegitimately" paired regions should 

"yield gametes carrying reciprocal interc~anges; · the identification 
and analysis of translocations originating inthis way might be expected 
to re~eal the nature and ext~nt of naturally occurring duplications. 

D. E. Alexander presented preliminary reports ( see M. G. C,.N. L. 1954 
and 1956) on a study which suggests that "crossing over had occurred 
between non-h omologs during megasporogenesis of haploid maize plants." 
He suggests that cytological ·analysis of semisterile progeny of monoploid 
maize plants should lead to inferences ·concerning duplication in the 
genoI)le• The use of hypoploids, as suggested her~., should afford greater 
precision in searching for these duplications. Moreover, even though 
the hypoploid individual., as a result of gross deficiency., customarily 



· exhibits . abortion of 50%. of its germinal elements,· the deficient 
chromosome does not transmit ~hrough ~ollen _or egg, and therefore is 
not expected to occur among the ··rogeny · of. -the eypoplofq. plant. 

' -~ . .. ' 

. 'In our sche·me, __ bypoploid. indi~id~~ ~?1?-~ the progeny of pollen 
parents carrying an.A-B ·tra.nslocation , are used as ·pollen (or egg) 
parents in crQs~es :with · vigorous -single-crossei. The progeny _of such 
crosses are grown on a large :scale and at harvest: tXm.e:-are se.arched 

51 

for th!3. occ\li'rence.i of scatter-grain :ea:rs. · 'These are routinely analyzed 
·to cbnfi:rm 't-he 'pres~nce -of an. aberration ·:and to identify it cytologically. 

OUr results at t •his stag~ are preliminary but perhaps worthy of 
mention. Four reciprocal translocations were found ~ong 'the progeny 
of rB-9b hypoploids (haplo condition for the . short arm· of chromosome 9). 
One: of these appears to , inyo_lve an in~e;rchange between· 9s. and another 

··: a:3 yei;,_ unidentif:ied arm. ?;wo _others invol_ve 61 .and 81., and 5S and 81., 
Tl)e fourth is not identi,f:ied. 

Among the progeny of TD-9a hypoploids (haplo condition for the 
long arm of chromosome 9), five individuals were found, on the basis 

•· · · of .a~orted pollen,to ~arry aberrations. Ona of these .i~ unanalyzed 
tut reciprocal tr.an~+ocatiQns were found in the remaining four cases • 

.. One· of the latter appears t9 involve 5S and 91; another apparently 
involves chrbmosome 9 but in this case the other member of the inter
cQange has not yet been identified. The two remaining interchanges 
appear to involve 21 and 6L, and BL and 101. 

It st,iould be emphasized that these identifications are tentative. 
If they are confirmed it would seem that there is a tendency for the 
chrom9some arm that is in haplo condition in the hypoploid to be involved 

·1n interchanges; to the extent ythat there is such a preferential involve
ment we may expect that the method suggested here has application in 
identifying duplication segments. On the other hand, it seems clear 
that the haplo arm. is nqt always involved in the interchange, but even 
in these cases there is a suggestion that certain arms may be involved 

· 'more frequently ~,ban others. It may be that the haplo arm in the 
-hypoploid plant leads to more complicated or secondary "illegitimate" 
associations, or that ·chromosomes are more prone to break in hypoploids 

. and that tn this _ respect some regions are more unstable than others. 

We are extending these studies and have included other hypoploids 
in the analysis. Tentative estimates would place the frequency of 
interchanges among gametes of hypoploid plants at about five to twenty 
per ten thousand. It appears, however, that this frequency varies 
constderably depending on the particular hypoploid involved. 

John R. Laughnan 
w. H. Murdy 
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2. An attempt to localize the lethal effects of A1 deficiencies. 

The lethality of the homozygous defi ciencies a-x 1 and !.:!3 
may be due t,o inviable eI'l,dosperm and/or inviable embryo. Analysis 
of hypoploid endosperms and embryos pr oduced by a pollen parent carrying 
the TB-3a translocation prov ides an opportunity to localize~he lethal 
effects of Df a-x, and Df ~~• When, for example, an egg-parent 
heterozygous _for the a-x1 deficiency is crossed by a TB-3a pollen 
parent, the resulting hypo~loid endosperm, 3(~)/3(a-x7)/3B, is 
associated ¢th hyperploid embryo, J(a-x1Y/JB1/BJ/B3; and byperploid 
endosperm, 3(a-x 1 )/3(a-x 1)/3E/B3/.133, is associated with hypoploid 

~ . 
embryo, 3(a-x 1 )/3--. 

In the studies reported here a single TB-3a pollen parent, 
hyperploid for the B3 chromosome, was used as the TB-3a source. The 
following tables show the results of various crosses undertaken to 
study TB-Ja hypoploid endosperm and embryo i~volving Df a-x1 and 
Df a-x3• 

Table l 
Fre~uencies of endosperm: types on four ears from the cross: 

3(a sh)/J(a sh) x 3(a Sh)/3 B')B3(A Sh)/B3(A Sh) 

Number of kernels 
Frequency(%.) 

A Sh -
429 

37.1 

Table . 2 

Endosperm phenotypes 

A sh 

0 
0 

a Sh 

406 
35-~ 

Megaspore transmission of Df a-x 1* in the cross: 
3(a-x1)/3(A sh) x · J(a sn)/J(a sh) (7 ears) 

Number of kernels 
Frequency(%) 

Endosperm -phenotypes 
A eh a sh - -1289 1380 
48.3 51.1 

a sh 

319 
21.1 

•~Df. a-xl and Df ~J are known t~ be deficient for both !J. and 
Sh2• Both are lethal to the sporophyte when homozygous. Hemi
zygotes with a and sh are viable and exhibit the recessive 
phenotypes. 
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Table 3 

Frequencies of endosperm types on six ears from the cross: 

J(a-x1)/3(~ . sh) x 3(~ Sh))3BjB3(A Sh)/l33(A Sb) 

Endosperm phenotype.a 

A Sh A sh a Sh a sh 

Number of kernels 1022 248 355 2 
·Frequency(%) .. 6~.9 15.2 21.8 . 0.1 
Expected frequency(%)* 54.1 13.4 18.2 14.3 

~alculated below: from. data on egg and pollen transmission in 
Tables l and 2: ,. . , 

. ' 

. 0~541 = 0e371 + (0.352 X 0.483) 
0.1)4 = 0.277 X 0.483 
0.182 • o. 352 ~ o .• ~17 
0.l4J • 0.277 X 0.517 

•' . 

The two colorless, shrunken kernels registered in Table 3 have 
not p~en_ analyzed furth _er~ They represent either J(a-x1)/3(a-x 1 )/3B 
hypoploid e~dosperm~., or 3(a-x 1)/J(a-!]_)/3(!, sh) endosperms resulting. 
from contamination ,,µivolving a sh pollen. The frequency of colorless, 
shrunken k~rnels (hypoploid e~~osperms) involving Df a-x, (Table 3, · 
laat column) is much lower than expect~d. •Since kernels in this class 
should have hypoploid endospe_rms ~ wl'}icn Df a-x 1 is unbove!ed, but ·; 
should possess hyperploid embryos in which the deficiency is not 
uncovered, the frequency of this class is expected to be normal ·if · the 
lethal effect of this deficiency resides in the embryo but not in the 
endosperm. These results suggdst, therefore, that Df a-!]_ is lethal 
for endosperm tissue. . . · . . . 

Kerhels · from the . cross represented in Ta1Jle .3 were not planted to 
study hypoploid plants,namely 3(~)/3B and J(A sh)/)B'. Instead, 
sample counts of normal and germless kernels were made on the assumption 
that even if the cypoploid embryo involving the deficiency is lethal, 
the associated hyperploid ~ndosperm would develop normally resulting 
1n a gerrnless kernel. The results of this study are given in Table 4 
where, for convenience, 11Gm11 refers to normal, . and 11gm11 to germless 
kernels, as .scored visually. . . . 

The ~cre ,?-se in .
0
frequency of germless kernels when .an egg parent 

hetero~ygous . :('.or .th~ _,qefi9i _ency is '•crossed by the ·T:S-Ja pollen parent 
suggests ~ha~ ,he hy.poploiq. embryo involving .the defi~iency is inviable. 
It would appear then that ' Df a-x is letttal in :the ~por0phyte as well 
as in the endosperm· but that theil:-iethal : e.f,'f ect of _ su·eh embryos does 
not extend to the associated hyperploid embryos. 
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Table 4 

Sample counts of normal (Gm) and germless (gm) kernels from the 
indicated crosses. 

Cross Kernel phenotypes 

3(~-x1)/3(A; sh) x J(a sh)/3(a sh) " A sh a sh 

Gm gm Gm gm 
181 0 179 

3(a;_xi)/3(A sh) x .3(a Sh)/3B/B3(A Sh)/B3(A Sh) 

Kernel phenotypes 

A Sh A sh a Sh a sh 

Gm gm Gm gm Gm gm Gm gm 

296 35 75 1 120 29 0 0 

An~lyses . similar to those involving Df ~l were undertaken with 
Df a;..x3 • . As Stadler and Roman pointed out, the latter deficiency is 
more drastic in its effects as it shows much reduced transmission 
through the· f~male,..gametophyte and fails altogether to transmit through 
the male gametotPbyte. Essentially the same kind of analyses of Df a-x3 are p~esented iri '11ables 5 and 6 as are given for Df a-x 1 in Tables 2 
and J. 

: ,, 

Table $ 

_Megaspore transmission of Df a-x 3 in the cross: 

J(~-x3)/3(A sh) x 3(a sh)/3(a sh) (7 ears) 

Endosperm phenotypes 

Number of kernels 

Frequency(%) 

A sh -
1245 

10.6 

a sh 

519 

29~4 

The absence of colorless, 'shrunken endosperms among the progeny 
of the cross in Table 6, where ~ver 200 would be expected, indicates 
that 3(~)/3 .(a-x)/Jff hypoploid endosperm is inviabl~, .and that 
Df a-x3, l~k ~ Pf -~-!:i_,is lethal to endosperm tissue. 

0 
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Table 6 .... . - . .,.,- ... 
Frequencies of endosperm types ~m 14 ears 'from the cross: . ,. : 

3(a-x 3)/3(A sh) x 3 (a Sh)/3B/B3(A Sh)/B3(A Sh) 

. •·· 

A Sh 

Number ~f -kernels . 
Frequ!:)ncy(%) . ·. . 
Expe~~ed frequency(%)* ·. 

· · · 1732'. 
69~1 
62.0 . 

Endosperm :ghenotypes . 
. ' . . . 

A sh ··· a Sh. ~ --
552 • ·223. ·O . 

22.0 , _B.9_ - 0 
19.6 10.3 8~1 

' 

*Calculated below from 'dat~ on egg and pollen transmission in 
Tables 1 and 5 : 

0e620:: 0.)71 + (0.352 X 0.706) 
· 0.196 ,= 0• 277 X 0. 706 . 

. ·o.103 • 0.)52 X 0e294 
o: ·o81 • Oe 277 X 0. 294 

Additional inforI)'lation on the •viability of hypoploid endosperm 
and embryo involving Df e.~x3 is available f rom a different cross. 
Colorlessi shrunken endosperms from the cross 3(a-x3)/3(A Sh) x 
3(! sh)/Jtj/B3(~ Sh)/B:3(~ ~) are expected to be mainly - -

3(a-x3)/J(~ 3)/3(! ~and 3(a-x3)/3(~ 3)/3B'_ in constitution. 

The former endosperm type should b~ associated with a 3(a-x 3)/ 3(~ ~). 
sporophyte. The latter endosperm type, if viable, should be associq.ted 

with a 3(~ 3)/3B/B3(! §!!)/BJ(!~) sporophyte. These two types of 
sporophytes can be identified easily by crossing with J(a · sh)/J(a sh) 
plants. Nine out of twenty-nir.e colorle~s, shrunken kei:nels - plartt;! 
were analyzable. All nine :i,.µ.div:iduals turned out to be J(a-:ic3)/3(!, ~) 
plants, suggesting that the 3(~::~.3)/3(!:;!)/JB hypoploi~ endospe:r1:r{is 
inviable. Purple, non-shrunken kernels from the same cross ·~er~ also . 
analyzed. Among sixty-three sporophytes tested, ~h.~re were twenty- . 
ei ght nonhypoploids, thirty-three 3(!, sh);A.3B hypoploids and one ., . 

unanalyz~ble hypoploid. No 3(a--x3i/3B ~oploid individuals wer!3:. 
found. If no lethality is involved ·we· expect (Table 5.).. 70.6% of · the 
hypoploid sporophytes to be 3(~ sh)/jB, and 29.4% to b~ 3(a-x 3)/~ · . 
in constitution. The absence of the ' latter type of hypoploid sporop*e 
indi~artes that this constitution is inviabl:e. · > · · · . •. · 

These data indicate · th a:b .. hypoploid ehdosperm ·and embryo ·involving 
the !I deficiencies ar~ ·_invi _a~le,. that 'is, :tha~ Df a-~1 · ~d _Df a·-xJ" 
are 0-lethal to both the endospe .ryi and t he ··~pry0. -

• '• . Ikuko Mizukami 

·~· . . 
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INDIANA UNIVERSITY 
Bloomington, Indiana 

l. Cytogenetic studies with Inversion 3c. 

Inversion 3c, found by Rosalind Morris, is a para centric inversion 
in the long arm of chromosome 3. A precise determination of the 
breakpoints cannot be made until pachynem.a of homozygous plants is 
studied but the proximal breakpoint is very close to the centromere and 
the distal break near the end of the long arm--i.e., almost all of the 
long arm is inverted. When plants heterozygous f or the inversion with 
the normal alleles Q!.6 ~ 2 A in the inverted homologue and the recessive 
alleles in the structurally-normal chromosorre were used as the pollen 
parent. in testcrosses the following data were obtained: 

Families 25083-94 

gl lg a 9 X 

(0) 
(0) 

(1-2) 
(1-2) 
(1-3) 
(1-3) 
(1-4) 
(1-4) 

Gl Lg A In 
gl lg a N 
Gl Lg a In 
gl lg AN 
Gl lg a In 
gl Lg AN 
gl lg a In 
Gl Lg AN 

631 
643 

3 
6 

(2-3) 
(2-3) 
(2-4) 
(2-4) 
(3-4) 
(3-4) 

Gl lg A In 
gl Lg a N 
gl lg A In 
Gl Lg a N 
glLgAin 
Gl lg a N 

37 
24 

7 
2 
4 
4 

0 
5 
2 
6 

In addition to the above classes the following individuals were 
found in the backcross progeny: · 

Gl Lg A high pollen sterility 5 
Gl lg A 11 11 11 1 
gl lg a In with two sizes of starch filled grains 2 
gl lg a high pollen sterility 4 
gl lg a N with two sizes of starch filled grains 2 

At the time of pollen classification in the field the nature of 
the exceptional plants was uncertain and it was not until later in the 
season that it was realized that t hey contained deficient-duplicate 
chromatids arising from a bridge-brea kage-fusion cycle following 
crossing over within the inversion loop to form a dicentric chroma.tid. 
The occasional transmission of these Df-Dp chromosomes through the 
pollen suggests that the di .stal breakpoint in In Jc is nearer the end 
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than the distal b'reak in the· In 3a · since no functioning of Df-Dp 
chromosomes coming from crossing over in In 3a -:-heterazygotes was found 
through the pollen. · · · · 

- . 
It is quite likely that some plants s.cored as carrying the In 

actually possessed a Df-Dp chromosome with the normal order. The 
abortion of some of the Df-Dp pollen simulates the sterility arising 
from inversion crossing over. Further, some· plants scQ:red as carrying 
the In chromosome undoubtedly had a Df-Dp chromosome with the inverted 
order. · '· 

.. •. The reciprocal " cross gave the folladng results: · · Families 25095-112 

. (-0)' Gl Lg A In 
( 0) gl lg a N ,_ · 

°(1-2) . Gl Lg a In 
(1-2) g1 lg A N. 
(1-3) Gl ig a· Iri 
(1-3) ~gl Lg AN 
(1-4) gl lg a ·rn 
·(1-4) .· Gl° Lg A N · 

877 
621 

8 
30 
3 
5 

10 
4 

(2-3) -Gl lg A In 
(2-J) gl I,€ a N. 

.· .. ,. ( 2-4) ,gl lg A In 
(2-4) Gl Lg a N 
( 3-4:} gl Lg A In 
0-4) · Gl lg a N 

Gl Lg A hi.gh pollen sterility 
. 'Ql lg-A- " II II . 

24 
37 
16 
. ~1 

3' . 
1 

·. gl lg a In with two sizes: o.f starch filled grains 
gl lg a N with two sizes of starch fill~d .grains 

10 
1 
l* 
2ff 
7 . ' 

gl lg a high pollen sterility · ·· 
gl lg A " 11. • ·" . . .. 2 

2•Ht 

.. . .. 

· gl lg A N with two _sizes .of . star.ch .. fill~d grains 

* one chromosome is In Df-Dp and the other normal. 
~Y* one chromosome is N Df-Dp and the other normal • 

The more :frequent . transmiss .ion of Df-Dp chromosomes through the 
megaspores is c'learly evidence~ . by the . unequal compl~mentary cross
over classe .s .in the (1-2) double ·si the (l-4). doul)les · ana the (2-4) 
doubles. For example, the ratio of 30 i!. 1g ! N to 8 ~ f.K ! In, 
presumed ·to · arise from (1-2) doubles, is actually due 1n part to the 

· recovery of~~ ·! D.f-Dp chrom9so~es w_ith a N o~de~ §ind producing 
no or little pollen abortioi:i, ,. '!'bes·e would , be classified as ,s1 !g_ ! N. 
Chromosomes of this constitutiqn .cou:J,d arise . .foll,owin •g single exchan ges 
in region (2)~ Brealrs in t}Je _dicentric chroma.ti~ ·.near one centromere 
would ·YiE¾d a functioning _g! .±i.! N Df~Dp strand while~ break near the 
other cent,rp~ere would ···produce . a g1 !B, ~: 'In D.,t'-~ r~ropiatid. The two 
kinds :shov.1,~ c,ccur in equal n~be;r-s; he119e an· exc•e~s . of the s! lg ! In 
class ov~r the complementary Gl J;;g a N class sho~ld be foUhd. T'Iie 
observed ratio was · l6!li . ·. -- .~ -- . · ..' ·: . · · . 

' . . . . . .. 
It, ..... 

I:=-. 
... . :. . . 

•,• • • • I :., ,• 

. . \ . 

. -:· ..... 
... .. 
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Plants homozygous (Families 25127, 130 and 132) for In 3c and 
heterozygous for the gh lg 2 !i loci were testcrossed as the egg 
parent to give the foll~wing data: 

(0) a Lg Gl 962 (2) a Lg gl 323 
(0) A lg gl ioo.5 (2) , A lg · Gl 330 
(1) a lg gl 619 (1-2} a lg Gl · 104 
(1) A Lg Gl 633 (l-2) A Lg gl 124 

z = 4100 A-Lg= 36.1% Lg-Gl = 23-9% 

It is clear that all three loci lie within the inverted segment. 
This is expected from what is known of the cytological position of 
these genes •. The 6_ locus. lies distal to point • .75 (In 3b) and proximal 
to point • 95 ( In 3a J. The ~h locus is proximal to point • 25 ( In 3b) 
and ~istal to ~05 (In 3c). (As we stated earlier, the proximal break 
in In Jc has not been exactly determined but it is very riea.r the 
centromere.) The crossover values from homozygous In Jc plants permit 
a study oft he effect of the centromere on crossing over in adjacent 
regions. The Drosophila data indicate that ~istal regions broug~t ;·near 
to a centromere have a greatly reduced frequency of crossing over. In 
the prese nt st udy the ~-! region normally out in the distal portion 
of the long arm of 3 is placed close to th e centro mere and the proximal 
.Q!-.!:K region is far removed from the centromere. However, t he cross
over values in homozygous In Jc plants for t he Gl-Lg and~-! regions 
do not differ significantly from those in plants with structurally 
normal chromosomes 3. The data in maize, therefore, do not agree 
with those from Drosophila and emphasize the danger of generalizing 
about centric effects on crossing over from experiments with one organism. 

M. M~ Rhoades 

2. Recombination values between the centromere and three loci in the 
short arm of chromosome 2. · 

In the 1956 News L~tter data were presented which indicated that 
the unreduc .ed eggs produced by homozygo~s el plants arose by the 
failure of the second meiotic 'divj.sion • . Itwas .further argued that for 
a locus very .near the centromere the percentage :of>ctiploid -eggs homozygous 

. for the recessive allele would be 50 and th.;i.t the frequency of homozygosis 
could be used to measure the recombination value between .a given locus 
and its centromere." The percent ·pf recombination was determined in 
this way for the wx and sh loci in c,hr.om6some 9 and for the !g 2 and !i_ 
loci in chromosome')~ He>.wever, it se·emed desirable · to test· ,the method 
by studying the homozygosis percentag~s for three loci, all of which 
were located in the same chromosome· arm.· Accordingly, plants homozygous 
for~ and heterozygous for the ws3, ~l' and gl? markers, all known to 
reside in the short arm of chromosome 2, were us~d as the female parent 
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in testcrosses • . ·Tbe. triploid offspring com.i.ng from · these crosses were 
· scoreq. for the three marked loci. 

, ... 

: - . 

, . : ... 

el ·e1 ·. ·ws lg gl ~ 
+ + + 

Triploid Progeny 

.+ + + 371 
ws lg gl 28 
ws + + 10 
ws lg + 12 
ws + gl 2 

+ lg + 0 
+ + gl 30 
+ lg g'.1- 23 - ·-. ~ ' -475 

X ws lg gl _<f 

10.9% ws3 ws3~~entromere 39.1% recombination 

13.3% lgl lg 1-centromere 36.7% II 

17.5% gl 2 gl
2

-centromere 32.5% II 

' The recombination values are in the anticipated order and indicate 
that the methoo, al though laborious, has some me·rit. It should be 
pointed out that · althoo,gh the homozjrgosis percentages were obtained 
from tri ploid plants~ n6t all of them had . JO chromosomes. A few of 

. the plants with 29 chromosomes could have arisen .from 19 9hromosome 
eggs having only one chromosome 2. · 

M. M. Rhoades 

3.-. Further studi 'e(3 with T6-9b • 

. . Genetic studies with T6-9b (breaks 61.10..;9s. 37) reported in previous-
, News Letters have shown that the f requency of recovery of T chromosomes 
frqm backcrosseq. T/N plants i'a .50% when the heterozygote is used as 
,male _pa_rent, but only .Jl.5 %·when us~d a:s female · parent. This observa
tion was · conf-:irm.ed by crossing the translocation stock to five unrelated 
s~o~_ks and test -:i.ng transmission rate ·s in different backgrounds(Table 1). 

Table 1. Transmission .frequ.encies apd recombinati~ ~ in T/N pistillate 
par.ents ca7:rying ;•N chronioso~es ·from fiv;e different sources. 

Female ' parent•:41 ·:s.c • 

. T/ -~hi- J t~ ·ster : 
T/ chr 9 tester 
Bl Mex/ T 
chr 10 te .ster/ T 
chr 6 tester/ T , 

-. % T marker ··· % c·-Wx recombination 

5.1 
2 .. 8 
5.2 
J •. a 

12.4 
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Cytological studies of T/N plants have shown a high frequency of 
chains of four and trivalents due to absence of chias mata in the 

69 chromosome (see diagram). 
In spite of the low recovery 
of T-bearing spores, there is 
no increase in ear abortion; 
the expected 50% frequency of 
aborted ovules was observed. 

6 

y 

y 

Gl 

1 
I Wx Sh C 

I wx sh c 
gl 

9 

In order to explain the differences in~ and~ transmission of 
gametes with translocated chromosomes, the fallowing sequence of 
events is proposed: 

Diakinesis 
configura tion 

MI 
orientation 

Constitution 
of micros por es 

Constitution · 
of megaspores 

·· 1/4 T ------ l/4 T 
/ 1/2 alternate <_ . . ~ 

Rings or chains '-... . 1/4 N · 1/4 N 
1/2 adjacent ---1/2 aborted ---1/2 aborted 

~ l/ 4T 
Trivalent and- · -. all alternate. ~ 1/4 N 

· univalent 69 ------1/2-aborted 

. l/2N 

~2 aborted 

The difference in the array of~ and~ gametes on this scheme is 
attributed to the behavior of cells with triv alents and .univalents. 
It is assumed that the univalent 69 chromosome undergoes a delayed 
equational division at AI and the resulting chromatids are oriented 
to ward .the inner poles of the two AII spi ndles in megaspgrogenesis. 
The basal megaspore would then receive eith er 9 + 6 or 9; the former 
is viable but the latter would abort. In microsporogenesis, four 
potent:i,.ally·functional spores are produced of constitution 6 + 9, 
69 + 9b, 9°, and 6 + 9 + 69. The latter two will abort in most cases 
although occasional transmission of 6 + 9 + 69 occurs in the male 
gametes. The former two spores, one carrying normal chromosomes and 
one carrying translocated chromosomes would be produced in equal 
frequencies unlike the corresponding megaspores. Two cytological 
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observations support this scheme. First the orientation of t .rivalents 
· at MI.in microsporogenesis · is almost entirely of the alternate type. 
Secondly, ·in sections of develo ping ears, only the basal megaspore gives 
rise to the embryo sac. Thus, spore substitution is ruled out. The 
behavior of the univalent 69 chromosome in meiosis has not been carefully
f' ollowed cytologically •. It probably - is not lost from the nucleus since 
pollen from tertiary trisomes carrying 69 Wx/ 9 wx/ 9 wx shows about · 
43% Wx grains. - - -

A trivalent frequency of 40% (32% was observed at rnicrosporogenesis) 
would lead to 50% ovule abortion and a J0:70 ratio of translocated to 
normal chromosomes.· Since the amount of crossing over in 9S will influence 
the trivalent frequency, there should be a low C-Wx. recombination in 

.. plants with the distorted backcross ratio. This is seen to be true in 
Table 1. In the past few years, some ears have been noted which have 
1:1 ratios fort he translocated and normal chromosomes. These occur 
regularly in plants carrying abnormal chromosome 10 .. ( see MNL 33 :- 55) 
but also arise occasionally in plants with N 10. One would expect to 
~ind a low freque ncy of triva l ents and hi gher recombination values . in 
such plants. · 

Last summer backcrosses of T/N X N/N were planted and classified 
for T. Plants carrying the T were backcrossed again and ears wer~ 
scored for aberrant segreg ations and 1:1 ratios. The plants bearing 
ears with normal ratios more often than not had been derived from a 
crossover in one af the arms of the Tin the • previous generation. The 
distribution of crossover and non crossover ,oarent plants in the two 
class~s of ears is as follows: 

132 ears with aberrant ratios 

19 ears with riormal ratios · 

f 125 nol'i crossovers 
~ · 4 T-01 crossovers · -t 3 Sh-Wx crossovers 

{ 7 non crossovers 
2 T-Gl crossovers 
7 Sh~ix crossovers 
3 C-Sh crossovers 

Eleven of t he 19 ears had markers allowing a test of crossing 
over in 9S. Table 2 shows the % Wx (Wx marks the T) and the Sh-Wx 
reco mbination in these eleven plants as well as in two plantswith 1:1 
ratios from the 1961 season. With 3 exceptions there is a good .. corres
pondence of the normal segregatio n wit h a h~gh Sh-Wx recombination. 
The two plants .ftom the 1961 crop were tested againi n ·1962 and the 
1:1 ·ratios and hi gh cross i ng over were maintained. · 
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Table 2. Transmission frequencies and recombination in T/N pistillate 
parents having approximately normal backcross ratios. 

% Wx % Sh-Wx Phenotype 
2: (T marker) Recombination of plant 

25212 183 47.0 15. 8 C Sh Wx gl Y 
125 56.o 25.6 C Sh Wx Gl Y 
130 48.5 3.1 C Sb Wx Gl Y 

25225 158 5o.6 21.5 C Sh Wx Gl Y 
158 45.6 13.9 C Sh Wx Gl Y 
165 49.1 22.4 C Sh Wx gl Y 

25228 209 55.5 25.8 c Sh Wx Gl Y 
184 so.a 22.3 c Sh Wx Gl Y 

25232 127 53.5 18.9 C Sh Wx Gl Y 
156 5J.B 3. 2 C Sh Wx Gl Y 

25235 108 41.7 26.0 c Sh Wx Gl Y 

24435 190 .52.6 22.1 C Sh Wx Gl Y 

24450 164 44.5 20.1 C Sh Wx gl Y 

A random sample of 12 noncrossover plants from the aberrant ratio class 
gave a total of 1832 seeds, a~ frequency of 33.6% and ,§£-Wx recombina-
tion of J. 8%. 

The occurrence of plants with normal backcross ratios in the 
female is often associated with a crossover in one arm of the T. This 
may lead to a closer homology of the arms in question, although no 
striking difference in homology-has been observed between •the T and N 
chromosomes. The result, at any rate, is a higher crossing over in 
9S, leading to a lower trivalent frequency (not yet confirmed cytologi
cally) and to normal recovery of T and N chromosomes. 

Ellen Dempsey 

4. Du-Oy lin kage. 

Some preliminary data from a selfed ear of Du oy/du _2l constitu
tion gave the following classes: 

Du Cy 

176 
Du oy 

75 

du Oy 

62 
E 

315 
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This indicates a value of 18-19% recombination as based on Immer1s 
Tables. Backcross data should be available next year~ 

}Ulen Dempsey 

/ I o 

5. A possible convertor at the Pl locus. 

' . 
· In a family of 36 dark . purple plants, presumed to be homozygous 

B Pl, a single lighter-pigmented plant· appeared. This ex·cept'ional · 
plant was self-pollinated and also crossed as male parent with dark 
purple individuals from the : same line and from a second, not closely 
related line. All the progeny (3.50) from these crosses were· light- · 
colored. Nor was there any segregation of dark purple color in the 
next generation when the F1' s were selfed or backcrqssed to dark 
purple. · ·· · 

This behavior parallels that described for conversion at the 

. . 

~ locus. Except for anther color, however, these plants resemble sun 
reds in phenotype. Linkage tests are being made to determine whether 
the Pl locus or B are involved in this case·.· : · 

Crosses with other lines and other genotype~ have produced inter
esting results. The progeny :r1·om-a cross with a linEf homozygous · 
B .P.l obtained from the Co-op were all dark purple'.~ · A line homozygous 
b el also gave dark purple F1

1s whereas the prog~ny from a cross with 
~ Pl were all sun red. - Two Iines ' of sun .red .plants(~ E!_) gav~ . 
opposite results; one yielded only dark purple plants whereas the 
other produced only sun reds. 

Dor?thy Stroup 

'· . ·· ... ; . 
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INSTITUT NATIONAL DE LA RECHERCHE AGRONOMIQUE 
Rabat, Morocco 

1. Location of fl 2~ 

The study of the progenies of the backcrosses (see News Letter, 36, 
P• 91) confirmed the linkage between genes.!! and fl 2, and!!: and g 2• 
The results obtained were as follows: 

Pro~enies 
Percent recom .. 

Genes Parental Non-earent~ Total bination 
252 234 9 6 501 3 

fl 2 la (fl 2 +) ( + la) ( + +) ( fl
2 

la) 

97 88 38 42 265 30 
fl 2 Tu (f12 +) (+Tu) ( + · +) ( fl Tu) 

2 

Thus gene fl,
2 

appears really to be located on the short arm of 
chromosome IV, very near to.!!• 

A. Cornu 

2. Location of - rp (sensitivity to Puccinia Sorghi). 
X 

· The study of the progenies of the backcrosses comprising genes 
!I?; , ~ 3 and ,!gp provides the possibility of defining accurately the 
situation of the 1 ocus !& on chromosome II (see .News Letter 35, P• 134). 

. ' 

The backcrosses ·with ~ 3 ~ resulted in a progeny of 934 plants, 
of which 196, or 21%, were recombinant. 

The three-point test (ws,1, !E,1, ~) 
plants, among which were counted:· · 

65 recombinants between~ and !ex, 
40 11 11 · ~ and !'Q,.., 
25 " 11 ~3 and !gi, 

2 double recombinant plants, 

provided a progeny of 332 

or 19.5 per cent 
or 12 11 11 

or 7.5 11 11 

Or 0.6 II II 

Thus it seems possible to locate the locus rp~ on the short arm 
of chromosome II, between genes ~land ~ 2 and more or less at the 
same distance from both. 

A. Cornu 



INSTITUTE OF PLANT PRODTTCTION 
Pies~any Spa,Czechoslovakia 

Department of ·· Genetics and Selection 

1. The sur-i7ey of maize factors, 
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The world literature dealing with the geneti _cs _and with the 
breeding of maize is very extensive (our private card-register alone 
contains more than 11,300 citations). Of this large quantity approxi
mately 2/$ (according to our experience) deal directly with the problem 
of the genes. In spite of the great extent of the world literature on 
the factors and genes of maize, we can point out only a few works 
dealing with the working out of catalogues of factors and genes and 
with their description for their accurate determination. One of the 
first attempts at a systematic survey of genes was that carried out by 
R. A. Emerson et al (1935) and M. ~~ Chadzinov (1935). Of the later 
works we should like to point out the work published by L. 11.· Jones 
(1958, 1959). To the most detaileg.,attempts belong the studies per
formed by J. Weijer (1952) and L. Riman (1961). This short survey of 
the pertaining litera .ture., however., only emphasizes the lack of snythetic 
wor~s on the factors and genes of maize, which works, at the present 
situation of research work., we consider a very important component 
part of the total investigation of the probl'em of the genes of maize. 

We have attempted to compile a comprehensive collection·of the 
factors of maize., which we submit to our colleagues for their kind 
consideration: 

Numeri- Mark . Denomination Number Number 
cal of of non-

orger genes included 
symbols 

1 a, A anthocyanin 5 65 
2 ac, Ae activator 1 
3. ad adherent 7 2 
4 ae amylase extender 1 
5 ag, Ag susceptible (resistant) to grass- 1 

hoppers and locusts 
6 al albescent 3 
7 am, Am ameiotic 1 
8 an anther ear 3 6 
9 ar argentia 1 1 

10 argostripe 1 
11 as asynaptic 1 
12 at anther less l 
13 au aurea 2 
14 b, B, . plant colour booster l 4 
1.5 ba barren stalk 2 1 
16 bd branched silkless 7 
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\ 
' Numeri- Mark Denomination Number Number 

cal of of non-
order genes included 

symbols. 

