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I. REPORTS FROM C05PF.RATORS 

California Institute of Technology 
Pasadena, California 

Alignment of translocations on chromosoIDe 2. 

Tr~.mslocation 

2-3a 
2-6b 

2-3c 
1~2b 

2-9a 
2-3d 
2-9b 
2-5a 
2 ... 4d 
2.,...5b 
2.,...10a 
2-7b 
2-6d 
2-6c 
1-2(17) 
2-4a 
1-2c 
2 ... 6a 
2-7c 
2-3b 
2-4b 
2-4c 
2~4(a,..29) 

Inv. 

Cytological 
position 

8.75 
8.65 
s.b 
S.65 
S 

S.l 
Lol 
L 
L 
L.2 
L.25 
L~3-

L~3 

L.3 
L.,3 
L.3 
L.3+ 

L.6 
L.8 

L.7+ 

, Linkage Number of plants 

near Igl BurnhaID 
g12 ... 3.9-T-0.9 ... B 2008, 3152 
B-0.5-T .... 4.9-sk 3317, 18) 
B-5 !3-T~1.4-sk 1176, 1176 
sk:tO.5 784 
sk.,...8.5.,...T-12.5-v4 447, 939 
tSl-5 .0-T...,7;,8-v 4 662, 1542 

T-7.3-v 4 Rhoades 
tSl-9,6-T-8.8~v4 125, 1059 

T-5. 0-vi . .. 185 
tSl-1J.5-T .... 6.5-v4 384, 1145 
tSl~15.3-T-5.4-v4 470, 1091 
ts 1,..26 .6,...T .... 4.2-;-VL+ 40,3 , 754 
ts" -12 .J..-T-l. 7-v 4 .L, . 594, 1869 
tsl ..... lO. ?-T,...1~1-v4 375, 481 
tSl-12.9-T-1.0-v4 .395, 1522 
ts 1-8. 5.,..T,...0 .3-v 4 649, 1164 
v 4:tl.l 35/ ... 
tsl-v4 .... 1.0-T 592 
tS1-v 4-4•O- T 1412 
tSl ~vi-5 .6 ... T 1207 . + 
v4-19.0...,T ... 34~2-Qh 1098, 1317 
v4,....22.3 ... T 622 
v/+,-34.5-T...,.3 0 .4-ch 447, 447 

E. G. Anderson 

Ira W. Clokey 



California Institute of Technology, Pasadena, Calif'ornia 

Linkage and cytological data o~ translocations, to add to the list 
reported in tbe 1946 News Letter, pages 31, and .35 

----

Translocation 
Chromo- LO()U8 of Cp..romo- Locus of 

some break some break Linkage 

------ ------.-. 
2-3d 2 ("1 

0. sk-8 • .5-T-12. 5-v 4 . .3 1. na-13 .0-T-7.1-a 

2-4a 2 1.3 tSl-12.9~T-IO-v4 4 L.2 su-3.3-T-14.0~Tu 

2-4b 2 L.6 tSl-v4-5.6-T 4 -L.4 Tu-gl3-15 .. O-T 

2-4c 2 L.8 v4~19.0-T-34.2-ch 4 S.l su-9.1-T-30.8-Tu 

2-4d 2 L tSl-9.6-T-8.8-v4 4 near Tu 

2-4(a--.29) 2 L tSl-v 4-22 .. 3- T 4 su-5.6-T-18.8-Tu 

2-5a 2 1.1 B-T-7.3-v4 5 S.l T-l.5-bml-pr 
2-5b 2 L B-T-5 .. 0- v4 h bml~l. ./ 

2-6a 2 L.3 v4±.1.1 6. S.l T-9.6-.Pl-sm 

2-6.b 2 8.75 g12-.3 .9-T-O.9":'B 6 L.65 Pl-sm-3.3-T 

2..;6c 2 L.3 ts1-12 .. 3-T-l,. 7-v 4 6. L.3 near y-

2-6d 2 1.3 tSl-26.6-T-l.l-v 4 6 L.3 near t 

2-7b 2 L.25 ts 1':"'15·.3-T-5 .4-v 4 7 L.2 T-l .. 3-ra-gl 1 

2-7c 2 L.3 tSl-v4-1.0-T 7 L.1+ T-5.7-ra-gl l 

2-9a 2 S.65 sk±0.5 9 L.65 C-wx-30.7-T 

2-9b 2 S.l tsl -5.0-T-7.8-v4 9 L.2 C-wx-7.5-T 

2-10a 2 L.2 ts l -13.5-T-6.5-v4 10 L.7 T-l.9-g-R 

E. G. Anderson 1'0 



Colu~bia University 
New York, New York 

Mutable alleles have been found at the P, &i, and ~ loci. 
These mutable alleles may be described as recessives with a high 
mutation rate to the dominant allele. In addition there is the 
genically induced mutability of recessive ~ by the Qk gene, The 
effect of Dh on recessive .£ probably belongs in this category. A 
new type of mutable allele has recently been found. A. dominant A 
allele mutates with high frequency in both somatic and germinal .....,.' 
t:issue to an intermediate allele producing light aleurone color and 
red-brovnl.ish plant color. The effect on pericarp color has not yet 
been determined. An example of the mutation rl'j.te of this mutable A 
allele (des;LgnatecllC) is as follows: The cross of a x1f!..gave 74 
kernels with self-cOlored aleurone, 61 kernels mosaic for deep and 
light colored aleurone, and 24 with light colored aleurone, At 
least two different intermediate alleles, differing in intensity of 
color in aleurone and plant, have been found. . 

2. pirected segregat~. 

A. derived strain from a complex translocation involving 
chromosomes 5 and 3 has the following consti'tution: Nine normal 
bivalents, including chromosome 5, and a chain of three consisting 
of a normal chromosome 3,' a short arm, and a long arm of chromosome 
3. Vfuen this chain of three is present in plants with a certain 
genetic background, the orientation of the chain on the metaphase I 
spindle 1s &pproximately random;"i.e., orientation of the chain 
leading to alternate segregation of the three members and giving 
euploid combinations occurs in ~O per cent of the P .M.e., while a 
linear orientation leading to aneuploid gametes occurs in 50 per 
cent of the P.M.C. In other strains, differing in genetic D,odifiers 
from the above, the orientation of the chain is such that in about 
95 per cent of the cells the normal chromosome 3 passes to one pOle 
while the other two members of the chain pass together to the other 
pole. Here we apparently havEJ a case of genic control of orienta
tion, and hence segregation. This finding is of interest in con
nection with the bree~ing behavior of Oenotnera translocations. 

3. Maize strains with 11 bivalents. 

From the translocation mentiorted above it has been possi
ble to obtain plants with 11 pairs of chromosomes;. They car.ry no 
duplication of genetically a.ctive chromatin. This increase in 
chromosome number was a C(i nsequence of the breaking of the cen
tromere of ohromosome :3 into two portions with both thi;l short and 
long arms receiving part of the parental cent:romere~ 

IVY', M. E.hoades 



4. 

NeYI £,1101e of on cflromosome 4. 

In the course of studies on a new chlorophyll stripin/!§ cho,racter, 
a super-allele of Gnl on ehromosomc 44 was found. This allelo, Gas, is 

(lominant over Q§,. Small i!§;. pollen does ryot i'unction on Gas silk even in 
the absence of competition with Q.Q. or Gas pollen. Out of 14 such crosses 
only one seed developed on one ear. The other 13 ears were completely 
devoid of seeds. This is interesting 1n view of the fact that ill:!:. pollen 
does function on Ga silk when there is no competition with Ga pollen. 
Selfing of plants hetero~ygous for ~ and G~s using sugary as a marker, 
Ga ~Gas Su, showed that Qss poll(m functions in the production of ap
proximately 66, per cent of the kernElls when coinpeting on 'Gas silk. This 
super-allele appears to be independent of the striping. 

Drew Schwartz 

Studies with !)lute-ble WE.?'X,. 

An allele at the vmxy locus (vncm), vlhich mutates with a high 
frequency to Vlx in both endosperm and germinal tissue, is under investi
gation. '1'h1.s allele is intermediate between ItK and v:xs ; WXVJ~ plants 
segregate approximately :3 Yfx:l wxm; 'and WXmITlfs rlapta approximately 
3 }'lXm:l YEf!'~ (Ratios deviate from 3:1 in some cases due to germinal 
mutations.) 

Typ:Lcally, a gmwxs plant v!hen selfed gives threo classes of 
kernels: About 1/4 wa::;:y, less than 3/L. mosaic (waxy vlith various sized 
spots of normal starch), and a variable number (often 5-20 per cent) of 
kernols '\'.'i th normal ste-reh endosperm. 

Tho most read:U.y£Pservable mutation both somatica,lly and 
germinally is from !'Xm to 'f1j;I rllutation rate comparisons made between 
different stocks by counting the number's of Wx kernels produced in 
crosses wxnlwxlU backcros6ed or selfed, indicate' differences of the folJ,ow
~ng order of magnitude; 

VIXm Wx !!1£s % VIx 

S-43-12 selfed 140 4 1 2.7% 

8-47-2 x YJ]ls 199 L.l 17.0 

990:3-10 selfed 63 24 27.5 

9903,...4 selfed 5:3 34 39 .. 0 

The mutable allele probably also mutates to wxs .. Four ears 
from a cross Y!1fswxs x \Ilxm!:0.m threw 5.3 per cent JJxS seed. A mosaic 
kernel \'!hen grown and selfed gavo the phenotypic ratio 29 Wx:212 wxffi ; 

19 'S:!25.s thE: 29 Wx and 19 VlXS kernels arising by mutc.tion. These 
soeds are bei.ng grown now to-e-stablish their genotype. 

In a fe\"( stocks, kernels have been found consisting entirely 
of normal starch ex.cept for many small scatterec. waxy spots. Since in 
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these cases the r8st of the ear boI',;; 1,,11 normal starch kernE11s (~ by 
mut[,tion), these spotted. lcernels may reprE';SEmt reverse somutio mutations 
of a some1ilhe.t unstable Vix' allele bc-ck to wx. 

. - -
A study of the di~tribution of Wx and :!?l pollen grains in 

alcohol preserved tassels from WXm\\lXm plants (Wx grains stain blue and 
waxy stain red with weak IKI) indiCates that mutations may occur so enrly 
in tassel development as to affect an entire branch, or even a few neigh
boring brunches. On the other hand, some branches carry anthers segre .... 
guting in varying ratios, indicating later mutations. Mapping of ears 
from crosses wxmwxm x wxswxs has not revealed any seotored pattern as 
YGt. 

Ruth Sager 

Connecticut Agricultural Experilllent Station 
N()w Haven, Connoctj.cut 

Variet:LOs of corn grown in the Northeast ".nd in the Middle We,st 
nt the samo latitude nre noticeably taller in tho East. Several environ
mental conditions are involved in this growth difference, prinolpally 
light intonsity and tempere.ture. Plants of many species, including maize, 
grown under tobacco shade' cloth are significantly tt;',ller and broader in 
leaf thun plants from the same lots of seed grown in full sunlight, Under 
the cloth shade the temperD.tm'c is the same as outside but the humidity 
is higher and the light intonsi ty is lovier. The s&me effect is noticed 
in the field where short-stL~lkcd varieties of corn are grown in single 
rows bet\'l0cn ·taller varieties. Vihere there is a wide alley betv/een ranges 
the plants at the ends of tho rows are shorter than those in the center 
of the roVlS, the plants graduating in height. Here humidity and tempera.,. 
ture are the samo but light intensity varies. 

Some corn seedlings started in the greenhouse and set outdoors 
were shorter at maturity then plants from the same seed started outdoors. 
This indicated that temperature in the early stages of growth had an 
effect, To test this, seeds of a unlform t vigorous, first generatlon 
hybrid (Wf9 x P8) were germinated in an incubator at [,bout 30° C. until 
the shoots and roots vJere from one fourth to one half inch long. Three 
different lots of sprouted seedlings" were held at 40, 50 and 60° C. for 
one h01)l', They were then planted in pots !md left in the greenhouseJ until 
it was certain the plants WQuld grow ~ They werE1 then set in the field 
alongside plants from the same lot of seed so~m in the open ground at the 
same time the treated seectLings vIers started in the incubator. Some of 
the treated seedlings died but enough were stm'ted in each lot and later 
thinned to give an even stand of plants in the field. 

All threo lots of heat~tr6ated seedlings were shorter in height, 
less vigorous in growth throughout the season and leter in flowering than 
the treated plnnts.. All Ipts grOVI to f'ull mnturity and were measured 
after growth had ceased. Tho results are I. Control 101: 400 C. 87; 
500 C. 89; 600 c. 93 inches in height. The differences between the three 



temperature treatments are small~ All three averaged 90 compared to 
101 inches in height for the control. 

6. 

The result that was not anticipated was the pollen sterility 
in all treated lots. Normal tassels were produced with well-developed 
florets but the anthers were small and shriveled and for the most part 
remained enclosed in the glumes. In view of the fact that high tempera
tures sterilize the male germ oells in animals, from amphibians to mam
mals, the~e results are highly signifioant. This influence on, growth is 
an anti-vernalization effect and may have wide u~efulness in the produc
tion of hybrid seed especially if shown by other plants as well as maize. 

D. F. Jones 

A second "Toop'odJf mutation. 

Another mutntion to Teopod or a similar che.raoter, has occurred. 
This mutant was discovered by Dr. Bailey Pepper of the New Jersey 
Experiment Station in a field of sweet corn growing in New Jersey. We 
obtained seed from Dr. C. M .. Haensler of the New Jersey Station. It was 
grown under the name of "Corn Grass" b6cause it was much more like a 
grass than normal corn. The blades of the leaves are narrow and there 
are many tillers giving a grassy appearance. In the field the plants do 
not exceed three foet in height ane. look much less like normal corn than 
the Teopod of Lindstrom. However until the two stocks have been tested 
by crossing it is not possible to state vlhether they are allelic. These 
tests will be made in 1947. 

The usecond Teopod1t was first grown in Connecticut in 1945. 
Seed from the mutant produced two kinds of plant~ normal and Teopo~ in 
~pproximatE'ly equal numbers. The normal plants were recessive. Open
pollinated seee: from the Teopod plants gave in 1946 a I: 1 ratio for normal 
and Teapod. In the fiElld in 1945 nnd 1946 no tassels of any kind were 
pr.duced. The stock has been maintained by backcrossing to normal corn. 

In the 1946-1947 greenhouse, crop grown under a shorter day, 
tassels with apparently good pollen have been produced. 

The "Teopodtl reported here makes many brace roots beneath the 
leaf sheaths. Some of these grow to be several inches in length.' It 
occurred to us we might propagate these asexually and an o.tt.empt was made. 
The cut stalks rooted and lived for severel \fleeks. Had the attempt been 
made earlier in the summer, it is possible they might have been successful. 

Ono is forced to specule.te whether mutations to such bizarre 
types e.s Teopoe: may have any bearing on the origin of corn. If a single 
gene can change the habit of a corn plant so completely, might not a 
reVE?rS€l mutation have original:tyoccurred to give us normal corn? 
Possibly the ancestor of m~dze may have been something more like one of 
the Teopods. 

"iL R. Singleton 



Cornell University 
Ithcca, New York 

The relation of -F].._ant colors lQ.._ts}tal drx. weJ.Kh1..J.£._ma:hz.2. 

7. 

A nunber of years ago Brink (Jour. Amer. Soc. Agron. 26: 697-
703, 1934) reported the relative yielding capacity of four different 
anthocyanin plant-color types, nemely, rurplo 11. ~ PI, sun reel 11. B &, 
dilute purple 11. Jlll, and dilute sun red. A Jl .21. The stocks were so 
brecl that all four classes occurred with approximately equal numbers in 
onch of tho 11 fv.milies involved in the test (md. so that the residual 
genot;7PoS of the four color classes were approximatoly the same. Some
what more than 3500 plants were observed end yields Vlere reported as 
average dry weight of ears per plant in pounds e.s follows: Purple .. 433, 
sun red .569, dilute purple .561, dilute sun red .511. Thus dilute sun 
red, the prevailing color type of the country, yielded significantly more 
than purple and both sun red E:nd dilute purple significantly more' than 
dilute aunred. 

