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I. MINUTES OF THE 1955 MEETING OF MAIZE GENETICISTS 
." . 

Approximately 40 maize gene~icists attending. th~ A~ . I •.. B~. ·S~. i ,eat
ings ~t. .:Michigan state 'University met in conference Qn . S~ptember 8, ·1955. 
Dr •. James Wright opened thE). meeting by. outlining the .agerida ' to. be . 
discussed. . . . 

'. Dr. E. ' B. PattersQn reviewed ~iefly the transfer of M~ize" Ge~~t::tcs 
Cooperation. genetic stocks from Cornell University to the Uiliver~ity ' af 
Illino~B, and 'reported on the present status of the program. The assem-

. Q~y; eyaltiation, maintenance and distribution 'of genetic stocks is . ,. 
cUrrently being supported by funds from .Research and ,Marketing, '.9B3 . 
(NC':"7). Funds for closely-related research activities, including deri
vation .of. new tester combinations, .linkage 4eterminatiQns ·of unplaced 
genes,and the search for new genes are provided by the University 'of 
!1li"no::i.s. !norder to improve the vigor and adaptability of the genetic 

:-. 'stocks, crosses are being . made to selected commer.cial inbred lines of 
the corn belt. In response to a question, .it was pointed out that the 
maintenance of a standby collection of genetic stocks at Cornell Univer
sity has .now been discontinued. 

Discussion was then directed to a consideration of future plans ·for 
preparation of the Maize News Letter. The group was reminded that 'vgi
ous members of the Cornell University faculty had expressed a desire to 
relinquish the responsibility of prt;lparing the MNLin the event some . 
. other uniYersi ty were willing to assume' the job. ' It ·was-also pointed . 
out that the Coordination Committee after consideration of this matter 
had' .recommended that the MNL be moved to .the location of the Maize .' 
Cooperation stocks, that is, the University of Illinois, 'co:t:ltingent upon 
the willingness of Dr~ M. M. a~oades to accept the responsibility.. Dr. 
Rhoades agreed to assume the editing task, whereupon it was movea, ' 
seconded and passed that beginning with "the 1956 issue, the Maize News 
Letter will be prepared at the University of Illinois. Dr. 'R.A. Brink 
moved that the Committee express its gratitude to the University of 
Illinois for its willingness to assume publication of the News Letter. 
Seconded and passed. 

The point was raised that on various occasions data in the News 
Letters have been cited without the permission of the authors. Dr. 
Sherret Chase emphasized that permission to cite should always be ob
tained, but Dr. Brink remarked that such permission has not always been 
sought. Dr. Brink further pointed out that journals often object to 
citing publications such as the Drosophila Information Service and the 
Maize News Letter because of the informal nature of their communications 
and the general lack of availability of copies. It was the general 
sentiment of the group that the chief value of the NewsLetter derives 
from its informal communication of preliminary data and th~t it might 
best be continued in its present form, retaining the admo~tion on the 
cover against citing incl~ded data without express permission. . 
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Dr. E. G. Anderson led a discussion of the placement of genes to 
chromosomes and emphasized the need for locating and mapping the large 

. ,number of unplaced ,genes which have accumulated~ He advised that the 
job be done in two steps, first, the placement of genes to chromosome 
and; second"their location in linkage groups. For the first .of these 
steps, 'he suggested the use of a selected series of reciprocal trans
locations marked with the gene ~ as s screening method, and outlined 

, the procedure involved. He suggested that the second step, chI:omosome 
mapping, 'could be carried out most efficiently after a conside!'sble 
num~er of traits had been assigned to , individual chromosomes. It was 
his opiI)ion that chromosomal placement of the bulk of the new genes can 
be accomplished within the next two years. Dr. Anderson offered to 
make crosses of his ,translocation stocks with unplaced genes supplied 
'by mai'ze \Vorkers~ \Vith further testing to be done by-the cooperators. 
D!'. E. ' .R. Leng, asked \Vhat procedure \Vas proposed in publishing linkage 
.d,a1;.a ,obtained through such a cooperative arrangement. Dr. Anderson , 

, indicate.d that, cooperators using the tech¢que might individually publish 
the results they ,obtained. " 

A discussion ' of chromosome mapping \Vas directed by' Dr. O. R. Burnham, 
who pointed out that the last attempt (1941) to assign individual respon
sibility ~or the mapping of each of the chromosomes met \Vith varied suc
cess. Dr. Burnham &sked for the views of the, group concerning the 
effectiveness of this procedure. D!'. Anderson offered the opinion that 
many of the new traits are probably not \Vorth mapping in detail' unless 
they prove ~o.be in poorly marked chromosome regions, but suggested they 
Qe kept in stock for the use of persons interested in specific chromo
some :segments. 'Dr. Rhoades urged to general approval that only good 

, traits be" aaved. , Dr. Laughnan then asked for a sho\V of hands of those 
\V;i.lling ' to · participate by agreeing to map specific chromosomes. The 
f'ollowhJ.g people volunteered to assume responsibility for individual 
c~ombsomes: 

'Chromosome IS Brink; lL Galinat 
It 2 Burnham 

" 3 Laughnan 
II 4 Mengelsdorf 
I' 5 Burnham, Dempsey 
II 6 Kramer 
II 7 Morris 
It 8 lrlright 

" 9S Ooe; 9L Ande!'son 
\I 10 Rhoades 

The group agreed \Vith Dr. Laughnan's observation that others should be. 
welcomed and encouraged to help in these mapping ' studies. Dr. Coe asked 
what distribution should be made of new traits \-Ihieh were placed to 
chromosome, and Dr. Anderson suggested thet stocks be sent both to the 
Maize 'Cooperative and to the person responsible for mapping the partic
ular chromosome. 
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In regard to future publication arising from linkage studies, Dr. 
vlright stressed the need for a more complete description of genetic traits. 
It was proposed by Dr. Brink, and approved by the group, that Dr. Patterson 
take responsibility for assembling gene descr.iptions. As a first step, it 
was suggested that a tentative preliminary listing of genes with descrip
tions of such features as their. expression, viability, and classifiabili ty 
be circulated among maize genetioists for suggested additions and 
modifications. . : 

Dr. wright brought up the question of the membership of the Coordin
ation Committee, and proposed that the current Committee members be 
continued, with the addition of Dr. Patterson as Secretary, ~ officio. 
Dr. Rhoades moved the approval of these members. Seconded and passed. 
The Committee members retained are as follows: Dr. Burnham (President), 
Dr. Laughnan, Dr. Anderson, Dr. Wright, and Dr. Eckhardt. 

E. B. Patterson 
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II. SYMFOSIUM ON GENETICS IN PLANT BREEDING 

You may be interested in knowing that the Brookhaven National Lab~ 
oratory is sponsoring a symposium on Denetios in Plant Breeding from 
May 21-23 inclusive. The topicsli!=lted for' discussion are: (I) Uses of 
Changes in the Chromosome Comple..'llent, (Ir) Applications of Studies in 
Quantitative Inheritance, (III) Use of Self-Incompatibility and Male 
Sterility, (IV) Use of Radiation Ir.duoed Mutations, and (V)· Use of Nat-. 
ural and Induced Variability. Further information conoerning this 
symposium should be sought from H. H. Smith, Brookhaven National Labor
atory, Upton, Long Island, New York. 



III. ' REPORTS'FROM ,COOPERATORS 

CALIFOP~IA INSTITUTE OF TECHNOLOGY 
Pasadena 4, Calif. 

and 
PIONEER HI-BRED CORN COMPiiliY 

Johnston, Iowa , 

; . 

1. Use of translocations to locate fertility restorer genes. 

, , 

, , , 
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, A test cross utilizin~ translocation3-~24 ha~ sho:,n a, close 
lillkage between the translocat2on locus and ,the majorferti12ty restorer 
(FR) factor of the inbred WG3. (See table l~)" WG3restores fertility 
to the T type of cytoplasmic pollen sterility. Test crosses with trans
locations l-9c, 1-9, ' 6~9 and 7-9 showed nO ,apparent linkage. -

Table 1. 

Number of ' Plants 
Kernel type Row No. Sterile Partially Fertile Fertile Total 

,Non-waxy 222 4 0, 19 23 
223 _5_ -L 18 26 

Total 9 3, 37 49 

vlaxy 224 23 , I 4 28 
225 17 -fL , ~ 21 

Total 40 1 ,8 49 

Grand Total 49 4 45 98 

The limited data in'table 1 iadicate about 11% crossovers between 
the tran5location and the FR locus, after aliowirig for misclassifications 
due to 'crossovers between wx and the translocation locus (about 7.3%), 
minus about 1% correction due 'to double 'crossovers involving translocation, 
wxand FR loci. Since translocation 3-9F~ is near the middle of the long 
arm of chromosome 3 OL .46) this would place the FR locus about 11 cross
over units either side of that' location. It is interesting to note that 
Snyder -(Maize News Letter, 19'55) placed a restorer gene for T cytoplasm 
in about the proximal third of the long 'arm of chromosome J. The FR line 
he tested was a marker stock, Coop 50-32. A test cross for allelism 
between the FR locus of WG3 and the FR locus of Coop 50-32 is being made 
(in cooperation with Dr. J. E. Wright, Jr.) and will be grown,:,in 1956. 
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Additional test crosses utilizing other translocations, includ-
ing 3-9c which tests a different location on the long arm of chromosome 
3, have been made and will be grown in 1956. 

E. G. Anderson 
Donald M. Duvick 

CALIFORNIA INSTITUTE OF TECHNOLDGY 
AND UNITED STATES DEPARTMENT OF AGRICULTURE 

Pasadena 4, California 

1. Cytological observations on translocations preceding the Bikini and 
Eniwetok series • . Revision of list given in 1952 News Letter. 

Temporary Cytological Temporary Cytological 
Symbol designation cietBrmination Symbol designation determination 

1-2b 15.43 25.36 1-6a lL .. ~l, 6L.59 
c IS. 77 2L.33 c 15.25 6L.27 
d 17 IS. 78 2L.56 d Conn R-28 lL.13 6S.74 

. e B-75 lS.61 2L.47 . e A-80 lS.37 6L.21 
1-3a . , ' It 

f B-92 11.32 6L.42 15.19 ! 3L.14 · 
c IS. 14 3L.14 I g F-30 1L.16 6JJ.84 , 

d 1L.67 3S.81 h X-41-13 1L.03 6L.17 
e A-33 1L.58 3L.45 1-7a 11.28 7L.13 
f B-2 1L.17 3L.11 b 1L.53 7S.12 
g B-104 1L.17 . ( . .3L.13 <' c lL • .39 .7L.14 
h C-15 lS.12 ~" 3L.lli" d lL.81 7S.44 
i C-43 1L.68 .3S.30 e 42 lL.39 7L.ll 
j F-10 lL.11 3L.13 f A-69 (IS.72 7L.80 
k G-.3 IS.17 .3L.34 (IS.10 78.50 

1-4a 1L.51 48.69 g B-49 15.79 78.22 
b Conn R-29 15.55 4L.83 h B-94 lL.46 71.19 
c A-57 1L.33 45.23 i I-I? IS. 31 7L.26 
e B-89 1L.45 4S.27 j X-55-16 lL.20 7L.61 
f C-46 1L~ 25 4L.i6 A-37 1L.10 7L.56 
g C-49 1L.95 4L.35 1-8a Conn R-20 lL.41 85.52 
h X-22-61 15.94 4L.52 b B-42 1L.59 8L.82 

K-4° 18.13 48.42 c B-49 lL.94 8L.89 
1-5a lL.52 5S.42 1-9a 18.1.3 9L.15 

b 18.17 5L.I0 b lL.50 9L.60 
c 1L.34 5L.29 c 18.48 9L.22 
e A-90 lL.03 5L.09 d 1-9 1L.42 9L.25 
f D-5 lL.07 5L.09 I-lOa 1L.29 10L.33 
g 1-24 lL.58 58.85 b Conn R-41 1L.19 lOS. 39 
h X-I-37 1L.18 5L.53 c A-50 1L.43 10L.74 
i X-23-2 18.71 58.74 d A-84 1L.50 10L.68 

.' 
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" . . .. ·· Temporary" ·' Cytological Temporary' " . 'Cytological 
.: ,. smb'o1: > ... a!¥iigp.(l,ti.ou .. : · .dej(~rninat,ion .! .Sym9pl :: deaignfl-tlQn. peterm:t.'·p~:t4on 

i 

.. " e 
.~ , . ,'.:: f 
' ; " , ' , g 

···· Z-3b 
. :.' C 

:.: .' :d 
e 

. ,B-'98 
, 0-36 

,. C-47 
B-~9 

-. 
," . .. '. 

lL.1610L. 31 .~ . .' e 
18.04 ,' 10L.30 " I f 
lS.80 . 10L. 21 . 
lL~ 93 ' 10L. 26 
2L.45 3L.08 g 

. .25.46 3S.52 .. , h 
2L.67 3L.48 
25. 76 . 3L. 48 ., ' 2-9tl 

, , · ·r A-61 
g F-35 

, : h , .. ~'"'I7 

2L.35 3S.60 ' ' b 
2L.21 3S.21 

. 2·L. 05,., I 3L.08, 
'J C 

.' '/7 ' 0 
~10a 

b 
, > :i. ~ ',' I"'10 

.. 2,,:,,4a 
. " rf 2L.1 ~ ""J38. 51 

... , I 21. 3lT s, 4L. 21 
, b 

.' . c 
': . '. ' , d 
• \ .. . . e 

f 
' . ,: g 
. ',: j 

" . k 
1 

. m 
2.,.5 a 

b 
c 
d 
e 
r 
g 

, 2-6a 
b 
c 
d 
e 

.' f 

," . 2-7b 
c 
d 

" e 
r 

I 2-8b 
c 
d 

2L.81 4L.53 . ' 
. 2L.81 . 4S.09 . 3-4 

.. 2L.17 . 4L.45 " 3':';a 
Conn R-42 .; . ' 2.1.31 4$.47 b 

, A"-29 ; '. 2L. 75 4L; 12 c 
. 0-31 2L. 13 . 4S~ 31 .' e 
K-10 , :2S.19 4L.34 g 
X~l-l " , ~L~ 13 . 4L.04 h 

, X-2-64 2L~ 56 48.51, " .-
X-47-41 2S.34 4S.47 ' 3-6a 

2L:16 , of 5L.18 . b 
2L.06 . 58.09 c 

Conn R-50 ' 2L.16 , 5S.48 d 
A-74 ," ' 21.. 91 51. 86 3-7a 

'B-69 ' 28.19 . 5.L.·28 b 
. K-3 21.91 ' 5L.I0 c 
X-14-122 ' 25. 79 58. 24 . d 
A-16 ' '2L. 34 58. 30 e 

84-2 
78 

B-I08 
0 .. 44 
F-29 
A-I 
A-36 
0-24 

21; 28 6L. 20 3-88 
2S~69 6L.49 , ' b 
2L. 32 ' 6L. 23 · ( c 
2L.41 . 6L.45 · e 

' ~t.18 6r.. 20 " r 
2L.79 6L.87 g 
21.19 6L. 29 Ii JI h 
·21. 37 ' '7L.12 3~9a 
2L.48 175. 50 .. b 
2L.16 '7L.18 c 
2L. 82 7L.63 , d 
2L~34 ' 7L.70 (e 
2L. 20 81.18 r 
28.15 8S.11 g 
21. 05 8t.l0 h 

'0-40 2L.07 , '8LHa 
.' C";57 2 near 8 near 

G ... 2 
X-42-32 
84 

cent. ' cent. 

2L.71 ' 8S.71 
2L.23 8L.22 
21. 32 ' 8L. 30 
2S.36 . 9L.58 
28.18 9L.22 

0-61 
H-7 

. .1 -f'" , ) 

. 2S~ 49 95.33 
2L.83 9L.27 

,.j'A12L.16P.~OL. 55 

·A..,101 
X-4-108 
X-7-38 
B-I04 

Conn R-34 
A"'!'53 

28.50 . 10L.75 
21. 30 105 .• 40 
3L.07 4L.85 
3L.28 5L.60 
3L.61 ' 5L.57 
J'1.. 62 ' 5L. 27 
38'.34 5S.16 
3L.Ol 58.73 
3L.555L.22 

" .3L.23 ' 5L. 20 
3L. 06 .' 6L. 30 
38.73 65.82 
38~56 6L.54 
3L.23 6L.82 
35.25 7L.18 
38~92 7L.03 
3L.46 ' 7L.45 
3L.64 '7L •. '81 C-75 

F-25 :·', 3L.25 ,,78.56 
3L~ 41 . 8L. 61 
3L.16 8L.23 

Burnham " ," 38. 23 8L. 85 
, A';'Z2 35.36 . 8L,21 

A-I04 3L.08 8L.I0 
B-37 3L.12 8L.19 

, X-23-26 'I..~ ~ 3L. 53 I" ~$. 46 
3L.l1 -·'tjL.16 

A-41 
A-94 
B-I03 
F-24 
X~23-158 

3L.48 :9L.53 
3L.09 '9L.12 
3L.13 ,9L.26 
3L~ 06 9L.26) 
3L.63 , 95.69 
3L.40 9L.14 
31. 09 : 9L. 33 
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Temporary, Cytological Temporary Cytological 
5ynioo1 designation : determination Synlbo1 designa,tioR ' ,determination 

l~Oa : ' '. b ' 
, , 

e 
4-5a 

, b 
c 
d 
e 

g 

I. 

Conn R-18 , . 

Conn R-32 
" 

h l3"'!2 
i : , 13-74 

X-6-77 
X-19-5 

j 
k 

. 4-6a 
b 
c 
d . Conn R-43 
e 4(-57-31 

4-7a 
4-8a 

b ~-17-108 
4-9a 

b 
c 
d 
e 
f 
g 

4-10b 

bp 
/1.-26 
/I.-52 
D-25 
F-22 

c 13-45 
d G-l 
e K-17 
f X-12-57 

5-6a 
b 
c 
d A-75 
e A-77 
f X-23-41 

5-7a 
b 
c 
d 
e .13-21 
f X-27-44 

3L.16 10L.22 '5~a 
3L.' 61 , (, lOS. 25 ." b 
3L.22" 10L.30 ' . · C 
41.19 58. 29 " . . ' d 
41. 76 . 5L. 6S ' f 

,' 48.34 · 51. 27 g 
48.21 5L.22 
48.41 ,;S .. 32 

(41. 27 . 58.70 
(48. 48.~'o 5L. 30 
41.13 5L.08 
4L. '20 rl. 5S.15 
4L. 21' 5L. 36 
48.06 5L.13 

5-9a 
b 

'0 

d 
e 

.' 41. 37 6t.43 5-10 a 
45. SO 6L.16 ". b 
48.33 68.S3 
41.49 , 61.53 6-7 
48'. 62 6L. ;6 6-S8 
4S.32 . 7L.07 b 
48.59 SL.19 C 
48.18 8L.16 . d 
4L.ia. , ~. ·: 9L.50,F 6-9a 
41.90 9L.29 b 
4L.82 9L.29 C 
4L.12 9L.17 .. d 
48.53 9L.26 e 
4L.55 9L.18 6-10 a 
48. 27 . 9L. 27 b 
41~15 10L.60 C 

. 48.64 10L.18 ' d 
48.,36 10L. 36 ~. e 
41.14 10L.13 .0 f 
'41.94 ·10L.14 . g 
5La5 . 61. 43 h 
5L~72 6L.21 7-9a 
58. 81 : ,6L. 08 b 
5S;54 , .,! 68.91 " ~ ':J c 
51.11 6L.60 7-10 a 
58.37 68.76 8-9a 
5L.78 7L.72 b 
5L.18 78.36 
5L.42 7L.72 
58.63 78.33 
58.40 78.18 
5L.80 7L.85 

c 

d 
e 

, 84 
B .... IO 
B~18 
C~52 

X ... 27-87 
A..:50 

X~7-39 
, X-lO-6 

X-11-73 
: X-14-111 
B-94 

.' B..:91 
A-49 

, B-70 
X-57-16 
X-1-31 

B-S3 
C-59 
D-1 

A-66 
C-23 
X-25-78 

A-23 
0"'27 
D-13 
I-22 
X-17-15 
X-46-13 
A-76 
F-11 
X-56-86 
D-36 

C-12 

X-22-92 
x-26-8 

, 5L.49 88.58 
' 58.23 ' 8L.23 
5S. 24 ',81. 20 
5S~ 55 8r .• 12 
5L.02 '. 88.08 
5L.28 . 88.44 
58.07 '8L.l1 
51.59. ',f 9S.17 
5·L. 68' 1 9L. 44 

, :sS~ 07 .: J 9L.10 
5L. '34 ' ,d 9L.lO 
5L.46 9L.74 
5S.17 ,9L.27 
5L.23 9L.21 
5L.14 lOS. 54 
5L.09 108.25 
58~42 :10L.42 
61.73 7L.98 
6L. 41 ._ 8L. 80 
6L.79 88.76 
6L.27 ,8L.50 

·6L.51 SL.77 
68.79 91.40 
61.10 .98 .• 37 
6L.15 9L.29 
68.; 73 9L. 82 
6L.18 9L.24 
6L.75 10L.15 
6L.12 . 10L.29 
6L.51 lOS. 36 

'61.16 10L.29 
6L.14 108.43 
68.92 108.28 
61. 85 10L.20 
6L.47 10L.S7 
7L.63 9S.07 

. 7S.76 9S.19 
7L.14 9L_22 
7L.23 101.06 
8L.13 9L.38 
8S.67 9L.75 
(SL.14.~ 9L.16 
(8S.3S,,\ 9S.26 
8L.09 98.16 
8S.32 91. 25 
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Temporary Cytological Temporary Cytological 
Symbol designation determination Symbol designation determination 

8-10 a 8L.48 lOS 9-10 a 9L.14 10L.92 Y 

b 8 cent 
c 8L.4l 
d F-l 8L • .39 
e F-33 8L.84 

'K-7 8L~07 

10 cent b 
lOS. 56 
10L.16 
lOS. 37 
lOS. 22 

A ... 75 
9S.l3 10S.lQ 
9L. 28 .: "lOL. '4 

E. G. Anderson 
Albert E. ,Longley 

2. Glossy 

gl9 - Stock of g!g from Sprague showed ' a very good glossy. , 
. Chromosome tests place it in chromosome 7. Allele t~sts 

with gIl will be needed to determine if this is glqor if 
gl has crept in during the building up of our ' stock. " 
--1 ' 

glStadler 3 - Stock from Burnham. Chromosome 5. 1m al~ele test 
W~ th ~ gave only normals so should be non-allel~c. , 

gllO - Stock from Sp~ague. Tests indicate chromosome 5. As 
g!8' gl S-3' and E!10 are , all good glossies, adequate allele 
tests are needed. 

gl16 - Tests indicate chromosome 4. 

gl - Tests indicate chromosome 4. 
-7 Since $13 and~ are both established in chromosome 4, 

it is essential'~hat any possible allelism be checked. 

E. G. Anderson 

3. Dwarfs 

Chromosome a. 
Three dwarf mutants from radiation material have been placed in 

chromosome 1. These are tentatively listed as midget 8043, tiny 8446 and 
dwarf 4963. 

Midget 8043 in the seedling stage has a blunt first leaf and a broad 
pointed second leaf. Both leaves are about 1/2 normal size with undulant 
mar~ins. When fully grown, midg~t 8043 is up to 2 ft. tall, is contorted 
in appearance but produces pollen and small ears. ' 

·3 
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Both tiny 8446 and dwarf 4963 in the seedling stage are much 
smaller than dwarfs 1, 2 or 3. In the seedling stage, tiny, the smallest 
of all dwarfs grown here, has narrow sharp-pointed leaves, whereas dwarf 
4963's leaves are short and blunt. They both grow at most a few inches 
t~.l. -We have not, as yet, succeeded in growing these 2 mutants to 
maturity. 

Chromosome. 2 
Dwarf 5232 resembles the original dwarfs 1, 2 and 3. It first 

appeared in Bikini material and was placed in chromosome 2 by transloca
tion tests as reported in the 1955 News Letter. 

During the past season l inkage tests were carried out with Dwarf 
5232 and~. A testcross of ~ gave a total of 48 crossovers out of 306 
plants or 15.7% crossovers. +This is close to the expectation for the 
~ - g5 linkage from the recorded information of Emerson, Beadle and 
Fraser. If no stocks of g5 are in existence, this may well be substituted 
for g5' 

Note 1 
The dwarfs tested by Dr. B. O. Phinney of U.C.L.A. (See this 

News Letter) for response to gibberellic acid were: 

Dwarf 1, An 1 and Dwarf 5232 sho'wing positive response. 
Dwarf 4963 showing no growth response. 

Note 2 
We would be glad to receive seed of Dwarfs 4, 5 and 7 if any is 

in existence. 

Fred D. Pettem 

4. Mutants with alte~ed carotenoid synthesis . 

Linkage data has been accumulated on the mutants having an 
altered carotenoid composition in endosperm (white to pale yellow) and 
seedling (albino). 

Parental Recombination 
Classes Classes Total ~ Recombination 

Region Region Region Region Region 
1 2 1&2 1 2 

!!22 - &18 150 67 217 30.9 

:m2 - A2 161 13 174 7.5 

~ - &18 69 12 81 ,14.8 

~ - T5-9a - ~ 104 5 42 0 151 3.3 27.8 

m! - T2-4c - ~3 350 16 4 2 372 4.8 1.6 
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Parental Recombination 
Classes Classes .' , Total ' ~" Recombinatio,n 

Region Region Region ' Region Region, 
1 2 1&2 1 2 

tSi,- Y4 - ~3 37 14 17 4 72 25.1 ' 29~2 : 

B - v4 - w - - -3 57 36 25 6 124 33.9 " '2?".o 
su - Tl-4a - lw - -1 194 ' 0 ' 51' ,', , 0 245 ' 0 ' , 20.8 " 

wx - Tl-9a - lw - -1 14 2 15 0 31 6·5 , 48.4 . 

Kn - lWl 28 0 - 28 a 
.1i2!; - T5-9c -~2 44 2 3 1 50 6.0 8.0 

g18 - lW2 208 a 208 a --
~ - T3-9c - ell 373 5 20 a 398 1.3 5!0 

Al - cll 125 108 233 46.4 

1.g2 ,'P' ell 127 31 158 19.6 

!.!!2 - cll 16 3 -- 19 15.8 , --

Our mutant 7748 has 
with pale endosperm and pale 
alle~ic to lJ... 

been' 'pl~~ed on chromosome three. A mutant 
green seedling (8549) has proved to be 

, , 

Donald B. ·Robertson, 

UNIVERS ITY OF CALIFORNIA AT LOS ANGELES 
Los Angeles 24, California 

1. Dwarf mutants in maize and their, gr~wth response to a new plant hor
mone. gibbe~ellic acid. 

Gibberellic acid as well as a mixture of gibberellic acid and 
gibberellin A was applied to the ' leaves of a number of genetically differ
ent dwarfs. Resul ts show that ,some ,mll;tants will respo~d by ~ormal '. growth 
while others respond only slightly or not at all. Mutants will respond 
to as little as .01 micrograms of gibberellic acid per plant. vii th this 
amount normal seedlings ,give no ,growth response. vii th 10 micrograms of 
gibberellic acid. per mutant, elongation is evident within 24 hours follow
ing treatment. This growth response is apparently conf:Lned to .,tissues 
that have not reached final differentiation. , A continuous supply of 
gibberellic .acid is necessary to maintain normal growth of the mutants. 
For the mutant, dwarf-I, treated plants reach s'mature height very close 
to that of treated ,and non-treated normals; with leaf size and shape, 
,leaf color, and in~ernode length of treated mutants being very f!imllar to 

, '. .. . . 



normals. While normals show a growth response with higher amounts of 
gibberellic acid, treated mut.ants reach a height very near to that of 
treated normals. 

Table I. Growth response of mutant seedlings to a single application of 
10 micrograms of gibberellic acid per plant. Treatments given at the 
time,of emergence of the first leaf from the coleoptile. Response re
corded 10 days following treatment. Response (+) if mutants reach the 
same height as treated normals, (t) if mutants show a response but do not 
reach the height of treated normals, and (-) if mutants show no response 
or only a very slight response. 

Mutant * Linkage group Response 

anther ear-l I + 
dwarf (7281) I + 
dwarf (4963) I ':" 

dwarf (5232) II + 
dwarf-l III + 
nana-l III + '1 
dwarf (8201) IX + 
tiny ,( 8446) I 
Dominant Dwarf unk,l1own 

*Dominant Dwarf was obtained from Dr. R. R. Seaney, the mutant having 
originally been found by Dr. G. H. Stringfield. All other stocks were 
provided by Dr. E. G. Anderson and Dr. F. D. Pettem, who have also pro
vided the linkage information. See also the linkage data reported by 
Dr. Pettem on page 10. 

Bernard Phinney 

CARNEGIE INSTITUTION OF WASHINGTON 
Department of Genetics 

Cold Spring Harbor, Long Island, N. Y. 

1. Further study of the alm- l - Spm system. 

A general outline of the system of control of gene action at al
m- l 

was given last year in this News Letter, and transpositions of the-
controlling element, Spm, were mentioned. To determine Spm constitutions 
in the cells of different parts of a plant, several ears of a single 
plant were utilized in test crosses. From 101 plants, tests of two ears 
per plant were obtained. In 95 plants, the number of BEm elements was 
the same in the cells that produced each ear (63 with 1 Spm; 26 with 
2 Spm; 6 with 3 Spm). In 6 plants, the Spm constitution was not the 
same in the cells that gave rise to each ear (1 case of 1 22m in one ear 
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and no Spm in the other; 3 cases of I Spm in one ear and 2 Spm in the 
second; 2 cases of 1 Spm in one ear, the second ear having a sector with 
no §B~). From 12 other plants, tests of three.ears per plant were ob
tained and correspondence in number of Spm elements was evident in each 
of the 3 ears of l1 ·of them (6 with 1 Spm; 4 with 2 Spm; 1 with 3 Spm). 
In one plant, the cells that gave rise to two ears contained 1 Spm 
element but 2 Spm elements were present in the cells that gave rise to 
the third , ear. 

Tests were made of Spm constitutions in the progeny of plants in 
which 1, 2, or 3 Spm elements were known to be present. One test of 
238 individuals derived from plants having 1 Spm element will illustrate 
the nature of the results obtained. The parent plants carrying Spm had 
been crossed by plants homozygous for alm- l but having no Spm. Kernels 
on the resulting ears that showed the presence of Spm in the endosperm 
were selected and the plants grown from them were again crossed by 
plants homozygous for a,m-l but carrying no Sprue On the ear produced 
by 7 of these plants, no kernels having Spm ·appeared. One Spm element 
was present in 205 plants, 2 80m elements were present in 20 plants and 
in 6 plants, 3 Spm elements were present. Also, tests were conducted 
to determine the position of §P-m in the progeny of plants in Which the 
location of Spm was known. In the majority of such tests, the Spm 
element occUpied the same position in the chromosome complement as it 
had in the parent plant, with some exceptions, however, that were to be 
expected. In one such test, 103 individuals in the progeny .of plants 
carrying Spm in chromosome 6 and showing approximately 35% recombination 
wi th X, ,were ' examined. . In 92 of these plants, 1 Spm was present and it 
showed the same linkage with I as it had shown in the parent plants. 
Two plants had 2 8pm elements, one of which was linked 'vith X. Five 
plants had 1 Spm .. but it showed no linkage with Y, and I plant had 3. Spm 
elements whose linkage relationships could not be detected because of 
the high number of Spm elements that were present. In another test of 
22 individuals in the progeny of a plant carrying Spmin chromosome 6 
but showing, in this case, closer linkage with X, 19 plants proved to ~V~ 
I Spm element and its location was similar to that in the parent plant. 
In two plants, 2 Srm elements were present and one of them was linked 
with X. In the remaining plant of this culture, I Spm was present but 
it showed no linkage with X. The table below will illustrate the na-
ture of the tests conducted and the results obtained from them for this 
progeny of 22 plants. 
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Blm-l/Blm-l ; 
Y/y alm-l /alm- l ; y/y; No. Spm ,i:1 or $ x 

alm- l / ar; 

Pale aleurone Colo.rless aleuro.ne To.tals Germinal 
(No. Spm) with SPo.tl;l o.f Al Mutations 

Plant No.. (SEm Eresent) 
y Y.. y "!. 

A. One Spm, 
linked with 
y 

1 38 132 114 ' 44 328 1 
.2 27 161 144 27 359 , 
3 31 172 154 17 374 3 
4 28 ' 186 150 18 382 
5 48 ' 125 130 32 335 
6 40 234 222 54 5;0 
7 30 196 151 34 411 
8 51 238 230 46 565 
9 37 174 174 53 438 

10 32 157 149 25 363 
11 43 113 125 40 321 
12 41 153 155 32 .381 
13 34 164 199 51 448 
14 45 161 155 .38 399 
15 20 156 139 24 339 
16 2.3 136 154 .34 .347 
17 35 192 ' 164 44 4.35 
18 28 142 153 31 .354 
19 52 172 171 40 435 1 

Totals for 
A 683 3164 3033 684 7564 ; 

13- Two. Spm elements; 
one linked with Y 

20 9 17 63 29 118 
21 .30 101 252 152 535 

Totals for 
B 39 118 .315 181 653 

C. One Spm, 
no.t linked with Y 

22 117 112 101 100 430 :2 
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Similar results were obtained from tests of progeny of plants carrying Spm 
in chromosome 5 and showing linkage with Pr. However, in one other test 
of a small progeny of oru.y 5 plants, quite aberrant results were obtained. ~ 
In the parent plant, I ~~ element was present 'and from the ratiQ of ker-
nel types'on the ear it produced, there was no evidence of linkage of Spm 
with alleles of Y, Pr, or Wx which 'were also segregating. In one oi'the 
5 plants in this-progeny, 2:Spm elements were present and one of them was 
loosely linked with X. In each of the remaining 4 plants, I Spm element 
was present. It was very closely linked with I in one plant. In another, 
it showed 35% recombination with Pr. In the third plant, it gave 33% 
recombination with~, and in the fourth plant, no linkage of Spm with any 

. of these markers was noted. It is suspected that many transpositions of 
Spm oqcurred in the parent plant end at a time that was late in the devel
opment of its sporogenous cells. 

On test ears, such as those described above, an occasional kernel 
may appear showing a markedly altered pattern of mutation. Some of them 
arise··from a change in state or the alm- l locas. Others, however, ' arise 
from modifications of another type. -Several examples of the latter type 
o~ modification have received some study. One type appears relatively 
frequently and the evidence suggests that it may arise from a change in 
the Spm element itself. In the presence of the modified element and in 
the absence of Spm, plant tissues show pigmentation but the aleurone layer 
is almost totally colorless, only a few specks or dots of color appear
ing in it. When both the modified element and Spm are present in the 
same plant, the action of Spm is dominant to that of the modified element 
and clear-cut segregations of these two different controlling elements 
are observed. Like Spm, the modified element may occupy different posi
tions within the chromosome complement. Other types of modifiers have 
also arisen and in the same general manner. Their presence results in 
altered distributions of pigmentation in the plant tissues and in the 
aleurone layer of the kernels and also in an altered time and frequency 
of occurrence of mutations at the locus of ~lm- in these tissues. 

2. Further study of Ac control of mutation at the bronze locus in 
chromosome 9. 

In last year's News Letter, a case was described of control by Ac 
of gene action at the bronze locus in chromosome 9. This case has been 
further examined and evidence was obtained suggesting a relationship 
between an apparent direct Ac control of gene action and indirect con
trol of this action, such as that exhibited by the Ds - Ac two element 
system where the Ds element directly controls types~f modification in 
gene action but does so through the influence that Ac exerts on it. As 
mentioned last year, the recessive bz in this case W;s capable of 
mutating to higher alleles of ~ as well as to stable recessives, and 
control of this process was found to be associated with the presence of 
Ac at the locus. The relatively simple types of change in gene action 
are those that give rise to stable dominants or to stable recessives. 
Altogether, 14 independent mutations to a stable dominant were examined. 
In all 14 cases, mutation to Bz was associated with removal of Ac from 
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the bronze locus. In 6 cases, it was not present in the ggmete that 
carried the Bz mutant. In the remaining 8 cases, Ac was present in the 
gamete but its location was altered. In 4 of these 8 cases, the A£ 
element showed no linkage with markers in the short arm of chromosome 9. 
In ·the 4 other cases, Ac was linked to these markers. In 3 of them, it 
was located several crossover units to the right of Bz and in one case 
it was located very close to ~. 

Twenty-four cases of mutation to a stable recessive were examined. 
In 9 of these cases, Ac was absent in the gamete that carried the stable 
recessive. In 5 cases, oneA£ was present but it showed no linkage with 
markers in the short arm of chromosome 9. In 9 cases, one Ac was present 
and it showed linkage with markers in the short arm of chromosome 9. In 
2 of these 9 cases, Ac was located close to Wx, and in one case, it was 
located very close to she In the remaining 6 of these 9 cases, its exact 
location was not determined; it was linked with Wx and showed from 20 to 
30% recombination with it. In the remaining case; two Ac elements were 
present, one located close to but to the right of b~, the other showing 
no linkage with markers in the short arm of chromosome 9. 

Two cases were found in which control of mutation at bz had changed 
from apparent direct Ac control to indirect control by this element. In 
all essential respects, the system of control of mutation in these two 
cases is the same as that exhibited by the Ds - Ac two element system. 
A£ is not present at the locus of bz but its presence in the chromosome 
complement is necessary for mutations to occur there, and the time of 
their occurrence reflects the Ac dose in the cells. 

In addition to the mutant types mentioned above, two cases of muta
tion to an unstable dominant, Bz, were examined. In both of them, A£ 
was present and located at or close to~. Examination of a number of 
derivatives of one of them was made and the types of modification found 
are listed below: 

1. Change to a stable dominant associated with removal of A£ from 
the Bz locus,--apparently a frequent occurrence but only 3 cases examined 
in detail. 

2. Change to a mutable recessive,~. 8 cases examined. All had 
!£ at the bz locus. Mutations controlled by Ac. Marked change in Ac 
dose action was exhibited by 4 of these cases. 

3. A change in state of the Bz locus recognized by a very high rate 
of mutation from ~ to bz. Ac present at or close to the Bz locus and 
the mutation process controlled by it. 

4. Appearance of a high rate of Ds-type chromosome breaks at a 
position a few crossover units to the right of Bz. The Bz phenotype is 
stable. Ac occupies the locus Nhere the Ds-type breaks are ocourring. 
Twelve derivatives of this particular modification that showed no breaks 
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, '. 
or a reduced frequency of them were'examined.In2 cases, Ac was not 

"pre'sent in the plant. In 6 cases, the location of Ac wasappare'ritly 
unchanged but Ds-type breaks were very much reduced in frequency or did 
not.occur. In the remaining 4 cases, 2 Ac ele~ents were present, one at 
or close to 'the former location aim !Dne located, elsewhere· (the' 'aeqond 
Ac element was close to wx in two cases and not linked to markers -in'the 
short arm ,of chromosome 9-in one case.). 

S. Appearance of an intermediate allele giving a weak Bz exPression. 
Ac no longer present at the'locus. , However, if M? is present somewhere 
1n the chromosome c'omplement, mutations occur at this locus ,to give" 
all'eles expressing higher or lower levels of the Bz phenotype~ This 
intermed~ate, ,allele is stable in the absence of Ac. 

