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INTRODUCTION, 
. In the genetic analysis of maize, genes determining endospeJ;'Ill 

and seedling characters have occupied a very prominent place. This 
is in part. because ci the greater ease of obtaining large numbers. 
These factors also seem to occur more frequently in the germ plasm 
of maize. than do those affecting the mature plant. The.list .ofre
por.ted gen~ is now \iVell over 200, an~ of this number ~ly 150 ~ow 
theIr effect ill the endosperm or seedling.. Genes producmg a VlSlble 
effect in the maize germ have been verI few. The scarcity. of such 
genes doubtless is due in part to the :mct that they have not been 
.Bought. 

In 1923 Man~elsdorf (8)8 and Lindstrom (7) reported simultane
ously on a condition in maIZe in which there is a failure of a definite 
proportion of the kernels to go through the normal rest period. The 
followin§ year Eyster (3) reported a similar condition, which he des
ignated primitive sporophyte." In 1926 Mangelsdorf (u, p. 607) 
reported further on this same condition, d~ignating it "premature 

..1 Presented to the faculty of the Graduate School of Corm,.! Uulverslty in partial tul1l11
ment ot the requirement" for the degree of doctor of philosophy.

"The writer takes thIs opportunity to express his Judehtedue88 to B. A. Emerson.: under 
whose supernslo. these sttuiles were couducbld; to Mary Whitworth Sprague for assist 
ance lu mnklng lIOunt8: to F. D. Richey tor lIuggestions in the preseutatlon of material;
and to I. ~. P!i1ppa tor the orlglual stocks of the dominant white .and orange scutellums. 

• Italic n1JJl1bers In parentheses refer to Literature Cited. p. 48. 

91066-32-1. "'" 1 
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germination" and presenting data from wlllcn h~ concluded that 
there were" nine Mendelian factors involved in the maintenance of a 
normal period of dormancy in maize seeds * * *." In 1930 he 
(10) presented additional data and concluded that 15 factor pairs 
were mvolved in the production of the nine dUferent types of pre
mature g~rmination. There still. remai~' the ~ossi~ility, however, 
that certam 1)£ lfuese factol's may be genetIcally Identical. -

Jenkins (t.:) reported the factor pair Pu pu in. 1926. The domi
nant member of this factor pair causes the development of J?urple 
color in the plumulary sheath. The writer (1~) presented eVIdence 
that" colored scutellum" was a heritable characte~ of maize and de
pendent upon the interaction of several factors. This bulletin gives 
the results of a continuation of the study of the genes concerned in 
the e1pression of various scutellum color.~. ~ 

SOURCE AND DESCRIPTION OF -MATERIAL 

Dd;a are presented on the inheritaIi.:!e and interaction of five dif
feren.. scutellum colors, namely, purple, red, orange, yellow, and 
white. The related colors purple and red are dominant to the 
absence of color, with the exception of one dominant white. The 
orange and yellow scutel1ums are recessive to white. In progenies 
s~gregating for orange and yellow and for purple or red, orange and 
yellow scutellums can be determined with accuracy only among the 
nonpurple and nonred classes. 

Purple scutellums -were first noted at the North Platte (}lebr.) 
substation of the Nebraska Agricultural Experiment Station in 1923 
on a single open-f~rtilized ear of a local v~riety known as Bl~ 
Flour. True-breeding colored scutellum strams, as well as testers 
for the purple and red series. were isolated from progeny of this 
original ear. • 

A selfed ear obtained from I. F. Phipps at Cornell University was 
segregating in a ratio of 9 colored to 55 white scutellums. A domi
nant white was isolated from the progeny of this ea ..·. Scutellums 
most commonly are white, but with the exceptions of this one gene 
white has been recessive to pUl1>le and red. 

Orange scutellums first were observed by Doctor Phipps in a single 
ear from one of his pedigrees .• This ear was segregating in a ratio of 
3 white to 1 orange. Other ears from the same pedigree exhibited 
similar ratios or ratios of 15 whites to 1 orange. 'Orange scutellums 
have not been observed by the writer in any material not tracing"
back to this original source. 

Y allow scutellums were observed in the selied progeny of- the 
orig!Iial Blue Flour ear. This color was found to be dependent on a 
single gene recessive to normal white. Several stocke involving 
South American pa.rentage in Doctor Emerson's cultures were found 
to be segregating for yellow scutellums. These were tested with 
the writer's yellow and were found to be identical with it. 