The writer has mnde si,milar tests, using total dry weight of 
plant I1S the critotibn of yield. The genes E. and Ii!:. VIere derived from 
'tVlO dilute sun red (11. Q El) inbred dent lines and their dominant alleles 
from several genetic stocks, :i.nclucling purple! El PI, brown .a ~!:1" and 
reddish broYlu aP 12.. Pl. Each of those gonetic stocks VIes crossed with each 
diluto sun red inbred and purple plants of the resulting progenies vmre 
backcrossed from one to three times with the SW~le or the alterm:,te inbred. 
Some of the cultures, therefore, were little if any more vigorous than the 
inbred lines Gnd some showed marked heterosis~ The four color types of 
["tty one culture, however, \lore comparablE) and occurred in appr oxima tely 
equlJ.l nunbers. In table 1. are shown the (;l.verag~~ dry weights per plant in 
grans for tho several color types of eeoh of 14 cultures. 

Table 1 

Number 
Culture of Meen drl weight }2or rlant 
number plt.,nts !!l Jl !Q A b l?1 ---

I 90 142 111 98 110 
2 76 129 132 129 110 
3 91 165 163 150 145 
4 92 133 145 145 127 
5 93 206 217 229 184 
6 73 78 82 118 78 
7 96 204 229 222 230 
8 89 161 162 146 150 
9 89 118 103 122 104 

10 139 187 207 227 222 
11 74 117 122 115 117 
12 76 68 88 77 74 
13 96 202 181 186 199 
14 94 186 172 185 203 

Total 1218 

.A.verage of raccm 150 151 153 147 dry weights 
,-_~""'~_-C ____ "_"' ___ " ____ . ---'-~"----'-
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8. 

In addition to backcross:1.ng heterozygous ptu'ple plants of 
table 1, certain s1.1.n red and dilute purple pl.o.nts Vlere backcrossod with 
one or other of the same dilute sun red inbreds. B-esults tJ.;re shown in 
ta1!le 2. 

Number 
CtW-ture of 
number plants. 

-, .. : , . -.---' 
15 76 
16 89 
17, 86 
18 80 
19 82 
20 79 
21 91 
22 95 
23 94 
24 95 
25 88 
26 8,3 
27 92 
28 92 

Totnl 1222 

/l,w;lrage of mean 
dry vleights 

29 84 
30 91 
31 89 
32 72 
33 75 
34 80 
35 74 
,36 . 61 
37 92 
38 94 
39 ,..", 

1"'-
40 31 
41 26 -

Total 941 

Average of merm 
dry v,reights 

Tabla 2 

M ... ~.21:LclrY weight pe;r plant 

.I2l. A b I!l !: E. PI 11 
.....:--~- ,'--~ .. _ ...... ...........-,---

143 110 
129 124 
128 134 
123 110 
132 128 
108 103 
222 238 
195 192 
201 194 
195 217 
120 106 

72 75 
259 251 
206 201 

160 156 

143 146 
149 152 
166 153 
1,36 113 
157 113 
140 120 
126 118 

71 85 
253 254 
199 199 
196 171 
202 184 
215 209 

166 



From the results presented in table 1, it is obvious that pur
ple plants were not appreoiably les~ in dry weight than sun red and dilute 
purple plants. Tlle dilute sun red plants were lowest in dry weight but 
not ma!lkedly less than the other three color types., The :results given in 
table 2 v/ere similllr to those of table 1'1 In lot of cultures, dilute 
sun red plants were slightly less in weight than sun red ones. In the 
second lot of cuI ttu'es, dilute sun red again vms less in weight than 
dilute pu,rple; and the difference here is gr,eater than in thE; other tests. 

On the whole and in so far as the results here reported 
concerned, it can be said that in segregating cultures, dilute sun 
plants Viere slightly less in total dry v!eight than ,Jere plants of the 
other culor types. Whether or not the fact has significance,. it 
should be remenbered that, in all these tests, comparisons have been made 
between homozygous dilute sun red and heterozygous purple, sun red, and 
dilute purple. 

Among genes other than ~ ('.nd n the.t are related to plant colors 
of maize, the 1::. E:.. pair is of fundamental importance. In nost instances, 
only in the presence of domin~mt 1::. do anthooyanin pigments develop. Where 
A results purple or red, its recessive ulleles usually give brown or 
have no appreciable effect on color. ,Accordingly several tests been 
made of the possible influence of ! and of SOGle of its allele$ on dry 
wdght of plant. Certain colorless' (green) types were crossed with the 
two dilute sun red 1nbreds used in the tests noted above. The Fl pla,nts 
were backcrosseci to the oolorless parent. Three sets of cultures were 
grown from the following crossest (E:.. ~ 12l x A Q 12l) x l2. El, (a Q Pl x 
!i 1? TIl) x.Q.., 1? 1:1, and (n, b & x A b J2l) x E:.. 12. &. In each set of cultures, 
two color types were represented. The results are given in table 3. 

The records of table 3 reveal small but not consistent 
ences in total dry weight of between colored and colorless individ-
uals of the several cultures. In averages of mean dry weights, sun red 
plants were about five per cent lighter than the corresponding colorless 
ones, while dilute purple and dilute sun red plants were heavier than 
their c010rlo:;;s sibs by six and three per cent, respectively_ With the 
genotypic bo.ckgrounds here involved, there vms relatively little effect 
of A and of its reoessive alleh) on total dry weight of plant. 

There remuins to be considered u possible difference between the 
influence ! and of sone of its reCessive Gllolos the background 
genotype contains both dominant B dominD.nt PI. In one lot of tests 
purple A B was crossed vli th brovm u B Pl tmclb[;,ckcr once with the 
so.me brO"wn. results [tro recorded-in the first Gection of table 4! 
Another of A~ rwnely, .~, gj .. ves a reddish brown plant when in com-
bination with B and PI. Reddish brovm was crossed wHh one of the two 
dilute Stln red-inbreds and the purple plunts resulting Vler8 bnckcrossed 
once or twioe vlith the sm.le reddish brown. Recessive with Band Pl 
elves brown plc.nt color. This brown wus ~rossed reddish brown and 
the resulting purple Fl plants vlere buckcrossed rrith brmm. The 
gcnotype~ concerned here are as fo:l1ows: (!~. a2 E. PI x A2 ~ PI) x 
uP A2 !lll .. All these progenies, r:legregE~tirig purple reddish brown, 
are recorded in the seoond section of tuble 4,. 
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Table 3 

.--~---" 

Number 
Culture "of Mean drL.J:J8 19h t ... lli?L.E.lant 
number plants ! II El fl. ~ El Ii b PI £ E. PI A .E..1:. ~ E. £1. 

~--" ----- _._- -, ,~~ ... .;. ------ '-.-"-
42- 83 150 157 
43 73 158 138 
44 88 162 163 
45 70 176 180 
46 81 159 169 
47 sa 182 215 
4'"> u 78 210 221 
49 52 189 227 
50 Q? 1St. 196 
51 57 188 193 

Total 735 

Average of mean 176 186 " dry weights 

52 47 144 130 
53 37 171 170 
54 42 
55 69 

143 105 
i86 175 

56 73 17"1 16) 
57 76 165 " 167 
58 79 169 163 
59 70 193 158 
60 70 166 183 
61 70 174 169 

Total 633 

A.verage of mean 

'" . dry weights 168 158 

62 71 185 195 
63 63 180 170 
64 37 181 155 
65 60 146 158 
66 57 
67 48 

171 174 
172 162 

68 51 146 1)7 
69 57 132 139 
70 46 181 159 
71 59 167 164 

Total 5'49 

Average of mean 
dry we igb, ts 166 161 
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Table 4 

Number 
fi1.o&X' dry weIght tJer.-l!,...J"ant Culture of 

number plants ! £ PJ;. il Ii I'l: A B PI 
~......--+ .. f~ & PI a~ 13_ PI 

-.-~ -~- ----. ---- -.~ --
72 48 150 13/~ 
73 80 95 75 
74 83 109 96 
75 eO 97 88 

Total 291 

Average of mean 113 98 dry weights 

76 61 126 96 
77 61 119 81 
78 71 III 84 
79 61 115 85 
80 49 156 138 
81 40 128 115 
82 81 112 89 
83 63 142 
84 56 126 122 
85 66 140 101 
86 76 157 106 

Totcl 685 

.A.verago of moan, 130 103 dry weights 
~I' ' 

81 59 167 141 
88 68 170 128 
89 41 173 147 
90 45 162 119 
91 75 154 127 
92 67 163 117 
93 83 171 124 
94 92 136 135 
95 73 140 103 
96 77 117 95 
97 73 207 
98 67 140 91 
99 78 172 131 

Total 898 

AverE'.ge of mean 159 126 dry ,reights 
~----...-.--""""'~ .-----.-. ~ 
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Brovm plants of the genotype!.fld 11 PI vvere crossed with one 
of the dilute sun red inbreds, with purple~ und with reddish brovm. In 
nIl instances the resulting Fl purple plnnts were backcrossed vlith 
! ~ 11 Pl. Here then the brmm plant color is conditioned not by nn 
allele of ! put by an allele of 1.2. The cultures involving g and .9-2 
are listed in the third section of table 4. 

Cultures segregating for purple ~mc1 brown plant color, as shoVln 
in table 4, whether the brown color is conditioned by a, or its allele 
aP, or by a gene of a different chromosome a2 t ·all exhibit consistent 
results. The averages of the mean dry weights are greater in each of the 
three lots of cultures by from 15 to 26 per cent for the purple than fOI' 
the brown plc.nta. Moreover in each of the 28 cultures of t[~ble 4 without 
a single exception, the purple p1ents are heavier than the brown ones. 

Since for one of the genes conditioning brown plant color, 
nn[.loly, E" no consistent effect on weight vms found when A and f. were 
combined with B g1, £ P~, and b E1 (table 3), it seems reasonable to 
assume that the J,ighter weight of brown plants conditioned by n" B,P, or 
§.2 in contrast with purple plants conditioned by the dominant alleles of 
these genes, results from some deleterious effect of the brown pigments 
ln the physiology of the plant, rather than from a d~rect effect of the 

. recessive genes or of growth foctors closely linked 'FYi th ther;l, 

R. A. Emerson 

Florida Agriculture,.l Experir:lent Station 
Gainesville, F'lorida 

Dr. II;. Me.ther on his recent visit to this country discussed 
some extensions of methods proposed by Fisher, IrilG1er and TediTl, (Gonetic 
1932), for estimation of donimmce bias in qUE'ptitative inheritance. 

My own attack in the last Ney;s Letter is also nn extension of 
the same. My approaoh seems to have some advantages from employing highly 
inbred or homozygous parents. Uncertainty- on linkage effects is largely . 
eliminated. Dominance doeG not reduce correlation betV18en phenotypes of 
homozygous parents and the gametes they procl,uce. I have found no partic
ular advantage in requiring equal frequency of a and A alleles by con .... 
fining study to popUlations which stem from a single se1fed bete;r-ozygote 
in each case. Samples of homozygous lines, selected or otherwise, seem 
to be satisfactory. If all of this be true the method must have a wide 
utHi ty and may be· pre~38nted again from mOre of a Mendelian and less of 
a mathematicGl vieVlpoint~ 

If the heterozygote aAbBcCdD is crossed to the multiple reces~ 
sive tester aabbccdd, testcross progeny rac.y 'pe classified on kinds and 
frequencies of four distinct que.litatlve c;haracters to obtal.n a reflected 
view of dominant alleles in gametes of the heterozygote, This is the 
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methoc. of cle.ssical genetics. It has been seldom note0. here that regres
sion of number of plus characters in tostcross progeny on number of 
dominant alleles in parent gamete: is 1.0. Every plus allele in a gamete 
provldes a plus chara.cter in the zygote, regardless of linl):[~ge. 

The top dominant AABBCCDD clearly worthless as n tester • 
.. Offspring-parent regression is zero. Interr.1E'ldiate testers are efficient 

i.n inverse proportion to the number or proportion of loci of A/i type. 
Thus if testers in general /;lre of aa type [,t one half of the loci which 
are hetero~ygous in the Ji'l to be [malyzed, a dominant allele in Fl gametes 
will provide e dominant character in testcross progeny in one half of the 
cases. In the other h[,lf the dominant character is always provided by 
the testElr and a dominant allele in the Fl gamete call add nothing more. 
Regression one half. Reduction of regression py dominant,genes in the 
tester is purely a dominance effect. This dominance effect is reduced 
one half by selfing the testcrOtlSes. 

It hardly seems necess~lry to labor with the transfer of these 
concepts to the general field of multigenic inheritance where effects of 
tho several genes combine in a slngle quantitative !':leasure, and where 
dominance is taken into nccount quantitatively> In the former case, 
concern is primarily vd.th frequencies. Basic effects of genes and dom
inance effects are both tacitly defined [tS unity throughout. In tho 
latter case the two effects must be defined sepr.rately and quantitatively, 
We cannot assume that either is unity sinc~ we are concerned with degree 
of expression, not vJith just vlhether the chara.cter is or is not expressed. 

In my attlJ.ck the array of Fl gmnetes replaced vlith an array 
of gametos from an array of hOl1ozygous p~trents. The purpose is no longer 
to obtdn a reflectec: picture of the gacletic array. That array is already 
rovec.le& in the array of honozygous par,;mts. The purpose now is to esti
mato regressions of testcross progeny on gamete or hon\uzygous parent wi t)1 
difforent testers. If both the bottom recessive and top dominant were 
available ns testers, decline in rogrossion frOf.l one case to the other 
would reveal directly tho 1lverage dogree of dominance. But neither of 
those two testers is likely to be available in multigenic cfl,ses. We are 
restrictec). to 8. study of regression relations vdth such testers as we !:lay 
be able to develop_ 

For quantitativE:: definitions of basic gene effocts and dominance 
effects we .may well employ the general scheme of Fisher, et al (1932) 
which is essentially thf.lt of Fisher in his 1918 paper on correlation be
tween relatives, and of Mather on his recent visit. If the basic, pheno
typic effect of substituting f. for D. is lid", phenotYP(lS of aa, aA, AA. are 
0, d, 2d. The heterozygote is strictly intermediate. But if there 
in addition an interaction of a with .4 to provide o.lso a dominance effect 
lIkdl!, the phenotypes are 0, d+kd, 20.. These qur.,nti ties are deviations 
from a working origin at aa. Devic,tion of the heterozygote from strict 
interr:ledinc3" is kd, (h in the notation of Fisher, et al) • 

For 0. multiple set of genes alAp H2A2 ..,. ~ - anAn' Vle may as 
well let d and k0. bo Iwerage values for thesevoral loci. Then if gene 
nction is additive each genotype is evo.luatec. (e~tiri1o.ted.) by sunmling the 
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several dis and kdls. The simplest case is n - 2. The checkerboard 
frame is 
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Phenotypes of the 3 parent classes are written on the ma,rgins 
along with the gametes of each class. Phenotypes alune are written in 
interior ceHs for offspring, It may be desirable in teaching to write 
genotypes also in the cells and to e\taluate some of them by counting a 
d for each A allele and a k(~ for each af!. locus or each interaction of 
unlike alleles. It may also be desirable to m-i te genotypes of parents 
all(: evaluate them~ noting absence of dominance effects. 

Table 1 is 8. simple regression surface. Our avowed purpose is 
to study the effect of k on the shape of the surface that we may interpret 
shapes of data surfaces in terms of k, average degree of dominancE'J. 

In practice the homozygotes alaI .A.2A2 and AlAI 8.2a2 are ordina
rily indistingu,ishable. Thi s means that the tv.'O center columns and two 
center rews of table 1 may ns VIel:). be pooled to conferm with the situation 
.of c:ata en a quantitative cLaracter. Poeling provides, 
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Table ;:; 

Note that the entry in the central cell, e.g., of table 2 is 
the mean of the four central cells of table 1. It is the predicted 
(average) result of crosse;3 of homozygotes of the tY!J8S indicated Qn the 
margins. Deviations of the four crosses from the mean are deviations from 
regression due entirely to dominance, to variations in degree of hetero
zygosity, specific oombining ability. These variations are not predict
able from data on the parents. The teacher should write frequency dis
tributions of individual crosses in each cell of table 2 along with the 
means given here~ 

Note further that,while tables 1 and 2, represent two-factor 
checkerboards of classical genetics with gametes of Fl recorded on the 
margins and F;:; phenotypes in interior cells, the viaVJ here is arrays of 
homozygous lines on the margins with Fl phenotypes of Crosses of such 
lines in cellD of the tables. Subsequently, interior values will be re
ferred to as Fls in agreement vlith moc,1ern corn breeding practioe. The two 
situations are strictly analogous only when a and A are equally frequent 
in the sample of homOZYGous parents. 