6. Milt abil i ty of a componen:t of the Bz locus ' d'etected in kernels 
that are Q .§h bz ~ W'Q .en bz .!t! £§il Sh BZA'c Wx Dsin constitution. 
Breaks at Dsin ,the 1 Sh BZ'Ac \olx ~ chromosome during 'development of'the 
endosperm produce areas that are Q ~ bz ~ in phenotype. When the ,nor
mal Bz locus is present, such areas have rims showing the Bz phenotype 
due to diffusion of a substance produced in the surrounding 1 Sh Bz Wx 
cells in response to the presence in them of Bz. In the c~se'here ' 
considered, only short, interrupted streaks of the Bz phenotype appear 
i~ the oomliilary r~ of the C §h bz ~ areas. In kernels that are 1 Sh 
BzAc l!lx Q§/l Sh BzAc Wx .!2EIQ sh !1~ .!'lli Q.§. in cbnsti tution, the majority 
of Q sh bz ~ areas show either no Bz streaks in the rim cells or only 
an occe,sional very small 'streak. However, in kernels that are Q :BzAc/Q 
12YQ bz in c'onsti tution and in the plants derived from them, full Bz 
color appears. This suggests a possible dual activit.y of the genic 
materials at the Bz locus and, in this case, mutability is being expressed 
by only one of these components. 

3. Degree of spread of mutation along the chromosome induced by Ds. 

When J2.g is located immediately to the left of Sh in chromosome 9 it 
induces, in the presence of !£, changes in action of genic materials 
located to either side of it. Ds is retained following such an event 
and it is unaltered in its ~ocation. A number of mutations of ?h and 
simultaneous mutations of both Sh and ~ have been examined in the past, 
as well as those changes that affect the genic ~aterials located to its 
left and extending into the ]; locus. In order to expand the study of 
spread of mutational change along the chromosome, plants having ~-induced 
modifications of gene action in the segment which extends to its left 
and includes the 1 locus were used in crosses in order to isolate from 
these plants some cases in which Sh or both Sh and Bz, loeated to the 
right of ~, were subsequently modified. Three cases of modification 
of Sh expression but not that of Bz were isolated and examined. In two 
other examined cases, both 2h and ~ were modified in their expression 
to give the recessives, §h and bz. In none of these 5 cases was the 
position of Ds detectibly altered as a consequence of the modifications 
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in gene action it induced, nor was the previously modified action of 
genetic materials, located to its left, altered by these events. Cyto
logical ey-end.nation of plants car!'ying these 5 modifications gave no 
detectible evidence of alteration of chromosome components within the 
affected segment. These cases indicate that Ds-induced change in gene 
action can spread along the chromosome to include a segment of chromo
some extending from the locus of Bz to and including that of 1. 

4. studies of instability of chromosom9 behavior of components of a 
modified chromosome 9. 

A preliminary study was made of a modification affecting the organi
zation of chromosome 9. This modified chromosome is composed of two 
independent segments. One segment includes the distal third of the short 
arm and will be called the fragment chromosome. The other segment is 
composed of the proximal two-thirds of the short arm and all of the long 
arm and will be called the deficient chromosome. The distal end of the 
·fragment terminates in a knob and its proximal end is composed of a 
centromere from which a short piece of very deep-staining chromatin ex
tends. These two independent segments carry the full genic complement 
of chromosome 9. The locus of Q is carried in the fragment chromosome. 
That of Sh is very close to the end of the short arm of the deficient 
chromosome. The deficient chromosome is transmitted through the female 
gametophyte but its transmission through the pollen occurs only when 
the fragment chromosome is also present in the tube nucleus. Study of 
this modification was undertaken because the fragment chromosome under
goes many changes in constitution in somatic cells: 'tm1sdivision" of 
its centromere leading to loss or non-disjunction of the fragment; loss 
of the deep-staining component adjacent to the centromere or duplications 
of this component; ring chromosome formation; deletion of segments of 
chromatin composing the fragment; attachment of the fragment at its 
centromere region to the end of another chromosome, its own centromere 
being lost in the process; attachment of its centromere to that of . 
another Chromosome resulting in loss of an arm of the other chromosome; 
etc. These events affecting the fragment chromosome appear to be regu
lated in a manner somewhat similar to that which controls mutation at 
a "mutable locus." This is made evident in some isolates by the patterns 
produced by patches of colorless aleurone in a colored background that 
appear in kernels having one or two normal chromosomes 9 carrying £ and 
a fragment chromosome carrying Q. The colorless patches represent those 
areas in which Q has been lost from the cells. The broken end of the 
deficient chromosome also initiates modifications that affect its own 
organization and also that of other chromosomes of the complement but 
the frequency of occurrence of such events appears to be lower. 

In structural heterozygotes, crossing over occurs between the locus 
of Q and the centromere of the fragment chromosome and isolates having 
£ in the fragment chromosome have . been obtained as well as isolates in 
which the Q from the fragment has been introduced into a normal chromo
some 9. Several sets of data suggest that a segment carrying sh and B! 
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may be included in the fragment. If so, theconstitlltion. of thismod;i.fi-
. cation iricludes a duplication of the segment-thatcarries the loCi of 

6h and bz for both Sh and Bz a:re present in the deficient chromO:some~ 
Plants carrying Bz both in the normal chromosome 9 and in the deficient 
chromosome and also a fragment chromosome, when crossed to plants homo
zygoUs for bzhav9 produced ears on which kernels showing the bz phenotype 
have appeared in constant proportions. This is made evident in B of the 

" f.ollowing table: ' -

A. ~. C sh bz wx/C sh bz wx x r3' sh Bz wx; 'normal chromosoine, ' 
Sh Bz ,,[x; deficient chromosome 

No Fragment. 

B. 0 I' n r3' Salne as A but fragment present. + x 

Phenotype A· . B~ ,;el~!Jlta 1 :tQ 5 
' . 

of kernel 1 2 3 4 5 Totals for 

Sh Bz Wx 0 81 141 147 169- 249 '787 
Sh Bz wx 0 4 15 12 27 33 91 

B 

sh Bz Wx 71 65 81 95 147 154 542 = 19.5%of 

sh Bz wx 367 357 335 454 480 602 2229 sh Bz class 

sh bz Wx 0 2 1 1 3 2 9 = 21. 9% of 
sh bz class 

sh bz wx 0 5 3 6 6 12. 32 

Totals 438 514 576 716 832 1052 3690 

% bz alnong 
sh class 0 1.6 0.95 1.2 1.4 1.8 1.4 

Substantiating evidence of inclusion of £h and bz in the fragment chromo
some was obtained from crosses of several plants having a normal chromo
some 9 carrying £ sh Bz~, a fragment chromosome 9 carrying Q, and a 
deficient chromosome 9 carrying 5h Bz~. When crossed by plants homo
zygous for £, ~h, bz, and ~, the following phenotypes appeared among 
the kerne,ls on the ears of these plants: 84 Q 5h Bz Wx, 4 Q 5h Bz ~, 
53 £ 5h~, 12 £ Sh~, 1 Q sh Bz H!, 35 Q sh ~~, 5 Q sh bz ~, 
18 £ sh WX and 294 Q 8h~. Among the 41 sh kernels in which Q, origi~ 
nally carried in the fragment chromosome, was present, 5 were E~ in 
phenotype. The duplicated region must be very short for cytologicsl 
evidence of it has been difficult to substantiate. Also, mutation at 
the locus of ~ in the normal chromosome 9 from some event at meiosis 
associated with synapsis of the fragment chromosome with its homologous 
segment in the normal chromosome cannot be excluded, for it is known 
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from other studies of tM.s modification that changes in expression of Q, 
of .§.h, and of Bz that cannot be accounted for by normal crossover. pro
cesses, have occurred. 

Barbara McClintock 

The following pUblications by McClintock were not included in the list 
of recent maize pUblications given at the end of the News Letter: 

McClintock, B. Intranuclear systems controlling gene action and mutation. 
Brookhaven Symposium in Biology 8: 58-74. 1955. 

Controlled mutation in·maize. Carnegie Institution of 
Washington Year Book No. 54: 245-255. 1955. 

COASTAL PLAIN EXPERIMENT STATION 
Field Crops Research Branch 

Agricultural Research Service 
United States Department of Agriculture 

University of Georgia 
Tifton, Georgia 

of tests desi ned to detect non-alleli c ene 
in maize. 

A definite answer to what type or types of gene. action are involved 
in heterosis and quantitative inheritance has proved elusive. Experiments 
designed to obtain estimates of gene number, and degree of dominance have, 
in many cases, assumed that non-allelic gene interaction or epistasis was 
not involved. Epistasis'would contribute to the non-additive portion of 
the genetic variance. These tests would be somewhat in error if epis
tasis were i nvolved. 

The proposed test to determine the presence of epistatic gene action 
involves crossing two inbred lines and the single cross between the two 
inbreds onto an ~~e1ated tester BS shown in the following example. 

WF9 x Tester 
38-11 x Tester 
(WF9 x 38-11) x Tester 

Expectation based on 

Dominance 
90 

100 
95 

Over-
Dominance 

90 
100 

95 

Epistasis 
90 

100 
100 

Based on theoretical expectation, with any degree of dominance 
or over-dominance, the single cross ~ tester cross will always equal 
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.' the mean. of . the ,two . inbred 2f tester ' crosses. , How,E,lver, :if: the· p~rformBnce 
of·' th~ single cross ~ tester cross deviated significantly from the mean 
of ·the two inbred x tester crosses, non-allelic gene interaction or 

. 'api'stasi s ' must· b~l . ~nvol ved. ' , . ' 

,This test determines th~ amount of epistasis that exists in the 
single cross, however the epistatic effect is reduced by one-half because 
of segregation. ' For example, if the .§!ngle croM 2!;' tester cross differs 
from the mean of the two inbred ~ tester crosses by five b'\;lshels, then 
ten bushels of the yield of the single cross itself might be ascribed 
to epistatic gene action. 

The test provides a minimum estimate of epistasis since the tester 
genotype may mask or cover up some epistatic alleles in the single cross. 
However, regardless of the tester genotype, if a significant'deviation 
is detected between the single cross ~ tester and the mean of the two 

," inbred ·~ tester ' crosses, some sort. of . non-allelic 'gene interaction must 
be involved. 

.. Some ,tests of this type were conducted in 1954, but ' were not har-
ve'sted because of extreme drouth. The table ,below gives result-sof . 
the. 1955 tests conducted in replicated plots at 'two locations with the 
exception of group IV which Was tested at one location. 

Epistatic Ear Epistatic 
Group -- Pedigree Yield Deviation!! Height Deviation!! 

Bu. In. 
(BiD. x Cl03hIF9 81.4 31.3 

I BID x WF9 70.9 +4.9 26.9 +3.1** 
Cl03 x WF9 82.2 29.5 

L. S. D. 5% ' 5.3 1.B 

'(wF9 x 38-il)Hy2 77.6 , 25.9 
II ' WF9 ' x Hy2 73.4 +1.6 26.7 -1.5*41-

'" 
38-11 x Hy2 7B.6 2B.2 

.' L. S. b. 5% N. S. 1.1 

, (I:tv x Oh41 ) \-1F9 Bl.O 31.5 
III Hy x WF9 77.1 +3.3 27.2 +3.1 *~~ 

Oh41 x WF9 7B.3 29.7 
.. , L .. S. D. 5% N. S. 1.2 

, **Significant at .01 level. 
.y ' Indicates amount the single cross x tester deviates from 

the mean of the inbred x tester crosses. 

(Table continued on next page) 
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Epistatic Ear Epistatic1 Group Pedigree Yield DeviatiorJ:/ Height Deviation::! 
Bu. In. 

(L578 x GTl12)F44 77.3 51.1 
' IV L578 x F44 71.l +3.8 52.4 +3.7** 

GTl12 x F44 76.0 42.5 
L.S.D. 5% 5.4 1.4 

(WF9 x C103) Hy2 72.1 21.1 
V WF9 x Hy2 74.3 -5.7 21.4 - .3 

C103 x Hy2 81.3 21.5 

L. S. D. N. S. N.S. 

Four of the five groups tested gave significant evidence of epis
tasis for ear height. None of the five groups gave significant devia
tions for yield. However, under a more favorable and less variable 
testing environment I feel significant results may have been obtained 
for yield. 

It may be noted that group II showed "negative" epistasis for ear 
height. It is possible to have negative epistasis deviation and still 
the effect in the cross would show positive or plus heterosis for the 
character concerned. 

Loyal F. Bauman 

2. Inheritance studies on the "Kyslt male sterility. 

As originally reported by Schwartz (Genetics 36: 676-696. 1951) 
male sterile plants of the "Kyslt sterile have (1) sterile cytoplasm, 
(2) dominant MS21 gene, and (3) recessive suppressor gene sga. The 
alternative conaition of any one of these factors would give normal fer
tile plants. Upon further testing it appears that a "specific It cyto ... 
plasmic factor is not involved or is not necessary for the expression 
of male sterility (Agronomy Journal 47:189-191. 19551. 

Schwartz also reported that the suppressor gene (sgasga) exhibited 
male gametophyte competition, i.e., recessive sga pollen could not com
pete with dominant 5ga pollen. The writer (Abstra~t · paper 1953 Agronomy 
meetings) found that plants with the , Ms gene and heterozygous for sgasga 
could be identified by the presence of 50% of the pollen being partially 
filled with starch. The partially filled pollen grains (ega) abort and 
do not germinate. 



.23' 

Further 'tests revealed that apparently pollen of .~s §gasga plants 
was normal and crosses showed transmission of recessive sga .thrbugh·the 
pollen to be regular. Therefore, it was only. in thepresenceiofdomi
nant Ms that sga pollen was partially filled with starch and 'failed to 
germinate. The expression of partially filled pollen was not affected 
by ·different cytoplasms • . Since a male gametophyte factor was 'not in
volved in the accepted sanse, the ~ ' superscript may possibly be 
eliminated. 

Segregation of both genes is normal on the 'female side. The reces
sive ~ is not transmitted through the pollen in plants having Mams Ss 
genotype~ Several examples of the results obtained " and ' the theoretical 
pollen classification of the' resulting plants are given below. Pollen 

. classification of the parent plants is given in parentheses below ·the 
genotype.' . 

. Pedigree . 

Msms Ss £ 
(Partial) 

Msms ss ~ 
(~lale sterile) 

Msms ' Ss ~ 
(Partial)" .' ." . 

'. 

MsMs ' SS ~ 
(~orma1) ,. 

MaMs ·SS £ 
(Normal) 

x msms Ss 
(Normal) 

x msms Ss 
(Normal) 

' x mams ss 
(Normal·) 

x msms Ss 
" (Normal)" 

x Msms Ss . 
(Partial)' 

-.. 

Resul tin~ Plants-

Msms ss 
Msms Ss 
Msms SS 
nun SS 
rom Ss 
rom ss 

Msms ss 
Mams Ss 
msms Ss 
mams ss 

Msms ss 
Mems Ss 

. msnis Ss 
msms ss 

Msms SS 
Msnis Ss 

. MsMs' SS' 
'Msms SS· 

1 male sterile 
2 partial pollen* 
1) 
1) 
2) 5 normal pollen 
1) " . 

1 male sterile 
1 partial pollen* 

~ • .- ~ riormal p~llen 

1 male sterils 
: ~ pertial pol1en* 

. ) , , .' 

) 2 normal pollen 

normal pollen 
partial pollen* 

r ' 
.} ,Normal pollen 

, ' 

Msms Ss (x) NaMs Ss 1) 
3 partial pollen* '(Pm-tial) " Msms Ss 2) . . ' ..... . 

. . MsMs SS 
Msm:s SS 
mams SS 
msttls Ss 

*50% pollen partially filled 

1) . 
2) 

. 1) .5 normal pollen 
1) 

.. 

.. 



This last cross, giving an expected 5:3 ratio or 37.85% partially 
filled pollen plants in the F2, would explain the results from Nebraska 
in the 1955 Newsletter in which case they reported 31% of the F2 plants 
had partially filled pollen. 

Apparently some inbreds' carry modifiers affecting the expression 
of the r~s sterile. Classification of partially filled pollen plants 
was difficult in some crosses. Crosses involving inbred M14 were 
irregular, but since these stocks were left at Illinois I have not been 
able to verify its behavior. 

In summary, (1) the Kys sterile is apparently not dependent on a 
"specific II sterile cytoplasm, (2) Ms1I!.l!.§.§. or MsMs m! plants are male 
sterile, (3) recessive § is not transmitted through the pollen in Msms 
Ss or MaMa Ss plants, (4) in segregating populations, Msms Ss or ~ 
Sa plants can be identified, with a reasonable degree of accuracy, by 
the presence of, 50% of the pollen grains partially filled with starch, 
and (5) pollen production and transmission of l! is normal in ~ Ss or 
!!'!m!!§. .§.§. pI ant s. 

Loyal F. Bauman 

THE CONNECTICUT AGRICULTURAL EXPERIMENT STATION 
New Haven 4, Connecticut 

1. Pollen restoration. 

All sources of inbred 1153 (from Iowa, Indiana, Minnesota, Wiscon
sin, Connecticut). restore pollen production to all T sterile inbreds 
and single crosses tested; 10 different single cross progenies and 12 
different 3-way combinations were grown. In time of shedding in rela
tion to silking, in sequence of anther dehiscence on the tassel, and 
in amount of pollen produced, restoration seemed to be completely 
normal on all plants grown. WF9T sterile restored by various sources 
of 1153 were used as pollinators on several different sterile single 
crosses. Five progenies were grown and produced 39 completely fert~le 
and 28 completely sterile plants indicating that 1153 has one dominant 
gene capable of complete pollen restoration for the T type of cyto
plasmic sterility. 

When these same 1153 lines were crossed on the S type of sterility, 
in single cross and 3-way combinations, all of the progenies were ster
ile. Either no anthers were produced or a few plants produced some 
anthers that were almost entirely devoid of well filled pollen grains. 
Therefore 1153 1s a good inbred to differentiate between Sand T 
sources of cytoplasmic pollen abortion. 
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The three single cross combinatj.ons of Ky21, Tx127C and NC77 were 
used as pollinators on standard WF9T sterile single cross seed parents. 
In a total of 143 plantain 10 progenies all were normal in pollen 
production except four plants in one progeny which were completely ster
ile. These could be outcrosses. All three inbreds apparently have the 
same pollen restoring gene in common. Two of these same inbreq.s in 
combination with ' Oh41 produced 32 fertile and 25 sterile plants, and 
with A7l 32 fertile and "35 sterile plants. Both Oh41 and A71 in com
bination with lCy21 and Txl27C add littLe or nothing to the pollen re
storing ability of these good restorers. 

Oh29 , Oh41, A71, and M14 alone or in combination show parUal resto
ration of the T type of sterility. The results are highly variable in 
combinations with different inbreds but the same combinations perform 
about the same when grown in widely different places throughout the 
northern corn growing regions from the Atlantic seaboard to the lJissouri 
Valley. . 

Oh4l is a better restorer for the S than the T type of pollen ster
ility. Oh29 and A71 have not been tested on S adequately. M14 has no 
ability to restore the S type. 

Good restorers "IIihen crossed on to T sterile inbreds show a wide 
range of segregation in F2 selfed generation progenies varying from 3.75 
to .50 fertile to 1 sterile plant. Oh41 on T sterile likewise segre- . 
gates in F2 selfed progenies varying from 1.50 to .25 fertile to 1 
sterile. This indicates either variable number of complementary genes 
or variable potency. 

An S sterile inbred (Al58S) converted to fertility by outcrossing 
by Ky21 and backcrossing on the original S sterile inbred (Al58SF4) has 
good restoring ability on other S sterile inbreds. Seven different 
progenies were grown. When tested on T sterile inbreds in seven combi
nations, six were completely sterile. One showed 11 fertile and S 
sterile plants. Therefore backcrossing four times on S sterile plants 
eliminated all of the T restoring genes in six out of seven backcrossed 
progenies and Sand T restoration must be due to different genes. 

D. F. Jones 



" 

CRaW'S HYBRID CORN COMPANY 
Milford, Illinois 

1. Mutations affecting carotenoid synthesis in the endosperm and 
seedling. 

In 1951, in a lot of approximately 1000 selfed ears of Inbred Ml4, 
a single ear was found that segregated in a 3:1 ratio for white seeds. 
There were no intermediate yellow seeds, such as would have been the case 
if the parent seed had been outcrossed with white pollen. When the 
white seeds were planted, they all produced albino seedlings that soon 
died. By selfing ears produced from the yellow seeds, we continue to 
get ears that segregate for wh'i teo 

In 1954, in a lot of about 800 self,ed ears of Ohio 7, one ear 
segregated for light yellow seeds. When 'the light yellow seeds were 
planted, they all produced albino seedlings. 

Neither mutation seems to have any tendency to be viviparous. The 
seeds are normal in size and germinate readily. 

Seeds of these strains are being sent to California for testing 
with similar mutants that are being compared there. 

2. , Semi-dwarf. 

In 1952, among some crosses that Dr. I. E. Melhus had brought us 
from Guatemala, two crosses segregated for e plant type that we have 
called semi-dwarf. These dwarfs are about five feet tall and are quite 
uniform. , We have crossed them with a number of our inbred lines, and 
we will be growing the F2 generation of these crosses this year.' We 
think this mutant has some promise for producing short hybrids. 

3. Twin shoots. 

In 1950, my son, Robert MUmm, became interested in an inbred Guate
malan strain that occas1~nally produced twin shoots. When these shoots 
were selfed, they produced two very good ears at the same node. Con
siderable variation with respect to the character appeared in the next 
generation. Selection has continued for the most uniform twin ears, and 
now in the S5 generation, about 60% of the population is twin-eared. 

The twin ears develop independently of each other from separate 
ear buds. The stalk has a double ear groove at the node where the twin 
shoots appear. 



This type of corn could be useful in studies where it would be 
desiral;>le to produce selfed and crossed seed on the same 'plant at the 
'same time. 

w. J. Mumm 

ESCUELA NACIONAL DE AGRICULTURA 
, Lima, Peru 

1. Races of mai ze i n Peru. 

27 

The study of some 1,200 collections of Peruvian maize' has been con
tinued during the past year, ,aiming at the acculnulati.onof biometricl, 
cytological, morphological, genetical and agron6mi~al data. . 

, Most parts of the country are rather well' represented in these 
collections, except small 'specific areas in which 'more collecting has 
tel be done. . . . .. . .. 

As in otber countries of Latin Ameriqa, the races fall into two 
more or less distinct groups: 'those of the highlands a'nd those of the 
lowlands. The latter, in turn" comprise two distinct' 'su'Qgroups, one' 
representing the maize of the western ,coast'al lowlands' arid ' the other 
the maize of the easternlowiands. ' 

. ' .,' . ~ . . . . 
, There appear to be approximately thirty rnore or less distinct races 

of mai'ze in Peru, and 'the majority of these are indigenous. There is 
little evidence here, as ther,e is in Mexico and Central America, of 
the introduction of races of maize from other parts of the hemisphere. 
If corn did not originate in Peru, it has at l8ast had a long history 
of independent evolution here. ' 

Peru, like Mexico, has ancient indigenous races, of, which there are 
three, or possibly four. ,All of these are popcorn, and are grown at 
high altitudes. One of these races, Confite Morocho, has a very slender, 
flexible cob and small, flinty grains which are sometimes round, some
times pointed. Many ears have staminate tips. Some of the ears of 
this race have brown pericarp, in 'a rather pale form. This race could 
conceivably be the ancestor of the four ancient indigenous races of 
Mexico: Nal-Tel, Chapalote, Palomero Tolu.quano,' and ,Arrocillo Amarillo. 

, , 

Another pop-corn - Confite ,Punefio - with small, slightly fasci
ated ears, seems to have originated a group of races 'with grenade-type 
ears in the Andean highlands. 

Peru appears to be the home Qf pericarp colors in maize. In one 
department, Aneash, there occur all the pericarp colors, 'described by 



Emerson, Beadle, and Frater. These colors are the product of three 
alleles at the ~ locus interacting with seven alleles at the g locus. 
In Ancash, brown is the predominating pericarp color. 

There is an abundance of ar,e:na«ilogical material in Peru, not only 
' actual specimens of ears, tassels, and pla~ts, but also mum~~S ' repre
sentations in ceramics, and stone. We have received permission to 
study and describe all of the specimens at the National Archeeolegical 
MUseum in Lima, and will have the opportunity to see and photograph 
specimens in other museums. 

Data and observations already accumulated in the studies of corn 
of the Paracas and Nazca Coastal cultures (800 - B.C. and 400 - A.D. 
respectively), indicate that two or possibly three races of pop-corn 
were grown in the coast of Peru long before the Spaniards arrived. 
Brown and red pericarp colors were universally present, although some 
cherry specimens have also been found. These two pop-corns are now 
found only in the highlands in living form, while the earliest distinc
tive coastal corn appears to be the product of hybridization accompanied 
by heterosis between these two highland races. 

A form of pod corn, either the half-tunicate described by Mangels
dorf or the "semivestidos" reported by Andres, is quite common in some 
coastal varieties of Peru. We have picked up what apperu's to be an 
ear of true pod corn at the ruins of Pachacamac ne'ar Lima. A represen
tation of a tiny ear which might well be pod corn is on display at the 
MUseum in Cuzco. However, although present in Bolivia, modern true 
pod-corn, has not been found in any of our collections in Peru. 

A tentative classification of the races of maize of Peru follows: 

I. Ancient Indigenous races (Highland).-

1. Confite puntiagudo, short plants, often tillering; leaves with 
the highest venation index, 3.26 
Condensed tassels, with few ramifications; ears usually with 
no pericarp color, pointed kernels. 

2. Confite morocho, short plants, ears with slightly pointed or 
round k~rnels, flexible cob, pale brown pericarp color. 

3. Confite puneno, very short plants, ears with round kernels, 
fasciated , elliptically (grenade-like) shaped, pericarp and 
aleurone color often present. 

II. Highland races 

4. Huayleno, related to Confite Puneno. 
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5. ~, related to Confite Puneno; prominent characteristic is 
pointed kernels, floury, spreading spikelets •. 

6. Chullpi, sweet corn, related to yonfite P1.meffo. 

7. Mor,ocho, has ears simi~ar to Confite Morocho, enlarged in size. 
Is related to Sabanero of Colombia and Northern Peru. . 

8., .Cuzco, ears distipctly 8-rowed, floury or flinty kernel~, with 
a large number of sub-races, of' which Cuzco gigante · .. is "an 
extreme type as to size of kernel. 

9. Kculli, ears with 8 rows of pointed, cherry ' coiored kernels~ 

10. Huancavelicano, with ears;..8-rowed, point~df related to Kculli. 
. . . 

11. Ancashino~ ears longer in size than any other· highland 'race, 
except Cuzco gigante, conically shaped, kernels round, and 
frequently with brown pericarp color. 

I ' 

12. Shajatu, related to Ailcashino. Ears small'er than the latter, 
with purple aleurqnecolor. 

13. Sabanero, found in Northern Peru and in Colombia. 

III. Intermediate races 

14. Areguipeno, an intermediate in altitude and type between high
land flour and coastal types. Found in Southern Peru. 

IV. Coastal races. 

15. Pagaladroga, with slender ears, red pericarp, similar to pre
historical coastal. 

16. Perla, gro1J.P of .tall, tropical flint corn, probab~y related to 
Pagaladroga and Chocosenofr'oIn ColoIn:bie.. · · ' . . 

'17 • . Alazln, flotiry'- corn, red pet~.carp, . ~r(mght; ·rersistant.: 

18. Pardo, ears with 8 rows of liu-g'e, floury; kernels, Similm. to 
Tabloncilloof Mext"co, and related toCuzco. 

19. . Huachano, related to Pardo. 

20. : Chancayano, flo:ury corn, has hig~land and coas;tal influ:enc~. 
. . . . 

.21.J'ora, floury corn; shows highland ahd coasts1 influerice:~' 

" 
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22. Rienda, characterized by long, flexible ears, similar to jungle 
corn. 

23. Coruca, found in southern Peru only, with resemblances to Pardo. 

24. Mochero, early flour - corn with highland and coastal influ-
ence. 

25. Arizona, introduced race similar to T~eno, well established 
in the northern coast. 

v. Jungle race~.-

26. Aleman, dent corn introduced nearly 100 years ago. 

27. Piricinco, floury, long - eared, highly colored corn related 
to Coroico of Bolivia. 

28. Chuncho, large yellow and white dent corn, with big butt - ears, 
similar to Sal par of GUatemala. 

29. Chimlos, similar to Colombian Clavo and Caribbean Chandelle 
corn. 

HARVARD UNIVERSITY 
Cambridge, Massachusetts 

1. The blotChing system invol ving t he c locus. 

Alexander Grobman 
Wilfredo Salhuana 
Paul C. Mangelsdorf 

New data obtained during the past year require a revision of sev
eral statements made in the 1955 News Letter. Blotching is not the 
product of crossing maize and teosinte derivatives, since it is also 
produced when the original strain A158, involved in all of our teosinte 
derivatives, is crossed with a multiple gene linkage tester. There is 
also some doubt, as shown below, that it represents a mutagenic system. 

Data presented last year showed that at least four loci, in 
addition to B, are involved in this blotching system which causes 
blotches of color to develop in the aleurone in the presence of reces
sive £. This has been verified by isolating tester stocks which are 
homozygous dominant for three of the four loci and homozygous recessive 
for the fourth. vfuen two stocks differing in their recessive loci, 
both colorless, are crossed, blotching appears in the F'l seeds. Three 

, . 
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such stocks have now been isolated. It is hoped to pick up the fourth 
-iri the , Florida winter ' ~rop. ' 

The e~istence 6f :seveiral loci in 'this system has been furthel' 
'verified by linkage "tests whieh show that one gene for blotching i~ . 
associated with X on chromosome 6, another .is linked with Su on chromo
some .4, ahd a thi~d is independent of these two chromosomes. ' 

The data on linkage of '! and one of -the ' Bh loci are in. close agree
ment with those reported by Rhoades (M. N. 1. 1948) which showed 30.2 
percent of crossing over between! and Bh. Rhoades also showed ·that 
a ~ gene 1s closely' linked to PI with 0.8 percent of recombination. 

, . ' The doubt that this isa mutagenic system arises from the. fact that 
the blotches are highly irregular, not at all like the mutant .spots .in 
the Dt or Ac-Ds syste~ FUrthermore, not all of the aleurone cells in 
the blotches become completely colored; some are only slightly colored. 
These several facts suggest that we are dealing, not with somatic 
mutations, but with threshold effects. The blotching system acts to 
produce a substance which causes part of the, .9. genes to elaborate color 
when normally only their doniinant allele is capable of dOing this. " 

, Rhoades t experiment (M. N. ,I.. 1945), in whi~h he found iess b,lotch
ing when .9. was partially absent because of a deficiency, does not ' ; 
necessarily show that .9. is ,mutating. His results are susceptible to 

. the threshold interpretation given above~ " 

Paul C~ . MB:ngelsdorf 

2. The blotChing system aff ecting the r locus. 

A similar system affecting the i locus causing blotches of color 
in the aleurone in the presence of recessive ~ was reported last year 
to involve at least two loci. It now appears that it involves at 
least seven loci, one of which has an allele which acts as a complete 
inhibitor to the system. 

When stocks segregati~g 9:7 'for -blotching were crossed with rridi
ana P39, Mendelian ratios approaching 3:1,9:7, 27:37, 81:175, 243:781 
were obtained, indicating ' segregation for 1, 2, 3, 4" and 5 loci, 
respecti vely~ 

When similar stocks were crossed with a white P39, being developed 
by Pearson and still heterozygous, ratios approaching 243:781, 729:3367, 
and 2187:14,197, corresponding to segregstion at 5, 6, and 7 loci, 
respectively, were obtained. These ratios are still to be verified by 
backcrosses and progeny tests; but, since evidence for at least four 
loci has already been obtaineg in the .9. bl.otching system, it is not 
unlikely that the wider ratios in the ~ system will ' prove to involve 
a greater number of loci. 
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{·1hen simil&!' plants were crossed to Connecticut P39, the F1 seeds 
were all non-colored, indicating the presence in this strain of P39 of 
a dominant inhibitor. The F2 results verify thisj however, the expected 
ratio of 3:13 was modified to 1:3, indicating that the inhibitor is an 
allele of· one of the Bh genes. Percentage of blotched seeds varies 
from 25 to 7.5 percent. The ratios correspond to those obtained in the 
crosses with Indiana P39, except that, because of the presence of the 
inhibitor, only one-fourth as many seeds are blotched • . 

Tester stocks, recessive for one of the genes in this system and 
homozygous dominant for all the others, are being isolated. A cross of 
one of the testers for the £ system with one of those for the ~ system 
has produced blotching. This suggests that the two systems may have 
loci in common but is not proof since individual ]h genes for both 
systems occur widely in various stocks of corn. 

Paul C. Mangelsdorf 

3. . Cytologioal studies of the c blotching system. 

To determine whether blotching is associated with any kind of 
irregular chromosome behavior or with differences in heterochromatin, 
a comparison was made of the plants grown from blotched and non
blotched seeds from fourteen differEmt ears, each segregating in a 3:1 
ratio. Pachytene smears of some ninety different plants were stUdied. 
Special attention was given to the size, shape, location, and number 
of knobs, the characteristics of prominent chromomeres, and any irregu
larities of the chromosomes. No consistent differences were found be
tween the plants grown from 'blotched and unblotched kernels in any of 
the fOurteen progenies. The £ blotching system apparently involves 
genes rather ·than heterochromatin or chromosome irregularities of any 
kind. 

Yu-Chen Ting 

. 4. Defective endosperm mutants from maize-teosinte derivatives. 

At least twenty-eight defective endosperm mutants have been recorded 
in our maize-teosinte ~erivatives. To indicate their origin, they are 
designated as d~t , de 2, etc. Tests to determine how many different 
loci are involved and to identify cases of allelism have not yet been 
completed, but the data so far obtained suggest that the majority of 
the mutants are genetically different. 

One of the common features of these mutants is a characteristic 
heterogeneity in their segregation. The number of recessives on a 
segregating ear may, on the average, approach the expected twenty-five 
percent, but individual ears vary greatly. Chi-square tests for 
heterogeneity are summarized in Table I. 
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Table I. Heterogeneity in segregation of defective endosperm mutants. 

det no. no. average heterogeneity 
factor ears kernels percent de' chi-square p. value 

detl 38 9682 24.3 106.7 <.001 

det2 55 13243 19.8 276.9 <.001 

det5 10 2960 21.1 93.6 < .01 

det13 8 2342 24.5 62.0 < .01 

det17 7 1650 28.1 37.1 < .01 

det20 6 1468 26 • .3 1.0 .96 

det21 5 1569 25.2 13.5 < .01 

det22 7 2598 23.1 12.0 .05-.10 

This marked heterogeneity may be due to one or more of the £ollow
ing causes. The mutant genes are themselves mutable and highly unstable. 
This is known to be true of det5 , which Mangelsdorf is studying exten
sively, and on which he is reporting elsewhere in this News Letter. 
Genetic background may result in poor I'penetrance. It Detl , for example, 
segregates poorly in the selfed strain but gives good ratios in hybrids. 
Differential fertilization, due either to gametophyte factors Qr to 
the det genes themselves, may be involved. In the case of ~t~, the 
upper part of the ear shows higher frequencies of defective than the 
lower. 

Data have been obtained on weights and germination of the normal 
and defective seeds on the same ears. Weights, expretsed in ~ercent of 
the normal seed, range f~om 4.0 - 7.9 percent for de 12, det 1, det13 
to 62 - 72 percent for det19 , det20• Germination varies from 0 - 1 
percent for the more defective:mutants to 91 - 98 percent for det14 and 
~t19. Germination does not seem to be e. simple function of the weight 
of the defective kernels; also there is an interaction between some of 
the defective seed types and ~. 

The linkage relations for ~tl, ~t2, and ~t3 are shown in 
Table II. 
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Table II . Crossing over values for det genes on the 4th chromosome. 
.. . . 

factors linkage number of ~ndividuals 
couple phase x:I Xy xY xy " recombination 

detl-sul as 2009 942 771 89 31.0 ! 1.0 

det1~sul ' as 4203 893 813 663 + 32.2 - .5 

det2-sul as 2384 943 484 67 35.4 :!: .9 

det2-sul CS 1924 529 296 274 33.9 :!: .7 

det3-sul as 778 276 142 32 43.5 :!: 1.6 

det3-sul CS 349 81 ' 68 61 + ' 32.2 - 1.7 

det~-g13 as* 52~" 613. 67 39 + 29.9 - 3.2, , 

~glossy:non-glossy segregating 9:7 for gll ' and g13" 

" 

The data suggest that de t2 and de t3 may be alleles. They indicate', 
that det2 is on the short arm of chromosome 4. Crosses of detl and ' ' 
~t2 show about 33 percent of crossing over, but the figure-rs undouqt
edly high because of a deficiency in both of the defec~ive classes~ 

Linkage relationships between fourteen other det genes and marker ' 
genes for chromosomes 2, 4, 5, 6, 7, and 9 have been tested. Omitting 
the cases in which significant deviations do not indicate linkage and 
for 'which gametophyte factors probably should be postulated, Table 
III shows the crosses in which significant deviations indicate the possi
bili tyof linkage. 

Table III. Linkage between det genes and marke~ genes 

factors linkage number of hetero- proba:- recombi-
couple phase individuals gened.ty bility nation 

x:I Xy xY xy nhi-squtw'e. percent -
for linkage pro error 

Detll-Lgl RS 1164 500 91 26 8.77 < .01 44.3 ! 1.3 

Det2O-Sul RS 1224 465 167 39 6.05 ~.Ol 43.1 :!: 1.3 

Det2O-G13 RS 501 188 55 16 1.05 ,.... .30 + 46.5 - 1. 9 

Det23-Gll RS 1291 515 104 35 3.58 "-' • 05 48.7 :!: 1.2 
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factors linkage number of hetero- proba- recombi-
couple phase individuals geneity bility nation 

XY Xy xY f:Y chi-square percent -
for linkage pro error 

Det26_Pr CS 143 41 41 20 2.67 '" .10 42.6 ! 2.9 

Det28-Yl CS 224 64 31 46 4.02 ""- • 02 29.0 :!:. 2.0 

Cytological studies do not reveal any chromosome aberrations regu
larly associated with the defective mutants. If the defective seeds are 
a result of small deficiencies, these are too minute to be seen under 
the microscope. 

Angelo Bianchi 

5. An unstable locus for size of endosperm. 

A study has been made of the i~~eritance of det5 , one of the de
fective seed mutants resulting from the hybridization of maize and teo
sinte. This defective proved to be unstable in its inheritance. When 
defective seeds are grown, the ears which they produce bear seeds which 
vary greatly in size and weight, ranging from complete defectives to 
normal seeds. The weights of seeds on the same ear vary from approxi
mately 5 to approximately 275 mg. The frequency distribution of seed 
weights is always multimodal. Some of the modes are undoubtedly no 
more than random fluctuations, but the fact that the frequency curves 
are always mul timodal is probably significant. 

When the data on seed weights from fifteen different ears were 
pooled to eliminate random fluctuations, a frequency curve with five 
distinct modes resulted, indicating that five different phenotypes are 
involved. 

The most simple explanation of this situation is that we are deal
ing with a serie~ of three alleles or "states", all mutable, of which 
the highest, Det , is completely dominant and the other two interact 
with various degrees of dominance of the first over the second, pro
ducing various degrees of defectiveness, as the result of dosage rela
tions in the triploid endosperm. 