Cross sectIons of colored scutellum kernels through the germ show 
that the color is confined to- the scutellum, the plumul~ and radicle 
being colorless. The in!~msio/ and ?-istribution of color m the oran~e 
and yellow scutellums IS falrly umform. In the purples and reus 
the color may range from very pale to v&ry dark in diiferent kernels 
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ALEURONE GRAINS 
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of the same ear. This difference in coloration is dependent in part 
upon the number ?f l;lomozygous dominRl'l;t scutelll!m .fac~ors present
and may also be Influenced by a concomItant varIatIon III aleurone 
color. It follows that the segregating ears are subject to greater 
variation among the colored segre~ates than are homozygous ears. 

In some kernels pigmentation IS more intense immediately sur
rounding the embryo; in others it reaches its greatest intensity near 
the epithelial layer. The expression of color is fairly cleal' cut, and 
segregation is sufficiently sharp in most pedigrees so that no serious 
trouble has bE\6n experIenced in classification. It has been found 
necessary, however, to cut into each scutellum to be certa,in of the 
correctness of its classification. This can be done in such a inanner 
as to cause little decrease in germination an~ survival. 

LOCATION OF SCUTELLUM PIGMENTS 

Investigators who have studied the pigmentation in the aleurone 
of maize are agreed that the coloring matter is located in the aleurone 
grains. No mention could be found of the occurrence of aleurone 
grains in the maize scutellum. 

Material for a study of the location of scutellum colors was fixed 
in formyl-alcOhol at intervals of 5, 10, 14, 19, and 24 days after 
pollination. The material was then dehydrated, infiltrated with 
paraffin, and sectioned 10 to 12 microns thick. The most satisfactory 
E'tain combination of those tried was safranine and gentian violet in 
aniline oil. 

The fixative was not suitable for studying the early development 
of aleurone grains. It was found, however, that aleurone W'ains 
were not recognizable in the material fixed 10 days after pollination 
but were present in the 14-day-old material. These periods undoubt
edly will differ under other environmental conditions. Aleurone 
grains appeared in the scutellum at approximately the same time 
as in the aleurone layer. ' 

In the material fixed 14 days after pollination aleurone grains 
were abundant in the scutellum. Near the plumule and radicle the 
grains apparently were fewer. This may have been more a,pparent 
than real. Cells in this region are densely protoplasmic, and aleurone 
grains might easily be :1bscured. The relatively unuifferentiated 
parenchymatous cells in the scutellum are best suited for the study 
of aleurone grains. 

In the aleurone layer these grains are easilv distinguishable. The 
layers of cells underlying the aleurone layer also contain aleurone 
grains. The number of grains apparently decreases with each suc
cessive cell layer. . 

Material fixed 19 and 24 days after pollination looked very much 
alike. (Pl. 1.) The aleurone grains in the scutellum had increased 
greatly in size. In the aleurone la:yer the increase in size was not 
marked, but there was an increase III number. Aleurone grains in 
the scutellum were examined in free-hand sections, mounted in glyc
erin, observed unuer an oil-immersion lens. In purple. red, yellow, 
and orange scutellums the coloring matter appeared to be concen
trated in the irregular envelope of the aleurone grain, with the re
mainder of the grain nearly colorless. 
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RELATION OF SCUTELLUM ANI) ALEURONE COLORS 

Orange or yellow scutellums are not dependent upon the A-O-B
Pr-i aleurone genes or upon the genes for brown aleurone; that is, 
these colors may occur in kernels having purple, red, browr. or color
less aleurone. Orange scuteUums are dependent for their expression 
upon two recessive genes 8(1t and 802, while yellow scutellums are de
pendent upon only the single recessive gene lJ'!j. 

The purple and red scutellums present an entirely diiIerent situa
tion. These colors are dependent upon four dominant genes, 8 1 , 8 2, 

Sal and S4, which may exhibit various types of interp.ction. In prog
eDl~S segregating for both aleurone and scutellum color only those 
kernels having purple or red aleurone normally have colored 
scutellums. 

The basic aleurone factors A-O-B-p1' and i in the presence of the 
necessary scutellum factors will result in red scutellums. If reces
sive pr is replaced by its dominant allelomorph, Pr, the aleurone and 
scutellum color is parple. This relationship is illustrated by the 
data in Table 1. 

It lllay be concluded from these data that the Pr P'" factor pair 
differentiates purple and red scutellums. 

With I in either a homozygous or heterozygous condition no purple 
or red develops in the scutellums. Similarly when A, 0 ..)r B is re
cessive, only colorless scutellums normally are produce&' In prog
enies segregating for scutellum and aleurone genes, scutellar segrega
tions can be observed only in the colored aleurone class. This reia
tionship is illustrated for the Ii, B1', Aa,. and 00 factor pairs in 
Tables 2, 3, 4, and 5, respectively. 