If table 2 is expanded to include many loci, parent values are 
0, ;:;d, 4C:, - - -2nd. A statement of the IIl8an Fl of any cell in terms 
of parent values would be the general regression function of E\ on PI and 
and P2' The solution of tbis problem ViaS given in the previous News Letter. 
The mean of any ceE in a table of the t;i'pe of table 2, may be calculated 
by solving a smaller checkerboarc.:. DetailGd arrays of gametes of the two 
paJ:1cnt types ar written on the margins. But this is merely taking the 
product of two gametic' array::>, a fundamental principle of Mendelism. Hence, 
if u and VI are the proportions of loci AA in PJ and P2 respectively, gam,... 
etic arrays are represented in general by (l-uia + uA and (l-:ow)a + wil" In 
all of the crosses of PI type Parents x P2 type parents together, expecta-
tions ore (l .... u)(l-w)aa, [u(lrw) + w(l-u~ . aA, uwAA. The sum' of these 
three. proportions, each multiplied by n and by the respective phenotypes 
0, cl+kd, 2d~ is the 0xp<;;cted ;increment of mean F'J over the multiple reces
siv\') T. Mak1.ng the substitutions u i" (Pl,..T)/Znd and w := (PZ-T)/2nd 
p'ovides the d~sired function. 
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, The concept u'= (Pl-,T)/:2nd might be presented effectively to a 
class by l~ying off an arbitrary scale to repreqent the range of phenotype 
from 

T 2nc.+T) 

bottom recessive to top dominant. The scheme is to count 2d for each 
locus M as the increment above T, hence, 2nd 'where all n loci are AA. 
The position of any homozygote PIon this scale r8veals directly the pro
portion of loci AA in PI' u = (Pl~T)/2nd. 

The purpose of T is to ~djust for the possibility t hat the 
phenotype of the bottom recessive is not zero on the data scale. 

It is instructive to verify from table 2 results reporte& last 
year. The left column may represent a series of hybriQs having a common 
Farent PI' the tester, which is aa at each locus. Lines being tested are 
represented on tho parallel margin as different values of the variable P2-
It is. clear that if the tester is completely rece8sive, every substitution 
'of 1'J1, for aa :1.n P2 will provide a substitution of ab. for aa in Fl. Re
gression of Fl on P2 is (811.-aa)/(M,-aa) or (one basic gene effect plus one 
domin~nce effect)/(two basic effects) or (1+k)/2. Note that the increment 
from one cell to the next, left column of' ta.ble 2, is d+kd and that the 
corresponding ;increment in the P2 column is 2d. The ratio is' (1+k)/2. 
V'lhen PI is au throughout Pr-T :;: ° ~ Substitute in last year I s formula for 
bp to obtain br ;:;; (1+k)/2, H PI-T :;:; 0, 

Similarly from the right column of tc,ble 2, bp:::; (1-k)/2, ~7hen 
II is AA throughout, (Pl~T) ::: 2nd. Expansion of table 2 to include many 
loci will not provide different results. 

If,as in most actual caseS,some proportion u of the loci of PI 
is li..A and l-u aa, tho welehted mean increment of Fl (n(l-u) (d+kd) + 
nU(d-ldH In. Or the weightec, mean of slopes is (1-u)(1+k)/2 ;- u(l..,k)/2 ::: 
(l+k)/2 -uk. Substituting u ::: (Fl-1')/2nd, bp ;;;: (1+k)/2 - (k/2nd)(rl-T). 

If br is (l+k)/2 in Uw left column of table 2 a.nd (l-k)/2 in 
the right coJumn the increment of bJi across thl; table is [(l-k) - (l+k)] 
/2 :.= -k. The concurrent increment of u is 1, and of Fl it :is 2,nd. Re
gression of hr on u is -h~ and. on PI it i::~ -k/2n(~, as the formula bp := 

(1+k)/2 - (k/2nd) (PI-T) exprossl~r states. 

Thus, the values reported. last year mny be verifico and their 
i 

interpretations clarified by direct insr6ction of table 2. 

If it is not immediately obvious that the regression estimates 
are unaffected by linkage and by relative frequencie$ of a and A alleles, 
except as noted, the student may need to work o1,lt some srecific examples 
wi th numerical values assigned to d, kd, '1, fond per cent crossover and 
calo1,llate regross:i.ons by ll\€Lchine formullJ.s 13.f,3 well as by d1.;rect substitu-
tion in present formulas~ , 
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It is also clear that bp for the midcolumn or midrovr of table 2 
is one half, and that mean bp for all three columns or all three rows is 
one half. This latter case of mc:an bp for the whole table the one 
usua,lly calculated for regression of off'sprtng on one parent. If a and 
A alleles e.re equally frequent, frequoncies of the t.hree columns are ex
pected in the ratio 1:2:1 and. dominance affects on regression are effec
tlvely cancelled. t;ote that bp is always OPEl half if k ;:; O. But if a 
dleles are in the minority, the frequency of the right column will be 
greater than that of the left column and expectation is that dominance 
vlill depress mean partial regression below one h8.lf. This seoms to be an 
adequate explanntion of low regressions of yieJ..ds of corn hybrids on yieJds 
of inbred parents. No alternative Elxplanations of higher oreier inter-
actions of or of inefficient plot technic appear to be necessary_ 

The function, Fl ~ blaPl + blbP2 + b2PI P2 + C 
may be fitted to data on samr,l(-ls of homozygous parents and the several Fl 
crosses, at' F2 by selfing Fl' For Fl date, estimates of bl are estimates 
of (l+k+kT/nd)/2, on the assumption of adaitive gene action. Estimates 
of b2 are estimate;:; of "",k/2nd. Regression of btl on PI or on P2 is the 
same estimate of -k/2nd. . .. 

./1.8 indicated last year, the general regression function may be 
Golvec: to qbtD.in estimates of bottom recessive, top dominant, and average 
degree of dominance. From the regression of bp on PJ.' the estimate of Pl 
for bp = a may be olito.inoc:. This is the criticD.l value of 11. Such a 
tester combines equally wi th poor, modiwn and good lines on the 
average. Better testers may be expected to combine better with low 
than vlith high lines, b~ is negative. 

The several estimates repartee":. year are in all respects 
surprisingly consistent the hypothesis of overdomim,nce in vigor of 
corn. Tests of significance of b2 repartee. last year are apparently in 
error. The appropriate tost for significance of departure from linear 
regression (Snec~ecor .3). By this test no single estimate of b2 is 
significantly different fron z:Jro which may mean mGrely that numbers are 
too small. The crucial point for overdominancl'3 i.s whet.her k is signifl
cantly great8I' than 1. An adC,itional set of data from C, IJ. Woodworth, 
Oren and R. LerJ.g of the Illinois Experiment Station gives 
essentially the same picture. The critical value of PI is 464 bu./A. 
Yields of inbred. parents range from 2 to ~'[ean yiela of Fls is 103. 

We have 'C,hen On8 more set of dE'.ttl consistent with the others in 
supporting the conclusion that the more vigorot~s inored lines in hand are 
worthless or worse .as testers for genr;:;ral comhin:tng [tbility, since tp, is 
zero or negative vii th such lines [,8 

Thl".t the few sets of data are not c1'uoin1 for overdominance is 
not surprising. Ttwy would not bo crucl",.l even if the test for k greater 
than 1 showed significance in each case. So fev! C[Lses of monogenic 
inher1tance rmd lirJmge Vlould not prove the chromoson;e theory of heredity. 
When many more so·ts of dB.ta on different types of churacters in both cross-
E,nd self-fertilized species have been sci VI:') may have a clearer 
picture of \'ir~ore and to '[That extent domincmce bias occurs. But evofl then 
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the results can hardly be conclusive and we will probably still need to 
be content with tht;lOries which agree best with the whole body of evidence. 

There is a suggestion in COl'n yield data that the relative order 
of rank within either a group of inbred lines or within a group of hybrids 
may be quite o.ifferent in two different environments. Further, the shape 
of the fitted regression surface may also vary greatly in response to 
environmental effects. If alleles At and A perform different functions 
in,the sense of East~ AtAt may be usually inferior but sometimes superior 
to AA. The heterozygote A'A if better buffered to environmental shifts 
may be on the average superior to either homozygote. In these events, A 
will probably be the more frequent and also the dominant favorable in the 
usual environment. But the possibility exists that in some environments 
A' will be the dominant favorable, with dominance still in the direction 
of gre[1.ter vigor. The dominant favorable A' will be in low frequency. 
The ratio k of I;l,n average c.ominance effect to an average basic effec-t may 
be changed and with it the equilibrium gene frequency ratio. All of 
shifts will be likely to appear in the regression analyses for a given 
samrle of stable lines and Fls in different environments. 

Fred H. Hull 

Addendum. 

Sinoe the above report vms typed I have re8eived from 
Dr. Paul H. Harvey yield records on 12 lines and the 66 Fls and have now 
completed the first part of the analysis. Yields of lines (selfed four 
times) ranged from 12 to 24 bu./A. ~lean Fl is 46. The critical value of 
P is 25" one bushel ab0VC the top line. These data seem to agree with the 
other sets and the conelusions drawn fron~hGin i:1 E,ll r8spects. 

last results have y:tP f:ufficien.t confidence to pro-
pose a further attack for which a com;:; ':1.t;:::able boJy of det.::t is now 
able, - G.c;,ta on J buL net on p:':c",::,.:- :Lr,:;'J 1\'~'::;~H' J'\ fo!' p,ny column 
of table 2 m'Ety '\::,0 ~('ndideI'ed a me.3,SU'::'e 01' ~1 ... ,; o:ej)f1re: c();~1bLJlin~; ability 
G of the constant. parent for that cO.i'.tnm It '.s f~a3 Ll;v- de:aonstro.ted that 
G is a lineal' ~\jion of P. Rence, ye [IB'! as '~v':'J;l c~s-tima+,e the G value 
of a tester wL1ch provides zero par-tidl 'c eg:(lS'j~ 01. 0-;: J!\ on G. 1Nhere the 
several Fl s of a g:i'OUp of lines have heen tes:~el": :',n n.s :'lany as four repli
cations j one of the replications II:a;/ 1)'3 to estimate G values 
for tho lines 0 Tiw, rema5~ni'~lg r o:~s W'3] e:;'~:"llc\te Fl i3, Correlation 
of oxperimentD.l eTJ.('ril in the two essj,mates E.J.'p~h~.3 elj,r.1inated. 'Ibe 
analysis, as br')i'cre ~ is to run the simple l.'!':'g:cess:i.on of each Fl column on 
the parallel column of G; then to run the sirn~le regression of the f:i.rst 
order regress on G values of' the respeC!t.ive con'3tan-c parents; and 
finally to G for bp ,,:,0. If this cri tioed value of G is within 
the range of data the only directintej:'pretatJ.oil I have found over-
ciominanc9. 
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Agriculture vii th Ohj.o, Indiana, Illinois, Kansas t Nebraska and Oklahoma 
in 1943. Mean G for oach line was based on the data of five states for 
analysis vdth F 1 data of the sixth ~tate in each case. The critical 
value of G is below the G measure of the top line in cases and 
slightly above in two caSes. In the sixth case the trend of regression 
is upward and the data are apparently not consistent with any dominance 
bias toward high yield. Interstate correlations of G values of the ten 
lines are mostly positive but not very large. This kind of e.nalysis 
apparently of some viOrth where such data are available but it would seem 
that the attack outlined in the preceding paragraph wOUld be more effi
cient and also applicable to more data. 

Fred H. Hull 

Harvard University 
Cambridge, Massachusetts 

1. Uideob color described by Demeree some ye/.?rs ago is 
probably due to one of the alleles of the R series. At least the gene 
responsible for it shows close linkage with Q on chromosome lO~ Color in 
the cob is associated vlith colored internodes in the stalk. 

2. In various strains of the Guarany corn of ParaguaY mid~cob 
color is frequently associated with a faint purple color on the pistillate 
glumes or bracts. The gene responsible for this color an allele of PI 
and shows linkage vIi th I on chromosome 6. In the presence of I2. the purple 
glurneco10r become::; very intense and is also extended to the leaves and 
stalks. 'rhis new allele, or another in the series, seems also :in certain 
stocks to be responsible for the bf.tsal glume in the tassel. 

3. Most of our time and space this season was devoted to de
termini.ng on which chromosomes are located the multiple-factor segments 
which distinguish maize and teosinte. Relatively isogenic stocks, homo
zygous for one or more multiple-factor segments, were produced by crossing 
four varieties of teosinte with an inbred strain, backcrossing three times 
to the Same :inbred~ and selfing. These were then crossed to a nine-gene 
linkage tester o,nd backcrossed tOll second n:Lne-gene tester. The ears in 
these populations were then olassified vJith respect to presence or absence 
of the multiple-factor segments from teosinte. Such classification13 are 
far from completely' accurate, because the effect of the segments vary with 
the influence of several genes in the tester stock, especially 1 and g. 
Linkllges can be detected, hov78ver, even when the classification is purely 
arbitrary, although exact crossing-over percentages cannot be determined 
from these particular studies. The results of these tests are shovvu in 
the accompanying table. Analys of the data was greatlY simplified by 
the use of McBee punched cards which can be sorted with a simple, inex
pensive tumbler. 
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Table I~ Summary of linkage relations of the multiple .... factor 

segments derived from four varieties of teosinte 

Variety Number 
of i,lf 

teosinte segments 

Florida 1 

" 1 

" 1 
II 1 
" 2 
II 2 

" 2 
II 2 
Summar:Jr 12 

Durango 1+ 

" It 

" 2 
II 3 
Summary 7 

New 1 
" 11-
" 2 
II 2 -

Summary 6 

Nobogame 1 

" 1 
II 2 
II 2 
Summary 6 

Linkage with chromosome number -......,....,.. 
1 2 2 ~ 6 1 ~ 2 10 

+ 
+ 

+ 
+ 

+..., + 
+ + 

I 1-

+ + 

I 
+ 

+ 

I 
I 

I 

I 

+ + 

I + 
+ 

+ 

1-

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+" + 

+ 

... .., 
I 

+ 

+ 

I I 

I .... 
...,. I 

I I 

I 

I 

~-"'----~'-------'--"'-------"--"-------'--

Grand Summary 31 + + + I + 

+ ::: Linkage 
I ::: Indication of linkage 
- - Independent inheritance 

Total 
number 

chromosomes 
tested 

1134 
1530 
1575 
1512 
1512 

828 
1386 

675 
10152 

567 
756 

1305 
11.94 
4122 

1539 
855 

1575 
1440 --5409 

1359 
765 

1521 
1602 

5247 

24930 
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The important fact gained from this ;3tudy is that the multiple
factor segments whieh distinguish maize and teosinte are located on 
cf.romosomes 1, J, 4, and 9 in FloriCa and Durango teosintes. In Nobogame 
teosinte which had previously been shown to carry onl;r three major s 
lllCnts, chromosomes 3, IH and 9 are involved. In "Newil teosinte chromo
somes 3, 4, 9, and possibly 7 are involved. '1'he remaining chromosomes ap
pear to carry none of the major multiple-factor segments which disUnguish 
maize and teosinte. They are probably not lacking in genes which effect 
the various characters which distinguish the two species but these are 
either modifler~j Qr segments too srnall to be detected by the methods fol
lowed in this experiment Which depend wholly upon dominant or partially 
dOlldnant effects. 

It should be noted that chromosome 6 was not represented in the 
nine-gene linkage tester. Previous studies on crosses of Florida teosinte 
with a stock including bml on this chromosome gave no indication that it 
is involved the four major segments. 

The exact locat1.on of these segments and their length is yet to 
be determined. The segment on ehromosomo 1 shows very vleak linkage with 
sn~ and sinc(~ pr0vious experiments with Florida teosinte had shown one of 
the segments to be strongly linked vlith f at the opposHe ena. H is prob
v.ble that this segment involves Fart of the short arm of chromosome 1. 
There is some crossing over within the s(:3gment. 

The segment on chromosOIno :3 shows 25-30 per cl.mt of crossing 
over wHh A. This segment usually transndtted intact. Crossing over, 

it occurs at 0.11, is not readily detectable. 

'rhe segment on chromosome 4 includes tho Su locus. There is 
consiG.Grnblo cross~ne ovor (about 30 pOI' cont) vIi thin thE'; segment. 

9, or 
l!oth:tng is known (.'.bout tho position of the segment on chromosome 
D.mount of crossing ovor which occurs within it. 