If this explanation is correct, then there are six different embryo 
genotypes and there should be six different kinds of frequency distri
butions with respect to seed weight in the progeny of any ear of this 
stock. This appears to be the case. The frequency curves for seed 
weights of the seventeen ears so far analyzed fall into six distinct 
groups with respect to their pattern. 



It is assumed. that none of the "alleles" breed true, each mutating 
to the tw,o al ternati ve states. The rates of m~tation of each state to 
the other two has not yet been determined; and, since the different 

"enaosperm genotypes are not completely distinguishable, it may not be 
possible to do so. 

T~s defective seed mutant is of interest in .re.presenting an un.stable 
locus, affecting size and development rather than a 'simple qualitative ' 
Qharacter like color. 

Paul C. MBngelsdorf 

6. Cytological studies of maize-teosinte derivatives. 

An intensive study was begun during the year of the maize-teosinte 
derivatives developed b.Y Mangelsdorf. All of these are the product of 
crossing varieties of teosinte with the inbred Al58, followed by three 
or more generations of backcrossing to Al58 and several generations of 
selfing. The derivatives, therefore, represent uniform inbred strains 
of maize in .which entire chromosomes or parts of chromosomes from teo
sinte have been substituted for the corresponding chromosomes or parts 
of chromosomes from maize. 

Before beginning the cyt9logical studies, the derivatives were 
crossed with an inbred strain of Wilbur's Flint which has knobless chro
mosomes and which imparts excellent spreading qualities to pachytene· 
smears • . In such FI hybrids, the individual chromosomes can ,be :'much 
more readily identified than in ordinary Fl maize-teosin~e hyb~id5. . 

A cross of Al58 with the knobless inbred served as a control. This 
hybrid is heterozygous for one knob on chromosome 7, contributed by 
Al58. Any knobs' other than this or any chromosome irregularities in 
the 'hybrids involving the teosinte derivatives can be attributed to 
teosinte chromosomes • 

. Knobs. ' Studies so far completed show that knobs have been intro
duc~d-rnto !i5S from chromosomes 1, 3, and 9 of Durango teosinte and 
from cnromos~me 4 'of Nobogame teosinte. . 

Inversions. Three different inversions were f9und. One of these, 
on chromosome 9 of Durango teosinte, has been previously reported. The 
other two involve chromosome 8 of Durango and chromosome 10 of Nobogame. . . ' . 

. ,The inversion of chromosome 8 is terminal and involves about two
thirds of the short arm of this chromosome. Various coIifigur'ations' . , 
formed as. a result of this inversion are (a) the two chromos'omes form
ing a loop; (b) one chromosome stretching out, the other folding -back 
to pair with its homologous part in the other member of the pair; -
(c) one chromosome stretching out, the other folding back on itself in 
non-homologous pairing. 
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In 1084 cells studied, the inversion could be detected in only 82 
or 7.6 percent, although it was presumably present in all of them. 

The inversion in chromosome 10 is equivalent to about one-fourth of . 
its total length and includes the centromere. 

Non-homologous pairing. In addition to the cases involving inver
sion, non-homologous pairing w~s observed between chromosome 4 of Nobo
game and chromosome 2 of maize. The segment involved was equivalent to 
the distance between the k~ob position on chromosome 4 and the distal 
end. In another cross, chromosome 4 of Florida teosinte was observed to 
pair with an unidentified chromosome. The length of the segment in
volved in this association was from the distal end of· the long arm to 
about two chromomeres beyond the knob. A third case of non-homologous 
pairing, between chromosomes 9 and 10 and involving approximately one
fifth of the long arm, of 10, occurred in another teosinte derivative 
which had been outcrcssed to a multiple-gene linkage tester. 

Asyneptic figures were found in a number of hybrids involving teo
sinte derivatives. These were sometimes terminal, forming V-shaped 
configurations and sometimes interstitial, forming loops. The asynaptic 
segments usually involved not more than three chromomeres. These con
figurations have involved chromosomes 1, 2, 4, and 7 of Durango teosinte, 
and chromosomes 1, 3, 7, and 9 of Florida and 1, 4, and 7 of Nobogame. 

Summary. The cytological studies so far completed on maize-teosinte 
derivatives show that chromosomes of teosinte can be transferred to maize, 
introducing into maize not only knobs, but also inversions, non-homologous 
pairing, and asynapsis. The chromosomes of teosinte are by no means as 
completely homologous to those of maize as earlier studies had suggested. 

UNIVERSITY OF ILLINOIS 
Department of Agrqnomy 

Urbana, Illinois 

Yu-Chen Ting 

1. Further evidence for crossing-over between non-homologous chromosomes 
during megasporClgenesis of haploids •. 

In the 1954 Maize Genetics Coop News Letter we briefly reported work 
that strongly suggested crossing-over had occurred between non-homologs 
during megasporogenesis of haploid maize plants. This supposition was 
based upon two facts, first, that "bridge-liken configurations appeared 
with regularity at anaphase I of haploid microsporogenesis, and second, 
that semi-sterile progeny were found in the progeny of haploid ' females 
x normal msles. 
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Since this report, progenies have been· grown from the three semi
sterile individuals found in the population derived from crossing haploid 
females with normal males. One plant carried a reciprocal translocation 
involving chromosomes six and seven • . Segregation for semi-sterility 
clearly indicated that the second plant was heterozygous for a recipro
cal translocation, although the chromosomes involved in the transloca-
'tion have not been identified. . 

Several hundred seeds have been produced by outcrossing haploid 
females with normal males. Plants arising from these seeds are to be 
classified for pollen abortion, and the semi-steriles selfed and. out
crossed to normal strains. Subsequent cytological stuaies on these pro
geny should indicate·whether the translocations occur randomly between 
chromosomes within the genome, or whether they occur only between cer~ 
tain members. ,ShoUld' it beioUl'le'that'eXchenge'e, odcur only between 
certain chromosomes, and further, ' that they occur only within 'certain' 
segments of those chromosomes, then this woUld strongly indicate that 
g~netip duplication exists within the genome. 

D. E. Alexander 

2. The relationship of pollen abortiion and. seed ' set in tetraploid maize~ 

Forty-three open-pollinated plants from an isolated block of tetra
ploid maize, produced by the "elongate" method, were classified for 
amount of pollen' abortion and seed set. ,A very low correlation co~ffi
cient (0.09) between percentage of good pollen and percentage seed set 
was found in plants ranging from 4.5 percent to 75.5 percent seed set. 
Such a low degree of association indicates that pollen classification 
cannot effectively be used as a basis of selection for high seed set. 

UNIVERSITY OF ILLINOIS 
Ur bana; Ulinoi s 

Department of Botany 

1. Genic control of chromosomal behavior. ' . 

T. C. Warfield, Jr. 

Two ne~ recessive genes affecting chromosomal behavior are under 
investigation. One of these is a gene for ameiosis. ' Both the male and 
female inflorescences are affected; the plantsar9 completely male ' 
sterile and highly female sterile. The very ·lnfrequentlyoccurring, 
kernels have wi:th one exception given rise to 3N ·plants. This excep-

"tion was a diploid homozygous for ameiotic and arose by parthenogenesis. 
Cytological studies have been confined to the male inflorescence where 
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it was found that the sporogenous cells underwent normal mitoses up to 
the time when PMC should be differentiated but the onset of meiosis 
fails to occur and the sporogenous cells degenerate. Presumably a simi
lar behavior is present in the ovules since a vast majority of the 
ovules do not develop a functional embryo sac. 

The second gene, designated as elongate, has been more extensively 
studied. The following effec~s have been observed during microsporo
genesis: (8) the chromonemate are uncoiled at MI, AI, MIl and All giving 
"elongated" chromosomes but disjunction is normal and only haploid spares 
have been observed; (b) misdivision of the centromere sometimes takes 
place at the 2nd meiotic division; and (c) neocentric regions are occa
sionaUw formed at loUI. Plants homozygous for el are not copious pollen 
shedders. Some el plants have a considerable amount of aborted pollen 
but this is so variable that pollen abortion cannot be used to separate 
el from normal sibs. Ears borne on el plants have plump and shriveled 
kernels as well as aborted ovules. The relative frequencies of these 
vary greatly in different families and are evidently affected by modi
fying genes but, with the exception of one B.C. family, no difficulty 
was found in classifying for normal and ~ plants on the basis of ovule 
sterility and the formation of shriveled kernels. Although many of the 
shriveled kernels do not germinate, root tip counts of the chromosome 
number of plants from shriveled kernels have been made for 825 individ
uals. These data are as follows: 

Chromosome No. 
25 
26 
27 
28 
29 
30 
31 
32 
33 . 

Frequency 
1 
1 
2 

17 
71 

676 
46 
10 

1 
825 

From these data it is evident that the el gene produces many func
tional eggs with an unreduced number of chromosomes as well as some 
with aneuploid numbers. The plump kernels gave rise to only diploid 
plants; to date no trisomes have been obtained from plump kernels. 

The unreduced eggs could arise in the following ways: (a) somatic 
doubling in nucellar tissue thus forming 4N meiocytes; (b) doubling in 
the gametophyte generation; (c) doubling by a failure of the 1st meiotic 
division; and (d) doubling at the 2nd meiotic division. Genetic and 
cytological studies permit discriminetion between these various hypo
theses. Since observations of megasporogenesis have disclosed only 
10 pairs of chromosomes at Dk snd MI, it seems clear that nucellar 
doubling is not responsible for the diploid eggs. In support of this 
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conclusion is the fact that the ratio of dominant to recessive phenotypes 
found in diploid eggs from heterozygous plants is not the 5:1 expected 
from tetravalents with two dominant and two recessive alleles. 

The genetic studies are involved but illuminating. Diploid planta 
homozygous for el and heterozygous for the 192 and al loci in coupling, 
both lying in the long arm of chromosome' J .Wi'Eh 19 nearest, the centro
mere, we~e crossed by pollen from recessive plants. Shriveled. kernels 

I found on these B.C. e~s were germinated and the ensuing seedlings 
transplanted to the field. The chromosome number of each plant was 
determined; all were at the triploid level. These plants were scored 
phenotypically for the 19 and ~ characteristics; the genotypic consti
tution of the diploid eggs was determined by testcrosses using the 
triploids as both egg and pollen parents. ' 

A total of 204 triploid plants were successfully tested for their 
genotypic consi;,itutlon. In terms of the constitution of their diploid 
eggs derived from the .21 parent the following classes with their fre
quencies were obtained: 

LgA/Lg A = 9 
19 a/lg' a = 4 
LgA/lg a = 66 
Lg A/Lg a = 26 
19 A/lg a = 37 

Lg A/lg A = 21 
Lg a/lg a = 16 
Ig A/Lg a = 22 
19 A/lg Ii = 3 

A similar experiment was run where el plants heterozygous for the 
Sh and Wx loci in coupling were crossed by sh ~ pollen. These two 
loci lie in the short arm of chromosome 9 with Wx nearest the centro
JIlere. The genot.ypic constitution of 156 triplo1ds was determined. The 
constitutions of the diploid eggs contributed by the el parent and their 
frequencies are as follows: 

Sh Wx/Sh Wx = 24 
sh wx/sh wx = 28 
Sh Wx/sh wx = 30 
Sh Wx/sh Wx = 35 
sh wx/Sh wx = 33 

Sh Wx/Sh wx = 4 
sh wx/sh Wx = 2 

In both the 19 ~ and sh ~ experiments many of the diploid eggs 
were'heterozygous for one or both of the marked loci. Obviously such 
heterozygous diploid eggs could not have arisen by doubling in the 
gametophyte generation because, on such a mechanism, both homo1ogues 
'would carry the sarne alleles. Therefore hypothesis (b) is' not the 
mechanism operating in el plants. 

The essential difference between the remaining two hypotheses is 
that on (c) the doubling results from a failure of the 1st meiotic 
division followed by a normal 2nd division while in (d) the lst , ~eiotic 
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division is normal but an aherrant 2nd division produces a diploid mega
spore. The genotypic constitution of the diploid eggs will not be the 
same on hypothesis (c) as with (d). 

Let us consider first the 19 ~ experiment. Region (1) marks the 
interval from the centromere to 19 while region (2) denotes the 19-~ 
interval. HYPothesis (c) assumes that an unreduced restitution nucleus 
is found at the 1st meiotic division while the 2nd division proceeds 
normally. If no crossing over occurs in either regions (I) or (2) the 
diploid egg would possess one 1& ~ and one 19 ~ chromosome--i.e., no 
homozygosity for either the 19 or ~ loci.~ single 9rossover in (2) 
gives rise to four possible kinds of diploid eggs of which one is homo
zygous for ~ and one for the! allele but none of the four are homo
zygous for 19 or 1&. A single exchange in (1) produces diploid eggs of 
19 y1.g ~ and 19 Al1E. l! conatitution--i.e., homozygosity for both loci. 
Of the double exchanges in regions (1) and (2}, the 3-strand doubles 
lead to equal frequencies of homozygpsis for 19 and ~ while with both 
2- and 4-strand doubles one of the four possible combinations formed at 
AII is homozygous for 19 and none is homozygous for~. Since the fre
quency of single exchanges in . region (2) is between 2 and 3 times the 
frequency of double exchanges in (1) and (2), · it follows that the per
centage of homozygosis for the! locus should be greater than that for 
the 1.g locus. 

On hypothesis (d), where doubling occurs at the 2nd meiotic divi
sion after a normal first division, calculations similar to those made 
above show that diploid eggs homozygous for the l! locus come only from 
n,Olil.'c;rossover tetrads and from those with 2- end 4-strand double ex
changes while homozygosis for the 1£ locus results from noncrossover 
tetrads as well as from those with single exchanges in region (2). 
Therefore on hypothesis (d) the frequency of homozygosis for the more 
proximally placed locus (18) should be greater than that of the more 
distal! locus. Likewise, considering the Sh Wx experiment, the fre
quency of homozygosis for the ~ locus sRoIDld be ' greater 'than that of 
the Sh locus. Indeed, if there is no recombination between a locus Bnd 
the centromere, 50% of the diploid eggs would be .homozygous for the 
recessive allele and 50% homozygous for the dominant allele. 

The pertinent data are as follows: In a total of 380 diploid eggs 
from el el 19 Y1g ~ plants, 69 (18.2%) were homozygous for the 1,g 
allele \~hile only 31 (8.2%) were homozygous for the recessive l! allele. 
(The 204 diploid eggs listed earlier are inclUded in these 380; tests 
of the genotypic constitutions were incomplete for 176 of them). In 
the Sh Wx experiment the frequency of homozygosis for the wx allele was 
39.1% and only 18. 0% for the more distal sh allele. The dB.ta from both 
the kg ~ and Sh Wx stUdies agree. in showing that more proximally placed 
genes have a higher degree of homozygosis in diploid eggs than do more 
distally located loci. Therefore it m~ be concluded that hypothesis 
(c) is invalid and that hypothesis (d) is consistent with the genetic 
data. 
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There is a 'direct relationship between recombination values and the 
percentage of homozygosis. With no recombination between a marked locus 
and the centromere 50% of the diploid eggs are homozygous for the re
cessive allele and 50% for the dominant allele. With 10% recombination, 
40% of th~ diploid eggs would be homozygous for the recessive allele and 
with 20% recombination, 30% of the eggs would be homozygous recessive, 
etc. Since 39.1% of the diploid eggs were homozygous ~ it would follow 
that this locus is approximately 11 recombination units from its centro
mere, a value considerably greater than that reported by Anderson and 
Randolph from translocation studies. Using the percentage of homozygosis 
as the ' measure of recombination, there is 32% recombination between Bh 
and the centromere. The efficiency of this method for measuring recom-

' gination with the centromere can be tested since we know from other 
' studies that the value for the centromere-lg region is about 36%.' The 
observed 18% homozygosis for 19 would be expected if there were 32% 
recombination between this locus and the ' centromere in el plants. The 
agreement is good and suggests that this a reliable way of determining 
recombination with the centromere. 

. . 
The amounts of' recombination found in .the diploid eggs from' e1 

plants can be calculated from the genotypic determiriations. The value 
of 24% for Sh-Wx is within the range normally found in haploid gametes 
of N plants. The recombination va1u~ for the 19-! region from diploid 
eggs is 36%' which is not far from the average value of 35%. 
.' . . 
The ' e1'gene has 'been used to'obtain an interesting series of" po1y-

p1oids. .Tripioids come from the cross of e1 X' N. Crosses. of 2N e1 by 
4N gave some plump kernels which were 4N. By self pollination, 4N e1 
stocks were obtained. When these were selfed, 6N plants arose from the 
union of unreduced 4N eggs with 2N pollen. These 6N plants came from 
shriveled kernels while the plump kernels on the same ears gave rise to 
4N plants. Hexaploid plants homozygous for e1 have been obtained and 
self pollinated but no viable seed has yet been produced. If seed were 
prod~ced, 9N plants should be formed. However plants at the 7N level 
have arisen from the cross of 4N el X 6N when unreduced 4N eggs were 
fertilized by 3N pollen. Pentap10ids (5N) have come from crosses of 4N 
el X 6N where re~uced 2N eggs were fertilized by 3N pollen. Vigorous 
plants are obtained up to and including the 5N level but the 6N and 7N 
plants are runts. ' . 

2. Studies with over1ap~ing inversio~s. 

Cytological and genetical stUdies with In 3a have been presented 
in' a paper published in the Amer. J. Botany (1953). This is a paracen
tric inversion with both.breaks in 3L; the proximal break is at .4 and 
the distal break at .9. If the long arm is divided into 11 equal seg
Ments with segment 1 nearest the centromere and segment 11 representing 
the distal segment, the proximal break in In 3a lies between segments 
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4 and 5 and the distal break just to the right of segment 10. Evidence 
was given that the Lg2, AI' and Et loci are included in the inverted 
segment while the ~ocUs was in the proximal uninverted region. That 
both Bg and G16 lie in the proximal uninverted segment is clear from 
the following-B. C. data from plants homozygous for In 3a. 

In gl A 1i!J In Gl ~ !g X g1!g A 

(0) gl if. 1& 275 (2) glA1& 174 
(0) Gl ~ !g 254 (2) Gl l! bg 158 
(1) g1 ~ 1& 71 (1-2) g1Abg 27 
(1) G1 A 1£ 64 (1-2) G1 A 1& 40 

gl-A = 19.0% recombination 
l!-1.g = 37.5% It 

gl-1g = 43.9% It 

The order is gl l! 1& 

In !:,g l! W In .fig l! 1£ 

(0) r.g A 1& 88 
(0) Bg 111& 76 
(1) ~ l! 1& 31 
(1) Bg A 1.g 25 

X 

(2) ~ ~ 1£ 58 
(2) Rg A Ig 71 

(1-2) ~ l! !g 24 
(1-2) Bg A 1.g 24 

Bg-i! = 26.2% recombination 
i!-bg = 44.6% " 
Bg-bg =,,46.6% It 

The order is Bg £ 19 

Since Bg-G16 shows approximately 5% recombination, it would appear 
that the normal order is Bg-G16-1&-A-et but the vagaries of recombination 
values are such that this order is highly uncertain and may be gl-Bg,,:,,1&
A-et. That this latter order m~ be correct is suggested qy the follow
ing data obtained from sib plants of the family having 26~2% recombina
tion between Bg and A. 

In Gl !!·W In ·Ell! 1£ 

(0) Gl !! ,1& 43 
(0) gl A 19 48 
(1) Gl A 1£ 22 
(1) gl A .M! 19 

·x . g1 ~' !! 

(2) Gl ~ 19 33 
(2) gl A 1& 55 

(1-2) Gl l!: !g 23 
(1-2) g1 !! 19 13 , 

GI-A = 30.1% recombination 
A-~ = 48.4% It 

ill:,-bg = 50.4% It 
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This is a "small population but the recombination value for GI-A is 
greater than that for Bg-~. Three point tests are underway to determine 
the correct order and they should be completed by this summer. 

Another paracentric inversion in 3L is the one found by Longley and 
designated as In 3b. The proximal break is between segments 2 anQ 3 and 
the distal break between segments 8 and 9. In 3a is 1 2 3 4 10 9 8 7 6 
5 11 while In 3b is 1 2 8 7 6 5 4 3 9 10 11 so the two have a common 
inverted segment 876 5--i.e., they ere overlapping inversions. Back
cross data for In 3b heterozygotes are presented below from the cross 
of: 

In Gl 19 ~ W N g! 1.g ~ et X N g1 k ~ et 

Gl 19 ~ Et 1527 Qlbg ~ Et 
g! 1£ g et 777 g! 19 A et 

Gl bg ~ et 184 Gl 1£ ~ et 
gllg ~ Et 358 gl1g!E1 

glbg A Et 3 Gl 19! ~ 
Q1. 19 ~ et 5 glbg ~ Et 

Gl .lg ~ Et 3 911:& ~ Et 
&,1g g et 2 gl bg ! et 

(The marked discrepancy in numbers between 
the complementary classes is due to the 
semi-lethal action of the at allele.' 

In/N 
0.57% 
9.7% 
9.6% 

17.7% 

Control 
29% 
49% 
36% 
12% 

6 
5 

90 
194 

2 
0 

3 
0 

The £ locus is not included in In Jb although certainly 192 and 
probably G!6 are. If G16 is I!lot included, it must lie very close to the 
proximal break point in terms of recombination units.· The increased re
combination value for the distal A-~ region in In 3b heterozygotes is 
in agreement with studies on other inversions which have shown higher than 
normal crossover values for both proximal and distal uninverted regions 
in inversion heterozygotes. This finding is contrary to the data obtained 
from Drosophila inversions. 

Inasmuch as In 38 and In 3b are overlapping inversions, crosses were 
made to obtain plants carrying both inversions. Crossing over in the 
common inverted segment should lead to a chromosome with a known dupli
cation and to one deficient strand. The In 3a chromosome had the 
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recessive al and 1& loci, both of which lie in the inverted region, while 
the In 3h uhramosome carried the dominant alleles but only the 19 locus 
is in the inversion since Al lies distally. 

x 

The common inverted segment is 8 7 6 5 with the 19 ',locus lying be
tween 6 and 5. Sing1e crossovers in this segment ' to'the left of 1.g give 
~1g A,chromosomes and a complementary lethal , c~mbination. These ~ 19 A 
crossovers cannot be distinguished without breeding tests from non
crossover .1g 11 chromosomes but would lead to an excess'of A over ~ 
gametes. Single crossovers in this common segment to the right of 19 

' produc'e l! 19 A chromosomes. These are 1 2 3 4 10 9 8 7 6 5 4 3 9 10 11 
in constitution. The complementary crossover class is n9t 'recovered. 
Thus all single exchanges within the common inverted' segment lead to 
viable .£-bearing duplication chromosomes; the complementary crossover 
class is lethal. The excess of A over l! kernels is a measure, although 
obviously not the most precise one, of the frequencY'of single exchanges 
in the 876 5 region. A total of 8529 A: 7466 ~kernels were obtained. 
The difference of 1063 is due to single exchanges· producing a chromo
some 3 with both the a and A alleles. The total number of crossover 
chromosomes is 2 X 1063 or 2126 which gives a frequency of single ex-
changes ,in the 8 7 6 5 region of 12.5 percent. . 

Double ' crossovers with one exchange to the left of 1£ and one to 
the right yield In 3b chromosomes with the 19 and A alleles and the 
complementary crossover class which is In 3a and carries the l! and 19 
alleles. Both are viable since neither has a deficiency or a duplication. 

A portion of the ears included in the above total were planted and 
gave the following data: 

By taking 
converted 

!1g 
3560 

into consideration the 
as follow: 

(0) 19 A In 3b 
(0) £ 1& In 3a 
(1) 11 kg ! In Dp 
(1) 1& In Df 

i ' = 6754 

inviable gametes, these data may be 

3092 . viable 
3092 viable 
468 viable 
468 inviable 



In Dp 
In Df 
In .3a 
In 3b 

82 
82 
10 
10 

viable 
inviable 

viable 
viable 

The amount of recombination in the 8 7 6 5 segment may be broken down 
as follows: 

singles 
(I) 1:2.8%, 
(2) 2.2% 

+ 
+ 

doubles 
• .3% = 
.3% = 

recombination value 
13.1% 

2.5% 

The total frequency of single crossovers in both regions (15.0%~ agrees 
fairly well with the value of 12.5% obtained from the more extensive 
kernel data. In structurally normal plants thls segment would have a 
map distance of approximately 40 units. It is clear, therefore that the 
structural dissimilarity to the left and to the right of the 8 7 6 5 
segment in In 3a/In 3b heterozygotes markedly reduces crossover values 
for this segment. 

Even though a reduction in crossing over occurs in the 8 7 6 5 seg
ment there is some evidence that the frequency of double crossovers is 
high when pairing does occur for this region. The expected number of 
double crossovers with no interference is (.1.31) (.025) (7304) = 24 
individuals and the observed number of doubles is 26, giving a coinci
dence value of 1.1. 

The great majority of ~ 19 plants derived from In 3a/In .3b hetero
zygotes of the constitution diagrammed above should possess the 1 2 .3 
4 10 9 8 7 6 5 4 3 9 10 11 segments in this order. Nine A 19 plants 
were examined cytologically and eight had the inverted order of In .3a 
with a duplication of the 4 3 9 10 segments. These came from single 
crossovers to the right of 19. The remaining ~ 19 plant had the In 3b 
chromosome and came from a double exchange to the left and right of 19. 
Four g 19 plants were studied cytologically and all had an In 3a chromo
some as expected from a double crossover origin. 

The ~ 19 plants coming from single crossovers should carry the 
recessive g allele in the proximal 10 9 segment, the recessive 19 allele 
in the 6 5 segment and the dominant ~ allele in the 9 10 segment of the 
duplication. Chromosomes of this constitution will be referred to as 
In Dp ~ !g~. That the recessive ~ allele is cryptically carried by the 
g 1& ~ chromosome is evident from the following tests. 

Plants homozygous for the In Dp ~ !g ~ chromosome have bred true 
for aleurone color although only limited tests have as yet been made. 
Crosses were made to obtain heterozygotes for the In Dp ~ !g A and N 19 
A chromosomes. When these heterozygotes were test-crossed by ~ plants, 
.2% of the resulting kernels were colorless while 99.8% were colored. 
These infrequent colorless kernels arise from 2 and 3 strand double 
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exchanges within the inversion loop producing a chromosome 3 with the 
a allele. Their rare occurrence would be attributed to a mutational phe
nomenen-.Of'some sort if the structural composition of the chromosomes were 
not known. . 

When several plants of In Dp ~ !g AI N 19 a-Xl constitution were 
self-pollinated there were 21 colorless kernels in a population of 493. 
Homozygous ~l zygotes are lethal so the appearance of a viable ~ class 
is due to crossing ove~ following pairing of the uninverted distal 9 10 
11 segments of the two homologues thus transferring a-Xl to the In Dp 
chromosome and producing a viable a 19 ~l chromosome. The colorless 
kernels should be In Dp g 1& a-xlr N 19 ~;:lI;l' Plants of In Dp g 19 Y 
In Dp ~ 1& a-Xl constitutio,n gave a ratj.o of 1,!:1,5! when used as the 
pollen parents in test-crosses. The deleterious effect of ~l is thus 
covered by the presence of the ~ allele lying in the same chromosome. 

In Dp chromosomes are transmitted normally through the megaspores 
but In Dp pollen is at a disadvantage in competition with N pollen. This 
is evident in the cross of 1& g X In Dp !! 1& tiN bg 11 which produced 
2354 colored and 5 colorless kernels. The 2354 colored kernels yielded 
1818 19 and 429 1& (19.1%) seedlings. Most of the 1& class came from 
the functioning of In Dp pollen. Crosses of 19 ~ X In Dp ~ 19 §/ 
N 19 A gave the following phenot~~ic classes; 

11 1& A 1& ~ 19 !! 1& (= 1363 840 58 186 279 < 
(61.6%> (4. 3%) (13~ 6%) (20.5%) 

Save for very infrequent double exchanges within the inversion loop 
both the ! 1& and ~ 1& classes come from In Dp pollen. The A 1& class 
has an g 1& 11 chromosome derived from crossing over in the distal 9 10 
11 segments. 

A somewhat similar cross of 19 ~ X In Dp ~ 19 tiN 19 !! gave the 
following phenotypic classes: 

!~ 
. 316 
(13.4%) 

As in the above cross the! 19 and!! 19 classes are derived almost 
exclusively from the functioni:c.g of In Dp pollen. The!! 1.g class has 
an In Dp ~ 1& !! chromosome derived from crossing over in the distal 9 
10 11 segment. From the data of the ~bove two crosses the frequency of 
crossing over betvleen the break point of In 3b and the ! locus is 17.7%. 
This is a significantly higher value then ·the 9.6% found for the same 
region in In' 3b/N heterozygotes. The greater structural dissimilarity 
in In Dp/N compounds as compared to In 3b/N l eads to more frequent pair
ing of the uninverted distal 9 10 11 segment and hence to higher recom
bination values. 



3. - The effect of temperature 'on the .penetrance of Ragged. 
! -

The Ragged phenotype was -not expressed in heterozygous plants grown 
at cool temperatures (60-65 F) in the greenhouse during the winter months 
of the past three years. Seed produced on these apparently normal plants 
gave rise -·t'o typical Ragged 'plants: when planted in the field the follow
illg'summers. This observation wolild seem to be 6f some interest to those 
concerned with the physio~ogica1 action of the Bg gene. 

M. M. Rhoades 

A test for chromosomal interference in crossing over. 
. , 

, Nothing is known in maize about ' chromosomal interference in crossing 
over--i.e., are crossovers in the different paired homologues independent 

. events or does a crossover in one chromosome pair decrease or 'increase 
the 'probability of crossing over ln another pair... This is a difficult 
problem to- approach experimentally in maize ·,because of the haploid num
ber of ten chromosomes but sOIDe information was obtained from a study 
of the anaphase configurations ' in plants heterozygous for two paracentric 
inversions--namely In 3a arid In 7a. 'The acentric fragment produced by 
crossing over within the inversion loop of In 7a is distinctly larger 
than the acentric fragment from In 3a crossovers so the PMC can be scored 
with considerable accuracy for In 7a and In 3a bridges and fragments. 
The following anaphase I and early telophase d~ta were obtained from 
plants heterozygous for the two inversions: 

3a bridge and fragment 
3a,fragment 
3a double bridge 
7a bridge and fragment 
7a fragment 
7a double bridge 
3a and 7a bridge and fragments 

72 PMC 
.33 

2 
244 
72 
I3 

276 

3.a and .7a fragments 158 
3a double and 7asingle bridge 17 
7a double and .3a ~ingle bridge 19 
3a double and 7a double bridge 1 
no bridge or fragment 78 
2 br.idges and 7a fragment' 7 

In 7a1 .% single .and 3~strand douhle exchanges = 78.0 
% 4 .... strand doubles = 3.3 

In 3a: % single and };"'strand double exchange-s = 57.0 
%,4-strand doubles ' = '2.0' 

Simultaneous single or 3-strand double 'exehanges in both inversion loops: 

Expected % 57.0 X 7~.0 = 44.5 
Observed · % = 44.4, 

Simultaneous 4-strand. double exchanges' in both .inversion loops: 

Expected % 3.3 X 2.0 = .07% 
Observed % = .10% 
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From the above data it may be concluded that crossing over in chro
mosome 7 does not influence crossing over in chromosome 3. 

Ellen Dempsey 
M. M. Rhoades 

5. Cor-relation of exchange fre9uen£L.~crossing over in a transloca-, 
tion heterozygote. 

h j f S6 
L v 

q I· C 
bt; ./ ,,--.~ 

5" 

Translocation 5-6c obtained from McClintock was used in the follow
ing study. The long interstitial segment indicated by a bracket in the 
diagram wes tested for crossing over cytologically and genetically. The 
interstitial segment to the left is so short that very little, if any, 
crossing over occurs in this region. 

Exchange frequency in the interstitial segment was determined cyto
logically from examination of the nucleolar constitution of microspore 
quartets in two plants heterozygous for the translocation. The types 
of quartets which occurred with their source and frequency B.re given in 
the table below. The values found by Burnham in a more extensive study 
·are also listed. 

Burnham data 
Type of quartet Source Number Frequency Number Frequency 

* 
nons + alt seg 

1. 2 str d + sIt seg 154 13.7 809 19.3 
1 1 4 str d + adj seg 

nons + adj seg " ' 

2. 

* 
2 str d + adj seg 106 9.4 742 17.9 

o 0 4 stl' d .... al t seg . 

singles + alt seg 

3. 

* 
singles + adj seg 

859 76.8 2678 62.8 3 str d + alt seg 
. 0 1 3 str d + adj seg 

The genetic data were obtained from sibs of the above 2 plants. 
Heteroz,ygotes of constitution ! ~ ~, in which ! marks the breakpoint 

1: m:. ~ 
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and Bt marks the centromere, were used as female parents in backcrosses 
and the frequency of crossing ovei' in the interstitial segment deter ... 
mined. In a progeny of 1337, 11.4% were crossovers between I and Et, 
32.3% were crossovers between Pr and Bt and 2.2% had exchanges in both 
regions. The following calculation was made to obtain the expected 
exchange frequency: 

11.4 ,- 2. 2 !II 9.2 X 2 = 18.4 single exchange :r.-Pr 
32.3 - 2.2 = 30.1 X 2 = 60.2 single exchange Pr-~ 

2.2 X 4 = 8.8 double exchanges I-Pr-Bt 

All of the cells with single exchanges and half of those with double 
exchanges give rise to type 3 quartets. The expected percent of type 
3 quartets is therefore 83. This agrees well with the observed value 
of 76.8. 

Burnham (1950) gives the following frequencies for exchanges in the 
interstitial region: single exchanges--43% double exchanges--40% 
These values are based in part on his quartet data and in part on an 
assumption of 10% for recovered double crossover strands. Since 2.2% 
double crossovers were found in the present study, the estimate of 10% 
seems rather high. 

Cer,tain assumptions have been made in ,calculating the exchange 
frequency from the genetic data. The ,double exchanges were considered 
to occur in a ratio of 1 two strand: ' 2 three strand: 1 four strand. 
It was assumed that the ratio of alternate to adjacent-l types of segre
gation was not altered by the occurrence of interstitial exchanges and 
remained 1:1 following both single and double exchanges in this region. 
(Burnham has shown that no or very little adjacent-2 segregation' occurs 
in plants heter02ygous for T 5-6a). The agreement of the observed and 
calculated values for type 3 quartets seems to indicate the validity 
of these assumptions although an exactly compensating deviation in both 
ratios would give the same result. 

Because of inadequate marking, double crossovers within the Pr-Bt 
interval were not detected. They would not be expected to be as fre
quent as the doubles found for the T-Bt region and therefore the map 

-distance from Pr to Bt would not be lengthened by more than 4.4 units. 
The maximum value for the calculated exchange frequency woUld then 
be 87.4. ' 

In a separate test involving the 'same translocation, a plant of 
c-onsti tution ~ "i was pollinated by a Y2 male parent. ~2 is locate.d 

-2 -
distal to the break in chromosome 5. No ~2 seedlings were found in a 
progeny of 303 indicating that ~here is no transmission through the 
egg of ganietes containing the 5 end 6 chromosomes. ,These gametes would 
be deficient for a short terminal segment of 5L and duplicate for most 
of 6S. 
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6. M~.e sterility involving KYS. 

In an attempt to obtain better cytological figures, asynaptic plants 
were crossed as female with KYS pollen parents. The Fl plants were back
crossed to KYS. The progeny unexpectedly segregated 198 normal plants 
and 83 male steriles. The latter produced normally filled ears. This 
ratio approaches the 5 N: 3 MS expected if the male sterile condition 
is determined by a dominant male sterile gene Ms and a recessive ~ which 
perrr~ts expression of Ms. When male sterile plants were backcrossed by 
KYS, a ratio of 79 N: 61 MS was found. A ratio of 1:1 is expected on 
the above hypothesis. These results resemble those of Schwartz reported 
in Genetics 1951. He found a male sterile condition which was dependent 
on a dominant ~ gene, a recessive A and a specific cytoplasm. The dom
inant ! acts as a suppressor of male sterility and is closely associated 
with a gamete factor so that in plants of sis constitution, only S 
pollen functions. As a result no male steriles are recovered in a self 
pollination of ~ ~ ~ A plants. In the present case one self pollin
ated plant from the original backcross population gave 53 N: 15 ~: 19 MS: 
8 MS M. If the ~ factor is the s8lIle as that reported by Schwartz, it 
has lost its gametophyte effect. Whether or not a "male sterile~ cyto-

. . plasm is involved is not yet known. 

In the 1955 maize Newsletter, Burnham reported an almost identical 
case in which male steriles were unexpectedly found in a backcross to 
KYS. The male sterile phenotype showed linkage with a translocation 
involving chromosomes 6 and 9. Data obtained from the self pollination 
mentioned above show independence of male sterility and sh on chromosome 
9. One of the factors (Ms or §) may be located on chromosome 6. . 

7. Linkage in tetraploid corn. 

Tetraploid plants of varying constitutions for the Q and ~ loci 
were used in backcrosses with homozygous £ ~ pollen from a tetraploid 
line. The linkage formulas of Mather were applied to the group involv
ing plants in simplex condition and coupling phase. The recombination 
between Q and Wx is 25.5%, a value very close to that found in diploids. 
If exchange of pairing partner occurs at random along the length of the 
chromosome, a reduction in crossing over might be expected in the tetra
ploid. Since none was found, it may be that thera are preferential 
points of synaptic interchange which permit uninterrupted pairing 
throughout the Q~x region. 

The expected frequency of the four phenotypic classes has been 
calculated on the basis of 50% chiasmata between G and ' Wx and no chias
mata between ~ and the centromere.. A second calculation ass~ng 20% 
chiasmata bet~een Wx and the centromere was made for the simplex coupling 
data and since the change in frequencies of the phenotypi.c classes was 
slight, only the first method vIas used to obtain expected frequencies in 
the other two cases. 
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CWx obs. no. 
c~ obs. freq. 
cWx X cwx expo freq. 
cwx exp. ireq. * 

*based on 50% C-Wx chiasmata· and 

Cwx obs. c Wx no. 
C!!2!; X C.wx obs. freq. 
cwx expo freq. 

c W~ obs. no. C Wx 
cwx X c wx .obs. ireq. 

c~ 
expo ireq. 

CWX Cwx 

2021 522 
38.4% 9.9% 
39 .. 6% . 8.4% 
39.1% 8~8% 

20% Wx-centromere 

436 610 
20.2% 28.3% 
18.6% 30.4% 

937 83 
71.7% 6.4% 
75.9% . 4.9% 

c ·Wx . 

602 
11.4% 
10.4% 
10.3% 

chiasmata 

666 
30.9% 
31.2% 

126 
9.6% 
7.7% 

2114 
40.2% 
41.6% 
42.2% 

441 
. 20.5% 
19.4% 

161 
12.3% 
11.9% 

All calculations were based on the assumption that chromosome dis
junction is at random and is unaffected b.Y the occurrence of a crossover 
in the Q-!/! region. 