17 be blanched ear 1 
18 bf, Bf blue fluorescent 2 
19 bh, Bh blotched aleurone l 
20 bk brittle stalk 2 l 
21 bl blotched leaf 7 
22 bm brown midrib 6 1 
23 bn, Bn brown aleurone 2 
24 bp brown pericarp 1 
25 br brachytic 3 
26 bs barren sterile 1 
27 bt, Bt brittle endosperm 4 3 
28 bu 1 
29 bv brevis 2 
30 bz, Bz bronze 2 2 
31 c, C aleurone colour 2 2 
32 cb chloroblotch 1 
33 Ce 2 
34 Cg com grass 1 
35 cl, Cl modifier of chlorophyll 3 
36 club club 1 
37 co coherent tassel l 1 
38 corn borer susceptible(resiatant) 1 
39 er crinkly leaf 4 
40 ct compact 1 
41 CZ cuzcoid 1 
42 d, D dwarf plant 10 19 
43 da, Da dilute aleurone 2 l 
44 de defective endosperm 19 l 
45 Df diffuse l 
46 di disintegrated endosperm 1 
47 dl dull brown endosperm blotch l 
48 dm dead leaf margins 2 
49 Ds l 
5o dt, Dt dotted aleurone 3 2 
51 du . dull endosperm 2 
52 dv divergent l 
53 dy desynaptic l 
54 E - euchlaena l 5 
55 el 1 
56 En enhancer l 
57 et etched endosperm 1 .•, 
58 f fine stripe 3 2 
59 fi fine streaked 1 l 
60 fl floury endosperm 2 
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Numeri- Mark Denomination Number Number 
cal of of non-

order genes included 
symbols 

61 fn l 
62 fr frayed 2 
63 fs fasciated 1 
64 fu fused tassel branched 1 
65 fz l 
66 g golden ,.,_ 1 
67 ga, Ga gametoohyte 8 1 
68 gc 1 
69 ge germinating seeds 15 
70 gi 1 
71 gl glossy seedling 17 10 
72 gm germless 4 3 
73 gs green striped 3 .1 
74 h soft starch 2 
75 ha 2 1 
76 he., He hornlike coleoptile 1 
77 hf 1 hermaph:rcdi tic flowers 1 
78 run, Hm susceptible (resistant) to 2 

Helminthosporium carbonurn. 

19 
leaf blj_ght 

susceptible (resistant) to 1 
Helminthosporium turcicum 
leaf blight 

80 Hs hairy sheath 2 
81 ch, Ch chocolate pericarp . l 
82 I inhibitor of aleurone colour 1 
83 id indeterminate flowering l 
84 ij iojap striping 1 
85 in., In intensifier of aleurone colour 3 2 
86 it intensifier of yellow endosperm 1 
87 j japonica 4 1 
88 Kn knotted leaf 1 
89 1, L luteus 11 8 
90 la lazy plant 2 1 
91 le lemon endosperm 1 
92 lg., Lg liguleless leaf 3 
93 li lineate 2 
94 lo lethal ovule 2 
0,.., 
/) lp pollen lethal 1 
96 lw lemon white 4 
97 m, M yellow white seedling 2 1 
98 ma maculate leaf 1 
99 me micropyle colour 1 

100 Md midcob colour 1 
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Numeri- Mark Denomination Number Number 
cal of of non-

order genes included 
symbols 

101 me mealy endosperm 1 
102 mg miniature germ 1 
103 mi midget 1 2 
104 mn miniature seed 1 
105 Mp 2 2 
106 mr midrib l 
107 ms, Ms male sterile 22 5 
108 Mt mottled aleurone 1 
109 na nana 2 
110 no l 
111 nl narrow leaf 2 1 
112 necrotic 2 
113 new starchy 1 
114 o, 0 opaque endosperm 3 1 
11.5 og, Og old c:old stripe 1 1 
116 or, Or 2 
117 orobanche seedling 1 
118 oy oil yellow 2 
119 p pericarp and cob colour 32 1 
120 pa pollen abortion 1 
121 pb, Pb piebald 5 1 
122 Pc purple coleorhiza 4 
123 pd 1 
124 pe pubescens hairy sheath 1 
125 pg, Pg pale green seedling 12 5 
126 Ph 1 
127 pi development of secondary 2 

pistillate florets 
128 pk polkadot leaves 1 
129 pl, Pl purple plant colour 1 
130 pm pale midrib 1 
131 pn, Pn papyrescent glume l 
132 po, Po polymi totic 1 
13.3 Pp 1 
134 pr, Pr red aleurone 2 
135 ps panicula specialis 1 
136 pink scutellum l 
137 pt, pt polytypic 1 
138 Pu purple plumule 2 
139 PY, fy piglllJT 2 
140 r, R aleurone and plant colour 18 6 
141 ragged seedling l 
142 ra, Ra ramosa ear 3 



69 

Nurneri- Mark Denomination Number Number 
cal of of non-

order genes included 
symbols · 

143 rd . reduced plant 1 1 
144 re reduced endosperm 4 
145 rf, Rf fertility restoration 2 
146 rg, Rg ragged leaf 2 1 
147 rl red leaf tip 1 
148 ro rolled leaves - 1 
149 rp, Rp rust susceptible (resistant) 3 2 
150 rpp,Rpp susceptible (resistant) t~ 2 

Puccinia polysora Underw 
151 rs, Rs rough sheath 2 
1.52 rt rootless 1 
153 s coloured scutellum 5 
154 sa striped auricle 2 
155 sb slit blade 1 
156 SC scarred endosperm 2 3 
157 semisterility 1 
158 sd, Sd 1 
159 sf stiff leaves 1 
160 sh . shrunken endosperm 5 1 
161 sienna 2 
162 sk · silkless 1 
163 si, Si silky ear 3 
161~ sl · slashed leaves 1 ·:· 
165 sm, Sm salmon silk 1 
166 sn siamensis 1 
167 so orange scutellurn 2 
168 sp, Sp small polleri 2 1 
169 - sr striate 2 
170 st sticky chromosome l 1 
171 .su, . Su sugary endosperm · 4 2 
172 sy yellow soutellum 1 
173 ta tan cob 1 
174 tb teosinte branched 1 
175 th threaded l 
176 tn tinged plant 1 
177 Tp teopod 2 
178 tr two ranked ear 1 1 
179 ts, Te tassel seed 8 
180 tu, Tu tunicate ear 1 6 
181 tw twisted seedling 3 4 
182 v, V virescent seedling 22· 11 
183 va ,,ariable sterile 2 
184 Vg vestigial glume 1 



70 

Numeri- Mark Denomination Number Number 
cal of o.f non-

order genes included 
symbols 

185 vp vivipary 9 
186 w, w white seedling 12 22 
187 white 2 
188 wa warty anthers l 
189 waseca stripe 1 
190 We white capped endosperm 1 
191 wd, Wd l 
192 Wh white endosperm 1 
193 wi wilted 1 
194 wl white leaf base 4 
195 ws white sheath 3 
196 wt wheat tassel 1 
197 wx, Wx waxy endosperm 1 8 
198 xn xantha seedling 2 
199 Y, y yellow endosperm 8 7 
200 yd yellow dwarf 1 
201 yf yellow flecked seedling 1 
202 yg yellow green 13 2 
203 Yp pale yellow endosperm 1 
204 ys yellow stripe 3 1 
20, yt yellow top 1 
206 z- 1 
207 zb zebra striped 6 s 
208 zg zigzag culm 3 
209 zl zygotic lethal 2 
210 zn zebra necrosis 1 

210 Summary 591 254 

We are of the opinion that it is essential that by far more 
careful attention should be paid to these studies than has been the 
case hitherto, as the number of papers and studies on the genes of 
maize increases rapidly every year, and a number· of symbols are falling 
into oblivion or changing their original meaning, etc., all of which 
tends to cause a certain obscurity. 

We have attempted to compile a comprehensive collection of the 
factors of maize, which we submit to our colleagues for their kind 
consideration. 

Surolements and amendments will be published. 

L. Riman 
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1. Some effects of semi-sterility. 

71 

In making up several popcorn double-cross and 3-way hybrids, several 
single-cross hybrids were used which were semi-sterile . because of a 
reci~rocal translocation. In routine testing of 24 such hybrids., 
separate measurements ~ere made on grain from plants bearing semi
sterile and normal appearing ears. Differences between semi-sterile 

·an d normal ·were highly si'gnificant in all cases. Some of the measure-
ments are •given below. · · · 

Ear 
type 

Ears Equilibrium Popping Elcpanaion 
per Grain Moisture popped Cu. in. 
plot at 70% R.H. ra~ per lb. 

,100 kernel 
. weight 

(gms) 

100 c.c •. 
weight 

(gme) -----------~----~-------------~-~---Normal . 27 

Semi- . 36 . 
sterile 

33.8 

36.0 
9.30 

. 1010 

12.17 

13.31 

156 

15.3 

-- ....... - -- - ... - - - - - ... -----· -- -~ ~ - ~ . - - -. ------ - - -
Since grain was not crowded on the semi-sterU-e ears., the larger 

kernels and lower test weight were not surprising. However, based on 
other work, we expected that kernels from the normal ears with heavier 
test weight would expand more in popping than the grain from the semi
sterile ears. Also, the smaller kernels of the normal ears came to 
eqµiiibrium in a constant humidity · chamber at a higher per cent grain 

·m~isture than the larger kernels from the smni-sterile ·ears. This 
factor alone could have been . responsible for the difference in popping 
expansion. However, when both types vrere brought to the same grain 
moi{Jture level, the differences became slightly la:rger\l The magnitude 
of this difference and the fact that it ~as in the . opposite direption 
expected from physical meas-qrements in other data suggest the possibility 
of position effect, or different endos.perm/enibryo or endosperm/ pericarp 
r~tios .. · · 

. Two lines are· now being used in a baok-crossi ng program in an 
effort to obtain genetically identical.lines with different chromosome 
structure in order to study this effect in more detail • . 

Present addr~ss:·*Department of Agronomy 

w. I. Thomas-11-
J. c. Eldredge 

Pennsylvania State University 
University Park, Pennsylvania 
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2. The relation of Enhancer (En) to Spm,. 

Tests have now been completed that show a relation between the 
action of En (reports of this system in previous MGCNL) and that of 
Spm. In crosses of Dr. McClintoclc I s Spm t.ester allele, !l m-l ( pale 
and stable) with an~ stock, the kernels, !!.1m-1/!J_dt, are characteri~d 
by mutant 1;mrple areas on a colorless background. In a f urt her test
cross of these mutable kernels stable pale segregants typical of the 
!]_m-1 expression were recovered and this is correlated with the 
absence of En in these kernels. 

These tests show that En can both suppress the action, the pale 
coloration, of this allele and also induce this allele to mutate to 
higher lev!:lls of pigmentation. The principal di ff eretice in the!! 
system is the occurrence of a colorless allele, !,mtrJ, th at . becomes 
mutable in the presence of En. This is in contra.st to t he pale 
coloration of McClintock 1s !?1-1 allele. 

Peter A. Peterson 

3~ The effect of B-chromosomes on pollen size. 

In an effort to evaluate the role of B-chromosomes, studies on 
the effect on pollen size were conducted. Measurements were made of 
pollen grain diameters. This exper iment was ba sed on the premise that 
the genotype of the pollen grain is reflected in a phenoty pic character, 
in this case pollen size. Thus, a correlation was sought between 
pollen size and the absence or the presence of a variable number of 
B-chro·nnsomes. Rather than use mean values in the comparison ( since 
plants are hi ghly subject t o environmental varia tion), the variances 
(s2) of the measurements of individual plants were analyzed. It was 
found that in a comparison or non-B and B-contain in g plants there is 
a greater amount of variation (significant at the 10% level)in the 
plants with B-chromosomes. 

Further experiments usin g the same comparison on additional data 
are now being evaluated. 

*Cornell College 

Peter A. Peterson 
Alan Munson•~ 
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4. Nucleolar-like droplets at pachytene. 
. . . .. 

In microsporocytes of maize plants heterozy gous for 1, 2, 8, ,and 
12 knobs, nucleolar-like droplets appeared at various locations in the 
cells. These . included the ends of chromosomes, interstitially on the 
chromosomes, and free in the nucleoplasra. ,.. . . · 

. . ~ . 
One hundred pachytene celis were analyzed in each family; from 

this the e.verage number of droplets per cell W;:1.S calculated (Table l}. 
. . 

Additional studies were made on plants whicb ,arose from a backcross 
of the 12 knob plant by Tama Knobless Flint. Observations of the off
spring, which had 1 to 8 knobs (heterozygous), gave similar results 
(Table 2). 

It appears.evident that there is an inverse relationship between 
the number of nucleolar-like droplets and the number of knobs present. 

Table 1. 

Table 2. 

No. of knobs 
1 
2 
8 

12 

No. of lmobs 
l 
2 
3 
4 , 
6 
7 
8 

Ave. no. of droplets 
per cell 

3.19 
3.10 
2.38 
L.BJ 

Ave. no. of droplets 
2.66 
2.44 
2.38 
2.00 
1.46 
1.$5 
1~92 
1.p1 

Sylvia E. Zvingilas* 

-'~Present address: Division of Biology, Brookhaven· National Labpra.tory 

.~ .. 
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5.. Relation of multiple chromosome associations at diakinesis to 

knob number. 

Previous studies (s. E. Zvingilas, MGCNL 35 and _36)indicated 
that the knob and centromere associations of ·non-homologous chromosomes 
observed at pachytene persist through metaphase. 

Additional investigations were carried on with diakinesis cells ot 
plants which arose from a backcross of the 12 knob heterozygote to the 
knobless parent •. These results support the previous conclusion; there 
is a positive c.orrelation between the number of chromosomes in multiple 
association at diakinesis and the number of knobs present (Table 1). 

Table 1. 

Ave. no. of assoc. bivalents 
No. of knobs 

1 
2 
3 
4 
s 
6 
7 
8 

IOWA STATE TnHVERSITY 
Ames, Iowa 

Department of Genetics 

at diakinesis 
1.46 
1.7) 
1.48 
1.94 
2.15 
2.38 
3.12 
3.15 

Sylvia E. Zvingilas 

1. Allele studies involving 2.!,2, 91:.3 and~• 

Dr. Everett in 1949 (Proc. Nat. Acad. Sci. 35: 628-634) described 
two dominant suppressors of the .£!.J. locus, 9:2 and c13, which partially 
or completely suppressed the albino phenotype of this mutant. Since 
the discovery of the two original suppressors, we have found a third 
one which has been designated £!1

1
• This suppressor was found in a 

stock in which a gene for albinism was segregating, designated cl. 
This gene was found to be allelic to clr The action of the suppFessors, 
c12., c13 and ~ is summarized in Table r. 
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Table I. Phenotypes produced by the suppressors c1 2, ,£!
3 

and 21
4 
• 

Genotype 

1. ell ·c11 
2. cl 1 cl 1 0_12 cl

2 

3. c11 el 1 Cl
2 

Cl
2 

4. cl cl Cl cl 
1 1 J 3 

5. cl 1 cl 1 .Cl,J Cl') 

6. c1
1 

cl
1 

c~
4 

c1
4 

7. c1i el 1 01
4 

c~
4 

Endosperm 
Phenotype 

white or pale yellow 

white or pale yellow 

.white or pale yellow 

white or pale yellow 

white or pale yellow 

white -or pale yellow 

white or pale yellow 

Seedling and 
Mature plant phenotype 

albino 

pale green (pastel) 
- lethal . 

pale green (pastel), ori 
the average darker green 
than #2.. - lethal · 
green as seedling, mature 
plant pale green, often 
zebra 
green as seedling, green 
as mature plant apparent
ly as vi goro~e as normal 
siblings. 
green as seedlin~s -
lethal ' 
green as seedlings ·, green 
as mature plant but not 
as vigorous as normal 
siblings 

While it was known that the suppresso r s were inherited inde endently 
?f the ~ locus, it was no~. kn:own whether t hey occl,lpied thE! same or 
indepen dent loci. The following cro s ses were made to determine this. 

1. cl 1 c1
1 

01
3 

Cl x cl Cl Cl Cl 
- - ~ -3 --i-1-2-2 

2. £11 £11 912 .$!2 X cl cl c1
4 

c1
4 -P-p--

3. cli Cl1 Cl Cl X cl cl Cl Cl 
---2-2 -p-p -4 -4 

4. cl cl Cl c1
4 

X cl cl Cl Cl 
-p- -4- --:i. -i -3 -3 p . 

Yellow and white or pale yellow seeds from the F1 ears were planted 
in the field. The plants from the white or pale yellow seeds of crosses 
#1 and #4 produced plants that surv ive d to maturity and produced ears. 
Most of' the plan:tei from the white or pale yellow seeds of crosses #2 
and #3 died at an ~arly age and the few 'th at did survive were pal e green 
runts. · All surviving plants were self pollinated aru:l where pos s ible, · 
a sample of 50 white or pal ·e · yellow seeds was planted from each ear. If 
t be suppre ss ors are alleles, no a lb ino seedlings should be observed·. • 
in ~he-' F 2 'e of' cr oss~s lh; i/3-and i'l4.. If . tho supp~es sors occupy indep~ndent 
l oci., then a r ati ~ of i5 non:-al b~no : l, albino soeclling should be obse .rv-ed 

among -~he plan t s pro d:lic~d by t he whit e or ·pal e ye llow seeds from stich F2 
ears. A lower frequency of albino seedlings ~oul d indicate that _t ha 
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suppre ssors are non-allel i c but l i nked. Half of the F1 plants f rom cross 
#2 wil l have cl 2 and t he white seed s pro duced when these p l ants are 
self polli nated, th eref ore , will be expected to segregate albino 
seedlings in a 3 green to 1 albino ra tt o but no pastel seedlings. This 
was observed to be the case. The al bino segregating ears were not 
included in the totals given in Table II. The results of these tests 
which are summarized in Table II indicate that these three suppressor 
genes are allelic. 

Table II. Summary of Data from Allele Tests Involving c12, c13 and Clt~ • 

Number of Seedlings Number of Albino 
Segregating Alleles . Tested Seedlings Conclusions 

Cl2 and Cl3 4277 0 Allelic 

Cl2 and Cl4 3495 0 Allelic 

c13 and c14 3604 0 Allelic 

The abs ence of albino seedlings in these F popul ations also 
indicates that t he clp gene for albinism (prese~t in t he original 
~ - stock) can also be suppressed by C12 and c1 3• 

Donalds. Robertson 

2. Chromosomal segre gation in hyperploid TB-9b plants used as females. 

As a regular practice, we have been perpetuating sever al Qf our B 
translocation stocks hy using hyperploid plants (e.g., 9 9B"B9B~) as males 
in outcrosses to inbreds. Pollen examination is used to select hyperploid 
plants for outcrossing but since sterility is low (approximately 15% -
20%), it is not always possible to select these plants by this method. 
Therefore, each suspected hyperploid is also crossed to appropriate 
tester stocks carrying recessive genes that are found in the region 
of the chromosome translocated to the B centromere. 

. For TB-9b we have been using a .£ !,!!1 ~ line as the tester stock. 
The break point in this translocation is about 40% of the distance out 
on the short arm of nine and the translocated piece includes the loci 
of c ands~. The wx locus is on the untranslocated portion of nine. 
When hyperpioid plants are crossed as males to this tester stock, two· 
classes of seeds are found on the ears, purple, starchy and colorless., 
shrunken. The latter class results when a deficient sperm (9B) unites 
wi.th thei;:olar fusion nucleus producing endosperm cells with the 
chromosomal constitution of 9 9 9B. The egg nucleus of such seeds 
will have been fertilized by the hyperp loi d sperm (9BB9B9) resul t ing 
in embryos with the chromosomal const i t ution of 9 9BB9B9. Some of the 
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I · 

·. purple, starchy seeds will be produced by th~ reciprocal fertilization 
and thus will have hypoploid embryos (9 9B_) and hyperploid endospems 

· (9 9-.9Bn9B9). Plants from this latter class of seeds are semisterile. 
}i'igure one · diagrams the genetic and cytolog:l,cal c.onstitution of the 
embryos from ·both of these· · classes of seeds. ' 

Figure 1 

Genetic and cytological constitution of embryos hyperploid and 
hypoploid for TB-9b. 

Itvperploids IJ;ypoploids 

c sh ' wx O·---,/L_ 
~-------~P---1/--r:;;:_ . C. ~~--- ,_wx __ ""~'--~0·-

Wx WJC 

C Sh __ ..,
0

B 

--,---......----oB 
C Sh 

. -~~---------·--------·-----------------------------------~~--------~-~-
Plants from both of these classes of seeds have been·testcrossed 

with~.£ filll..~ stock. In the case .of the seeds with hyperploid embryos, 
the crosses were made using the hyperploid plants as females while the 
hypoploid plants were crossed as both males and females. · 

Table l gives the results for the testcrosses of hyperploid plants. 
Classes C Sh Wx and C Sh-, wx are t he most frequent and occur in equal 

. . frequency. ~Th _ese resul ts-\rould be ~ected i.f most of the time the 
normal chromosome nine paired with 9B and the two B9 chromosomes paired 
and if these two pairs then assorted independently of each other at 
meiosis r •. The next most frequent class is£ !!hJ. ~• This class 
would be expected if a gamete received only a normal chromosome 9 
and could be the result of non-disjunction of the B9 centromere 
either in meiosis or during development of the female gametophyte. 
The latter possibility is not very likely since non-disjunction would 
have .to occur in the two cell lineages giving rise tot he two polar 
nuclei. 

· In order to get the c Sh, Wx class, 'a B9 chromosome must have 
paired with a normal nine-fo!iawed by cros~ing over between the c 
_and~ loci which would produce a crossover -~hromatid of the Bg
•chromosome with the ge~otype c ~• In order to account for the 
~ allele, the 9B chromoso~ae \Carrying~) mus.~ have ended up in the 
same cell as the B9 crossover chromatid. It will be noted that none 
of the reciprocal crossover classes occurred (C sh, wx) and that with 
the exception of one seed for which the shrunken classification was 
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doubtful (a classification which was made and recorded prior to any 
attempt at interpreting the results), no seeds of the£ Sh1 ~ class 
were found. This class is theoretically possible if after the above 
crossover event, the B9 chromosome and the normal 9 chromosome went 
to the same pole and if after the second meiotic division, a microspore 
received the crossover B9 chromatid (£ Shl) and at the same time, the 
non-crossover 9 chromatid (£ ~ !!!)*• Since neither the£ sh~~ 
nor£ Sh1 ~ are found, the events which are responsible.fort em as 
outlined above must be extremely rare and some type of directed 
segregation nmst take place whenever a crossover takes place in the 
£ - fil!l region. Figure 2 diagrams ~he pairing relationships and 
segregations necessary to explain the observed results. The results 
indicated that a crossover in the£ - !hi region determines that the 
normal chromosome 9 and the B9 chromosome involved in the crossover 
will go to opposite poles. This segregation then determines the poles 
to which the other centromeres 'Will move with homologous centromeres 
go~g to opposite poles. This observation is in agreement with that 
of Burnham (Genetics 35: 446-481, 1950) where he found that chromosomes 
involved in a crossover in the interstitial region of a heterozygous 
translocation passed to opposite poles. 
Table 1. Testcross data of plants eyperploid for TB-9b (c sh1 wx/ 

C Shi_-/C Sh1-/--Wx). 

CShWx cshwx Cshwx . cShWx CShwx cshWx CshWx 
2561-t! 
4558-4 112 5 - 137 3 -
~ 4 4 221 15 - 1 237 3 

2261-6 160 8 152 l 4558-4 -
~i:;61-16 

243 16 1 242 4558-4 

g264-2 284 31 l 271 4558-3 -
L!264-16 290 27 1 276 
4558-3 
Totals 1310 102 4 1315 7 
% 47.8% J.7% 0.1% 48.0% 0~26% 

cShwx 

-

(1) 

(1) 
(0.04%) 

-~---------------------------------------------------------~~------------
*Theoretically, the£ Sh1 ~ class also could be produced by a double cross
over between the normal 9 chromosome and the B9 chromosome wlhich would· move 
filli into a normal 9 chromatid. If the crossover were then followed by 
non-disjunction of t .he B9 chromosomes, some gametes of the £ ~ ~ would 
be expected. Since this would involve the simultaneous occurrence of two 
rare events (double crossover and non-disjunction), it is not likely that 
this genotype would be produced in this manner. 



Fig,;ire 2. Probab~e pairing relationships and segi::egatiori responsible 
for.the£ fil!.:t_ ~ class. 

i___,_ . 

/---
C sh 

---------'--+-~ / 
o , sh wx (J 
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I 

C Sh 
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~----------------~------~----~-~--~--~-----~---------·•N·-·-------~----
Three events could "give rise to the c sh1 Wx class. 1) A cross

over could take place between .the wx loousaria the translpcation point 
putting ~ on the 9 chromosome along with .£ fill] .and .this event _. aoc;o~
panied by ·non-disjunctfon of try~ B centromeres, 2) A crossover oould 
have taken place between the ~l locus and the tran _sloc~tion point 
putting.£ and ~l . on the B9 chromosome, which as the data from the 
.£ §.¥1 ~ ola:ss indicate woul~ the .n.-:-,segregate f rom chromosome 9~ ending 
up in a cell with the 9B chromosome carrying Wx or 3) Non-disJunction 
of the 9 centromeres and B centromeres, in which the normal 9 ~d 
9B chromosomes go to one pole and·the two B9 chromosomes to the other. 

Table 2 gives the results of testcrosses of deficient plants. 
From these data, the amount of ·crossing over between the waxy locus 
and the translocation break point has been determined to be .48%. 
This information permits the elimination of one of the three explana
tio ns for the£~~ class given above. If explanation 1 is respon
si ble for this class, the frequency with which these seeds can be 
expected cah be predicted. This ·. predicted value should be equal to 
the probability of non-disjunction C~2 x .037, the ·frequency of the 
£ 2.hi ~ non-disjunctional .. class) times the probability of a crossover 
between the wx locu.s and . the translocation break point (. 0048). Since 
there are t,woways the non-disjunetional chromosomes will segregate 



80 

with respect to the crossover products and only one will allow for the 
expression of the c sh1 Wx genotype, this product will have to be 
divided by 2. Further, Uthe desired non-disjunction takes place in
the first division of meiosis, only three of the meiotic products will 
be functional and of these, only one 'tdll carry _£ sh1 ~• This requires· 
that the above product be divided by an additional factor of 3. However, 
if the non-disjunction takes place in the second division, 1/2 of the 
~roducts following non-disjunction will be£ sh1 W.X: and, therefore, 
instead of dividing by 3, the second division should be by 2. To 
summarize, the formula will be: .. 
(Probability of c.o.) x 2 x (probability of .2 !.!!i ~) 
2 x (3 or 2) depending upon when non-disjunction occurs) = 

.0048 x .037 • 00006 _ •. ooh8 x .037 .,. .00009 
3(if first division • o~ 2(if 2nd division 
non-disjunction) non-disjunction) 

Since both of these predicted values are considerably less than the 
observed frequency of .0026 for the.£ sh1 ~ class, it seems likely 
that explanation 2 or 3 is responsible for most of the seeds of this 
phenotype. Ex.planation 2 is most probable since explanation 3 requires 
the occurrence of two rare non-disjunctions, one ar which has not been 
demonstrated to take place (i.e., the 9 centromeres). 

The results ,of these studies should be taken into consideration -. 0 -

in using B translocations, particularly if one is attempting to 
incorporate genes into the translocated piece. The likelihood of 
succeeding will be extremely low if this is attempted in a hyperploid. 
However, if a hyperploid is outcrossed as a female, approximately half 
of the offspring will then be heterozygous for the translocation 
(9 9BB9), a condition which would be more conducive to picking up 
the desired crossovers. 
Table 2. Testcross data of plantshypoploid for TB-9b (c sh1 wx/--Wx). 

cshWx cshwx cshWx cshwx 

0 207 ~ 1 174 4894-2 
9 4893-3 

4558-13 0 97 4894-5 
4893-9 4593-3 

0 217 

4893-2 0 130 4894-8 
4594-3 · 4693..;9 

1 216 

4B93-2T 1 160 4895-1 
4894-3 4693-9 4 160 

4893-3 0 189 4895-3 
4694-4 4593-3 3 326 

4893-9 0 183 Total 
4558-13 % c. o. 

10 2059 
.48% 

Donalds. Robert.son 
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Piacenza, Italy 

1. Defective endosperm factors from maize-teosinte ~erivativ~s•* 
I 

Additional alltlism tests have been obtained on the defective 
endosperm tyoes (de factors) in the derivatives of the controlled 
teosinte introgression in the inbred ../\.1.58. ·· · 

. . 
While no other case or' allelism h~s ·been found, it is now well 

.established that detl2, detl3 and -get2 are three different and 
inde~endent factors. Moreo:ver d.etris not allelic to ~t2B. When 

. ·det2 (an allele of detlJ) is introduc~d in the background ·o:r the 
stock of the ba.lancedlethai system det 1/det2, although segregating 
regularly in its own original background,it "disappears" completely. 
In other wQrds the . _genotype De~22/aet22 behaves as though i~ were 
~t22/net22 in the ·fnew background. --irhe same behaviour .had been shown 
to holdf'dr det5 in the genetic background of a mu+tiple test .er 
develo ped by 7jr. }?. c. Mangelsdorf (W M 'T, r G ). It should be 
noted that, while in the case of det'5' we i.r-,~ dealing with a factor 
affecting the endosperm mainly from a quantitative poj,nt of view, 
in the case of 2!~22 its effects are obviously also qua~itative. 

Angelo Bianchi . 

2. Mendelian characters in Ttalian maize.* 

81 

Self pollination has been carried out in plants of over 200 samples 
of Italian maize provided by 11Stazione di Maiscoltura di Bergamo". 

The following mutants have been obtained in a total of 1500 
selfed ears: 

Character , 

A. S~ed Traits: · 

'No • . of cases 
exhibiting a 
ratio of: 

.3:1 15:1 

Defective 45 
Opaque 4 
Lemon 2 
vJhite 2 
Waxy 3 
Shrunken 4 
Defective floury 1 

Character 

Floury 
Brittle 
Pink-yellow 
Smal.l 
Germless • 
Pregermination 

•Mork subsidized :by The Rockefeller Foundation, ' New York. 

No. of cases 
exhibiting a 
ratio of: 

3:1 ·15 :1 

1 
2 
2 
3 
2 
l 
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Character 
No. of cases 
exhibiting a 
ratio of: 

Character 
No. of cases 
exhibiting a 
ratio of: 

3:1 15':l 3:1 15':l 

B. Seedlin~ traits: 

Albino 9 2 Fine stripe on 3 
Dwarf 8 3 pale green 
Luteus 18 3 background 
Yellow green 26 1 Fine stripe on 2 
Pale green .54 11 virescent 
Fine stripe 21 8 background 
Glossy 39 12 Japonica 9 
Abnormal growth 20 26 Bifurcate 4 
Liguleless 1 coleoptile 
Vire scent 4Q 12 Green striped 2 
Lutes cent 22 .5 Oily spotted 
Booster color 63 8 Luteus + glossy 1 
Pale luteus 6 3 Leafy coleoptile 1 
Fine stripe on 7 l G:i::een mottled 3 
yellow green Allium type 4 
background 

M. Pozzi 
A. Bianchi 

3. New knob \zpes in Italian maize.~* 

The cytological survey of open pollinated Italian maize is in · 
further progress. Among the findings dealing with knob ' characters, 
the followimg may be reported: 

1 

3 
3 

1 
1 

1 
4 

a) The type of chromosome 8 possessing in its long arm a prominent 
chromomere distal to the large knob has been again found, in a few cases 
together with the standard but more distal large chrcnmmere; this suggests 
that the new small knob position - exactly midway between the two standard 
ones - is really a new knob forming region, and not the result of a 
chromosome inversion involving the previously known types. 
b) A small lmob has also been detected in the middle of the short arm 
of chromosome 8. 
c) In a few cases the distal prominent chromomere of the long arm of 
chromosome 6 has been found · replaced by a large, long-shaped lmob. 

*Work subsidized by The Rockefeller 
Foundation, New York. 

A. Bianchi 
M.V. Ghatnekar 
A. Ghidoni 
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1. Recombination _in the a.1sh2 region. 

83 

Backcross data on recombination rate in three different genetical 
backgrounds., havipg in common the "Texas" male sterile cytoplasm., are 
reported for .!i ~.markers.in coup~ing in the following table: 

' 

Genetical 'No. of Total no. A1sh2 ,!1Sh2 . . I • : 
% of 

background ears of seeds. seeds se13ds recombination 
-.-

Al58 36 21386 9 14 0.107 _ 

W22 33 9632. 3 4 0.072 

WF9 31 12215 8 6 0.114 . 

Totals 100 43233 20 24 O.lOl 
------------------------------------------------------------------~--..----------------------------------~-------------------.... -----~----------

. . 
The crossover v~lue is cle~rly lower than .that previously reported 

(o. 27%). However., it :i.,s undecided whether this is due to different 
environmental conditions ( including the T type cytoplasm ·) or to a . 
difference in nuclear genotypes, although the latter interpretation 
appears less likely b.ecause of the uniform behavior of the different 
backgrounds of the inbred lines used. It is interesting that this 
value is of the same o9ger 8f magnitude as at least one intracistron 
reo .ombination rate: wx /wx produciea ·, according to our data, about 1% 
~ pollen grains., mainly as a result of the recombination process. 

2. Effect of storage on x-r~yed pollen. 

A. Bianchi 
o. Lapietra 

By applying .Ev~rett•s technique it has · been possible to prolong 
the , pollen life-span and to study the effect of storage on x-rayed 
pollen (1750 roengten in about 7')• · 

The data appearing in the following table are roughly in agreement 
with those obtained with storage of dry irradiated seeds: 
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Temperature and Storage Chromosome %-or % of 
relative periods and Kernels germless endosperm 
humidity (in hours) markers scored kernels mutations 

30,:1oc 70-90% l l 988 9.6 14~6 
4 I 

3,5· 1130 16.6 19.6 
60 a1sh2,pr 980 9.1 17.6 

121 498 13.2 13.6 
20-30°c 60-70% l l 663 ll.7 10.2 

4 idem 587 19.2 19.0 ( 
22 J 153 17.9 22~2 
30 136 22.0 18.2 

30.!.1 oc 70-90% 1 l 716 15.5 13.7 
48 I 193 18.6 19.8 
78 r idem'k· 340 19.1 11.9 
96 1/2 I 68 19.1 14.0 

148 _., 217 23.9 16.4 
3°!1°c 10-90% 11/2 1 493 4.2 2.6 

52 '· 9 558 6~6 4.3 r 
148 ,c sh bz wx 212 6.6 3.3 ) 

The data marked with an asterisk refer to a hybrid type, homozygous 
nevertheless for the appropriate markers involved: the radio-sensitivity 
of th~ hybrid appears somewhat greater as compared with that obtained 
from an, inbred line. 

The recovery following the initial increase of damage cou.1d 
partially be ascribed, either to the active metabolism of pollen and/or 
to aplontic selection. The ty pes of mutations detected are of the kind 
common in maize, and interpretable as chromosomal deletions. 

G. Gavazzi 

J. Mutagenic activity of nebularine and ethyl methane sulphonate. 

Mutagenic activity of such chemicals has been studied on the 
basis of endosperm mutations, following treatment of mature pollen. 
Solutions are administered with a vial applied to tassels newly 
shedding pollen 24 hours before a first pollina .t ion, which was, then, 
repeated for 2 more successive days. 



Chemical 

Nebularine 

Ethyl methane 
sulphonate 

Concen
tration 

control 
.25% 
.5% 

1.0% 
2.0% 

control 
0.25% 
.5% 

1.0% 
· 2.0% 

Chromosome 9 markers 
No. of % 'o1 -
kernels mutations 
scored 

838 
1873 
712 
460 
293 

167 
437 
224 
117 
i54 

.. 

0.1 o.s 
2.0 
2.4 
1.4 

o.6 
0.2 
0.9 
3.4 
.2.6 

Chromosome 3 markers 
No. of % of 
kernels mutations 
scored 

518 
343 
480 
522 
203 

0.4 
2.6 
4.3 
1.8 

13 .• J 
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Additional treatments, under the same experimental conditions, 
have been made with diethysulphonate and curcume extr~cts with negative 
results. 