The effocts of' the different segments are alike but not identi
co.l. All reduce the size of tho seeds, and the diameter of tho ear. All 
of them increase the prominenco of the glumos and the number of ears pro-
c1uceG. on a s plant. At lGB.at two of these segments contribute very 
noticeably toward the reduction of numb~r of rovJS of' grain. In another 
exp~riment single segmonk; 'licro firDt rendered heterozygous bJr crossing 
with the original inbrc,cl strain, nnd the hybrid VlUS then crossed vlith a 
second inbrcG. to produco a vigorous anel uniform Fl in which approximately 
half of thE. plantB were heterozygous for the segment. Er..I's from plants 
heterozygous for the segments averago tvlO rows of less than those 
I/hich lacked the segments. 

Tht, sogments have no discernible effect upon the pairing of 
spikelets or response:) to l,mgth of day. It is probable that they carry 
genes affoctir'g these characteristics but that threshold lind tations. pre
vent single spikes from appearing at these levels. 

The corresponding segments derIved from different varieties of 
teosinte are simHIlI' in the nature and rnaf;rdtudt1 of their effects t In 
each c~"se the segment on chrornc;:,w1.] 1+ the most "potent." In each case 
this segment oxhibits crossing over within the segment. Furthermore, 
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a stock derived from Florida teosinte and homozygous for the segment on 
chromosome 4 almost identical with a corresponding stock derived. from 
Nobogame teosinte. Differences in teosinte varieties are attributable to: 
(1) Differences in the number of major segments; (2) the genetic nature 
of the maize varieties into which they have become incorporated.; and (3) 
the probable presence of additional smaller segments or modifying factors. 

We have some evidence that a single segment in heterozygous 
concli tlon can increase yields appreciably, the extent to which this hap
pens dependj.ng part at least upon the kind of germ PJP.sm with which it 
is combined.. Ey'orids involving some inbred strains are noticeably im
proved when sm&ll amounts of teosinte germp1asrn are included. 

It has so far been impossible to detect these segments cyto~ 
logically. Stocks heterozygous for the segment on chromosome 4 occasion
ally exhibit a region of weak pairing on chromosome 4, but since similar 
regions are found on other chromosomes little significance can be at
tached to this. Apparently the segments are at least partly homologous 
to the corresponding regions of maize chromosomes so that there is no 
regular and distinct failure of pairing. 

The new data seem to establish beyond any reasonable doubt the 
hybrid nature of teosinte. At lea~t the varieties so far studied are 
notl'ling more than maize which has been contaminated by another species. 
The contaminatlon is not a random one but involves multiple-factor seg
ments of four, or in the case of Nobogame teosinte, three chromosomes. 
These foreign genes must have come either from Tripsacum, or from a "pure" 
variety of teosinte now ext:Lnctor yet to be discovered. 

P. C. Mangelsdorf 

(Ed. note: In correspondence Dr. r,langelsdorf has Vorritten, 
"I have an abundance of seeG.s of several nine-gene multiple 
testers and shall his glad to share it with anyone who wants 
some.") 

Kentucky Agricul turel ~~xperiment Station, Lexington, Kentucky 
and 

U. S. Dep[srtment of Agriculture, Beltsville, Maryland, eooperating 

"Scattergrain" white double crosses. 

In the fall of 1945 a number of farmers r fields of hybrid corn 
were reporteci in Kentucky, Tennessee and Indiana which failed to set 
seed properly. Ip several fields examined near Henderson, Kentucky, the 
seed set ranged from !;lS 10V:! as about 20 per cent to 85 per cent or better .. 
The diffiCulty received considerable local publicity and the hybrids 
concerned were locally designated fl;:! "scattergra:i.n" hybrids, The trouble 
was restricted-to white hybrids but the reports indicated that hybrids 
from sevt:;lral different seed. corn companir;as w(~re involved. Evidence 
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pointec~ to male sterility on a fielG-wide 806,18 as the cause of the poor 
seod set. The amount of sterility occurring in the S~'lIle hybrid varied 
from field to field and s(:;emeG. to be worse in bottom-land fields that were 
planted late. 

On the basis of tnformation obtained on the pedigrees of some 
of the offending hybrids, seed of a series of reciprocal single crosses 
VlaS collected or produced in the greenhouse during the winter of 1945-'46,. 
Observational pl&nt:i.ngs of these singles and several of the "scattergrain" 
double crosses were made at Lexington, Berea and Henderson, Kentucky, and 
at Beltsville, Maryland, in 1946. The data obtained do not permit a 
critical analysis of the cause of the sterility as, for some unexplained 
reason, the stel'ility occurred with a much lower frequency in the single 
crosses than in the double crosses. Sufficient data vlere obtained. on the 
sterility, however, to suggest the following as important contributory 
factors: . 

1. The sterility seems to occur only in crosses which have a 
cytorlasndc contribution from 33~16, an old inbred line 
dovelopoti in Indiana •. 

2. Sterility in the hybrids 1:'.180 is influenced by contribl~tions 
from the male parent. The substitution of only one line 
in tho male parentage of one of the II scattergrainll double 
crosses"completely eliminated the sterility in the re
sulting double cross, 

3. The expression of the sterility is very subj;oct to environ~ 
mental influence. 

Merle T. Jenkins 

L. M. Josephson 

Missouri Botanical Garden, St. Louis, Missouri, and 
Pioneor Hi-Bred Corn Company, Johnston, Iowa 

Inflorescc!lCG structure and row number. 

Two B.bnormali ties have previously been described whioh affect 
rov; number in maize, each in its OVln particular way. (1) Multiplication, 
recently described by CutlE~r, produces two spikelets whElre normally there 
would be ono. In its lowest expression it is responsible for the occa~ 
sional kernel squeezed in betvleen the regular rows of northern eight- and 
ten-rowed flints. In its most extreme development it produces the crowded 
and a?parcntl~' rowloss ears commonly seen in pEtrts of Central a.nd South 
America. (2) Condensation (Anderson, Ann. Mo. Bot. Gard.) is a telesco~ 
ping of successive internodes a.nd is most (~asily analyzed in the tassel. 
In its 8xtreln6 form it p:roduces an 8lirtical or flattened, more or less 
fasciated ear. 1+1 its less extrome expressions it is res}lons;ible for most 
row numbers of 16 or above. 
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While these phenomena are not unknown in other grasses, as has 
been demonstrated by Cutler, they are both of them of f1. more or less 
teratological nature and it seemed probable that a study of the inflores
cence structure in varieties of maize which have neither condensation nor 
multiplication might be illum::nating. A ;3pecial effort has been made to 
study such strains and, as anticipated, the structure of their inflores
cences (tassels and ears) is much simpler than in other kinds of corn. 
Farticulurly as it concerns the central spike of the tassel, it does not 
seem to have been previously described. It is not spiral but whorled. 
There are two extreme types, those with whorls of two and those with 
whorls of three. 

Old-fashioned eight-rowed flint corns are an example of one 
extreme. Their central spikes are in whorls of two pairs of spikelets, 
eaoh whorl bearing "its spikelets at right angles to the whorls immediately 
above or immediately below. The uppermost tassel branche;s are also clear
ly in vlhorls of two~ The ather extreme type is found in certain persist
ently 12- and l4-rowed strains of corn from South Americe. and the South
Vlest. They have a structure slmilar to the eight-rowed flints but the 
central spike has whorls of three pairs of spikelets and the upper portion 
of the tassel has whorls of three branches. In the Great Plains there are 
varieties with from 10 to 14 rOVlS. When they are vlithout condensation 
they show various mixtures of two-vlhorled and thr~e-Vlhorled. 

The apparent spiraling of the central spike is due to the 
regular alternation of two pattorns of spikelet position from node to 
node. In the eight-rowed flints, for instance, if the spikelets are on 
the nortq and south sides at one node they are on the east and we~t at 
the next, then the north and south again, and so on. In the 12-rowed 
corns there is a similar a.lternation from poaHions A, C, E, to positions 
B, p, F, and then baok again to oA, C, E, producing a six-ranked spike. 
Since each spikelet pair on the ear produces two kernels of corn the ear
equivalent of a. four~ranked spike will be an eight-rowed ear; for a. six
ranked sp!~e it will be a 12-rowed ear. The structt~e of the tassel in 
these eight- and 12-rowQd ra.ces is almost transparently simple. The 
addition of a little condensation or multiplication, hOVl~ver, produces 
an organ so difficult to analyze that until these less complicated types 
had been stUdied the basic whorling.was pretty completely concealed. 

These observations allow us to put forward a series of hypoth
eses as to the various processes affecting row number in North ~erican 
corn.. They have o.lreo.dy been tested genetically in part; furtber experi
ments are under way. The hypotheses are as follows: 

There nre at least four quite different characters which 
affect row number in maize. Each operates a different lever so to speak. 
(1) Mai2le is fundamentally· either in whorls of two branches or whorls of 
three, or in various mixtures between these two extremes. There are in
dications that the genetic differences between the two-whorled and the 
three--whorled are multiple factorial. 

In North A,merica this basically simple diffE1rt;UCe is complicated 
by the nlmost unive:r.'s,al preSence of (2) Oondensation. Preliminary genetic 
results suggost that this may be a single recessive gene, with a number 
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(.3) ~lultiplico.tion is I1lso nn importtmt fector in differences in rov; 
number. Nothing is yet known about its inheritnnce but various states 
of the phenomenon ere known fro41 very slight to very extreme. Except in 
t'm occasional inbrec. it is of little consequence north of Mexico. In 
[',ddi tion to' the above precesses, row nur.iper cnn also be affected by the 
d.ovelopment or Incl~ of development of the second floret [',8 in Country 
GentlGJl1.Hll sweet corn and in various strains from South Ar.,erica. 

Thee3e hypotheses cen 10.11 be tested by orthodox genetic methods 
ns sO'on as there [\1'0 8,vaila,ble multiple m~trker stocks which exhibit 
extreme ve.luE;s for the above pl:wnornont'., viz., cond.ensation vs. non
condensrtion, th1'8e-V1horl vs. two,...whorl, multiplication vs. no I'm 1 tipli
c(:"tion, 

Edgar Anderson 

PiO'neer Le.bornt-ory, Pioneer Hi-Bred. Corn Company 
Johnston t lowt:+ 

Among 80 dent corn inbreds of comr,18rcial importance, 
chromosome knob numbers range from 2 to $ with OJ. frequency distribution 
f:'.S follows. 
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ThE.1 nodal knob l11.1.Llber is 4 with 3 ena 5 as the two next most 
frequent classes. Knob number is strongly associated vlith at least two 
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morphologicc,l chl.'racters - nur-100I' of rows of kernels I:~Fd development of 
husk leaf blades (flag lec.ves). As knob numbers deCl'GLSe, row numbers 
decrease and flag lEwyes become uort! p:t'onounced. It 1.8 nSSUI:led th~.t lov, 
knob numbers, low i'Ow numbers and long flng leav8s vwre lntroduced into 
Corn BEJlt dent corn frOl:l Northern 1'1int varieties. It is interesting and 
perhaps significant that these cht,rncters are so strongly linked th11t Elven 
after a century of breeding they still remain together in dent corn inbreds., 

Although exceptions hEye been obsnrved, there is c.180 an over,..,. 
all correlation between high knob number and shupe of ear. For example ~ 
those inbreds which i!.lpproc:ch MexiGan Pyramicln1 in eftr shape usually fr,ll 
into the higher chromosome knob groups. 

New nlJ.oles of 

WilHam L. Brown 

Princeton Univqrsi ty 
PrinQeton, nevi ,Tersey 

The ['.11elos Ab [,n(~ fP, originn.ting from Ecuc.dor and Peru, 
respectively, Clr8 &ssocic,ted ':Ii th br01:m, !:.-determinoc., perict'.rp color 
(Eraerson nne; Anderson, GeneUcs 17:503-509. 1932). poth c:.Heles [:1'0 

dominent to ! (North Americ[tn origin;, which is ['.ssociated with red p(')ri
carp color. ScvGra1 r:lutcnts hnving interaedic:.te plClut color effects end 
,'3,rising spontaneously from Ab have [" broVlU pericarp effect which likewlse 
is c.o[ainc,p.t to the reel of ,!-(Strcdler, News Letter 17:20-21. 1943)~ The 
d~vergent nction of the b t.lleles of North fend Soutl+ t.mericl1n origin is 
reve&led' further in e series of dosage and dominanqe studh)s conducted by 
the ~mthor (Microfilm AbstrD.cts 7: No.1) and is being investigated fur..,. 
ther using exotic material collected from isolatc)d regions of Peru and 
kindly supplied by the Pioncer Hi-Breci Corn CQf;lpany, Johnston, Iowa! Some 
resll:lts of the preliminary work are reported here. 

1. Domine.nce effects of' Peruvi['cn ~lleles cssocinteo with full 
purple~deurone co~.or (A-p). S.81:.11 progenies fro~ individual, open,
Iollinc.ted, Ieruvian 811rs Were r11:mteo. ct ColuLlbia, Missouri, in 1945 
['.no crosses 17ere ninde on L..[', and. on J~-:-. The progenies of the it crosses 
Vii th those Peruvtp.l1 pl.r.:nt'S-:;lhich wore shmm to be homozygous for alleles 
c.eterr,llning full-purple 41eurone color ,;ero plnnted nt Ames, Iowa, in 1946. 
Since the k-::_ plfcnts in the 1945 cros ses :':ore eitht:r fJ. or I'-E., two kinds 
of prosenies V1E;re expected; (esigneting the l::-f ~:.lleles cnrried by [',ny 
ine.::'vic.ual PE;)ruvinn plnnt QS b,-TJ. [~nd d,-P2 these progenies were expected 
to contc.in plenta of tho follm"ling gem;tic constitutions! 

Gross (1945) TypHS in progeny (1946) 

Both typel:l of progr,::;n:iT ~fford G test of tl').e domine.ncEl effects of the 
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Peruvian clle18s, the first in compounds with tbe A hllele und the second 
in hetEJrozygotes I':i th both the 1. and .£ [;11e188. Crosses were made on 
indi vidw:..l plents wi thin progenies using £:.f.. D~ Dt plcmts clS c .. pollen 
source. Progeqy type 'IrE,S thus distinguished by the presence or abs6nce 
of dots and this W/3,S 8.180 the bc.sis for distinguishing Y!-P from !};,;/!...,.p 
Flants nithin progenies of the second type. Seven such progenir;::s repre
senting the test of A-I) alleles of sep<::rate origins in Peru were classi
f::.uQ- for rericarp col-or; the D.vnilable date. are sur:ll:1arized in the fbllow.
iug tables. 

117 

119 

120 

Cross 
--~ 

I I r 
,~~ X .£:...,F IA-P 

S::T.e 
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red brovrn --, 
~. 7 

9 Ii .. 

20 0 

-,--~ ~--.----- .• ---.-~--.---. 
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-.----~-.- ---

118 iVs:- x Ih-p/b-p 3 4 

122 Sc.me 4 5 
123 Sm;te 0 :3 
124 SaLle 5 0 
~---~~ ... ~. 

-p 

broVln 
.......-.-.... _-

2 :3 

2 1 

0 3 

2 0 

In spite of the small numbers involved in these progenies it is 
obvious that the L.-P nlleles of isolated origin t,re not similar in their 
effects on peric1:.'.rp color. Moreovor, in tbe ce.ses of fow of the Seven 
progenies (all excepting fnmilies 120, 123, Qnd 124) the tvlO 1.-P alleles 
nssoci1:,t(;d in indi viduEl Peruvian plants show contrasted behn,vior. The 
data s'J.ggest that J::-P d.leles, so f£,r t:.s these progenies rE)present them, 
£l.re of two typos: One deterratning 1'86 pericerp color [md indistinguish
abl~" frOtl 1: .. ; the other deterLiining brOVlrl pericarp color and hr;iving em 
effect coupletely doninc.nt to thrt of!! There is no evidence for the 
existence of :::.n b....,P allele h~,ving a brown pc;ricarp effect which is re ... 
cessive to J .. , unless it be found that the progenies of the red pericarp 
t;rpes fatlilies 117, 119 [_n(~ 120 segreg,·.te oc,rs shov:ing brown pericc.rp 
color. 