Ellen Dempsey 

8. Heterotic genes in the long arm of chromosome 3. 

Field tests for heterotic genes in the long arm of chromosome 3 were 
continued in 1955. A homozygous inversion 3a strain carrying the reces
sive ~1 allele in the inverted segment wascross~d to a number of inbred 
lines with the Al allele. Fl plants, all heteroz.ygous for the inversion 
and for A:~, were backcrossed qy the homoz.ygous inversion strain. There 
was a ratio of 1 colored : I colorless kernels on the Fl backcrossed ears. 
The colored kernels were heterozygous for the inversion and for !:~. 
The colorless kernels were homozygous for "the inversion and for ~:§. 
The kernels of the two classes were planted i n the replicated plots. 
Data for ear height, maturity, grain yield, . arid kernel weight are pre
sented in the following tables. In the cases where a significant differ
ence is found, the heterotic genes were contributed by the inbred lines 
except possibly for kernel weight. · In the latter case, the' difference 
is either due to the heterotic genes from the inbred lines or the 21% of 
ovule abortion in the class heterozygous for the inversion. There are 
some discrepancies between the grain yield data obtained in 1955 and in 
1954. There w.ere two inbred tines, K 187~2 and M 14, out of fourteen 
inbred lines tested in 1954, which showed significant differences between 
ihe tWD classes.' -at th~ . 1% level. None of them had such a,' dlffellenoe in 
1955. This might be due to enviromnental differences in the two growing 
·seasons. ", 



Ear height in cms. 
No. 

rens •. Aa aa 't I value 

Oh 45 12 115 101 13.15** 
Oh 41 12 . 119 108 9.83** 
M 14 12 96 92 2.84** 
K 4 12 126 112 7.35** 
I 205 12 116 107 4.84** 
C 103 12 108 97 7.68** 
5120 B 12 114 101 8.64** 
K 187-2 12 114 93 10.20** 
38-11 12 122 III 5. 52*r.-
o 7 12 125 99 13.13** 
WF9 12 103 98 2.25* 
W 26 12 104 92 7.64** 
R 59 12 120 110 9.00** 

**Significant at 1% level 
*Significant at 5% level 

AVe. yield per re? 
No. 

rens. Aa aa 

Oh 45 12 3.54 3.60 
Oh 41 12 3.03 2.96 
M 14 12 3.46 3.44 
K4 12 2~72 2.72 
I 205 12 3.20 30 02 
C 103 12 2.88 2.73 
5120 B 12 2.43 2.56 
K 187-2 12 2.92 2 .. 97 
38-11 12 2.95 3.09 
o 7 12 2.75 2.84 
WF9 12 3.23 3.24 
W 26 12 2.73 2.67 
R 59 12 3.54 3.71 

**Significant at 1% level 
*Significant at 5% level 

in Ibs. 

't' value 

0.86 
0.58 
0.20 
0.00 
1.50 
1.55 
1.08 
0.38 
0.78 
0.60 
0.09 
0.63 
1.13 
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Days from 
planting to half silking 

No. 
reps. Aa Ba 't' v~lue 

12 67.1 65.5 11. OOiH~ 
12 70.0 69.2 3.04** 
12 67.7 67.6 0.44 
12 73.4 72.8 2.10 
12 68.9 68.5 0.85 
12 69.8 70.4 1.80 
12 69.5 68.8 2.50* 
12 68.2 67.2 2.81** 
12 69.1 68.3 3 .. 43** 
12 69.5 68 .. 6 3.14** 
12 65.7 65.8 0.52 
12 67.0 66.3 2.59* 
12 69.4 69.0 1.68 

ut. of 1,000 kernels in gros. 
: 1 No. 
. ' 

, rens. As aa 't I value 

6 270 241 2.37 
6 239 212 4.95** 
6 237 205 7.23** . 6 248 206 10.87** 
6 254 222 3. 76*i~ 
6 270 263 1.70 
6 252 220 5 .• 30** 
6 244 211 2.74* 
6 248 217 2.83* 
6 233 211 4.94** 
6 241 202 7.21** 
6 236 209 3.69** 
6 256 217 4.61** 

Chuan-Ying Chao 



9~' .... The non-homologous associations of centromeres and lmobs of maize 
chromasomes at meiosis. 

, . 

It is well known that the centromeres and knobs of the non-homologous 
chromosomes of maize are stuck together at pachynema and that this asso
ciation disappears qy diakinesis. . In her unpublished ~ s. thesis at the 
University of nlinois Sarah R. Peterson reported on the frequency with 
which centromeres of non-homologous chromosomes were associated in the 
prophase of the first meiotic division. She also determined the fre
quency. with which knobs of different homologues were associated. Work
ing with the inbred strain KYS she found a total of 86 cases of centro
mere adhesion and a total of 96 cases where the lmobs of different bi
valenta were stuck together at pachynema. She concluded that the lmob 
and centromere association were non-random. Inasmuch as the total number 
of cases observed was low a further study of this phenomenon seemed 
warranted. Only the KYS inbred was involved in this investigation but 
some plants were norma! structurally while others were homozygous for a 
reciprocal translocation between chromosomes 4 and 10. 

After fixing in 95% ethyl alcohol and propionic aCid, the PMC were 
stained with aceto-carmine. Only cells with veIl spread chromosomes at 
pachynema were studied. The chromosomes involved in non-homologous 
association at the centromere regions and at the knobs were identified. 
Centromere and knob adhesions occurred in 70% and 25% of the cells stud~ 
ied,.respectively. 

It was deemed necessary. to ascertain the pachytene lengths · of the 
10 maize chromosomes of the KYS inbred since it appeared likely that the 
non-random association might be a function of the relative length of the 
different chromosomes. The pachytene lengths given below for the normal 
strain 'are the average measurements fr6m 6 good cells at late pachynema 
where there was no obvious distortion due to stretching while the 
measurements for the chromosomes of the homozygous translocation strain 
are from 4 good. cells.. In gener.al the lengths ' arid arm ratios reported 
here are in good agreement with those found qy Longley but some differ
ences are apparent. The, greatest deviation is .for c~omosome I where 
ratios of long to short arms of 1.1:1 and 1.3:1 were. found by us and 
Longley, respectively. 

Table 1. (See next page) 



Table 1. Lengths in micra and arm ratios of inbred KYS chromosomes and those of a homoz,ygous 
4-10 translocation in comparison with Longley's data. 

Chromosome Atlas 
Normal KYS HomozygoUS 4-10 translocation (after Longley) 

Total Arm Total Arm !,otaL Arm 
Cbrom. S L Length Ratio Chromo S L Length Ratio Chromo tength Ratio 

1 4O,d7 45.73 85.90 10 111 1 40.58 45.90 84.48 1.1:1 1 82.40 .1.:3 tl 
2 31.52 34 .. 46 67.98 1.2:1 2 31.06 39.66 70.72 1.3:1 2 66.50 1. 25:1 I 
3 20~39 40.17 60.56 2.0:1 3 21.08 41.82 62.90 2.0:1 3 62.00 2.0:1 
4 22.25 35.23 57.48 1.6:1 410 12.24 22.10* 34.34 1.8:1 4 58.78 1.6:1 
5 29.05 31. 52 60.57 1.1:1 5 27.08 33.54 60.62 1.2:1 5 59.82 1.1:1 
6 11.74 36.46 48.20 .3.1 :1 6 1l .. 78 34.68 46.46 2.9:1 6 48.73 3.1:1 
7 11.12 33.37 44.49 3.0:1 7 13.14 32.86 46.00 2.5:1 7 46.78 2.8:1 
8 11.12 35.23 46.35 3.2:1 8 10.66 34.00 44.,66 3.2:1 8 47.48 3.2:1 
9 14.21 27.19 41.40 1.9:1 9 12.46 25.16 37.62 2.0:1 9 43~24 1.8:1 

10 9. 27 25.96 35.23 2.8:1 104 11.44 45.78 57.22 4.,0:1 10 36.93 2.8:1 

1: 20'0.84 347.32 548.16 -- r 191.52 355.50 547.02 --- L 552.66 -- J 

(*) It should be noted that the long arm of the 410 chromosome is the short arm of chromosome 4. 

.. 

\.1l 
\.1l 
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The number of times the centromere of each bivalent is found stuck 
to the centromere of another pair is recorded in Table 2. In order to 
perform an analysis of the observed frequencies of associations, the 
expected frequency for each ' class was calculated on the basis of the 
total length of the 10 .chromosomes at the pachytene stage. The chi-square 
test indicates a non-random distribution of the centromere adhesion for 
the total of the 10 chromosomes, but a closer inspection of Table 2 shows 
that the only significant individual chi-square value'is for chromosome 
5; for all others the value is not significant. If one excludes chromo
some 5, the remai~tng 9 classes give a total chi-square of 14.56 which 
is not significant. One can conclude that the association of centromere 
regions of non-homologous ' chromosomes in corn is a random affair, accord
ing to the relative lengths of the chromosomes, with the exception of 
chromosome 5. 

Table 2. Comparisons of the observed frequencies of centromere adhesions 
with the expected frequencies calculated on basis ·of chromosome 
length. . 

Normal KYS Homoz.ygous 4~10 translocation 

~hrom. ob. . exPo x?- Chromo ob • · e~ x2 

1 87 105.3 3.18 1 81 96.2 2.37 
2 69 83.3 2.45 2 64 78.6 2.71 
3 71 74.3 0.15 310 

59 69.9 1.70 
4 75 70.5 0.29 4 44 38.2 0.88 
5 112 74.3 19.13 5 100 67.4 15.77 
6 50 59.1 1.40 6 45 51.6 0.84 
7 67 54.5 2.87 7 56 51.1 0.50 
8 63 56.7 0.68 8 52 49.6 0.12 . 
9 43 50.8 1.98 9 37 41•8 0.55 

10 35 43 .. 2 1.56 104 70 .63.6 0.64 

r 672 672.0 33.69 [ 608 608.0 ' 26. 08 

In order to check the hypothesis that the frequency of centromere 
adhesion of non-homologous chromosomes is proportional to chromosome 
length, the author planned to analyze several homozygous translocations 
where the length of certain chromosomes is drastically changed. At 
present adequate data are available only for a homozygous 4-10· trans
location. In th~s translocation the breakage' points are near the centro
mere in 4L and in the middle of the long ~B of chromosome 10 (for the 
length and arm ratio, see Table 1). The 4 chromosome with a centro
mere from chromosome 4 is now the ·shortest member of the complement 
while the 104 with a 10 centromere is the second longest chromosome. If 
the frequency of centromere adhesions is a function of relative chromo
some length then the 410 chromosome should have a reduced frequency 
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while that of 104 should be increased. This is precisely ~hat was found. 
Again it should be noted that chromosome 5 is involved more often than 
expected on the basis of its relative length. The chi-squares are given 
in the second part of Table 2. The chi-square for the total is signifi
cant, but chromosome 5 is responsible for this. If this value is elimi
nated, the remaining total chi-square is not significant. 

In conclusion, it was shown that the number of centromere adhesions 
is a function of relative chromosome length for all the chromosomes with 
the exception of chromosome 5, which is more frequently involved than 
expected. 

Table 3. Combinations of bivalents involved in non-homologous knob 
associations and their frequenoies. 

Normal KYS Homoz. 4-10 transl. 
Ifuob No. of % of Knob No. of % of 
~ombin. adhesions adhesions combin. adhesions adhesions 

5-6 8 11.3 5-6 4 10.0 
5-7 32 45.0 5-7 15 37.5 
5-9 15 21.1 5-9 10 25.0 
6-7 3 4.2 6-7 2 5.0 
6-9 0 0.0 6-9 1 2.5 
7-9 13 18.4 7-9 8 20.0 

" 71 100.0 L 40 100.0 L-

In consider~ng knob adhesions, it must be remembered that KYS has 
a large knob on chromosome 5 and 7, a small one in 6L and a small termi
nal knob on 9S. Table 3 gives the frequencies and percentages of the 
six possible types of knob association for the 4 knobs in the normal KYS 
and in the homozygous 4-10 translocation strains. If knob adhesion 
occurs at random, one would expect to find that each combination would 
occur in 1/6 of the total number of knob fusions. The data in Table 3 
show that the frequencies of different knob associations deviate mark
edly from a random association. The larger knobs on chromosomes 5 and 
7 are most frequently involved and the smaller knobs on 6 and 9 are, less 
frequently involved. Although the knobs on 6 and 9 are of the same 
approximate size the terminal knob on 9 is more frequently involved in 
knob adhesion than is the interstitial knob in 6L. Our data on knob 
adhesions are in close agreement with those of Peterson. 

Jos~ do Amaral Gnrgel ., , 
(Rockefeller Fellow at the Univ. ' of 
Illinois; permanent address is Univ. 
of Sao Paulo, Piracicaba, Brazil) 
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10. Comparison of a non-crossover ' ng mutant ,.,i th a .crossover ng mutant. * , 

Accumulating evidence suggests that mutations at the If locus yield 
non-crossover Eg mutants of constitution (pS) as well as crossover Eg 

mutants. A previous paper , (Genetics 1956) presents data indicating that 
~n Eg allele, designated Bg-14, is deficient for element (p). This type 
is expected to arise as the result of the occurrence of unequal crossing
over in the parent allele. HOltleVer, Eg-14 was derived from a stock 
without genetic marking to the left or right of the Er locus, and thus 
it could not be proved to be due to unequal crossing-over. 

A more critical study to investigate the possibility of these two 
types of plant-color mutants is now being conducted with several Eg 

alleles of known crossover and non-crossover origin. This report summa
rizes _the data from Eg non-or os sover-l (designated Eg nco-I) and Eg 
orossover-l (designated Eg co-l). . 

In the case of the compound Eg noo-1 !Iff ~, the expected types of 
unequal crossovers (seed-color) would include the apparent mutants ~r ~ 
and r.g !, assuming that Eg nco-l is (pS). The Eg 00-1 !Iff ,K compound, 
on the other hand, should yield only ~r ~ unequal crossovers, if it lacks 
the (p) element. 

These expected types of unequal crossovers are illustrated in the 
following diagrams: 

A. Non-crossover Mutant (pS) 

P S K 
~ ~ ~r crossover ~ 
p S~· ---:Ok-

B. Crossover Mutant (- '$) 

P S K 'r 
I ~ ~ crossover! 

- S L.--""'k=- -" 

P S,.. ___ K_-4 ,,!g crossover '_I{ 

--=!J "S k 

, no homologous pairing to 
yield r g crossover K. - -

The data from the non-crossover ng mutant come from two cultures in 
which the knob-lO linkage is different. In the case of the Eg nco-l 
!Iff ,K compound', the expected types of unequal crossovers would be r: .! 
and ~g,K. The' Eg noo-1 ]Iff ! culture, which is the less desirable one 
since the ~g crossovers would be knobless and thus uncommon, should 

* This report represents work done jointly by the late L. J. Stadler 
and myself. 
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produce £r ~ and £g 1£ crossovers. The results are as follows: 

~tants 
Defic-

Culture Pop. r g co K rr co k t ,g nco k rr nco K iency 

A. Rg nco-l k/Rr K 89,550 24 10 5 4 3 2 

r g co k rr co K r g nco K rr nco k 

B. Rg nco-l K/Rr k 86,217 15 3 4 4 4 0 

In culture A, with Rg nco-l ls, 24 colorless seeds were found, and 
of these 15 were unequal crossovers,' 7 were non-crossovers, and 2 were 
B defiCiencies. Of the 15 crossovers identified, 10 were of type ~g ~, 
the critical class which carries (p), and 5 were of type ~r .k. 

In culture B, the Eg nco-l ]/~ 1£ compound yielded 7 unequal cross
overs and 8 non-crossovers. Of the 7 crossovers produced, 3 were r g k 

r - -and 4 were £ ~. The non-crossovers included 4 £g ~ and 4 ~r 1£. 

Thus the occUrrence of 13 rg crossovers indicates that change of 
Rr to fig occurred by a recessive mutation of element (p) rather than by 
a physical loss of this element. . 

The results of the type and frequency of unequal crossovers pro
duced in cultures heterozygous for Eg co-l are summarized in the follow
ing table: 

Defic-
Culture Pop. Mutants r g co K rr co k r g nco k rr nco K iency 

Rg co-l k/W' K 102,020 46 0 24 5 13 4 

A striking difference appeared in the type of unequal crossovers 
produced from Eg co-l lsIBf ~ as compared to those from Bg nco-I. Out of 
24 crossovers found, all were of the ~r ls class with none of the £g ~ 
crossover type. Approximately 17 of these 24 crossovers should have 
been ~g ~, assuming a 70% selective advantage of the knob bearing chromo
some. In addition, 18 non-crossovers were recovered, of which 13 were 
r.r E and 5 were ~g .k. 

These results indicate that the apparent mutation of Er to Eg in
volved the loss of element (p). 

" 
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It is also of interest to note t.hat the frequency of unequal cross
overs in the Eg co-1 heteroz.ygote, resulting only from proximal displace-

, ment of (5), is greater than the frequ~ncy of unequal crossovers in sg 
nco-l/]f from ~ both proximal and distal displacement of (5). Out of 37 
seed-color mutants analyzed from ~g nco-l (two mutants were excluded since 
they are deficiencies), ' '22, or 59%, 'Weretiriequal crossovers. In the case 
of sg co-I, 24 of the 42 mutants, or 57%, were crossovers. Previous 
evidence from Sg-14, which is presumably (-5) in constitution, also showed 
this increased frequency of unequal crossing-over. If this difference 
proves to be regUlar among !mown cross'over ,I1g alleles, it may be used as 
another criterion to distinguish crossovers from non-crossover Bg mutants. 

A. 

B .. 

11. Further analysis of Rg-14.* 

Previous results have provided evidence on absence of (p) element 
in,Sg-~. AnQthe~test of de~ermining the existence of (p) m~ be possi
ble Qy a comparative analysis of unequal crossing-over in plants homo
zygous for non-crossover and crossover Eg mutants. 

If Bg crossovers lack the (p) element, the homozygote (-s/-s) should 
yield only ~g non-crossover mutants. The occurrence of unequal crossing
over should be inhibited if this phenomenon requires synapsis of (p) and 
(S) components. In the case of the Eg non-crossover (pS/pS), however, 
~g crossovers should occur, since (p) is presumably present. Also l:~ 
crossovers of one class are expected from the heterozygote (-sipS). These 
relations are illustrated in the following diagrams: ' 

Crossover/Crossover Non-crossover!Non-crossover Non-crossover/Crossover 

- S absence of ~ r
g crossover ~~~g cross-

- ' S unequal co. p S ~- over 

~'S absence of ~~.!:g crossover class'absent 
- S unequal co. 

At the present time data are available from an Rg crossover. The 
seed-color mutants analyzed were produced from plants homozygous for Jf-14 
and heteroz.ygous for g and li. Two different 'compounds were 'employed in 
the experiment: (1) g Eg-14 ~Q Eg-14 k and (2) Q Bg-14 ]/g Eg-14~. In 
the case of the compound g Bg-14 li/Q Eg:14~, the expected types of une
qual crossovers are Q l:g E and g l:g k. The unequal crossovers expected 
from the compound Q Eg-14 li/& Eg-14 ! are g £g E and Q l:g~. In addition, 
these same classes of unequal crossovers are expected in'15% of the seed
color mutants regardless of any relation of mutation to unequal crossing-

'* This report represents work done jointly by the late L. J. Stadler 
and myself. 



61 

over, since the standard crossover frequency for the E-~ interval is 1% 
and for the E-~ interval, 14%. 

The compound E Bg-14 ]/Q Bg-14 ~ produced 8 seed-color mutants, of 
wh5.ch 5 were g r.g ~ non-crossovers and 3 were Q r.g ~ non-crossovers. 
The total population included a test of 37,037· female gametes. 

Out of .21,862 gametes tested in the ' compound Q Bg-14]/g Bg-14~, 
5 colorle~s seeds were found, and of these 2 were of the Q r.g ~ non
crossover ·type and 3 ·of the g r.g 1f non-crossover type. 

The ocourrence of 13 non-crossovers among the, 13 seed-color mutants 
examined is significant evidence that unequal crossing-over is not in
volved in the mutations, for if unequal crossing-over had been as fre
quent in homozygous Bg-14 as in heterozygous Bg-14, approximately 6.5 
unequal crossovers would be expected in addition to 2 due to coincident 
crossing-over between g and lie The number of unequal crossovers expected 
is based ·on the relative proportion of unequal crossovers and non-. 
crossovers observed in Bg-14 and Bg co-l heterozygotes. These results 
showed that approximately 50% of the mutants identified were unequal 
crossovers. 

Thus the absence of r.g crossovers from homozygous Bg-14 supports 
the view that this allele is deficient for element (p). 

12. Intermediate aleurone-colored alleles of R.* . 

In the course of the unequal crossing-over analysis several B mutants 
of interme'diate seed-color phenotype have been found including mutants of 
dilute : aleurone-color and distinguishable pattern types. These mutants 
are listed in the following table with their phenotype, unequal orossover 
origin, and colorless-seed mutation frequency. 

(Table on following page) 

The occurrence of intermediate alleles of dilute phenotype suggests 
a qualitative change of a single (S) element. On this basis, these mu
tants are expected to originate as the result of gene mutation, or non
crossover mutation, and not involve unequal crossing-over. At the present 
time, four of the dilute mutants that . were l;Ilarked for the detenrination 
of unequal-crossing-over were all of the non-crossover type; but the num
ber of mutants analyzed is too small to be statistically significant. 
Eaoh of these non-crossover mutants was derived from Br Cornell. 

* This report represents work done jointly by the late L. J. Stadler 
and myself. 



Colorless seed 
Mutant Aleurone Color Parent 

-
spots on a ~ilute background G Rg McB k/ g Rr K 

spots on a dilute background G Rg McB k/ g If K 

spots on a dilute background g RghQueens K/ 
G r C k 

Spots on a dilute background g Rg nco-l K/G R~ k 
** spots on a dilute background g Rg co-1 k/G ~ Ko 

spots on a dilute background G Rg k/g If K 

spots on a dilute background g Rg-14 K/G Rg-14 k 

Faint anthocyanin G Rg k/G ~ K 

Faint anthocyanin G Rg-14 k/g If K 
" 

Weak anthocyanin 
.. ' g Rg co-1 k/G RV-l k 

Weak anthocyanin g Rg nco-l K/g ar ·k 

Dilute anthocyanin G Rg McB k/g If I 
Dilute anthocyanin g Rg co-1 k/G If k 

Dilute anthocyanin g Rg co-l k/G If k 

Dilute anthocyani n g Rg co-l k/G RV k 

Mottled anthocyanin G Rg-14 k/g ar k 

* Parentheses indicate an intermediate (S) component. 
** Ko represents an altered knob-lO c~omosbme. 

Mut. Freq. 

5/28,728 

---

----
2/14,228 

3/5,429 
0/1,978 

7/25,561 

0/4258 

12/35,085 

4/6338 

2/25,24l 

8/27,757 c 

1/5377 

13/28,739 

4/6338 

----

Mutant 
Genot.ype 

* g (RV K 

g (R)r K 

G (R)g K 

g (R)g K 

G (R)r Ko? 
G (R)r K? 

G (R)g K 

G (R)g k 

G (R)r K 

g (R)g k 

g (a)g K 

g (R)~ K 

G (R)r k 

;g (R)g k ' 
.. 

g (R)g k 

G (R)g" k 
-

Unequal 
Crossover Origin 

non-crossover 

non-crossover 

non-crossover (coinci-
dent co for g) 
non-crossover 

delayed cytology 

delayed cytology 

questionable non-
crossover with a coin-
cident g or K crossover, 

non-crossover' 

non-crossover with a 
coincident c~ for g. 

unmarked 

,non-crossover 

non-crossover . 

unmarked 

unmarked 

unmarked 

unmarked 

0" 
I\l 



However, if it is postulated that Er Cornell possesses a single (S) 
element, it is rather difficult to explain on this basis the occurrence 
of compound intermediate alleles from the same nr allele, such as the 
spotted-dilute mutants. These mutants, which ex..~ibi t a combination of 
stippled-like spots on a fairly dilute beckground, could arise as the 
effect of single changes of (S) from a multiple S.S.S ••• complex. 
Alternatively, they could represent unstable E alleles. It is noteworthy 
that four, or possi.bly five, of the seven spotted-dilute mutants analyzed 
were also non-crossovers as were four of the mutants of intermediate 
seed-color. 

Several additional intermediate alleles have been found in last 
summer's detassel plot and will be analyzed this summer. 

L. J. Stadler 
M. H. Emmerling 

13. Behavior of altered knob-lO chromosomes. 

As reported in the 1955 Maize News Letter a nwaber of altered knob-
10 rod chromosomes originated from a ring-IO heterozygote. A preliminary 
study has been made on three of these chromosomes to determine their 
effect on preferential segregation. 

The following symbols ere used to denote the different types of 
knobs: li, normal knob; ~, knobless 10; Ks ' approximately one-half of 
the original knob located at the end of TO-long; Kis' about one-half 
of li-IO placed interstitially on IO-long; and Ko,-cnTomosome lacking the 
knob but possessing the dissimilar chromomere pattern characteristic of 
normal knob-lO chromosome. 

The data given in the follOWing table came from plants heterozygous 
for the changed b10bs. 

Total Ntunber Number. % 
Culture Population Colored Seeds Colorless Seeds R 

Rr K/rg k (control) 15,030 9,546 5,484 63 
Rr Kslrg k 40,114 19,853 20,261 49 
If Kjrg k 10,278 5,432 4,846 53 
Rr ~s/rg k 16,632 7,99.3 8,6.39 48 

These data show that normal segregation is restored in the presence 
of either Kg-IO, Kis-lO, or Ko-10. This would suggest that the factor - - -



responsible for preferential segregation is·l.ocated in either the distal 
half of ~~10, or in the euchromatic segment distal to normal li-10. Pre
liniinarY cytological studies indicatei however,· that neo-centric activity 
which is characteristic of normal ~-10 is present in the Ks-chromosome. 

: This is surprising since Ke· shows no preferential segregauon of B.' The 
object~on m~y De raised tHat "the Ks-chromosome possesses a deficiency 
which is reducing t~e normal femare transmission of E~ however, both 
pollen and " ovule · examinations have · shown no evidence of a.bortion. The 
Ko-chromosome also exhibits no abortion in pollen or ovules. This has 
not been checked in stocks carrying Kis• 

In addition, each of these knobs have been tested in compound with 
a normal knob-lOa If both knobs are equally effective, a 1:1 ratio is 
expected. However,. if the knobs have lost their ability to segregate 
preferentially, a normal knob ratio is expected. In this case, the normal 
knob showed e 68 ~:32 ~ ratio. 

Total NtllIt'ber Nwnber % 
CUlture Population Colored Seeds Colorless Seeds Normal K 

If klrg K 
(control) 20,976 61'944 14,032 68 

Rr Ks/rg K 15,278 7,388 7,890 48 

r1' 'Kjrg K 17;409 7,090 10,319 59 
" If g Kislr K 20,327 9,063 11,264 ,56 

These results are inconsistent with the data from table 1. The Ks 
chromosome, which exhibited no preferential segregation in the hetero=
zygote, clearly shows full knob effect in compound with a normal knob-lO • 
. Also, the Ko-chromo.some, which showed no preferential segregation in the 
heter 0 zygore , exhibits some degree of preferential segregation in the 
homozygote. This chromosome has not been examined for neo-centromeres. 
The Kis chromosome also shows some,preferential segregation in the pre
sence of normal li-lO, but abortion is not excluded. 

At the present time an expla~ation of these results is not apparent, 
but it seems possible that the phenomenon of preferential segregation 
could be due to a combination of several factors. 

This study includes other altered knob-lO chromosomes such as: one 
with approximately one-half·of the· knob on the end of lO;"short; one with 
a normal ~-10 but without the dissimilar chromomere pattern; and one 
with nornml !-lO;on lO;"long and a modified ~-lC on la-short. 
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14. Behavior of an attenuated knob-10 chromosome. 

~n the 1955 Maize News Letter it was reported that an attenuated 
knob-10 chromosome occurred spontaneously in an R stock. The knob is 
rather slender and approximately twice as long a; normal knob-lO. 

This knob (designated KL) was tested for preferential segregation 
wit~ a knobless and a normar-knob-lO chromosome. The results are as 
follows: . 

Culture Population Colored' Seeds Colorless Seeds % K .. 
rr KJrg k 12,873 8,324 4,549 64 

R
r KJrg K 15,28.4 6,156 9,128 59 

(normal K) 

Rr k/rg K 
(control) 20,976 6,944 14,032 68 

These data show that the attenuated knob segregates preferentially 
in the heterozygote. In the homozygote, however, there is evidence of 
megaspore competition between the modified knob and the normal knob~ as 
is shown Qy the distorted 1:1 ratio. Apparently, the normal knob chromo
some has a selective advantage over the attenuated knob. 

Two additional modified knob-lO chromosomes, which occurred spon
taneously, have been found recently; one resembles KL, and the other.is 
smaller than normal li-IO. These havl3 not been testm'l' for preferential 
segregation. 

15. Evidence of increased mutation frequency in presence of homozygous 
knob-lOa . 

A homozygous knob-lO stock which was used as a male parent gave a 
high frequency of fig mutants in X-ray and ultra-violet treated plants, 
and in untreated plants (Genetics 1955). Since the frequency in treated 
plants was no-greater than that in t~e control, the increased rate of 
mutation was not attributed to the effects of radiation. At that time 
there was no evidence available of high mutation rate in female gametes, 
since heterozygous knob-Ie is commonly used in connection with the study 
of unequal crossing-over. 

Subsequent experiments have confirmed this high mutation frequency 
in female gametes. The compound g Er ]lg Br ~, in 5711 tested gametes, 
yielded 17 colorless seeds. In plants heterozygous for ~-lO, only 21 
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mutants occurred among 104;853 gametes tested. Thus the mutation rate 
for E in· plants of Yli constitution was

4
29.8 x 10-4, while in plants of 

liIk constitution the rate was 1.9 x 10-. These data do not come from 
sib comparisons. 

The depression of E mutation rate in the presence of heterozygous 
knob-10 could be attributed to the presence of a modifier of mutation 
in homozygous knob-10 stocks. Alternatively, it could be due to an 
increase in the rate of unequal crossing-over. It is possible that pair
j.ng of homologous regions distal to E in .li/li may favor unequal crossing
over, as it is known that heterozygous K-IO considerably reduces normal 
crossing-over between E' and the end of normal chromosome 10. The homo
zygous knob stock, which was used, was not marked tci determine unequal 
crossovers. 

Several K-IO cultures including compounds marked for identification 
of unequal crossovers were grown in last summer's detassel plot in order 
to determine the extent to which mutants in homozygous .li-IO plants are 
due to unequal crossing-over rather than to gene mutation. The modified 
knob-10 chromosomes were used in compound with a normal knob-10 to serve 
as a distinguishable marker distal to.Eo In addition, plants were grown 
which would give a direct comparison of seed-color mutations in Elli 
versus lilk sibs, and in Elk versus lYk sibs. 

The following table presents the mutation rates which were found 
for each of these knob-10 compounds. The mutants will be examined cyto
logically this summer. 

Number 
Culture Population Mutants Mutation Rate (10-4) 

K/K 5,711 17 29.8 

K/k 104,853 21 1.9 
Ks/k 34,478 13 3.4 

Kalk 130,030 25 1.9 

Ko/k versus k/k 146,825 41- 2.7 

Ks/k versus k/k 77,200 24 3.1 

KIKo versus Klk 39,368 8 2.3 

K/Ks versus K/k 9,543 3 3.1 

K/Ks versus Ks/k 38,820 34 8.7 

K/K veraus \l(/Kio 43,095 31 7.1 

KIKs versus KslKo 29,473 19 6.6 
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These data clearly show alQw frequency of mutation ;ip thepr'esence 
of heterozygous knob-lO and in' sib comparisons of types JV~ versus: 1Y~ 
and EI~o versus Kik, which is essentially the same in knob composition as 
y~ ~ersus !V~. It is also evident from. ,these results that th~ mutation 
rate is consistently high, with 'the ex:c,eption of one cross, when one of 
the two genotypic classes includes homozygous ~-10. However, it is not 
as high as, !t is expected on the basis of the rate observed in YK plants 
(29.8 x 10- ); 

M. H. Emmerling 

16. Effect of Vg on development of the ligule. 

Classifications for the ligule qharacter were made among mature plants 
in several families segregating approximately equal numbers of normal and 
yg (vestigial glume) individuals. All , nQrmal (non-vestigial) plants were 
found to have a normal ligule whereas all of the plants classifiable as 
yg (vestigial) on the basis 'of reduced glumes associated with male and 
female florets were without ligules. These plants have a transverf'?e 
ridge of compact tissue bordering the sheaths and blades of leaves but 
lack the membranous extension or flap which is characteristic of a normal 
ligule. Casual. observation of these plants does not permit classification 
for the liguleless character since the leaf blades of Y.g plants are ori
ented at a sharp angle with the culm as in normal plants, a habit which 
probably accounts for the e.arlier failure to recognize this character. 
Well ,over 100 field grown yg and normal plants were classified this past 
summer for the ligUle character; all yg plants were liguleless while all 
of the non-vestigial plants had normal ligules. Since it appears that 
the liguleless character of yg plants . may be classified in the seedling 
stage, it should provide a valuable marker for chromosome 1 for which 
relatively few genes ,with seedling ,effects a~~ known. 

Since there is no basis on ,"lhich to argue a homology between glumes 
and ligule, it is suggested that yg may have a generally adverse effect 
on those meristems which, in terms of the cycle of development in the 
particular organ concerned, are initiated relatively late. 

17. A possible clue to the nature of Dt action. 

From individuals homozygous for ~b (known to consist of separable 
elements each with greater than recessive ~ effect) Bnd crossed with 
pollen from ~ plants, individUals with recessive ~ phenotype occur with 
great rarity. One such derivative from an Ab/Ab, Dtindividual has been 
tested in preliminary fashion. Its phenotype is similar to that of re
cessive a and it is likewise mutable. Moreover it is associated with 
recessive brown pericarp whereas !b has a dominant brown pericarp effect, 
While the occurrence of such an individual is reminiscent of changes of 
the type allele, !, to ~ in the presence of Dt it appears necessary in 
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the present case to account for the simultaneous change to the null con
dition of both the alpha and beta components of ~b, a requirement not 
easily satisfied on the hypothesis of gene mutation induced by Dt. Rather, 
it is contemplated that Dt may control an inhibiting element capable of 
influencing the adjacent alpha and beta components simultaneously. Criti
cal evidence bearing on this hypothesis will await studies of reversions 
from the exceptional derivatives. McClintock based a similar argument 
on studies in which recessive ~, in genetically dt dt background, was 
held to yield somatic reversions as scored in the endosperms of individ
uals in which chromosome 9 aberrations had been induced. It is hoped 
that the findings reported here will afford a means of testing this hypo
thesis in studies deali.ng directly with an analysis of J21-induced changes 
at the ~ locus. 

18. The beta member of Ab complexes. 

The association of crossing over with the isolation of the alpha 
(pale-acting) element of ~b (Ecuador extraction), establishes that this 
element is the left-most member of the ~b complex and, from the fact 
that ~b has an overall purple effect on pigmentation, provides a basis 
for the inference that the member on the right (beta) is an allele with 
purple effect. Since both ~b and i.ts derivative alpha produce a dominant 
brown pericarp effect, an attempt was made to isolate the beta component 
in appropriately marked individuals on the assumption that this element, 
like the type A allele itself, has a red pericarp effect. In preliminary 
studies two individuals with red pericarp were isolated, both of which 
carried marker genes which indicated that there had been an associated 
crossover between the markers T 2-3d and ~2' a segment of about seven 
units and including the A locus. Moreover the markers carried by these 
derivatives are those expected if beta is located to the right of alpha 
in the Ab complex. More recently, eight additional derivatives with 
red-pericarp phenotype have been isolated in similar experiments and all 
appear to be crossovers but are subject to further critical tests to 
determine whether they carry the interchange marker and to test for 
contamination. 

19. ~idence for the complexity of beta components of Ab complexes. 

Several Ab complexes of Peruvian extraction (designated jb:p) differ 
from the ~b of Ecuador extraction in regard to the order of the alpha and 
beta members. Thus, in the case of the latter, the order of members, 
~tated with respect to the 9h factor is alpha-beta-sh whereas the order 
in the Ab:p complexes so far studied is beta-alpha-SQ. This sequence 
in the latter case renders it technically much more feasible to isolate 
by crossing over the beta element of various Ab:p complexes by taking 
advantage of the extremely close linkage between alpha and~. Thus, 
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in hb :p (Lima) §h/~ ~h x ~ ~~ sh crosses, about t~o-thirds of the 
colored-shrunken crossovers are . determined to be beta-alpha-sh cases on 
the basis of 8 dominant bro,m pericarp (representing a crossover between 
alpha and sh); ho~ever, approximately one-third of the colored-shrunken 
crossovers have a red pericarp effect. Since it is known that the alpha 
components of these ,Ab:p complexes produce a dominant brown pericarp 
effect, these -latter must represent crossover isolations of the beta ele
ment followinB an exchange event between beta and alpha. It may be con
cluded that ,A :P (Lima) carries a beta element with a red pericarp action. 
Similar studies carried out with ,Ab:p (Cuzco) also yield colored-shrunken 
crossovers which in some cases are dominant brown in peri carp phenotype 
and in others are red. In addition, however, this complex yields 
colored-shrunken crossovers whose pericarp phenotype is red-bro~ and is 
distinct from the brown and the . red phenotypes in the same families. It 
is assumed for the purposes · of 'further analysis that Ab:p (Cuzco) is at 
least a triple complex of the type: betarb-betar -alpha',: having t~o 
adjacent beta elements ~hich differ in their qetermination'of ·pericarp 
phenotype. . . .' 

J. R. Laughnan 

" 
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IOWA STATE COLLEGE 
Ames, Iowa 

Department of , Agronomy 

1. P1 x P2 vs. PI + P2 as a criterion of overdominance in corn. 

Overdominance may be due to heterozygosity per se, a divergent allele 
mechanism as postulated qy East, an intermediate optimum, repulsion link
ages and other hypothetical suppositions. If such gene actions are of 
importance at numberous loci certain breeding methods may be more effective 
than others. HUll (Jour. Amer. Soc. Agronomy 37: 134-145, 1945) outlined 
a selection method for specific combining ability based on the occurr~noe 
of overdominance. The common observation of corn breeders that many sin
gle crosses exceed the sum of the two inbred parents in yield is, accord
ing to HUll, indicative of many heterotic loci for yield. If the effects 
of alleles are strictly additive then the sum of the two homozygous lines 
which make up the Fl can not be smaller than the single cross. 

It is rather easy genetically to design cases in which the fallacy 
of the above argument becomes obvious. Say for example line A carries 
a homozygous recessive pale green allele and line B is homozygous for 
recessive sugary. Both alleles depress yield markedly. The Fl will 
exceed the sum of the two parents not because of overdominance but simply 
because each line possesses the dominant allele to the other lines' re
cessive. If these two lines were also available without the pale green 
and sugary alleles one could produce the two identical single crosses 
except for the two mutant loci and compare them with the sum of their 
respective parents. 

Such a situation was provided qy two dwarf mutations in unrelated 
long time inbred lines. The inbreds denoted by IDI and lID and the 
mutated lines denoted by Idl and IId2 were intercrossed in the following 
manner: IDl x IID2, Idl x IID2, IDI x IId2 and Idl x IId2- These four 
entries were grown in randomized blocks with 16 replications. Data were 
collected on plant height, kernel row number, ear length and weight of 
shelled grain. Seed counts were made on seven replications only. Ortho
gonal partitions of the three treatment degrees of freedom were chosen 
according to pertinence of comparisons. The means and variances for the 
four parents were obtained in an experiment grown next to the above des
cribed test and reported on in Genetics 39: 908-922, 1954. Table 1 con
tains the means. The first six rows of the table are reproduced from 
the afore mentioned publication. The corresponding F-values are summa,. . 
rized in table 2, again the first two rows are a duplication from the 
paper in Genetics 39. Hull restricts his reasoning to yield only, but 
there seems to be no apparent reason to place limitations on his argument 
because heterosis is not confined solely to yield. In table 3 a number 
of comparisons for the different attributes are set out. The table is 
self explanatory. For example for yield the single cross IDl x IID2 when 



Table 1. Me.ans of five characters taken on two dwarf mutants, their mother1ines and certain 
inter crosses among them. 