Among the progenies liHted in Tables 3, 4:, and 5 occur a few 
kernels having colorless aleurone and colored scutellums. This seems 
a direct contradiction of the interaction described above. When these 
kernels were planted, however, they produced progenies whose segre
gations for aleurone color were typical of those usually obtained from 
colored aleurone seeds that are heterozygous. Numerous tests have 
shown that the embryo and endosperm of such kernels are of different 
genetic constitutions and that the embryo always poss~sses the factors 
necessary for aleurone color. This ,condition has he~n. reported by 
the writer (13) under the term "heterofertilization.~' 

TABLE I.-Records of 8CUteUum color in 10 F. progenies or crosses or fJWI'Ple 
and, red, scuteZlums 

~~-~ ------------~--,------.-------
Purple aleurone Red aleurone 

Ped;gree No. 
Purple Red Purple Red 

scutellum. scutellum scr.!ellum scutellum 

336-8_________________ •___ •___________________._•••_._.. 100 0 0, '34 
381-1._••••••• _._._._. ___••• _______•••••••••.• _._••• _••_ 179 0 01 7S
381-2._•• _••••••• __ ••••__ ._._._. ___ ••_•••_•••__• ____ •••• 201 0 

gl 
58 

381-4••••••••••__ •••• _•••••• ____•• _•••••••••••_._._••_.. 172 0 71 
381-5._•••• _••_._•• __._••_.•••_____••_••.••••••• ___• ___• 175 0 54 
381-8._•••••••••_. __ •••___ •••• __••• _•• ___••• _••• ___ ._... 123 0 0 36 
381-0__• ___•••••••••_••••••••• ____ ._••••••••••••• __• __•• l~ 0 0 62 
381-1:1•••••••••••••• __ ••••••••••__ ••••••••_•••_.___• ___• 208 0 0 82 
381-15•••••_••••••••• __••••• ___•• __._••••••••__._••_... 179 0 0 75 
381~16 ___ ••••_•••__ ._•••••••_••_. __ ._•••••.• ____ •• _••••_ 65 0 0 29 

1-------1------1------1·------
Total._ •••_••••_•••••__•••_•••_••••_••••••••_.... 1,545 0 57601I 
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T.ABUI 2.-Reoord& of smeJlum color in 10 11, progeniett of CF'O&&e8 of aominall' 
f~Mf6 t.Wetlf'Oll6" X rolON/a IOIIUUtl1M' 

Colored aleurone Colorless aleurone 

Pedigree No. 
Colored Colorless Colored Colorless 

scutellum scutellum scutellum scutellum 

19&-2..._________________________________________________ 

l~____________________________________ •_____________ _ tI4 13 0 198 

1111Hi___________________________________________________ 
 III 7 0 1111 
10lH>____________________________________________ _____ _ 75 20 0 423

~ 

83 28 0 498Il1tH'-_________________________________________________ _1118-10_________________________________________________ _ 45 18 0 286 
1118-12_________________________________________________ _ 32 II 0 181 
108-14.. _____________________________________ •___________ 36 10 0 100 

M III 0 331
1118-15___.-____________________________________________ _ 28 11 0 1611 

15 7 0 S~ 
1118-17_________________________________________________ _ 

Total_______________ •___________________________ _ 
~~ 0 2,.7111421 

T.ABLIl 3.-Recoras of 8outell... colOr in 300Em Fa PTO{Ifmie8 Of 11, kenlel-B ha1>iflfl 
colQrlen aletWOne (..4. 0 r) ami colorett 40IItellvm 

I' Colored aleurone Colorless aleurone Ii___--:-________..,-___ 

Pedigree No_ i Colored ! Colorless I Colored COlorlnss
i scutellum i scutellum f scutellum scutellum 

81~~=:=:=::~:::::-:;::::::::;:=:~=:;=:::===::==~;=~] 2~! ~~ ~ 22 
59 
.7 
30§mm~~m~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ill

I 
la ! 

70 

40 

TABLE 4.-Recordll of 80uteUtlm color in. 10 11. progenie& of 112 Tremels 1I-a1>inQ 
colQrl6ll& aleurotle (a 0 R) and colorea 3cuteUfln~ 

Colored aleurone Colorless alelJl'one f' 
Pedigree No. 