2. Donincnce ",ffeets enc. rosponse to Dt tl.1:10ng leruvian 
l::lutants of the i.P GnQ .£ t:{pe. SO;1e of the Peruv}.c.n plc.nts which Vlore 
crossec. to 1::. tester in 1945 ",Jere not honozygous d:,-P; six of the test cross 
erTs, gnve 50: r~~tios for purple; colorless r.leurone nnd tno g~;.ve 50: 50 
retios for purplE; p,~18 c.10urone. In o["oh of these eight cnses some of 
the soeds hnving colorless or pe.le al~)1.lrone showeC dots. Since the tester 
parent lim.S .f.dt .£ldt HR. CC, DtDt 1n cansti tution, the pres(mce of these cots 
establishes rlitL certc,inty thnt tLe cQlorle?s [tng. pnle S8(')0,8 ere due to 
mutant c.llelos nl:, the ~ locus; if D. doraipnnt d:i.lution rector or [l reces .... ' 
sive fector other thc,n £. Yl8re respol1tlible for the dilution effoct(3 thE) 
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seeds Vlould be expected to be without dots. This apparently is the first 
report of the occurrence of recessivEl .£ in South l.ul€lrican materinl; since 
fivG of the six Peruvian plt.nts which were found to be heterozygous for 
.£ vlere of Septlrate origi.n this mutant probnbly is vJidely distributed in 
I'eruvio.n rrw.terlcl. It is likely that these types fdled to be recognizee:. 
earlier bocauso of the frequent occurrence in Peruvian materit~l of thE: 
recessive forns of the gepes Jl and Q, wh:i.ch cOI:1pleraont 1:. in pigment pro-' 
c.uctiOll l~nd because they may not have been studied in backgrounds provid
ing the Dt gene which is specific for .£. 

Tho edSon of the pale mutants (dE;signated aP..,P) vms studied 
further in progbnies providing the corabinations f.:P- p7!d and ~~PrP IA. In 
the cases of both pale mutants, the combinations with recessive a were 
invariably associated with brovJn pericarp color, u.s Vlere thos.e with fl. 
To t0st the reSDonse of tho a.P,....p alloles to the Dt gene, crosses were 
Ll!:'.de betm;on .sP:'p/.n and the testor .£dl !ddl Dt Dt{the .nd1 gene does not 
mutate under influence of ])t). Without exception, the pr.le seeds 
(.sf-I'/ildl , Dt) on ears from these crosses were vlithout dots, whereas 
colorless seeds (gJ.£dl, Dt) on the SE'.me ell!' were dotted~ Hence, both 
§:.p-p c.lleles are sj.rnilar to in their porice.rp color effects and re-
sponse to Qt, though thE;ly i:18Y differ frot;1 8tcch other and fror.1..Q;P in the 
matter of their determination of plnnt ,and nleurone pigmentat~.on~ 

Similar st~dies are in progress with the six ler~vian !:. mutants 
(de(:>ignated .Q.-F) • The Hr;t1 ted dr, te. which are ava;Uable at the tir.lO point 
to a divergence in type o~' tl.ction wi thin the .n-P group, as we;Ll as between 
members of th£'.t grO\lp and recessive !i- .lUI s;ix members are associated 
with brown pericarp color ~,~s d~ltE;rmined in heterozygotes with a. Dominanoo 
effects in compounds vith k. lwve been deterr;lined for only two O'r the six 
mutants but in both c[;ses there is c(Jmplete dominance over the red effect. 
of A. Thi;> is the first knowledge of nn a allele vlhich is assooiated with 
colorless aleurone and brown plant oolor,"""in which respects it is reces
sive to!, and yet shows complete domimmce to 1:. in its effect on peri
cr:.rp color. Of the four !:l~P mut['~nts tested for response to the Dt gene, 
ono proved to be dottcblo, the othor three being w:i.thout response. The 
two mutants mentionec. as ShOYling dominr.;nce to ! in pericnrp color effect 
do not respond to Dt. Except for the products of X~r[~y and ultraviolet 
treatment there are no PD.st reports of §:. l;!Utant~ which fail to respond to 
Qi; Rhoades (NOll'S Letter 15: 6. 1941) descrl.bes an E. mutant which is in~ 
distingu:i.shnble frau E. with the exoeption that it showS much reduced rer
sponse to Dt, but this allele, unlike the ~t-P alleles, is rece~sive to 
! in pericarp color effect. The Inck of response to J2.i reported here for 
three naturedly occurring £-F r:1Utants suggests that the failure to dot in 
the presence of Dt is not [J vc,lid cri.terion of deficic)l1cy at the A locus. 

The evidenc.e reviev18c:. here adds to 1:m c,lready oomplex picture 
of gene action ct this locus. Most signif:i.onnt, from this standpoint, is 
the evidence on the extreme anti;"orrhisr.l of' at 101:'st two of the .£,-P 
[~lle;Les. The antimorphic effects of certain of the A !Alleles have been 
rev:lE;lwed previously (Microfill.1 Abstracts 7; No.1). ThE; evidence is not 
in support of certidn hypothese;;:, notubly thOSe ~)f V/right and Stern, 
which have been advm.ced to expluin nntiriiorphic effect;:;. It is suggested 
that the antirnorphic behavior of the alleles of ! meW be explained on the 
basis of an hypothesis which holds a single genect::.pable of entering into 



h:o c1ifferetlt reactions. It is the purpose of .. fUrther investigation of 
the Peruvic.n [:1101e5 reported on above to provide c.dditional tests of 
this. hypothes is • 

J. R. Laughmm 

Texas Agrlcultura;L Experiment Station 
College Str,tion~ Texas 

For a few year's observations have indicated that teosinte has 
more tolerance to heat and drought and possibly more resistance to cer
tain diseases and insect damage than corn. Efforts to improve inbred 
lines of corn by modifying them with teosinte characters have progressed 
far enough to give a suggestion of the results to be expected. Various 
Texas lines were crossed with Florida teosinte, backc:rossec1 to corn from 
once to three times, and selfed eaoh generation afterwards. In the de
velopment of the modified lines, no effort was made to select by observa
tion among the segregate" available for use. Plants were selfed at ran.". 
dam, ancl only those plants or ears that were seriously affected with such 
abnormali ties as disease, insect d~l.mage, and sterility were later dis
carclec.. 

Tests of the desirability of the modified lines as compared to 
the original (unmodified) corn lines were of two kinds: (1) Tests of the 
lines themselves to compare their tolerance to art~.ficially applied heat; 
(2.) Yield tests of the vEi!'ious lines crossed to a common tester, conducted 
under field conditions. 

2". lieat.,..tolerance tests. The procedures followed in m.;l.king 
tests for tolera;~-eto heat~re based on those used fbI' several years at 
the Kansas Agricultural Experiment Station, although in some respects 
there are considerable differences between the Kansas methods and mine. 
Inbred plants of Tx$-J and of eight modifications of it were grown and 
given artificial heat treatments in an oven in six replications, each 
replication being, grown and treated at a different time. Glazed pots with 
top inside measurement of four inches Were used, The pots were selected 
for uni.formity. The soil used for the first five replications was a 
thorough mixture of sandy loam and compost. That uSE,d for the sixth was 
relatively homogeneous Houston Black Clay. 

In each replication, five pots of each line were planted, and 
an effort was madE) to have a final stand of two plants to the pot. This 
prOCedure usually resulted in 10 plants of each lin8 for each replication. 

The plants were givan the artificial heat treatment when 13 to 
15 days old. Tho oven used VIUS electric, automatically controlled, with 
forced ventilation. It was designed for other purpo;:;8s, and the fluctua
tion in the temperatures obtained lod to somo difficulties. However, 
after a few replications had been treated for practice, the method v:as 
foune:. to be usable~ 

Prior to each application of heat, the soil in the pots wa;:; 
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well-saturated with water. The pots Vlere randomizeCi in the oven and kept 
under heat treatment for eight hours at 55° C. After the treatment was 
complete, the plants v/ere kept ;in the greenhouse for 5 to 30 days without 
water while the readings of the results were taken. It was found most 
practicable to take the first reading about 24 hours after treatment, 
because the extent of the damage to the plants was more readily determ~ned 
after this lapse of time. The best metIlod found of recording the results 
was to tabulate the number of days that each plant lived after treatment. 
In most of the replications no plants VIere living 10 days after trel;itment~ 
and those whlch did live this long or longer were considered not to htwe 
been killed by the treatment. 

For the purpose of analyzing and studying the resu:lts, it was 
found desirable to assemble a.ll the data for each entry into a single 
score. In order to accomplish this objective, the combined number of days 
that all the plants of an entry lived after treatment Vias adopted as the 
score. Thus, in the fifth replicntion of modified line No.1, the 10 
plants lived the folloviing numbers of days: 3~ 6, 3, 20, 3, 17, 3, 3, 5, 
15. But,since a plant is not considered to have been killed by the heat 
treatment when it lived 10 days or longer, all numbers above 10 were 
reGuceCi to 10, and therefore the numbers actually added in order to get 
the score of this entry VIers 3, 6, 3, 10, 3, 10, 3, 3, 5, and 10. The 
score of this entry, therefore, is 56. The highest possible ,score is 100, 
and the lowest is zero. The score of each entry is shown in table I, the 
various lines being listed in Gescending order at their observed tolerance 
to heat: ' 

Table I. 

Replications 
Lines 1 2 .3 4 5 6 Average 

3 L.5 38 20 85 100 62 58.3 

9 32 26 30 100 96 60 57.3 

5 47 22 12 90 96 30 49.5 

6 28 22 16 71 100 59 49.3 

4 26 22 16 60 94 61 46.5 

Tx4R.,.3 36 18 10 50 87 42 40.5 

1 22 32 26 77 56 26 39.8 

2 18 \14 20 30 93 33 .34.7 

7 36 14 16 . 31~ 69 30 33.2 

--.-.-------,-.... ----~ ....... ......,...-.~~ 

For significance, .05 .,. 14.6 

S~nce the difference necessary for significance on the .05 
level is 14.6, the indic&.tion is that two of the lines modified with 
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teosinte characters are more tolerant to he[~t thlJ,n the originnl line 
Tx4It-.3. Whether tolernnce to ho!;,t gnd to drought are related phenomena, 
as reported by some investigators, has not been determineci in this study. 
Hovlever, the yield tests, to be discussed in the following pe,ragraphs, 
'I'jere copducted with that possibility in mind. 

2. Yield te~ts. One yield test was conducted each year frcr 
1943 to 1945 on hybrids involving the group of TxL~-.3 lines tested fo~' 
he!;lt toler£',pce, and several tests were conducted on certain other group':l. 
In all the yield tests, the uniform tester vms a single cross, comrnonl.y 
one I'lith \':hich the originlllinbred is combined when put into agricultural 
use. One or r;lore checlw wer always included. Except v/here the contrary 
is indicated, one check was the original inbred crossed with the uniform 
tester, ane: various hrbrids whose usual performance was knorm vvere often 
used IlS supplements. 

'l'he most satisfactory results of yield tests Here obtained with 
groups of lines other thnn Tx4R-3 and its modifications. Although results 
of the heat tests indicate that additional tolerence hns been introduced 
into Tx4R-J b;y crossing it vIi th teosinte, no field test has shown convinc
;ingly that the yielding [',bili ty of any of the modified Tx4R-J lines should 
be adjudged superior to thet of the original. Tests conducted C:uring 191,) 
and 19M> showe& only that some of tl).e modified lines were in the same 
class with the original Tx4R,.,.3 and that others were inferior. As would 
be eJ<;pected~ on,e or more modified lines gave aetue'.l yields greater than 
the original Tx4R-3 in each test conQucted, but in none of these instances 
was the difference significant. It should be pointeCt out, however, that 
tolerance to drought did not have a fair chance to manifest itself in 
terms of yield in any tE,st conducted on the 'l'x4R ... .3 group, In 1943 and 
1944 the yield tests were a failure, principally because of poor stands 
and accidental damage. In 1945 and 1946 there was no appreciable drought 
during the critical part of the seasc.m. 

JIilore interesting results of yield tests were obtained with a 
group of modified Tx127C lines. A small portion of the results of the two 
tests conducted in 1945 and 1946 is shovm in t&ble II. 

The 1945 tost of the Tx127C lines contained 36 entries and the 
1946 test contained 25 entries. Since the two tests did not contain the 
S8,me entries, but h[~d on1y certain ones in common, it is j.mprc'.ctj.c3.ble 
hore to combine all the results briefly in one table. However, the fol
lowing k,blo cloes include the highest-yielding ent;r-y [md one check in each 
tes.t. The IO'.''I8st-J'ielding entry tabulated here from the 1945 test stood 
l4th among the 36:1.n the test, and the lowest shovm from the 1946 test 
stood 16th among the 25 in the test. A blapk indioc.tes tho omission of 
the entry from the test. 



Table II. 

Averuge 
bu~ per acre 

Fec.igree* 194~ 1946 

42116-21-2 44.8 59.5 

42116-25-3 42 .. 6 

Tx. Hybrid No. 18 (Ck.) 40.8 

42116-15-2 39.4 

42116-27-1 38.2 

42116-28-5 :37 .0 

42116-28-4 45.6 

Txl2?C (Ck.) 

Differ'ence for 
significance, .05 7.26 9.75 

Difference for 
si~nific~nce, .01 1;2.06 

*The tester in er:wh instance vms Tx173D x Tx203 

r', -: ,., ' 

It ma:rbe observeC f'r6ni .. ·thesG results that some of tho Tx127C 
modifiec. lines, such us 42116-21--2 and £!-2116-15-2, show considert'lble 
promise. It is interesting that some of the,il gave improved yields during 
a season VThen there was no sarious drought or other hazard to vihich 
teosinte is known to be especially tolerant. Of course there are possi,..,. 
ble explanations. It seems fairly probable that the introduction of 
teosirlte germ plasl11 into Tx127C resu1 tf!d in modified lines with more 1'8,.... 

mote re1o.tionship to the tester. Remoteness of relationship botvreen the 
tVlO pcrents of ~~ cross is often believed to be an importt.nt factor af
fecting hybrid vigor. Another possible ex:plE:nntion is simply that uddi
Uonel "yield genes ll ho.V'8 been ecquired from teosinte. 

A few teoslnte-mod:Lfied lines of Txl,32l}. and Txl02A have been 
developed and tested, but the results to the prE)sent do not indicate 
appreciablo improvement in them. 

R. G. Reeves 
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A peir of genos influencing the intensit;;,r of yellow endosperm 
color was reported in the Maize NerlS Letter for January ;31, 1944. Segre
gations of 3 dark yello'll to 1 lemon yellow were obtained in selfed prog
erdes. The gene in question was closely linked wi th 0p1:~que-2 in chrome--
some 7. No symbol we.s suggested. The situation with regard to the genos 
for endosperm color is not entirely clear • Five genes have been nurnbcr()d 
and one or two additional genes apparently ure known. It is suggested 
that the pnir of genes discussed here be designated as 18 .:Es' 

During the past season data were obta~.ned on a three-point 
backcross test involving the cross + + + , • These data nre reported 

below: 
-c.!2 X8 ~5 

Parent~~l 
Recombinations 

combinations 1 Region 2 1 & 2 
.,--~ 

404 374 6 11 21 ' 23 o o 

778 17 44 o 

0.0 

-----_._--_ .. _-_. -----------
The gene order indicated is ~2 ~ 2.0% - L8 ~ 5. 

Mer le T. Jenkins 

Uni ted States Dept:,rtment of Agriculture 
end 

Cornell University, Ithf:ca, New York 

Nf;tural teosiY1~e-corl1 hybrids in Guat8m~. 

Teosinte occurs [(s n vle8d in corn fields over extended Eirens 
in the JutiE.pn - Progresso ..., Lake Het&na [cree, in sCluth central Gunter,laIn 
nnd in thE; San Antordo Huixta area in the northwestern part of the 
country. Botnnists viho have visi tf:d these areas, including We~~therwax, 
Kor.lpton and Popenoe, noted. the absence of hybrids in the fields where corn 
and teosinte were growing together and flovrer;ing at the same time. This 
ilaS surprising in View of the fact thEtt the two species were known to 
hybridize readily unc:er controlled condi tiona and their hybrids are fully 
fertne. 

The J'utiapa ..., j;lrogr9SS(,J ~ k.kEJ Retanr- ~re& was vi;sited in 
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Nov~mber, 1946, with Dr. 1. E. li!elhu.s, Director of the Iowa-Guatemala 
Tropical Research Center. A thorough search for natural hybrids was made 
in corn fields containing teosinte as a weed. extending for 40 kilometers 
along the highways in this area. No hybrids were discovered. Ext ens iv!';\ 
collections of corn and teosinte seed were made from these fields ana. it 
is planned to grow this seeel to determine whether natural crossing oc
curred d.uring the current season in fields observed to have corn and te,.l
sinte of the same stage of maturity growing in juxtaposition. 