Mltant Plant height Total kernel Ear length 
or in Number of weight Kernel row in 

Ci'oss centimeters seeds in grams number millimeters. 

Id2 (inbred) 92.30 426.90 81.40 15.20 174 .. 90 

1Id2 
(II) 83.70 138.30 30.30 100 60 107.00 

IDl ( II) 188.58 701.65 168 .. 23 15.43 214.06 

1ID2 (") 179.05 530.98 116.27 13.70 190.79 

In1 x 1ID2 (single cross) 254.91 903.59 292.-53 16.59 259.48 

!Dr x I1d2 (11) · 240.19 840.52 261.62 18.25 254.34 
Id1 x 1ID2 <"> 224·24 848.12 275.46 16.64 267.83 
1d1 x I1dZ 

(~) 211.29 822 .. 96 258.60 17.13 255.32 

;:3 



Table 2. Variance rat ios for 5 attributes taken on four Fl hybrids. 

Total kernel 
Plant height Number of seeds weight 

Differ- Differ- Differ-
Genotypic contrast ence is F-value ence is F-value ence is F-value 

IDl IID2 vs IDl lId2 vs 129.88** 1. 77 12.60** 
Idl IID2 vs IdlIId2 

IDI IID2 t !Dr lld2 vs of' 320.31** + 1.94 + 29.93** 
ldl lID2 +: ld1 lld2 . . . -.. 

IDIlID2 ... ldl lId2 vs 
+ .27 t- .52 +" 5.29* ' 

IDI lId2 l Idl IID2 ---

lDl IID2 + ldl lID 2 vs + 69.0S** + 2.S3 - 2.59 
IDl lld2 + ldl lld2 

, 

. , 

* Exceeds 5 percent level of significance. 
:i; . 

** Exceeds 1 percent level of significance. 

," " .\ " 

Kernel row 
number 

Differ-
ence is F-value 

32.79** 

... 15.83** 

..... .. . 

- -is. 76** 

: - 63.,76** 

" 

) 

.~ .~. ~ 

, " 

Ear length 

Differ-
ence is F-valu€ 

7. 28*iI 

- 4.19* 

.. ;' 

2.63 - " 
. '. . ,-

, " . , ' . 
.- , ' 

+ 15.02*iI 
' " 

:.. ... . .. , ... 

,:,' . 

" 

-.J 
I\) 



Table 3. Comparison of crosses and lines. 

I 
Perce.lit Percent 

increase of increase of 
Difference cross over Comparison cross over 

Character represents Result parent 1 + represents Result mean of 
parent 2 narents 

IDr x IID2 - (ID1 + 1ID2) -112.72 
IDl + lID 

71.10 Plant height no ID1 x IID2 - 2 .. 39 
2 

ID1 x IID2 - (Id1 + IId2) 78.91 45 ID1 x IID2 
_ Id1 + IId2 166.91 190 

2 ~ . -- . .. ... - ' . . -
; Id, + IId2 Idl x IId2 - (Idl + IId2) . 3~. 29 20 123.29 140 : ,. Id1 x IId2 - ~ 

- .. . 2 
: 

, 
; 

: ID + lID 
Number of ID1 x IID2~ (ID1 + IID2) -,329.04 no ID x lID _ 1 2 .287.28 47 · 1 .: 2 2 .. 

seeds , 
Idl + IId2 rt;>1 x· IID2 - . (Id1. +. . IId2) . 338.59 60 ID1 x IID2 - 620.99 220 . , 2' . . . \ . . ',. . ' . . 

Id.1 x IId2 -. (Id1 + IId2) 257~76 46 Id1 x IId
2 

_ Idl ,~ IId2 540 .. 36 191 ; 2 . 
I : . ; 

;rotal kernel :ID1 x IID2 - eID:;!. + 1ID2) 8.0J . . 
. WI + IID2 

150.28 106 3 ID1 x IJl).2 - , 

2 .. 
weight 

180 .• 8}, I Id1 + IId
2 :0;>1 x IID2 - (Id1 + 1Id2 ) 162 lD1 x 1ID2 - 2 236.68 424 , -

.. 
Id1 x IId2 .;.. (IdJ, + 1Id2) ' " 146~90 

.. 
131 

Id1 + I1d2 202.75 36) Id1 x -1Id2 - 2 

" . ' -. ,. j 

: : .. ... 

~ 
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Table 3 (Continued) 
~ 

Percent Percent 
increase of' increase of' 

Diff'erence cross over Comparison cross over 
Character represents Result parent 1 + represents Result mean of' 

narent 2 . 'Oarents 

Kernel row IDI x 1ID2 - (IDI + 1ID2) -12.54 
]D1 + 1ID2 

2.03 14 no IDI x 1ID2 - . 2 
number 

, 

Id1 + IId
2 ID1 x 1ID2 - (1d1 + 11d2) - 9.21 no ID1 x 1ID2 - 2 3.69 29 

Idl x 1Id2 - (1d1 + 11d2) - 7.95 n~ 1dl x 11d2 
_ 1dl + IId2 4.23 33 

2 

Ear length IDl x 1ID2 - (Idl + 1ID2) -145.37 no 
ID + lID 

IDI x IID2 - 1 2 2 57.06 28 

. 
IDl x 1ID2 - (1dl + I1d2) -22.42 no 

1dl + I1d2 
IDl x 1ID2 - 2 118.53 84 

Idl x 11d2 - (1dl + 1Id2) -26.58 no Id1 x 11d2 -
1dl + 11d2 114-37 81 

2 
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compared with the sum of the two parents gives an excess of three percent. 
This amoUl1t according to Hull ml1st be due to overdominance. However, if 
the nomozygous dwar~ B.nes Idl x tId 2 are added up and contrasted to ~he 
hybrid Idl x IId2 heterosis due to overdominance Hould jump to 131 per
cent. But since the difference between the normal inbredsand their 
dwarf C01ll1terparts is known to be due to mainly the strong ~ffect of the 
recessive dwarf allele, the case for overdominance breaks down and re
solves into a simple dom:tnant-recessi ve rel~tionship. It is not denied 

. that some forms of overdominance, on vlhatever scale of observation it is 
measured, exist but simply to say that the excess in ·yield of a single 
cross over the sum of the· two parents is attributable "to overdomfnant 
loci is, as shown here, in many cases an u..'U'ealistic and unr:-scElssary 
postulate. 

Due to the fact that the four single crosses and the inbred parents 
were grown in two separate tests, although within e smail · l;llld uniform 
piece of land, no error terms for testing differences were available. 
From the tables it appears clear that differences are so l~rge· ·and con
sistent as to eliminate a need for probability statements.' However, data 
with identical and additional dwarf mutants wil~ be forthcoming ao6n~ " 
-These experiments will provide proper error terms. 

* Present address: N. C. State College 

J. F. Schliler* 
G. F. Sprague 

Department of Experimental Statistics 
Raleigh, North Carolina 

2~ Studies on the inheritance of resistance to corn leaf rust, Puccinia 
sorghi Schw. 

Genetic investigations on the inheritance of resistance to corn leaf 
rust, Puccinia ~orghi Schw. were initiated at the Iowa State College in 
1953. A rather heavy infection of rust that summer gave an opportunity 
to rate approximately 1700 inbred progenies and introductions of corn 
for field reaction to the fungus. Greerulouse seedling"inoculations on 
165 lines showing field resistance revealed that 25 strains possessed 
protoplasmic resistance to one or more biotypes of the pathogen. Subse~ 
quent tests of single cross combinations involving many of these lines 
have shown that 13 carry dominant genes for resistance and 12 have re
cessive genes. In addition to these, 13 strains show evidence for re
sistance but such resistance is incomplete or is modified by environmental 
conditions. (Studies at the University of }lisconsin have found resistance 
in 39 Mexican and South American types of '!lhich 23 have been shown to 
carry dominant genes for resistanoe and 2 appear to have recessive genes. 
These factors are being studied f1lrther in our program.) 
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Each gene conditioning resistance to rust is being transferred to 
inbred B14 by the backcross method. This will serve three main purposes: 
(1) establish a set of sub-lines, or nearly "isogenic" lines, of B 14 
which can be used in genetic studies of the pathogen; (2) the v~rious 
-genes conditioning resistance will be located in a stock which can be 
easily handled in the corn belt; (3) the sub-lines of B14 will be used 
as a series of differential hosts for the identification of races within 
a pathogen. It will be desirable to add to the collection of resistant 
stocks any . additional sources of protoplasmic resistance which other corn 
workers may have. Since interest will be only in the genes affecting 
host reaction to the fungus, such sources may be in various forms such 
as inbred lines, open pollinated varieties or hybrid combinations. 

The relationships among the various genes for resistance are being 
determined by studies involving F1 and F2 progenies from single crosses 
among the resistant sources. Also, studies of .F1, F2 and backcross pro
genies involving resistant and susceptible strains are giving information 
on the number of factors reacting in a cross for a specific rust culture 
and whether or not these factors are dominant or recessive in behavior. 
At this time limited data are available, some of which are shown in the 
following table: 

Number of Plants 
X2 Observed Theoretical P 

Cross Res. Susc. Ratio Value Value 

1 (K148 x B14) F2 131 47 3:1 0.187 .50-.70 

2 (Kl48 x B14) B14 130 161 1:1 3.302 .05-.10 

3 (GG208 x B14) F2 64 31 3:1 2.951 .05-.10 

4 (GG208 x B14) B14 102 86 1:1 1.362 .20-.30 

5 (Cuzco x B14) F2 64 29 3:1 1.896 .10-.20 
6 (Cuzco x B14) B14 96 102 1:1 0.182 .50-.70 

7 (Mex.83 x B37) F2 79 20 .3:1 1.215 .20-• .30 
8 (Mex.83 x B37) B37 140 154 1:1 0.667 .30-.50 
9 (B38 x W22) F2 74 22 .3:1 0.222 .50-.70 

10 (B.38 x W22) W22 17 22 1:1 0.641 .30-.50 
11 (P.I.193906 x B14) F2 11 5.3 1:3 2.083 .10-.20 
12 (P.I.193906 x B.37) F2 15 59 1:3 0.883 .30-.50 

13 (Pop 35 x W.32) F2 8 90 1:15 0.612 .30-.50 

14 (Pop 35 x B14) F2 11 161 1:15 0.006 .90-.95 
15 (Pop 36 x B14) F2 9 85 1:15 1.773 .10-.20 
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These results indicate three types of gene interaction. In crosses 
1 to 10 observed numbers show satisfactory fit to .3:1 for F2 or 1:1 for 
backcrosses with resistance being dominant. Crosses 11 to 12 suggest that 
P.I.19.3906 carries one factor which is recessive in its behavior. In pro
genies 11,,-15 the data support a duplicate factor hypothesis in which both · 
factors must be present in the homozygous recessive phase for resistance 
to be expressed. Additional 12, backcross and F.3 progenies will b~ studied 
to verify these results. 

Inbred B.38 is resistant to 37 of 42 rust cultures with .whdch it has 
been tested; Kl48 carries resistance to .36 of these same cultures. Cuzco 
has been resistant to 40 cultures to which it has been tested. GG208 
has shown resistance to 37 of .38 cultures studied. Based on their reac lio . 

tions to the various cultures studied, these four sources appear to have 
different genotypes for resistance to corn rust. The other. sources of 
resistance have been tested with varying numbers of rust cultures but no~e 
has shown resistance. to. a5 many cultures as the four listed above. Sev
eral of the sources studied appear to possess resistance to only on~ or 
a few of the rust cultures. . 

With the transfer of A. L. Hooker to the University of Wisconsin in 
December, 1954, this has become a cooperative project between the two 
institutions. 

3. Inherit ance of corn borer resistance. 

W. A. Russell 
A. L. Hooker 

A study was made of the se~regation of F2 and first backcross genera
tions of two crosses involving WF9 and M14 as susceptible parent·s and a 
resistant gl Yl chromosome.3 linkage tester stock. All plants were 
hand infested vl~ th corn borer egg masses. Notes were obtained on all 
plants for the glossy and virescent characters in the seedling stage end 
corn borer leaf feeding rating in late June. 

The data for the WF9 x g17 Y17 cross are presented in Table 1. The 
range and distribution of borer ratings for the Fl was very similar to 
that for the E17 Y17 parent. Both ranged from 1 to 5 with a mean of 2.5 
for g!7 Y17 and .3.1 for the Fl. WF9 was more susceptible with a range 
from 7 to 9 and a mean of 8.6. ·Homozygous susceptible plants appeared 
easy to distinguish from the homozygous or heterozygous resistant plants, 
but the latt,er two types were indistinguishable from each other. In the 
F2 population 121 of 417 plants rated 7 to 9. If it is assumed that 
these classes included all plants homozygous for susceptibility and all 
other classes contain homozygous resistant and heterozygous types, 104 . 
such plants rating 7 to 9 would be expected from the segregation of a 
single gene pair. In the backcross to WF9 160 of 309 plants rated in the 



Table 1. Segregation for European corn borer resistance and for glossy and virescent seedlings 
in the cross WF9 x gl? v17~ -..J 

(XI. 

Total 
no. European corn borer rating 

.. Entry- ~, Phenotype plants 1 2 3 4 5 6 7 8 9 Mean 

WF9 normal 85 2 27 56 8.6 

g17 VI? glossy, virescent 101 20 34 26 19 2 2.5 

F1 normal 111 5 28 40 31 7 3.1 

F2 normal 325 27 61 40 50 22 18 11 · 22 74 4.9 
glossy, virescent 86 20 11 14 20 6 3 1 3 8 3~7 
glossy 3 1 1 1 4.0 
virescent 3 1 1 1 4-0 
Total 417 49 74 54 70 28 21 12 25 84 '4.7 

Fl x WF9' normal 309 18 30 31 42 23 5 6 38 116 6.1 

Fl x g17 VI? normal 164 18 43 40 43 16 3 1 3.1 
glossy, virescent 143 21 57 33 28 3 1 2.6 
glossy 3 1 1 1 2.0 
Total 310 40 101 74 71 19 4 1 2.8 
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7 to 9 class. This is very close to the 1:1 ratio expected from a single
locus segregation. 

There appeared tabe some association between the segregation of the 
borer resistance gene and that of the virescent and glossy g~nes. Some 
information on the genetic linkage value or cross-over percentage between 
these loci can be obtained from the gless.y-virescent clase of the F2• If 
all susceptible plants in this class are assumed to have' resulted from 
the union of two cross-over gametes, the cross-over frequency can be 
estimated as the squere root of the percent of the total glossy-virescent 
F2 plants which rated 7 to 9. The cross-over estimate obtained in this 
case was 37 percent. Likewise, of 121 susceptible plants 14 plants or 
11.6 percent were either glossy, virescent, or both • . These also can be 
~onsidered the result of the union of two cross-over gametes .and can be 
used to estimate the percent crossing over. In thiscasa the estimate 
obtained was 34 percent. . ' . 

The data for the Ml4 x g1" y cross are present'ed in Table 2. ' In 
the F2 population 105,of 401 plant~rated 7 to 9 for :corn 'borer leaf 
feeding, and an additional 15 plants rated 6. Unless a rather high pro
portion of the plants rating 6 were assumed homoz,ygous for susceptibility, 
the ratings did not deviate significantly from what would be expected 
from segregation at a single locus. In the backcross to, Ml4 165 of '2~ 
plants rated 7 to 9 approximating very closely the 50 percent expected 
from segregation of a single gene pair. 

Linkage of the borer resistance gene with the K!7 Y17 genes was in
dicated again in this cross. Of the 102 F2 plants WhlCh were bothgl.ssy 
and virescent, 10 rated 7 to 9 for borer leaf feeding. Likewise, 11 of 
the 105 susceptible F2 plants were either glossy or b~th glossy and 
virescent. Using the same assumptions and calculatiqns as explained for 
the other cross, estimates obtained for the cross-over" percentage were 
31 and 32. . 

The data from both crosses could be interpreted similarly. Resist
anc.e appeared dominant in both cases and appeared to be conditioned by 
a single pair of genes. This gene pair was linked with the B17 and Y17 
genes of chromosome 3 with cross-over values estimated at from 31 to 
37 percent. 



Table 2. Segregation tor European cor~ borer resistance and for gloss.r and virescen~ seedlings 
~ in the cross Ml.4 x gl7 "17. 

Total European corn borer rating no. 
Entry Phenotype plants 1 2 3 4 5 6 7 8 9 Mean 

Ml4 normal 95 4 12 , 19 64 8.4 

g1
7 

vl7 gloss,y, ~escent loa 19 3:3 29 2i 2.5 

Fl normal 105 2 14 28 J9 12 8 1 1 3.7 

F2 normal 293 19 51 35 57 25 12 24 25 45 4.9 
gloss,y, virescent 102 25 18 13 26 8 2 2 4 4 3.3 
glossy' 6 1 1 2 1 1 4-3 
Total 401 44 lQ 49 85 33 15 27 29 49 4.5 

'1 x Ml.4 normal 322 7 27 19 (JJ 32 12 26 57 82 6.1 

Fl x g17 v17 normal 168 19 30 ,' 3~ " 64 14 1: 2 3.2 
glossy virescent 1.30 18 48 :. ~5 "· 27 I : ' I 2;6 ' 
gloss,y 4 1 ~ . : 3 3.2 
virescent l 2 ' I 2.0 
Total 305 40 78 73 95 · 14 2 J ' 2.9 
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4. Effecti veness of plant resistance in reducing corn borer d awge. 

Nineteen single crosses among three susceptible and four resistant 
inbred lines were evaluated for borer resistance and for yield. Yield 
data were obtained for each hybrid from one sprayed and two unsprayed ' 
treatments. Data are shown by types of crosses and by inbred lines in 
Table 1. Leaf feeding ratings for three S x S crosses, ten S x R crosses 
and six R x R crosses averaged 8.1, 4.9, and 2.5, respectively. Borer 
damage points per plant for the same crosses averaged 5.26, 2.46; and 
1.32, respectively. The yield of the sprayed treatment exceeded those of 
the unsprayed treatments by an average of 12.0 bushels per acre for the 
S x S crosses, 5.6 b~she1s per acre for the S x R crosses, and 3.9 bushels 
per acre for the R x R crosses. 

An item of interest is apparent in the data on the individual inbred 
lines. B14 crosses were susceptible to borer feeding as evidenced by both 
the leaf feeding 'rating and damage point counts, but the yield reduction 
attributable to borer damage waS not as great as that in the hybrids of 
the other susceptible lines. On the other hand, Nl6 hybrids were inter
mediate to resistance to borer feeding; but the yield differences between 
the sprayed and unsprayed plots were second only to those of the 38-11 
crosses. This would indicate that inbred lines may differ markedly in 

-tolerance to first brood borer leaf feeding in addition to differing in 
actual leaf feeding resistance. 

Table l. Yields and European corn borer resistanoe r~tings of 19 single 
aross hybrids. 

Corn borer on 
Yields in Bu/A uns}2rsIed 121ot§ 

Leaf Damage 
Hybrids feeding points sprayed unsprayed Difference 

rating 12er 12lant 

SxS (3) 8.1 5.26 82.2 70.2 12.0 
S x R (10) 4.9 2.46 88.6 83.0 5.6 
RxR (6) 2.5 1.32 88.0 84.1 3.9 
WF9 crosses (6) 6.0 3.68 86.1 76.5 9.6 
B14 crosses (6) 6.4- 3.36 87.5 82.8 4.7 
38-11 crosses (4) 6.2 3.47 84.4 73.8 10.6 
R7l crosses (5) 3.5 2.00 87.4 84.3 ' 3.1 
Nl6 crosses (6) 4.8 2.61 90.9 81.0 9.9 
(WF9x458-1) crosses (5) 3.3 1.75 83.1 78.8 4.3 
c. I. 31 crosses (6) 2.7 1.02 90.9 89.6 1.3 

L. H. Penny 
F. F. Dicke 



82 

IOWA STATE COLLEGE 
.. . Ames, I~wa . 

.. Department of . Genetics , 

1. An 8] ~table; arising in. p~ stocks~' : . 
i f- f .. 

An~wiy Brisen ~1 mutable that y~s segregating in a stock derived 
from a pale green mu~able family was·reported .in the 1952. ~J8.ize News 
Letter.. Tests ,were set up to determ'inethe relations)'lip 9f t~is 'new §,l 
mutable to the Enhancer· system controlling mutability at. the ]2g locus; 
(i.e. ~ + ~ ~ mutable]g; ~ a.nd no' ~ = stable ]g.) , ' One such test was 
designed to determine yhether ~ is necessary for ~l mut~bility • . This vas 
done by introducing mS (stable pale green,. no Enhancer) into the ~l mu
table stocks that were not seyegating mutable,l2g. This yould test the 
presence of E.nhancer in the ~ stocks. If §.l mutability is ,controlled by 
En, all the ng seed,lings arising from variegated kernels from the F 2 ears 
yould be mutable. Following the selfing of these Fl plants, (i.e. from 
the cross of ~l mutable x ]gS) ~ mutable kernels were selected from F2 
ears and planted in seedlingtestso Mutant pale green seedlings arising 
from these §.l mutable seed were non-:-variegated or stable types indicating 
the absence of En to which m seedlings respond. From this observation, 
it is evident . that the factor .. ~hat detel;'mines mutability at the .§l mutable 
locus does not affect mutability ·at the J2g locus. It is thus suggestive . 
that this neyly arisen ~l mutable is not controlled by Enhancer. 

Peter A. Peterson 

2. . Het.erochromatin breakage with .maleic hydrazide. 

The hypothesis that maleic"hyd;:azide caUses selective breakage in 
heterochromatin was tested on strai~1!I of IIlS.lze containing varying numbers 
of knobs. Germinated seeds of the strains Knobless Flint (0 knobs),IDT 
(4 knobs), HY (6 knobs} and ZBpa;t.~t~ Chico (12 knobsl were treated with 
10-3 molar and 10-4 molar maleic hydrazide for two hours and fixed 22 
hours after the termination of treatment. Chromosome breakage yas meas
ured in terms of anaphases yith br~~ges per anaphase. A strong positive 
correlation yas found betyeen knob nUmber and bridges with an approximately 
five fold difference betyeen the Knobless Flint and Zapalote Chico. 

-
Anaphases with bridges/anaphase~10-3 M. maleic hydrazide 

Knobless Flint 
8.3% 

I'DT 
12.1% 

. . HI 
·2:0.5% 

Zapalote Chico 
42.9% 

G. E. Graf 



Sweet corn. 

'JOHN INNES HORTICULTURAL INSTITUTION 
Hertford, England 
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Seeds of the adapted inbreds, grown from soil blocks, have been 
bulked up. All produce good ears with sufficient seeds, except for NC-2 
which, although a good combiner, is liable to produce an occasional four
rowed ear. Four inbreds have been hybridi~ed with inbred C 13, already 
used in producing the John Innes Hybrids, to see whether suj.table Fl 
hybrids with higher row numbers are obtainable. These crosses will be 
tested in 1956. 

UNIVERSITY OF MARYLAND 
College Park, Mij. 

Department of Botany 

Gordon Haskell 

1. X-ray induced deficiencies and multiple embryo formation. 

X-irradiation of the pollen results in an increase in the frequency 
of multiple seedlings 1n the Fl (Jour. of Hered., 1951, pp. 90-93). A 
comparison of pollen abortion frequencies for plants originating from twin 
embryos and sibs from monoembryonic kernels suggested that chromosomal 
aberrations were concerned in the formation of multiple embryos. Ring 
chromosomes, dicentrics and losses of whole chromosomes were observed in 
aceto-carmine smears of young leaves of multiple seedlings. Recent pre
liminary data from marked crosses indicate that deficiencies induced in 
the sperm frequently result in cleavage of the embryo, leading to 'the 
formation of identical multiple embryos. 

2. Monoploids following Z-irradiation of the pollen. 

Tester lEI 811 was crossed with pollen of inbred C13A irradiated at 
levels of 1000, 2000, and 4000 r. Monoploids were less frequent in the 
3804 Fl seedlings of the treated group than in the control population of 
comparable size. 

3. Plasmodial microaporocytes. aneuploid metaphase I and asynapsis in 
X-ray induced twins. 

Plasmodial masses of microsporocytes, presumably due to a premeiotic 
suppression of cytokinesis, were frequent in both members of a set of 
twins isolated from the Fl following pollen treatment of 1000 r. 



l{y'perploid and hypoploid metaphase Ifigur,es also occurred. All of the 
pollen mother cells exhibited varying degrees of asynapsis. Metaphase 
counts of 19 plus a fragment and 19 were obtained for both members from 
aceto-carmine smears and crystal-violet sections of root-tips. 

D. T. Morgan; Jr. . 

MASSACHUSETTS AGRICULTURAL EXPERIMENT STATION 
Amherst, Massachuse~ts 
Oler'icul ture Department 

1. N. J. 143y - A potent sweet corn fertility restorer. 

The apparent scarcity of good fertility restorers in established 
sweet corn inbreds as well as in most sweet corn lines and varieties make 
the finding of such a strain of general interest. Seed of N. J. l43y-
830-2, a remarkable combiner, was received in 1954 from Dr. Robert Snell 
of the New Jersey Agricultural Experiment Station. This inbred demon
strated its ability to restore fertility completely to sterile C13 of the 
T type, at this station in 1955. Dr. Snell says, UN. J. 143y was started 
in 1933 by Dr. Howard B. Sprague in a cross of Golden Giant sweet corn 
as seed parent.with 85th generation inbred of Northwestern Yellow Dent, 
selected for early maturity and smut and lodging resistance, as pollin
ator. " It is possible then that the restorer factor found in this strain 
of sweet corn may have been transferred from field .com. 

UNIVERSITY OF MINNESOTA 
st. Paul 1, Minnesota 

w. H~ Lachman 

Dept. of Agronomy and Plant Genetics 

1. Reversed germ. 

On the ears of most varieties of corn the germinal face of each ker
nel is oriented toward the tip of the ear. Occasional kernels may be 
found, in which the orientation is toward the base of the ear spoken of . 
in the literature as reversed germ (rog.). Such kernels are found regu
larly in Country Gentleman sweet corn. The inheritance of the character 
was studied in dent corn lines whichs~~ a relatively high percentage 
of reversed germ kernels and some crosses were also made with Country 
Gentleman. The character was_ found to ba receesivl3 and. inherited as a. 
maternal plant character. 
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Its ,morphology may be summarized as follows: In corn two spikelet 
primordia develop into one upper and one lower floret each. In most 
varieties the upper floret is functional and develops into a mature ker
nel while the lower one aborts. In Country Gentleman sweet corn the 
writer found that about 50% of the kernels were reversed when counted from 
the part of the ear where no rowa could be detected. The interpretation 
is that here both florets develop, the upper one into a normal and the 
lower one into a r.g. kernel. From this fact it was concluded that the 
so called reversed germ keJnel is not reversed at all, but has its position 
determined by the location of the second' floret which is a mirror image 
of the first and thus is a mere consequence of the development of the 
second floret. 

One of the r '. g. lilies used showed · a considerable variation in r. g. 
kernels ( :0 - 63.7%). This was explained as being due to varisble 
expressivity of the gene or genes involved. All ears but two had some 
r.g. kernels. Thus penetrance seemed to be complete, the two exceptional 
ears probably being contaminations. A study of 30 ears from the r.g. 
parent, the F2 and the backcross to the r.g. parent revealed that the r.g. 
kernels are not distributed at random on the ear. Based on the average 
of the 30 ears 3.9% of the r.g. kernels were found in the upper third of 
the ear. 7.4% in the middle and 14.1% in the lower third of the ear. 
Another study of a possible relationship between kernel number on the ear 
and r.g. kernels revealed that in general the average percent abnormal
ities decreased as the kernel number increased. This apparent. relation
ship found in the r.g. line was present to a much less degree in the 
segregating population. 

The inheritance study which included both parents, Fl , F2 and both 
backcrosses revealed the following facts & 

The character is due to one major and one minor gene, either factor alone 
or both together causing the reversed germ character. The minor factor 
gives an intrinsic low percentage of reversed germ kernels. The backcross 
ratio was ' 1:3 and the F2 ratio was 9:7. Some exceptions were found to 
these ratios. Some backcrosses, in which a different normal had been 
used, segregated in a 1:7 ratio. The results indicate that normals may 
carry factors affecting the inheritance of this character, with some 
indication of a dominance effect. 

Reciprocal crosses between the r.g~ line and Country Gentleman sweet 
corn lead to the conclusion that ear type, i.e. presence or absence of 
rows as well as reversed germ kernels are maternally transmitted. 

A second r.g. line received from Dr. F. S. Warren, Central Experi
mental Farm, Ottawa, Canada had a much higher percentage of reversed germ 
kernela (93.5% in the original ear). It also behaved as a recessive char
acter. Crosses between the two lines indicated they carry different 
genetic factors. 
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2. Striate-2 (§r2). 

This character has been reported under the name waseca stripe in the 
Corn News Letter 27 (page 66) and 29 . (page 54). Further linkage data on 
it were obtaineQ in 1955. These confirm its location on chromosome 10. 
The genetic constitution of thestr.i ate stock with respect to the aleurone 
calor series was found to be ~lA142A243~3QQ r~ ~! (not !3~3 as was pre
viously stated). 

The following data . "!'Iere obtained from bac~crosses, F2 1s and combined 
backcross and F2 data, and originated from ears segregating for one color 
factor (n) only. Heterogeneity tests were applied to the different groups 
of data and indicated that.the data were homogeneous. The following table 
shows the source of. the 'data, number of plants classified "and the percent 
crossing over. All , crosses were in the cQup1ing phase. 

golden1 vs r. 

Source 

3 point backcross test 
F2 data 
(}:1) '(1 :1) data 

striate2 vs r. 

3 point backcross test 

F2 data 
all backcrosses 

436 
231 

1360 

436 

231 
1796 

. striate, vs golden1 

3 point backcross test 

F 2 da~a 
(3:1>(1:1) 

436 

231 
1360 

% c. o. 

20.0 
18.5 
16.0 

25.0 

31.5 
25.1 

44.9 
45.0 
40.0 

The detailed data ' on the three point test are as follows: 

. grs 129' 
H+ 118 

g+... 38 
+rs 42 

gr+ 49 
++6 53 

'g+s Zi 
+r+ 4 total 4J6. 

Therefore the order of the genes is golden1 - E - striate2' as already 
reported . (Corn News Letter 29). 
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The striate stock had also been crossed on to nana-2. From three F2 
progenies it was concluded that nana-2 was independent of R and of striate-2. 
One ear segregated for Pr va .m::= ' 82 .ErNa: 14'll:!!!: 13 prNa: 27 .P!'~ • 
. The data suggest linkage between nana-2 and m:. 

MISION ~IOL6GICA DE GALICIA 
Pontevedra, Spain 

Gertrud Joachim 

Breeding for sugars in the corn stalk after maturation of the gr.ain. 

Breeding work suggested to us by Dr. D. F. Jones in 1950 was contin~ 
ued dUring 1955. Partial reports have been published in the Maize News 
Lette~s of 1952., .1953, and 1955. 

~n 1951 Dr. Jones sent 'us ' seven inbred lines and five hybrids, and 
in 1954 eleven more hybrids" From 1951 to 1955 American and indigenous 
inbreds were selected for higrr refractometrical readings of stalk juice 
after the grain was mature (i.e., with less than 30% moisture). The same 
material was sele'cted for greenness of leaves and stiffness of' stalks. 
Pure inbreds were not affected by this selection. Heterozygous lines were, 
on the contrary, deeply affected. American and indigenous inbred lines 
were combined in 3-way crosses · and single crosses to test general and 
specific combining ability for.'these characters. The three combinations: 
"American" X "American, It "Anierican" X Uindigenous,lland 'tindigenous lt X 
1tindige~ouslt were t .ested. Th~ :,number of hybrids tested in 1955 was 304 • 

. The 1955 results show the possibility of obtaining hybrids with very 
high refractometrical stalk juice readings which remein green when the 
grain has matured (having 25%-moisture content). These hybrids should 
also show a very high yield ' ~nd the grain should contain a large amount 
of protein. . , 

1. Recovered inbreds. . " 

In the lest 'year, 1955; second cycle inbreds, recovered by back
crossing from single crosses of ItAmericanl! X ItAmerican, It were tested for 
the character being selected. ' The comparison of crosses of Cl03 and 
corresponding crosses of (TL. Cl03II)S3 is interesting. See Table I. 

2. Some cases of' dominance ''for high refractometri()al readings. 

As Dr. D. F. Jones reported., the refractometrieal readings of Fl's 
are lower than the refractometrical readings of the corresponding p~ents. 
(Report of 7th North. Corn Improv. Conferenoe). In our trials, 10 out. 
of 111 different crosses were exceptions to this general rule; single 
crosses between them show refractometrical readings equal or superior to 

" 
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Table I. -A comparison of the combining ability of C 103 and 
(rl.C 103II)-S3· . . . -

Trial Hybrids 

v (M.j3. G. 404 x W22) x C103 
V (M.B. G. 404 x W22)x(TL-CI0JI)-S3 
Difference 

V V30 Commercial 
V V,31 Commercial 
V V,32 Commercial 

T W22 x C10,3 
T W22 x (TI-CI03II) 8,3 
Difference 

T B14 x CI03 
T B14 x (TL-CI03II) 8,3 
Difference 

T P8 x CI03 . 
T pa x CTL-CI03II) S3 
Difference 

T MaG x CI03 
T MOG x (TL-CI03II) 83 
Difference 

8 (P8 x W22) x CI03 
8 (P8 x W22) x (TL-CIO,3II) S3 
Difference 

T T43= A, Standard Commercial 
T T44:. B, standard Oommercial 
T T42= C, 8tandard Commercial 

8 S28= A, Standard Commercial 
S 827= C, Standard Commercial 

Average difference with 
standard hybrids. 

Average difference between 
homologous hybrids. 

Grein 
yield 

(15.5% 
moisture) 

Kgs./Ha. 

8,603 
9,430 
+. 827 

8,766 
7,337 
6,728 

12,0,30 
12,780 

+ 750 

11,225 
13,144 
+1,959 
12,581 
1,3,502 
+921 

12,053 
13,980 
+1,927 

8,562 
11,057 

2,495 
10,118 
10,859 
10,649 
10,079 
10,450 

+2,849 

+1,767 

% 
grain 

moisture 
at 

harvest 

29.9 
28.4 
-1.5 
28.1 
22.8 
28.5 

26.0 
26.6 
0.6 

27.4 
26.9 
-0.5 

26.7 
27.2 
+0.5 

28.0 
25.8 
-2.2 

31.2 
30.0 
-1.2 

25.3 
25.0 
24.4 
28.1 
31.9 

+0.7 

-0.4 

stalk juice 
refracto
metriesl 
reading 
st grain 
harvest 

10.23 
11.06 
+0.83 

8.57 
,3.,36 
9.25 

10.45 
8.38 

-2.07 

7.67 
8.67 . 

+1.00 

7.10 
8.57 

+1.47 

7.03 
8.16 

+1.13 

8.90 
8.40 

-0.50 

+1.87 

+0.31 

---------_.---- . 



89 

the highest parent. This complementary action was evident also in the 
3-way crosses. See Table II. 

3:. - Correlation bet~ high .£.Q!'.!! protein percentage, r.efractometrre-al ·-- - ----
reading of stalk juice, ,ruld gr~enne ss _.2f the vegetative part of the plant 
after grain maturation. - -

In the Maize Newslet-te:r 29, we reported a parallelism in inbred lines 
between refractometrical readings (after grain maturation) and kernel pro
tein percentage. In the 1955 trials_; seven hybride were analyzed for 
grain protein: one star·dard hybrid (Ohio M 15) and six other experimental 
ones superior in their ref'ractometrical readings and gl:-eenne~s of leaves 
after grain maturation. The protein percentage in these six "sweet stalk 
hybrids" was higher than the protein percentage in the standard hybrid-
l3.63%-15~5a% as compared- to -l1.98% for the J,atter. J1mong these seven 
hybrids there is no cor-relation between protein percentage and reduction 
in yie1d-. Each sample analysis -was repr'esentati ve of the four replica
tions for each hybrid. Fertilizers applied by the hectare were: N = 140 
Kgs.; P205 = 108 Kgs.; K20 = 60 Kgs. See Table III. 

4. ~valus~ion of hybrids wit~-high refractometrica1 ~ juice readings 
compared ,.ith evaluation of standard hYbrids. -

Table III is a summary of the productivity and evaluation of the 
standard hybrids in co~parison with experimental hybrids with a high con
tent of sugars in the stalk at the time of grain maturation. To obtain 
the average productivity of standard hybrids those with the highest grain 
yield were considered from each trial: Ohio M 15; Indiana 25] -A; Bear 31; 
Dekalb 505; and Clyde B 31. (Ohio M 15 was the best standard hybrid in 
3 different trials.) To obtain the average productivity of hybrids with 
high percentage of sugar in the stalk, the hybrids with the highest yields 
--of grain, of green leaves; and of fermentable sugars--were considered 
for each trial. The trials were run as randomized blocks of four ---
replications. 

5. Persistence of sugars in ~ stal!£. 

After harvesting the mature ears on October 17th, the plants of 
three experimental hybrids Hith high refractometrica1 Tco.:iings and the 
plants of four standard hybrids remained in the field for later observa
tions. On November 22, after six consecutive nights of froat (from minus 
2,0 C tQ minus 50 C), the refractometrical readings wer"" dete-rmined. The 
results are recorded in Table IV. The stalks of standa:r-d hy':Jrids were, 
on the whole, lodged and rotten. The stalks of the hybrids with high 
refractometrical readings were, on the contrary, still stiff and erect. 

_6. Applications ~ implications. 

The best utilization of -the plants of such hybrids after the grain 
is harvested is being considered. . Leaf silage is much appreCiated by 



Table II. Otefractometrical readings were made when grain was harvested.) 