Colored IColorless i Colol\!d Colorless 
scutellum scutellum I scutellum scutellum 

580---1-__-_-__-__-_-__-_-__-__-_-__-_-__-__-_-__-_-__-__-_-__-_-__-__-_-__-__-_-__-_-__-_'---127-' 31 'II 0 57 
583-2__________________________________________________ 148 59 1 61
b83-3___________________________________________________ 156 50 .0 65 
58r.-L ____________________________·______________________ 56 67 i 1 U586'-1___________________________________________________ 16 3 Il3~ 

58&-2___________________________________________________ 122 20 3 33588-1___________________________________________________ 2M 2 1 72
59&-1___________________________________________________ 11981 0 .a 
5V8-L_________________________.. ______________.. _______ 67 8 0 26~ 

5118-2___________________________________________________ 155 29 1 53 
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TABLl!! IS.-Recorda of 8Ct1teUum color i" 11 F. progenies of F~kernel8 l&avlng 
colorl6'IB ale,u·otle (~ 0 B) IJft4 ooJoredi 8CtItellflm 

ColOlad aleuroM Colorless aleurone 

Pedigree No. 
Colored Colorless Colored Colorless 

scutellum scutellum scutellum scutellum 

MI-I __________________________________________________ _ 

MI-2_______ . ________________________________________ _ 46 13 0, ..22 

MI-3___________________________________________________ 
 81 106 2; 70 

l25 48 2' 59M7-1 _________, ________________________________________ _ 168 54 7557&-L _________________________________________________ _ ·1178 OS 77577-L __________________________• ______________________ _ 96 84 ~I M579-4.. _________________________________________________ _ 231 16 I, 77582-5__________________________________________________ _
587-1 _____________ . ____________________________________ _ 73 103 01 62 
6&1-2__________________________________________________ _ 227 10 0' 82 

III ' 10 0, 53 
250 84 o 125 

59;--2__~:=====~=_~=:=-.==___=_-_==_----------1 1 

In progenies segregating for scutellum color and the aleurone 
pattern factol' ~ Navaho,'~ the segregationl;l fQr scutellum color can 
be uetermined among both self-colored and Navaho classes. The 
uata illustrating this behavior are presented in Table 6. 

TABLII 6.-Records of 8cutellum oolor in f'1)6 F. p-rog~ie8 of F. colored 8outel. 
lUm kernel.! hetero~!1Igolls for the Navalta pattern. factor 

...--.--  ~---- ----~---~---
Number of Individuals 

S&lf-colorod nleurone Navaho aleuronePedigree No. 

Colored Colorless Colored Colorle~! 
lCIltellum scutellum scutellum scutellum 

995-9___________________________~_____ __________________ 100 M 66 17 
9\1&-12_______________________________ . __________________ m 80 95 29 
9\1&-14__________________________________________________ 150 51 81 15 

1-----1-----1-----1------Total. ___ . _. _____________________________________ M9 187 242 61 

9\1':;"3 ___________ . _______________________________________ 1===1=:~=1====1==0'1====:70==I'==~3 
9\1&-10______________ ___________________________________ 134 10 55 • 

1------1------1-------1,------TotsL ___________________________________________ 328 20 125 7 
j 

A similar situation exists with respect to the pattern factors" stip
pIe" (Tables "( and 8) and" blotch." (Table 9.) In the data. of 
both Tables "{ and 8 the stippled aleurone class is deficient on the basis 
of 1\ 3: 1 segregation. This deficiency for the data in Table 7 may 
be due to a faulty classification. In Table 8 the percentage of stip
pled individuals suggests a duplicate gene relationship. Color~d 
scutellums are exhibited in the presence of blotch, as shown by the 
data in Table 9. 
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TA.lJLJ: '(.-Record. of lCuleUtu,. color in. trw 111. ;progenfe3 flJf tile 'CJ"08.ltJlf· 
colored aletif'Ofte, 0010re4 IcvteUum, X .tlpple al6Uto'It~. ooJorle81J icuteUiJ,lIl 

~umber or Individuals 

S61f-oolored aleurone' Stippled aleuronePedlgfee No, 

Colored Colorless Colored Colorless 
scutellum $CUteUul;n llCUteUum $CUteUum 

--"---.~---- "'~-.""---" -_. -~" 1----1---· 
83&-L.......................__••••••••••••••••••••••••• 187 H 63 4 

83S-2••••••••••••••••••••••••••~.......................~ 2.fS 17 42 
 • 11 
83S-3................................................... 17" la 62 
 ;~~................................................... 276 12 72

8"3S-6................................................... 176 12 67 '6
I-----·r------r-----TotaL........................................... 1.057 68 2S6 22 