Subsequently, Ulfj San Antonio Huixta region was visite6 
with Dr. George Semenuik. As a result of an extended search In this area 
q'proximatel:" 30 hybrid plants were discovered. Wi th very fev'{ exceptions 
all of these plants apparently VJere first generation hybrids having typiCBJ. 
four-rowed ears. One hybric: plant with eight-rowed ears and one \,-i th pre
dominantly tvo-rowed ears similar to the teosinte parent w.qre found.. Open
pollinated seed from these plants Vias harvested for a study of the progeny. 

Having been successful in obtaining hybr:tds between d.iploid anc 
tetraploid forms of corn and 1'...ripsac~ .9:.actao.:-tc1e~ native in the United 
States, the possIbility of obtaining similar hrbrJ.d.s involving corn and 
Tripsacum species which are native in Central America was investigated. 
Trips~ d.ac"!:y'lQ~ is not knm;"n to occur in Latln America. Of the 
various spedes which do occur there, all tlu;,t have been studieci hav8 
proved to be tetr~lploids Vii th approximately 72 chromosomes. 

Since very special conditions are required to obtain hybrids of 
diploid Tri)2saculll .s!:§£.~+otdes and diploi6 corn, the possibility seemed 
very remote that the ~~,rloid Tripsacum of Central Americe. would hybrid
ize with the diploid corns of that region. However, in developing an hy
pothesis of the origin of modern varieties of cultivated corn based on the 
assumption that teosinte resulteci from the hybridization of Tripsacum and 
corn and that the chromosome knobs and various other important characters 
of corn came from Tripsacum by way of teosinte, tangelsdorf rmd Reeves 
assurneG that natural hybridization of Trirsacum and corn did occur in 
Central America. Hypotheses are of little veluc unless they can be tested. 
Fortunately, a direct test, of this hypct)1E;sis, formul~,ted nearly 10 years 
ago, involvecl no spEcir.l difficulties. Tl'ipsacum and corn V18re found to 
be in flower D.t· Lhe same tim;:; in roadily LC0cssiblo areas in the neighbor
hood of Gunt':maln CJ ty and Antigua at altitudes of approximately 5, 000 
feet. Lore than 200 ear shoots of native corn plants from tlu'ee different 
fields \,!ere carefull::,; pol.U..nated with TriI'SaCUm rollen from plants col-
lected in tholr natural I:mbi tat in the same r In making pollinations 
by applying a mixture of Tripsacum und corn pollen directly to the baseD 
of the corn silks and in culturing the embryos of resulting aborted seeds, 
the same tf:Jchnique was usee. that previously had been successful at Ithaca 
in obtaining a considerable number of Tripsacum-corn hybrids. From three 
-to four weeks after pollination each ear was cerefully scrutinized for 
possible hybrid seed, the embryos of seeds Susp8cted of being hybrid were 
cultured in a sterile nutrient agar and flovJtl dtrectl{ to Ithaca where 
their chromosome n1.lmbe;t' W8.3 o.etermined from root..,tip counts. There were 
no hyorid seedlings, All had 20 chromosomes. 
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This test failed to confirm the assumption of·. Mangelsdorf and 
Reeves that in the recent past Tripsacum and corn hybrids occurred in 
v,estern Guatemala" subseque~tl-y designated by Mangelsdorf and Cameron as 
the secondary center of origin of cultivt.ted maize. However, it would be 
desirable to me,ke additional tests employing other species of Tripsacum 
which are found elsewhere in Clentral . .iunericf'. Also, a careful search 
should be made fordipl-oid Tripsacums throughout Cet;ttre,l America. 

L. F. Randolph 

University of Minnesota 
University Farm, St. f'aul, Binnesota 

Linkage data on several unlinked characters Vlere gathered and 
am:"lyzed by gradur .. te stUdents. 

1. The silley whioh tlTpeared in the F2 of a cross between two 
inbred lines segregc.ted in an F2 to give r, rc.tio of 15 normal : 1 8i and 
t,pproximately 3:1 in a backcross. 

Red. collar (b!:',se of tassel glumes) va. green segregated '): 7 in 
F2 in one of these cultures. Based on small numbers, s1 was· independent 
of' red collar, §!" and.ill§.. (this .llli! )'ms suppo~ed to be ::~s but did not show 
linkage \'lith sr, also the ears nero normal). Red collar vms also inde
pendent of this same .!!!Q. and §£.. This silky s~ows no li.nkage VIi th mSl. 

Backcross tests indicftted no linkage between Fl and red collar, 
a result differing from that reported previously (News Letter 18=16-17. 
1944 ~ PI vs. red collar':::: 6,6 per cent recombination). This difference 
is explainable if red collv,r is due to comr!lementary factors. 

Antonio Marino 

I. Z. Hasanain 

2. Woodworthts vp givGS no evidence of linkage with ms.}. To 
dett."rmine the order of I, po, and rns; 2111 very clos ely linked, X + l!lY'x 
pb+ plants VJerE) crossed .litn' y pb ms/+. One y + ms and or~e y pb ms were 
ootained, suggesting th~,t this is the order. or-the three genes. 

H. A. McLennan 

.3, One stock from X-ray treatment hfw 10 chromosome pairs and 
about +=!O per cent of pollen abortion. The sterility shows Hnkage vlith 
factors in ohromosome 2; 4.3.5~; with ~, 34.6% with ~, and 15.5% vdth Y..4'. 
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I/reliminary cytological E;lxamination reveals bridges vdth frngments, in
dicating an inversion is the pro'Oable cause of the sterility, and that 
the centromere is outside the inversion. The ears show normC'.l fert1.1i ty. 

w. A. Russell 

Lp A survey of the knob numbers (and where possible the pos:i.tions) 
ir1 20 inbroc~ lines used in the breeding program here is being made to 
determine possible rQlntionships with plant characters and with combining 
ability. The knob number varies from two to at least eight. 

M. V. Vachhani 

The dominant vlhite ccp (WC ) endosperm factor is linked vIi th 
brittle stalk (bk2) in chromosome 9, the backcross numbers being 135 yf +, 
67 ¥Lc bk, 65 YLc +, 143 EC bk, or 32.2 per cent recombination. With T 8-9a 
there was 30;:rper cent recombination (!Ic ,.,. T8-9a ;;:: 18:3:3:68:25)' Since 
tests reported previously indicated no li.nkage vlith 'i:c:xy (News Letter 18: 
16. 1944) the order appears to be - bkZ _. !Ic ; or Y!.J5... - T 8 ... 9a ...,... !c ~ 

A brovm midrib character which appeared in a sh ~ g!~O c1Jlture 
seems to be genetically different from the other three' brovm mioxibs, and 
therefore is bm4' 

Viviparous (vP5) is the same as Woodworth's vp El;3 shown by in
tercrosses. Tests are in progress to determine the linkage group to VJhich 
vP5 'Oolongs. This will also 10cElte ono of the factors for yellow endo
SI)'erm (unless !£5 itself' causes the color effect) ~ 

ProgreE§.,..in buHding largo rings (S80 NeVIS Letter 20:16. 1946). 

The different rings of six chromosomes produced D.S the first 
step in the program were bc,ckcrossed to normals; the progeny were grown 
and examinee: for pollen sterility. In each case, plants approximately 
75 per cent sterile were identifiod. These should be cc.rrying the cross
over which combines the two pl;.,rento.l translocc.tions in one gr..mete. Simi
larly, backcrosses of the Fl el 10 from 1-5-6~7 G 8 x (!) 4 V18r8 grovm. 
It is hoped that the selected Gers represent the de;:lired crossovers, but 
the sterHity classes were more difficult to distinguish by the "pocket 
microscope" method used in the field. 

ChromosQf,!o disjunction (So~ :N~lVIS I,F.)ttor 19::31. 1945). 

In lICente heterozygous for T 5-6c, the low percentage of cross
ing over with the chromosome 5 inversion in the translocated chromosome 
as compared with the amount observed with the inversion in the normal 
chromosome can now be explained without resorting to "position effect"~ 
When Dr. A. H. Sturtevant sav! the data, he suggestec that the cytological 
q.ntn on crossing ov~,r (percentage frequency of the crossover type or "half 
disjurlction" quartet) dio. not measure crossing over wittlin the inversion 
in both cases. When we Cirew the chromosomal diagr£i,ms (checked later) they, 
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showeG. that this was true. When the inversion is in the translocated 
chromosome, crossovers 1idthin the inversion do not give rise to the cyto
logically reoognj.zable "half-disjunction" qua:rtets; whereas when the in
version is in the normc.l chromosome these crOSsovers are recognizable in 
that manner. In the one case these quartets result only from crossing 
over between the translocation break (center of the cross) [lnd the new 
posi tion of thE; centromere, ccmsequently comparable to that in the stock 
heterozygQuS T 5-6c but homozygous for the inversion. 

c. }i. Burnham 

Linke.ge .data calculation (See News Letter 20:18. 1946). 

Fisher (Amer. Nat. 80:568-578. 1946) has presented a simple 
method of scoring linke.ge data by using maximum likelihood formul8f1 ~ To 
make it readily understood, Vie haVE; illu!3trated its applico.tion to F2 
and F3 data corm,lonly encountered ln plc.nt material (now ready to be sub
mitted for publication). The formulc.s" for the scores (remainders) of 
maxiLlum likelihood formulae when p :::. one half is substituted (50 per cent 
recombination), are: 

Souroe of date 
.----~ ...... --.... --;.--~ 

Backcross 

F3 from Ab F2 plants 

F 3 from aB F 2 plants 

F3 from AS F2 plants 

F3 from doubly hetero-
7.ygous F2 plants 

FormulHs for scores 
(0) at p~= one half * 

2 (n r b- c + d) 

4 (L _ b + c + d) 
.9 ;3 

4/3 (k - 2 j) 

li3 (rn - 2 1) 

4/9 (8e - f - g - h - i) 

4 (h - i) 

Information (;i.) per 
F2 plant or F3 line 

at p == one half 

4 

16/9 

32/9 

32/9 

128/81 

16 

* Suitable for repulsion J 

change signs for coupling. 

By substituting the observed values for a, b, c, d, e, etc., the score 
(c) for each source of data obtained. 

The total amount of information furnished by the data is ni, 
where .!l is the number of plants or of F] ~ines and i is the inf02mation 
per pl~nt or line,,: Fisher shows that c /1 is distributed as X. Each 
such c /1 value for each source of datr., having one degree of freedom, 
tests the significance of the deviation from 50 per cent recombination. 
Then 1/..2 = (8e)2/8. I. tests the deviation.fro .. Ll 50 per cent f~ .. the.po~led 
data vlith one degree of freedom~ The difference X2 :::; st"~t _ (Se) tests . : r \ 8I 

.'.' ~ 
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heterogeneity, the d.egrees of freedom being (N-l) where N is the number 
of sources of datL pooled. For this test a value of p sufficiE.:ntly close 
to the best estimute of .p. should be used. The ratio -Sc/S1 provides an 
estimate of the correction to be applied to p '" 0.5 to obtain the p vulue 
which best fits ull tho sources of duta. -- -

H. H. Krumer 

C. B.. BurnhCJJn 

Study and use of trisomies. 

1. The frequency of transmission of trisomies without root-tip 
chromosollle counts can be deterr:lined by crossing each trisomic with a homo
zygous translocation involving that chromosome. The trisomic Fl plants 
win show low pollen sterility (25-30 per cent) as compared with the 50 per 
cent shown by their p.iploid sibs. With experience the difference can be 
recognized easily even in the field with the lIpocket microscope". I have 
used it s[l.tisfuctorily for c:bromosome 6, using T 5-6u. 

2. It would also be desirable to r:mke the trisomic analysis 
usable by those not able to get chrolJlCJsome~ nUl:lbers counted. At present 
only plants trisomic for chromosomes 5 !md 7 are phenotypically disti.n~ 
guishable in most crosses, but not in all, 

Two tertiary trisomic stocks for each crhomosome might be estab
lished so that between them the entire chromosome in question would be 
represented in trisomic condition. If the piece of the attached non-homo
logue vlhich is also trisomic came f):'O['l chromosome 5 or .. 7 , it might serve 
to identify the desired tertiary trisomic plants. Since these tertiaries 
vv"Oulct 0.150 differ from primary trisomies by having apprOXinlc.tely 15 per 
cent of pollen abortion while the primaries would be normal, pollen exami
nation could be used as [~ suppler.1ent<.t.ry check if desired or if t~e pheno
types were not distinct. 

In pl'<:'.ce of the 10 prin10ry trisomics t 20 tertiEtry types would be 
used for C'. complete test of the 10 chromosorae or linkage groups. 

For example, the series might be established from 2n + 1 (No. 1 
chromosome trisomic) x T 1-5; 2n-j·+ 1 (No, 2 cht'omosome trisomic) x T 2-5, 
etc., selecting the trnnslocation in each case in which the break in 5 vms 
near the middle of the chromosorae, assuming n plant trisomic for nearly 
half of 5 vlOuld be' most likely to be phenoty:pically c.istinct. Two terti
[,ries vlOuld be estcblished for 8r,ch cross. A series with chromosoqte 7 
dso might be usable. 

C. R. Burnham 

Chromosome disJunction. 

In disoussing with many others the problem of getting lower 
sterility from lcrge ring(3, the possibilities of genic control were sug
gested. On this bo.sis, a planned see.rch for factors affecting chromosol:J.e 
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behavior E~t meiosis, sllch as chtmged chiaoma frequency or position, may 
be needed. Those stud;Y'ing inbreC:. lines for knob number night be on the 
lookout for such eff~ects at diakinesis anci. metaphase. SUQh stocks would 
be of interest for other problems also ~ 

Since such factors are likely to be recessives, it will be 
necess[J'y to study selfed lines froQ X-ray treatment rr.ther than the 
immediate plants obtained from the use of X-rayed pollen. I wish to 
.acknowledge the assistance ofR •. A,. McKennan, F. H. White, and K. Han60n t 

C. R. Burnham 

University of North Co.ro11na 
Raleigh, North Carolina 

Brink (1r934) has demonstrntec. that mni~e plants belonging to 
the nnthocytmin series of color types differ significantly in their aver
age production of grain. Comparison of the four anthocyanin types led to 
the conclusion that purple was much inferior to dilute i3un red, wpi;l.e di
lute purple and sun red exceeded dilute sun red in averagE; yield per plant. 
Subsequent unpublished results indicato that there is proQably no signifi
cant yield difference between sun red [-.nd dilute sun red. Two trials in 
successive sec.sons ~.n which dilute sun red (A .£ 121.) and triple recessive 
green C£.£ illJ were cOlapared, suggest tJ:H:~t diluto sun red has a signifi
ccmtly greeter yield. 

In 1938 and 1939 the wrlter conducted three adQitiorlnl experi,... 
llents 8,t Madison, Wisconsin, in an t-)ffort to clnrify the status of those 
color types which had given inconsistent results and in order to include 
the brown class (a BPI) vlhich had not occurred in earlier trials. A 
number of ears resultii'ig from the back;cross !1§:1 Bb PIpl x .§:.l.2:.l hb .21J2l 
WeN) obtained. Two experiments, the first including 12 backcross families 
in three randomized replications and the second, with 18 families in two 
replications, were grown in 1938. A third experiment (12 families, 3 
replications) was grown in 1939. The heterozygous A 11 PI plants used in 
backcrossing were not closely related to the ~ b & stock and the segre
gating progenies exhibited considerable hybrid vigor. Five-eighths of the 
residual heredity in each family vms derived fron cor;lr:lercial strains of 
yellow dent corn ndapted to Southern 1Iisconsin conditions. 

The plants Vlere classified D.S to color type and distinctively 
tagged. No atteI:lpt \'I[:.S iJ.nde to distinguish the .£ 1l £1 and.§:. .Q. II plants 
froll .£ .£ & ip the green clGss, The frequendes of each type within each 
rorl flora deternlned; the l;lature oars from each color group in a T0Vl Vlere 
harvested together. The st.mples were dried to a uniform r:lOisture content, 
sh~118d., and the shollec corn i'f6ighed to the nearest ounce~ 

The raE?an ~helled grain weights per plo.nt fur each plant color 
class in experiments I and III appear in to.ble I. 
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Table I. 

Mean grain weights per plant by color classes 

Phenotype 
Expori~t I (1938) 

N'o. plants Melln in Ibs. 

! ~ II (purpl 'jBt 674 

f.i .£ PI (dilute purple) 681 

! 13.. ill:. (sun ree.) 69/. 