% Gr sin I Grain moisture yield % Trial Experimental PI P2 M PIP2 F1 at 
Itrbrids harvest KS./Ha. protein 

X MEG 68 x MEG 3 13.57 12 .. 15 12.86 13 .. 33 24.6 9,035 I 15.25 I 

U MBG 68 x l-lBG 3 13.57 12.15 12.86 15.0$ 24.0 8,343 15.56 , 
X r.ffiG 68 x MEG 404 13.57 11.40 12.48 15.68 27.0 8,574 13.63 
M MEG'3 x MAG 404 12.15 11.40 11.77 12.78 - --- ---
U (MBG 3 x 1,IDG 404) x NBG 68 12.15-11.40 13.57 .12.67 14.34 25.4 9,257 --

! 
, 
I 

V (MEG 404 x W22) x MEG 68 11.40-12.80 13.57 12.83 13.57 28.9 9,431 14,38 I 
I 
I 

V (MEG 404 x C103) ~ MBG 68 11.40-8.90 13.57 11.86 13.91 27.4 9,104 14.81 I 

M MEG 404 x MBG 235 11.40 6.62 9.26 10.02 -- --- ---
,AO Va. (MBG 3 x MBG 404) x MBG 624 12.15-11.1 .. 0 13.30 12.53 14.01 -- --- ---

M (MEG 3 x MBG 404) x MBG 624 12.15-11.40 13.30 12.53 9.42 -- --- ---
U MOO 68 x MBG 624 13.57 13.30 13.43 14.08 26.2 9,360 13.88 I 

X MEG 68 x MBG 624 1-'=57 13.30 13.43 10.95

1 

29.2 9,000 --- I 
Ob MEG 104 x MBG · 68 6.7 13.57 10.13 14.06 -- -- ---

I X MEG 3 x MEG 96 12.15 11.78 11.96 12.51 26.1 5,350 ---
Fert MBG 3 x MEG 96 12.15 11.78 11.96 14.51 L. -- 5,350 -- I 

Commercials t------l 
i 

X ! ~.) ~ i,... 9n2 ------ --- --- --_. ).~.,:- ~. C;j -- L: , 

X --- --- --- --- 27~4 I 7~eJ3 ---
X Ohio M 15 --- --- -- --- 2t:,~ S I 9,] 52 11.88 
X Indigenous variety --- --- --- --- 25~6 r:. 9/1- ---I -', __ .,0 

U Ohio M 15 --- --- --- --- ..... t' .- I q "C2 11.88 ..:.0.:;> " ,,,--;' 
U --- --- -,-- --- I ~'I; .. . ') 1 ::. ... t j '::_:~ ---
U --- --- --- --- z·:J., 0 I S .. ~~ 1 ---I 

~ .-J~_ 

V Ohio M 15 - - -- ...... ' ~~;~I 8;666 11.88 
V --- --- --- -- I 22·,6 7,337 ---
V --- --- --- --- 28.5 6,728 ---

-- -- - . 

'-'> a 



Table III. 

Number of hybrids averaged • • • • • • • • • • • 

American scale cycle in days • • • • • • • • • • • • • • • 
Kgs. yield of grain/Ha. (15.5% moisture content) •••• 
Litres of 100% alcohol/Ha. calculated from 

fermentable sugar content of juice stalk (+) ••••••• 
Li tres of 100% alcohol per 100 kgs. stalks • • • • • • 
Kgs. of green leaves/Ha. • • • • • • • • • • • • • • • • • • • 
Refractometrica1 reading when grain was harvested 
Grain moisture content at harvesting • • • • ~ • • • • • • 
Feeding value, estimated in Spanish pesetas/Ha. 

For grain . . • . • . . . . . ,. . . • . . . 
For green leaves • • • • • • • • • • 
For solid of the stalk juice • • • • • • • • 

TOTft.L pes-etas value . '. 
Increase in value in pesetas over the standard hybrids • 
Increase over the standard hybrids eXpressed in % ' •.• 
Feeding value of the plants compared -with the feeding 

value of the grain of the experimental hybrids ••• 

-- THE RANGE WAS ---

Kgs. Yields/Ha. of: 

HYbrids with the best ~erformance 
Experimentals of Standard highest yield of: A'D.ericans grain, green of highest leaves and 

fermentable sugars grain yields 

27 7 

117 119.00 
10,753 9,370.00 

772 305.00 
3.21 2.13 

12,496.00 practically 0 
10.8 8.6 
27.8 28.1 

32,259.00 ~8,1l0.00 
4,998.40 Not valuable 
5,497.80 Not valuable 

- . 

42,754-00 ~8,ll0.00 

14,645.00 O.(Y\ 
. 52.0% 0.00 

32.5% 0.00 

Green leaves Refract. 
reading Grain I Soli~ ~f stalk I 

(at 15. 5%m)Ju~ce -- -0 
, - ~ 

Experimental hybrids 
Standard hybrids 

13,975 to 7,469 
10,895 to 6,550 

3,395 to 792 
945 to 523 

20,000 to 7,469 
DRY 

14.3 to 7.55 
9.9 to 7 



Table IV. 

Refractometrical readings on 
different dates 

Oct. 17th Nov. 22nd 
Harvesting Oct. 27th (first frost 

Day all Nov. 16) 

~xperimental hybrids 13.7 14.6 12.3 

~tandard hybrids 8.0 -- Lodged and 
rotten 

% of sta1~ juice on 
the dates 

Oct. 17th Nov. 22nd 
(harvesting (first frost 

day) on Nov. 16) 

76.1 69.7 

58.9 Rotten 

I . 

-
~ grain 
moisture 

at Oct. 17 
(harvesting 

day) 

25.0 

22.7 

'\0 

"'" 
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oxen. The solids of the stalk jUice (more than 70% consists of fermentable 
augars) can be utilized as raw material for industrial purposes. 

A genetic investigation of the kinds of sugars in the stalk juice of 
different inbreds is being considered as well as a study of the genetical 
and physiological interaction of these sugars with protein formation in 
the kernel. Correlations between high refractometrical readings, high 
percentages of grain protein and high yields of grain are interpreted as: 

a) The genetical and physiological interactions of different 
functions that determine heterosis. 

b} Selection for plant survival permits an extension of the period 
for protein formation, . as well as carbohydrate accwnulatioI\ in 
'the stalk. ., 

An extensive paper Qn these stUdies is being prepared for publication. 

UNIVERSITY OF MISSOURI 
'JD~Pt. ,flf F.d:ia~d CDopa 

and 

Mariano Blanco 
Jose L. Blanco 
Antonio S. Veiguinha 

UNITED STATES DEPARTMENT OF AGRICULTURE 
Columbia, Missouri 

1. Ear with inserted tip ear. 

In 1954, an unusual ear with an added ear on the tip was found in 
the 4th generation selfed progeny of the single (~ross Tx4R3 X T528. This 
pistillate segment had the characteristic appearllnce of a staminate seg
ment sometimes found inserted in ears except in this case the added ear 
has a normal cob and. is enclosed by a separate h1.lsk in addition to the 
main husk that oovers bot.h ears. Selfed progeny from the lower ear re
produc~d like progeny in 1955. Seeds taken from the bottom ear and the 
tip' ear are viable, but it has not been determined whether seed from the 
tip ear will reproduce this characteristic. 

2. "lhite $:?ndosperm seeds from cnosses of yello\01 inbreds. 

Single crosses between the yellow inbred line Mo. 567, which was 
inbred for at least 10 generations, with other yellow inbreds give F2 
ears segregating for yellow and white kernels. The yellow kernels vary 
in density of yellow. Some yellow inbred lines, such as Oh29, when 
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crossed with Mo. 567 give F2 ears segregating approximately 3 to l ' for 
yellow and white kernels, whereas Mo. 567 crossed with other yellow lnbreds 
do not appear to give the same ratios. When these white endosperm kernels 
first appeared in crosses involving Mo. 567, they were thought to be due 
to contamination. To ·be sure that some plants of Mo. 567 might not give 
such progeny a number of plants were selfed and at the same time out-· 
cro'ssed to Ohio 29. In all instances the F2 seed from these olltcrosses 
,segregated for white endosperm kernels. 

3. Longevity of yellow inbred lines. 

Seventy-one inbred lines which were last grown in 1949 were stored 
at room temperature both as shelled and unshelled seed with the shelled 
and unshelled seed of each line stored in the same kraft paper bag. In 
January of 1955, the seed was planted in sand with 5 replications of 20 
seeds each tor both the shelled and unshelled seed. The seed was not 
previously treated with a fungicide. Germination percentages for the 71 
lines tested indicated a very slight advantage for shelled seed (12.5%' 
compared with ear storage (11.2%). 1Jwo inbreds, 017 and V74, gave a 
higher germination for ear storage seed, whereas in most of the remaining 
group that germinated, the trend fevored the seed stored as shelled grain. 
The number of inbreds grouped in the various germination classes are as 
follows: 

Germination 
Range 

o 
1-5 
6-10 

11-15 
16-20 
21-25 
26-30 
31-35 
36-40 
41~45 

above 46 

Inbreds 
No. 

12 
16 
14 

8 
7 
1 
5 
2 
3 
3 
o 

Total . 71 

The three inbred lines germinating above 40% were Mo. 567, R62, and w62. 
Anyone desiring detaile.Q infozrmalbllODi 03f· ·germ:hilM.on, perQeate.geil,~fcn' _the 
remaining group may have it upon request. . 
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4. Tasselless Maize. 

In the 1955 Maize Genetics Cooperation News Letter, B. He Beard 
reported the progeny £rom tasselless cultures obtained from a cross made 
at the University of Missouri. Similar plants made at Missouri in 1955 
continued to produoe tassel1ess p18nts but in addition gave several plants 
with double tassels developing from' branching above the ear bearing node. 
Since the total number of plant:~ observed was small, definiate ratios of 
normal to abnormal plants could not be established. Sufficient seed is 
now available to make more detailed observations in 1956. 

5. A high Amylose starch. 

Numerous defective endosperm types that might give higher than normal 
amylose starch (25-30%) have been selected and sent to the Northern Regional 
Utilization Branch, Peoria, Illinois for amylose determinations by Dr. ~ 
M. MacMasters and associates. To date only one such defective has been 
found that offers much promise (~lose content 37-40%). This defective 
was among a group obtained from 1. A. Tatum at the Kansas Agricultural 
Experiment Station. Its parentage was Cassell O. P. It seems to be a 
form of "dull" with a sort of a "soft velvety sheen" appearance. Two 
extractions of this strain have been given the temporary designation of 
hSm122 and h8m12J. So far this strain has not been identified as possess
ing an allele of any known defective endosperm gene. vfuen crossed and 
backcrossed to Argentine waxy the waxy selected seeds give an amylose 
content ranging from 7.0 to 10.0 percent compared with 3.0 to 5.0 percent 
for Argentine waxy. Reciprocal crosses were attempted in 1955 between 
ham and Kramer I s high amylose strain (Maize Gen$tics Newsletter #29). 
Only Fl seed for the cross made on ham was obtained, and its amylose 
content was 27.0 percent indicating that the factor responsible for the 
increased amylose content is not allelic to the factor cEl.using high 
amy-Io'se in KramE;lr I s strain. 

Abnormal Types Derived from the South African Corn Breeding Program. 

6. Chr~stmas tree tassel. 

A South African yellow flint inbred line, EBOO-l, \Olaa found to 
possess a dark green tassel with stiff branches. These branches were 
progressively shorter from the base to the apex to form 8 perfectly coni
cal shaped tassel. Furthermore, the anthers were a dark purple, and with 
the dark green background, the tassel at the time of pollen shedding gave 
the appearance of a lighted Christmas tree. 
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7. Modified teopod type. 

It third generation self from what was supposed to be a cross of "lazy" 
by "dwarf" produced plants whose ears were Similar to teopod. It varied 
from teopod in that a single ear was borne on the stalk without branching 
plus a single ear located at the base of the tassel region~ Furthermore, 
the tassel region was composed of a number of very short leaves placed 
over one another to give an appearance of scales and a single tassel 
branch protruded from the end of this region. The plants produced suffi
cient pollen under South African conditions but varied from plant to 
plant under Missouri conditions. 

s. Test of doubleness at Ci-C-c locus. 

J. H. Longwell, Jr. 
C. o. Grogan 
M. S. Zuber 

Assuming Qi to be compound, its order and constitution may be QI, 
IC, £1, or Ie. In a test for separabilfty of two components, crosses 
have been set up to obtain Q-carrying Q~ from the last two structures, in 
case this 1s necessary: 

+ Ci +/yg C sh x yg c sh; 

select yg Ci + and + Ci sh; 

backcross to yg c she 

The final backcross provides tests of all four possibilities for 
the structure of gi, through the detection of exceptional calored kernels 
arising by crossing-over. Selection of crossovers for the markers should 
serve to increase the likelihood of recovering CI from cI, or lQ from 1£, 
among the individuals given in the final -backcross. 

1955 data on the final backcross: 

Est. Examined 

69,250 

Colorless shrunken class 

Plants 

182 

Per plant 

380 

Yellow-green colorless non-shrunken 

218,900 581 . 377 

cases 

1 Sh't 

3 Sh (Separate 
plants) 

In 288,150 gametes, one colored case found on an ear of the sh class, 
may be a Sh contamination; three colored cases found on ears of the xg Sh 
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class, one extra small, one extra large, and one near eartip. All cases 
thus appear very tenuous, and may be contaminations. These are to be 
te~ted for validity in 1956. Accepting these four cases for the present, 
insofar as they can pos~ib1y reflect crossing-over events, maximtun map 
distances can be calculated for Q to I, depending upon the assumed struc
ture of Qi: 

1. I C: All four cases could qe crossover-derived, and both classes 
of plants can be considered as tests. In the 288,150 gametes, half 
were tested· f'OrcrossiIlg"l()Ver: 4/144,075 = 0.0028 map un! ts maximtun. 

2. C I: 
over: 

Only the one case in the sh group could be derived by crossing-
1/144,075 = 0.00069 map units maximum. 

3. JL£: Only the Ah group tests this, since crossover-derived I C 
individuals would be restricted to this selected class. The one 
case here could possibly prove valid. Taking into account the 
Qi - Sh map distance (4 units), the number of plants tested, and 
the number of kernels per plant, a maximum distance of 0.11 map 
units can be derived. 

4. C I: Only the U group tests this, ina fashion similar to 
assumption 3. No Cases fit the assumption of crossover deriva
tion. Assuming one case, and considering IE - Qi map distance 
(20 units), a maximum of 0.14 map units dan be derived. 

Tests of cases, of case-carrying plants, and of additional final 
backcrosses are planned for 1956. 

9. Mutation of Ci. 

In hand-pollinated Qi/Qi x £, 9,402 gametes gave no mutations. In 
Qi/Qi x Q, 11,970 gave three variegated colored kernels. The constitu
tion.of such mutant derivatives will have a bearing upon the structure 
of C~ (see above) . Three previously found colored kernels, obtaned from 
QilQi x Q in an undetermined total in 1953, were elso variegated. Of 
the latter three, one failed to germinate, one appeared to carry normal, 
unchanged Qi, and one was deficient for Ig. The lest case hes since 
been tested! end appears to carry e terminal deficiency, with the break 
distal to Q. Presumably the variegation in the original kernel was due 
to a breekage-fusion-bridg~ cycle, with loss of Qi in sectors. The three 
new cases will be testee in 1956, and a large-scale mutation test is 
intended, to determine the constitution of mutants obtained fromQi. 

10. Combinations of aleurone-color factors. 

Most of the paired combinations of ~l' ~2' bz1 , £, Qi, ~, ~, and 
in, both doubly homozygous and segregating for one or the other fector, 
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are available for the use of any cooperators who wish them. In addition, 
multiple combination stocks are available of the following selfs: 

Al al bz bz c c 
Al ' al a2 a2 bz bz 

Al al a2 a2 r r 

Al al a2 a2 bz bz c c 

Al al a2 a2 bz bz r r 

Al al a2 a2 bz bz c c r r 

A2 a2 bz bz c c 

A2 a2 bz bz r r 

al al A2 a2 bz bz C'o 

a2 a2 bz bz C c 

11. A line '41th 2-3% hap10ids. 

and triple recessive 
end triple 

and triple 

and quadruple 

and quadruple 

and quintuple 

and triple 

and triple 

and quadruple 

and triple 

A genetic inbred obtained from C. R. Burnham in 1950 for use as a 
purple-aleurone stock has been found to have a very high frequency .of 
haploids in self progenies. The line was an 'accession from Northrup King 
Seed Company, , lIlate Mexican meal corn, red collar," and is a white endo
sperm, purple-seeded floury type. It has been designated as .. stock 6" 
for identification. Self progenies from two different sources were planted 
in 1955: One source Stock 6 maintained b,y selfing,. and the other haploid 
x sib (1952) selfed two generations. The haploids are easily recognized 
in the field, since stock 6 is very uniform: haploid individuals are 
zebra-striped; small, narrow-leaved, erect, linear-sectored with white, 
and generally "male-sterile." The following counts were ~ade in 1955: 

Source Haploids Total % haploids 

stock 6 selfs 15 769 1.97 

(hap. x sib) selfs 35 1,222 2.86 --
Totals 50 1,982 2.52 

POisRn distributions show that the two sources d9 not differ signifi
cantly from their sum, and that the difference between the two is barely 
significant at the 5% level. Further counts in 1956 should determine 
whether a difference exists. 

In outcrosses of stock 6 (Eg) b,y a ]f haploid tester, selfs from' 
haploid x sib were used as eggparent, and seedlings were classified by 
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tip color in the bench: 

Green: Diploids Haploids % hanloids 

1,08; 13 4 3 6 0.55 

The difference between 0.55% and 2.52% (or 2.86%) is highly signifi
cant. Tests are underway to determine the source of this difference in 
frequency. 

Ample seed of the stock is available. 

12. Test for non-homologous crossing-over in translocation heterozygotes. 

In meiocytes heterozygous for a translocation, the commonly observed 
non-homologous pairing might result in occasional non-homologous crossing
over. The products of such events would be short interstitial deficiencies 
and insertions, including the segment between crossover and break. If the 
break is near a known domi11ant gene, deficiencies could be detected as 
"mutations" to the-fecessive, and could be verified by their transmission 
frequency and cytol ogy. It is to be expected that the frequency of such 
events WOQld be very low, for intuitive reasons as well as for the lack 
of previous detection of events of this sort. A small test of several 
translocations was run in 1955, crossing heterozygous translocation, 
homozygous dominant for nearby gene, to the recessive. 

Transl. Test g,enes Number ~ 

3-9f sh 2,378 0 

2-9c wx 4,937 0 

6 ... 9 ,85.36~l2 y, sh 6,718 0 

8-9 8525-1 sh, wx 2,822 0 

6-9 8439-6 y, sh 120 0 

5-9 8457-; sh 2,297 1 sh 

4-7a su 1,320 0 

4-5g su, pr 3,739 0 

The one sh exception will be tested for transmission of Q. T5-9S457-5 
involves 5L.76, 95.84. 

E~ H. Coe, Jr. 
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13. Chromosome 9 mapping. 

stocks on hand: 

er 

c 

gllO (Sprague) .. shl 

gl15 (glHl vI 

16 Wc 

17 wx 

mS2 yg2 

Stocks of any others would be appreciated. Does.anyone have any 
of the following? 

cr2 re3 

Da2 sC2 

del5 sU3 

gme vl5 

°3 'till 

pk yf 

Fr2 

14. A possible homozygous viable deficiency in the long arm of 
chromosome 1. 

The bz locus which has been described and located cytologically on 
the long ;;~ of chromosome #1 (Newsletter 28, 29) has shown linkage with 
~l. The data listed below i~dicate that B!2 is located between anI 
ana u: 

Cross: .m ~ wAn be Q§, x ~ ~ U 
(bz seeds only) 

.D-egion I 

3 

Region 2 

2 

. Doubles 

o 
.!ill! . 

26 
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The distance between E.&2 and .rull has become important because of 
the discovery that one of the radiation-induced anther-ear mutants 
(an6q ) found by: Anderson has an associated bronze aleurone effect. A 
crof!S26f .!m6921 with a ~2 tester gave all b~onze seeds indicating that 
the two bz cliatacters are allelic. The allelism of anl with £ll6923 has 
not yet been determined but might reasonably be e>:pected. If so then 
.@6923 probably represents ,a rather sizable deficiency whic~ is homozy
gous viable and which include~ at l 'east two previously established loci. 

M. G. Nuffer 
E. H. Cae, Jr. 

15. Instabili ty of the oc: and,8 components of the AJ locus. 

, A rather large population of ~b Sh ~a-x2 ~ plants, which were 
pollinated by ~ sh ~ in order to deterffline the types of mutants that 
would be produced without the conventional type of crossing-over, yielded 
a single dilute Sh seed with frequent full colored dots. Using Laughnan's 
~ e. designation of' the components of the ~b locus this case appeared to 
be a change of ! to an tmstable recessive form vJhUe ~ remained unchanged. 
~Jhen the dilute mutant was placed in a marked heterozygote with a null 
allele for the!! locus (~lifn .§hillS sh) , and backcrossed to the recessive 
(!s sh), four colorless Sh dotted seeds were obtained. Each appeared to 
have lost ~, but r~tained the unstable &. Subsequent tests showed that 
they had lost the dominant brown peri carp effect that is characteristic 
of~. There were no genetic markers to the left of ~ so there was no 
way of determining whether the loss was by mutation or by crossing over. 
These cases probably are examples of an unstable £ by itself. 

Another type of change to/as observed in two cases from C!;(Lm. This 
type was colorless Sh but had both dilute and full colored sectors 
suggesting that both 2!- snd 11 had become unstable. The tests for peri
carp color revealed that they retained the dominant brown expression 
of~. There is some indication that mutability of these components may 
be influenced by a second factor, but in any case it is neither ~ 
nor l!£. , 

16. The effect of Dt on the mutability of an Al allele. 

The positive effect of Dtl on the mutability of one ~1 allele was 
reported in the 1955 Newsletter. However the allele used ~ A :D2) was one 
which had originated as a mutant from ~l through the action of Dtl end 
therefore might have retained a susceptibility to Dt action. Four natural 
occurring ~l alleles which have had no history of Dt assoc.iation have 
been tested for mutability of female gametes in presence of Dt. Two 
failed to give any recessive mutants in large populations while the other 
two gave an occasional case. It was thought that perhaps increasing do
sa~e of ~ would increase tbe frequency of these cases. To test'this a 

" 



102 

male stock carrying one of the two more' promising alleles, A:Provo, and 
also carrying two ' Dt genes, so as to increase the basic rate, was crossed 
on two female stocks which differed only in their Dt constitution. The 
first was ~s sh2 dt, and the other ~s ~2 ~l ~2. Seeds from the Q! 
ear stock have two doses of Dt contributed bY the male parent, while those 
from the Dt ear stock have six doses " of Dt (four from the female and two 
from the ma1e)~ The seeds produced were examined for 1/8 + ~ Sh2 aleurone 
sectors which represent A --- ~ mutation occurring after fertilization 
takes place. As can be seen in table 1, the ~ female parent yielded 
significantly more mutant sectors than did the dt parent. Thus by in
creasing Dt dosage it 1s demonstrated that Dt can cause a naturally occur
ring Al allele to mutate at an increased frequency. 

Table 1. Mutation of A':Provo expressed in aleurone sectors. 
, 1/8 seec:l or more ' . 

Parents Population ~ ~ Ash 

' $6 ~, ~ x !! Sh, .ill! 

~s sh, dt x !! Sh, Dt 

.3521 

4.362 

8 

14 

UNIVERSITY OF NEBRASKA 
Lincoln .3, Nebraska 
Dept. of Agronomy 

1. Enzyme 'studies in corn. 

9 o 

1 o 

M. G. Nuffer 

In the 1955 Newsletter a communication from this laboratory dealt 
with the influence of seed irradiation upon the activities of certain 
enzymes in preparations of greenseadlings grown from the irradiated seeds. 
Appreciable increases in the specific activities of peroxidase, phos-' 
phatase, polyphenolase, and catalase, tcgether with reduced seedlJng 
height, were found to result from seed treatment with X-rays or thermal 
neutrons. During the past year these observations have been confirmed 
using a different lot of L289 x 1205 seed for the treatments. In addi
tion', experiments with seedlings grown from maleic hydrazide-treated seeds 
have disclosed that this chemical treatment produces effects on the above 
foUr enzyme activities and on seedling stature which appear similar to 
the effects brought about by seed irradiation. Seedli'ngs which were re
duced 'in statUre by virtue of decreased growing period and lowered temper
ature during growth were also used in enzyme assays. In these cases, 
however, reduced seedling stature tended to be associated with either 
slight decreases or only very small increases ~n the specific activities 
of peroxidase, phosphatase, polyphenolase, and catalase. Metabolic 
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differences between seedlings which are stunted because of age or temper
ature effects and seedlings which are small because of the effects of 
seed treatment with X-rays, thermal neutrons, or maleic hydrazide are 
thus clearly indicated. 

NORTH CAROLINA STATE COLLEGE 
Raleigh, N. C. 

Dept. of Field Crops 

F. A. Haskins 

1. Number of genes involved in pollen fertility restoration. 

Fifteen inbred lines of corn which had been previously reported as 
restorers to Texas Cytoplasmic male sterility were found to restore 
fertility in North Carolina. These lines are K6, R6, R7, K55, NC77, 
Mp307, K63, Ky2l, Ky122 , Tl15, Tx127C, TxGJ)9, T208, NC212, and a Missis
sippi inbred, Yel-Jel 81-1-1-1-1. 

Additional studies, in general, support the hypothesis that each 
of these inbreds possesses at least one dominant gene for pollen fertility 
restoration. The following steps were used in arriving at this conclusion: 

1. Seventy eight of the 105 single crosses possible among the 15 
fnbreds were made. 

2. All of these single crosses were crossed with a Texas source 
of male sterile cytoplas~ 

3. Approximately 30 plants of each progeny were grown and classi
fied for pollen shedding. 

Of the 78 crosses studied ?2 lo/ere entirely fertile. Sterile plants 
did occur in the remaining 6 crosses with a frequency of approximately 
1 sterile plant to 30 fertile plants. These sterile plants might be 
explained by a difference in loci i~volved in fertility restoration in 
the two inbreds, the genes being located close enough together so that 
crossing over between the two loci, which would result in s. gamete with 
genotype for sterility being formed, would occur in about 12% of the 
meiocytes. Seed mixture or pollen contamination might also explain a 
few sterile plants • 

. Ratios in backcross data involving plants of the constitution cyto
plasmic male sterile x (cytoplasmic male sterUe x restorer inbred), did 
not deviate significantly from a 1:1 ratio which also indicates that each 
of the following inbreds possesses a single dominant gene for pollen 
fertility restoration: K63, Mp307, Ky2l, Ky122, NC??, and K55. These 
ratios are based on populations of approximately 60 plants each. 
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The inbreds Oh29 and K64 which have been reported 8S restorers in 
other states were found to have little value as restorers in North Caro
lina. These inbreds when crossed with Texas male sterile cytoplasm re
stored only part~al . fertility. 

, . 

2. Linkage relationships of restorer genes. 

The data from a linkage study using backcross data show a loose 
linkage of the restorer gene or genes in Mp307, NC77, ~nd K55 with the 
gene ~l on chromosome 3. The crossover percentages and P values for 
linkage as calculated by the X2 test are shown in the table below. 

. " 

Inbred Phenotypic Olass No. Plants Crossover % P Velue for Linkage 

I<55 . Fertile, A 169 
Sterile, A 139 
Fertile, a 132 44.6 :: 2.02 <.01 
Sterile, a 168 

Total 608 

Mp307 Fertile, A 226 
Sterile, A 184 
Fertile, a 193 45.6 : 1.73 .02 - .01 
Sterile, a 224 

Total 827 

NC7? Fertile, A 193 
Sterile, A 141 
Fertile, a 136 40. 3 ! 1. 88 < .01 
Sterile, a 214 

Total 684 

j. Influence of length of day on pollen fertility restoration. 

Since male sterile material shows a tendency toward fertility under 
the short day lengths in Florida during the winter an experiment was set 
up dtiring May in the greenhouse to determine the effect of long day 
length on materials with restorer genes. Supplementary lighting was 
provided from 11 p.m. to 2 a.m. from the first week after the seed was 
planted until maturity. No appreciable response to the increased photo
period was observed with the exception of progenies of (male sterile x 
K63) and (male sterile x Tx58l) in which sterile plants did occur. How
ever, in a number of progenies the size of tassels was greatly reduced 
and the very small tassels produced little or no pollen. The fifteen 
good restorers mentioned in the paragraph above with the exception of 
K63 showed ' no ,sterility under the long day conditions. 

Joyce Blickenstaff 
D. L. Thompson 
P. H. Harvey 
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1. Inbreeding depression in inter-variety populations of open-pollinated 
varieties of corn~!n9 interaction of non-allelic genes. 

Experimental evidence on the importance of interactions among non
allelic genes is being sought in statistical genetic investigations with 
corn. Vetukhiv (Evoluti on 8:241-251, 1954) measured survival to adult
hood as an index of viability of the larvae in geographical strains of 
three species of Drosophila and in the Fl and F2 popUlations from crosses 
among strains within the species. In crosses between strains within two 
of the species Flls were superior to' both parent strains and the F2 1 s 
were inferior, at least to the average for the parent strains. The 
results were interpreted as indicative of epistasis as an important aspect 
of genotypic variation at the inter-strain level, if not within strains. 
An experiment, similar to that conducted by Vetukhlv, was carried out 
with corn in 1955 using the Jarvis, Indian Chief and Weekley open
pollinated varieties and the Fl and F2 of the three possible crosses 
among them. If heterosis in these crosses, reported earlier (see 
American Naturalist, in press)" is entirely due to allelic gene inter
action (dominance) the F2 should be i ntermediate in mean yield between 
the Fl and the average for the two parent varieties in contrast to the 
type of results obtained qy Vetulrniv and explainable on the basis of 
epistasis. 

The parent varieties, Fl and F2 (inter-se meted Fl) of each popu
lation were grown in replicated plots at three locations and the results 
f~ f~~i1d' ate;- ~eported below. 

Jarvis Jarvis Jarvis 
Entry x x x 

Indian Chief Weekley Indian Chief 
(lba/plant) (lba/plant) (lbs/plant) 

Fl .40 .44 .50 

F2 .39 .40 .47 

Parents .36 .37 .42 

These results do not support the hypothesis that epistatic effects are 
important in genetic variation of segregating populations of the cross of 
two open-pollinated varieties of corn. 

H. F. Robinson 
R. E. Comstock 
Edward Pollak 

" 
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OAK RIDGE NATIONAL LABORATORY 
Oak Ridge, Tennessee 

Biology ,Division 

1. Suppressive action of I. 

-A 'single dose of 1 is sufficient to completely inhibit the produc
tion of aleurone color against two doses of Q. The suppressive action 
of 1 becomes incomplete against four doses of Q. Endosperms of the 
constitution lIQQ/cc show considerable pigmentation. Such endosperms 
were obtained, by using plants carrying a duplication of the short arm 
of chromosome #9 as the female parent in crosses to 1. 

2. Stable "ring 'chromosome. 

A stable chromosome #9 ring has recently been isolated. Cytologi
cally, this ring cannot be distinguished from the unstable ring from 
which it was derived. The ring carries the dominant Q marker. In 
backcrosses of plants of the constitution ££ + ring to ££ testers no 
color variegation is observe0; only self-colored and colorless kernels 
are found. No dicentric rings are observed in mitotic anaphases. 

3. Mutable c. 

A mutable ~ allele has been found which frequently mutates to Q in 
both somatic and germinal tissue. It has been possible to select for 
early and late occurrences of the mutations. Crosses to A£ testers have 
failed' to reveal any M;. activity. The cytological picture is normal. 
There is no sign of chromosome breakage. The mutations from £ to Q are 
not accompanied by variegation of any of the proximal markers as might 
be expected if the mutation involved chromosome breakage and was followed 
by sister union. Clusters of germinal mutations ,on the ears have not 
been found. 

PFtSTER ASSOCIATED GROWERS, INC 
Aurora, illinois 

1. Kya male sterile inheritance. 

Drew Schwartz 

, lihen cytoplasms of five standard inbred lines were substituted for 
that" of inbred Kys, "comparable classes of normal, sterile and partially 
filled pollen plants were produced. The cross (Kys mm*ssxNormal Inbred 
~§) x Kys mID §§ gave 147, 90 and 62 plants of the Classes normal pollen, 
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partially filled pollen, and male sterile respectively. The cross (normal 
inbred x Kys) x Kys gave 99, 63 and 31 plants of the same respective 
classes. 

Certain inbred lines yere found to differ from others in regard to 
M and 2 constitution. Among these were Kansas K64 and P.A.G. 287. All 
Fl plants of the cross Kys (~ §§) x K~4 were normal for pollen type. 
Test crosse's made \'li th Kys sterile plants (Mm ~) x K64 yielded 43 nor ... . 
mal : 46 partial pollen plants. Thi$ ratio is evidence that the geno
type of K64 is mID~' Testcrosses of Kys male sterile x (Normal Inbred 
x Kys), or MIn §§ x (MMSS x mmas) gave 3 partial to 1 normal pollen plant. 
Actual numbers obtained Yare 92 partial : 34 normal. This indicates that 
mID ~ plants are phenotypically normal pollen producers. 

Testcrosses similar to those made with" t64 indicated that P. A. G. 
287 is also homozygous recessive mm, but that some plants of this line 

-may segregate for §§. Testcrosses of one P.A.G. 287 strain Umm as) gave 
evidence that hetero~gous Sa segregates normally and is transmitted 
normally by pollen of plants that are recessive mm. The testcross Yas 
made of the genotypes, ~ x (!!!!!l sa x !TIm §§.) and yielded 36 normal , 17 
partial pollen plants: 15 male sterile compared to the expected 34:17:17. 

Fl reactions indicating other than the MM §§ constitution were ob
served for Ml4, Oh7, and P.A.G. 169. This type of male sterility is not 
practical as a means of eliminating detasseling in hybrid production 
fields because no more th~n an average of 50% of a given population can 
be sterile. 

Charles W. Ogle 

* Dominant ~21 gene. 

2. A simple method for inoculating breeding materiel Yi th Helminthosporium 
turcicum. 

Epidemics of Northern Corn Leaf Blight, caused by the fungus 
Helmintho§Porium turcicum, have been induced by using quantities of 
inoculum made from pure cultures of the fungus. (1) This method involved 
laboratory preparation of the cultures and considerable time in making 
repeated applications to the breeding material. 

Methods ~ere described in 1952 for u~ing dise~sed COrn leaves as a 
eOJ+rce ot infection. (2) 

A simple way of initiating and spreading Northern Corn Leaf Blight 
~as tried in our breeding nursery at Tuscola" Illinois in 1952'. . 

(1) 

(2) 

Elliott, C. & Jenkins, M. T. Helminthosporium turcicum Leaf Blight 
of Corn. PHYTOPATHOLOGY 36: 660-666, 1946. 
Robert, A. L. & Findley, W. R. Jr. Diseased Corn Leaves as a Source 
of Infection and Natural Epidemics of Helminthosporium turcicum. 
P1A}IT DISEASE REPORTER 36: 9-10. 
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Leaves from corn plants which were heavily infected with Helmintho
sporium turcicum were collected from our 1951-52 winter nursery located 
in southern Florida in the spring of 1952. The leaves were dried by 
storing in a room with uncontrolled temperature. They were later ground 
up by running them through a hammer mill with a 1" screen. 

Inoculations in the field were made on a susceptible single cross 
hybrid and on numerous susceptible x resistant crosses by dropping a 
quantity of the ground up infected leaves into the whorl of each plant 
when they were approximately 24" tall. 

Infection was not well established until after tasseling. By har
vest time infection was so severe that no differences in resistance were 
apparent on the susceptible x resistant crosses. 

In 1953 a very susceptible single cross hybrid was used as a "spreader" 
row. Each row of breeding material was bordered by a "spreader" row which 
re~ul ted in a planting pattern where every third row in t he nursery was 
the susceptible single cross. Only the "spreader" rows were inoculated 
using the method described above. Infection became well established in 
the inoculated rows at tasseling time. Natural infection resulted in the 
breeding material after tasseling and was of such a magnitude as to allow 
effective selection to be practiced at harvest time. 

This method of inoculation has been used on a large scale for the 
past three years in our disease breeding nursery. It involves a minimum 
of facilities and labor and has produced artificial epidemics without 
failure during the period mentioned. 

Lyle E. Oncken 

.3 •. Environmental effects on .fertility of restored sterile hybrids. 

Thirty-six different restored 4-way hybrids were made up in the 
following manner: One pollen parent inbred, heterozygous for the 1153 
"Fit gene was crossed with the other pollen parent inbred, which was 
heterozygous for the K55W "Fit gene. The resultant nollen single (carry~ 
ing "T" cytoplasm) was used as male on appropriate "T" sterile seed 
parents. Each of the resulting 36 restored 4-way were compared with a 
blended 1:1 sterile and normal version at 11 locat-ions in 1955. The 
results were as follows: 

50-50 BLEND RESTORED HYBRID 
LOCATIONS· % FERTILE % FERrILE 

1. Lincoln, Nebraska 55.7 59.2 

2. New Cuyama, California 51.6 55.3 

.3. Franklin, Kentucky 44.9 50.2 



50-50 BLEND RESTORED HYBRID 
l&C~IIQ.NfJ . ~ FEItTIYl ~ FERTILE 

4. Ithaca, Michigan 59.1 64.8 
5. Tuscola, Illinois 52.0 61. 5 
6. Huntsville, Alabama 62.7 68.8 
7. Carrollton, Missouri 64.6 79.0 
8. Monroe, lows 86.6 88.4 
9. Aurora, nlinois 55.6 63.9 

10. Aurora, nlinois* 55.1 68,2 

11. Aurora, nlinois** 56.8 54.4 

* With 1400 lbs. sugar added per acre 
if* With 1400 lba. Nitrogen added per acre 

The fertility of the restored material was in close agreement 
(r=.90l) with fertility of the checks at the different locations. 
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Similar results were obtained in 1-954 \.Jhen eleven 4 ways, made up 
alternately \.Jith 3 different uFn gene sources, each of these being pro
duced both (1) with, and (2) without "Tit cytoplasm in the pollen parent, 
\.Jere compared for tassel fertility with corresponding normal version 
at 9 locations. 

In neither 1954 nor 1955 during this study, was it possible to 
differentiate between fertility of·. norms 1 4-way varieties, end those 
restored with the "Fit gene of 1153, K6, 1(55, Tx,127C, etc. in any variety, 
at any location, or under any condition, \Oli thin limits of the sensti vi ty 
of techniques employed. 

PIONEER HI-BRED CORN COMPANY 
Department of Plant Breeding 

. Johnston, Iowa 

Donald L. Shaver* 

1. Yields of cytoplasmically pol len sterile hybrids, compared to their 
normal counterparts. 

NQrmal and sterile forms of four double crosses and two single 
crosses (the sterile hybrids were made with T cytoplasm) were grown in 
.3 locations (Iowa, nlinois , and Ohio) at rates of 7, 10, 13, 16, 19 and 
22 thousand plants per acre in 1955. The average yield of the normal 

iW formerly Research Associate 
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hybrids wa's 101 .. 97 bushels per acre. That ,of. the sterile hybrids was 
102.01 bushels per acre. The difference was not significant. However, 
analysis of variance indicated 'that the following interactions were 
higbly significant: (1) cytoplasms x hybrids; '(2) cytoplasms x locations; 
and (3) cytoplasms x rates of planting. Normal and sterile forms of one 
hybrid in which 8 cytoplasm was used for the sterile form also were 
entered in thiS test. Analysis of variance showed a highly significant 
difference between cytoplasms in favor of the sterile, and a highly sig
nificant interaction between cytoplasms and locations. 

Donald N. Duvick 

2. Knob number8 of elite va. non-selected inbreds. 

Chromosome knob numbers of 52 inbreds developed without selection 
(News Letter,1954) were compared with knob numbers of 95 elite lines. 
The mean number of knobs of the non-selected lines was 3.1 as compared 
with 4.2 for the elite line~. The modal class for each of the two groups 
was 3. A somewhat higher mean number of knobs of selected lines can 
probably be explained as resulting from selecting against flint-like in
breds in the corn belt. 