The types of · mutations detected in nebularine experiments are 
hardly to be interpreted as point mutations, at variance with data 
reported in other organisms, including barley. The activity oI ethyl 
methane sulphonate appears not ver,y strong especially if one considers 
its powerful action when applied to seeds. 

Some data have been obtained also on the basis of seedling 
characters, making use of markers of the corresponding chromosome 
regions (ZB2, •for chromosome 9, and .!l for chromosome 3). The 
mutation rate in such cases is greatly reduced, more or less, as 
already found with ot-her c}).emicals (·as diepoxibutane). Namely the 
chemicals used behave as good inducers of partial endosperm mutations 
(affecting only a part of the endosperm) but have a reduced or null 
effect on the sporophyte generation. 

A. Bianchi 
G. Gavazzi 
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MACDONALD COLLEGE 
OF 

McGILL UNIVE.RSITY 
Province of Quebec, Canada 

1. 11Curing 11 ma.ize of its plasmids. 

Plants infected with about 30 different viruses have been reported 
to be cured by exposure to high temperature. Various ·chemicals also 
have been reported to differentially inactivate viruses. It has been 
repeatedly suggested that cytoplasmic male sterility in maize may be 
due to the presence of an alien virus. A very crudely designed 
experiment in 1959 gave evidence that maize has been "cured" of its 
cytoplasmic male sterility by heat shock (MNL 35:83, 1961). In 1961 
and 1962 this experiment was· repeated using refined seed stocks and . 
equi pment and the heat shock treat1nent was extended to include maize 
carrying a variety of plasmids and/or episomes in an attempt to "cure"· 
them of their "infection". In· addition, lines of the same material 
were treated with streptorrwcin,dl-parafluorophenylalanine, and 
acriflavine which are known to kill, inactivate or induce mutations in 
viruses and other plasmids. Both mutant forms of the plasmids and the 
elimination of the plasmids from the cell line (cure) were sought in 
the treated material. No effect was detected as a result of any 
treatment. These experiments contribute no evidence in support of the 
idea that controlling elements are due to the presence in the cytoplasm 
of virus-like entities in so far as their reproduction may be inhibited 
by external agents without killing the host cell. A brief account of 
these experiments is presented here for the record. 

Technique: The heat treatment procedures were reviously described 
(MNL 35:83). In 1961 and 1962 a constant temperature water bath 
replaced the · ove.n ., and alumimnn foil pans 6 3/4 x 4 1/4 x 1 3/4 inches 
replaced the cardboard dishes used in 1959-60. The seeds when planted 
were r outinely maintained for 48 hours at 30°c and then treated for 
12 hours at 46°c. Following treatment they were transferred to the 
greenhouse and subsequently the surviving young plants were transplanted 
into the field. 

The chemical treatment consisted of soaking dry seed for 24 hours 
at 30°c in the dark. The chemicals used and the concentrations used were: 

streptonzy-cin - 0.025% and 0.1% in water 
dl para fluorophenylalanine - 0.0125%, 0.025% and o.1% in water 
acriflavine - 0.025% and 0.1% in water. 

The soaked seeds were planted directly in the field. No phytotoxicity 
was noted and in most cases nearly 100% survival was obtained. 



87 

Cytoplasmic male sterility 
A. Heat treatment: During 1960 an inbred line with the rare recessive 
leaf stripe gene - .J.:> .. . and carrying .. either "T" or 11S11 cytoplasm 
follqwing 8 backcrosses was multiplied for use in a large scale 
experiment. In 1961, 15,600 seeds were heat treated and 2,750 seeds· 

. served as· controls. ·· Only "T II cytoplasm was used. At flowering time, 
in August, only 1,988 remained from.the treated group and only 728 
from the coritr~l group. No effec.t of treatment was noted. 

The 1962 experiments were conducted on fewer seeds but a much 
higher survival rate following transpiantin g was achieved. Both 11T11 

ap.d 11S11 cytoplasm were used. 2,700 11T11 cytoplasm treated seeds were 
represented by 1,263 field survivors in August and 450 untreated seeds 
following transplanting gave 441 plants in the f ield ·. 11S11 cytoplasm 
stocks consisted of 900 treated and 150 tmtreated with 273 plants 
flowering from the heat treated and 148 from the non treated. 10 
plants shed pollen in 1962 in either of these experiments. 

B.: -Chemical treatment: 134 seeds of the same inbred stock with 11T11 

cytoplasm used in the heat treatment were treated with each concentration 
of each chemical while 268 seeds were soaked in water. None of the 
treated or water soaked se~ds produced poilen shedding plants. : 

Variegated pericarp 
A. Heat treatment: One f'.xperiment was conducted in 1961 using seed 
from the mating of homozygous variegated ( inbred W9 background) 
x· PWW(inbred Al7l). The results obtained are tabulated in the table 
under IIHomozygous Variegated". · 

ln · another ·experiment in 1961, 9G0 seeds from the mating medium· 
variegated (pVV /pWr) x inbred W9 (pwr) were treated in the water bath., 
while 150 seeds were germinated and trans planted as controls • . The 
results obtained· are shown in the table under "Heterozygous Variegated"• 

Homoz;v~ous Variegated Heterozy~ous Variesated 

Pericarp phenotype Control Heat treated Control Heat treated 
Total % Total % Total % Total % 
number number number number 

medium variegated 61; 8J.6 108 87.8 45 36 • .3 · 245 36.3 
light variegated 8 . 11.0 4 3.3 7 5.6 43•, 6.4 
very light variegated 0 0 1 o .. a 1 0.9 1 0.1 
colorless pericarp 0 0 1 o.B 66 53.2 .332 li9. 2 
red 4 5.4 9 1.3 5 4.0 54 7.9 - · - -73 123 124 675 

.... 
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There does not seem to be any consistent effect of the treatment in 
the case of "Homozygous Variegated" although the numbers of survivors 
were too small to have much significance. A slight increase in the 
frequency of movement of !:!£ away from prr is noted in the heat treated 
11Heterozygous Variegated" (as indicateci by the increased frequency of 
light variegated and reds). A larger control would have beeri necessary 
to establish the difference as real. 

The seed used in the heat treatment experiments in 1962 all came 
from the pollina t ion of many ears of inbred W9 with ther,ollen from one 
homozygous variegated plant (in W9 background). 3,600 seeds were 
treated in t he water bath and 600 were transplanted wit hout treatment. 
The results of the analysis of the ears are shown below: 

Controls Heat treated 
Number % Number % 
of ears of ears 

1. Pericarp class 
medium variegated 506 94.2 1,361 93.8 
light variegated 23 4.3 40 2.8 
very light variegated 0 0 2 0.1 
orange variegated 0 0 3 0.2 
red 9 1.7 42 2.9 
pwr 2 0.4 3 0.2 

Total 537 1,451 

2. Number kernels per red spot 3441/1526 = 2.26 8108/3871 = 2.09 
(one kernel and larger) 

3. Humber red spots (one kernel 1526/506 = 3.02 3871/1361 = 2.85 
and larger) per med. var. ear 

4. Estimated freq. per 1,000 
kernels of red spots of 
kernel size: 

1 kernel 6.1986 5.4604 
2 kernels 0.3892 0.3743 
4 kernels 0~0795 0.0789 
8 kernels 0.0610 0.0418 

16 kernels ·0.0167 0.0170 
32 kernels 0.0126 0.0139 
64 kernels 0.0084 0.0062 

128+ kernels 0.0126 0.0108 

Whereas there was a slight increase in the frequency of light variegated 
in 1961 following heat treatment, a decrease was observed in the 1962 
group. ' And since very light variegated and orange variegated are rare 
phenotypes, their appearance in only the heat treated could be ascribed 
to chance. The number and size of red pericarp spots on the medium· 
variegated ears do not differ enough to warrant drawing conclusions. 
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B. Chemical treatmentsr Varie gated' pericarp stocks in W9 background 
were treated withiEhe same chemicals, concentrations and times as the 
cytoplasmic male sterile .stocks. A total of 1;584 ears from these 
treatments were analysed in the same Hay as the heat treated variegated 
stoclcs. • These extensive data sh.ow-no striking departure from that in 
the heat treated material and so they will not be included here. 

Bronze mutable : A small progeny from. a homozygous ~ m .!!h ear which 
fiad been heat treated showed no striking difference from the untreated. 
Both heavily . and .lightly mottled and stable bronze ears were present 
in both groups in about equal numbers. No detai_led analysis of t he · 
spotting frequency or distribution was undertaken. 

Dotted: The only provocative observations involve the acriflavine 
treated progeny of a homozygous !J. ~ ear in inbred W9 background. 
Among 230 selfed ears coming from one selfed ear, 209 were normally 
dotted, 6 were segregating J dotted: 1 non-dotted and 15 showed a 
few kernels without dots while other kernels on the same ear showed 
all gradations of dots up to the usual level iri. this line.- Through 
an oversight m the field, the untr,~ated control material was not hand : 
pollinated so no conclusions can be drawn. 

Robert I. Brawn 

2. Dark variegated · pe:ricarp. 

Last year it was reported that dark variegated pericarp occasioned 
a coarse (earlier) pattern of Ds breaks than the standard medium 
variegated when both ·were usedas males· on Ds testers. In 1962 
similar crosses were made onto the progeny of one selfed ear of 
homozygous ~• Again the visible ··-r,attern of~ break~ge was coarser 
when the male was dark variegated than uhen the male was medium variegated. 
The difference has not yet been scored qualitatively. These further 
observations support the hypothesis that the dark variegated phenotype 
results from a change of state of Mp in the direction of a lower dosage 
than that of the standard ~ 9£ medium variegated. · 

Medium variegated (PVV/pwr) when tested showed the ·expected 1/2 
kernels with Ds brea~s and 172 without breaks while homozygous medium 
variegated proouced nearly all kernels with Ds brea.l(s. However, 
homozygous dark variegated gave 20 to JO% kernels without -Ds breaks. 
Likely the kernsls on the Ds tester without breaks are the".result of 
the loss of Mp from p?T. This is consistent with the high •frequency 
of red ears Iii the prog~ of dark variegated reported last year. In 

•',I• 
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1962 a further three progenies from dark variegated g~ve colorless 
pericarp, colored eericarE 

self red dark var. medium va.r. light var. red cob Total 

number 262 559 59 10 54 
per cent 27.91 59.09 6.24 1.06 5.71 

Several anomalies are obvious in these observations. First, the change 
to medi\llll variegated from dark variegated involves a change of state 
according to iey hypothesis rather than a transposition of~ as in the 
change of medium variegated to light variegated. If so, this change 

946 

is frequent. Transp osition of t he modified !':!e, should occur in dark 
variegated to give a lighter pericarp class analogous to light variegated. 
As yet this class has not been identified. In scoring progeny from 
dark variegated a class phenotypically like medium variegated is 
observed, but its true nature is unknown. 

Second., the frequency of reds in the pr ogeny of dark: variegated 
is hi gh., consistent with the heavy striping of t .he pericarp. A 
corresponding li ghter level of pericarp variegation occurs with low 
frequency. This is not what one would predict from the twin spot 
hypothesis of the movement of Mp. Dark varieg t ed ears with twin 
spots of red, and what looks like medium vari egated,.ha ve been observed 
but remain to be grown out for progeny examination. 

Finally in 1961, 4 ears out of 188 had colorless peric arp and 
in 1962, 54 ears out of 946 had color less · pericarp in the progeny of 
dark variegated. This is about 10 times more frequent than the 
occurrence of colorless pericarp progeny from medium variegated in the 
same inbred W9 background. 

Robert I. Brawn 

J. Indeterminate-growth in Gaspe Flint background. 

An indeterminate e:rowth segregate was found in 1958 which flowers 
only in short days. This new mutant has not been checked for allelism 
with Singleton's id. In an effort to develop a growth chamber sized 
cor.p. with the id-like gene, the new mutant was crossed with the world's 
earliest and possibly smallest corn., Gaspe Flint. Following one back
cross to Gaspe Flint a few plants were selfed. Some of the pro geny 
exhibited very peculiar flowering behavior. The main stalk came into 
flower just after Gaspe .Flint in earl y; July and resembled Gaspe except 
that it was a few inches taller. However., in September it was discovered 
that these same plants had indeterminate growth tillers from five to 
seven feet tall. By early October, just before frost., tassels were 
appearing on these tillers. Many plants in the row were ear bagged in 
July., but none of those which exhibited the abnormal behavior silked 
and so none were self ed. 
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Normal Gaspe Flint averages only 5 or 6 leaves on the ma:in stalk. 
Tassels are visible in the leaf whorl two or three weeks after planting 
dry seed and pollen sheds in about one moIJ.th. It has been suspected . 
for some time that the growing p9int in the seed of Gaspe Flint has 
already been converted from the vegetative tot hl3 reproductive , sta ge. 
Thus only .the tassel would form af ter planting. Leaf number would be 
limited to those which have differe ntiated in the embryo of, the seed •·. ·. 
while attached to the mother plant. 

My working hypothesis to explain the early flowering •main stalk 
and id-like tillers involves maternal genotype control of the growing 
pointin the seed and autonomous genotype control in the tillers. ·That 
is, when .!2,/~ seed is produceq on a.n _:,t/id plant, the hormone pat _tern 
in the non-short day maternal pl~t may cause the · embzyo growing po:i.nt, 
to change from the vegetative to the reproductive st~ge as t~e seed 
matures. Growing points subsequently produced by the !<!f !2. plant in 
the form of tillers would be under the control _ of :the _plant 1s own•. 
genotype and would be inqeterminate ~ growth • . 

. Robert I • . Brawn 

MARQUETTE UNIVERsITY 
Milwaukee 3, Wisconsin 

1. Further observations on the etched phenotype. 

A,. Lack of gene expression in th 'e root. In order to d~termine 
whether or not the starchless sectoi:s found in ~~et endqsperm 
were present in et/et roots, the follQ wing procedure was followed: 
ten 10 nnn. roots-Zc~osen because of strong etched expression .in the 
endosperin) were band sectioned and st ain ed with iodine. If staining 
of the starch grains was initially poor, the section wa.s wash_ed ·with 
a drop of concentrated HCl and restained. No starchless sectors · •. 
were found in any areas of the root eY..hi biting detectable starch · 
concentrations. In addition measurements of starch grain number, 
size, and location in the roots of these etched plants were not 
sj.gnificantly different from comparative measurements made on .two 
different non-etched inbred types. 

Since the effect of the ·!!:_·allele is manifested oniy early in 
the embryology of the endosperm a.nd shoot (virescen'ce) it was 
thou ght that the 10 mm. roots observed may have been "too old" for 
~ exoression. However, roots just emerging through the seed •coat 
also were without detectable sta.rch se~oring. 

.. , 
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Observations on 9, 10, and 11 day old endospe:nns disclosed the 
srune sectoring pattern seen previously in the mature kernel. These 
sectors of starchless cells are evident in the young endosperm as 
soon as enough starch develops to disclose their presence. This is 
interpreted to mean that starch is never formed in these sectors 
instead of being formed and then degraded ~fter snythesis. 

The etched allele, like sugary, affects nuclear control over 
the plastid in the endosperm tissue and is without corresponding 
effects on the same plastid in a different tissue--the root. It 
would be of interest to screen other lmown gene controlled plastid 
alterations (in the endosperm and shoot) to determine if any of 
these exhibit a comparable interaction with the root plastids. 

B. Endosperm cultures. After f in ding cell lineages in the 
endosperm which do not store starch while other cells (the majority) 
do produce starch it was thought desirable to attempt an isolation 
of each type in tissue culture. The basic question we were interested 
in was whether the starch producing cells would give rise to starchless 
or vice versa. Pieces of endosperm were planted 9 and 10 days after 
pollination on unmodified Coe's media (MNL 1961). Serving as controls 
for starch snythesis patterns were other starchy inbred types (W22, 
W23, W8, 4Co6J) and sugary Black Mexican sweet corn. 

To date we have not been able to develop clones of callus which 
parallel the cell types in the organized endosperm. 

We have found that the rapidly dividing cells at the periphery 
of the callus do not contain starch grains whereas the older cells 
(in from the clump surface and presumed not to be dividing) do show 
starch grains~ The distribution of the starch containing cells in 
both etched and non-etched cultures appears scattere~; that is, they 
are intermingled with the starchless cells. rt · is because of this 
lack ·of uniform starch synthesis that we are unable (as yet) to see 
any of the characteristic clearcut sectoring of the organized endosperm. 

Unexpectedly the etched callus exhibits a growth rate that is 
greater than that of Black Mexican, a very fast grower. This contrasts 
strongly with the other starchy endospe:nn types which are growing 
very poorly--if a:t all. The relative growth respons(ls by the different 
endosperms are as follows: 

Very poor growth 
W22 and W23 

Poor to good growth 
W8, 4Co63 

Good growth 
Black Mexican 

Best growth 
Etched 



Inbreds W22 ,and W2J have a much higher proportion of flint type 
starch than W8 or -4Co6.3~-these beipg more: floury:. It appears tha~ in 
tissue cultures c.ells ha"1ing a shift away from full starch synthesis. 
can divide at a higher rate than those cells committed to full starch 
production. 

2. Corn root callus cultures. 

Irwin M. Greenblatt 
Ann L. Lewis 
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For the past nine months we have continuously cultured root callus 
of different inbred lines employing an unpublished technique originally 
developed by Nickell (former1.y of the Pfi zer Co.) and communicated to 
us by Dr. Phinney of u.c.L.A. The media used is a modified basic White's 
with 2-4D as a growth stimulating component. (We will gladly supply 
the exact recipe and procedure upon request by any interested party.) 

The cut surfaces ctthe primary root and/or secondary and adventitious 
roots serve as donating cells for the callus. 

Sub-cultures have been made repeatedly so we now have clumps of 
cells~ mitotically active, whicl'i do not contain any differentiated 
elements from the parent root system. 

· The growth charact .eristics of these root calluses are very 
different froin those exhibited by a fast growing tobacco callus 
(for example). The most striking ·feature is that under constant 
conditions of light, heat, and humidity these clumps of cell .a show 
very erratic grO\-rth phases. 1,re have recorded some pieces suddenly. 
doubling in ·size in a six day period and then just as suddenly coming 
to an apparent : complete stop for over a month. Some clumps were 
scored · as being dead, left alone., and five weeks later scored as ·having 
new growth developin g. The growth, which is definitely a~ increase 
in cell numb§!r, doe·s not occur uniformly over . the su.r:f'ace of the · 
callus~ Inste ad, sites of -gl'.pwth deve~op and it is these ~ells that 
con.tinue to grow farming a "knob·" of cells ~xtending . fr9m the bocy 9f . 
the callus. 

When the callus goes into a sporadic 11donnant 11 phase it is 
characteristic to see cell enlargment taking plac~ all along the 
surface. · Such a callus then · appears very glossy. 

,, , . ' 

Controlled variations in light and temperature seem not to affect 
t he call us growth. We have been. growing these cultures under high 
co17-tinuous light. · S~Dl.e cultures kept under open room conditions seem 
not to grow any differentl y. 
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Raising or lowering the amont of 2-4D in the media is without 
gross effect except at the null level. Without 2-4D a large number 
of cultures have been observed to generate small organized . roots. 

Irwin M. Greenblatt 
Ann L. Lewis 

3. Gene expression in root tissue dultures. 

Like the endosperm callus, the root callus exhibits pigmentation. 
To summarize our results to date: 

Genotype 

W22 AC Rr bpi df 

W22 A C Rr b pl Df 
cl* 

W22 AC Reh B Pl 

W23 A C Rsc PWR 

W23 Ac rg pRR 

W23 A C Reh 

Callus Phenotype 

Red 

Colorless 

Dark purple 

Colorless 

Colorless 

Purple 

~I-The state of the Diffuse allele here used is a very stable and 
strong pigment inhibitor. 

Each of these callus phenotypes corresponds to what is seen in 
the organized root~ Note tRat the red perica ·rp allele does not produce 
a detectable effect. ~r, ~c , !!, ~, Df 0 i, all lmown to affect root 
color, are similar}¥ active in the callus. 

Those cultures scored as colorless are not strictly so. All -the 
cultures have amber color (characteristic of most plant callus). The 
intensity of this amber coloring increases considerably with aging. 

When pigment develops it does so on a cell to cell basis. That 
is, a cell is either completely pigmented or not at all. The placement 
of these . pigmented cells with respect to each other a11pears _almost at 
random--given a specific area in the callus. The older the area (in 
terms of how long ago it stopped dividing) the higher the frequency of 
pigmented cells. 

Pigment from all of the colored cultures diffuses out into the media, 
sometimes producing a dark ring of pigment surrounding the clumps of callus. 

Irwin M. Greenblatt 
Ann L. Lewis 
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· During 1962 an asynapti~ m~no~ol¢.o wa~ isolat~~ fr~m the x1 following irradiation of the pollen with l090r. The loss of · · 
pwr and the dominant alleles of !2)

1 
and br disclosed that chromosome 

I f rom the pollen parent was abseri~ in tEe1mi'crosporocytes of the x1 monosomic. Both asynapsis and regular first division association 
have previously been reported in mon6somics not identified in regard 
to the missing chromosome (J. of Hered. 1929, 1956). Thus both 
monosomic 1 carrying the normal allele of the rece:;;sive as ·in 
chromosome 1 as well a.s asynaptic homozygotes exhibit irregular 
association. The above observation suggests a dosage relationship 
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of a gene. or genes in chromosome 1 with normal, orderly first division 
association of the complement. 

R. L. Baker 
n. T. Morgan, Jr. 

UNIVlm.SITY QF MINNESOTA 
St. :Pa:ul .1, Minnesota 

1. All-arms tester set of interchanges. 

The first few backcrosses to the Al88 inbred were made here, the 
subsequent ones up to 8 and· 10 backcrosses by M. T. Jenkins. For those 
with fewer than this number, the additional backcrosses are being made 
here. 

Homozygous stocks are being established after the 8 to 10 back
crosses. These are then being checked for chromosome identification 
by cytological examination at diakinesis in crosses with the chromosome 
identification set. To dateJ l-9b, 2~4b, 3-4(5156), and ,~7e ar~ 
apparently correctly iden t ified. The stock originally d~signated as 
5-10(6061) is now a 2-10. stock. The others in the series will be checked. 

c. R. B:urnhan 

2. Sporocytes from crosses needed to check and identify the chromosomes 
in the multiple .interchange stocks were collectedJ but . cytological '. 
~nation is still in progress. 

3. JI. severe hailstorm aln;ost ,eliminated ear:ly plant:i,ngsJ but later 
material in •about the 2-leaf stage showed little permanent damage. 

c. R. Burnham 
Paul Yagyu 
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4. Association test between in t erchan ges and midribless leaf character. 

In 1959 a selfed culture of Illinois High Oil produced several plants 
whose lower leaves had no midribs. The character is redessive and affects 
the first 2 to 5 leaves of the plant which hang limp from the stalk. A 
selfed ear culture was used as the source of the character for this study. 
By selection, selfing, and sibbing, plants hRve been obtained with no mid
ribs in any of the leaves; however all these extreme types have been weak 
plants. The original trait appears to have no effect on vigor or viability. 
The expression of the character is most striking in the third to tenth 
leaf stage and thus may have some possibility as a seedling marker. Seed 
has been offered to Maize Cooperative Genetic Stocks. 

The A 188 interchange series (developed by Burnhmn, Longley and 
Jenkins) was used to determine the location of the gene(s) controlling 
this character. The follO'Wing is a portion of the data obtained in 
recent x2 tests of backcrosses in volving the character and a series of 
chromosomal translocations. 

Family Trans location NR Tr Nr TR Total p 

25076 3-4(5156) 17 28 61 36 142 .01 
25081 4-7(7108) 17 34 46 42 139 .01 
25106 4-8(6926) 22 23 51 69 165 .01 
25079 3-7c 12 19 50 51 138 .01 

N = normal; T = translocation-heterozygote; R = ribbed; r = midribless 

Although further tests are required, it appears that a major factor 
is located on the long arm of chromosome 4 and possibly another on the 
long arm of chromosome 7. 

Charles Laible 

MISSISSIPPI STATE UNIVERSrrY 
State College, Mississippi 

1. The cyt olo gy and morphol ogy of male-s t erile lines of corn. 

Measurements of normal, male-sterile, and restored corn stalks 
showed that the int .ernodes and tassel cul.nls t-1ere shortened in the male
sterile version. Pre-anthesis plants showed shortening in the male
sterile version between 10 and 14 days after meiosis. The exact time 
depends upon the internode location in relation to the ear and when 
elongation occurs. Since pollen degeneration occurs about 5 days after 
meiosis, shortening does not appear to be the effect of the cytoplasm 
itself. Genetic male steriles also showed a shortening of the tassel 
culm and internodes above and below the ear. Shortening depended upon 
the line and internode locatio r. Pollen breakdown preceded shortening 
by at least 5 days. 

Patricia A. Sarvella 
c. o. Grogan 
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1. Prefere ntial eairin g in trisome 3 pl ant s 'wit h t wo standard chromosomes 
3 and a chro,mosome 3 from exotic strains of mai ze. ' 

-Data were presented in the ·1962 News Letter .which indicated that 
preferential pairing was active in trisome 3 plants which had two 
standard chromosomes 3 and a chromosome 3 from an exotic strain• 
Additional data have been collected on some o.f the exotic trisome 
hybrids used last year and also on some new ones. It has become 
apparent that there is considerable variability in the progeny ratios 
o:f different plants obtained from the same exot.ic source in some cases. 
This is to be expected as the exotic lines used are open pollinated 
varieties and the structure of their chromosom~s. 3 may not be homogeneous. 
Also there may be genie control of the trivalent ·frequency ·which may be 
variabl~. Therefore, the data must be presented giving the interaction 
x2s bet,ween plants and any conclusions must be deferr ed until a thorough 
sampling is made, This finding does not invalidate . the exper iment but 
it does complicate it. It may be necessary to extract inbred l i nes from 
the.exotic sources before any critical work can be done. 

. Table l presents data on the backcross progeny . ratios of trisome 3 
pl ants contain i ng exotic material f rom t w~lve dif t erent st~ qins. Eight 
of them exhib i ted preferenti al pai ring. In the cas e of Argentine popcorn 
the percentage of A gametes was significantly hi gher than 1/3. No 
ex.ol anation can b~-of fered at th e presen t time. The interaction x2 •s were 
si gnif i cant in seven case s. -

'r.{U3LE 1 
Gene Segregation of Trisome 3 Plants used as the Pollen Parent 

Source of A No. of No. of x2 Inter. x2 
Chromosome- plants g8¥letes %! (2a: lA) between pls. 

Standard 8 13,984 32.15 2.11 2.31 
Argentine popcorn 11 17,005 35.10 23.97H 28.JlH 
Q-aspe flint 5 9,368 33.63 .34 22.09H 
Nn~a 2 2,001 33.58 .06 ~08 
Tepite 2 1:,439 32.66 .32 .77 
Maiz chapolote 6 9,583 31.25 . 16.58H 75~S&H 
Reventador 6 5,815 30.47 21.31H io.49 
Grande 4 2,737 . 30.14 12.45•1-11- 14.34~-H:: 
Jala 4 3:,455 30.13 16.04** 2.57 

·Papago flour 14 10,620 29.82 56.95-IH} 19.28 
Gourdseed 9 l0:,496 29.23 79. 26-!H~ 39. 22-18~ 
Zapaluta chica 12 16·,824 27.18 290.lO!Hf- 40. 74•HI-

Avati ttipi 3 5,321 24.78 175.02•~ l.4.58•Hf-

*•~significant at .01 level 

G. G. Doyle 
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2. Preferential pairing in trisomic inversion heterozygotes. 

Stocks of tetraploids and trisomes which are heterozygous for many 
different inversions are being synthesized and tested. 

Preliminary data have been collected for a series of trisomes 3 
which are heterozygous for one of five different inversions and will 
be presented here. 

TABLE 2 

Gene Segregation of Five Different Trisomic 3 Inversion 
Heterozygotes used as the Pollen Parent 

Inversion Breakage No. of No. of %! Interaction x2 

In Ja 
In Jb 
In Jc 
In 3d 
In Jh 

Points 

JL.40-L.95 
31. 25-L. 75 
31. 09-L. 90+ 
JS.72-L.42 
JL.19-L. 72 

Plants 

13 
s 
3 
3 
4 

Gametes between plants 

7543 22.0 n.98 
2917 19.4 1.45 
2507 12.6 22.09-lH~ 
5526 26.8 1.53 
7532 14.4 27. 28-lHt 

Additional data must be obtained before any conclusions or conjectures 
can be stated. It is apparent that different inversions give markedly 
different results. 

G. G. Doyle 

3. Preferential pairing in trisome 3 plants containing irradiated 

In Ja chromosomes. 

In an attempt to produce and isolate chromosomes 3 with more than 
one inversion, pollen from homozygous In Ja plants was given lOOOr and 
was placed on the silks of standard trisome 3 plants. 

Forty-one of the trisome plants from this cross were backcrossed 
as the male to an~ tester. The In 3a chromosome carried !i• The 
results are gifen in the table below. 



TABLE .3 

The Transmission Frequencies of Irradiated . In . 3a Chromosomes.· 
in Trisomic Pollen Parents 

Plant No. or- %A Plant No. of .% ! .Plant No. of .% ! 
gametes - . no.· · no. gametes no. gametes 

.tested tested tested 

1 1027 25.2* 15' 589 18.5.* 28 2215· 14.4H 
2 1125' 24.4 16 1279 18.H~ - 29 1546· 14-3** 
3 1370 24.2 17 2033 .11. 8• Ht- .30 . 1028 14·. 2•Ht-

4 1127 · 22.4 18 1547 ·17.6-1-~ 31 '• 1256 13.9** 
5 708 22.0 19 1101 17.5** 32 815 '-13.9~ 
6 1878 21.7 20 1515 17.4-lHr. 33 1579' 1J~5 •H!-

7 1~85 21.4 21 ·1557 11.2:1-~ .34 1735 12.~ 
8 .. 2261 21.1 22 2052 17. 2ff ·35 1516 -- 11. 7•H~ 

9 619 20.0 23 812. 16e.5-1Hr 36 129] 11.5 •1-l~ . 
' 1478 24 619 16.,ff 37 1799 10. 2• HI-

•' 
10 19. 2•8t- · 

. 11 793 19.2 25 1653 15.9-iHt ·38 1663 10.~H~ 
12 1375 19.~f •~ 26 1163 15. 8*{~ 39 ·2199 8. 8~Yr 
13 163.5 18- 9-IH!-27 . 1003 . 15.6-tHr 40 500 1. ff• pJ-

1!~ 364 18~7. 41 .. 1489· 1.1-lHI-

... 
* significant at the .05 level • 
•Hrsi:gilificant at the • 01 level 
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Thirt~ or 73% of the. forty-one plants · tested had a percentage .of 
A gametes which was significantly lower than 22;~, the percent ~ge ;found 
when unirradiated In Ja chrornosoi,nes are 1,1Sed. . '!J?. these th .~rty caSE:3S it , 
is believed that the In Ja chromosome has been structurally changed. 
There are four possibilities: ah additio ~al inversion la~ge enough to 
be ,.cytologically .. detectable, a. translocation involving chromosorne 3, 
small inv.ersions, and deletions. The nature of these struct~al . 
c:hanges will be ~etermined this summer. It is probable . that a l ·arge · · 
number ·or the c~ses invol:ve deletions in :which case the A, gene .QlU.St , .· · 
crossover onto a normal chromosome if it is to be transmftted. Because 
of the presence of the inversion and of the incomplete p~iririg. in, .a 
trisome this is rendered difficult~ · 

In any ev~nt it ·appears that chromosomes are more. liable. to : · . 
structural changes than· is commonly believed.· Preferential pairing has 
never been used before to detect induced stI:l,lctural ch~ges. . · · :_. . 

. . 
Pollen from normal 2n plants (i.e. with all standard chromosomes) 

wi~l be irradiated this spring and used in the greenho~~e on1 standard 
tri s omes • . Here we, .'can expect -deyi!l tio~s f~om 33. 3% in t ~~. tram~_mission 
o:t the ~ gene. t.f . stable tra nsmissible structur~l changes are frequently 

' induced-then this ·· provides . a: metpod f or snythesizing .a modifie .d genome 
for use in a synthetic allotetra ploid strain. 

G. G. Doyle 
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4. The snythesis of artificial allotetraploid corn strains. 

In the last issue of the News Letter three methods were presented 
which could be used in the snythesis of an allotetraploid corn. To 
produce this artificial strain of corn, a corn genome must be modified 
by chromosomal structural changes so that it loses most of its pairing 
affinity with the standard corn genome. It is possible theoretlcally to 
do this by: 

a • . Combining maey separately induced inversions on the same 
chromosome by crossing over. . 

b. Producing chromosomes with many inversions by the repeated 
irradiation of chromosomes which . have inversions to start with. These 
chromosomes could be isolated by their enhancem~nt of t he effect of 
preferential pairing. 

c. Creating ·structurally modified chromosomes by the isolation 
and recombination of structural rearrangements already present in the 
species (notably in exotic lines). 

It is now believed that serious technical difficulties limit the 
feasibility of using any of these methods for the production of agronomically 
successful allotetraploids. These three methods in addition to being 
very tedious virtually make it necessary to worK on the chromosomes 
individually. A1'ter each of the ten chromosomes has been ·modified, 
they would have to be put together and made homozygous.. In the process, 
which would require maey growing seasons, it would be difficult to keep 
the modified chromosomes intact. ·· 

Furthermore, the use of these methods makes it almost impossible 
to obtain more than a few different modified genomes because of the 
labor involved • . Any variability for adaptive purposes would have to 
come from the standard corn genome used with them in the allotetraploid. 
Also, the quality of it.he genetic material cannot be controlled very 
easily. In the case of method cit is highly probable that agronomically 
poor genes would be picked up ai'ong with the structur al rearrangements. 
When inversions are used as in methods a and b the inversion must be 
induced in agr<momically good material to start with, since an inversion 
virtually blocks the ex;change of genetic material within it. Back
crossingwould not be successful. 

However, there seems to be a practical method for the synthesis 
of a large number of different artificial allotetraploi~s. This method 
is suggested by the data reported in the preceding section. The 
procedure is to irradiate a wide variety of inbred lines for several 
generations. Selection would be practiced to eliminate gross chromosomal 
structural changes and d_eleterious mutations. At intervals these inbred 
lines would be crossed with each other or with unirradiated inbred lines 
and the hybrid would be doubled to form a tetraploid. The gene segrega
tion patterns, quadrivalent frequencies, and the fertility of these 
tetraploids would be determined. How rapid the approach to allotetraploidy 
would be is undeterminable at this time. This is somewhat of a blind 
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approach to the problem, as it would not b-e possible to analyze what 
has happened to the structure of the chromosomes after several genera
tions of. repeated irradiation. 

G. G. Doyle 

5. The duplication of specific chromosome segments by crossing 

transl~cations involving the same chromosomes. 

The F2 and in some cases the F1 generations of tranelocation 
crosse~ for the duplication of the~,~, l. and wx loci have been 
obtained. It is highly probable that all of theseloci have b~en 
duplicated. Considerable work remains to be done to isolate plants 
which are homozygous for the duplication and to prove that the 
selected loci are included in the duplicated segment. 