ARBl (cilute sun red) 688 

~ !1. PI (brown)*i~ 698 

~ §. £1., a bPI, 
:£ li ill:. (green) 2002 

Total 5437 

."...-----, -----_.- ---~------

.307(6) 

.361(3 ) 

.355 (4) 

.372(1) 

.344(5 ) 

• .368(2) 

Experiment III (1939' 
No. p1nnts Mean in 100. 

600 

641 

686 

682 

602 

2000 

5211 

.282(6) 

.323(2) 

• .318(,,) 

• .331(1) 

.305(5 ) 

.319(.3 ) 

~~* Highly signific~mt differences bet,/een this ::.nd other classes. 

The analysis of variance for each uf these experiments reveals 
that the low yield of purple is highly significcmt in both cases and that 
brown with a significantly greater yield than purple is significantly be
low the yields of the remaining four classes. The relative standings of 
the six color types with reapect tu mean grain weight are indiceted by the 
numbers in pnrenthesis in t~~ble I. Dilute sun red haS the largest mean in 
each experiment" the value being significantly (p ;:; .01) greflter than the 
pooled mean of the green, dilute purple and sun red classes in each case .. 
In a combined annlysis of experiments I Qnd III tQe difference between 
dilute sun red an~ sun red is highly significant. 

The results from experiment II nre consistent with the other 
two experiments with respect to the purple and brown classes. The differ ... 
enoes are again highly significant. The mean of sun red is second highest 
in the experimont instancof fourth US in I Qnd III. This high value for 
sun red in experiment II is subj f,et to question, nowever t for when the 
analysis is be.sec upon kernels per ear instead of kernels per plllnt, sun 
red is fourth highest rlhile the relative standings of the other nre but 
slightly changed. In this experiment, nlso~ sun red contributes dispro.
portionately to tho vc.rie.nce, The error term is lnrger than in the other 
expf~riments making it impossible to pool the results of experiment 1I with 
the others. A summary of' exporiment II nnd the total frequencies oft Gechd~olor 
type Cl'e presented In table II, 
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Tabl0 II. 

f,.1ec.n grain vmights por plant by color clnsses 

Experiment 
Phenotype No. plants 

II (19.38) 
Mean in lbs. 

Total plants 
I + II + III 

--~-

{purple)1H! 

!.1?. PI (dilute purple) 

! 11.rl (sun red) 

! £ n1 (dilute sun red) 

Total 

806 .320( 6) 

$03 .:370(J ) 

884 .376(2) 

920 .379(1) 

848 • .345(5) 

2555 .367(4) 

6816 

H Highly significant differences between this and other clf.J.sSE)s. 

2080 

2125 

2264 

2290 

2148 

6558 

A chi-squaro test for the correspondence of the observed fre
quencies of plants in each color class to the expected l:Ll:l:+':,3 back
cross ratl.o reveD-ls thLt the frequencies srlcwll in teble II have a prob
ability of .01. The largest deviations occur in the purple class wM.ch 

smaller than expected [.nd t~18 dilute SlEl red clasH 1,;Thich i;:3 larger than 
expected.. Since these aI'G the classes nhich he.ve the lowr::Jst and highest 
mean grain weights, respectively, it thr:.t the S2.r:1e genotypes which 
influenca kernel 'weights alse; infIutmce viability. Rel&tively nega-
tive deviations also occur in dilute purl,le anc:t brown, while the sun red 
frequency exceeds the exrected. See::1S probable that thE~ dominant 

has an adverse effect upon vbbility 

F lants v1i th the purple phenotYPG cc:.rry the three donin:::.nt genes 
! ~ PI and o.re much less productive than those plante: i:·. vir,ich one ur more 
of these dominant fn,ctors is not preflont, The brejvm wLich have the 
genes!}. and are at a sL.lilar but less mDxkoa disad'ltlntage The 
nant genes were always present in heter0zygcJus ccmdL tion. the pres-
ence of a single gene A is the only lmovm condHi0n which differentiates 
the purple from the brown type within a given f~:U:lny, it appeDrs likely 
that this gene acting in c':mjunction vii th and PI resu2.ts in a decreased 
storage of starch in the kern8ls. In contn .. st it is :ound thd dilute 
purple, dilute sun red, sun red, and green, have higher mean grain 
weights than brown. In the three anthocyanin or classes A is present, 
but :£' :el, or b 121. ere homozygous. The heterogeneous green class includes 
comb;inations of .£ with J?~ II or both in h<:lmozygous condition. Therefore, 
it may be concluded thBt the & n gene interv.ction is effective reducing 
the me un weight of grain per plant, presumably by affecting starch storage 
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¢luring development. The gene, A for anthocyanin pigment, in combination 
with ~ Pl increases the effect7 

The relatively higher yield of dilute sun red in all three ex
periments is noteworthy because this is the genotype which is virtually 
universal among North American varieties of dent corn. While the eviGence 
is hardly adequate to demonstrate that this genotype is always superior in 
grain yielding potentiality, the fact that! h& yielc.isare probably 
significantly greater than those of A ~& is suggestive. In sun red as 
in purple and brown the development of deeply pigmented tissues must im
mobilize considerable quant?-ties of carbohydrate which might otherwise be 
stored in the seeds. 

The possibility that the results repartee. are actually caused by 
other genes, rather closely linked to the three segregating color genes 
cannot be entirely rejected on the experimental evidence now available. 
The foregoing conclusions are .; based upon a rather homogeneous sample of 
residual heredity tested in a single locality. Until further evidence is 
available on the f)oint, however, it would be inadvisable to introduce 12. 
and PI as markers in dilute sun red corr:mercial breeding stocks. 

Ben yr. Smi th 

University of S. Paulo 
"Luiz de Queh~ozl! School of .AGJ:~Lcl'l tl.U:''3 

Pirucl.ab~, ~. Paulo, br~~i~ 

1. Breeding ..Erogra~. 

Brazil may :c.vt ; ret, be :"f3;'[~V':'\."" ":.'J,; gt>-scale i::,"r ,yl.l1:~",ion of 
hybrid corn and prema.tlJ.r~' Y'iJ.f~spreiJ.d nee lead to a lese' )f valuable 
genetical a.nd breeding mate;oial in J.;l.=, !.l'.u,~erous local popniCl.:/inns. In 
view of these consideratior.s; I he,va tr i-':ld since 19.37 the L'11owing pro
gram of establishing homogeneo:ls e elf -fr :>ptlgating popub.t:1.:.u;s. 

(a) Selection of the mE"::'.,;, i,,\j -~r;-1ich inc';) I:'~' :"1>J s~, of 
plants of local populatio:~8 or ,1ybrj c0JLninp; d'21~f ::; c;,'"e] :::V~I''';I"i.J. 

(b) Selflng during thr8(:;:'0 fJr:r ge(hY;::O[ ".r,d '-:.1:J.:T::.1[,tJ.uc; of all 
pedigree lines which cont1'1in under sirable, (·}WTllct.;:;: :.' , 

(c) Sib and between-line crosses dil:J rt5 about t b"-(~: C3D.( ra'tinn,g; 
\3electing the most vigorous comblnations, elaJdnet-.i:! r'T i-,,.:Cric showing 
undesirable chcracters; and maintaininr B.! 1 'umqj 'f, .,t{,. -'1 9tf;:1 'J (pedigree). 

(d) Thus, the final stage is reached 
generations and ell the selected families 
which is maintaineC'. by open pollir.:'.ti0ri 
stock seeds. 

ai",€,!' ab01;t f'81f'Cl ::0 eight 
are unitee into one popuJation 
~:i.~d 31.rnpl~:: mnss· .selec·tlon .fnr 
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Final results have been obtained by this method in establishing 
new sweet corn varieties: Piracicapa white P678, P18, orange P9, etc. 
Satisfactory, though only preliminary results have been obtained also with 
hard orange fUnt (cateto) and w:i.th yellow dent. After having essentially 
solved the question of proC:ucing sweet corn for our climate, we are now 
concentrating on the hard orange flints. 

The theoretical basis of the process "controlled pollin,,'\: ','f.J:
pedigre(~-breedingn is easily explained. It consists in producing a ,;')o]')u
lation essentially homozygous for all desired characters ~ such £,s 
color and texture, ear size and form, plant height and relative po::li tion 
of ear (slightly above the middle of the plant); and heterozygous for tho 
mcdn factors giving vigor. That such acombinaticin of homozygosis and 
heterozygosis is possible, vms proved in indigenous corn vlhich is on the 
one side vory homogeneous for many seed and plant charecters, but [;,t the 
same time extremJ:;.1ysusceptible to close inbreeding. 

In Piracicaba sweet corn which is a now synthetic vcriety we 
have started the routinc,) work of selfing in order to produce ultimctely 
hybrid seeds. 

The following results were obtained in an analysE,s of a few of 
our varieties. The analyse s were carried out by the chemists of the 
"Refinacoes de Milho Brazil, S.A." in Sao Paulo. 

Hard Flint Dent 

Cateto Catoto Dente Dente 
P-I04 P-1l4 P-lll P-l13 

Water (Umidade) % 12.81 12.93 13.45 13.61 
Irotein (Proteine.)·' % 10.33 8.58 3.84 8.84 
Oil (Oleo) % 4.20 4.21 3.92 4.52 
Sugar (Acucar) % 0.60 0.68 0.83 0.79 
Dextrin (Dextrina) % 1.58 1.45 2.00 1.80 
Starch (Amido) % 66.98 68.60 67:n 66.89 
Fiber (Fibre.) if, 2.15 2.25 l~95 2.15 I~ 

Ash (Cinza ) % 1.35 1.30 1.30 1.40 
Total d /0 100.00 100.00 100.00 100,00 

Sweet Corn Piracicnbn 

White Orange Horticul ture 

Umidade ll.48 11.63 11.95 
Proteina 11.21 12.61 11.56 
Oleo 7.61 6.74 7.99 
Acucnr 3.86 3.53 3.21 
Dextrina 22.36 22.78 23.63 
Amido 38.)8 38.01 36.15 
Fibra 3~10 2.80 3.25 
Cinza 2.00 1.90 2.25 

Total 100.00 100.00 100.00 
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Not.~: The three samples of sweet corn contain about five to six por cent 
of soluble starch, incluc:ed in the total starch content. 

The analyses '{lore curried according to "Food Inspection c.nd 
Analysis" by Albert E. Leach, S.B. Fourth, 4th edition, p. ,304, 

There is evidently a very pronounced va.rit,tio1J. in oiJ an":.: 
protein content. Piracicaba eVleet co:tln conteiY1S tV.?icp :.tG r!111C7~ (;j {[-"(.,",rer1 
per cent) as the flints and dents. T'l8 protein contsat :s .:.J::;(; Ci.t.\.-'· 
high; 12 per cent of total weight 0[' 1.'3,5 .per cent of :l,.'Y.' :Jr .. ",";oet 
corn and 10 per cent in total weight or .:) pOI' cent. C'f;;:;1.~:~)t '.t: ,)ne 
of the hard flints. 

We hope to be able to cnrry out the analyse::' O~J v. 
this yee:r. 

A series of observations have shovm beyond a doubt that one type 
of yellow dent (Monte Oliropo P1ll) ls rele.tively less attacked by these 
insects. The studies ["rr:::' bein~ continued. 

The collection of linkage tests is now in the hands of 
Mr. Nelson Kobal, ir+ continuation of the work by Dr. Graner vlho has left 
our Department. Some new lines have been incorporated and others are 
being oonstructed. Vie hope to furnish next year a cOJllplete list of' our 
stocks. We exPect al~o to be able from now on to furnish limited nUJIlbers 
of segregr,ting ears for class work. 

5. Tunicate. 

The work on South American Tunicnte is practically concluded. 
There seems to be no essential difference, either genetically or in 
phenotypic variability, between pod corn from Sao Paulo, Minas Gerais or 
Bolivia. There cannot. be any doubt, as far as the seed formation in the 
tassel is concerned, that there :i.s no difference between homozygous and 
heterozygous pod corn. Thus, there should not exist any difficulty in 
maintaining homozygous pod corn through the seeds in the tassel, without 
the necessity of using in audition a tassel seed factor. 

6. Collection of indigeneous corn. 

The studies on 8.uthentic indigeneous corn are being continued 
and I hope to publish soon the first results, together with Dr. cutler. 
There seem/3 now to be little doubt that one may classify to some extent 
native corn in accordance with the grouping of the Indian tribes. The 
main bulk of our collection has been furniohed bytrj.bes of the Tupi
Guarany group. There is comparatively little difference between the types 
cultivated by the Emeremhon (north of the smouth of the A.mazon), the Cayabi 
end other tribes (North Mato-Grosso, almost in the mid6le of Brazil), the 
Poragnyans and the Chiriguanos (Northern ~gentin~). The predominant 
types are: Soft large-grained yellow (deurone color); semi-hard white; 
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orange, variegated or red pericarp with some tendency towards dent. There 
are two rather primitive types; the large ears with flexible rachis and 
half~submerged grains from northern Mato-Grosso (Caiabi and Bororo Indian~ 
and the small grnined pointed pop corns of the TupLIndians, which contain 
mnny ItTripsacoid ll characters. 

Both the corn cultivated by the Chavantes of Central Brazil and 
numerous types cultivated by the Cainguang of Parana in the South are 
completely different, without the predominance of yellow and orange types. 

No explanation has as yet been found with regards to :,he hard 
orange flints called in the Argentine and Urugaya IfColorn(lo'( ::;:' 

tlQunrantinoll, and in Sao Pe.ulo "Cateto tl • It may be extrar.tc;; },,:~':n ('TOSSes 
of soft yellow and pointed pop. 

The genetical analysis of the material is being contbued. In 
the color of red or purple (pr}m:J aleurone as contrasted to colo'·nlf;.<JS 7 

1ft least three factors are involved, one the dominant inhibitor .Qi_. There 
lS at leasi;. one dominant inhibitor of yellow endosperm in pointed pop, 
Flot~y has more often a polyfactorial basis, rather than the simple fl 
gene. rfaxy seems rather common. Nothing as yet cr.n be stated with 
certainty about the large number of plant, cob and glume colors. Rose or 
wood-colored husks are due to new alleles of the P-series. 

The Mendelian ratios in Paraguay corn are ull perfectly normal. 
In Bororo corn a gametophyte factor in the IX chromosome causes tL defi ... 
ciency or excess of recessives. 

7. Cytology and studies on sterility. 

The material from the margins of the Amazon River is charac
terized by a considerable sterility and we hope to decide this year whether 
it is simply phenotypic or ia a cytological complication. 

In several lines of indigenous corn the pollen is heteromorphic 
or dimorphic. 

In Cateto the frequency of different types of defective seed is 
remarkable. Nothing is known as yet about the frequency of B-chromosomes 
in this material, though we hope to get fuller information next year. . 

8. Origin of corn • 

. Since full accounts have been published no details need be given. 
Accepting the eastern foothills of the Andes from Peru-Acre down to the 
Chaco as the center of origin, there ~tre evidently two main centers of 
domestication; The Quechua group in the Andes and the Tupi-Guaranis in 
the plains. This yee:r new mated.al from outside these regions will be 
studied; material from Southern Brazil and, in the north, material from 
Colombia. 

9. Relations between corn and teosinte. 

Both comparative morphological and genetic studies convinced me 
that teosinte is an independent genus ,different from both Zea and Trirsacum. 
A full account is under publication. 
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The geneticnl analysis of Zea-Eucbla~ hybrids continues. The 
phenotype of the Fl and the segregation in the F!2 depend to a large extent 
upon the varieties used in the cross. Corn characters rre less dominant 
in the order: Piracicaba Sweet, Pl1ulista Pod, Paulista Pointed Pop; and 
teosinte characters are less dominnnt in the order: Mexican teosinte and 
Guatemala teosinte. 

In the F2 and subsequent generations many new combin£'.tions have 
appeared and I am trying to stabilize them; espec'ially intermeuiflte types 
and what may be called nevI teosinte Ilvexieties". Among the attempted com-
bim.~,tions one m~'.y be especi[',lly The combinc.t.L(ll1 of corn ear 
characters and the resistr.nce of tEwsinte against inbreeCLrtG. 