3. Cytology of homozygous diploids. 
" , 

Progenies of eight inbred line.s derived from monoploids through 
chromosome doubling have been checked for pachytene pairing at meiosis. 
Although the lines were two and three generations remov~d from their 
monoploid parents each appeared to be phenotypically homozygous. Two of 
the eight progenies eXhibited cytological evidence for heterozygosity in 
the form of one or more short, non-paired chromosomal segments,.' Internal 
segments only were considered and ~o attention given to the rather fre
quent occurrence of unpaired ends. In most cases 'chromomere 'patterns of 
the unpaired chromosomes were Visibly different. No evidence of non
pairing was observed in progenies of the remaining six lines. In these 
few auto-diploids the number of progeny exhibiting beterozygous segments 
seems to be about the same as that occurr.ing in many inbred lines de
veloped by continuous self pollination and suggests that complete homo
zygosity, if ever present, persists through relatively few generations. 

4. Comparative grain Yields of ~andom and selected inbreds. 

Among a group of inbreds produced in the absence of artificial selec
tion, 20 were selected in the 86 generation ",hich on the basis of their 
phenotype appeared to merit testing for combining ability (a type of 
visual selection similar to that connnonly practiced in corn breeding). 
At the same "time an "eoual number of lines from the same population were 
,selected at random. Top cross yields (using a comp.osite as a tester) ot 
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the two groups were compared in tests grown in six locations of two repli
cations each. Meen grain yieJ.ds of the. two groups were as follows. 

Selected lines •••• 86.66 BU/A 
Unselected lines ••• 86.64 BU/A 

The top yielding line in the t.est was a selected one which produced 5.8 
BU/A more than the best unselected line, although the difference was not 
significant statistically. Among the twelve top yielding lines, seven 
were unselected and five seleoted; the twelve lowest yielding lines con
sisted also of seven unselected and five selected. 

PURDUE m~IVERSITY 
Lafayette, Indiana 

Department of Botany 

\filliam L. Brown 

1. An unstable compound locus, a1 Pm. 

Rhoades reported the origin of a mutable locus at !l in the 1950 
News Letter. Aged seed carrying ~Pl/~Pl pjjDt was crossed by an ~~ strain. 
Three separate mutations arose involving one or more kernels. Two of these 
mutants resembled the ~l allele and were relatively stable. The third was 
a highly mutable form of the aP allele, aPm• 

stocks carrying aPm (~~ B ~z) e~hibit a pale aleurone which is 
mosaic with deep and celorless sectors. The plant color produced by this 
allele (~ PI ~~) is reddish-brown with stripes of deep purple and brown 
tissue. The pericerp is dominant brown in aPm <1:) stocks with occasional 
red sectors. Germinal and somatic mutations from psle to deeper and to 
lighter levels of anthocyanin intensity occur at high frequencies. Changes 
in mutability often occur jointly with changes in level. The mutation 
rate may vary for different forms or states of the aPmallele; however, 
some re?resentative mutation rates follow: 

-a Pm - to germinal, stable, deep alleles - 1 in approximately -1-
(Pale mosaic) 20,000 gametes 

- to germinal, stable, light pale alleles - 1 in approxi-
~ately 10,000 gametes 

- to germinal, stable, colorless alleles - 1 in approxi-
mately 4,000 gametes 

... to germinal, stable, colorl.ess plus dot alleles - l··in 
approximately 100 gflllletes 

- to germinal, stable, medium pale alleles - 1 in approxi-
mately 30 gametes. 
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These germinal mutation rates in contrast to what is observed somati
cally indicate infrequent mutations to the deep level. Somatic deep sec
tors are abundant but generally they are very small. If these represent 
mutations, it is likely that their late occurrence is responsible for the 
low number of germinal changes. _ 

The stable mutants from aPm may be grouped into four general classes: 
I - deep aleurone, red pericarp; II - pale aleurone, dominant brown peri
carp;.III - colorless aleurone, recessive brown pericarp; and IV - color
less aleurone) ,dominant brown pericarp. Of 66 analyzed mutants, 8 are 
of class I, 23 - class II, 31 - class III, and 4 - class IV. Since the 
parent allele was mutable and exhibited pale aleurone and dominant brown 
pericarp,Class I-alleles were derived by an event effecting the mutabil-, 
ity, aleurone, 'and pericarp portions of the .AI locus. Class II alleles, 
however, arose from events affecting only the mutability component of 
Rl~. Alleles of Class III again involve changes at the mutability, aleu
rone, and pericarpcomponents.. Cha~ges at the mutability and aleurone com
ponents but not the .pericarp component are ,involved when Class IV mutants 
arise. 

One interpretation of this mutation pattern is that separable genic 
units at Al control the mutability, aleurone, and periearp characteristics. 
Evidence for the presence of a mutability factor at Al is ample. There 
is ,a,genetic facotr for variegation in characters controlled by.AI which 

. is,. not segregat~d from.Al; nor has this factor been separated from Al by 
crossing-over. The ex.i.st.ence of a spreading effect phenomenon involving 

.Al and' a closely , associated gene on chromosome 3 indica~es the presence 
of a mutability factor in-this ~egion, as does the alteration of the 
RI-sh2 crossover rate by .!l~· cieri ved alleles. 

. Laughnan has shown that two components, _ and _, controlling aleurone 
color exist in the al~eIe .Ab• It is possible that similar components are 
present ,in aPm• An . ~-like .. com~onentdis suggested by the similarity in 
phenotypes produce~ . by aPIn and the L ( ) alleles described by Laughnan. 
Moreover, a large number of the pele self mutants derived from aPm are 
phenotypically identical to the t!. alleles arising , from J!b: Peru. A 
deep _-like component is thought to be present because of the large number 
of deep sectors which occur on plants carrying aPm• The germinal muta
tions to the deep level indicate that these events actually are mutations 
at A. The large number of somatic alterations renders improbable the 
poss'ibility that these are intragenic changes converting the pale compo
nent into a deep component. The possibility that _ is present in the 
.!~ allele but in inhibited in its expression by _ or the mutability 
factor or both is more likely. That §IPm contains pb is suggested by 
the Class III and IV mutants, both of which exhibit colorless aleurone. 
Class III mutants produce recessive brown pericarp while dominant brown 
pericarp is characteristic of Class IV mutants. Thus, it is possible for 
mutational events to occur which affect both aleurone and peri carp pro
perties and others vlhich affect aleurone but not pericarp properties. 
The separa~e.~~istence of a pericarp compon~nt in ~lPm seems likely. 
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The linear arrangement of the four componsnts at the ~l locus may 
be computed by observing the mutational patterns gf §l~. The evidence 
available indicates the sequer-ce is /1- 11 - ~ - E - - §h2. -
2. A case of "spreading effect" involving the Al locus. 

Among the mutants arising from ~lPm, one (aPL14) exhibited simulta
neous alterations at the! locus as well as at an adjacent locus. The 
allele arose as a sin~le~ right pale, self-colored, exceptional kernel 
in the cross l!l~ Sh;f!!l!:!!! Sh2 x §l .!ll2/.§1 sh2• When the kernel was 
grown and the plant self-pollinated, the resulting ear demonstrated that 
t~e new pale type was inherited in the typical Mendelian fashion, and 
that the new type could not have been the result of a foreign p~llen 
grain. The kernels from this ear fell into an approximate 3~1 IJ,4 Sh2) 
to l(l!l sh2} ratio. A fraction of the pale kernelfj were germless while 
only two germless kernels were found ' in the ~l sh2 class. In addition 
when the germed kernels were grown, some of the seedlings were both de
void of chlol'Ophyll and markedly deformed. This aberrant seedling type 
was "Jith one exception, confined to the .§l

PL14 .§h2 cless. ~urthermore, 
approximately 40 mature plants h~ve been grown from the ~1~4 §h2 kernel 
clal?s from self-pollinated heterozygotes and in every case these plants 
have proved to be heterozygous. Table 1 gives the results of a classifi
cation of kernel and seedling types in the progenies of two self
pollinated plants heterozygous for !!l PL14 Sh2 and §l ~2. 

Table 1- Kernel and seedling frequencies among the progenies of 
selfed heterQzygotes. 

Kernel Classification Seedling Classification 

Kernel Number Germless Germed Number Deformed- Normal 
Phenotype Classified Kernels Kernels Classified lUbino Seedl-iegs Seedlings 

I 

aPU4 Sh --2 308 65 243 216 27 189 

II .2ll2 117 2 115 72 1 71 

It is olear that a gene or closely linked genes control these abnor
mal kernel and seedling types) for when t.hey are considered together the 
aberrant types make up one-fourth of the progeny. Furthermore, the single 
exceptional seedling found in the III sh2 class and possibly the two germ
less III sh2 kernels indicate that crossing-over may occur between!l and 
the gene controlling these deformed seedlings. 

Several explanat~ons are possible for the re~ults described above. 
Two simultaneous independent point mutations involving these two genes is 
highly improbable. A deficiency of the chromosomal region including the 
two linked genes is possible. However, the detection of crossing-over 
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between the two genes rules out this hypothesis • . The results may be ex
plained by a' spreading effect, such as that fOU11d by McClintock, which is 
caused by the inhibition of closely linked genes. The available evidence 
supports the last hypothesis. 

The new gene controlling albinism has proved to be ~t a11'alic with 
~ of Stadler and Roman, for plants of the constitution ~l 114 Sh2ia - xl 
are normal.. ' 

3. The effect of a mut'abili ty factor on croBsing over in ' an ad jacent region. , 
, , 

McClintock has reported an effect of a mutability factor (Ds) on cross
ingover in 9S. In spreading effect cases in which both Sh1 and·Bz were 
inhibited by the mutability factor, crossing over within this region was 
not detected. In addition the segments on either side of the inhibited 
region exhibited a recombination rate which was normal in s0me ca'ses and 
increased in others. l 

, The following experiment.deals with a mutability ' factor 11, which. is 
present at the AI, locus and which might exert an., effe9t on crGssing 'Over 
in the ih -Sh2 region. The control stocks contai~ a vari.ety of"allele.s.' at 
Al and are derived from different genetic backgrounds~ They are similar, 
however, in that none contain known muta~ility facto~s. The .experimental 
stocks were all derived from a highly inbred ~~rain containing the allele 
~IPm. Thus, if genetic variability is a cause of varying recombination 
rates, these differences should be the more evident in the control. A 
mutability factor, M, is present at the Al locus in ~he parental stock 
and it persists in various states of inhicition and mutability at the lo
cus in the derived stocks. This is demonstrated when the derived alleles 
revert, as they occasionally do, to the origina1·~1.& 'condition • 

.. ,., Since crossing over wi thin the Jh -§h2 region is low, a large total 
number of gametes has been scored, yet the number of recombinant gametes 
remains small. Thus, instances producing gametes which might be mistaken 

, for cr.ossover gametes should be taken into account. This mi'stake could be 
made if the Al allele in the Al~2 gamete mutated to the colorless level 
glving an !!1.§!i2 gamete. This mutation rate among the control stocks which 
contain stacIe alleles is negligible, and could not be an important ~ac
tor in altering the control recombination rate. However, the experimental 
alleles were derived f~om a mutable locus, and although the alleles are 
true breeding, they are not always stable. Consequently, this mutation 
rate should be considered when ,the recombination rate is computed and a 
corrected rate should be ' given. Cases in whioh mutations of this type are 
occurring may be indicated by an unbalance in the t"/O recombinant classes 
in favor of the !QSh2 class~ which resembles the mutant gametes. In the 
data given the numbers are so small that this unbalance could easily be 
accounted for merely on a chance basis. However, it is not believed to 
be a coincidence that all three alleles whioh show measurable mutation 
rates have an e~cess of the ~lSh2recombinant class over the &lsh2 class. 
'Table 1 shows recombination, mutation, and corrected recombination rates 
for these control and experimental stocks. ' 
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Table 1. Crossing over within the ~1-sh2 region in stocks carr,ying 
various Al alleles. 

-, I Recombination Rate . 
Total Percent-

Allele Origin Gametes Recombinant age of 
Scored Gametes Recom-

bination 
A sh2 a Sh2 

A A-st~ndard 4,495 4 5 .200 -
A A-standard (repulsion) 13,079 17(A Sh2i S(a. sh2l .191 -

b A Ab: Ecuador 4,937 3 4 .142 

Ad- st J1b. 1 • Ecuador by crossing-over 8,770 4 12 .182 

Ad- 6 Ab: Ecuador by crossing-over 6,625 5 6 .166 .. 
. . ", . 

37,906 68 Control value for sts.ble alleles .179 
---t-- , 

AR P . mutation to 
From ~ - t:::'ue breeding 

4,030 .l49 alleles 4 4 

Al " It " " 3,772 0 2 .053* 

A2 It II " It 4,770 6 5 .273* 

il,4 " " II " 3,761 8 7 .398* -
aPr It It " " 8,547 3 3 .058* 

aP2 " " " " 9,001 18 16 • 378~~ 

aP3 " It " " 13,900 9 22 .223 

aP4 " " " 11 12,720 10 14 .189 

aPL14 " " .. " 3,110 i 0 5 .161 

*Significantly different from the control value at the .001 level. 
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Table 1. (Continued) 

;; 

Mutation .Rate 

Allele . Total Mltant Gametes Percentage Corrected 
Gametes (to the of Recombination 
Scored recessive Mltation Rate 

~l allele) (Percentage) 

. 
A ---- ---- ---- ----

' A --- ---- --- ----
Ab ---- ---- ---- ----
d-st A ---- ----- --- ----
d-6 

A ---- ---- ---- ----

.. 

R 
14,469 A 7 .048 .101 

Al 20,226 5 .025 .028* 

A2 4,007 0 .000 .273* 

A4 ____ a ... --- --- ----

PI a . 15,771 0 .000 .058* . . 

P2 
a 2,0961 0 .000 .378* 

P3 a 6,261 0 .000 .223 

l4 10,441- 7 .. .967 .122 . . . . 

PL14 
a --- ---- ---- ----. . .. 

* Significantly different from the control value at the .001 level 
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The data illustrate that over half of the stocks carrying derived 
alleles show recombination rates "Jhich are different from the control 
values at the .QO~ level of sig~ficance. Both decreases and increases 
in the rate of recombination are indicated and these are not correlated 
with the deep or pale level of the particular Al allele. 

4. The effect of the mutabili:tLfactor at aPm on gene loss in endosperm 
tissue. 

In the 1955 Ne\O/s Letter Fradkin reported that Modulator was effective 
in producing gene loss in endosperm tissue. Mp located on chromosome 1 
or elsewhere in the genome can increase gene loss in chromosomes 9 (Q and 
Hx) end 5 (h). This effect "Jas presumed to be due to increased chromo
some breakage in the presence of!:fQ. Nuffer presented similar data in 
'.Jhich gene losses were controlled by the mutability factor Dt. Endosperm 
with a single dose of Dt exhibited a loss frequency for .£1 and Sh2 which 
differed signifioantly from the control. Here chromosome 3 losses were 
apparently controlled from chromosome 9. 

Some preliminary counts bave been made on experiments testing the 
effect of the mutability factor at aPm on gene loss, and the r.es'\ll ts are 
somewhat different from those in the above experiments. Losses of a 
linked gene (Sh2) are considerably more frequent in the presence of the 
mutabili ty factor (M) than in the controls (Table 1.). l'Jhen . a gene 
(Bz) on another chromosome (9) is considered, endosperm with and without 
the mutability factor differed only slightly in percentage of ~ sectors. 
The greater rate of loss occurred in the control (Table 2). 

Table 1. Somatic losses of §h2 in endosperm tissue. 

Unsectored ~2keec:eor.~d Total · Percent 
Cross kernels - .9l!nels sectored 

a sh2/a sh2 x A Sh~A Sh2 986 304 1290 23.6 

a sh2/ a shZ x aPmSh2/ aPmSh2 255 610 865 70.5 

Table 2. Somatic losses of Bz in endosperm tissue. 

Unsectored b .. ·sectored Total Percent 
Cross kernels .- -kernels sectored , 

bz/bz A/A x Bz/Bz a/a 2798 163 2961 5.5 

bz/bz A/ A x Bz/Bz aPmj aPrn 1999 40 2039 2.0 
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Since M affects the loss of §h2 but not of ]! it appears that this 
mutability factor is behaving differont1y from !1l2 and D1. The mutability 
factor located on chromoso~e 3 seems to control chromosome 3 gene losses 
but not ' chromosome 9 losses. The · spreading-effect properties of 1:1 de- , 
scribed above may be responsible for the somatic losses of .§h2 aoUrlty, 
and M may lack the non-specific chromosome breakage properties of ~. 

5. More evidence of shr'~en-f10ury's effect on nrotein synthesis. ' 

A supposed 'effect of the gene shfl on protein synthesis was reported 
in the 1955 News Letter. The evidence was morphological in nature and 
involved e:bnorma~ities in the endosperm, aleurone, and in microsporogenesis. 
~~£f of thtr supposition lay in e chemical comparison of the proteins in 
sh and Sh (normal) tissue. ' - -- . . 

Since determinations of total nitt9gen in mutant end nqrmal kernels 
failed to reveal a significant difference, en attempt was made to frec- : 
tionate the proteins, making use of their varying solubilities. In this 
way a somewhat more refined comparison of the proteins of the two kernel 
classes is possible. ' 

Mutant and normal kernels were classified fr9m self- or sib- po11ih
ated ears produced on plants heterozygous for shfl. Only' ears with an 
extreme expression of shrunken-floury were use~Those with segregating 
modifiers 'which' bring the expressi.on of shf1 toward normal were avoided 
' in these ·tests. The kerne~s were finely ground Bnd samples of two to 
four grams were weighed out. These were placed in 125 ml. Erlenmeyer 
flasks for extraction. The samples were successively extr~cted with 
water, 1.0 N potassium chloride, 80% ethyl alcohol, and 0.2% sodium 
hydroxide. Hence, the protein fractions will be referred to as water, 
salt, Blcoho1, and base soluble, and insoluble proteins. Twenty-five 
ml. of solution were used for each gram of the ·sample, and the extrac
tion was continued for 24 hours. Kje1dahl nitrogen determinations were 
made for each fraction and these values were converted to protein b,y 
multi.plying by the 6.25 factor. Since the separate ears varied in the 
percentage of kernel weight which was protein, a better comparison was . 
obtained .. by computing the pel'Centage of the total protein which resided 
in the particular protein fraction. Table 1 gives the results of five 
ears whose mutant and normal kernel classes ·w·e're fractionated as above. 
The values cited ar~ average values ~or two replicati ons. 

~l Significant differences between the nitrogen content of shf1 and" 
~ kernels exist in the water, salt, and alcohol soluble fractions. , 
The differences within the base soluble and insoluble fractions are not 
significant. The shrunken-floury class contains abou~ 1.74 times as " 
much water soluble "protein" as the normal class. ' Differences of the 
same type 'occur in the salt soluble fraction, but the factor is 1.60 • 
These differences are compensated for in the alcohol soluble fraction 
where the shrunken-floury class has a little more than one-half' t.he pz'o
tein of the normal class. 
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Table 1. Comparison of the protein fractions of ,shfl and Shf1 Kernels. 

--, 
Protein Ear 

rl~ Shf1* .shf1/Sh£1 Ratio Fraction Number sh -
1 15.48% 9.70% 1.60 

Water .2 18.65 12 .. 47 1.50 
Soluble 3 19.95 12.60 1.57 m = 1.74** 
Fraction 4 21.86 10.41 2.10 

5 22.78 11.77 1.93 

1 10.5$% 6.75% 1.57 
Salt .2 12.35 9.86 1.25 

Soluble 3 10.36 8.44 1 • .23 III III 1.60** 
Fraction 4 12.53 5.84 2.1; 

5 12.57 6.92 1.82 

1 22.66% 28.61,% 0.79 
Alcohol '2 15.48 29.82 0.52 
Soluble 3 17.06 31.38 0.54 m = 0.56** 
Fraction 4 23.20 43.69 0.53 

? 14.57 33.32 0.44 

1 26.88% 31.89% 0.84 
Base 2 27.12 27.63 0.98 

Soluble ' .3 22.66 25.94 0.87 m = 0.97 
Fraction 4 27.63 23.12 1.20 

; 25. 05 26.57 0.94 
~ 

1 24.35% 23.19% 1.05 
rnsoluble .2 25.47 21.78 1.17 
Fraction 3 29.56 21.69 1.36 m = 1.13 

4 14.75 16.86 0.88 
5 24.90 20.93 1.19 

* Percentage of the total nitrogen appeari~g in the given fraction. 

** Significantly different from 1.0. 
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One interpretation which might be placed on these results is that 
the gene shfl is blocking the conversion of the simpler proteins (water 
and salt soluble) to the more complex (alcohol soluble) proteins. It is 
likely that the water and salt soluble fractions contain proteins of 
lower molecular w~ight than the. ~protemines of the alcohol fraction, and 
it is possible that same of these simpler comnonents are unconverted 
substrates of the alcohol soluble proteins. Proof of this will require 
a more involved chemical treatment, but it seems certain that shfl is 
involved in protein metabolism. It exerts its effect at sometime after 
the incorporation of nitrogen and it hinders the production of certain of 
the more complex proteins. 

Shrunken-floury has been tested for allelism with ~ number of endo
sperm mutants and was fOUnd to be allelic with a gene in the Co-op stock 
labelled-"sht.." Singleton. , This symbol is apparently tentative and, ! I 
suggest the rocus be called shrunken-floury due to the obvious floury 
nature of the kernel. 

D. L. Richardson 

ROCKEFELLER FOUNDATION 
Agricu1 tural Program in Mexico 

Mexico 6, D. F., Mexico 

I.' Rac'es of maize in Central America. 

In cooperation with 'the National Research Oouncil, we have made,a 
collection of the maize of the countries of Central America. The collec
tion comprises 1,148 entries, representing all the countries from Guate-
m~la to Panama.' ; 

:Preliminary studies of the colle~tions looking toward classification 
and a description of the races has begun. Although there is a wide diVer
sity of maize in Central America, especially in Guatemala, it turns ~ut 
that the majority of types in Central America have already been recognized 
elsewhere, either in Mexico o~ in Oolombia. 

We now recognize, fifte,en races, of which six are predominantly 
highland, and nine lowland. The list follows. 

Highland Races 

1. Serrano, which is a counterpart of the Colombian Sabanero and 
the Mexican Cacahuacintle. It has six sub-races. 

a. Oristalino Amarillo 
b. Cristalino Blanco 
c. Harinoso Blanco 
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d. 'Harinosa Negro 
e. Grueso (fasciated, a Guatemalan development) 
f. Salpor (fasclated, a Guatemalan develooment) 

2. San."Ilarceno, a race common in San Marcos in Guatemtlle and inter
mediate in its characteristics between Serrano and Oloton. 

3. Oloton, previously described for Mexico and a close counterpart 
of the Colombian Montan~. 

4. Comiteco, a race previously reported in Mexico. 

5. Punta, a race still not well de!ined, with small, sharply 
tapering ears. This may be an ancient indigenous race. Only 
a fe~ collections of ~t have been made. 

6. Harinoso Occidental, not found in pure form but the influence 
of such a r~ce is evident in many collections. It is probably 
the parent of the ~ace Salvadoreno, and probably came originally 
from South America. 

Lowland Races 

7. Nal-tel, one of the ancient indigenous races of M~xico. 

7e. ~fuite Nal-tel, similar to Nal-tel, except that it has white 
endosperm. This, rather than yellow Nel-tel, is probably one 
of the ancestors of Dzit-Bacal. 

8. Punta (lowland), similar to the Punta from the highlands. More 
collections are needed to dofine this race. 

9. Tepecintle, previously reported from Mexico, although itprob
ab170riginated in Guatemala. This race is believed to be one 
of the ancestors of most of the modern dent corns in Mexico 
and the U. S. 

10. Dzit-Bacal, previously described from Yucatan and Campeche in 
Mexico. 

11. Sal vadoreno.This race, especially common in Salvador, has 
a white flour corn as one ancestor. The other ancestor maY be 
Na1-tel or a form of fupta. 

12. Clavillo, a slightly modified counterpart of the Colombian 
Clavo, a slender-eared corn with flexible cob. 

13. Panama 8-rowed. An eight-rowed flint, of which there are only 
a few collections. 



Table 1. P..aces of maize of Central America compared in knob numbers. ~ 
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. HIGHLAND RACES LOWLAND R ACE S 

Altitude Average Altitude Average 
Races (Feet) Knob Number Races (Feet) Knob Number 

1. Serrano 6. Nal ... tel 
a. Cristalino Amarillo 9,026 3.24 a. Yellow 2,887 9.82 
b. . Cristalino Blanco 9,275 3.49 b. White 2,916 5.73 
c. Harinoso Blanco 8,087 . 4.69 
d. Harinoso Negro 6,557 3.39 7. Tepecintle 500 ;.27 
e • . Grueso 7,087 5.60 3,1;0 7.81 

.' 2,600 9.04 f. Salpor 7,980' 2.82 
, 

.., 
7,841 4.31 8. Dzit-Bacal 2,900 . 6.66 2. Sanmarceno 

3. Oloton 6,189 3.96 9. Salvadoreno 

4- Comiteco 5,~19 5.34 
From Salvador- 6.36 " 
From Honduras .;.03 

5. Punta 6,426 6.78 From Nicaragua 7.4J,. 

10. Clavillo (Costa Rica) 8.21 

11. Panama 8-rowed 4.82 

12. Lowland Elotes 3,200 8.06 

13. Tuxpeno 4.77 



Table 2. Races of maize of Central America compared in external cheracters of the ears. 

Length Diameter Row Shank KERNEL CHARACTERS 
Races No. Diameter Width Thi ckness Length cm. cm:..;. Denting * rom. mIn. mm. mm. 

Serrano 

a. Cristalino Amarillo 13.3 3.8 10.3 10.9 9.4 5.3 10.1 1.3 
b. Cristalino Blanco 11.2 3.9 11.0 15.2 9.5 4-9 11.1 1.8 
c. Harinoso Blanco 15,7 4.6 11.0 1401 10.9 6.2 11.9 1.3 
d. Harinoso Negro 12 .. 3 4-0 10 .. 7 12 .. 8 9.6 5.1 11.4 1.4 
e. Grueso 10.3 3.4 7.7 8.0 6 .. 0 8.0 1.0 
f, Salpor 19.7 5.7 13.0 23.5 11.8 5.9 1.3.1 1 .. 2 

Sanmarceno 16.4 4.2 8.8 16.5 12.0 5.6 11.8 2.0 

01oton 22.3 4.7 11.9 16.3 9.9 5.7 10,8 1.7 

Comiteco 21.7 5.0 13.4 18.0 10.0 5.0 11.4 1.6 

Punta 12.4 3.5 12.0 12.0 S~ 5 406 9.5 1.3 

Nal-te1 

Yellow 12.0 3.3 11.3 10.7 8.2 4.0 9.4 1.5 
White 12.7 3.6 10.0 12.4 8.7 4.0 9.9 1 a . ' 

Tepecintle 18.0 4-9 15.5 14.7 8.9 4-5 11.0 1.8 

Dzit-Baca1 17.4 3.6 10.0 9.7 10.0 4-3 11.0 2.0 

Salvadoreno 10.3 3.6 11.0 5.8 8.0 5.4 8.1 2.0 

Lowland Elotes l.4.2 4-1 12.0 12.8 9.1 4.3 10.1 1.4 
Tuxpeno 17.8 4.9 14.0 17.4 9.3 4.2 12.6 2.0 

* Visual estimate recorded on an arbitrary scale o = None; 1 = Intermediate; 2 = Maximum. t-' 
l\) 
\.» 
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Races of mai~~ of ' Central America 'c_~mpared in charact~rs of th~ pl~ts. ' Table' 3. I-' 

~ 

LEAVES No. of 
Days to Height Total Length Width No~ Nodes 

Flowering Cms. No. cm. cm. Veins t9 Ear 

Serr~o 

. ~ .. Cristalino Amarillo 82- . 242 14 95 1~ 26 , 7 
b. Cristalino Blanco 86~ 240 , 14 91 12 27' 6 
c. Harinoso Blanco 114 291 16 98 8 23 7 
d. Harinoso Negro 87 255 14 95 11 24 6 
e. Grueso 116 275 .. .16 101 11 25 8 
f. Salpor 90. 28? 16 104 9 25 · S 

'" III 316 17 111 10 23 9 Sanmarceno 

Q10ton 123 325 .18 120 9 27 . 9 
> . 

Comiteco 120 294 18 115 9 26 . 

Punta 114 318 16 108 9 26 8 

Nai-tel 

.. ·Ye110w 85 140 14 80 9 24 6 
·.-White 84 145 14 85 8 26 6 

Tepecint1e 115 .150 16 85 10 28 8 

Dzit-Bacal 110 165 14 85 10 . .22 7 

Salvador eno 90 132 14 77 8 24 6 

Clavi110 (Costa Rica) 102 165 18 100 9 'Zi 9 
-Panama 8 'rowed 125 112 15 72 6 26 8 

Lowland Elates 89 152 15 75 9 25 6 .. 
Punta Lowland 92 150 17 '90 8 25 8 

Tuxpeno 125 205 18 110 12 32 
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14. Lowland Elates, white der.t corns with colored aleurone, used 
primarily for roasting ears. 

15. Tuxpeno, previously described from Veracruz in Mexico. It is 
probably a fairly recent introduction. 

The close resemblance of a number of Guatemalan races to Colorubian 
races sUp'??rts the hypothesis (Wellhausen ~ aI, 195Z) that the evolution 
of maize i ll Mexico (and parts of Central ,America) is the product of 
hybridiz&ticn .betl·;een ancient indigenous races and South American races 
introduceu into this region in pre-Columbian time. 

Data on knob numbers, ear and plant characters are given in Tables 
1-3. 

UNIVERSITY OF SAO PAULO 
Piracicaba, S. Paulo, Brazil 

Department of Agronomy 

E. J. 'vlellhausen 
P. C. Mangelsdorf 
C. Prywer , 
A. Hernandez Corzo 

1. Inbreeding with "Santa Rosa" and "Ampero," two commercial varieties, 
is being carried on in order to obtain white endosperm strains to be used 
in single and double crosses. Some white endosperm strains introduced 
from MexicQ were mixed and gave a population very promising for our 
condi tions. 

2. Some sweet corn strains too late for Connecticut which were given 
to me by Dr. W. R. Singleton thirte,en years ago were mixed and are grow
ing as a good population in Brazil. Selection is being carried on to 
isolate three main endosperm types: white, yellow and or~g~ varieties 
of S\oJeet corn. 

3. Synthetic populations with yellow endosperm derived from two very 
productive commercial varleties of Brazil, ItArmour"--a yellow dent endo
sperm type and "Santa Rosalt--a yellow and white dent endosperm type, are 
under investigation. ~hese lmproved populations will be compared with 
their parents and hybrlds between them will also be made in order to 
check the combining aoility of the varieties with the hope of producing 
a good commercial hybrid. 

4. stocks for linkage tests involving the main genes in all 10 chromo
somes that I made up while in the States in 1942 have been preserved and 
sometimes crossed with Brazilian material in order to improve their vigor. 

E. A. Graner 
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UNIVERSITY OF SAO PAULO 
Piracicaba, Sao Paul9, Brazil 

Department -of Cytology and G,enetics 

1. Origin of cultivated corn races in the southern part of South America. 

E!.i!'!!:-Races: The most common type is the Orange Flint which is sub
divided into a large number of local races, and belongs to the general 
group of the Carribean Flints and must have migrated along the Atlantic 
Coast, before Columbus, to the southern corn limit in Argentina. There 
is an indigenous group of ~ Flint in north-western Argentina, which 
goes under the name of Calchaqui Flint, since it occurs in the area which 
was once occupied qy this now extinct Indian tribe. There are three 
more types, two of which are most probably old synthetics: the Amarillo 
of uruguay and Argentina, which probably is derived from a cross between 
Soft Guarany Yellow Corn Bnd Coteto types, and the Cristal of Southern 
Brazil and Paraguay, probably derived from crosses between Soft Guarany 
Yellow and Calchaqui. Finally there is the Canario de Q£hQ, of uruguay 
and northeastern Argentina with slender eight rowed ears and large ker
nels, which is a rather isolated type since no eight rowed types occur 
anywhere in the South American lowlands. 

Of these flint types, the Orange Yellow Flint is the most cultivated; 
it constitutes the Argentinian export type. However it seems as a. general 
rule that the maximum ceiling of combining ability of these flints is 
rather low, and thus they do not constitute a type which reQammends itself 
for modern breeding work, as shall b~ shown later in this report •. 

Dent ~ces: There are two indigenous dent races in southern South 
America: The Capio of t.he high Andean Valleys in northwestern Argentina 
and theCaingang Soft Dent (white) in southern Brazil. The latter has 
probably contributed to the formation of some old synthetics but the 
main bulk of Dent Types has been imported from a.broad from the United 
States, since there is no record whatsoever about importation from Mexico. 
It is rather difficult to obtain exact information but there seem to have 
been several importations of U.S. Dents through government agencies in at, 
least the last fifty years, and there .have been probably some importations 
before this time, and also ,through refugees from the U. S. Ci vi1 ~lar. 
In many cases, the type of ears and kernels still permits us to state 
which U. S. variety had been imported, but it is of special importance 
that in some areas, notably in Sao Paulo State, a natural synthetiC of 
U. S. Dent and eateto is forming. Paulista ~ thus has an origin 
somewhat similar to that of U. S. Corn Belt Dent, which is also considered 
to be a synthetic between dent and flint types. It is very highly pro
ductivewith a much higher ceiling of combining apility than Cateto; and 
has harder kernels of much deeper orange color than U. S. dent. It will 
be shown later that Paulista Dent represents a very promising type for 
new breeding programs. 
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2. The structure of f ndigenous and other synthetics. 

Our studies of indigenous races lead us to conclude that they repre
sent what is generally call ed today a balanced synthetic, i.e., a popu
lation which under a given type of mass selection maintains its hybrid 
vigor and does on the whole not suffer from natural inbreeding. Further
more, since inbreeding causes immediately B very significant loss of 
vigor, it must be concluded that we are dealing with a system of heterotic 
factors where any degree of homo~ygosity alreadY sots very strongly. As 
has been ShovlO (Br.ieger in uHandbuch of' Pflanzenz{lchtung, Parey-Berlin 
1955), penmixis produces ·in such a system the inevitable appearance of 
some homozygotes of various degrees, and if they sboUild .reab.h .!matut:'ity, 
the total yield of the mature plants, heterozygotes and homoz.ygotes com
bined, \>Iill be below the maximum yield possible, if there were only 
hete!"ozygotes. This loss of yield probably does not appear in the indig
enous synthetics, since here plant vigor is already so affected by any 
degree of inbreeding that these homozygotes will usually not reach . 
maturity_ Thus in synthetics the loes actually consists of those plants 
'Which are eliminated either by natural competition or by roguing, Bnd 
the ~~eld of those plants which reach maturity 'Will not differ much from 
the maximum yield. This ccnclusion induced me to postulate (Genetics 
1950) that the best method for obtaining commercial synthetics is to 
combine inbreds with a high combining capacity but with a low inbreeding 
minimum. It must, however, be admitted that such synthet.ics will have 
considerable disadvantages. Their yield must remain well belm.] maximum 
if no strong roguing is carried out, which would in turn require a 
rather dense sowing to guarantee full stand even after intensive roguing. 
Thus there will be a serious loss, either by having to plant an excessive 
number of seeds or by haVing below me.ximum yields. If, on the other hand, 
lines are used vIi th a rather high inbreeding minimum, the homozygotes 

. formed by parunixis Hill cs,use a certain loss in yield of the synthetic 
when compared with hybrids. HO\-Jever recent data on synthetics have shown 
that this loss is not necessarily serious. Thus I have to correct my 
suggestion, and this correction is being made in our breeding program, 
that lines with a maximwn combining ability and a good performance as 
inbreds should be used. 

F. G. Brieger 

3. Cross-sterility factors in pop corn races. 

Using descendants of Pira, the Colombian pop corn type, we notice 
a high degree of cross-sterility in advanced generations, and thus a test 
was carried out including some 100 different origins of South American 
pop corn, in order to test for the frequency of oac.ur:uep.CB of cross steril
ity. A number of plants of each sample were pollinated by a common 
variety, and the frequency of fully sterile, half fertile and fully fer
tile ears determined. These samples gave a complete series from complete 
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cross sterility to complete cross fertility; the latter were samples which 
.on the whole showed a higher degree of infiltration from flint corn. The 

. frequency of half-fertile ears. was correlated to the degree of sterili1jy 
in samples with 100 to 60% sterility and also in~hose samples with from 
100 to 60% of full fertility. In the middle group the percentage of half 
fertile ears increased, end the maximum was reached in samples with about 
equal parts of. fully sterile, half fertile and fully fertile ears. -New 
samples will now pe selected o~t of this lot, in order to' verify the 
genetic basis 6f the different types obtained. 

It can be however already accepted as a fact, . that the cross sterility 
factor is of very common occurrence in nearly all pop corn races. This 
raises several interesting questions on the' history of corn and on the 
question of popluation genetics. It is hardly possible to assume that 
this isqlating gene has been introduced by man into this oldest racial 
type of corn, and we must determine where it may have come from in the 
beginning and if it came from the wild grasses whtch entered into the 
coniposition of the most primitive cultivated corn. Next it would be very 
interesting to know what caused the loss of this cross-sterility system 
when the higher developed races of corn appeared, such as flint, floury 
and dent .races. Since there is no reason to suppose that the cross
sterility' factor in ,these populations differs from other genes, it will 
mutate recurrently to the cross fertility genes. If the difference be
tween these two types of factors has to do with rate of pollen tube growth, 
then the new genes for a slower growth rate can hardly have had any 
po~sibility of accumulating in the population and thus of increasing 
their frequency. Thus if the cross-sterility factors were eventually 
lost, some special situation of selection against them must have appeared. 
No definite conclusions can be drawn as yet, 'and. the complete analysis of 
these indigenous races will, be necessary. 

F. G. Brieger 
. J. T. A. Gtlrgel 

4- Performance of yellow dent corn varieties from the southern states 
of Brazil. 

In a special randomized block design including 300 samples of yellow 
dent corn from Sao Paulo State, with 3 replications in 5 blocks per 
replication of 60 plots each for the same number of samples and 4 plots 
for randomized checks anq further with· systematic check every 16 plots, 
we obtained a frequency distribution of the y!elds as shown in table 1. 
As the main check we used-H-4664 (I.A.) which is the best semi-dent 
double hybrid now in_d~stribution. 

The error between samples, with regards to the general mean, was of 
course highly significant., Upon comparing sample yields with the check 
double hybrid H-4624 (I.A.) it became evident that one sample was numer
ically superior to the check, about 63 samples or 21% were equal to it. at 



Table 1& Frequency distribution of yields of yellow dent corn samples from Sao Paulo 
State, Brazil. 
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Table 2. Frequency distribution of yields of yellow corn samples from Sao Paulo state, 
according to sample denominations. 
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Table 3. Frequency distribution of yields of yellow dent corn samples from Santa Catarina and 
R. G. Sul States, of Brazil • . 
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the 1% limit of significance, and the rest of 237 samples were inferior 
to it. Thus it is evident that the P~ulista Dent types under cultivation 
by farmers and not yet explored by breeders; offer excellent material for 
new breeding projects, and it must -be ,expected that some of the 63 samples 
equal to the best double hybrid in this experiment may give still higher 
yields after improvement through . breeding. 

Since little is known about the detailed history of :Paulista Dent 
and of the real meaning of names used among farmers, sample means were 
grouped in accordance to names (Table 2). These data seem to indicate 
that there is really some sYstematic difference between samples with 
identical names. Those received under the name of Itaici and Armour tend 
to yield more and those under the namElS of Cunha and Sta. Catarina (i. e'. 
grown under this name in Sao Paulo) tend to yield less than average. 