One of the questions to be answered is - how functional are the 
p~llen grains which contain duplications in competition idth normal 
pollen? If ' they cannot compete successf ully then we could not get a 
homozygous duplication. However, it has been determined that the 
duplication pollen is .functional in a .few cases where one of the parental 
t_ranslocations carried the recessive gene and the other parental trans
location carried the dominant allele. · In the F2 generation the frequency 
of recessives should be 1/6 if the duplication pollen is not functional. 
In the case of the translocation cross of 9S.68-4L.03/9S.25-4L.J3, the 
frequency of wx kernels was 15.27% which is significantly lower than 
16.66%. If welet x equal the frequency of duplication pollen transmission 
and let r equal the frequency of recessive gametes then we can set up 
the f ormul!a..: 

r • 1/6 - l/6x 
. or, x = · l - 6r 

• ' 

In this example x equals 8.38%. This formula may be derived by a 
consideration of the diagram below. It is assumed that the deficient 
gametes are non-functional on both the male and female sides. It is 
assumed that the three kinds of gametes, the two parental transloca-

·t i ons ·_and the . duplication type, functio~ with equal f,'requency in the 
female. 

' . 
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9\ 1/2(1-x) 1/2(1-x) 
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49b 
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Wx 49 El 
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4% 
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G. o. Doyle 

6. New sources of ae. 

Two new sources of ae have been found in an exotic strain'Bolivia 
561, NRC No. 9815 and a South 'African open-pollinated variety, 
Potchefstroom Pearl, PT 221825. 

M. s. Zuber 

7. Mutants recovered in the sel.fed progen.v of chemically and x-ray 

treated seeds. 

In an earlier experiment (MNL 36, P• 57, 1962) Yg2 ~ and Wd wd 
seeds were treated with ethyl methanesulfona.te (EMS)anddletbyl- -
sulfate (DES). The frequent yellow-green and albino sectors on the 
leaves of the treated plants were regarded as phenotypic expressions 
of the mutation or loss of the dominant genes. 
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The purpose of the experiment reported here was to induce mutations 
in homozygous multiple dominant embryos using 5~bromouracil (5-BU) and· 
maleic hydr~zide (MH)' in addition to the previously tested EMS and DES, 
and x-rays as a standard, to isolate the mutants through selfing, and 
subsequently to study the type ·and behavi_or of the mutants induced., 
thereby characterizing the genetic effect8 of the mutagens used. 

Homozygous multiple dominant seeds were soaked with frequent 
stirring in the dilute solutions of chemicals (columns 1 and 2 in 
Table) for 8 houre at 25°c, and were rinsed before planting. For 
comparison a group of dry .seeds were x-rayed.with 10000 r. Only the 
EMS, DES and x-ray treated ma.ten.al showed moderate retardation of 
growth.· In.the EMS material frequent yellow-green and rare albino 
s~cj;ors, and in tbe x-rayed 1-,_ plants ·a few yellow-green sectors, 
occurred. , . 

· · The treated plants were selfed (column 3 in Table) and approximately 
1/3 of the seeds were plant·ed. The emerging seedlings and the resulting 
~ plants were ali normal in phenotype. However, some of the EMS and 

. x-ray treated M plants had approximately .50% normal and 50% empty 
pollen (column ti in Table). The M2 plants were selfed and after harvest 
the ears were examined for segregating endosperm mutants and for 
seedling mutants in the sa~d beneh. All the . endosperm and seedling 
mutants were recovered ' from one. -or more se~regating ears with J normal : 
l mutant ratios, (c~lUilllls 5 and 6 in Table). Two ears showed exceptional 
ratios. The 8egregating ear from the 5-BU treatment segregated 
29 green: 42 albino: 4 green with albino sectors. One of the 3 
segregating ears from the MH treatment yielded 5 green : 23 albino : 
5 green with albino sectors. · ~'he green seedlings .with albino sectors 
are not necessarily due to·the treatments since such seedlings occurred 
j.n the M2 control and in the progeny of x-ray ,s,DES, EMS treated plants 
also (column 7 in Table). Allelic and linkage studies are in progress 
to identify and p~ace the recovered mutants. · · 

In the progeny of one EMS-treated plant 9 of . 26 plants showed
pollen abnormality. 13 ears or the same 26 plants also segregated for 
£!:• Six such · aegregating · ears were from pl.ants with abnormal pollen, 
out this frequency of correspondence is expected by chance alone. 
In the progeny of the other EMS-treated plant, and in one x-ray treated 
plant, no mutations were detected, although they showed pollen 
abnormalities indicating gross chromosome aberrations. 

The experiment indicates the following: (1) Changes induced by 
EMS are.either. gJ:"oss chromosome aberrations not transmitted through 
the male gametophyte (inferred from pollen abnormality) or less 
drastic chromosomal changes which have been transmitted through the 
pollen at least once and were recovered in the homozygous condition. 
It 1s ,indeed remarkable that in the progeey of 6 EMS~treated plants 8 
different mutants occurred, while with x-rays only 2 different mutants 
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tlrere recovered iri the progeny of 9 treated plants. (2) DES in this 
experiment induced no pollen abnormalities and was at least as 
effective a mutagen as x-rays at optimum dose. (3) MH and 5-BU perhaps 
both induced mutations which at present are suspected to .. be as one 
possibl~ interpretation dominant. 

1 

Treat
ment 

DES 

EMS 

5-BU 

MH 

x-rays 

control 

The effect of chemical and x-ray treatments 
on homozygous multiple dominant seeds. 

2 

Cone. 
M/1 

or 
dose 

(r) 

0.05 

0.015 
0.10 

0 .. 05 

10000 

3 

No. of 
. M1 
selfed 
plants 

4 

6· 

4 
9 

9 

5 

4 
No. of M2 
plants 
with 

abnormal 
pollen 

o/65 

11/155 
0/70 

0/112 

6/74 
0/62 _ 

5 
No. of 
segre
gating 
M2 ears 

10/60 

42/138 
1/68 
3/103 

2/78 

o/64 

6 

No. and 
type of 
different 
mutants 

recovered 

2 r, weak 
yellow 
green 

8 -l~ 

1 all:>ino 

1 albino 

2
1
albino 

0 

7 

Fr. of green 
seedlings 

with albino 
sectors per 104 
seedlings 

41 

3 

7 

32 
21 
·s 

-i~ •E!, ~-, ~, !. or £, dilute with abnormal endosperm and inviable 
embryo, dilute with normal endosperm and inviable embryo, 2 different 
weak yellow-greens. 

G. Fieser 

8. Analysis of fertilization in diploid x tetraploid crosses. 

The different possibilities of abnormality · in corn fertilization 
are being investigated in marked crosses of diploid x tetraploid. 
Diploid females heterozygous for · ·one eet1e in each of the ten chromo
somes (bm2, l:g_, ,!, ~, .er, l, gl, .J_, ~, and .~) were cro~sed by E!,
~ctr~plo!a and Synthettc-B tetra ploid males. The majority of seeds 
obtained were shrivelled and the germination was very poor. Seeds 
from 51 crossed ears were classified for size and endosperm markers 
and planted. Almost all of the shrivelled seeds failed to germinate. 
However, a good-sized population was obtained from the rest. 83 
plants were tested by selfing and .crossing to a multiple tester line. 

I I 
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No:. haploid plants appeared in the . ;?rogeny, as .judged by mor
phological traits, sterility and guard cell measurements. There 
were also no tetraploids. As expected, about 70% of the plants were 
either triploids or multiple trisomies, identified by. hll:gh sterility., 
specific morphological properties, and characteristic ratios. The 
rest were.diploids. 

The mod.a of origin of diploids from such crosses can be traced 
by distribution of markers. Maternal diploids coming from unreduced 
eggs should be heterozygous at all the D.oci, whereas paternal diploids 
should be homozygous dominant at all loci. Diploids originating from 
fertilization of a normal egg by haploid pollen from tetraploid male 
should nave at least one dominant at each locus. Doubling of reduced 
egg or fusion of any two haploid nuclei in the embryo-sac without 
fertilization should result in plants homozygous at all loci. Plarr~s 
arising.from megaspore fusion without male. contribution could also be· 
detected by statistical distribution of markers. Diploids originated 
from either self- or outside contamination could ensily be cateeorized 
by following through the distribution of different markers. Progeny 
tests revealed that the diploid exceptions in this experiment came 
only from contaminations and none of the other possibilites ·mentioned 
above could be realized. Also, no case of noncorrespondence between 
endosperm and embryo was noticed. 

From this investigation it appears that the occurrence of haploids, 
diploids and tetraploids from diploid x tetraoloid crosses is infrequent. 
Studies are being continued, employing a larger population and the 
reciprocal cross using diploids as the male. 

9. Symbol index to the Newsletters. 

E. H. Coe, Jr. 
K. R. Sarkar 

Copies of the Symbol Index to volumes 12 through 35, prepared as 
an lu::,pendix to volume 36, are available and will be sent on request 
(Curtis Hall, University of Missouri, Colurn.bj_a, Missouri). Notps on 
errors will be appreciated. One error thet has been found may be 
indicative of · others, though an attempt was · made to. avoid these: . On 
page 42 under!!, 32:80 and 34:88 belong under ~J• 

E. H. Coe, Jr. 

10. Mutable glossy-1. 

A mutable glossy allelic to ~l (designated glm) has been found in 
an Ac-carrying line. Expression is excellent in sheaths of older plants; 
seedlings do not show clear sectors. As far as I am aware no mutability 
for the glossy character has been reported previously. _ Seed is available. 

E. H. Coe, Jr. 
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11. Comparisons among plants with various constitutions for B, B 1 , and b. 

Advanced progenies on uniform backgrounds were available this yel:J.r 
for a test of dosage, · timing, 2nd reciprocal effects in crosses of B 1·. x B', 
B1 x b, B1x B, Bx B', bx B, and Bx B. Respectively, 7, 4, 7, 4,-2, -
and 1-entries in three 15-seed re 11licates were coded and randomized, and 
planted in a linear, serpentine pattern. Plants were graded shortly 
after flowering, cobs indoors after harvesting, drying, and shelling. 

Genotype Plant Color Grade Plants Average 
egg/pollen 0 1 2" 3 4 5 6 ' 7 8 9 no. Grade 

B 1/B 1 ·30 1.$3 31 215 2.00 
111 /b 59 92 5 156 1.65 
B 1/B 14 174 71 5 262 3.26 
B/B 1 5 29 19 2 55 3.33 
b/B 1 20 51 72 7.69 
R/B 4 4 9 6 23 7.74 

Cob Color Grade 

B1/B 1 56 98 26 15 3 198 1.·05 
Bt/b 13 115 15 3 146 1.05 
B1/B 8 101 83 63 255 1. 79 
B/B1 3 21 13 16 53 1. 79 
b/B 43 20 4 67 6.42 
B/B 1 10 11 7.91 

Sin ce ]l 1 /~ and !Y!:' do not differ, no reciprocal d.ifference in 
transmission of the phenomenon exists; since B'/B and YB' plants are 
darker than B1/B• and B1/2,, the change from B-to - I31 must-not be completed 
immediately.- These data are very dif f icult to harmonize with a plasmid 
model. 

E. H. Coe, Jr. 

12. Somatic mutation to B1• 

Several sectored plants were observed last summer in B lines 
derived from unstable sources. Progeny tests confirm mutation to B' 
during development. The previously-published conclusion that mutation 
to B 1 is meiotic is in error. 

E. H. Coe, Jr. 
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Seventeen se~ond generation pfogepi~s of colc.hic~e-treat~~ -Plants 
of the line C~5 we:i:-e grown in the field _ in 1962. ~011!311 samples were . 
taken• 'from ·all -the· plants and microsporocyte samples in many cases. · 
Prel.:4ninary cytological observations on 25 plants indicate~ that four . 
wer~_-tt:.risomic and_ seven were heterozygous for a translocation • 

. other .material included 14 progenies derived f1;om ears, found in 
Dr. J~· H. tonnquist 1s breeding material., which segregated :ror seeds of 
different sizes. Five progenies segregated for the .trisotnic condition., 
Chromosome 10 was involved in two cases; chromosomes 2, 4 and 5 were 
tentatively identified in the other cases. 

2. Cytological study on maize inbred lines. 
' 

Rosalind Morris 
Mustafa H. Isikan 

Seven :inbred lines(N6,L289,N75,K41,SA24.,I-Il4 and .KYS),which had · 
been maintained by self pollination for from eight to 14 generations, 
were found to · -have an unusually hi'gh frequency or ears with · sterility 
or def1;3ctiv:e seeds in 19.61 • .. Progepi es from these abnormal ears . a11d 
also ,fr~m n9rmal ear~ of each _line were grown in 1962 • . One-fifth of 
the plants .. in prpgenies from normal ear.s and one..;third of the plants · 
in progenies'frorn abnormal ears segregated for abnormal pollen. 
Observ:atiore·: ·on. i _ndividual anthers of al-1·· plants in an 1289 progeny gave 
wide v,ariations in amounts .of abnormal pollen among anthers of the 
same plant •. The freqµencies of.ears w_ith sterility or defect,ive · 
seeds were similar in progenies from normal and abno;rmal ears •. Meiotic 
observations on 30 plants in progenies from abnormal ears showed no 
deyiations in chromosome number a11,d no definite structural changes. 
The early separation of members of one .or more bivalents at diakinesis 
and met~~hase I was observed in 18 out . of the JO plants · and in a.J.,l . _. 
except _ one of, the l~nes. ;Lagg~ng uniyalents were observed at · later .. · 
stq.ges of meio~is and micro-nµolei . occurred · in a small perc .ent(:lge 
of the · q~a~et~ . (See Table 1)~ . . "' . . _ . • 

. . . 
. It is po_ss.ible t _hat, pait:ing irregularities co.r;itrib,ut,ed to the eal" 

abnormalities assuming that the same type of behavior occurred in the 
megasporocyte. 
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Table 1. Frequencies of cells with univalents at various stages of 
meiosis in five plants representing different inbred lines. 

Inbred 
line and 
plant no. 

1289-5 

K41-3 
SA24-3 
M14_;2 

KYS-2 

% cells/univalents 

Diakinesis Metaphase I 

1.5 (4oo)Y 12.8 (117) 
19.0 (100) 33.7 (89) 
10.9 (46) 
22. 2 (99) 

2.6 (76) 

24. 2 (251) 

4. 7 (107) 

23.6 (351) 

y Number of cells observed. 

y Number of quartets observed. 

% cells/lagging univalents ~ t-~ 
quaJ.-u8 s --.A_n_a-ph ... _a_s_e ___ Ana ___ p'""ha_s_e ___ with micro-

Telophase I Telcphase II nuclei 

6.1 (82) 

17.,5 (114) 

4.0 (50) 
2.0 (150) 

12 • .s (88) 

5.o (317) 

7.3 (246) 

10.1 (128) 

6.1 (147) 

13.4 (155) 

Rosalind Morris 
Mustafa H. Isikan 

.s.5 <201)Y 
5.1 (217) 
4.1 (295) 

4.5 (133) 
10.7 (93) 

3. Locat ion and p henotypic expression of Hs (Hairy sheath). 

Previous · studies have placed Hs • in chromosome 7, with reco mbinati on 
values o.f 32% between Hs and £i!, 43% bet ween ~ and ~l (Der Zucbter J.: 
333 .. 338. 1931). An Hs stoc k was crossed with T6-7S.?3 also ca;rrying 
gl 1, and the F1 ·Hs semisterile plants were testcrossed to g11• From 71 
testcross progeny plants classified in 1962, recombination values were 
obtained as follows: 50.7% for T to Hs, 49.3% for Gl to Hs and 4.2% 
for _T to~• These ·data would place~ in the distal partof the long 
arm of chromosome 7. 

The segregation of th e three characters in the testcross progenies 
(~vs.normal, Gl vs. i1, and T vs. normal) gave a good fit to a 1:1 
ratio in each case although close to the borderline (.10 > P >.05). 
It was noticed that the expression of Hs in the F_1 pla nts was clear 
although not as pronounced as in the Hsstock. However, the expression 
of Hs in the testcross progenies was less distinct than in the F1• 
Often careful examination of various parts of the stem, leaf sheaths, 
and tassel stalks had to be In2!1de to decide if extra hairs were present. 



109 

Earlier work with Hs in crosses with four inbred lines (N6, L289, 
K41 and N75) had shown that the expression of Hairy sheath was inter
mediate in the F1 and became difficult to ciaasify in the first back
cross progenies or in their selfed progenies. ·The Hs stock, grown 
at the same time as these various crosses, gave consistently good 
expression. Thus, it would appear that the expression of Hairy · 
sheath ism edified .considerably by different genetic backgrounds. For 
this reason its ef f ectiveness as a gene marker is reduced. 

Rosalind Morris 
Mustafa H. Isikan 

THE PENNSYLVANIA STATE UNIVERSITY 
University Park, Pennsylvania 

Department of Agronoll\Y' 

l. Pa W 703 and W 703. 

As the colorless perioarp yellow endosperm-ver~ion of Q 703 
(or W 70.3) has proven commercially useful in early (A.E.s. 100 to JOO) 
hybrids, it has been of interest to s9eculate on the differences 
b~tween the original and subline. Q 70.3 has red pericarp, white cob, 
and fairly strong stalks; Pa W 703 has colorless pe~icar p, red cob, 
and , stal ks that tend to dissolve after physiological maturity. The 
F1 hybrid has little or no hybrid vigor. 

An attempt wa.s made to collect data on an F 2 population of' W 703' x 
Pa W 703 in 1962. tTeather conditions were not, conducive to stalk rot; 
so that data were available only on pericarp and cob color. 

Red Pericarp--Red Cob 196 
Red Pericarp--'White Cob 99 
Colorless Pericarp--Red Cob 100 
Colorless Perice.rp--White Cob 6 

Red Pericarp 295 
Colorless Pericarp 106 

Red Cob 296 
White Cob -105 

x2 Peric arp Color (J:l) 
x2 Cob Color (J:l) 
X~ Pericarp and Cob Color (9:3:3:1) 
~ Linkage 

Linkage• 20.91 + 2.J.3% 
.. -

x2 Fit with linkage 

.440 
.300 

.34.107 
33.367 

1.210 
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It thus seems probable that two linked genes are involved in 
differences between these sublines as was suggested by Braun (N.L. 37, 
p. 5o). Nevertheless, it is difficult to envisage a major change or 
chance outcross when very little or no heterosis between sublines is 
man if est ed. 

G. w. Gorsline 
w. I. Thomas 

THE PENNSYLVANIA STATE UNIVERSITY 
University Park, Pennsylvania 

Buckhout Laboratory 

1. Cyclic hydroxamate content of maize seedlings. 

Segregation for the presence or absence of a cyclic hydroxamate 
or its 2-glucoside in maize seedlings has been reported previously 
(MNL 36: 71-72). The inheritance pattern of this character is being 
investigated using the waxy translocation stocks of Dr. Anderson . 

In an attempt to find other sources of segregating material, at 
least 12 seedlings each of 1813 corn plant introductions of the u.s.n.A. 
collection have been scored visually. The test employed crushing the 
mesocotyl of 6-day-old dark-gro,-,m seedl ing s in an aqueous 0.1 ~ Fec1

3 solution; presence of the cyclic hydroxamate was indicated by a blue 
color reaction. Qualitative ratings given to individual seedlings 
were: o, no blue color observed; 1, slight blue color; 2, moderate 
blue color; 3, intense blue color reaction. Thefollowing data were 
obtained: 

Visual Rating 
0 - l 
0 - 2 
O - 3 

1 
1 - 2 
1 - 3 

2 
2 - 3 

3 

Plant Introductions __ Scored 4 . 
13 
13 

1 
206 
274 
290 
679 
333 

The low, hifh and possibly segregating lines have been selected 
for quantitative determinations and genetic analysis. 

Robert H. Hamilton 
-William D. Bell 
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1, Genetic control of carbohydra~e type and quantity in maize kernels. 

Culpepper and Magooh (1924, J. Agr. Res. 28:403-443), in a test 
of sweet corn · (~) and dent c·orn ( ~) varieties at ·,-day intervals 
beginning at 5 s after pollination and ending a~ 30 dayst observed 
that: (1) dry matter increased in •poth types with age; (2J total 
sugar increased up to tne 15th day, followed by a decrease (,sweet 
corn had· about twice as much sugar as dent); (·3) .. reducine; sugars . 
showed larger incre .ases in~ ~ than in ~ geaotypes; ~4). eucros~ . 
increased to the 15th day, followed by a ec1"ease ( su1 had about . 
twice as much' sucrose as Su,) -; ( 5) water-soluble p~sa¢charides 
(WSP) increased rapidly in~ but remained very low in~ ( at 
30 days ~ had about 10 times as ltn.lch ~/SP as dent)'; • an 6) sta:c:ch 
increasearapidly in both types, Su, having more ~tarch than :~• 

During recent years several other · genes have been sho.wn to alt;er 
carboh.ydrate type and quantity at ·maturity or during kernel development. 
The gene wx (Andrew et al', 1944 J. Agr • . Res. 69:355-371) increas .es 
sug~s aricil~SP on a percenta ge basis in a ~l back~round and alon~• 
The effedts of ~ and · bt 2 were reported · by eameron ·and Teas ,.(1'954, 
Amer. Journ. Bbt. 41:50~5). Each britt1e gene increased sugar and 
reduced starch content at mid-develo pment arid beyond. No increase 
in WSP was observed. Lauglman ( :1953, ·Genetics 38 :'485-499 )rep9rted · • • 
similar eff ec. ts at . kernel · maturit,y for . the gene !h2• ~ ~ 2 kernels \ 
contained a high percentage of sucrose .and less starch tnan ~ 1, but· 
had very little :WSP. The double recessive~ !h2 had even higher 
sugar and less starch than~• The1 USP o6ntent was ·about the same 
as ~ 2 alone (about 2%) •. · 

·. 
Mangelsdorf (1947, Genetics 32 :448-h58) ·and Cameron (1947, Gerie~ics 

32: B0-81') reported that in mature kernels the gene ~, when homozygous · 
with~, ·produced • less starch, more WSP, and perhaps more sugars than 
~ a one. Horovitz et al (1941, -Armal. Inst. ~itotec. Sta. Catalina 
J:37-41.1) reported tha:r~; produced e.bout .14% sugar in mature 
kernels in contrast to a , out % for ~ alone. 1Addi tional data by 
Dvonch et al (1951, Cereal . Chem. 28:27 -280) and Dunn et al (~953, . 
Agron. Joui=:' h5:101-104) indicate that in mature kernels starch is 
lower and WSP is sometimes higher in su 1 ~and~ ~ 2 t~an in~~ .•.,·. 

The genes ae, su 2, and du have been reported to alter the pro
portion of the tw0 starch fract:fons, amylose and' anwlopectin (Kramer 
et al, 1949, Agron. Jour. 41:409-411, 1958, A.gr.on. Jour. 50-:207-210_; 
Vineyard and Bear, 1952, Maize Genetics Coop. N8'W's Letter ,26:5; Zuber 
~ !!., 1958 Agron. Jour. 50:~-12; and others). Amylose is a straight 
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chain molecule having 200-300 glucose units and stains blue with iodine. 
Aleylopectin, which has a higher molecular weight than azeylose, consists 
of branched chains with about 25 glucose units in each branch and stains 
red with iodine. Weatherwax (1922, Genetics 7:568-572) was the first 
to show that waxy (wx) corn starch stained red with iodine. Spragu e 
et al (1943, Agron.-:T'our. 55:817-822) showed that the stan dard waxy 
endosperm contains no aJ'/\Ylose but· a.11 amylopectin sta .rch. 

According to Zimmerman (1960, Ann. Rev. Plant Physiol. 11:167) and 
Porter (1962, Ann. Rev. Plant Physiol. 13:303-328) the main transport 
material in higher plants is sucrose, the first free sugar after · 
photosynthesis. There is evidence that sucrose is the main glucose 
donor in the formation of polysaccharides which may become increasingly 
larger until starch is formed. It is 1hcug'ht by some that aI!\Ylopectin 
is famed by the rearrangement of preformed amylose chains .(Porter, 1962; 
Whistler and Young, 1960, Cereal Chem. 37:201..J). However, Erlander 
(1961, Cereal Chem. 37:81) claims that 8Il\Vlose arises from debranching 
of amylopectin and that the absence of amylose in waxy starch can be 
accounted for by the absence of the debranching enzyme. There seems 
to be insufficient evidence to conclude that either arey-lose or· 
amylopectin is formed first (Porter, 1962). 

Eesearch at The Pennsylvania State University with genetic mutants 
affecting the properties of maize endosperm is being carried out with 
the following objectives in mbld: (1) to determine the effects of 
specific genes and gene combinations on carbohydrate type and quant ity 
at varying endosperm m~turities; (2) to elucidate the patm,ay (or 
patrniays) of carbohydrate snythesis and the "gene-enzyme" or 11gene-enzyine 
component" relationships; and (3) the application of this lmowledge, 
where feasible, in improving the quality of sweet corn or in the 
breeding of types for narticular industrial purposes. 

In 1961 thirty genetic lines were obtained from Dr. H. H. Kramer. 
The genotypes of these lines are shown in Table 1. They are single, 
double and triple rec ,essiv:es of ~, ~, ~ 2, ~ , su , and ~• An 
these mutants were studied in a background related~ the single cross, 
v,123/1317, except Golden Cross Bantam sweet corn ( su1 ) • The backgrounds · 
are not isogenic; therefore, possible baclgr ound effects must· be kept 
in mind. These lines were gram in a replicated trial in 1961 and 
fresh kernels samples of 50 grams.· were taken from 2 - 3 ears at . 
16, 20, 24, and 28 days after pollination and stored in 95% ethanol 
within 2 hours after removal from the plant. 

Dry matt·er content was determined by weight of the alcohol 
insolubles plus the alcohol solubles. Chemical analyses were made for 
red ucing • sugars, sucrose (after . Hassid, 1936, Ind. and Eng. Chem. 8: 
138-140), water-soluble polysaccharides (after Cameron, 1959, Agron.· 
Jour • .51:424-427), and starc.h (after.· Hixon., 194h, Iowa A.E.s. Report, 
Part II). Total carbohydrate content was calculated by summing the 
weights of the individual carbohydrates analyzed. 
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Very s_ignificant differences were noted .. for all carbohydrate and 
dry matter analyses between genotypes at all kernel maturities. Ver., 
significant differences were observed between maturities within genotypes 
for all characteristics me·a.sured.. ··Tnese~data are presented fu_Table ~ , 

. . ' 
;.., . -. ~ •. 

Dry Matter content. The dry. matter content of normal. increased fro~ 
15.7% at lb days to 4J.8% at 28 days after pollination. All the 
recessive genotypes, with the _ e.xc~ption of ~ 2 and~~, tended to be 
significantly less than normal. The genotypes that were exceptionally· 
lou in dry matter WB'.!'.'e !!12, !!:. ~J ~ ~, ~, ~, !! ~ SUi, _ !-2 ~ ~., 
~ ~ ~ and ae ~ 2 wx. The other genotype~ weiie intermedrate 
between these and normal. It is :important to keep these dry matter 
differences between genotypes in mind when comparing ·the quantitites 
of particular carbohydrates reported here as percentages of dry matter. 
Actual weights and perdentages of fresh weights have been omitted here 
in interest of space.. · 

Reducing sugars. The reducing sugars content of normal decrease~ from 
9.4% at 16 days to o.8% at 28 days after pollination. All other 
genotypes possessed approximately the same amount 6£ reducing sugars · 
as normal exce t;,t sh 2, su 1 , ~ ~, -~ wx., sh ~ , ~ -~ ~, ae ~ su 2, 

. and ae du :wx. These appe,ared to be . higherin riducing sugars than .. . 
normal. -Of-these, sh2 ~, ~ ~ ~ , and ~ ~ ~ 2 appeared exceptionally 
high, especially atla t er kernel develooment. . · · 

Sucrose. Sucrose content in normal decreased from 8.2% at 16·days to· 
2. 2% at 28 days after polllnation. The genotypes ~2, du ~ 2 , ~ 2 ~ 1·, and~ du wx were exceptionally high in sucrose (7-10 times more · 
than normaTT at almost all kernel ages. The genotypes ~ ~' !£i, 
~ du, ~ - su 1, !!. ~ 2., ~ ~ 2, ~ wx,, ~ 2 su 2., su1 ~, !!. su, ~V 

~ su1 wx., and du~ ::!2!. had 2 - 4 times as rmich as normal. The 
genotypes!!~,~~,!!.~ ~l' ~ ~ ~~- !! ~l ~., ~ su 2 !!!, 
and~ ~ 2 ~ had 5-6 times as much sucrose as normal. The gene ~ 2 
appears to be epistatic over !!l2 and sh 2 seems. to be partially e~istatic 
over ~ and su 1• · - · 

Water-soluble polysac .charides • . The WSP content of normal appeared to 
decrease slightly from J. 7% at 16 days ~ to 2. 2% . . at 28 days. The decrease 
was not signi.f;i.c .ant. _ Apparently, i~P was not · accumulating with lcernel 
development. A slight, but insignificant, increase over normal was 
noted for _!,!, !,h2, !! du, ~ ~, ~ !h2, ~ ~ 2, ~ ~, ~ 2 su,, 

· ~ ~ ~2' ~ ~ ~' ~ .~1 ~, and ~ ~ 2 ~, · Significant incr~ases 

over normal were noted .for ~1' ~ ~l' sh2 !!,!2, ~l ~2' ~1 ~, 

~ ~ ~, ~ ~ ~2 1 ~ ~l ~2' .2!! ~ ~' ~ ~2 ~, and~ ~2 -~ 

The gene ~l is associated with a dramatic increase in WSP at all 4 
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stages of kernel development. The gene ae apparently is epistatic or 
partially ~pistatic over SUJ.·• The genes, .du and ~ 2 appear to intensify 
the accumulation of WSP in combination wit h the otner genes. 

Starch. The starch content in normal increased from 39.2% at 16 days 
to 73.4% at 28 days after pollination. Extreme starch reduction 
(approximately · one-half or less of normal) was associated with the 
genotypes ~ 2, ~., ~ ~it ~ ~, du. sh2, ~ s1½_, ~h2 su2., s!:i su2, 

~ ~, ~ du !:!!, ~ ~ ~2' ~ SU~ ~., and ~ ~2 wx. 

Total sugar and total carbohydrat.es are also shown in Table 1. 
Total sugar content is the sum of the reducing sugars and sucrose 
contents. Total carbyhydrates content is the sum of the contents of 
all the carbohydrates analysed. There seems to be a decrease in total 
sugar with kernel develooment in most instances. An increase in total 
carbohydrates with kernel development is indicated in all cases except 
those that are medium to high in sugar and low in WSP and starch. 

Table 1. The quantitites of various carbohydrates!/' and total dry 
matterY in entire kernels of thirty-one maize genotypes 

at four stages of maturity.2/ 

Code 
no. 

Geno
type 

Kernel Reducing 
age sugars 

(days) % 
Sucrose 

% 

Total 
sugar WSP* 

% % 

Total --Dry 
Starch carbo- matter 

% hydratesH % 

l normal 

2 ae 

3 du 

4 

16 
20 
24 
28 

16 
20 
24 
28 

16 
20 
24 
28 

9.4 
2.4 
1.6 
o.8 

8.6 
4.8 
3.1 
1.9 

8.8 
4.8 
2.8 
1.3 

16 6.9 
20 4.9 
24 4.4 
28 3.6 · 

I/ Percent of dry matter 
Y Percent of fresh weight 
1/ Three replicat i ons 

8.2 
3.5 
2.6 
2.2 

21.9 
13.9 

B.3 
7.4 

15.5 
10.5 
6.1 
6.7 

21.4 
29.9 
24.9 , 
22.1 

•MSP = water-soluble polysaccharides 

17.-6 3.7 
5.9 2.8 
4.8 2.8 
3.0 2. 2 

30.6 .5.7 
18.7 4.2 
11.4 3.7 
9.4 4.4 

24.2 4.1 
15. 3 2. 7 

9.0 2.4 
8.o 1.9 

28.3 
34.8 
29.4 
25.7 

39.2 
66.2 
69.2 
73.4 

20.8 
37.6 
48.9 
49.3 

2.5.1 
41.i.6 
56.5 
59.9 

22.3 
18.4 
19.6 
21.9 

% 

60.5 
74.9 
76.1 
78.6 

57.2 
6o.5 
64.0 
62.9 

53.4 
62.6 
67.9 
69.8 

56.1 
57.6 
51.4 
52.8 

15.7 
27.1 
37.2 
LJ.8 

18.4 
26.0 
34.0 
37.5 

16.2 
25.6 
33.5 
38.9 

16.8 
20.3 
22.9 
26.3 

-lH(Bum of weights of reducing sugar, sucrose., 
weight. 