,The photo-thermo-periodici ty of Euchlaenn is J,'C:\ ther intero>::ting. 
Using earliness in flowering as a measure, Vie may est(.,blish generally the 
follov;ing order from the earliest to the latest; Mexican teosinte, Fl t 
Corn Fl , and Guatemala teosinte. However, in the very rainy summer of 
1945 and 1946 the order vw.s maintained with one exception. Mexican teo
sinte and all teosinte-like segregates in F2 or later generations became 
as late as Guatemala teosinte or later still, some not flowering at all; 
while the F 1 hybrids retained their rele,tive position as indicated in the 
sequence above. The corn-like segregates and intermediate forms be-
haved more or less like the Fl hybrids. 

The analysis of individual gene segregations is under way with 
the intention of determining the intensity of gametophyte and of zygote 
elimine.tion both of which are considerable. 

10. Publications. 

Since all of our papers have been published in Journals with a 
limited distribution, I am including a list as follows: 

Published papers. 

1938 - F. G. Brieger - Problemas de melhoramento do milho. Revista Agr. 
13:3 .... 18. 
-F. G. Brieger - Hi bridos de milho com referenda especial ii 
precociduc1e. Revtstc. Agr. 1):3-13. 

F. G. Brieger e E. A. Granor - Vari&0088 qur:.ntitat.ivas do milho 
"Santa Rose,". Revista Agr. 11.:3-2/ ... 

F. G. Brieger e E. A. Graner - Analise dn precocidade no milho. 
Revista Agr. 1~:3-17. 

1943 - F. G. Brieger - OrigoH1 do milho. Revista Agr. 18:409 .... 418. 
E. A. Graner - Endospermll cmarelo do Tltilho. Revistn Agr. 18:443-

445. 
19L~4 - F. G. Brieger - Estudos experimentais sabre a origem do milho. 

Anais Escola Sup. Agr. "Luiz de Queiroz tl • 1:226-278. 
E. A. Graner e G. O. Addison - Meiose era Tripsacum australe Cutler 

e Anderson (T.dactyloides subsp-hispielum Hitchcock). Anais Escola 
SUP<t Agr. "Luiz de Queiroz tl .1:2J,3 ... 224. 

1945 - F. G. Brieger .... Estudos geneticos sobre 0 milho tunicata. Anais 
Escola SuP. /!.gr. "Luiz de Queiroz ll • 2:211-238. 

, .' - • . - r,'" 1'1 ,. t.1, ~ ~ . ::.,: ~ t, ';\' ,'.}~ ~ ",<: r • ~ • 

:. 



F. G. Brieger - Competicao entre IIIegnsp<:>rios em MUho. Anc.is 
Escola Sup_ Agr. "Luiz de Queiroz Tl • 2:239-267. 

47. 

F. G. Brieger - Estudos sabre n inflorescencia de milho com 
referencia especial nos problemas filogeneticos. Bragantia. )) 
659 ... 716. 

H. C. Cutler ~ Espiguetns de dais gre.os no mUho. Anais da 
Escoln Sup. Agr. IfLuiz de Que:i:roz". ~_423-4.30. 

F. G. Brieger 

1. The al gene (l3) is seven units from 1El in chromosome 2. Its 
locus in relation to 19] and g12 is: 

El 19l g~2 
~~--'" "-. .... _.---.,-.-----" 

7 '. 19 

2. The !.x gene of Dr. ill. M. Brunson, white 
(NevIs Letters 18:2-3. 1944 and 20:23-2$. 
and is a new complementary to 11 and 1.J. 
gave the following results; 

seeds and elbino seedlings 
1946) is now called ~, 
Crosses with 11 and.I.3 

(c) 

Total 
Pedigree Classes Seeds 

~~~ings obtc~ned of 
(1946) Green Alb~<fn' (1..7) seedlings 

Yellow-orange 240 2.31 5 2.36 

11-l9@ { Lemon-yellovl 101 5 70 75 
(Bn) 

White 100 59 25 84 
... " .. ............,. 

Total 441 295 100 395 

(b) (Y y Y 'l Y y Y y'~nbn) 0 
-1-1-3 3-5-5-·7 _._-

Tote,l 
Fedigree Clllsses Seeds 

_..-Eeedli"pgs ob~.fdned of 
(1946) Green Al~l;)ent l.t~~~o seedlings 

.---. ---
Yellow-orange 210 192 2 4 198 

. (Yellow (I5) 59 0 51 1 52 

153-10 o ~ LeJllOm.,yelloVl(Bn) 75 1 0 69 70 

White 8 0 0 5 5 

Total 352 193 5.3 79 .325 



Neither croSs shoWs indepl.ldcpt, segregt\tion for lemon ... yellow seeds and 
albino seedlings., In some strains cmly th~ t:r.'iplex and duplex s~eds tor 
lemon-yGllowe~m be separated from tpe white onesnndif' this sbould be 
the case, the lemon-yellow seedl3 v(ould give about 50 ,per cent of gl'8{;,n 
and 50 per cent of albin(, seedlings' (3 gr~en : 4 a;tbi~o). The if. gene 
shoVfs linkage with the lemon-yellow clm.'ls. In cross (b) the YC:l1ow l3eeds 
(.¥.5) also show linkage with Y7' " 

E. A. Graner 

University 'ef W&shington 
Seattle, Washington 

1. Ca.talogue of A-B interchanget3. 

Ten interchanges between A-type and B.;..type chromosomes hEwe been 
obtained from pollen treated with X,..rays. In the list that follows" the 
II.':"'chrolllosome involved in each interchange is indicated by the numeral in 
the symbol designating the interchange~ The A-chromosome in one of the 
interchanges (TB-A?) is unknown and in linother (TB-8?) the identification 
of chromosome 8 is based on a few rather poor pachytene figures and may be 
incorrect. The letters Sand L refer to the short and long fti'm, respec
tively~ of the A~chromOll$;ome. The distancefrorn the centromere to the paint 
of breakage in the A-chromosome is given as the decimal fraction of the 
length of the arm in' which it occurred.,' 

Interchange 

TB-la~~ 

TB-lb 
TB-4a 
TB-6a 
TB-7s. 
TB-7b 
'fB-a? 
TB-9p. 
TB-9.1:1 
TB-A? 

Breakage Point in A-chromosome 

L .2-.3 
S .1: 
S _,2-

within nucleolar-organizing body 
L .9+ 
L .3 
L .J..,.A., 
L' .5' 
8 .4:t 

unknown 

*The interchange was originally thought to involve chromo
some 2 and was listed as T2-B in Maize News Letter 16: 1942. 

The points of breakf.tge in the B-type are 8.S follows: In TB-la, 
TB ... 4a, TB .... 7a, TB.,..7b, and TB-81 , they are at or near the junction of the 
euchro1l1atiC, and the distal heterochromatic regions." In the others, ex
cluq.ing TB":"A? for lack of evidence, the breaks are w'ell within the hetero
chromatic segment. 

2. Behavior of A-B interchanges., 

The genetic behavior of TB-la, TB..,.lb~ TB,...4&, TBr7b, and 'rB~9b 



h[~s be or;. invGstig['ctod in SOl:18 dcto.il, The results were essentir.~lly the 
smae for 0.11 five interch.~nges o.nd co.n be sur. .. ;;c,rizod as follows: The 
interchnnge chronosome BJ .. , which cC'.rries the centrOfJere Ilnd proxinCtl 
portion of the B-type rmd [t distr:l segment of ll.-chro!llc.tin, undergoes non
disjunction in the c.:.ivision of tho generr:,tive nuclous. The re'3ult is that 
the gfJaetes of a 13inglepollen grain are not (ilike. One is deficient for 
the BJ:. c,hronosofae; the other carries it e,s a duplic[\.tion. Both galJotes 
gre functional. 

When plants that are nornw.l are pollinated with pollen of this 
kind, two types of seeds are obtained: (1) One has a hyperploid (for BA) 
embryo and a deficient endosperm; (2) the other has a deficient embryo m.d 
presumably a hyperploid endosperm. If the normal plant used in this cross 
carries a recessive endosperm gone, the dominant of which is present on 
the BA chromosome, the deficient endosperra can be identified by the e.p
perxance of the recessive charncter. Thus, sugt:;ry kernels are obtained 
fron the cross, Norraal (su su) x TB-4a (Su Su). The hyperploid and defi
cient embryos have been identified by both cytological tlnd genetical 
nethods. 

The interchc.nge chror.l0some (AB) carrying the A-centror.lere shows 
regulnr beh1wior in the division of the genorE~tive nucleus. Both inter
chang-e chroaosomes are trnnsmitted in normal fcshion through the eggs. 

The rr.te of nen-disjunction, as estir:mtec1 from the results of 
crosses involving TB.,.,4a and TB-9b, is very 111gh, approaching 100 per cent. 
In other ",ords, the BA chromosome undergoes nC)n,.,.disjuncti~m in the divisim 
of ner.rly every generntive nucleus. It seens to be quite regular in be
havior in the 1:1Oiotic divisions and in other mitoses. 

3. Geneticlocc.tion of breakcge points. 

The locf.tion of tho roint of breckage in the A-chromosome of an 
A-B interchEmge r.1ay be deterninon genetic!'.lly if appropriate recessive 
testers are used. This has alrcE' ... dy been illustrated in the case of TB-4a, 
using the sugr.:ry gene ~ If the corresponding dominant allele is distal to 
the point of breakage (i,e., in the BA chror:lOsone), the deficient Fl prog-
eny will show the recessive character. If it is proxim&l to this point, 
the dominant ChI:J'E),cter v:i11 apr ear • The following table gives the results 
which he.ve been obtainec. for interchanges tested in this way. 

Interchr.nge 

TB-la 
TB.,..4~1 

TB-7b 
TB .... 9b 

4. Evid~e o( selective f8rtilization. 

Point of Bre[,kage 

Proximal to f 
Proximnl to ££ 
Between v,l) and ra 
Between ~ and ~ 

11, pollen grD.il1 in vrhich mitotic non-disjunction hl.:ts occurred 
has ono Gamete lacking a BA chror;lOsome e.nd [mother gar:lete carrying it in 
trw closos. In the double~fertj,lization prQCO;3S, either gnraete r:1D.y fertil
ipo tho egg; the other fuses with the polnr nuclei. If fertilization can 



50. 

occur in either direction at random, we would expect the two types of 
seeds described in Section 2 to be formod in equal m.mbers. The frequency 
of eHher type would not be expected to exceea 50 per cent of the total 
progeny, a value corresponding to a rEtte of non-disjunction of 100 per cent. 

In some of the crosses betvreen normgl fef-w.le p£\rents and nw.le 
parents homozygous for either TB-4a or TB-9b, the percentage of seeds with 
a deficient endosperm was far in excess of 50 per cent. In the crosses 
involving TB-9b, n c-tester stock, hor:lOzygoUS for sh e,nd wx as well, was 
us Bel , [,~ the seed pn.ren~. The. interchango chromosomes comprising TB-~b 
carrlea. the correspondlng domlnGnt D.lleles. Wx was present in the 9 
chromosome, Q D.nd Sh in the B9 chromosol:J.e. The Fl seeds with [m endosprT.1 
deficient for B9 V'ere colorless, shrunken, r.md starchy. 

It vms thought, at first, tl~at the excessive nu~ber of seeds rdth 
a doficient endosperm indicGted an outright loss of the B chromosome in 
SOr.le of the second microspore mitoses. Suppose that the BA cr..romosome lags 
in this division and is lost to bo1;.h ge.m€;tes. Each occurrsnce of this kind 
vlOuld produce not only a deficient endosperm but [~lso a deficient embryo in 
the so.r:le seed. This result could be distingu:i.shed rer,dily froD the result 
of qon-disjunction by [en exc.r:linc.tion of the plants obtained from these 
seeos. 

.h. cytologice.l examine.tion hD.s not yet been accomplished. A 
genetic test \vas possible in the crosses involving TB-9b, thruugh the us~ 
of scutelluLl color as an indicator of the presence of C (and therefore B ) 
in the embryo. The scutellum is colored when Q is present in addition to 
certain other factors, D.nd is colorless in its absence. SOfae of the 9,.
tester plants used in these crosses were hOI;lOZygOUS for the complementary 
fc.ctors. The Fl seeds with colorlessendusperlll were examined for soutellum 
color £,md the following results Vlere obt(;-.ined. 

Cross 

119-11 x 96~8(TB~9b) 
119-4 x 96-8 
119-3 x 96-23 

" ColorlesJL_en6.ospe~ 
Colored Colorless 

scutellum scutellum 

227 5 
95 1 

129 0 

Colored 
endosperm 

121 
52 
99 

% 
Colorless 
endosperm 

66 
66 
57 

It is evident fror.\ these data tlv,t the hypothesis of "outright 
loss" is untennble as nn explanation of the excessive frequency of color
less kernols. The colQ,ro;l scutellum in seeds wi th c~ colorless endosperr.l 
ShOVlS that :s9 is present in the embryo but absent in the endosperr.\. This 
Vlould be expected from r;1itotic non-disjunction. The six exceptlonal color
less 800GS may represent errors in clnssif'icr.tion since scutellum color 
v[c.ried in intensity and WE'.S fEdnt in some embryos ~ It is &180 possible 
thD,t they are due to heterofertili~f'.tion. The F 1 seeds will be grovIll this 
sumIJIer for Q further check of their constitution with respect to B9 .. 

The resu1ts so fnr point to the conclusion that, in some crosses 
at leD.st, the rociprocal types of double-fertilization do not occur ~ith 
equal frequency, There is a marked tendency for the hyperploid gar.\ete t,) 
fertilize the age and the deficient gEtmete of the same pollen grrdn to 
fuse with the polar nuclei. 

Herschel Roman 
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The del? 8.11810 in corn reduces kernel weight to 25 }!er cent of 
normal, or less. It sho\7s regul[',r Mendelian transmission. A. fair pru
portion of seeds on the best ears arE; viable. Once past the s8E,dling 
str,ge dOl? indvidunls cleve lop into vigorours and. fertile plnnts ~7hich, 
hovrever, are about one foot shorter them their norLlD.l sibs. The stock 
has been propngated in hOf.lOZygOUS condition for several generations. 

Defective anG. norf:11:.~l kernels are obtdnable at will by polli-
me ting Q~l? plants vlith del? nncl Del? pollen , respectively. Del? kernels 
develop as well on del? plnnts [:,S on nornals. Def ecti ve and !lunw.l 
caryopses increase in weight nt the sar.le rate up to nine days after poll i
ns.tion. ii.t 12 days the defective kernels hf.ve fallen slightly behind the 
normals in dry v,eight. The difference is much larger s.t 16 days, and 
cGntinues increase rapidly up to 21+ dr.~ys beyond which tirae the defec-
tiv<~s make little growth. 

Histological studies reveel D relationship between the initial 
divergence in weight of the two classes of kernels and the differentiation 
of an absorbing region in the enc.osperm. Between six and ·12 deys the 
cells on the bas~l surface of the endosperm facing the placental region in 

. normal kernels bocotie elongated, the nuclei f,lOve to the inner end of the 
cells, end the cytoplasm nssumes a dense, fibrillar appearance~ The basal 
cells of the endosperr.l in defective seeds G.o not beoome similarly trans.,.. 
formed into absorbing elements. Rnther, they enlarge about equally in all 
(;.imensions ane: beoome highly vacuolate. J.. fevl dc.ys later the cells in 
this recion in defectives begin to break dOVln. Eventually tlany ce1ls in 
the bc.sr;.l c.rea Rnd in the ndj oinihg central region of the endosperm col
lapse anG. thus become entirely non-functional in the transfer of nutrients· 
to the seed. 

The parenchym~,tous cells of the placenta are quickly and exten
sively depleted of their total contents by the regularly differentiating 
normal endosporm. The corrosponding cells in kernels possessing defective 
endosperms are more slowly and less completely depleted. The difference 
!lpper;l'S to be t. cl:lrect function of the abs0rptive c[tpacities of the normal 
!lnG. def~ctive endosporns. 

i. defini t~) conclusion C!lnnot be reuched from the t.'.vailable data 
v,hether the del? allele exerts a direot parallel action on endosperm and 
embryo, or acts directly·on the endosperm only. The severely restricted 
development of the'defective endosperm in itself is sufficient· to account 
for the failure of many of the associated embryos to reach a via.ble con
dition D.nd for the others to yield wBflk seedlings-. The somewhat shorter 
stature of adult. ~17 pla.nts ~ as compared with. their norna1 sibs, may be 
clue either to the handicap inourred at the aeseiling ste;ge becl1use of poor 
seed development or to this factor plus a continuing but only m:Lldlydel
eterious effect of the del? al1ele on later growth. 

R. A. Brink 

. D. C.. CO(lpar 
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