In another yield trial including samples of yellow dent corn from 
the Southern States of Brazil--Santa Catarina (68 samples) and Rio Grande 
do Sul (28 samples) with two replications and with H-2464 (I.A.) as check 
distributed in systematic arrangement, we obtained the frequency distri
bution of yields shown in table 3. Thus it is evident that these more 
southern dents do not differ much in yield from the Paulista Dent. It 
must however be considered that dents from Rio Grande do Sul frequently 
show in Sao Paulo a lack of adaptation and undesirable plant characters. 

Classifications for plant vigor, lodging, ear height, and ear appear
ance were also made. In the material from Sao Paulo we found .in general 
much lodging. Among the southern samples, those from Santa Catarina have 
a better performance in agronomic characters than those from Rio Grande 
do Sul. These samples frqm Santa Catarina came mainly from one region 
near the sea coast, populated by a special type of farmers, in small 
holdings and of North European origin. 

E. Paterniani 

5. Performance of yellow-orange flint hybrids. 

A yield trial carried out in 1951-52, but. not yet published, compared 
hybrids between Brazilian inbreds with those between Brazilian and Colom
bian strains, received from the Agricultural Colombian Program (Dr. L. M. 
Roberts). One of our problems in breeding yellow flint is the low ceiling 
of combining ability, which seems typical of the Brazilian "Cateto.1t 
Table 4 shows mean yields, with the 49 samples arranged i~to two groups 
(results of a simple 7 x 7 lattice, wi'th 4 replications). As checks we 
used the two best double hybrids then in distribution, and still in 
use today. 

It is evident that a considerable increase of yield, . well beyond 
that of hybrids of Brazilian lines (Cateto), is always obtained after 
introducing Colombian germplasm.· If we take ' the l1ybrid Minas 2B, all 



Table 4. Frequency distribution of yields of yellow flint hybrids and varieties according to the 
origin of their inbred. 
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. . . .. 
but one of 27 hybrids (Brazil-Colombia) give a yield numerically superior 
while 7 in 27 give a yield statistically higher at the 1% limit. Of the 
Brazilian hybrids, 12 do not differ statistically from Minas 2B and 5 are 
statistically less productive, ,If we had used as .main check H-.3531 (I.A.), 
the superiority of the Colombia x Brazil hybrids would become still more 
pronounced. 

E. Paternian! 
J. T. A. Gurgel 

6. The genetic basis of the absence of anthocyanin in the aleurone of 
indigenous races. 

Brieger started several years ago a project of testing a large number 
of indigenous races fer the genetic basis .of "colorless aleurene," and 
especially for the absence .of anthecyanin. Since it was feund that direct 
crosses with genetic testers gave modified segregatiens, we used Brieger's 
method of randomizing medifit;lrs in ·.the analysis .of Mexicen races. The 
indigeneus races, with streng modifier cemplexes fer "celorless," were 
cressed with .one deeply celered race (Negrito frem northern Celombia, 
which has a strong modifier complex favoring pigment formatien). The 
coler in Fl ears varied very much, with prenounced differences in recipro
cal cresses ewing to the dosage effects. The F2 segregations gave approxi
mately nermal mendelian raties ewingto the randemization of the modifiers. 
The same was true for F3 families and for the backcrossest6 tester lines, 
but there remained frequently a preneunded dosage effect in the sense that 
heterozygotes, when simplex, showed the recessive phenotype .• 

Frem the 523F2 ears, frem the F.3 ears, and the cresses with testers 
the follewing results were obtained: There are three recessive inhibi
ters involved. Practically all colerless races· are of the censtitutien 
Ir, and the frequency .of the dominant gene E was less than 10%; at the 
Q locus the frequency .of the dominant Q allele was abeut 50% as was that 
fer the recessive inhibitor £. The dominant CI allele very rarely 
.occurred. The third inhibiter probably involved the 1h loous with a 
frequency of 20% for recessive .§l and 80% fer deminant .!l. 

The F2 families could be .organized in groups, in accordance to the 
censtitution of the Mexican races: 

Group 1: races Harinoso de Ocho, Elotes Occidentales, Tuxpeno, and 
samples Coahuila 8, Carmen, and Capiten: One half (92) .of the F2 families 
gave a 9:7 ratio, and one quarter either a.3:1 or a 27:.37 ratio. It can 
be assumed that the average constitutien .of these races was: !! Cc ~; 
with the frequncies adjusted to these given above fer the individual 
alleles. 

Group 2: races Chapalote, Vandeno, Revent~dor and Cuba Amarille:About 
two thirds (72) of the F2 families gave 8 9:7 ratio and the remaining 
one third (42) gave a 27:37 ra~i.o. 'l:h llS t.b.<.'I evo-rago C'm.fl.t-:·Lt .• ).-\-.i..0n of' the> 
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races was n: ££ Aa. 

Group 3, race Celaya: The relatively few F2 families gave the following 
ratios: 7 (3:1) - 7 (9:7) - 15 (27:37) - 1 (1:3 or 3:13). Thus we must 
accept as the average constitution, ,£I S in group 1, the formula n: Cc !§., 
with an occasional substitution of ~ by the dominant inhibitor. 

Group 4, races Rabloncillo, Tahua, Tepecintle, Zapalote Grande, sub-race 
Parla and sample Guanajuato 61: There were 80 families with B 9:7 
ratio, 102 \>/ith a 27:37 ratio end 20 with either a '1:3 or 3:13 ratio. 
The average constitution must thus have been the same as in group 2, with 
an occasional substitution of the recessive ~ inhibitor by its dominant 
inhibitor allele. 

It could also be shown that all abnormalities observed can be 
attributed to dosage effects, which cause simplex heterozygotes to give 
the recessive (colorless) phenotype. For this purpose we first determined 
what should be in each case the results expected from a dosage effect, 
end then verifted t~at these results were in fact observed: (a) The 
families segregating for the ratios 3:1 or 1:3 in all groups and 9:7 in 
groups 2 and 4 should give, and gave an 'asynrmetrical distribution in the 
direction expected, i. e., in favor of high frequencies of colorless 
kernels in all but the 1:3 ratio, where the higher frequencies were in 
the colored kernel class. (b) The families with a 9:7 ratio in group 1 
showed, besides the asymmetry in the dlrection of colorless kernels, 
also an excess of colored kernels in some ears, which were the result of 
dosage effect in ears which should have segregated in a 3:1 ratio but 
had their ratio considerably altered by dosage~ (c) The ears of the 
27:37 group showed a bimodal distribution, owing to the shift of ears of 
the 9:7 group and of the 27:37 ratio towards higher frequencies of color
less kernels. 

No other exceptions were observed, and it may be stated that the 
frequency of contamination, and also of heterofertilization was very low. 

U. S. DEFT. OF AGRICULTURE 
and 

Felix Taborda 

CALIFORNIA INSTITUTE OF TECHNOLOGY 
Pasadena, California 

1. The origin of diminutive B-type chromosomes in maize. 

The chance discovery of an exceptional plant in a progeny hetero
zygous for the B-9a translocat~on gave clues that seemed to explain the 
origin of diminutive B-type chromosomes. The following excerpt from an 
abstract of the article appearing the American Journal of Botany 

.. 
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(January 1956) outlines the changes that are neeessary to produce from a 
normal B, a diminutive B chromosome. 

"The heterochromatic areas of a B chromosome when they are not paired 
. with the homologous areas of a second chromosome frequently are folded 
back on themselves at mid-prophase to simulate a paired condition. Simi
lar pairing, is found between the distal and proximal sections of the long 
arm of the B chromosome in B-A translocations. ,The dyscentric ' pairing of 
the two sections of a B is such that exchanges occur to give a diminutive 
B-type chromosome or a dicentric chromosome and an acentric fragment. 1t 

One plant appeared in a progeny from the above exceptional plant 
that had O)uy a short section of the long arm of the B chromosome inserted 
at the mid-point of 9. It is thought that this second exceptional plant 
arose because there had been an exchange or crossover in the loop formed . 
by the insflrted B cutting off an acentric fragment and leaving a much 
shorter inaertion from . .the B chromosome. 

This second plant further substantiates the view that the hetero
chromat.in of a B when dyscentrically paired will have crossing over, 
and that this crossing over may occur at different ,areas of the long arm 
of B. ' 

UNIVERSITY OF WISCONSIN 
Madison 6, Wisconsin 

Department of Genetics 

Albert E. Longley 

1. Variation in color intensity and fregyency of sectoring in separate 
self-red mutations, fro~ ' a given var iegated pericarp all ele. 

: ; 

" 

Red pericarp families derived from mutant red (self-colored) kernels 
on variegated ears of a given origin were divided into two groups: those 
containing Modulator (~) somewhere in the genome and those lacking ~ 
altogether. The presence Qf ~ was determined by testcrossing to appro
priate Dissociation (Ds) stocks, and scoring for the phenotypes expected 
from chromosome breaks. The frequency of changes to or toward colorless 
(sectoring) was then measured. 

It was found that families which were derived from independent red 
mutations on the sam~ variegated ear, and which did not contain ~ any
where in the genome, sometimes 'differ' significantly in the frequency 6f 
pericarp sectoring. However, larger and more frequent differences were 
found between comparable families which contained Me than between those 
which do not contain this factor. The data thus show that, the families' 
lacking transposed ~, in general, are more stable for perlcarp than 
those which contain it. 
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To obtain additional information on the effect of l:!Q on stability of 
i rr expression, inbred 90RR (red peri carp and cob) was crossed with near
isogenic stocks of inbreds 22R and 4C063, each inbred being represented 
in the crosses by both variegated and colorless pericarp stocks. The 
two groups of families derived from the cr osses with 22R did not differ 
in the frequency of pericarp ,sectoring. However, one of the crosses made 
with 4C063 differed from the others. This family, resulting from the 
meting 90RR x 4C063 medium variegated, showed a relatively high frequency 
of pericarp sectoring. 

Families that were scored for the frequency of pericsrp sectors 
were scored also for color intensity against a set of standard ears. It 
was found that both the families which contained ~ end those lacking it 
occasionally differed in color intensity. No consistent relationship 
between variations in color intensity and the frequency of pericarp 
seotoring was found. 

G. H. Clark 

2. Effect of het.erozygosi ty for variegated pericarp on mutation to red 
and to lig~t variegated. 

The rate of s omatic mutation of the variegated pericarp allele 
~VV) to red (frr) usually is much lower in momozygous ivv!gvv than in 
heterozygous Evv!gwr plants. Emerson reported this relation in 1929, 
and it has been confirmed since in a number of our stocks. It is now 
well established that mutations of variegated to light variegated, related 
in origin to the reds, also occur. An experiment was made to measure ·the 
frequencies of these two mutant phenotypes among the offspring of other
wise near-isogenic homozygous and heterozygous variegated pericarp plants. 

A £vv allele of common origin was incorporated into the yellow dent 
inbreds W22 and W23 (Ewr, colorless pericarp, red cob). Fifth backcross 
generation Evv!Ewr (variegated pericarp, red cob) plants in both the 
\1/22 and W23 series were selfed to provide homozygous variegated (varie
gated cob) end heterozygous variegated (red cob) plants. Both classes 
of plants were then pollinated with EYJW (colorless eericarp end cob). 
The progeny from the p"VV!£VV x EWW end ivv!Ewr x f.w J matings were classi
fied for pericarp phenotype into medium variegated, light variegated, 
red, and colorless pericarp with red cob. The following table shows the 
distribution of the progeny from the testcrosses: 

W22 ~/23 
Peri carp Homoz:ygQuli} !IeterozI:gou§ Homozygous Heter oZlgou~ 
class No. of Per- No. of Per- No. of Per- No. of Per-

Plants cent Plants cent Plants cent Plants cent 
Medium var. 4325 94.7 2137 45.8 6114 90.5 3293 40.9 
Light var. 108 2.4 48 1.0 337 5.0 329 4.1 
Red 132 2.9 52 1.1 302 4.5 4ll ,.1 
pwr 0 0 2433 52.1 0 0 4018 49.9 
Total 4565 4670 6753 8051 
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. It will be seen that in the W23 series the frequencies of reds in the 
progenies of heterozygous and homozygous parent ears are approximately the 
same. Since there are two EVV .a1le1es in the homozygote "Ihich could mutate 
to red and only one in the heterozygote, .the mutation rate is rought1y 
twice as high per -gvv allele in he.t~rozygotes as in homozygotes. It is 
apparent from the data that a similar relationship exists also in the 
light variegated class: per '£VV allele in the parent, somewhat less than 
twice as many light variegateds appear among the offspring of hete~ozygotes 
as among the offspring of homo zygotes. 

f'he 'f.vv allele shows a markedly lower rate of Change to both red end 
light ·variegated in the W22 than·in the W23 background. Furthermore, the 
frequency of red and light variegated is slightly more than twice as high 
in the progeny .of homozygotes as in the progeny of heterozygotes. This 
stock, therefore, is an exception to the rule of greater instability of 
Evv in heterozygotes. 

These data, and the results of other studies still in progress, point 
to three phenomena as being involved in the coincident occurrence of red 
and light ~ariegated mutants: (1) I~releaselt of Modulator (.M:!2) from the 
~ locus, (2) "capture" of .M12 at one or another chromosomal site (see 
Genetics 37: 519-544 and 39: 724-740) and (3) increase in nUmber of Modu
lator units, in certain cases, in the mutation process. 

R. I. Brawn 
R. A. Brink 

3. Gene order in the vicinity of the f locus, chromosome 1. 

Emerson (1939, Genetics 24) established the order mSl - 1.7 - !22 -
1.3 - -g ~ br. Hayes (19)8, M.G.C. News Letter) placed z~4 in chromosome 
1 by showing 31% crossing over with brachytic, 28% with fine stripe, and 
7% with the f locus. Since ~ is distant from br and i, Hayes' data 
suggested t.hat zb4 was between f and pr, and thus proximal to ,E. 

Anderson (1941, Genetio~ 26) located translocation 1-2b (lS.44) on 
the opposite side of E from 1§2' about 3.8 units proximal to E. 

~he following results from this laboratory show that zb4 actually 
is distal to,E. (See Table 1.) 

. The 1955'results of Brink clearly indicate that zb4 is on the oppo-
ai te side of E from Tl-2b. . . 

The .Knott and Valentine pooled results establish the order ~4 ~2~' 
with distances essentially ~ - 4 - tS2 - 3+ -,E. The distance of 7 
units between zb4 and l is in agreement with the findings of Hayes • . 



· F 1 genotype Parental Recombinations 
combine.tions Region 1 Region 2 Regions 1 & 2 Total Sou.rce of data 

+ pWI' Tl-2b 353 · * 4 * 10 * 0 * 367 R. A. Brink 
zb4 ~~ + 1.09% 2.72% 0 

+ + pvv 4305 3561 172 175 136 104 6** *** 8459 D. R. Knott, 1952 
zb4 tS2 pwr 347 2JIJ Wis. Ph.D. thesis 

+ + pvv 200 * 17 * 3 *" 0 * 220 F. Valentine 

zb4 tS2 pwr 

4505 189 139 6 = 4839* 

3.91%* 2.87%* 0.12%* 

* zb
4 

not classified and/or included. 

** Classification for both tS2 and zb4 was verified by progeny tests. 

*** This class is omitted because of difficulty in classifying some plants for tS2 even 
after progeny tests. 

I-' 
\.0.) 
-.0 



Perhaps Tl-2b reduced crossing over between zb4 and E in Brink's data. 
The \.Jisconsin data show rather more crossing over between .t!!2 and Ethan 
reported qy Emerson. 

This region of chromosome 1, ' therefore, may be mapped as follows: 

zb4 - 4 - tS2 - 3+ - E - 3 - Tl-2b 

UNIVERSITY OF ZAG~B 

D. R. Knott 
F. Valentine 
R. A. Brink 

Institute of Plant Breeding and Genetics 
Zagreb, Yugoslavia 

1. Linkage of Co. 

In the News Letter No. 24 (1950), I'described plants with chocolate 
colored pollen due to a gene Co which is located in the 10th chrom9same 
and is linked with the gene 11. In further research a linkage of 21.7% 
between Co and ~2 has been found. . 

2. Frequency of natural mutations to white seedlings in some inbred lines. 

In some inbred lines hand-pollin?:ited for 10 to"25 years some white 
seedlings have appeared. In the table below the frequency of these . 
mutants is expressed per 10,000 plants in the inbred lines from different 
indigenous varieties of maize (I-VIII) and after different 10 to 25 
generations of selfing. ' 

Inbred Generation No. of white 
lines with mutants seedlings per 

10,000 ,plants 

SI-26 11 5 
81-54 14 3 

8 -73 
I 

12 7 

811-58 21 6 

811-6 10 10 

SII-15 18 9 

8II1-35 1'7 4 
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(Table continued) 

Inbred Generation No. or white 
lines with mutants seedlings per 

10,000 plants 

Srv-47 12 15 

Sn-64 10 12 

SV-34 15 5 

Svr-43 16 8 

SVII-58 , 10 3 

SVIII-81 25 9 

3. Hybrids between Z. M. rostrata and other,types. 

31 different inbred lines originating from 9 different indigenous 
varieties of maize have been crossed with inbred lines of flint, dent, 
sugary, and pop maize of different shape and size kernels and or' differ
ent size and percentage of cob. The FJ. generation has been investigated 
in details including the combining ability of the different inbreds. 
The results are being prepared for publication. 

4. The heritable proliferation of tassels. 

This character was described in News Letter No. 27 (1953) and has 
since been studied cytologically. The sporocytes of these plants are 
smaller than in the normal plants and the membrane is very brittle. In 
the pachytene stage the chromosomes surround the nucleolus very closely 
and appear quite diffe~ent from those of the normal plants. The haploid 
number is usually 10 chromosomes, but in some, plants a large chromosome 
which often breaks in two parts at the centromere region has been ob
served. The results are prepared for publication. 

A. TavcaI' 
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-IV REPORT ON MAIZE COOPERATIVE 

Work of ,the past year. has , been directed chiefly toward increasing 
seed supplies and confirming genetic constitutions of improved stocks. 
A partial conversion of all genetic stocKs is being made to the inbred 
lines M14, W23, and Oh51A. in order to improve their vigor and range of 
adaptation. A large number of segregating F2 families were grown the 
past summer, and seed increases from mutant segregants obtained. The 
stage in conversion to inbred background which has been reached varies 
considerably with different stocks. Conversion of dominant traits is 
in general straightforward and rapid, while conversion of multiple re
cessive gene testers, especially those involving aleurone color traits, 
requires extensive confirmation of genotype at each step. 

In many of the stocks, traits have appeared that were not indicated 
in the original pedigrees. The most frequent of these are lig\lleless, 
glossy, virescent, or dwarf. An attempt is being made to note in the 
pedigrees all unidentified. traits 'that are observed. S;ince, in many 

' cases~ stooks free of such extraneous traits are not yet available, it 
will be helpful in supplying stooks" if correspondents' in their requests 
indicate those instances when the presence of certain classes of traits 
~ould interfe~e with their immediate uses. 

Many of the older gene traits are still not represented in this 
collection. The majority of these may be presumed to be lost. However, 
it is urged that all recipients of the News Letter check their own 
stocks for the presence of any useful traits that should be added to 
the CQoperative collection. It is imPortant that this be done now to 
prevent unnecessary further loss of valuable traits. 

': . . 
During the past year about a 'hundred'traits have been added to the 

' collection. The majority of these are unidentified, and their listing 
-must await seed increase and tbe ' completion of allelism testing where 
necessary. 

To eliminate space-consuming repetition of stock lists, a com
plete listing of ,available genetic stocks is not included in this 
issue. The stocks which follow represent traits or combinations supple
mentary to those listed in last year's News Letter. Additional copies 
of the previous catalog of stocks are available upon request. Requests 
for genetic stocks or for last year's report should be sent to the 
Botany Department, University of Illinois, Urbana, Illinois. Newly-avail
able stocks are as follows: 

Chromosome 1 

adl bm2; seg prr, Kn 
an1 bm2; seg sr, Frr, brl' gSl 



seg anl. Kn. bm2 
brl i l b~j seg prr, anl' gSl 
brl il bmzi seg pWW, an1' gSl 
seg Kn, TS6 
~~. gSl bm2; seg brl. f'1' an1 
prw 
pwr; seg adi ani (coupling) 
pww; seg zb4 tS2 (coupling) 
pww hm brl fi 
s eg sr zb4 pww (coupling) 
VPe 
zb4 pww 
zb4 pww bmz 
zb4 pVM bri 

Chromosome .f. 

19l g~2 b f ll v4; seg ws3 
19l g~ b v4; seg fll' SK 
19l g~2 b v4 i seg gsZ' Ch 
19l g12 b v4; seg sk 
wSJ 19l g12 b 

Ch.romoscme 1 

a1 Ga? 

Ai go"!.? 

a1 5h2 et; Dtl 
bal 
s~g ts4, 192' hal 
• 

Ch1'Clmosome !± 

Chromosome .2 

A~ bml prl YS1; seg v2 
g117" btl 

Chrom9s9me 2 
po y 
y at s1 
Y Pl sm; seg py 



Chromosome 1 

gll 51 Bn 
ij 
irii pr 

Chromosome §. 

V16 jl; seg mBa 
Chromosome lQ. 

Varieties 

Ladyfinger Popcorn 

Multiple gene stooks 

E. B. Patterson 
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3. .&,.summary of an extensive screening project for "Tn ,and ItS" steri~ 
cytoplasm restorers. 

A large number of sources of germ plasm were sampled for restoring 
genee for the "T" and "S·· sources of sterility. These gene sources are 
being practically evaluated as will be discussed later. 

Up9n ,summarizing results, an attempt was made to correlate frequency 
of restoring gametes with t~e geographic origin of the source material. 
Geographic areas were arbitrarily set-up as follows: 

~ 
1 New England and No. Eastern Canada 
2 Extreme No. Hestern Corn Belt, centering in South Dakota. 
3 Eastern Corn Belt, centering in Pennsylvania. 
4 Middle Corn Belt, centering in nlinois and Iowa. 
5 South-western United States and No. Mexico 
6 South-eastern United states, centering in Georgia. 
7 Carribean Islands and So. Florida. 
8 so. Mexico and Central America. 
9 Northern half of So. America. 

,10 Southern half of So. America. 
11 Mediterranean Countries. 
12 So. Africa and Ethiopia. 
13 Northern Europe. 
14 South East Asia and India. 
15 No. East Asia and Japan~ 
16 Australia. 

All possible correlations were run on data from areas 2, 3, 4, 5, 6, 
7, and 8, in order to determine the degree to which origin affected the 
relationship between occurrence of restorers in this material. Results 
were as follows: 

d/f 
Between T completes and T partials r = .235 15 

It n It It S completes r = -.106 6 
It 11 It " S partials r = .243 6 
" It partials It S completes r = -.266 6 
" II " " S partials r = .141 6 
" S completes It S partials r = .544 6 
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Table l. --liT It Texas Type Sterility. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

8 
26 
8 

165 
71 

116 
21 
10 
10 
64 

745 
53 
66 
23 
10 
25 

21 
143 

66 
736 
370 
356 
156 
37 
26 
64 

766 
53 
77 
41 
10 
25 

211 
205 
921 

10,,498 
5,333 
5,112 
2,266 

533 
387 
896 

10,677 
747 

1,082 
563 
134 
339 

Total 1,421 2-,:947 41,754 

3.8 
2.6 
8.8 
6.3 

13.4 
10.5 
25.8 
34.3 
8.8 

23.5 
9.6 

12.3 
1.4 

38.5 
6.7 

13.9 

0.9 
5.6 
4.0 
3.2 
2.7 
3.0 
9.1 
5,4 
2.3 

13.5 
10.4 
4.8 
6.1 
3.7 
7.5 
5.6 

95.3 
91.8 
87.2 
90.5 
83.9 
86.5 
65.1 
60.3 
88.9 
63.0 
80.0 
82.9 
92.5 
57.8 
85.8 
80.5 

Average all readings not weighted 10.7 5.8 83.5 
by areas. 

--"Sit Connecticut - U. S. D. A. Type Sterility. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

11 
13 
14 
15 

7 
22 
6 

138 
69 

125 
21 
7 
1 
1 
1 
3 
1 

10 
79 
52 

491 
314 
335 
130 

29 
5 

13 
11 
19 

1 

137 
1,083 

740 
6,940 
4,508 
4,808 
1,835 

397 
78 

182 
154 
268 
11 

Total 402 1,489 21,141 

0.7 
4.0 
1.9 
2.5 
3.8 

14.8 
,.7 
3.5 
o 
0.6 
o 
o 
o 

Average all readings not weighted by areas 5.6 

65.0 
70.1 
64.2 
42.6 
70.4 
75.9 
66.9 
69.0 
29.5 
45.6 
59.7 
46.3 
45.5 

61.2 

34.3 
25.9 
33.9 
54.9 
25.8 
9.3 

29.4 
27.5 
70.5 
53.8 
40.3 
53.7 
54.5 

33.2 
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Next, all possible correlations were run on data from the 32 best' 
sampled varieties (individual data not shown here), in order to determine 
the degree ,to 'which varieties affected the relationship between occurrence 
'of rest,orers in this material. Resul ts were as follows: 

dlf 
Between T completes and T partials r = .130 31 

" It at It S 'completes r = .014 31 
It " 11 n S partials r = .079 31 
It II partials 
II " at 

It S completes r = -.028 31 
It S partials r = -.154 31 

" S completes II S partials r = .025 31 

The reader is left to his own interpretation as to the meaning of 
these correlation values, .only one of which approached signi~~cance. . 

It would seem that the most important information presented here is 
the estimate that material derived from regions 5, 6, 7, 10, 12,14" and 
16" provides ,the most abundant sources of T restorers, while region 6 
: seemed ·to · be the only area abundant in good ItS" restorers. A1.so,assuming 
that we have made an unbiased sampling of Zea Mays, then the general fre
quency of complete and partial restoring gametes for "Tn and "s" cytoplasm 
for "the species maybe shown in the following table. 

T cytoplasm 
S cytoplasm 

No. sources 
sampled 

1421 
402 

Percent complete 
restoring gametes 

10;7 . 
5.6 

Percent partial 
restoring gametes 

5.8 
61.2 

Percent 
Nonrestoring 

The expectation that restorer characters should most likely enjoy 
their greatest frequency in areas where the corresponding cytoplasm origi
nated, makes this summary a matter of interesting speCUlation. , 

4. ' Investigation of now sources 'of ' restorer genes • 
. ' ' 

Texas :cytoplasm ~torers. More than 200 new "T" restorer sources 
have been found. Work is now in progress to determine if any of these new 
sources ,are different from or non allelic to the presently useq '~n locus 
to b~f<?und in K6, Ky21, K55, Txl27c, n53, 'A344, etc. 

"SIt cytoplasm restorers . More than 100 sources of restoration for 
this cytoplasm have been screened out. Explanation oI:mode of inheritance 
of restoration of this cytoplasm from this work is far from conclUsive, 
and further investigation of these sources is being directed entirely to 
a better explanation of gene action involved. The difficulty lies in 
establishing what might constitute a valid genic background. This work 
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involves use of WF9 MS (S) x Ml4 as tester parent, and hence future infor
mation will by necessity include the assumption that this single cross 
does in fact represent a valid threshold from which to measure factors 
affecting restoration of "SI' cytoplasm, since the recyling technique in 
use progressively removes restoring factors from the original source genic 
backgrounds (usually 0, P.) and inserts these factors into the WF9 x Ml4 
background in the usual backcross rate of 50% per generation. 

13-16 cytoplasm restorers. Mode of inheritance of restorer mechanisms 
found in six inbred li,nes is being investigated, assuming the Inb. WF9 
constitutes a valid "threshold." 

5. ,Investigation of new sources of sterUi tv. 

More than 30 new sources of male sterUi ty, including one derived 
from 1& stocks, have been collected and confirmed as being cytoplasmic. 
These new sources have been organized into a project to differentiate these 
from known sources of sterility and from each other by means of restoration 
patterns. 

Information so far shows that at least 2 of these new sources are 
extremely similar to, and probably the same, as the 33-16 type. One was 
derived from a sweet variety, and the other from a blue, seeded flint 
variety. 

6. Estimate of frequency of occurrence of "sterile" cytoplasm in Zea Mays. 

One hundred d'ifferent, randomly 'selected, non central corn belt vari
eties were collected and organized into a project to insert the nuclear 
complement of a specific strain of WF9 into each of the cytoplasms carried 
by the 100 varieties. 

As a side light of this project, now in the Be3 stage, there has so 
far been conclusive evidence that fully six of the original sources 
carried I'sterile" cytoplasm, assuming that WF9 represents a valid genic 
background for classifying cytoplasms 'as I.sterile" em "fertile. U (There 
is also some evidence that. 3 additional sources may carry weaker male 
sterilizing characters) 

If it is assumed that these 100 random (non corn belt) varieties 
represent an unbiased sample of Zea Mays, then it must be concluded that 
at least 6% of the divisional entities of the species carry cytoplasms 
that must be classified as usterile" in the presence of the WF9 nuclear 
complement. 
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7. Restoring tendencies in inbllsd M1A. 

Information from second winter generation 1954-55, summer 1955, and 
first winter generation 1955-56, based on observation of 1597 plants of 
92 testcross progenies support an assumption that the seemingly complex 
inheritance of restoration in this inbred could trace to e single factor 
or closely linked complex which is expressed in 70 percent of homozygous 
individuals as either partial or complete fertility, and in 35 percent of 
heterozygous individuals as either partial or complete fertility. 

A project for removing this factor(s) qy outcrossing to non-restoring, 
non-recurrent parents, and backcrossing six times to Ml4, while holding 
heterozygosity by means of testcrosses, is now nearly complete. The above 
observations are based on testcross observations during backcross genera
tions 2, ), and 4. 

Spring 1955 ~S~ 
(Florida) 

Summer 1955 739 

Fall, 1955 576 
(Florida) 

Ave. of 3 Gen. 
weighted by 1579 
seasons 

Ave. for 3 Gen. 
of whole pop. 1579 
observed 

23 

34 

35 

92 

92 

11 

17 

18 

53 

70 

64 

5 

27 

33 

22 

25 

42 

3 

3 

16 

10 

18 

31 

35 

11· 71 

55 14 

57 8 

41 31 

47 23 

It should be noted that even though this work was begun with an un
selected version of Ml4, the above estimates would be biased in the later 
generation data, if "Within line" variability existed in our strain of 
Ml4, because of an unavoidable and progressive tendency to select for the 
less restoring substrains, if they existed. 
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8. Restoring tendencies in Minn. A344 and Kansas 5SW. 

Information up through theBC5 recovery generation indicates that re
storing tendencies of A344 and K55W .can be easily and simply eliminated 
bw removing a sihgle, dominant gene. Procedure has been to outcross these 
lines to sources of the recessive "F" gene, and backcross until reaching 
the BC6 generation, while holding heterozygosity at the "F" locus by means 
o£ .testcrosses. . 

.. Infrequent and haphazard occurrence of extremely weak partials, in 
addition to the expected fertiles, in these test cross progenies, has not 
been investigated, but is assumed to result from changing c9mplementary 
relationships at other loci during the recovery segregations. . 

No ordinary or obvious morphological or genetic characters have so 
far been found to be closely linked to the restorer locus • 

.. . 9. Desoription of- two proposea: oreedi'rig 'methods tor'" introduction of 
restorers into "pI'oblem" inbred lines. 

Using the ItEckhardt" method of recovery, and alternating one or two 
winter generations with a summer crop, a few lines show normal 1:1 segre
gation in the winter backcross population. The succeeding sumner genera
tion may show no normal fertiles at all, and only a few partials, this 
latter generation typically being one of the middle or later backcross 
gen~ratio~s. 

It is widely suggested that such exceptional phenomena must relate 
to th~ possibi~j.ty of having by-passed needed complementary genes during 
a generation (presumably in Florida) grO\O!n under a non-critical environ
ment. It is also widely suggested that individuals for backcrossing 
should be selected from large populations only under a critical environ
ment (presumably summer). Because, however, of the great expanse of time 
involved in recovering lines by such a one generation per year procedure, 
plus the fact that even anyone summer environment may well fail to be 
"critical," two other procedures are being attempted. 

The first merely involves straight backcroesing until the first non
fertile (partial) generation is reached. Sibbing between partials, across 
as much femily relationship as possible, should then reconatitute the 
Itthreshold" complementary gene level with a very reasonable frequency, 
assuming dominant and independent (excluding complementary) action of the 
threshold genes. Backcrossing might then be resumed on the resulting 
normal fertiles of the next generation, followed again by a sib generation 
as necessary. 

The second method merely involves backcross recovery in the absence 
of sterile cytoplasm, where "F" heterozygotes are identif+ed by means of 
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a sterile tester. 'Such a procedure would make it possible to easily 
introduce the "F" locus into a problem line, but it would be almost cate
gorically impossible to also bring in any or few of the threshold genes. 
Since, however, only a small portion of lines lack such a threshold 
(presumably composed of only a small random portion of an essentially 
dominant series of alleles), it would seem likely that the odds against 
any resultant four-way hybrid lacking such a minimum threshold would be 
very heavy indeed. 

It is hoped that the reader does not interpret any clalLm to originali t;y 
for the actual techniques described above, except perhaps as they may be 
applied. 

10. A..§ingle plot testing technique for the agronomic evaluation of 
substrains of recovered restoring versions of i nbred lines. 

Three hundred and one substrains of recovered restoring versions of 
several standard lines were tested in 1955, using a single plot technique. 

Testcross seed was made up ustng a uT" sterile version of the appro ... 
priate seed line as the female parent. Hale parents were individual BC6 
recovery plants of an inbred line, heterozygous at the "Fit locus. 

Testing was done by planting the resulting seed, segregating about 
1 sterile: 1 fertile, in single, bordered plots 30 plants long. At 
flowering time, the fertile segregates were tagged. At harvest time, yield 
and other data were gathered separately from both the sterile and fertile 
segregates. Performance will be calculated by expressing yield of fertile 
segregates in terms of percent of yield of sterile segregates, reduced or 
weighted to a single plant average. 

It would seem likely that, testcrossing during the Bc6 generation, 
resul tant sterile and fertile segregates would differ genetically only by 
the chromosome segment carrying the uFn locus. Thus, if it can be shown 
that stertles and fertiles differ, this difference must relate to agronomic 
characters linked to the restorer. Hence differences within a line, within 
an "F" gene source would probably relate to the amount or length of the 
non-recurrent "Fn segment, and differences within a line between "F" gene 
sources would probably represent an estimation of the general differences 
between agronomic factors closely linked to the uF" locus between gene 
sources. 

Thus the method may be an efficient and timely means of selecting 
best recovered individuals within a recovery family, and will most cer
tainly provide an accurate comparison between sources, of agronomic 
factors linked to the restorer. This latter consideration may well prove 
to be the most logical criterion to use in making final choice of "F" 
gene sources to use. 
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The efficiency of an adaption of this technique is being preliminarily 
evaluated as a possible device useful for usual testing needs. 

(Actually, some strains were testcros sed before Bc6, in order to make 
use of the summer of 1955 for testing). " " 

11. Use of the Homestead. Florida ~ocation in three generations per year 
breeding programs. 

Six complete, successive generations involving a comprehensive and 
extensive array of corn breeding projects were grown during the two calen
dar years beginning September 1953, and ending September 1955, alternating 
two winter generations at Homestead with one summer generation in the 
Corn Belt. 

Material involved in these nurseries ranged in maturity from Northern 
corn belt lines to Itdeep" south material. Usual planting dates for the 

"fall generation were September 5-11, and for the spring generation were 
December 5-21, and for the s~mer generation were May 1-11. 

Porous, higher, rockland soils were utilized for the fell "rainy 
season" crop, and lower marl (glade) soils for the spring Itdry season" 
crop. By far the most critical aspects of this program have been 

1. 

2. 

3. 

4. 

Need for adequate plant food supplies to replace leaching 
losses from open rockland soil. 
Adequate and timely irrigation facilities for fall nursery on 
rockland soils with extremely low water holding capacity. 
Adequate insect control during "off season" fall crop, when gen
eral insect population level is extremely high. 
Satisfactory seed germination in the second winter generation, 
which is planted at mid-winter when low soil temperatures some
times prevail in the cool, moist glade soils. 

It is assu.'1led that corn does best in the "deeper, older, finer types 
-of rockland soils, and has done very well in such 'soils known to be 
.heavily infested with the common tomato and garden bean nematode. It is 
reportedly sensitive to the extreme pH of newly scarified soils. 

Average breeding success during these four winter generation ran 
higher than during the two interspersed "summer generations. -

Donald L.. Shaver 

Information from projects carried on while at Pfister's Associated 
Growers, Inc. 
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3. Big rings. 

Work is continuing using the method of intercrossing interchanges with 
a common chromosome, then selecting the recombinations which combine the 
parent interchanges. A 1-7-5, 3-2-4, 8-9-10 and probably 3-2-4-9 have been 
obtained. Certain combinations needed have not appeared but other inter
chang.es have been substituted. Also other combinations are being built 
for use in the later stages, using the procedures suggested by Irunan (Corn 
News Letter #29, p. 55.) . 

Crosses between the various stocks were grown last summer. The lar
gest ring should have had 14 chromosomes. The tassels looked and felt 
like those of a male sterile. Only occasionally dj.d an anther extrude. 
Limited pollinations made by teasing out the pollen gave no seed set. 
When they were pollinated with normal pollen there was some seed set. It 
is hoped that some crosses will shed pollen even with a big ring present. 
Some variation has been noted for a ring of 10, depending on the cross 
or the season. 

4. Big rings in barley. 

There may be some interest in the information that in barley a homo
zygous stock has been obtained which gives a ring of 6 in crosses. 

Tests using closely linked genetic markers are being used in corn 
and in barley to aid in selecting the desired crossovers. 

Also the ring of 6 barley has been irradiated. 

5. Crossing over in 6' and ~. 

Tests for differences in crossing over in male and female were con
tinued. For the ~-la region, two exotic strains, maize Chepaloti and 
long ear Papago were tes·ted. Both gave higher values in the (jI but the 
Papago strain gave a considerably greater difference; For maize chapaloti': 
11.7% in the ~, 8.0% in the ~, for Papago: 14.1% and 6.3%. 

Using other standard stocks, there was no consistent difference in 
the ~-~-g! regions of 4, or in g-B£-lg in 3. Limited tests on j ~ in 
8, f-zb4 in 1 and ~ ~ ~ in 4 showed no significant differences. 

C. R. Burnham, assisted by 
T. T. Chang and 
E. Clark 



164 

6. Deficiency - duplication studies. 

Genetic evidence for an intercalary deficiency was found in the progeny 
of the cross (TI-9a x TI-9c) x argentia (,E £). From a total of 1625 . 
plants grown, 207 plants were observed showing the £ phenotype. Also in 

, the cross (Tl-9a x Tl-9c) x Tl-9c x ~ ~, 127 ar plants were observed in 
a total of 577 plants grown and from the cross (T1-9a x Tl~9cl x Tl-9a 

'x ,£,!g, 14;£ plants were observed from 77 plants grown. In sporocytes 
taken f!'Om plants of the c!'oss Tl-9a x'T1-90, 10' ,bivalents we!'e observed 
at diakinesis. Folded loops were observed on chromosome 1 and open loops 
were observed on chromosome 9 at pachytene. 

E. Turcotte 

, " 
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