WSP, and starch/dry matter 
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Kernel Reducing Total Total Dry 
Code Geno- age sugars Sucrose Sugar WSP•~ Starch carbo- matter 
no. type (days) % % % % % hydr.ates·lHt % 

% 

5 su1 16 9. 2 16.5 . 25.7 14.3 23.3 65.3 19.9 
20 5.4 10.2 . 15.6 22.8 28.0 66.5 25.6 
24 3.6 9.5 13.1 28 • .5 29. 2 70.8 30~5 
28 3.9 4.h 8.3 24.2 35.4 69.6 37.6 

6 su2 16 7.4 10~5 16.7 3.6 39.3 59.6 11.5 
20 3 .. 5 9.2 12.7 3.1 50.1 61.8 24.9 
24 1.9 2.6 4.5 2.5 63.9 10.9 34.9 
28 1.4 1.9 3.3 1.9 64.6 69.8 43.6 

7 wx 16 10.1 9.6 19.7 3.5 34.1 57. 2 14.9 
20 3.5 5.2 8.7 · 2.3 53.3 64.6 23.9 
24 2.5 4.5 1.0 2.8 61.9 11.5 33.1 
28 1.6 1.7 3.3 2.2 69.0 74.5 37.3 

. 8 ae du · 16 8~.7 19.9 28.6 6.5 28~6 63.7 20.0 
20 7.3 10.4 . 17.7 1.1 43.5 68.4 24.6 
24 4.6 6.8 11.4 7.4 51.4 70.2 21.9 
28 2.8 5.9 8~8 5.1 55.5 69.9 33.7 

9 . ae su1 16 6.9 12.6 19.6 3. 7 18.3 ·41.5 19.3 
20 3.7 - 8.3 12.0 3.6 29.3 44.9 24.B 
24 2.2 5.3 7.6 . 3.6 37.2 L.8 .. 4 31.s 
,8 2.1 5.3 7.4 3. 2 34.4 45.1 33.9 

10 ae su2 16 12. 2 31.4 43.6 4.4 14.1 62.1 16.9 
20 5.6 16~3. 21.9 4.5 35.2 61.6 24.3 
24 3.6 13.5 17.1 4.3 37.6 59.1 28.8 
28 2.4 8.9 n.3 3.2 48.2 62.8 35.4 

11 ae wx 16 6.1 23.8 29.9 . . 4.2 19.7 53.9 18.3 
20 3.8 23.2 21.0 4.6 26.6 58.2 23.5 

' 24 3.9 17.9 22.4 · 5.6 37.1 64.9 2,.0 
28 3.2 12.3 15.4 L~.6 39.5 59.5 28.3 

12 du su1 16 5.3 17.6 22.9 13.3 21.s 57.7 18.5 
20 2. 7 11.1 13.8 ·24.5 24.8 63.1 22.1 
24 2.5 1.3 · 9.8 29.5 ·23.6 62.8 26 •. 9 
28 1.7 5.1 6.8 40.9 18.6 65.5 32.4 
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Kernel Reducing 'l'otal Total Dry 
Code Geno- age sugars Sucrcee . Sugar WSP* Starch carbo- matter 
no. type (days) % %'., % % % eydrates • PA- % 

% 

13· du sh2 16 10.7 33.9 44.7 4.1 8.8 57.6 16.6 
20 4.0 33.4 31.e 3.8 16.3 58.o 2J.2' 
24 2.3 27.l 29.4 5.3 20.9 55.6 24.e 
28 2. 9 19.9 22.8 6.4 24.6 53.7 27.7 

du su2 16 5.1 21.7 26.8 3.3 27.l 57.2 19.5 
20 2.9 10.3 13.2 2.9 L.1.9 58.o 27.7 
24 1.8 6.e · 8.6 3.4 47.l 59.0 32.9 
28 3.8 6.1 9.9 5.1 48.9 60.3 37.7 

15 du wx 16 1.3 25.5 32.8 5.5 21.3 59.6 21.1 
20 4.1 15.8 19.9 12.2 34.3 66.4 25.7 
24 3.8 11.6 15.4 11.4 37.9 64.7 30.4 
28 3.0 9.5 12.5 11.6 45.4 69.5 34.8 

16 sh2 su1 16 8.9 24.1 33.1 5.o 7.2 47.3 20.5 
20 8.1 25.4 33.5 4.9 11.7 50.1 23.8 
24 7.1 19.1 27.8 4.6 14.4 46.9 25.2 
28 5.7 20.1 24.5 4.9 15.7 45.4 24.6 

17 sh2 su2 16 10.4 1lr.6 25.l 6.3 26.8 58.1 18.8 
20 4.0 8.5 12.6 9.5 38.3 60.3 28.3 
24 3.3 7.6 10.9 10.0 38.6 59.5 33.8 
28 2.5 6.8 9.3 13.6 35.1 57.9 38.3 

18 su1 su2 16 4.9 16.8 21.8 33.7 11.9 67.5 20.1 
20 2. 8 11.2 14.1 31.5 20.1 65.6 28.5 
24 2.4 9.6 12.0 31.0 20.5 63.5 31.1 
28 2.5 10.4 12.8 36.9 18.9 68.6 35.4 

19 su1 w.x: 16 4.4 14.,7 19.1 19.5 28.1 66.6 21.9 
20 3.4 11.1 14.4 26.4 29.9 10.9 29.5 
24 2.6 7.5 10.1 29.1 32.8 71.9 35.0 
28 3.0 5.7 .8. 7 30.3 32.5 71.5 37.3 

20 su2 wx 16 6.1 12.3 18.4 3.4 30.1 51.8 17.9 
20 3.2 9.7 12.9 4.4 44.0 61.3 25.7 
24 1.5 7.1 8.5 3.5 62.6 74. 7 37.3 
28 0.9 3.5 4.4 3.3 66.3 73.9 42.5 
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Kernel Reducing Total . .. Total Dry 
Code Geno- age sugars Sucrose Sugar WSP¾- Starch carbo- matter 

no. type (days) % % % % % hydrates-¾-¾~ % 
% 

.. 
21 ae du su1· 16 12.8 21+. 6 37.3 9.6 ~3.6 10.5 17.3 

20 9.2 18.0 27.2 12. 4 30.9 10.5 22.6 
24 4.7 15.5 21.3 16.1 32.7 10.0 25.8 
28 4;.6 10.6 15.3 18.2 38.0 11.5 27.6 

22 ae du su2 16 1.1 21.7 29.4 7.6 30.8 69.9 2z.4 
20 1.1 11,.9 2.5.6 10.2 36.8 72. 7 25.8 
24 6.8 10.4 17.2 10.2 45.o 72.4 31.7 
28 5-4 10.4 15.7 10.8 47.5 74.1 32.5 

23 ae du wx 16 6.8 39.9 46.7 4.2 15.9 66.7 18.5 
20 4.1 34.6 38.7 3.6 26.6 68.9 24.6 
24 3.6 30.7 34.3 4.5 31.1 69.9 25.8 
28 4.4 23.7 28.1 4.9 .32.0 65.1 24.5 

·24 ae su1 su2 16 · B.5 23.2 31.7 6.6 23.8 62.0 20.3 
20· 3.5 . 9.7 13.2 10.4 41.6 65.3 27.l 
24 2. 7 7.9 10~6 10.6 39.6 61.1 31.5 

· 2a · 2.4 8.6 11.0 11.0 41.0 65.9 34.1 
' -· 25 ae su1 wx 16 B.o 28. 2 36.2 4.5 22.0 62.7 16.3 

20 5.2 21.9 27.0 8.4 30.7 66.o 21.7 
24 3.5 15.0 18.5 1i. 2 JB.5 69.1 25.8 
28 2.8 11.1 13.9 12.4 _38.3 64.5 26.2 

26 ae. su2 wx 16 10.3 22.2 .. 32.4 5.1 18.0 55.,5 16.4 
20 . 7.9 17.1 25 .. 1 . 5.9 . 40.3 11.3 19~4 
·24 4.0 16.4 20~4 . 5.9 41.7 67.9 21.0 
28 3.2 12.6 15.8 . 5.o 49.6 10.4 28.4 

27 du . su1 ~u2 16 . 1.3 16.4 26.9 21.8 19.4 68.1 20.7 
. . 20· 4.1 12.3 16.4 ' 31.9 ·21.2. 69.4 26.5 

24 r 2.9 7.3 10.2 , 34.9 .24.9 70.1 31.6 
28 . 2.4 5.4· 1 . a 34.a 22.8 65.5 33.9 

28 du SUl WX 16 5;9 16.8 21.7 24.4 14.7 60.8 22.0 
20 3.2. 10.2 ·13.4 36.1 · 21~4 10.9 21.9 
24 2.9 ' 7. 8 10.1 38.4 .17.5 66.6 33.4 
28 2.,3 6.7 9.0 47.5 1,.9 72.3 35.3 
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Code 
_.no. 

29 

30 

Kernel Reducing 
Geno- age sugars 
type (days) % 

du SU2 WX 16 
20 
24 
28 

31 Golden Cross 16 
Bantam( au1} • 
Sweet 20 3.2 

1.9 
1.6 

Corn 24 
28 

LSD Genotypes within Ages 
5% 3.2 
1% 4.2 

LSD Ages within Genotypes 
5% 2.4 
1% 3.2 

Sucrose 
% 

25.7 
19.5 
10.6 
B.9 

19.6 
15.1 
11.4 
10.6 

15.~ 

5.5 
3.9 
1.9 

Total 
Sugar WSP* 

% % 

34.9 
24.7 
13.3 
11.6 

26.1 
18.5 
14.3 
12.7 

22.1 
33.9 
38.9 
40.1 

23.6 7.8 

8. 7 27 .o 
5.,9 33.3 
3.6 34.a 

10.9 10.4· 
14.5 13.9; 

Total Dry 
Starch carbo- Diatter 

% hydrateei~ % 

17.2 
24.7 
33.9 
38 •. 1 

11.9 
13.8 
16.2 
18.2 

28.7 

35.5 
38.5 
33.9 

14.2 
18.8 

% 

60.1 
66.2 
69.3 
71.0 

60.1 

71.3 
77.7 
12.3 

15.Z· 
20.8 
27.9 
30.1 

18.5 
24.8 
32.0 
34.6 

16.1 

26.B 
33.5 
37.0 

2.9 
3.8 

A partial symmetric correlatj_on matrix is presented in Table 2. 
All variables measured, percent dry matter, percent total sugar, per~ent 
re ducin g sugar, percent sucrose, and percent alcohol insolubles (AIS, 
not shown in Table 1) were either positively or negatively associated. 
Total sugar, reducing sugar, and sucrose contents were negatively 
correlated with dry matter content. AIS was positively associated 
with dry matter content. A correlation value of -0.81 between sucrose 
content and alcohol insoluble content indicates, as previous workers 
have shown, that one may obtain increases in sugar content by selecting 
for types with low AIS. AIS detenninations are relatively inexpensive 
as compared with sugar determinations. This is of value in sweet corn 
breeding. 
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Table 2. Symmetric correlation matrix. 

Variable 1 2 3 4 

1. Dry matter% -2. Total sugar% -o. 72~~ -J. Reducing sugar % -o. 7 J• Hf- Oe69• BI- -4. Sucrose% -0.62-lh~ 0e94• h~ o.5o• Ht- -5. AIS % 0.16a -o. 86{1-¾--0.62-it-ii- -o.81-lB1-

y AIS Alcohol insolubles (contains WSP, starch, and kernel residue) 
-!-HI-Exceeds the 1% point (r> 0.1.5) 

Sweet corn quality. Some 'of the moat interesting genotypes showing 
promise for possible use in sweet corn quality improvement are ~ ~ !!!, 
ae du wx, ae ~ and sh • However, it must bep:,inted out that none 
of t hese genotypes, exc~pt -~, have been evaluated for other factors 
that contribute to sweet corn quality besides · carbohydrates. 

Indicated areas of genetic control in carbo drate thesis. These 
date support t e in nga o 1:>revious · workers tat tl'le gene~ apparently 
causes or is• associated with a substantial block between WSP and· starch. 
The gene· ~2, as reported by Laughnan and as these data indicate, 
apparen~ly e~uses a substantial bl0ck bett ·reen sucrose and WSP. 

The genes !!!, ~,, !1! , and~ have been of interest for several 
years because of their ei~ects on the proporj;ions of amylose and . . 
a.l'l\Ylopectin . starch. Because of this, some have ,thought t'hat perhaps . 
these genes were operatin g wit h:i.l'l the starch fraction affecting the 
formation of straight and branched chain molecules. However, these 
data ;indicate that ae alone also causes a inarJ<ed increase in sucrose 
~d reduct:J.on in _ total starch. In additi0n, ae combined wi,th ~ and: 
wx d'u causes a dramatic increase tn sucrose. The aJl\Ylose and arnylopectin 
data(Kramer et al, 1958, and Vineyard and Bear, 1952) combined with 
the effects ofaeand wx on sugar content as shown in Table 1, indicate 
th at ae and iWX are in separate pathways of starch snythesis,- · This is, 
of _course, l assuming that the J]lUtants are associ ated with partial ar . 
c~mplete ·blocks in -~he biosynthesis of starch. Thie leads us to propese 
th at the mut·ant gene ae is · associated with a partial block between 
sucrose and the branc•fieachain polysaccharides which eventually form 
rutJYlopectin starch, and the mutant gene~ is associated with a sub
stantial block betwe~..n sucrose and the straight chain polysaccharides 
which eventually form a.mylose starch. There is some indication 
that du and perhaps su 2 may be in a second anwlopectin pathway. We. 
have not taken apace-iri this report to disc uss all the apparent gene 
interactions. These will be discussed in detail in a later article. 
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Additional carbohydrate studies are planned with the gene mutations 
used in this study and additional mutants. Studtes of the effects of 
these genes alone and in combinations on qualitative and li{Uantitative 
changes in enzymes lmown to be associated with carbohydrate snythesis 
are being initiated. Studies to determine the types of carbohydrates 
produced in each genotype are presently underway. 

1The Pennsylvania State University 
2university of Nebraska · 

Roy G. Creech1 
F. J. Mc1trdle1 
H. H. Kramer2 

UNIVERSITY OF THE PHILIPPINES 
College, Laguna, Philippines 

1. A case of cY!,oplasmic control of susceptibility to Helminthosp9r~um 

leaf spot in corn. 

In the 1962 issue of the News Letter, we _reported ,a-.case of , an 
apparent relationship between cytoplasmic male sterility involving 
the T plasmatype derived from F44T and susceptibility to Helminthosporiuni 
leaf spot. A case of cytoplasmic control of susceptibility has been 
hypothesized in the light of the following observations: (1) the· 
extreme susceptibility to the disease of cyto-sterile inbred lines, 
single crosses and double crosses in contrast with the apparent 
resistance of their normal cou..~terparts, and (2) the extreme uniformity 
in the degree of infection of plants within the population of any line 
carrying the T-cytoplasm. To provide a more conclusive proof of this 
hypothesis further studies were conducted using populations of reciprocal 
crosses which differed only in the cytoplasmic background and this was 
made possible with the use of a "restored-cyto-sterile 11 parent. Inbred 
lines diff er ·in g in the cytoplasmic background and/or in their genetic 
constitution for the fertility restoring factor were also included. 

Each experiment was grown in three replications and the plants were 
subjected to very severe natural or artificially induced infestations 
of the disease. Disease reaction of individual plants in each entry 
were scored in numerical values ranging from Oto 5, correspondingly 
from a very neglible infection to a very severe condition. 
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Table 1. Reaction to HelJilinthosporium leaf spot of early backcrosses 
differing in the cytoplasmic background. 

. : 
Entries 

. Genotypic Composition of Av. Disease : • . 
Population for Restoration • • Rating . ; Veg-, :71a.-Cytoplasm: Pedigree : Factor ·etat~ve:ture 

Normal . (Ph15 N) x (Ph152 TRf) .5-Rf rf + ., rf rf' o.o o.o 
Cyto-

(Phl5 2 TR£) x (Ph15 N) sterile · .5 Rf rf + .5 rf rf 3.1 5.o 
Normal (Ph3N) x (Ph33 'I'Rf) .5 Rf rf + .5 rf rf 0.2 0.2 

Cyto-
(Ph3J TRf) x (PhJN) sterile .5 Rf rf + .5 rf rf 2.9 ,.o 

Table 2. Disease reaction of three-way crosses differing in the 
cytoplasmic background. 

Entries Genotypic Composition of 
--------------: Population for-Restorat-ion 
Cytoplasm: Pedigree Factor 

Normal (PhJN)(Ph9T x PhllR.f) .5 Rr rr + ., rf rf 

Cyto-
sterile (Ph9T x Phl1Rf)(Ph3N) .5 Rf rf + ., rf rf 

Normal (Phl5N)(Ph9T x PhllR!) • 5 Rf rf + • 5 rf rf 

Cyto-
sterile (Ph9T x Phl1Rf')(Ph15N) .5 ru: rf + .5 rf cf . 

. . 
: Av; Disease 
: Rating 
: Veg-: Ma
etative:ture 

o.o o.o 

2.9 5.0 
o.o o.o 

3.2 5.o 
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Table 3. Disease reaction of F2 self progeny of cyto-sterile and 
normal three-way crosses. 

. . . . 
Entries : Genotypic Composition of: Av. Disease 

: Population for Restoration: RatinSfC 
: Factor : Veg7 1 ·• 

---------------
Cytoplasm: Pedigree 

etaf.1.ve:ture 

rrormal ( Ph JN )( Ph9T x PhllRf) 3/8 Rf' _ + 5/'8 rf rf 

Cyto-
sterile (Ph9T x PhllRf)(Ph3N) 3/4 Rf_+ 1/4 rf rf 

Normal (Ph15N)(Ph9T x PhllRf) 3/8 Rf + 5/8 rf rf 

Cyto-
sterile (Ph9T x Phl1Rf)(Phl5N) 3/4 Rf + 1/4 rf rf -

Table 4. Disease reaction of sterile, restored-sterile and normal 
versions of five Philippine inbrede •. 

Entries 

Normal inbreds 

Sterile versions 

Restored-sterile versions 

: Average Disease Rating --~v=-e-g-et"""a"""t,_.i,._v_e ____ : ___ ......,,Ma-:--:-t·-u--r ... e __ _ 

o.o 
1.4 
1.8 

2.3 
,.o 
5.o 

0 .. 9 

1.7 
0.9 

2.0 

Table 5. Disease reaction of five normal inbreds and their respective 
sterile versions at different backcross generations. 

Entries 

Normal inbreds 

Sterile versions (BC4) 
Sterile versions (BC5) 
Sterile versions (BC6) 

: ____ A_v_e_ra.;..;gsa:.e_D_i_s_e_a_se_R_a_t_in ....... g __ _ 

. . Vegetative Mature 

1.2 

2.8 

2. 8 

2.8 

1.5 

3.8 
1.9 

4.5 
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It is eviq~nt from the data just presented that the cyto ~sterile 
lines were contrastingly zmich more infected with the disease than their 
normal counterparts. Infection was so severe .that the plants or · the 
cyto-sterile lines dried up prematurely. Ut.most unif<>~ity in reaction 
was repeatedly observed among the plants of the cyto-sterile populations. 
It is interesting to note that ·the normal Philippine inbreds involved; 
name:cy, Ph3, Ph9, Phll and Phl5; were remarkably resistant to the 
disease. It would have been difficult to demonstrate cytoplasmic 
control of susceptibility if the natural inbreds happened to be- equal,ly 
susceptible. 

It could also be gleap Jd from the ,data that the fertility restoring 
gene does not have any influence on the expression of susceptibility. 

It is eypothesized t~at the T-cytoplas .111 carries a factor which is 
respons .ible for the induction of extreme susceptibility t .o 
Helminthosporium leaf spot. Whether the expression is strictly 
cyto plas mic or partly: controlled by genes, as is the case with 
cytoplasmi c male sterility, is still unlmown. Wi t .h our available 
in bred lines and 52 open-pollinated varieties so far tested against 
Fli!1T, no such "resistance restoring" gene has been found. 

R. M. Lantican 
R. L. Villareal 
A. C. Mercado 

2. The ~ffect of the numb.er of resistant s,lqrE;)ntal inbreds on the 
reaction of the double· cross h,ybrid to clown.v ·inilctew disease. 

An extensive s~rvey of the reaction of .cor~ inbred lines to downy 
mildew has shown tpat resistance cari be found only among. lines of . 
locaJ,. origin • . All introduced lines., .so far tested, were susceptible 
to the disease. Jtrbrids of divers .a parentage, therefore,. can not be 
produced from the resistant inbreds. If diversity were to be achieved 
some lines from the susce pti ble class must be used. ·Thus it became 
necessary to lmow the least number of resistant · parental lines in 
order to .. produce resistant hybrids. 

Several double crosses containing from zero to four resistmt 
parental inbreds were produced in 1961. The reaction of these 
hybrids to downy mildew was evaluated in 1962 wet seasqn unde.r 
induced epiphytotics of the: disease. The results are presented below. 
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Percentage:- Total . Number of 
Combinations 

. 
Infection : Plants . Crosses . 

All lines resistant 22 ! 3.2 4L4 4 
3 lines resistant 34 ! 2.9 365 5 
2 lines resistant 42 :, 2.6 716 6 

1 line resistant 57 ~ 3.2 495 4 
All l:ines susceptible 54 :!:. 3. 7 280 3 

The results strongly indicate a positive correlation between the 
degree of damage and the dose of susceptible inbreds involved in the 
hybrid. For every additional susceptible line, there was a corresponding 
increase in susceptibility of the double cross. If a highly resistant 
hybrid were to be -produced, therefore, it is necessary to use only 
parental lines that are resistant to the disease. 

R. M. Payson 
F. A. Aquilizan 
A. A. Gomez 
A.G. Calm,_ 

J. Inheritance of the reaction of corn to downy mildew disease. 

Immediately after the screening of inbred lines for their reaction 
to· downy mildew, crosses between resistant and susceptible lines, their 
Fe, and their backcrosses to both parents were produced. The reaction 
of these crosses together with that of the parents was tested in a 
replicated plot in 1962 wet season under epiphytotic ·of the disease. 
The results are presented below. 

Entries Percentage : Total Plants 
Infection !f : Examined yl 

Resistant parent (R) 33.7 ! 4.0 735 
Susceptible parent (S) s4.3 ! 2.4 628 

RxS 46. 8, ± 2. 2 1167 
(Rx S) Selfed (F2) 41.5,: 2. 7 991 
(Rx S) R 24. 3 ! 2. 2 1024 
(Rx S) S 62.5 !, 2. 8 924 

!/ and ~ - Each figure represents the average and total, respectively, 
of 44 plots representing 11 crosses each of which was replicated 4 times. 



D:iseas.s3 epi phvtotics in t his test was .Jll.~e seve re t han that in the 
screenin g pnas~.- -11..n avera ge i nt·ect i on of .'.}0:f> was obta-ined co.mpared to 
only ,37% in the latter. · This is probably tqe ~~ason why the .r esistant 

.lines which 'had infection counts of le ss t han 10% in th e sc~eening 
· nursery had a much higher infection in this test. ijevert heless, 'the 

susceptible inbreds had a much hi gher infection count th an the resistant 
lines, 'thus ma'intaining a ·good dist :i.nction between the two classes. 

Only two phenotypes were obtained in this ~periment, the resistant 
·and the susceptible classes. Probably -this is inadequate -to identii'y 
qualitative characters that are controlled.by two or more factor pairs. 
The original pl~ was to ·count infected plants at ·two stages of growth 

· so that more classes could be obtained., but strong winds and hc,.;;vy 
· ra.i.nf'all destroyed the plants before the second reading. Nevertheles:a 
· some interesting informa~ion can be obtained from the present results. 

. . 
The most striking feature of · the data is its pronounced trend 

towards the resistant pare nt. The F1 and. ~.2 are nmch nearer the 
re s istant than the suscepti ble parent. In 'Ebe backcrosses, the 

.. r esistant phenotype is much more easily re~overed than the susceptible 
phenoty pe. This behavior can mean any one or both of the following:
(1) that resistance is partially dominant over susceptibility, and 
(2) that the superiorit y of the crosses in terms of vigor and growth 
rate caused the "skewed behavior"• Ir the for mer ~s true then it is 
a very good indication that only a few factor pairs control the reaction 
of corn plants to the disea .se. . If the latter is present., which is 
very l:i.kely as show by the "over recovery" of resistance even only 

. ,. at the first baclrnross., not much information can be obtained from the 
present data. It will be necessary in subsequent in heritance stu.dies 
to use also single crosses between resistant inbreds and·be tween 
susceptible inbreds as resistant and susceptible parents, respectively. 

A. A.··Gomez 
F. A. Aquilizan 
R. M. Payson 
A.G. Calub 

. 4. The fre quency of restorer factors for A, B, Sand T sterility 
inducin g plasmatype s in inbred lines of corn in_ the Philippines. 

The survey of pollen restorers for A, B, and S plasmatype wa.s 
star ted when the T-cyt oplasm was suspected to carry factors that induce 
suscepti b'llity to some leaf disea ses (see item N:o. l'). Cro.~~~s of all 
standa rd and promising lines to A158A, Al58B, and Al58S obtained f rom 
t he .Connecti9ut · Experime;xt;.. Station were made in the 1961-~~-wet .season:.: 
and tested for pollen fertility and reaction to leaf diseases in the 
1962 wet season~ The percentages of fertile tassels in the F1 are 
presented in table l. 



126 

Table 1: Percentage of male fertile plants :in F1 crosses of Philippine 
inbreds w.i.th A~· B~ s, and7or T ste rility-indu:ci,n g :ela:smaty,e-e. 

IiWJZ 
Source of Steriliti ·-Inducin~ CytoEiasm . 

A1$8.A A1$8B 1$8$ 
Inbreds :Fertile: Total :Fertile: Total :Fe:trtile: Total :Fertile: Total 

:Tassel: plants :Tassel: plants :Tassel: plants :Tassel: plants 
: % :examined: % :examined: % :examined: % :examined 

Ph2 43 89 100 50 98 50 96 56 

Ph4 100 120 41 54 10 60 53 66 
Ph6 100 139 6 64 6 49 18 60 

Ph8 100 72 95. 37 98 56 91 47 
PhlO 0 14 100 43 96 55 Bo 51 

Phl2 2 79 100 44 100 44 100 26 

L.314 27 225 100 6 
L.315 26 196 100 31 - -
L.Ji6 100 173 91 34 89 53 92 59 
L.Jl.7 100 152 84 Jl 

Phl 12 282 0 67 12 15 74 62 

PhJ 20 313 100 77 100 63 100 74 

Ph5 100 198 0 64 , 0 58 
Ph7 100 233 96 48 -
Ph9 0.4 235 99 244 100 204 lGO 182 

Phll 100 713 0 28 0 28 

Phl3 3 191 100 77 100 59 
Phl5 71 170 100 31 

Phl7 77 110 100 40 100 66 100 68 

Phl9 100 201 100 24 

Ph21 100 65 0 25 0 27 

F44 4 171 100 12 100 25 100 10 

Mean 58.4 188 10.6 55 67.2 56 83.7 64 
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The plasu.a.types 1, A, B, and Shad an average sterilizing ca~acity 
of 41.6., 29.4, 32.8, and 16.3, per cent respectively •. ~ It seems that 
the T-type is more efficient in sterilizing Philippine inbreds or that 
the frequency of restor~r factors for T· in these inbreds is much less 
than those for any of A, B, ors. ·Also, there is a very striking 
similarity in the behavior of A, B, and S plasmatypes. Any line that 
is sterilizable by one is also sterilizable by the other tll'o; and any- -
line that is essentially a restorer for one .. is also a. restorer for all. 
This could indicate that the same factors can restore .the three cytoplasms 
and/or the three cytoplasms are essentially the same. 

It can also be seen from the results that segregation of the 
restorer factors for A, B, or Swithin an inbred line o~curs · ver;y 
rarely. An inbred is essentially either a restorer or a non-restorer. 
Very seldom will a sterile plant appear in a restorer line or a 
fertile plant in a non-restorer. This 1 ack of variability is a 
disadvantage because one has to grow larger populations to obtain 
the less frequent desirable segregate. 

There is hvt~ever one big advantage for the A, B or S cytoplasms 
to warrant their utilization in spite of their apparent inferiority 
to Tin some aspects. Not one had a tendency to increase leaf disease 
susceptibility in the F1 progenies of their crosses. Under epiphytotics 
of Helminthosporium leaf spqt, the crosses were definitely as resistant 
as their original normal in,bred parent. 

A. c. Mercado 
A. A. Gomez 

PIONEER HI-BRED CORN COMPANY 
. Johnst.cti, Iowa 

Department of Plant Breeding 

1. Environmental modification of rf2 rf2 st~rility. 

(~) Bfi !'.f,2 '!t,..2* appears not to be as completely sterile under 
all environmental conditions as (ms,) rf1 ~-!$. 2 ~. Test crosses of 
plants segregating for both loci gave goods eriie versus fertile 
segregations in Flo:rida in 1961-62 for the test of segregating Rf,-. 
but gave partial fertiles versus fu1l_ferti~es f9r 'the . test of segregating 
Rf 2• ,.1hen the same popu).ations wer·e regrown in Iowa in 1962 both loci 
gave good sterile v,ersus fertile segrega ,lii9ns. In the wint,er of 1962-63 
in Florida a similar test once again gave good ·sterile versus fertile 
segregations for test crosses of segregating~ but test crosses 

*tms1) is used as symbol for Texas (T) cytoplasm. 
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of segregating !!£2 were almost entirely fully fertile. Further, a 
usually completely sterile line of the genotype (ms,)~ Rf1 !!2 !f.2 
was partly fertile. 

Donald N. Duvick 

2. Af~elism of Rf1 and partial-restorer genes. 

The partial fertility restoration ability of several inbred lines 
has been found to be due in each case to a single dominant gene. A 
preliminary series of test crosses has indicated that the single gene 
is in every case all elic with~• That is~ test cross populations of 
(~1) rf, 11} x (~ Rf1 _x partial restorer} gave segregations of 
appr oximate 1 ful fertile to l partial fertile. The possj.bility 
that there is an allelic series of restorer genes at the Rf 1 locus 
is being explored. 

Donald N. Duvick 

3. Ga8 Gas in foreign cytoplasms. 

The effect of Gas Gas in Japanese Hulless popcorn apparently does 
not change in the presence of other cytoplasms. By recurrent back
crossing, the genotype of a Hulless inbred line was transfer.red to the 
cytoplasm of (1) Gourdseed Southern Dent, and (2) Argentine multiple 
eared popcorn. lJhen these two new lines plus the original Hulless 
were pollinated as females by two corn belt inbred lines of~ fil!: 
constitution, virtually no pollinations were effected on any of the 
three strains. 

Donald N. Duvick 

UNIVERSITY OF PREI'ORIA 
and 

TRANSVAAL REGION:, DEPARTMENT OF AGRICULTURE 
Pretoria, Republic of South Africa 

1. Investi gations on possible episomic nature of Modulator. 

As reported in the 1962 Newsletter (p. 78-79) several experiments 
were undertaken to test for a possible cytoplasmic state of the controlling 
element, Modulator. 
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· ··Fir-stly, a number of reciprocal crosses were made between a white 
inbred line (colorless ~ericarp, f_WW) and plants heterozygous for light 
variegated pericarp (fr !1E_ + 1 trans?osed ~) or very light var~egated 
(,E'r ~ + 2 t 1-tIP

1s). _ If~ is chromosomal, the expected results for 
such crosses s a ratio .of l white ear to·l colored ear. · The colored 
class includes light variegated ( 1 tr-Mp.)~ very, light vari tegated ( 2 t,=-Mp 's) 1 
ine.dium 'Variegated '(no g-Mp.'s) and red pericarp (no ~ at the .!: locus , 
the ratios ' of the various types varying with the .. Position of the 
tr-It> and the frequency of secondary transpositions of~• If !!I?. we~e 
capable of a cytoplasmic state in some cases, the expectation ~1ould be 
that the families resulting from crosses of a variegated female parent 
m.th a white male parent would still show a 1,1 ratio with the colored 
ears distributed a.s in the parental varj,.egated while those in which the 
variegated plant ·was used as .pollen parent would sh'ow a higher frequency 
of red ears ( if t~1e !iE: at the . ,!: locus were ,lost in the cy:t,oplasm) or a 
higher frequency of medium variegated. ears ( if th!;? tr-Mp I s only t(ere 
lost). Neither expectation was realized. The rather surprising result 
was a preponderance of white ears in the crosses where the variegated 
piant was used as pollen parent while the reciprocal cross (variE;lgated 
plant used as female parent) gave the expected 1 :1 rat:!.o. The results 
were as follows: 

Number of families giving 
more than less than· exactly · 

·remale 50% colored 50% colored 50% colored · Total No. Total ears 
parent ears ears ears . families co!or ·ed white 

lt. or 
v~ry 11i:. 16 12 3 31 · l.302 1256 
var. 

white 12 40 2 54 1229 796 

Sqme pairs-of reciprocal crosses showed very striking deviations 
from the expected ratios with the maternal transmission of vRriegated 
gi~ing the expected results while the reciprocal cross gave no coiored 
ears or one or two out of some fifty ears. 

' . 

It would a~pear from these results _t})at f.or some reason, either 
the chromosome carrying the color gene or the.gene itself. is discriminated 
against ·in pollen .transmission •. Brink some·yeRrs ago- reported normal 
transmission of ,variegated through both male and female gametes and 
this is · still the ·case .r or some variegated -line .s in the present study. 
Brink and· Wood ·show~cf that Mod,ulato,r had no effect on poilen tube 
growth and Fradkin and Brink 'found:no ·pollen sterility in plants carrying 
~ even though en4osperm mosaicism _indicated that chromosome breaks were 
probably' occurring in ·that tissue. · Episomes in bacteria (e.g. 
transducing phages ~nd the s.ex factor ·of !• coli . in cases• of sexduction) 
occasionally carry the gene or genes near to their point of chromosomal 
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attachment into the cytoplasm with them when they enter the cytoplasmic 
state. If such a phenomenon occurred with the Mp at the P locus 
and the red gene, results such as those obtained might be-expected. 
Experiments are now under way to clarify the situation. 

Secondly, experiments were carried out in which variegated kernels 
were given treatments (heat and acriflavine) known to cure cells of 
lower organisms of cytoplasmic particles. The heat tre atment as 
outlined by Braun (MGCNL 35:83-84) ·had no effect on the ohenotype of 
the resulting plants. Acriflavine treatment bed ;,.no .efi gct 1·onamedium. 
~ariegated"but-two strong treatments gave a higher ratio of medium 
variegateds to lights (69 and 61%) than either a weak trastment(42%) 
or three related untreated families grown in previous years (43, 36 
and 43%). This is a shift in the direction expected if the treatment 
were destroying some of the transposed-Modulators. The acriflavine 
treatment and sev~ral other treatments having similar effects on 
microorganisms are being repeated on a larger scale during the current 
growing season. 

2. An acute molybdenum deficiency in maize. 

Nancy van Schaik 
Department of Genetics 

A general yellowed and stunted appearance associated with yellow 
interveinal streakings which soon become necrotic resembling a kind of 
marginal leaf scorch was found to be the symptom of an acute molybdenum 
deficiency in maize. 

This condition was particularly prevalent during the first 5 to 
6 weeks after emergence of the plants. From this stage onwards, plants 
were found to recover from the acute symptoms. In many instances the 
plants recovered to such an extent that distinct symptoms were no longer 
visible. At this stage, affected plants could be recognized only by 
their smaller size when compared with the better growing plants in the 
same field. 

Molybdenum deficiency symptoms in maize were found to occur on 
soil with a pH of 4.4 and lower but not on soils with a pH of 4.66 
or higher, which indicates a critical pH level. A similar condition 
was found in a bean field were ten pH readings made from rhtzosphere 
soil of 10 severely affected bean plants averaged 4.33, while readings 
from 10 symptomless plants growing in the near vicinity, averaged 4.52. 
The pH of the soil, therefore, had a very marked effect on the availability 
of molybdenum to .. :plants. This was further proved by adding enough 
slate lime to the experimental soil to brin g the pH from 4.03 and 4.37 
to 4.67 and 4.77. In this experiment severe deficiency symptoms were . 
found in maize plants grown at the lower pH values and none at the higher . 
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values. In spite of the low pH of thes~ soils, the molybdenum deficiency 
was easily diagnosed by planting m.aiz·e se-~d soaked for one hour in a: o.5% 
solution of sodium molybdate between the yellow plants. Plants originating 
from the treated seed were green and grew like normal plants. 

In addition to the severe. molybdenum deficiency symptoms, very 
distinct· phosphdrus deficiency ·symptoms were al.So observed on the same 
plants in the plots ~ith a.soil pH of :4.o. 

. It _ a,ppea.rs·, · the ref ore, that ' it is of · paramount importance to check 
soil pH regularly a.nd to guard ,g;gainst abnormal acidificatico. 

3. Root disease of maize -- a -request • 

J~' J. du Toit 
Plant .Pathologist 

. A serious root rot of maize, causing the rotting of all major 
roots as well as the newly formed thin roots, is found -to occur in 
varying degrees through the whole Transvaal region of South Africa. 

Organisms commonly associated with it ~are: thre_e different 
Fusaria., two Helmi!'lthospori_a, a fyichoderma and a nematode, 
Pra.tylenchus -~• The prpd.uc~ion . of a phytotoxic substance by one 
-or m~re of ~h~ fungi, is another possibility. 

Any infor~tic_>~ ;in this , c·onnection will be highly appreciated. 

J. J~ ·au Tait 
Plant Pathologist 

4. Position effect as a fa:ctor -in ·p-ollen .. tube competition in Zea mays L.? 
I 

St,11dies_~f pollen tube competition ·reported :i.n previou~ years 
(M.N.L. 1958-1962) have· indicated that many genes are probably involved 
in pollen tube growth. Since the male gametophyte is appa,rently very 
sensitive to gene action it is possible that positi'on effect, resulting 
from reci p:r;:ocal . trans'.lo~at;Lon, . ~1 b._e_ _revealed in its . effect on pollen 
tube competitio n. In the t~ble below are tabulat'ed the .progenies of 
cros ses between ·normal seed parents and reciprocal translocation 
heterozygotes as pollen . parents, as recorded in column 1. Optimum 
growing condi tions were .available so that errors f,or classification of 
semi-sterilitY, ·were negligible • . The p9llen t~be$ •containin g the Tl-3i 
reciprocal translocation ·w:ere significantly more efficient ·in competit ion 
than p9i~al t yue~ ~s. is apparent in · the -difference in . tne ' nuinber of 
normal anti steril p+arts · recorded ?-ll tHe progeny- This · was also the 
case for r1:.6c. Howeve·r, in the ca:s·e of Tl-Bi the normal class 
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predominated, whereas no significant differences were recorded in 
the progenies of Tl-4a and Tl-7b. It is of interest to note that 
although chromosome 1 was involved in all the reciprocal translocations 
studied, there was a marked difference in pollen tube competition 
recorded for the different progenies. · 

Crosses Normal X Semi-sterile 

Chromosome Pr o g en l p 
Translocation Value 

Type Normal Semi-sterile 

Tl-3i 165 345 <0.0l 
Tl-4a 83 83 >0.99 
Tl-6c 142 188 0.01-0.02 
Tl-7b 111 135 0.10-0.20 
Tl-Bi 240 100 <0.0l 

J • D. J,. Hofmeyr 
Department of Oenetics 

5. Location of genes for ear-row number in Zea mays, L. 

The different progenies reco rde d in the table of contribution No. 4 
(above)., showed a wide segregation f or ear-row number, ranging from 8 to 16 
rows. Of these only the first (Tl-Ji) showed a significant difference· 
between the normal and semi-sterile ears with respect to ear-row number., 
and hence only these results are recorded in Table ·1. 

Table 1. Results of the cross: Normal X Semi-sterile 
Ear Row Number 

8 10 12 14 16 Average 

Normal 1 10 85 62 8 12.a 
Semi-sterile 3 66 227 49 11 .. 9 

Table 2. Factorial Analysis 

Source D.F. s.s. M.s. F 

Total 39 12551 
Replications 3 455 155 3. 77•~ 

Fertility(a) 1 801 801 17.4 -!Hf-
Rows per ear (b) 4 5024 1256 27 .J • Hf-

Interaction: (a) X (b) 4 5029 1257 27. 3 •Hf-

Error . 27 1232 46 
•H:-Significant at P = o. 01, •:- Significant at P = 0.05. 

Coeff. of Rank Correlation = o.8 (significant). 
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The results show a··clear associ ation between ear-row number and semi
sterility when the Tl-Ji r.eci proba.1 tr anslocat .ion.· i~ employed ·, which was 
n~t ~e case ,for the · 0th¢?' ~ec:i.pr:ocal t:t:anslocat .lons. ~ince c?r mosome .. 1 
was ~mpl.oyed in every case it would appear ·that ithe ge?).e·~· for ~r-row 
numb.er are ,:•concentrated mainly ·in Clir6inosome 3~ _. ., ' . ,_ .. · . - . . 

~ . ' . ' ~ . . 

.. 

J. D • . J. Hofmeyr · . 
Department qf Gene~ics 

PUERTO RICO NUCLEAR' C:EllTTER • · · 
College Station, Mayaguez, Puert·o Rico 

1. Radiation induced modification o:f' paramutation expressioni 
t 

., 

Experiments were designed to determine whether the paramutation inducing 
process has a radiosensitivit~ similar to §,tne. mutational ev:ents •. - The 
source inducing th~ paramutation change (R and RIDb) and the site of 
action (RT) were each _tested. - -

: The experimental procedure : was similar for all groups.· -Tassels 
were cut one day after they be gan to shed pollen and placed in-flasks. 
They received 2000r from the gannna source and were then bag CTed for use 
the .followi .ng day. The tassels w,ere ~sed -to mal~e individual crosses onto 
the appropriate tester (i.e. R;t' for Rst ta .ssel etc.). The hybrids were 
then crossed 'to rg fg stock, using the rg rg as female • 

.. - - - -
When the · site for paramutation change was irradiated before crossing 

to R6 t or R1.1W, approximately 10% of the time (10 out of 107 ears) there 
is n:o ap,parent par.amutation, (i.e. the testcross ears were So% dark 
purple ,~ • . In addit1i.on -there •is evidence that there ·is some alteration 
of the usual paramutation interaction in 15-20% of the rest of the · 
ears. They appear to have either a reduced paramutational change or are 
se gregating for paramutation alteration on the ear. Each ear traces 
back to a single irradiated pollen grain. Further tests are being 
conducted to determine more predisely which event has .. happened. 

'When the Rst stock was irradiated prior to cross .ing to Rr and then 
testc:rossed, 64% of the time there was no apparent effect. There were 
no ears that were 50% dark purple (i.e. no paramutation). How.ever 23% 
of the . ears had light spotted and dark spotted seed pr edominant.ly with 
very f ew yellow and some dark purple kernels. There was a definite 
ef fe ct on the p~ramutation interaction but probably no instance of complete 
inac~iva t ion. The remainder of the ears are in a suspect category with 
li ght ·spotted predominant and s0me dark mottled or f~l~ ,purple seed, bµt 
very few yellow. The ears appear to be significantly different from the 
majority class which had predominantly light spotted and full yellow seeds. 
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The final group involved irradiation of the R1'1b with subsequent 
testcrossing ide nt ical to Rst. Here there :was 55'"" apparently complete 
inactivation of the parrup.utation interaction (i.e. ears were 50% dark 
purple ). A reduced paramutation effect is more difficult to detect in 
the marbled induced change as the variability is greater. There was 
no effect on the paramutation interaction -or perhaps some with reduced 
effect in 84% of the ears. The other 9% of the ears have what appears 
to be an increased para.mutation expression. The seeds are predominantly 
yellow and light spotted with no very dark mottled and no full purple 
seed on the ears. The altered Rr seed appear very similar to the Rr 
f~£m a ~st induced paramutation-change. This would indicate that the 

Rm source has some mechanism which inhibits full induction of the 
paramutation alteration. 

These results indicate that paramutation has a radiosensitivity 
much greater than can be attributed to gene mutation changes. The 
effects seem more in line with an inactivation process. Further tests· 
are being coµducted to obtain additional information of the effects of 
radiation on paramutation. 

n.' B. Linden ,, 

2. Survey of some South American races with variegated aleurones for 

par~tation induction ability • . 

From th~ collection of 37 races with marbled and/or stippled like 
aleurones successful evaluation for paramutation like induction ability 
1-Tas completed for 17 and partially compl.eted for 6 others. The results 
are as fallows: 

Marbled Stippled Paramutation 
Collection Race type type ' Induction 

Bolivia 596 X X yes 
Bolivia 648 X X yes 
Bolivia 706 X - yes 
Bolivia 733 X yes 
Bolivia 753 X X yes 
Bolivia 646 X X yes 
Bolivia 876 Huilca.paru. X yes 
Bolivia 320 Checcbi X yes 
Bolivia 833 Checchi - X yes 
Bolivia 967 X X yes 
Peru 683 X yes 
Peru 1085 X yes 
Bolivia 617 X X yes? 
Bolivia 771 Huilcaparu. X X yes? 
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, Marbled Stippled Paramutation 
Collec:tion ~.ace ty pe type -Induction 

...... .. · :•· 

Bolivia 928· ' Checchi X : ' X yes? 
Bolivia643 - X X ·yes? 
Bolivia .591 Huilc:aparu 

' ,• 

X X yes? 
·Bolivia ·623 Huilcaparu Moteado X X yes? 
Bolivia 666 ·HU:ilcaparu · Mot eado x. x · no 
Bolivia 718 Paru X · no 
Boilli via '7 24 Paru · X no 
Bolivia 723 ... ' x· . . ·x no 
Bolivia 663 Altiplano ... ' X · I · no 

Some of . the ra~es tested , appear to be segregating' for P~.r~tation 
'induction , ·:ability. Within ·races, some testcr.o ·ss ·ears ·are 56% q.a.rk 
purple while · others have n.o pul'ple. · Each tested F1 p.l~nt · (RSt_ Rr) was 

. also either ·s·elf .~d or usecl as a female with !.g '!.~, . ··. .. - - ' 

In some races parti .cu,lp.rly Bolivia 967 the 'parannitation · ezj)ression 
. - . . . . . . . ' . ' . . ) .. 

was very evident in the crosses using the F1 Ji!.S female. This a,ga.~ is 
not a uniform expression within the race as ' some ears were 50% .dark 
piirple., others ' 25% dark . purpl~ ' 25% light _ purple., and still oth .ers wit!l 
more complicated ratios ·or no_. dark purple. . . 

The degree of . parann.itation altera t ion induced in Rr varied among 
the · different races as weli · as within some race~ . Bolivia 320 c!-PP7~rs 
to be as · stron g as and prob~bly stro nger th~ .~ . • Others are si17!1lar. 
to ~ -mb ·types while still others see m t? b~ . distix1ctly d~f~rent fro~ . 
either of these two. · 

. The portion of the paramutati(?n interacti~n "Which induces t .he 
,' chan ge in the 'E:,.r gene ·seems to h?-v~ a cons::i.derabl .e degree of variability. 
Fbrther tests are underway to investigate the riature of this variabili~. 
The rel ationship between the various sources will be studied and 
interactions among them will be det .ermined. 

. , 
n. B. Linden · 

3. Fluoresce~t metabolit:es accumulated by a mutant of maize • 

. _A mutant of maize obtained by exposure to high e~ergy irradiation 
at 'the atomic bombs test site in Bikint was · shown to accumulate bf-ile 
fluorescent metabolites •. 

· . The homozygolfs segregated mutant accurnui'ated fluorescent . co~pounds . 
in leaves· during the first stage of plant _growt~ and in.the . anthe~s.of . 
mature plant~ , ·Pr ogeny- from the hetero-zygous . mutant accumul ftt~d :tl:i~ · · 
fluorescent , meta'elolites in both the youn e;'· leave ·s and the ant'hers or in 
anthers . only, a:ccording · to the gene dose. . A single gene was' su·ggested 
to be res ponsiole . for the adoumulation of blue fluorescent material~ 

< ; • ; ~ I ', 
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Separation of these materials by paper chromatography showed three 
main fluorescent spots called A, Band C in order of increased Rf. The 
blue fluorescent compound pertaining to the C spot was 1solated and 
identified as anthranilic acid; the eluates from Band A spots showed 
an}hranilic acid activity in biolo gic al assays. Incubation of uniformly 
c14-labeled anthranilic acid with unboiled and boiled mutant and normal 
seedling leaf slices showed that unboiled mutant seedling slices incorporated 
radiocarbon into the B spot and presumably into that of lower Rf. 
Incorporation of AA into the succeeding compounds of the tryptophan 
cycle could not be demonstrated for either normal or mutant seedling 
slices, although coupling of indole with serine by tryptophan synthetase 
was demonstrated to occur in maize. 

In the present study an attempt was made to isolate and iqentify 
the blue fluor escent material of the B spot. Chromatograp~i c separation 
on paper showed that the B spot was a mixture of two compounds. Acid 
and alkaline hydrolysis of the whole B spot eluates gave rise to two 
compounds, one of whi~h was a fluorescent compound identified as anthranilic 
acid by chromatography,electrophoresis and chemical test. The otner 
compound that arose from hydrolysis was identified as a sugar by 
chromatography with control of pure sugars, chemical tests, and by 
preparation and identification of 2,4-dinitrophenylhydrazine derivatives 
by chromatographic methods. The experiment al evidence suggested a six 
carbon aldose and it was tentatively identified as glucose. 

The nature of the bonding between anthranilic acid and g+ucose was 
demonstrated to be a B-glucoside ester in one of the separated compounds 
called BJ! This compound was insoluble in ether, mig-rated toward the 
cathode :ui electro phoresis with O.lM phosphate pH 7.5 .and was completely 
hydrolyzed by the enzyme B-glucosidase but not with maltase. In addition 
to the ester another compound apparently having a glucosylamine structure 
was found .in the B spot eluates although the actual evidence do hot permit 
to establish with certainty the origin of this compound or its physiological 
role. 

The la.ck: of transformation of AA into the succeeding compounds of 
the tryptophan cycle under genetj_c control of maize suggest there are 
internal metabolic regulatory systems for AA conversion to indole and 
tryptophan. Mutation can arise from alteration after irradiation of 
the gene responsible for this inhibition or by the activity of a new 
gene suppressor which in turn represses the one mentioned before. · 

A, dir~ct block in the pathway of AA is discarded since the available 
evidence show that snythesis of this compound is not under genetic control. 
It is suggested that there is a detoxifying mechanism which permits the 
plan~ to store the accumulated AA.as a B-glucosidic ester indefinitely or 
to discharge it in some adaptive metabolic pathway. The arrested . pro
duction of AA after the development of the fourth leaf suggest that a 
feed back mechanism is involved and that some of the fluorescent compound 
or related substances cause the suppression of the syst .em responsible for 
AA biosynthesis. 

Vincente Julio Medina 
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1. Location of wilted (wi) on chromosome ·6. 

13T 

: ' 

Crosses were made between a se·ries of translocation stocks · in which 
· waxy (wx) was used as a marrnr for the chromosomal interchanges ~n~ a 
vi~1ted(~) ~ - stock. , These .F 1 plants were then selfed and the waxy 
kernels frornthe resulting progeny were planted. . ' ' 

Expected ratios (25%) of wilted were obtained with all translocations 
except T6-9b. Progenies involving T6-9b, which has break points _on the 
short arm of chromosome 9 between the cen~romere and waxy (. 37) a_nd on 
the long arm of ,·chromqsome ·:·6 near the ·y lucus (.]O), gav.e 6% wilted 
p],ants. · It is therefore . apparen~ . that-wilted is located on chromos .ome 6 
near the Y locus • . Further testing willbe carried out to establish the 

· position of wiif.ed in regard to other genes on chromosome 6. 

Joseph Vat: Horn 

2. ~ossibility of a new allele at the ga1 loqua, · 

. . ... 
At the' present date we have evidence -of the presence of three 

alleles ~s, Q!_ ~d ~ at t he~ locus on chromosome 4. Plants 
Q!/Ga are feryilized by ·ga/[ie. 7'h e advantage of Qe_8 polle n. over 2 
is a~ost 1 on ~ s /~ silks. , Ga8 and Ga· :q.o not have an advant~ge over 
~ or:i 2/~ silks. . · · 

' . 
Nelson t l952)., in ·studies of s'everal ·popcorns, found a percentage 

of sugary kirn~ls ranging from 13. 9 to ~5..5 in F2 c:ro·sses of P51 · 
(~ ~2, s~) ~ .tne popcorns. In this exp eriment Schwartz .Dl39 (Q!S) 
was included. He concluded ~hat . ther ,e ·, is a possibility of diff~rent 
alleles of the same type as Ga8 'in these popcorns. . 

The pop.c0rns 845., 1001, 4524, 401, . 4519, and 45l~l, the - genetic 
stock 0a and Schwartz•s ·n139 were used in this experiment. In order 
to havea cqmmon genetic background, they w~re backcrossed ~ive · ti.mes to 
the dent corn -Hy. In each backcross generation a test for the presence 
of Gas was made. The .recovered plants . ~e~~ - crossed onto P51 (iE_ ~t.! ~); 
these F1 1s were selred arid intercrossed in all possible combinations, 

. il:). -pairs · reci pr.ocally, The results of these selfs and crosses are in 
-table 1. . 



TABLE 1 
The percentages of sugary kernels in the F2's and paired reciprocal intercrosses of F11s that are 
obtained by crossing P51 (~ ~ga ~) ti.mes derivatives of various popcorns or genetic stocks. 

I 

<! 
845 4524 24 ,401 4519 4541 ci Dl39 1001 Ga Total 

N ears · 13 4 2 2 1 1 6 1 2 · 32 
Dl39 Kernels 4,655 1,719 756 883 483 524 2,605 477 896 12,998 

% Sugar 13.83 14.36 11.so 14.84 12.84 15.46 ]1.94 13.63 13.73 14.24 
2 18 2 2 z J 4 2 2 · 37 

845 998 7,769 884 988 1,061 1,088 1,453 1,026 877 16,144 
16.53 13.89 13.57 13.87 l4.89 14.34 17.34 12.38 12. 77 14-38 

2 z 21 2 2 2' 3 2 2 38 
1001 722 876 8,678 602 856 858 1,286 804 915 15,591 

15.31 17.24 15.30 19.77 ]1.02 15.62 12.87 16. 79 14.43 15.46 
. 

2 2 2 18 2 2 4 3 2 · 37 
4524 821 951 740 6,246 887 819 1,252 1,390 . 829 13,935 

12.91 13.67 12.70 15.26 ]1.21 15.02 20.26 lL.03 13.27 14.37 
3 2 2 2 · 18 2 4 3 4 · 38 

24 1,285 683 942 856 7,709 904 1,271 1,330 1,796 16,293 
13.23 14.79 15.81 18.22 15.40 14.38 17.16 13.76 15.37 15~38 

3 3 2 2 2 13 3 2 2 32 
401 1,010 1,139 733 930 905 5,585 1,371 851 776 13,360 

14.02 ~ 16.07 l4.87 16.02 16.80 18.28 15.17 19.39 16.75 16.19 
- 4 5 4 3 4 4 42 4 7 80 

4519 1,718 1,753 1,498 1,354 14834 1,588 17,389 l,85I 2,598 31,583 
26.66 26.15 24.85 24.36 2 .98 25.37 26.54 25.86 25.59 25.59 

2 2 1 2 1 3 18 2 31 
4541 845 839 353 905 314 1,404 1,355 853 12,868 

14.20 15.38 16.15 13.03 17.52 15.49 14.26 14.77 14.75 
1 2 2 2 2 2 4 3 21 · 39 

Ga 190 1,008 852 857 767 812 1,862 1,297 9,270 16,835 
16.32 13.59 15.73 16.92 16.56 15.27 15.06 14.03 ]1.11 15.33 

28 · 35 34 · 32 · 30 . 25 · 70 · 34 · 37 
Total 10,586 14,984 13,939 12,267 12,982 10,580 28,641 14,530 16,212 

14.65 15.01 14.33 16.10 1.5. 26 1.5.0l 11.20 14.86 14.44 

f--' w 
co 
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All the crosses except the ones that involve 4519 had the expected 
reduction -in sugary kernels, namely to about 15 percent when crossed as 
a male, female· · or selfed. When ·4519 was used as a. f.ema.le or self·ed 
the percentage of sugary kernels was 25 or more - no reduction. · Used 
as a male, the percentage . of sugary kernels was reduced ·to 15 as observed 
before. · 

Since 451.9 derivatives in paired pollinations give 25 percent · sugary 
when used as females, but 15 .·pereent sugary when used as males, it ··suggests 
the presence of a new allele · at this locus. This · ~ll~J.e - seems to be 
different from 'those lmown up to now· since the action of this gametophyte · 
factor is mmfined to the male gametophyte. 

Another explanation· of these results would be the existence of a 
fertility factor F closely linked to Ga; 4519 being F Ga and all the 
other popcorns f Ga. ~bis F factor indominant condition null l fies the 
action of the gametopbyte factor, by- removing the s·eJe ctivity of the 
silks for Ga pollen. Then both fil!:. and Ga pollen have the same chance 
of effecting fertilization. · The inclus:t'on of this fertility factor 
would give 25 percent sugary kern·e1s . when 4.519 is · used a.s a .female. 
All the ot her popcorns would be carryin g .f. :and as a consequence Ga/e 
silks will screen 2 pollen and this would account · for the 15 percent 
sugary kernels observed when 4519 was the male • 

. Jorge Jimenez T. 
·oliver E. Nelson 

3. Association of _recombinat ion~ rnutatipn to colorless and near

colorless aleurone in plants he~eroz:Y,:$ous Rr R6 t. 

It has been observed that in Rr R5t plants mutations occur to color .. 
less and to near-colorless aleurone, and that s·ome of the mutants carry 
both the red plant color characteristic 0f Rr and the paramutagenic 
action characteristic of R5t (Ashman, Genetics 45:19). This finding 
suggests that such --mutants result from intragenic recombination at the 
R locus. -To obtain.information bearing on this possibility a second 
test was made utilizing genetic .markers on .e.ither side of the R locus. 
The fallowing cross _ was made in the latter test: · -

+ + X g + 
g g + 

Golden (£) is 14 units proximal to ~/ and--,!1sir, . ~ modii":ier of' the
st;i.ppled phenotype, is 6 units distal to R. F.ars from the above cr.css 
were scored for colorless. _and near-colorless kernels. 'i'he kernels . 
selected were planted and the resulting plants were scored for golden 
and for plant color; the ears produced on the plants were pollinated 
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with pollen from plants heterozygous Rr rg. The ears were harvested 
and examined for any non-mutants, which would be segregating either 
of the parental phenotypes, Rr or Rst ; however, no such ears were found. 
The kernels en the ears were- examined and the mutants were tentatively 
classified for aleurone phenotype, i.e. colorless or near-colorless; 
the classification was verified in a later generation when the mut~nts 
were isolated in homozygous stock cultures. The distal marker, Mst, 
was te ·sted for by pollinating several r(m)/rg plants of each mutant 
with ~st pollen. The frequency of colored areas in the aleurone is 
much greater in r M8t/r Mst/Rst _MSt kernels than in r +/r +/R 8t M5t 
kernels; therefore'; those mutants carrying !:!st could-be identified. 

A total of 262 ears was scored for seed color mutants, and the 
non-mutant Rr and R5t kernels totaled 50,515 and 49,446 respectively. 
Thirty-nine-seed color mutants were obtained, and they have been 
characterized for aieurone phenotype, plant color, and proximal and 
distal genetic markers. These data are presented in Table 1. 

Table 1 - Classification of the seed color mutants isolated from the 
cross.:!: ~r Vi B:st _!:!st X g !g ~ for aleurone pigment and 
plant color, and for the 9istribution of the proximal and 
distaL genetic markers. 

Constitution of proximal and distal markers 

Non-recombinants Recombinants 

Plant color 

Green 
Red 

Green 
Red 

+ + g MSt 

Near-colorless aleurone 
0 2 
0 0 

Colorless aleurone 
0 1 
1 1 - -1 4 

+ MBt 

8 
13 

0 
11 -32 

The data show that 32 of the 39 mutants received the proximal 

g + 

1 
0 

0 
1 
2 

marker from the Rr parental chromosome and the distal marker from the 
Rst parental chromosome. Also, these 32 mutants were not of a single 
class but included both those with colorless and near-colorless aleurone, 
and those with red and green plant color. The seven other mutants were 
comprised of one that carried both markers from the Rr parental chromosome, 
four that carried both markers from tlie RSt parental~chromosome, and 
two that ca.rried the proximal marker from the R5 t parental chromosome 
and the -distal marlcer from the B:r parental chromosome. 
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It is evident from the data that the mjority of mutants, regardless 
of aleurone phenotype or plant color, are associated with a single· 
crossover in the R locus region. A certain proportion, perhaps all, 
of the seven exceptional mutants could be explained as instances of a 
mutation producing crossover occurring coincidently with recombination 
between tn~ R locus and either the proximal or .distal genetic marker. 
Such coincident crossovers, barring interference/ would be expected to 
give o.JJ.i X 39 or f __ ive -mutants c~rrying ,E_ (six were obtained), _and 0.06 X 39 
or two mutru;i.t~ not carrying !st ( three were· obtained). The_ observed . . 
nunber of mutants in these two classes is, therefore, n9 greater than 
would be expected from coincident ·crossing over. · 

The two mutants carrying ! ·-and not ±13t require the seemingly 
unlikely occur.rence of three coincident crossovers in a 20 unit chrt>mosome 
segment _. The e~pected frequency of such multiple crossover mutants.s 
again barring intel7ference, ean be calcul~ted as (.14 X .06) X )9 or 
o. 3 mutants. Tripie . crossing ove+ would appear to be an inadequate
explanation .for the occurrence of these · two mutants. However, this 
may be anoth~r instance of the ''hegative · interference" phenomenon 
observed at.9~her . loci in maize and in other organisms • 

. · The abov~ data . support a concl~siort that most, and a,os-Eibly a~, 
mutations to colorless and near-colorless aleurone . in Rr Rs heterozygotes 
are associated with recombin~tion, the mutants being • composed of that 
portion of the Rr chromos.ome proximal to th~ R locuS", and that portion 
of the ,!!s} chromosome distal to the ,!! locl,ls. -In ,referring the results · . 
of these and previ.ou~ tests ·to the .fine structure of the: parental ~r · 
and ast alleles, a reasonable hypot hesis could assume that the phenotype 
characteristic of ' R5t is dependent on the presence of two closely -
linked components,- and that these two ·components ~re s.eP,arable by .. 
conventiqn a,l genetic :reconjpinatiqn. Stadler and Emmerling haye presented 
evidence that the Rr allele is .composed -of two such closely linked 

. c·omponent::i, a plant color COil).pOp.ent (f) anq. .a seed color _ component (.§_). 
I}. two component structure for !!st would as59me that the stippled 
pheno-t:,ype is lost when a cros~over ·occurs that sepa.ratet the two uhits, 
and in the heterozygous combination -tested above; · Rr R8 , the crossover 
strand carrying . the colorless or near-colorless mutant may or may not 
also carry the plant eolor component (P) from Rr. ··Amore detailed 
hypothetical .structure of the Rst gene-is deferred, pending a more 
complete characterization of the 39 mutants isolated in the above test. 
At least one of the mutants with near-colorless aleurone and green plant 
color bas shown ev:l.dence of back mutations to . self-colored aleurone·, 
and several mutants· originally isolat~d with green plant color have, 
in later generatio:r;is, given ·.evidence of mutating to red plant color. 
Also., the important characteristic of p~ramutagenic action, both 
q~alitative and quantitative, is yet to be determined. . 

R. B. Ashman 
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4. Frequency of mutation of R1st to Rsc in plants heterozy_gous 
Rlst/rr(I) and Rlst;rg. 

The frequency of germinally recoverable mutations of Rst or Rlst, 
which differ only in the presence of a link:ed. modifier on the ~st -chromosome., 
to B_8C (sell-colored aleurone) has been observed by several investigators 
to be . greater when RSt, or R18t , is homozygous than when it is heterozygous 
with Rr or rg. These findings suggest that a meiotic or premeiotic 
interaction-takes place between two Rst genes that reciprocally increases 
their instability. -

In further investigations of this phenomenon use was made of 
paramutagenic, near-colorless aleurone mutants ~rith red plant color 
that were obtained from plants heterozygous Rr Rst. The mutants were 
designated !,r(I), and similar mutants from a-more recent test have been 
shown to be associated with recombination in the R locus region (see 
above). The 11I' 1 is used in the notation to indicate that the mutants 
are paranrutagenic. A small population of kernels homozygous for several 
different rr(r) mutants was examined and n6 mutations to self-colored · 
aleurone were observed. Since the ri'(I) mutants carry the paramutagenicity 
characteristic of R5t, but were not-observed to mutate to self-colored 
aleurone, as does Rst, a test to determine the effect of rr(r) mutants 
on the stability of !!st seemed appropriate. · -

Stocks for the test were obtain ed by pollinating Rr/rI'(I) and 
Rr/rg plants with Rlst pellen. The Rlst1rr(r) and Rist"/rg kernels 
froiii the matings were planted and the resulting ears were pollinated 
with !g pollen; the ~lst/rg heterozygous combination was us.ad as a 

1 control. Two independently occurring rr( I) mutants were used, -rt'( I) 
and rr(r)3~ . The self-colored aleurone-kernels were selected and grown 
out for verification of germinal Rsc mutations. ·The plants from the 
self-colored kernels were scored for plant color, with the thought in 
mind 'that if any of the Rsc mutants did arise from mutations of rr( I) 
to self-colored aleurone-these mutants would very likely have red plant 
color; however, all Rsc mutants had green plant color. The data from 
the test are presented in Table 2. 

The data clearly show that Rlst n:utates to Rsc more frequently 
when beterozy-goua with !:r(I) tti-1 when heterozygous mth '£.g• The 
rate of mutation obtained in~ t;rr(I) heterozygotes is comparable to 
that previously obtained in Rst Rst' and Rlst Rlst homozygotes, which 
was found to be 17.0, 28.J, and 19.9 X 10-4 in three independent tests 
(Ashman, Genetics 45:19; McWhirter, MNL 1961). Therefore, even though 
the rr(I) mutants have lost the stippled phenotype they still possess 
two properties of the !st allele: paramutagenic action, and that of 
acting on RSt genes to increase their instability. These data offer 
additional evidence f or the compound nature of the R5 t gene. 



Heterozygous 
combination 

Rlst /rr( I)l 

R::lst/rr(r)3 

Pooled , 
lst7 ·. g R ., l: 

... 

Pedigree _· .. 
number 

R56 
R58 

R5( ' 

No. of 
Rlst 

keFnela 

7:,179 
." 

7-,31_8' .. 

14.,497 
· 3 366·" 

N9. <;>f 
RSC .-. 

mutants ,-... 

17 
26 

43 
4 -

. .. : Rate of 
mutation 
X 10-4 

23.7 
.·_,5.,5 

29,7 
lli,9 

Rlstj;g 
1, . . . 

R59 ·· .. 4,·5'32 l 
Pooled 7,898 : 5 

R. B. Ashman 

UNIVERSITY OF SAO PAULO 
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Department of Genetics 
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1. Evidence .of heterofertilization ·in · rnaize, 

z.2 
; 6.J . 

;. From one , of our projects of: corn 1;:>reeding' one iriterest-ing finding 
regarding hete·rof ertilization . was accidentally obtained. 'As, pa.rt of ,. 
~ project for obtainirig a new whi t ·e flint variety for this area'. 

.., 

. (Sao Paulo State and 'neighhoririg), ·a planting was made in an isolated . 
plot of white kernels from segregating F2 ears of a cross yell~ x white., 
involving t lie local .Cateto variety __ and. ·n .. in't.$ ·_rrom Cp],;ol(lbifi ... A~. harvest 
61 ears were f otind to be segregat i ng white and yellow kernels. These · .. · 
ears are considered to be ·the result of-.plants from het'erof ertilized 
kernels (white 'Bndosperm l. l l. and embryo· I, r)• It is estimated - that , 
the total population was about 60.,000 plants. So we had roughly 0.1% 
of segregating ears due to heterof er,tilizatiqp._, .. .,If xte· J~:$e_wlle ·:tl1e · same 
proporticn of ncn detected hetercif.ertilized ears (i.e. both embcyo and 
endosperm being recessive white) we come out with an estimate .,, of about 
o. 2% of heterof ertilizatidn- in this material. 

. . ". ' 

The proportion of white and·y.rel,low kernels in_ these 61 ears is 
expected to ·follow th _e 1:1 · ratio, since the ,plants ·shouid be heterozygous 
!. l and the bulk of the 60,000 surrounding plants were -homozygous .. · 
recessive l l.• This was in fact the case, exce pt that two ears had a 
highly significant x2 (0.1% lev.el) and one had a x2 significant at 
the 5% level. All the others did not deviate significantly from the 



expected 1 :1 ratio. Excluding the two highly significant ears, the 
sample was a rather uniform one as can be seen by the breakdown of the 
x2: 

Sum of 59 x2 
Pooled x2 
Heterogeneity 

D.F. 
59 
1 

58 

x2 
55.16 
0.31 

54.85 

All three ears with significant x2 had an excess of yellow kernels. 
The two ears with a highly significant x2 gave a segregation of 0.59 
yellow: 0.41 white. Since there is no reason to admit that these 
plants should have preferential crossing between them, this excess of 
yellow kernels must be due to soma amount of selfing. It can be shown 
that in order to give that proportion of yellow and white kernels these 
two plants probably had about 36% of selfing. 

E. Paternia?rl · 

2. Some preliminary results on the effect of inbreeding on viability 
and variability in corn. 

Morton, Crow and Muller (1956) gave a method for estimating the 
number of deleterious equivalents carried by a zygote in a given 
population, and we started work with this method in maize making crosses 
and selfings within a population of the race Cateto, in order to bbtain 
different levels of inbreeding. 52 plants were selfed (F = o.5) and at 
t.he same time outcrossed at random with individuals of the same 
population (control, F • o.o). Some preliminary results can be reported: 

.a) Effect on viability as measured by germina tion rate - About 
89% of the progenies obtained by selfing showed a nearly per~edt 
germillation, as did all those obtained·by outcrossing, and 11% showed 
a decrease in germination of about 13%, i.e. a germinatton rate of 87%. 

b) Effect on variability of seedling height 
b.l) Seedling height (seedlings one week old) was measured in 

the greenhouse. In general, those progenies which showed decrease in 
germination rate, showed also a greater variability in height of the 
survivors. Thus· it can be concluded preliminarily and for this material, 
that those genes, which act in increasing mortality of seedlings, are 
polygenes with a general deleterious effect on biological activity~ 
showing cumulative effects. 
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: . : . · . . 
. ~ .... . . . . ,, , 

~. ,·: . ·•: . 
.. b. _2) . the ~quared coefficien~ of variability (C:. V, )2 for height, 

within se;I.fe,d progenies, ranged· from 67.2 to l444.0 wJ')ile for the ·· 
·outcros·s~d the range was ·rrolll 62.4 to 285.6. • .. . ' . . , . 

· · · : , .·b. 3) As was shown by A. Robe.rtson ('1952), dom:\,nant genes act 
by ' increasing genotypic variability within 'i.nbred lines in . the first 

:·_.·generation .~ of ipbreeding '(when compa:r:ed to random mating conditfons). 
·· . .Additi,ve genes act · decreasing the genotyp _ic variance witl}in inbred 

' .. 

lines. In tl:l~ pre~ent case · -it was' ob_s_er'Ved· that: ., 

· : ·· . . b. J. l') 26 progenies, obt,ained ·by selfing, . showed a .greater 
( CV) 2 than the _respective "controls 11, • ~ihtch may be the result · of the 

; action of recessive genes in homozygous condition ·ap~ also perhaps the 
· · result , of . hoi:neostasis ··of the llcontro;i.s 11• • , . .· · · · · 

. -.b.J.2) 12 of · these sh~ed a 'significantly ·1owe/ ·(cv) 2 than 
· the 11cont:r:ols 11• · This · can be explained, if we assume that .additive genes 
-diminii?ned the genotyplc variability within inbred lines, µi accordance 
with • ~obertson 1s argument. · · · 

. . 
··,b.J.J) . 14 of the progenies obtained from .self:µig remained 

with the same variability as the II.control" progenie~. An equi;t.ibrium 
between dominant a.nd additive genes cari' perhaps explain these pbservations. 

• The ~p -eriment : wi:11 ,be r _epeated in o_rder to obtain further 
. supporting result ·s. . " 

• ·" 4 
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1. Crossing over and disj-qnction . in trivalent co_nfigurations containing 

com-Trips.acum interchange c~ro~osomes. 

In a 21 chromosome stock in which a 'portion of the short arm of 
the distal region of ·chromosome 2 has been exchanged for a corresponding 
region of a Trip~acum chromosome., trivalent configurations are found in · 
9.5-98 percent of sporocytes at pachytene. These trivalent configurations 
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always or.. nearly ,.always · involve preferential pai,~ing of the two·hoinologous 
corn segments for the distal .region of chromosome as. These trivalent· 
configurations are frequently unpaired in the region of the interchange. 
Since crossover frequency in corn has been found to be markedly increased 
adjacent to regions of synaptic failure in certain heterozygous 
ab~rration configurations, the crossover frequency between the two 
homologous corn distal 2S segments in the trivalents described above 
was considered to be a matter -of int•erest. Stocks were constructed to 
test this frequency in which recessive ~ 3 1'll. £Q;2 were carried_o~ly 
on the com 2S segment attached to the Tripsacum centromere. DisJunc
tion of the two corn centromeres from the· .Tripsacum centromere occurs 
with a frequency of only about 4 percent. From this type of disjunction 
gametes carrying the chromosome with the Tripsacum centromere are 
deficient for · all of the long arm of chromosome 2 and about half of 
the short arm, and are inviable. From test crosses of 21 chromosome 
plants of the ·constructed stock, 20 chromosome recessive progeny arise 
only from crossing over between the two chromosome 2S distal homologues 
followed by disjunction at anaphase I of the two chromosomes involved 
in this chiasma, and 21 chromosome recessive progeny arise only from 
crossing over in this region fallowed by non-disjunction at. anaphase I 
of the two chromosomes •involved in this chiasma. . Twenty-one chromosome 
progeny are easily identified because they are unfailingly pollen 
sterile while 20 chromosome progeny have completely normal pollen. 
These testcrosses are therefore a simple test not only of crossover 
frequency in distal 2S in these trivalent configurations but also 0£ 
adjacent distribution from chiasmata. 

Results were as follows: for the~ -~ 2 region 22/306 
20 chromosom~ ~eoombinants, 2/222 . 21 chr3mosome recombinants; for 
the !fli.-~2 region 42/306 20 chromosome recombi.nants, 3/222 21 
chromosome recombinant ·s; ·for i;,he region proximal ·to ~ 2 51/306 20 
chromosome recombinants, 1/222 21 chromosome recombinants. This is 
interpreted as 18 percent crossing over in the ws.~-!g,1 region (14 percent 
followed by disjunctive d~stribution, 4 percent n6n-disjunctive); · 
32 percent crossing over in the l g1-g1

2 
region (27 percent disjunctive, 

5 percent non-disjunctive); 35 percent crossing over proximal to gl 2 
(33 percent disjunctive, 2 percent non-disjunctive). Total non
disjunction from a chiasma in .this portion of the trivalent was 
about 14 percent ( as compared to the 4 percent of non-disjunction 
which GB.S been found for the corn centromeres). 

Crossover frequency in the ~ 3-~ 1 and 1g1 -~ 2 regions di~ _not 
differ·significantly from standard expectation. A maximal estimate 
of the extent of the genetic map of chromosome 2S included in the 
interchanged segment :Ls 54 units (based on unpublished data of 
Dr. E. B. Patterson and Dr. E. ·a. Anderson from genetic studies of 
translocation's, and the cytological. findings of Longley _(1958)~ ·A 
maximal e_stimate of the probable extent of genetic map proximal to 
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gl2 act~ally synaps~d at pachytene and therefore available for crossing 
over. ( i.f this occurs .· at padzytene) based on 115 measurements of pachytene 
trivalent oon;figurati ons 'is 14 units. The· ·amow1t of reconibination 
found prox:iJ!ial t0 ~ iil this exper~en't, did not differ significantly 

., at ttie 5 percent :lev~l from standard expectation based · on these maximal 
estimates (chi squa±-e· - 3.47 for 20 chr.omosome progeny-, d.f. 1). Since 
all the estimates were intentionally maxim:i.zed, the results ar~ inconclusive, 
and it may be that crossover frequency was ·in fact · increased . somewhat 
in the region synapsed proximal to ~ 2•· In any event there does not 
seem to .have . been enough increase in prossover frequency in this region 
to compensate for the crossover suppression in the ·region at snyaptic 
failure. Furthe .r tests are plamied in which rtiarkers on b.ot.h siC,es of 
the ,point of interchange may be utti:i,zed · with progenies suffici~ntly 
large for studies of i1:rterference. ... 

' •• 1, , 

,. . . . . . .. : . 
h • • • M. P. Maguir~ , · 

.. .. 
: .. 
... . . . 

.. ,· 

2. Rec.ombination · inhibition .. and .enh~~cei:nent ih clisornic .plants 

. •· .heter ozy goua·· f ,or a substi'tu.tion from . Trip~acurn. • . ' . 

. . . . In 'disomic .piants ,>ihich are hE3tero~ygous for . a ~rngl!lent derived 
. fro~ a Tripsacum chromosome .substituted for·approxima~ely the -distal 
· 60 percent of the ~hort ·a-rm of chr '0m.osome 2 pachytene synapsis is 
.usually normal throughQut the cdfuplement. · 1he Tr1psac'um segment has 
.been shown t.o carry normal . dom:inants - for the . c'hroriios·ome 2S markers 
::!!J ~ ~2, but it! . test ;~:r~ss~~ crossing ove~ rarely occ;urs ·:between 

. t,he 'Iyipsficum and c,orn. segment~, a · region -E!StJ~t~d t_t, con-t,ain 54 
ma~ units. · Prelimipary ~ests ha.ve ·:1:ndicatE:!d, howe:ve~, that crossing 
o:ver . may be gre.atly ~crea,s _!3d .' elsewhere i~ chro.rn?some 2 in plants of 
this constitut1.,on. , F'orty-:four per cent re .c.o))lbin9-tion ('215/484) was 
found in 'the ~-!), region )ii though it i:s probable that only-' about 29 
crossover units were available for- crossing over in this region, 5 of 
these on the long arm side of the centromere. Test ·s are planned using 
additional marker loci to determine the degree and distribution of 
possible crossover frequency increases outside the region of crossover 
suppression. The extent of this region of crossover suppression may 
be varied by the use of rare recombinants between the Tripsacum and 
corn segrn.ents. 

M. P. Maguire 

J. Behavior of Tripsacum chromosomes added to the normal corn cOJl'\Plement. 

Studies are continuing on the .genetic and snyaptic . homologies of 
Trips a.cum chromosomes in t,he corn complement. A. number of new stocks 
are currently availablefor , tests. In one of these an extra chromosome 
from Tripsacum, having physical .pr .operties similar . to chromosome 9 or 10 



of corn, does not synapse with any of the corn chromosomes. Twenty-one 
chromosome plants are indistinguishable from 20 chromcaome plants on 
the basis of gross morphology. Test crosses with multiple recessive 
stocks give 'normal disomic ratios for all mark.ers tested with the 
possible exception of &I for which classification was difficult and 
recessive progeny seemed to be deficient. Tests with chromosome 10 

·tester stocks are currently underway. 

This Tripsacum chromosome is particularly interesting, however, 
because of the fact that it is transmitted by 21 chromosome plants 
through the egg to about 84 percent of its progeny. Twenty-one 
chromosome plants are highly pollen and ovule sterile. In microsporo
genesis the Tripsacum chromosome lags in about 89 percent of anaphase I 
cells. It divides in about 54 percent of pollen mother , cells and is 
apps.rently included in telophase I nuclei without having divided in 
most of the remainder. In those cases where the Tripsacum chromosome 
divides in the first division it lags at anaphaoo II and is sometimes 
excluded from telophase II nuclei so that it is present in about 30 
percent of microspores. Scant data available from selfing are 
consistent with the interpretation that the Tripsacum chromosome 
actually is transmitted through the pollen with about the same frequency 
with which it occurs there. So far no anaphase configurations have 
been found at megasporogenesis., but the basal megaspore has been 
functional in all of the 44 ovules examined which were at the appropriate 
stage for such a determination. Genetic tests indicate that 
parthenogenesis cannot explain the high transmission frequency of the 
Tripsacum chromosome., and it is thought unlikely that it divides twice 
or has extra centric activity in 'megasporogenesis since neither of · 
these seems to occur in microsporogenesis. Thenost likely explanation 
for the high transmission frequency at present apoears to be that eggs 
or embryos not carrying the Tripsacum chromosome are strongly selected 
against in the maternal background in which this Tripsacum chromosome 
is present. 

M. P. Maguire 

UNIVERSIDAD CENTRAL DE VENEZUELA 
Maracay, Venezuela 

1. Teopod-2 and sr 2 in relation to preferential segregation in 

chromos.ome 10. 

In crosses of Tp with chromosome 10 stocks, it was found that 
B:-'.!'.E2 showed about jb~ ,.recombination, while g_-TP2 showed independence. 
This placed Tp2 distally to R in the lon g arm of chromosome 10. In a 
cross with T°9=IOb (break in short arm of chromosome 10)., '!'.£2 showed 
independence to~, and so, corroborated th e locat i on of !£2 far 
distally on the long arm of chromosome 10. 
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Later we combined !E2 with Rhoades 1s abnormal 10, and crossed it 
to !!!2• Abnormal 10 and ~2 came to _ us from :t".iaize ·oenetic Coop. 
stocks. The one segregating sr 2 and R:r, showed pil R-sr2 recombination 
of 25%. · · - - - · - -

•• • , I , ...... 
. .. , . In the experim:ent .presel:!ted in Table 
several "striking :results are noticeable. 
are offered as, tentative ·suggestions. 

' > • ''• I: \ •• ,_..,, , o 

1, which·:includes .four points, 
The following brief comments 

~ a. -: Locus .. sr,2 is respo,nsible· fol",. or closely associat~ci.: with., 
·prefereptial segregation., (a neocentromeric locus?), as· 
revealed by the ·asymmetr~cal ·. frequencies in m;3mbers of 
complementary classes. 

b. - The region distal to ~ 2 ooncent!ates an enormous amount· of 
crossingover~ Mor.e than half of the t.otal of contributed 

•, . g@let·es originated as crossovers in tqe region' between · 
~:ta.nd !e2• •·· •· , . . . . . , . . ·:· ..... . . . :• ......... 

c • .:."We did nQt make cytological verifications of the distribution 
of the abnorntill piece.of.chromosome· 10 amo~g .the·prc,geny • 

. Hut. if we assume that the· :favored -:classes and. the :presence of 
_abnormal 10 ·ar~ . cortiel 'atea. -.(a,s obtained by Rhoades), . 1_:,hen the 
g~~tes · (r-§!: 2-!,£2~ inai~at:ed· ip Table l as .. a produp _t of 
Sl.Ilgle ·crosso~ers i~ . r.egion-2, ,~~st contain the abnormal 10 

· piece, being really double cros::;Rve,rs . (2+3). AJ,.~o, the 
comp,lementary and less favorep. gametes (_g-~2-TB2) ·must be 
double crossovers (2+3)· deprived of ahn0rmal lO• . . '" 

• .,,• I 

d.· - Thete is indication of i}"!.~ompatibility of the allele sr2 
and the piece of abnormal 10 which prevents .their inclusion in 

. the same ,g~ete. The combinati •on ~ 2-abnormal 10 in the 
same chromosome (as the single crossover in region 2) is 
.believed to be inviable. . · 

e. - · we may infer t}:iat ·the·crossover activity in the· region distal 
to. Tp,2 is. as hi~h as · that in the region ~ 2-!£?, the majority 
of effective gametes being double crossovers (2+3) as a 
result of a balanced mechanism. 

fe - Another, and altogether differe~t interpr 'etation of the··· 
d~ta, . would "be that .'!',E2 is ·not 3:-ocated in chromosome 10, 
,but exhibits ·a spurjous association with ·it,i . 
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Table 1. Linkage Data from the Cross~ 

r - (1) 
r + Tp2 abn. rr sr 2 + N 

X 
Rg sr 2 + N rr sr 2 + N 

Constitution of chromosorr.e 10 in maternal ~ametes Total Ratio of 
(2) or (2) or R:-r 

(0) ·(o) (1) (1) (2T3)? {2+3)? (1+2) (1+2) on ear 

r R r R r R I r R 
Sr2 sr 2 sr 2 Sr2 Sr2 sr2 sr2 Sr2 
{+)(2) (-) (-) ( +) ( +) (-) ( ?) ( ?) 

Tp2 tp2 Tp~ tp2 tp2 Tp2 tp, Tp, 
49 R:J.46 r ~3 23 2 6 67 18 o· 0 

76 8 85 0 169 R = 25.1% 

(1) One ear obtained with 195 seeas. 
(2) The signs(+) and(-) in this place indicate preferential segregation 

associated with the locus Sr2 as revealed by the asymmetrical 
frequencies of members of complementary classes. . 

R - sr 2 recombinat ion = 4.7% % R in total pl ant s= 47/169 = 27.8% 
R - Tp2 recombinat ion = · 55.0% ·% sr 2 ~n total plants= 43/169 = 25.4% 
sr 2- Tp2 recompination = 50.9% % tp 2 in total plants= 92/169 = 54.4% 

% R in parental classes= 23/76 = 30.3% 

%R • non-crossov~r with sr 2 locus= 41/161 = 25.4% 
in classes. crossover with sr2 locus =- 6/8 = 75% 

% R in classes: non-crossover with tp 2 locus 
crossover with tp2 locus 

~ non-crossover with tp2 locus 
P sr2 in classes: crossover with tp2 locus 

% in 1 non-crossover with R locus 
0 sr2 c asses: . crossover with R locus 

non-crossover with R locus 
% tp2 in classes: crossover with R locus 

non-crossover with sr2 locus 
~ tp in classes: 1' 2 crossover with sr 2 locus 

= 23/76 = 30.3% 
= 24/93 = 25.8% 
= 25/84 = 29.7% 
= 18/85 = 21.2% 

= 41/161 = 25.4% 
= 2/8 = 25% 
= 23/76 = 30.3% 
= 69/93 = 74.2% 

= 25/84 = 29. 7% 
= 67/85 = 78.8% 

s. Horovitz 
D. M. de Zerpa 
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This past summer reciprocal -crosses·were made between translocation 
stocks and several stocks which cq,e highzy _tiilering'in Ma.$sachusetts • ... 
These were Ladyfinger Pqp, · New York Flint, Golden Bantam Sweet Corn., · 
Golden Cross Bantam_Sweet Corn, a···tillering stock .obtained 'from · 
Kermicle and another obtained from w. L. Brown. Backcrosses were also 
made from earlier Parker Flint-translocation F1's to each parental 
stock. Studies are continuing. · 

N. H. Nickerson 

• 1 

2. Responses of na1/na 1 to .maleic: hydrazide-indole butyric _ac~d t!ee.tments. 

Among a series . of treatments on genetic forms involving several 
growth regulators ang their combinatiQns, a rather striking effect was 
noted. In a po~ula:tion ~ segregating l':l for !!!i/E!.1.· and !fE.!1 a group_ 
of 17 plants which received }il-I one ·day and IBA t}Je next throughout -the 
growing season had no na plants . manifested. 'l'he probability pf these ,., .. 
17 plants being all ~,. is .008 by one statistical approach; th .ere is . 
thus a significant indication that the effect is a real one. Backcrosses 
of most of thes~ plants to na1/:na1 plants .were .. obtained to verify . 
their genetic constitutions ifi !'963. St_udie~ will be continued further. 

II -N. H. Nickerson 
M. T. Shealey 

J. other effects of maleic •gydrazide on maize. 
t J I 

Differences noted between separate strains of Coop stocks were 
extremely marked. On the one hand, in such stocks as those carrying 
Yi, apparently no new mitoses would occur after treatment started; 
leaves subsequently· produced became narrower from base to tip with the 
uppermost ones reduced to sh~rt bladeless miqr.ibs. On the other extrem~,. . 
some stocks di d not show any appreciable· change .from control plants, .... · 
even though the dosage of MH was the same in all· cases. MH suppressed · .. . 
expression of~, a~ did :nappthalene acetic ·acid, but plants re~ained 
essentially as vigoro,us as controls• 

•. 

N.--H. Nickerson 
-R. Colby 

.,• 

~-.. •• I •,_ 

I' 

.:•· 



4. Modification of expression of Vg. 

Indole butyric acid caused a reduction in expression of Yi• In· a 
population of 59 plants segregating 1:1 for~ and normal, 14 plants, 
all receiving IBA, shed normal · pollen and h~d glumes equal to:!:/!., · 
control plants. Ligule growth, another •manifestation of the Ys, gene, 
was markedly less in 7 of the 14 plants, however. Under Massachusetts 
growing conditions, some. po~ . .len is formed by all ~ plants. Some 
homo~ygous ~ plants will be available to study this effect further 
in 1963. Plants heterozygous for Kn expressed the knotted condition 
under IBA treatments more strikingly than did controls. 

N. H. Nickerson 
T. N. Embler 

5. Response of milo and sorghum stocks to gibberellic acid. 

A definite reduction in time of flowering varying from 10 .days to· 
two weeks compared to control plants has been obtained for three-dwarf, 
two-dwarf and one-dwarf stocks of sorghum. Milo maize of six different 
maturity gene combinations showed varying responses. Those with the 
shortest tilyle 'of maturity (38 and 44 days) were drastically affected 
by GA; most plants died. As genetically-controlled time lengths to 
maturity increased, time from planting ·to anthesis (cql'Q.pared to controls 
of each' group) shortened under GA treatments, as indicated. 

50-da.y plants ___ ;.;_ ____ 7 days 

60-day plants------- ·--- 10 days 
90-day plants---------- 13 days 

100-day plants---------- 16 days 

earlier than controls 
II 

II 

II 

" 
II 

" 

" 
II 

II 

It should be emphasized that under Massachusetts growing conditions 
50-day plants take nearly 80 days to reach anthesis. It has been suggested 
(and data have been obtained) by Dr. Lane at Beltsville that the maturity 
genes are photq:,eriod-sensitive genes. 

N. H.. Nickerson 
P• R. Krenier 

6. Increase in dry weight upon treatment with a naturally-occurring 
growth subs.tance. 

In 5-plant samples of 38-day and 44-day mile treated daily with a 
growth· substance recently isolated from some members of the cabbage 
family, increases in dry weight were obtained which were two to three times 
greater than dry weights of controls. Studies are continuing to determine 
whether the effect is repeatable with this and other closely allied· 
substances, whether it can be achieved with less frequent treatments, and 
how effective treatment is when begun at specific plant ages. Studies also 
are being run on mice to determine carcinogenic properties of these substances •. 

N. H. Nickerson 
N. H. Rowe, D. D. s. 
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Madison 6, Wisconsin • 

1. A t,es.t for a cytoplasmic · oomp~nent · of the R paramutation · system. 

1.53 

·· ;,rrbe stippled . allele (:ast, spo t t ed aleurone, green seedling) 
seemli:ngly is unaltered ineither aleurone expression or paramuta genic 
action 1n ·Rr nst plants, in which Rr• (colored aleurone, red seedling) 
inv ariably-is-changed to ·a weakly pigmenting, pararnutant form, nr,. 
(The tests made, how.ever, would not have -disclosed small changes in 
RSt action.) · 
- _ t I • 

One possible explapation for this stability of stippled in ·!!:r ~~t 
het,erozygotes is th.at ast produces and releases into . the cyt;,opl.a.~m a 
specific product whi ch-then mediates the regularly observed · change in · 
]f ' in the · homolo gous chromosome. The following tests, wit .h ~22 inbred 
st ,9cks, f or the occurrence 6f such . a .cytoplasmic ,interm~diate substa~ce 
nave ~1:yen nega:t~ve results.- - \ _ 

.Table 1 ($ee -footnotes) · · 

' Mating Nb. : oc! te·sted orl 1)aired ' ~~ .... 
Av •. color score • 

of ,R~ rrrr 
kernels only 

(J) rrr~ ~ x Rf~ ~ · 
(control) 

(_2? Rs~:r :. x . · Rf ~f _t!_ 

Difference 

t • 2.206 

i4 ' ·-.... . , 

.l:4 .. 

(t.0.5 = 2.160) 

6.04 

_ .6.19 . 

0.15 

Doubtfully significant 
• . • ' ' I ," , 

l : rr =~ ~olorles s ai:eurorie, . red . seedling. ( non~paramutagenic) 

2_ '!~4g = c~l0red aleuro~e ., gr~en seedling·, 'a highiy ·-p~~tabl~ ( in !!g !!st ) 
mutant _ from standard -gr. . - · 

~4 ~st ¥s~. an?-~ '£~!.r ke7neis :y~eld green :8119-_,~~~: seefilinge~ res~ectively, 

on s·pr0uting, an~ sp are readily separable following scoring for aleurone 
color. : , ·• ·· · · • · 

~ . . 
4Kern cii ~olor was ·sc~red on a scale in which 1 represents cdlorle ·ss and · 

7 complete pigmentation. 



154 

The rationale of the test made is that if Rst forms a cytoplasmic 
element of the kind in question then the female-gametophytes involved 
in mating (2), in Table 1, and the derived endosperm, will carry the 
factor, whereas those concerned in mating (1) will lack it. Accordingly, 
if the cytoplasmic element promotes paramuta~ion of 'g_g in the endosperm, 
the !f !r!.r kernels from mating (2) will have a lo~er average .color 

score than t hos.e from mating (1). The data in Table 1 show that this 
is not the result observed. In fact, there is a small, but doubtfully 
significant difference in the opposite direction, the possible meaning 
of wbich will ,be considered later. 

The second experiment, the results of which are summarized in _ 
Table 2, was of the same design as the first but the male parents used 
in pollinating paired 99 •in this case were R

6
g, Rg, plants •. Rgt is a 

' . - -6 -ti 
comparatively stable para.mutant form (extracted initiall y from~ s_st ) 

of ~ , another green seedling mutant from• standard !r. The aleurone 
pigmenting value of ~ • , when tested in the conventional way, is, about 

half that of ~ (or !f) on the 1-7 scale. It ~as thought that ~•, by 
virtue·of its known paramutability and inherently much weaker pigmenting 
action, inight be a more sensitive tester for a paramutagenic cytoplasmic 
element than the Ef allele used in _ the ,first exper:iJnent. 

Table 2 

Mating No. oo tested on paired ~9 

(3) rr rr ~ x R~• Rg' o . 15 
(control) . 

(4) R8t rr ~ X R~• R~• 0 15 

Difference 

Av. colD,r score 
of RB'''rrrr 

kerne~s only 

2.81 

o.57 

t = 5.072 •Hi- (t(.OOl)" = 4.140) Very highly significant 

Again •the , (~'!:r!r) kernels from the ma.tings i; which '!,8t!r 99 are 
involved are not less pigmented than kernels of the ~ame genotype from 
mating (3). On the contrary, they are more darkly colored, on the 
average, by an amount about equal to one-half class interval on the 
1-7 scale. Furthennore, the difference in :this case is very highly 
significant statistically. · 
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Neither experiment (.1).nor experiment t2), therefore, affords any 
evidence that the rr allele derived from R5 rr plants is accompanied 
by a cytoplasmic element tpat depresses .the pigment-p~oducing action 
of a paranro.table R gene introduced into the endosperm through the 
pollen. · -

The observed small excess in score of .!!f ~r'!: seeds from 

"B:_
9t '!,_r i X _!!f ~ cf crosses over that from the ~ r ~ X ~ ~ r! matings 

in fmPeriment l, and the mpre pronounced difference in the same direction 
in experiment 2 appear to be_ meaningful. 

A f .ew years ago it was observed that if plants homozygous for one 
· or another ~-pal~ allele (conditioning very dilute aleurone _color) were 
poll~ted with R6t R6t the background color on the resulting kernels 
(i.e., in the areas betwe~n the solidly pigmented spots conditioned 
by R5 ~) often was enhanced, as compared with that of R~pale selfed. 
The-enhancement was not inherited, and so was adjudged not to be due 
to paramut~tion of the R-pale gene. The probable explanation of the 
phenomenon appea~ed to be that under the action of stippled (considered 
as an inhibited self-color gene that mutates frequently in the endosperm 
to the active form) anthocyanin precursors were accumulated in the 
nst /!!-pale/!!-pale aleurone cells in _ amounts above the level characteristic 
of homozygous R-pale. Additional pigment wa.s then synthesized by 
~-pale from the added sup?ly of precursors • 

. fhe observed intracellular enhancement of aleurone pigment ' formation 
by R6 , as just described, raised the question whether the phenomenon 
was-expressed in grosser form also as an interaction between stippled 
kernels and a second class of seeds, on the same ear. This issue was 
directly relevant to the present experj,.ments be6ause the comparison 
being made was between rr-carrying kernels borne on Rst rr and rrr · 
plants, respectively. lvidence has now been obtained that there-is, 
in fact, such a kernel interaction. 

Mixture~ of pollen were -prepared from~~• !!~' and ~st B:~t plants 
which were then applied t,o "!rt' individuals. The resulting ~~•'!r!r 
kernels were found to be dark~r, on-the average, by a value of o.27 
class intervals on the 1-7 color scale, than RB1rr-rr seeds from . . -6-- .. 
rrrX 9 x Rg' Rg' control ma.tings. The difference was highly significant 
-- -6 -6 
statistically. It is _ possibly meaningful also that, whereas the effect 
of kernels carrying R5t in single dose was to raise the color score 
of the accompanying claso of seeds by 0.27 class intervais, the action 
of the l!3.llele in double dose was to increase the corresponding value 
to o.51, or about twice as much (Table 2). 
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This pigment-enhancing "side-effect" of. stippled tends., of course, 
to vitiate the present test for a cytoplasmic component in the R 
paramutation system. If a cytoplasmic element that deEresses !f aleurone 
pigmentation is present in the rr segregates from Rst r· ~~, its effect · 
is exceeded by the oppositely directed inter-kernel action of stippled. 

R. A. Brink 

2. Relative paramutagenic capaci~ies of the paramutant forms of Rg 

mutants derived from the standard Rr allele. 

It has been found that the standard Rr allele a.nd its Rg mutant 
derivatives not only become heritably reduced in pi-Ementing-action when 
passed through a heterozygote with the stippled (Rs} allele but that 
they also acquire the capacity to promote a similar, though smaller, 
reduction in pigmenting action when combined with other paramutable 
genes (Brown and Brink, Genetics 45:1313-1316, 1960). The data 
reported here indicate that ten Rg alleles independently derived by 
mutation from standard Rr are indistinguishable from one another with 
regard to the level of paranru.tagenic activity acquired in heterozygotes 
with nst. -

Pollen from each of twelve RrRr plants was applied to silks of 
RgRst plants representin g the ten ~g alleles. Progeny from a total of 
iii successful pollinations of this type were grown in the following 
season, and two randomly selected RI'Rgr plants from each family were 
testcrossed to rgrg pistillate parents. In this way, Rg genes derived 
from nine to twelve RgRst plants in the case of each R-g allele were 
combined with standard-Rr ·genes from a common source.- Differences in 
paranru.tagenic competence among the paramutant forms of the various Rg 
alleles should be reflected in this test as differences in the level 
of pigmenting action of Rr genes in the corresponding groups of RrRg t 
plants. - · - -

Forty-two Rrrgrg kernels from each rgrg 9 x RrRg1 o test mating 
were scored against-a standard set of kernels defining seven pigmen~ation 
classes. The mean Rrrgrg scores from testcrosses of two RrRg1 plants 
from each of the 111 ~~st X ~rgr matin gs are shown in Table 1. 

An analysis of variance performed on the data in Table 1 revealed 
no differences among the mean scores attributable to the Rg alleles 
involved in the respective pedigrees (F = .751, P > .1). -The overall 
mean Rrrgrg scores from testcro.sses of RI'Rg, plants involving · 
individual Rg alleles are all within the range 5.21 to 5.34. These 
results show that the ten Rg mutants from standard ar are indistinguishable 
from one · another with regard to the level of paramutagenic action 
acquired in heterozygotes with ~st. 



Table 1 

Mean scores for Rrx£rt kernel s from t c:.;t crosses t o rerB pistill at e parents of RrRg' offspring 
~f .RgRst ~ x RrRr; mating s. Each entry represents- t he pooled tests of two Rzig' plants~ -- -- . --

R111.r ~ 
. . ' . . '· Rg allele number 

parent 
--

no. 1 . 2 3 4 , .. ,, 
. 7 8 9 10 0 

-
1 5.10 5.26 5.29 5.48 5.38 5,50 5.57 - - 5.28 - '5.01 

2 4-73 5.26 5.32 5.32 5.01 5.32 5.27 5.32 5 .. 07 5.18 

3 . 5.43. 5.32 5.11 5.30 4.98 5o25 5.4~ .5.4] 5.18 5.19 
~ 

' 
. ,. 

4 5,.35 5.28 5.12 
~ 

5.29 . 5.41 5.oo 5.27 5.20 5.-53 5.43 I 

-: -r . · , 

5 5 • .34 .. 5.01 4.87 5.43 5.16 5.37 ,.n ,.02 5.2~ 5.43 -> ,. 

6 5.31 5.]2 5.4J , --- 5.49 5.22' 5.43 5.n ··5.a4 4.99 . ., 
' ! , . 

, ~29 7 5.24 5.41 5.31 5,.40 5.41 5.32 . ' 5.36 5.06. 5.o8 ' ~ 

8 5.42 5,.31 5.40 -- -- 5.29 ,.2cr 5.31 5.03 4.81 

9 5.20 5.46 - 5.26 5.;w 5.19 5.48 -- 5.30 5.27 5.68 

10 5.55 5.63 5.03 . 5.17 
, 

5.28 5.29 5.44 5.19 5.45 5.08 . ., 

11 5.29 - 4.92 5.43 --- 5~38 ----· .. 5.51 5.10 5.40 

12 5.24 5.28 5.42 5.o6 4~97 - --- 5.10 5.43 
, 

Mean 5.27 5.31 ,.21 ~~30 5.23 5.31 5.34 5.26 5.29 5.21 
I-' 

~ 

\ 
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· Previous studies (Brink, Brown, Kermicle and Weyers; Genetics 45:1297.- .. 
1312, 1960) established that the pigmenting capacities of 'B:,r and eight 
of its Rg mutant derivatives are reduced to a similar extent in 
heterozygotes~ith!i st • Testcrosses to ~rg ~istillate parents of 
Rrast and RgR sib progeny from R1Rg x 'ffs't°R8 matings have confirmed 
that the Rl' and Rg alleles are equaily sensitive to the paramutagenic 
stimulus of R5t when measured in terms of aleurone pigmenting action. 
The present test does not provide for an a.ssessment of the relative 
paramutagenic potencies of paramutant '!lr' and para.mutant 'B:,g•• The 
observation that ten Rg mutants of independent origin do not differ in 
level of paramutagenic action acquired in heterozygotes with Rst , 
however,t agrees with the conclusion, implied by the results of tests 
of R2R.s and RgRst plants, that the mutational events underlying the 
origin of the~ alleles involved in these studies have not alt .ered 
the chromosomal elements concerned with paramutation. 

Dou·glas F. Brown 

3. Progressive secondary paramutation. 

The reduction in the pigmenting action of para.mutable R alleles 
which is induced bt paramutant _!!1 genes is slight when compared mth 
that incited by R~ (Brown and Brink, Genetics 45:1313-1316). Tests 

I 1-of _!!r.!!_g and gr !ig plants in F1, F2, and backcross 1 generations, 
which are described here, reveal that the extent of impairment in 
the p_ig~nting action of Rg or Rr is cumulat'i ve when the paramutant 
allele acts in two successive sporoph;ytic generations. . . 

RI'Jtg' staminate testcross parents were produced according to the 
following mating plan: 

Four lines~teach containing a different ~g alleleL_Wf~e established from 
single RgR ~ x RrRr c! pollinations. A single R'-Rg offspring from 
each Rgj:ist x RI'Rr-mating wat selfed to produye R!'°Rl1 F 2 plants and . 
another-was crossed to '!!:_ggs to produce !irB:g backcross 1 (BC1) plants. 
The two RgRst plants in each pedigree were sibs grown from the same 
parental ear. 
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Table l ' 
Mean scores for ·~tr!g ternels from testcrosse~ of control ~!g ,' ~r ~g' Fl' 't~g 1 

F 2, and 

!r!g' BC1 plant~ (first four · lines pf figures), .and for ~g!:.g!:' kernels from ·te _stcrosse~ 

of control -~TE.g, gr'!g F1, ~r•s.g 'F'2, and !riB:..g Bel pl~ts {last four lines of _figures). 

The number of plants tested is given in -p~entheses following each mean score. 

Allele ·· Staminate teetoross parent cla~s 
tested Control · : F1 . F2 BC

1 ' • . 
~ 

Rr 9.05 (6) . 8~ 27 (10) .7.65 (10) 1.36 - (10) 

Rr 9~26 (6) a.03 <1> • • • 1.29 (7) -- ., . . . ~ 

Rr 9.05 (6) . 1' . 8.44 (10) . "; 7.71 ·(9) · 7.65 (10) 
--

Rr 9.31 (6) . , . . . 8.o6 (10) · . · 7~41 (10) ,., 7.16 (10) . C 

Rg 9.47 (6) ·. : ~-67 (10) . 7.84 (10) 1.os (10) 
1 ' . 

Rg · 9.32 (6) 9.38 (lb) < 8.06 (5} 8.01 (10) 
3 

Rg : ~ .. . 
8.57 (10) · 9.20 (6) 8.36 .. (10) . 7.45 (10) '4 

Rg 9.37 (6) ' a.31 (9) 7.87 (4) , 7.67 (10) 
5 " 

Mean 9.25 8.44 ·7.71 1.60 ----------- •- ~ - ---- -- -~ 
Pl} <.001 < . 001 · < ·.001 

-* The probability under the null bypcthesis determined by an analysis of variance. 

.· 

.... 
VI. 
'-0 
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Rr'ng staminate testcross paren t s were derived by a similar scheme. 
In this case; four ~r•g_g lines differing in the 'I!,_g allele involved were 
established each from a single Rgrr S x nrns ~ pollination. One 
nr•~g plant in each line ~as selfed an1 another was pollinated by an 
~st plant to produce !~ !J:g F 2 and g_r !g Bc1 offspring; respectively. 

The progenies of the three ma.tings in each line, ·along with control 
RI'fl.g plants from Rgrl' s· x nrar <! crosses, were gr.own and testcrossed 
to- rgrg '?'? in the- same season. Samples of kernels from the testcross 
ears were first scored for aleurone pi gmentati on accord.tng to an eleven 
class scale, and then identified as to genotype by seedling test • 
(Rrrgrg or Rr'rgrg kernels produce red seedlings when germinated; Rgrg:r£ or 

Rg,;g;g ker:e1:;roduce green seedlings). , - - -- --
The·mean scores for !r'!.g'!g kernels from testcrosses of control !J:rgg, 

"S,r!!:g' F1, E;~g• F2, and !~g• BC1 plants; and for ~!.g!.g kernels from test-

crosses 6f control !!_r~g, g-r'!!:g Fi, !r'!!.g F2, and -~T'!!:g BC1 plants are pr ,esented 
in Table i. The scores in column 2 of the table represent the non-parariru.tant 
level of . expression of . .the various Rr and Rg alleles; those :in column: 3 : 
represent the level of pigmenting action of the same ~lleles following 
one generation of heterozygosity with a para.mutant factor. It may be 
seen that the latter values· are significantly lower o~ the average than · 
the former, indicating that, as expec~ed, sec~ndary paramutation has 
taken place in the F1 generation 'I!;~g and E,r ~g families as a whole. 

Tha mean. scores entered in columns 4 an1 5 of Tfble 1, which were 
obtained f rom testcrosses of F2 and Bc1 R31ig and ~ ~g plants, indicate 
the pigmenting capacity of the several R"r and Rg alleles after a second 
generation in combination with a pararnutant homologue. Comparisons 
between the scores in columns 4 and 5 on one hand and those in column 3 
on the,other, then, provide a test for progressiv~ secondary p8.ramutation 
in two sporophytic generations. The results are clear. The mean scores 
obtained by testcrosses of F2 and .BC1 plants are significantly lower 
than those obtained by testcrosses of the related F1 plants. The 
paramu.tagenic effects of par.amutant R• g·enes, therefore, are persistent 
and cumulative through at least t ~ro successive sporopeytic generations. : 

Douglas F. Brown 
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4. Mutation rate of parrunutant Rr. 

The mutation rate to rr of paramutant Rr genes (Rr 1
) has been 

measured in RI''Rr' plants '("obtained by selfing Rl'Rst plants) and compared 
with that of-the standard non-paramutant form of W (see table). · 

There is a significant difference between the two rates (x 2 = 31.04, 
p < .001), that of the paramutant being about 60% of the non-paramutant 
rate. Reductions of a similar magnitude have been observed also with 
a seri es of pararnutant and non-paramutant Rg alleles. 
. -
Rr Putative No. Verified as Corrected R.a.te of 
form mutants tested rr mutants population mutation size 

Non-paramutant 292 233 232 1823.53 12. 72 X 10 .. 4 

Paramutant 200 195 192 25832.5 7.43 X 10•4 

R. A. Bray 



' . 

162 

III. STOCKS AVAILABLE AND WANTED 

A. Wanted: 

w. D. Bell, Pennsylvania State University 

Unclassified chlorophyll-deficient mutants 1 particularly 
yellow-stripes, green-stripes, pale green or yellow 
seedlings. 

R. G. Creech, Pennsylvania State University 

B. Available: 

All mutants showing positive allele tests with ae · 
(aieylose extender on chromosome 5) for·geneticfine 
structure studies. 

All mutants afre ·cting carbohydrate synthesis in the c·orn 
kernel (phenotypic changes in endosperm). Please state 
genetic background, i.e. dent, floury, etc. 

E. H. Coe, Jr., Curtis Hall, University of Missouri 

Olossy-1 mutable. 

E. H. Coe, Jr. or M. G. Neuffer, Curtis Hall, University of Missouri 

Purple-seeded translocation set, wx-marked for each 
chromosome. Useful in locating factors affecting 
aleurone color. 

A. L. Hooker, 242 Davenport Hall, University of Illinois 

Genetic stocks homozygous for a dominant gene (Ht) 
conditioning resistance to Helminthosporium turcicum. 
Two stocks are available: Sour ce A resistance from 
GE440 and Source B from Ladyfinger popcorn. Each is 
a mixture of s3 lines from crosses between the resistant 
sources and corn belt inbreds. Silking data is similar 
to WF9. 

' . 
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D. L. Shaver, Biology Division, Brookhaven National Laboratory 

The following tetraploid genetic . stocks are available~ 
In some cases it is not certain that all loci are 
"pure for the aleurone and plant color series 11r 

H. G .. 

A1 A2 CR pr et a1AzCRp!'BPl y .. sm tester 

ij Y seg. su a2 bt b-lg 1 tester 

A1 A2 B Pl C R pr a1 Dt A2 CR pr B lgl su 

g Y seg. su a2 bt g sh1 wx 

yg2 s1,_ wx y-pl tester lg2 gl6 

C wx pVV a1 .. 1g2 tester 

Wilkes, Harvard University 

Seed is available for research purposes to anyone 
interested from the following bulk collection sites. 

Guerrero: Teosinte seed · from Cerro de Los Chives, Pochote, 
Zacatlancillo, and Mazatlfu. 

Valley of Mexico 
Los Reyes 
Chalco 
Amecameca 

Teosinte 
X 
X 
X 

lzy'brids 
X 
X 
X 

There are also available seed envelopes from single 
teosinte plants which may be used for pr ogeny test by 
those interested in the high level of hybrid:i.!zation 
found in the Valley of Mexico. 
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IV. CHROMOSOME 1 LINKAGE DATA 

(Compiled b;r D •. R. Knott-ii-., University of Wisconsin) 

Linkage Group 1 

Genes lmown to b.e in. linkage group 1 are: 

ad1 - adherent-1 

ag - grasshopper resistance 

~ - anther ear-1 

as - asynaptic 

bm2 ~ brown midrib-2 

br ~ bracl:zytic 

f1 - fine stripe-1 

Ga4 - gainetopbyte factor-4 

ga6 - gametopbyte factor-6 

gl 10 glossy seedling-lo 

gs1 - green striped-1 

hin - helminthosporium resistance 

Kn - Knotted 

ms17 - male sterile-17 

P - pericarp and cob color 

pa - pollen abortion 

sr - striate 

ts 2 - tassel seed-2 

Ts3 - tassel seed-3 

Ts6 - tassel seed-6 
• - virescent seedling-19 

- vestigial glumes 

- vivipary-,5 

zb4 - zebra striped-4 

zg2 - zigzag culm-2 

zl - zygote lethal 

*Present address: Department of Field Husbandry., University of 
Saskatchewan, Saskatoon, Saskatchewan, Canada. 



sr-0 
l 

hm 64 

anl 104 

Ts3
1
119 

i 

Kn1127 

gsl 135-

165 

Possible locations: 

ag - 12 (could be 39) 

Ga4 - 16 

pa ... 54 (near as, possibly · 
betw~n f - !!!,) 

- four units from an 
(100 or 108) -

Centromere - probably between 47 
and 68, possibly 
between as and br. 

The distance from P to br is -
problematical. Rhoades (J. of 
Heredity 1950) lists it as 47 units., 

presumably based on three point tests 

with a translocation as the marker 

between ··P and br. The best of Beadle's 

data on three point tests with f-~-br 
gives 55 units. Anderson's data 

(Genetics 1941) with translocations 

also gave about 55 units. Burnham 

lists E! as being JO.units from ,E 
and 34 units from £!, or a total of 
64. The distance here is listed as 

55 - an average figure. 
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LINKAGE DATA ON CHROMOSOME l 
Taken from the Maize Genetics Coo2eration News Letters 1935-1951. = 

Two-Point Tests 

Phase XY ;y xY xy Total Recom- Authority and 
bina- % year of newsletter 
tions 

ad1 an1 CB 247 7 10 199 463 17 
RB 4 36 31 1 .11. -2 

535 22 4.1 Emerson 138 
Kn Ts3 RB 3 9 16 2 30 5 16.7 Emerson 140 
Kn Ts) RB 2 78 68 5 153 7 4.6 Murray 144 

Kn Ts6 RB 8 27 47 13 95 21 22.1 Emerson 140 

Ts6 f1 CB. 21 17 20 32 90 37 41.] Lindstrom 140 
Ts6 gs1 CB 128 37 46 113 324 83 25.6 Lindstrom '37 
Vt9 bm2 RS 102 58 67 6 223 16.0 Emerson 141 
z 4 bm2 RS 487 103 144 23 757 46.o Hayes '37 
zb4 br RS 448 142 152 12 754 .31.1 Hayes 137 
zb4 fl RS 455 135 158 9 757 28.0 Hayes 137 
zb4 P cs 266 24 5 64 359 6.9 Hayes 137 

cs 63 30 2 24 119 6.7 Hayes '37 
CB 67 6 .3 67 143 9 6.3 Hayes 139 

Two-Point Data 
From three-eoint tests with a translocation as a marker at one end 

br an1 CB 39 6 8 43 96 14 14.6 Emerson 140 
CB 103 25 18 107 253 43 11.0 Emerson •40 

br bm2 CB 27 - 10 15 37 89 25 28.2 Emerson 140 
ms17 p RB s 41 . 38 3 87 8 9.1 Emerson •38 

RB 2 61 38 0 101 2 2.0 Emerson 138 
RB 3 181 189 9 381 12 3.0 Emerson 138 

sr P RB 375 109 29.0 Anderson 137 
RB 230 78 34.0 Anderson 137 
RB' 228 45 19.8 .Anderson end Emerson,137 
rur 129 27 20.9 Emerson '37 
RB 24 38 37 18 117 42 .35.9 Emerson 138 
RB 20 64 54 20 158 40 25 • .3 Emerson 140 
CB 100 17 24 · 117 258 41 15.9 Emerson 140 
RB .31 67 52 20 ·170 51 30.0 Emerson 140 

ts 2 P RB 592 6 1.0 Emerson '37 
RB 1 93 115 2 211 .3 1.4 Emerson 138 
CB 206 2 1 167 377 3 .8 Emerson 1.38 
RB 3 254 325 1 583 4 .1 Emerson 138 
RB 3 135 176 1 315 4 1 • .3 Emerson 138 
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Three Point Tests Where a Translocation was the Middle: Marker 

Recombinations Percent Total 
Region 1 2 1&2 (P to br) Plants Authority 

P br 71 108 28 52.1 449 Anderson 137 
P br 60 58 19 47.0 332 Anderson '37 

P br 5 29 0 40.0 85 F.merson 140 
P br 19 34 10 37.1 170 Emerson '40 

Three Point Tests 
·Recombinations 

Genes 0 1 2 l & 2 Total Authoritz 

1. + + Kn 171 125 101 161 94 31 29 71 
ts2 r1 + 296 262 125 100 783 Bryan t37 

33.5% 16.0% 12.8% 

2. + Ts3 + 62 70 17 0 5 22 7 0 
an + gs 132 17 27 7 183 Emerson 140 

9.3% 14.8% 3.8% 

J. + + TS6 58 37 16 6 lJ 7 10 5 
an gs + 95 22 20 15 152 Emerson '40 

14.4% 13.2% 9.9% 

4. + Ts3 + 
59 26 10 l 18 24 2 1 

an +'bm2 65 11 42 3 141 Emerson 140 
7.8% 29.8% 2.1% 

5. + + Ts6 81 41 23 4 5 0 0 0 
an bm2 + 122 27 5 0 154 Emerson 140 

17.5% 3.3% 

6. + Kn + 49 32 9 14 0 8 2 1 
an·+ gs Bl 23 8 3 115 Emerson '40 

20.0% 1.0% 2.6% 

(2, 3, 4, 5, - segregations are very irregular) 
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Genes -
7• + Kn + 

an+ bm2 

a.+ + + 

0 

56 ,' · 44 
100 

Three Point Tests 

Recomoinations 
1 · · 2 -----

26 
33 

18. 6% 

7 24. 1h. 
.38 

21.3% 

· . ....... . 
.l& 2 , 'r.}tal Authority ... :, 

- .. 
7 . O • 

7 .. ...... 11·8 Emerson 140 
3. 9% ; . 

br f an ' 347 22 . 77 7 453 Emerson 140 
· · 4. 8% , 17. 0% , i 1. 6% 
(data ·only from plants clear:cy r1} 

93 
176 

83 94 · ·59 1 .. 1 
153 : · ... 2 
46.1% · • .6% r 

o · 
1 

· • .)% 

· \ 

1 
332 Lindstrom '49 . 

10. br fan 512 367 26 25 78 . -_ 125 ,1 2oj ,. 
l2 , .. 3 · ,·. 

15. · 1157 · Em13rson , '.Lil 888 
•• ,I ,,. 4.4% 17. 5% 1.3% . 

11. br fan 1109 853 26 44 92 73 7 
1962 70 165 9 · 

3.2% 1.5%. ~ .4% 
, (Crossing over , reduced by translocation~,} 

' . . ' I. 

lZ.ag P p_a 
+ p + 

13, Vg + + 
·+ br bm2 

I I 

14. + Kn + 
an + gs 
,. 

1$. + Kn + 
an+ bm2 

16. + + + 
br fan 

65 84 
149 

70 76 
146 

r 

146 

507 

8 10 
18 
7.,8% 

l 1 
2 
.8% 

29 
21.8% 

47 .. 

18.4% 

12 
2.2% 

~ ' ; . 

2J 26 6 
49 1h 

21,.3% . 6.1% 

53 50' 5 
103 6 
40.1% 2.3% 

7 1 
5.3% .8% 

43 20 
16.8% 7.8% 

4. 17 , 
.7% 3.1% 

2 
··22o6 Emerson· · J:4i 

8 (: 

230 Horovitz and 
Marcni:oni 148 

" ' ·-- ... ·• 

1· Sprague · 
257 Journal 

Her~~ty 30._: 
143.!:"i45 .1.39' 

133 Emerson 141 

·256 Emerson 141 

540 F.rnerson 141 
(probable inversion) 



+ + Kn+ 
br f1 + bm2 

hln + + + 
+ br f bm2 

+ + + Ts3 
br f an + 

+ + TS6 + 
an gs + bm2 

+ + + + 
br fan bm2 

"' + + + 
br fan gs 

+ + + + 
br f an bm2 

+ + + + 
br fan gs 

+ + + + 
br f an bm2 

+ + + + 
br fan gs 

Four Point Tests 

Recombinations 
0 1 2 3 2 & 3 1,2 & 3 

162 182 
347 

14 4 50 50 47 52 
1&2 l&J 
7 10 1 2 16 32 6 2 Total 

18 100 99 17 3 48 8 640 
2.8% 15.6% 15.5% 

Recombinations br-f1 = 7.2% 
Authority: Bryan 1 38 

2. 7% .5% 
f1-Kn = 27.0% 

75 134 14 60 327 435 49 15 60 73 

7.5% 1,3% 
Kn-bm2 = 24.1% 

13 78 
897 209 74 762 64 133 91 2230 

9.4% 3.3% 34.2% 2.9% 6.0% 
Recombinations hm-br = 18.3% br-f = 10.3% 
Authority: Ullstrup and Brunson '45 

4.1% 
f-bm2 = 44• 3% 

104 11 22 19 4 1 5 4 170 
Recombinations br-f = 11.9% f~an = 20.6% an-Ts 3 = 17.1% 
Authority: Emerson 141 

152 56 35 11 16 1 o o 271, 

167 

123 

81 

97 

ll3 

161 

Recombinations an-gs= 26.9% gs-Ts6 = 19.2% Ts6-bm2 = 4-4% 
Authority: Emerson 141 

Four Point Tests - data derived from five point 
tests where a translocation was one end marker 

6 35 118 3 6 17 
br-f ""' 4. 2% f-an = 15.6% an-bm2 = 40.1% 

Authority: Emerscn 141 

2 16 60 3 1 2 
br-f = 2.9% f-an = 10.1% an-gs = J0.4% 
Authority: Emerson 141 

1 23 52 3 10 1 
br-f "' 8. 2% r-an = 15.8% an-bm2 = 36.8% 
Authority: Emerson 141 

4 3 19 0 2 1 
br-f • 4.8% f-an = 4.8% an-gs = 17.5% 
Authority: Emerson 141 

0 7 59 
br-f :.: 0% f-an = 3.9% an-bm2 = 33.0% 
Authority: Emerson 141 

12 4 26 1 2 1 I 

br-f = 7.2% f .. an = 2.9% an-gs .. 14.0% 
Authority: Emerson 141 

352 

207 

171 

126 

179 

207 
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+ .. br 
+ f' 

Tl-Sa + 
+ an 
+ bm2 . 

0 142 

1 5 

2 6 

3 

4 72 

. · l-2 .. 
1-3. 1 

1-4 5 

2-3 l • • l • . 

2-4 ,3 -· 

3-4 2 

1-2-3 

~-2-4 

1-3-4 

2:-3-4 
237 

br-f'•4.6% 

f-T•4.2% 

T-an•l. 7% 

an-bm2•J4.6% 

Five Point Teets 

' :»:m~rs.on 1941 ' .. ,
' -

. +· br· 
+ r 
+ an 

T1-3d ·+ 
+ gs 

ll9, 

-5 

· 4 

,1 

9 

1 

. . 
·1· .. 

1. . 

l4I 

br-£•4.2% 

·f'-an'!'J. 5% · 

an-T•l . 4% 

T-g's:;;8~5~ ;,. 

+ br 
+ f 
+. an 

Tl-3d + 
+ bm2: 

59 
. 

2. 

4 

.• 

36 

l. 

: 

. , + br 
. + f'' 
. +... an 

Tl-4 , + 
.. + bm

2 

t~ 
:,:12~: 

,. 

_.l 
.. } . . , .. · . . a~ 

~ . ... . . . .. . . - .... ' . 
1 

,2 

- 3 

.· a•·. 

1 

;t 
' ·-...... ' .--.~ 
106 · 338 

br-.f'•2. ~.% br-£•2.4% 

, ', r.::ian-5.:7% ; -', •: ·,• ·r:..ati~2. 4% 

an-T•2.8% 
... 

. T-b.m211138.-7% T ... bm2•41.4% 
, . . . 

.. 
l•. • 

... . . ... ... ., 

..... . 
r 

.. . .. - .. . . . 

,. . 
······· -· 



.Five Po'i.nt Test s (con 1t) 

. . Emerson - i941 
.. ., 
+ br + br + br + 
+ 

' 
f + r + f + 

+ an + an + an + 
Ts.:, + ,Tf\3 + + gs Tl56 

+ gs + bm2 TS6 + + 

0 '. . . r 88 •· . \. . 68 82 26 

l ,. ,L.,; ~- . .. 1 -.6 2 

2 21 15 32 12 

.3 21 14 35 22 

4 33 30 31 1 

1-2 l l 

1-3 5 

1-4 2 2 

2-3 3 3 

2-4 3 9 16 

3-4 16 5 19 

1-2-3 

1-2-4 1 

1-3-4 1 

2-3-4 2 l 1 

1-2-3-4 - - - -188 151 235 67 

br-f• 2.1%. br-f'•S.9% .i br-f-6.8% br-f•4.5% · 

f-an•lJ. 7%' . f'-an•l6.6'1, f'-an•23.0!f;· • f-an•2J.9% . · .. 

an-Ts.3•21. 3% an-Ts 3•1.3.. 3% an-gs•27.2% an-Ts6•37.3% 
Ts3-gs-28. 7 % Ts.3-bm2•31.2% gs-Ts6=.30. 2% Ts6-bm2•1.5% 

171 

br + br 
f . Vg + 
an + r 
+.·:; . :+.. an 
bm2 .+ b~ 

·164 

5 

l 

42 

10.3 

4 

2 

l 

15 

-337 

br-Vg.· 3~3% ~ 

Vg-F•~6,% 

f'-an--18.1% 
an-b~•35.9% 
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Data giving only map dist~ces: 

p - 30 - pa - 34 - br · · -

sr ms17 • 1. 7 - ts 2 - 1. 3 - P - 1. 5 ""." zl br 

sr Ga4 - 10 - ms17 - 3 - P br 

Burnham - 1941 

Emerson - 1943 
·- I 

Emerson ;. 1946 

Centromere is between 2~ 2 units· to the r1gb1:i of f and 13: units to the 
left of 

'!E.5 is in the short arm of chromosome l 

Anderson - 1945 

Robertson - 1949 

D.R. Knott 
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V. REPORT ON HAIZE COOPERATIVE 

During the past summer a la.rge sez:ies of andromonoecious dwarf's was 
grown and each stock was tested for allelism with !!:J., ~2, ~.3, E5, and .2!!1.• 
The results have not yet been fully surrnnarized, but most of the newly
acquired traits represent alleles at one of the five tested loci. Each 
of the stocks is being extracted in more unifonj1 background to determine 
whether some stocks ms::, represent distinct alleles at a particular · locus. 

Considerable confusion has developed in the labelling of some of 
the glossies. In several instances, stocks from different sources 
carrying the same·designation have ·proved to be non-allelic. During the 
past season all of the known glossies, together with new and unidentified 
glossies, were grown and intercrossed to eliminate duplication of stocks 
and permit simplifying records. Some of the glossies were also crossed 
to wx-marked translocations or to genetic testers to determine or confirm 
chromosomal locations. 

Stocks of brachytics, reduced, compact; and miscellaneous other 
mature plant dwarfs were increased and allele tested among themselves. 
In some cases, crosses were made to genetic or chromosomal testers to 
determine their chromosome locations. 

About 900 families of permanently-lettered reciprocal translocations 
were grown to obtain fresh seed. Included were consecutive translocations 
from l-2b to L-9b. Crosses were made to obtain lmown homozygotes and 
heterozygotes and to preserve closely-linked genetic markers. All were 
outcrossed to adapted lines to increase vigor and standardize the 
maturity range. This material bas not yet been catalogued for distribution. 

Several hundred families of untested new chlorophyll traits from 
Dr. E. G. Anderson's collection were increased. Most of these have·now 
been seedling tested for final evaluatiqn~ ·some of the best traits, · 
particularly those which survived as homozygotes in the field, were 
crossed to wx-marked translocations to determine chromosome locations. 
Most of tbe71•s were selfed or testcrossed in the current Florida 
generation. 

The stock collection wa_s moved this -'td nter to improved laboratory 
facilities provided by the Botany Department. A 45° cold room with 
capacity for storage of a considerable quantity of seed samples is now 
in operation. 

During 1962, 1932 seed samples were supplied in response ~o 100 , 
letters of request. Both figures represent an all-time high. Distribu
tion of seed samples was about thirty-five percent higher than in the 
previous peak year. 

I ' ' 
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The following listing of available stocks is a supplement to those 
listed last year. Requests for stocks or for copies of stock lists 
should be sent tot he Botany Department, University of Illinois, 
Urbana, Illinois. 

Chromosome 1 

ad1 an1 bm2 

an1 Kn bm2 

as 

br Vg 
1 

Kn 

pMO 

pRR ad1 an1 

pRR ad1 bm2 

pRR an1 gs1 b~ 

pR.R br 1 fl an1 gs1 bm2 
pW 

pWR bIDz, 

WR P gs1 bm
2 

pWW br 1 fl bm2 
:WW P br 1 fl an1 gs1 bm2 

pWW hm br 1 f1 

Chromosome 1 (conti nued) 

sr 1 pWR an1 b~ 

1'JR sr 1 P bm2 
WR . 

sr 1 P an1 gs1 b~ 

sr 1 zb4 pWW 

ts 2 pWW br 1 b~ 

Ts6 

vl9 bm2 

Vg 

:WW zb4 ms17 P 

zb4 pWW bm2 

zb4 pWW br1 

zb4 ts 2 pWW 

an6923-bz 2 (includes locus of 
an,) 

necrotic 8147-31 

Chromosome 2 

al lg 1 gl 2 B sk 

al lg 1 g12 b sk 

ba 2 



Chromosome 2 ( continued) ·-

f½_ 

lgl gl 2 B 

lg 1 gl 2 b 

lg 1 gl 2 b f 11 'V4: . 

lgl g12 b fl 1 v4 Ch 

lg 1 gl 2 B gs2 

lg 1 gl 2 b gs2 sk 

lg 1 g12 b gs 2 v4 
lg 1 gl 2 b gs2 v4 Ch 

lg 1 gl 2 B sk Vli 

lgl gl 2 b sk v4 

lgl g12 b sk fll ~ 

lg 1 gl 2 B 'V4 

lg 1 g12 b v4 

lg 1 gl 2 b v4 Ch 

lg
1 

gs2 b v4 
ws

3 
lgl gl 2 B 

WS3 lgl gl2 b 

ws
3 

lg 1 g12 b fl 1. v4.·; .·, 

ws3 lgl gl 2 B sk 

ws3 lg 1 g12 b sk 

Chromosome 3 

A1 ga,; A
2 

C R 

A1 sh 2; A2 C ·R 

Chromosome 3 (continued) 

Ad-31; A2 CR 

aP. et; A2 C .R Dt1 

a1; A2 C ~ B Pl dt 1 . . . 

a1 et; A2 CR nt 1 

a1 sh2; A2 CR nt 1 

a1 sh2; A
2
· C R dt 1 

st · · 
a1 sh2; A2 C R nt 1 .: 

a
1 

st _ et;- A
2 

c· R Dt1 ._ 

8x-i; A2 CR 

8.x-3; A2 CR 

ba1 

Cg 

dl g16 

di Lg3 

dl Rg 

dl rt 

dl ts4 lg 2 
•: •: •; r 

d1 ts4 lg 2 8]_; A2 C R nt 1 · 

d2 

gl6 

gl6 lg 2 a1 et; A2 CR Dt1 

gl6 Lg3 

175 
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Chromosome 3 (c .ontinued) -

gl6 Rg 

gl6 V17 

g17 
lg 2 Alb et; A2 C:,R nt1 

lg2 al et;,}, 2 C. R D\1.,. 

lg2 al etr .A2 C R dt 1 

lg 2 a1 ~h2 et; . A2 C :R.,,nt 1 

lg 2 a1
st . et; A2 C R pt1 

lg2 a1st sh2; ~2 C .R Dti 

lg 2 pm 

Lg3 

LgJ Rg 

ra2 

ra 2 g16 lg 2 

ra 2 lg 2 pm 

ra 2 Rg 

Rg_ . 

rt; A1 Az CR 

ts4 na1 

Vl7 -. 

vpl 

Primary trisomic 3 

Chr omosome 4 

b~ 

bt 2 

bt 2 g14 

de(l or 16?) 

Ga1 Su1 
ga1 su1 

gl3 

j2 

j2 gl3 

la su1 gl
3 

,, 

la su1 Tu glJ · 

lw4; lw3 
1· 

01 

st 

au1 bm3 
su1 gl 3 

su1 gl4 

s~ gl 4 Tu 

SU1 j2 gl3 

S1½_ 01 

su1 ra
3 

s~ Tu 

su1 Tu gl
3 

su1 zb6 

su1 zb6 g13 

, 



Chromosome 4 (continued ) 

Ts, 

Ts5 su1 
Tu gJ.

3 
vs 

Chromosome 5 

a2; A1 C R 

a2 bm1 bt 1 bv1 ipr; Al C R .. 

a2 bml bt1 p~; -,Al . C ;R 

a2 bm.i_ pr v2; Ai CR 

a2 bn,_ pr ys 1; A1 .c R 

a2 bt 1 pr; Ai .CR 

a2 bt 1 pr ys1; A1 CR 

a2 pr; Al CR 

ae 

bm1 pr; A1 A2 CR 

bm1 pr v 2; A1 A2 C R 

bm1 pr ys 1; A1 A2 CR . 

bm1 pr YS1 v2; Ai A2•"c R 
.! 

btl pr; A1 A2 ·c R 

gl5 . ,. 

: Chromosome 5 (continued )

gl17 bt1 

gl17 v2 

lw2 

lw3; 1w4 

na 2 pr 

pr; Al A2 CR 

pr ys 1; A1 A2 C R 

shrl • "sh4" 

1 • 

11sh3'' • allele of bt 1 

v
3 

pr; A1 A2 CR 

"12 

vp2 gl8 

vp2 pr; Al A2 CR 

vp7 

vp7 pr; ~ A2 C R 

Primary trisomic 5 

Chromosome 6 

at = allele of ~l 

po Y1 pl 

pt 

si1 Y1 Pl 

si1 Y1 pl ; 

177 
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Chromosome 6 (continued) 

si 1 y pl 

Y1 110 

Y1 ms(l?) 

Y1 pb4 pl 

Y1 pgll; wx pglZ 

Yl pgll; wx pgl2 

Y1 Pl Bh 

Yl pl Bh 

Y 1 Pl sm py; A1 A2 b pRR 

Y1 pl su
2 

Yi pl su2 

Y1 Pl; seg WJ. 

Y1 pl; seg w1 

Yl Pl; seg w1 

Yl pl; seg w1 

"male sterile-silky"= 
allele of si 1 

11orobanche" (seedling) 

"ragged" (seedling) 

"white 889611 (seedling) 

Chromosome 7 

bd 

Chromosome 7 (continued) 

ij 

02 

o2 gl 1 sl 

o2 ra 1 gl1 

o2 ra 1 gl 1 ij 

02 ra1 g11 Tp 

02 v5 g11; seg ra1 

o2 v5 ra 1 g1i 
o2 v5 ra 1 gl 1 Hs 

o2 v5 ra 1 gt1 Tp1 

Tpl 

Chromosome 8 

vl6 jl 

vl6 msa jl 

V16 msa jl; 11 

"necrotic 6697 11 (seedling) 

"sienna 774811 (seedling) 



Chromosome 9 Chromosome 9 (continued) 

Bf1 wx Bf1 

bm4 wx Bf1 bln4 

bp Wx; pRR wx bk2 

C Ds wx wx bk 2 bm4 

C s11i Wx; A1 A2 R wx d3 

C sh1 wx; Al A2 R wx 16 

c ah1 wx; A1 A2 R Wx pg12; Yl P~l : 

C wx; A1 A2 R wx pg12; Yi pgll pl .. 

c Wx; Ai A2 R wx pgl2; Y1 pgll 

c wx; A1 A2 R wxa . 

Dt1 (See chromosome 3 stocks) yg 2 c s1,_ wx; ~ A2 R 

gllS Bf1 yg2 C sh1 bz ~; A1 A2 R 

gl15 bm4 

IDs Wx 

I wx; A1 A
2 

R B pl 

K~ C sh1 wx; A1 A2 R 

ms2 

ms2 sh1; Al A2 C R 

ms20 

sh1 wx gl 15 

sh1 wx 17 
sh1 wx v1 

Chromosome 10 

a3 

a3 gl 

bf 2 

d~ 

d~; wx 

gl 

gl rg; A
1 

A2 C 

g rCh 
l ,· 

gl r; A1 A2 C wx 

g
1 

R sr 2 

:J:79 

•. 
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Chromosome 10 (continued) 

g1 r sr 2 

gl9 

11 

11; seg w1 

li g1 R; A1 A2 C 

1i gl r; Al A2 C 

n11 gl R; Al A2 C 

0g R; A1 A2 CB Pl 

rr; A
1 

A
2 

C 

r abnormal 10; A1 A2 C 

Rg sr
2

; A1 A2 C 

rr sr 2; A1 A2 C 

rg wx; Al A
2 

C 

Rr: Boone; A1 A2 C 

Rmb; A
1 

A2 C 

Rnj; A1 A2 C 

RSt; Al A2 C 

v18 

zn 

Unplaced genes 

el 

rnn 

ms5 
ms6 

ms
7 

ms
9 

ms10 

mall 

ms12 

11oil yellow" (seedling and plant) ms14 
Primary trisomic 10 Mt 



Unplaced genes (con~inued) 

rd 

Rs1 
rs 2 
11sh.511 

VlJ 

wsl WS2 

zb1 

zb 2 

zb 3 

"luteus 4923 11 (seedling) 

"necrotic 837611 (seedling) 

"white 8657" (seedling) 

Multiple gene stocks 

A1 A2 C Rr Pr B Pl 

A1 A2 C Rg Pr B Pl 

A1 A2 C Rg Pr B pl lgl y1 

A1 A2 C R Pr 

Al A2 C R Pr wx 

A1 A2 C R Pr wx gll 

A1 A2 CR Pr wx Yi 

Multiple gene stocks(continued) 

A1 A2 C R pr 

Al A2 C R pr su1 

Al A2 C R pr su1 y wx 

Al A2 CR pr Y1 gll 

A1 A2 CR pr Yl wx 

A1 A2 CR pr Yi wx gl 1 

A1 A2 c R Pr sul 

A1 A2 c R Pr Y'l wx 
Al A2 c R Pr Y1 shl WX 

A1 A2 Cr Pr su1 

Al A2 Cr Pr su1 !l gl 

A1 ,!\-2 0 r Pr YI wx 

A1 'A2 C r Pr Yi sh 1 wx 

blll:2 1~ a1 sul pr Y1 gll jl 

wx gl 

colored scutellum 

lg1 su1 bm2 Y1 gll jl 

su1 Yi wx a1 A2 C Rg ,Pr 

Y1 wx gl 1 

Popcorns 

Amber Pearl 

Argentine 

Black Beauty 

181 
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Popcorns (continued) 

Hulless 

Ladyfinger 

Ohio Yellcw 

Red 

South American 

Strawberry 

SupergoJd 

Tom Thumb 

White Rice 

Exotics and Varieties 

Black Mexican Sweet Corn 
(with B-chromosomes) 

Black Mexican Sweet ·Corn 
(witho~t B-chromosomes)° 

Gourdseed 

Maiz chapolote 

Papago Flour Corn 

Parker's Flint 

Tama Flint 

Zapaluta chica 



Chromosome rearrangements 

The following 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. 
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The cytological positions of Inv 2a were determined by Dr. Morgan; 
those of lnv 9a were determined by Dr. Li. The indicated interchange 
points of the reciprocal translocations are taken from published work 
of Dr. Longley. 

Inversions 

lg1· or ~lz Inv 2a (also available with Cb) 

wx Inv 9a 

Reciprocal tr.anslocations 

wx l-9c 

wx 1-9 l.i.995 

wx 1-9 8389 

wx 2-9b 

wx .3-9c 

wx 3-9 5775 

wx_4-9b 

wx 4-9 5657 

wi-4:.'.9g·· 

wx 5-9a 

wx 5-9c 

wx 5-9 4817 

wx 6-9a 

wx., y 6-9b. 

wx 6-9 450$ 

., 

2s. 7; 21.B 

9s.1; 91.9. 

1s. 48; 91. 22 

lL.19; 9S. 20 

iL. 74; 91.13 

2s. 18; 91. 22 

JL.09; 91.12 

JL.09; 9s.24 

41.90; 9L.29 

41. Jj; · 9s. 2.5 

48. '2~ ;. 91. 27 

5L.69; 9S.17 

5S •. 07; 91.10 

5L. 06; 9s. 01 

6s.19; 9:r.40 · 

61.10; 9s. 37 

6L.1.3; 9 cent 
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Reciprocal translocations (continued) 

wx 6-9 4778 

wx 7-9a 

wx or gl 1 7-9 4363 

~. 8-9d 

wx 8-9 6673 

wx 9-lOb 

su1 l-4a (also available with pRR) 

su1 1-4d (also available with pRR) 

su1 4-5j 

su1 y 4-6a 

su1_ 4-8a . 

su1, R 4-lOb 

y 1-6c (also available with pRR) 

g12 2-Jc 

g12 2-3 5304 

gl 2_ 2-6b 

gl
2
., R 2-lOb 

gll 6-7 4545 

Stocks of A-B chromosome translocations 

B-la 
B-lb 
B-Ja 
B-4a 
B-7b 
B-9a 
B-9b 
B-lOa 

11.2 
1s.05 
31.1 
4s.25 
71.3 
91.5 
9s.4 
101.35 

6S.80; 91.30 

71.63; 9s.07 

7 cent; 9 cent 

BL.09; 9s.16 

BL. 35; 9S • .31 

9S.13; lOS. 40 

lL.51; 4s.69 

11. 27 ; 41. 30 

. 41. 21; 51. 36 

41. 37 ; 61. 43 

4S.59; 81.19 

41.15; 101.60 

1s. 25; 61. 27 

2S.46; 3S.52 

2s. 62; 31. 29 

2s. 69; 6L. 49 

2S.50; 101.75 

61. 25; 7 s. 7 3 

Proximal to Hm 
~\ 

Proximal to su, 
Proximal to ra1 
Proximal to Bf1 
Between C and wx; close to wx 
Proximal-to n -
Earl B. Patterson 
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