\ I, 

TABLE 8.-Reeords 01 8cufeUum- oowr in aiw F" progelriell <lIthe 07"088 Belf·oolored 
aleurone, oolore/! soutelJtifn., X 8fippleaJeurone, oolorle38 souteJlum 

Num'ber of Individu&la 

.Be1f-co\ored alewune I' Stippled aleUrone;Pedigree No, 

Colored Color. I 'Colored Colorlesll 
scutellum scute:Uum scutellUIil scutellum 

8311--1.............__••••••••••••••••••••••:............. 222 111 24 '3 
~••••••••••••••••••••••••••••••_._•••••••••••••__• :K7 Z1 16' Q 

=~::=::::::::::::::::::::::::::::::::::::::::::::: ~ f~. ~ • ,~ 
8311--8••••••••••••••••••••••••••••••••••_ •••••_........ 20S 111 'N" :. :
, .15,
8311--9•••_............................................... ' 2.(3 28 14 " 


Total............._ ...........................•.1--1-.268-1--'-1-23- 100 1-"'---::-'-27 


TABL1: 9,-Record. of 'Clleell"m oohlr in N PJ,ogetJie'jt~gregatittg, lor blotch 
aleurone groWn from heferQfertUized kel1tel..t 

NDmbllr of individuals 

Pedigree No, Blc.teh aleurone "I . Coloxlesa al~urone 

Co\OII!d C!llorll!llll I Colored Colorless 
scutellum scutellum 8cutellbm, scutellum 

ug().l••••••••••••••••• _ .................._••••••••••••• ,138 12 3 Cli 
lIII0-3•••••••'" ••••_.'.' ••••••••••••••••,._•••••••••.••• 180 11 25 76 
lIII0-6••••••••••""'" _•••••_••••••••••••••••••••••_•••• '127 12 II 33 

71 6 16 72~::::::::::::::::::::::::::::::::::::::::::::::::::: 173 15 6 115 
U90-13_•••••••••••••••_ •••_•••••••••••••••••••.•••••••• 65 6 (} 22 

The classificati<a:n of scutellum color in stipple and blotch kernels 
is not so satisfactory as in self-colored or Navaho kernels. In the 
presence of the pattern factors stipple and blotch there is a. strong
tendency for the scutellum color to be restricted to a small area near 
the radicle. 
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NONALLELOMORPIDSM OF SCUTELLUM AND ALEURONE FACTORS 

The dependency of scutellum color upon aleurone color suggests 
that possibly the scutellum and aleurone factors are allelomorphic. 
Data do not bear out this suggested relationship. Let us, for the 
purpose of illustration, assume one of the complementary scutellum 
factors to be allelomorphic to 0, designating it O·c. A cross between 
a colored aleurone, colored scutellum strain, and a colorless aleurone, 
colorless scutellum strain, having the allelomorph· c, should produce 
the following types and frequencies in F 2 : 1 0'0 0.0:2 0'0 (J: 1 (J fJ. 
Only parental types should appear in F:l or subsequent generations. 
Actually from everY' such cross studied a new type, colored aleuro;ne.1 
colorless scutellum, has appeared in F 2' This type can be extracte<1 
in a true breeding condition in F 3' This precludes the possibility of 
allelomorphism of scutellum and aleurone factors. 

PURPLE AND RED SCUTELLUMS 

For the sake of simplicity it is advisable to consider the inheritance 
of the related colors purple, red, and recessive white, apart from 
dominant white, orange, and yellow. The latter show a relatively 
simple mode of inheritance, whereas the behavior of the purples 
and reds is more complex. 

Segregates from crosses of colored X colored, colored X colorless, 
and colorless X colorless scutellums have been studied. Some of th~ 
data on such progenies are presented in Table 10. 

In addition to progenies exhibiting colored sClltellums only Illld 
others segregating in the simple ratio of 3 colored scutellums to 1 
colorless, other ratios were obtained indicative of a complex system 
of factor interaction. 

The data in Groups· 2 and 3 of Table 10 approximate 9 to 7 and 
27 to 37 ratios, indicating complementary genes. Students of corn 
genetics are well acquainted with this type of interaction, exempli
ned by the well-known series of aleurone factors. The data in 
Group 4, on the other hand, suggest the action of duplicate genes. 
The ratios in Groups 5 and 6 of the same table suggest a combination 
of these two types of behavior. 

THE SUGGESTED HYPOTJIESI8 

The following hypothesis has been formulated to account for 
these various ratios. Four factor pairs, 8 1 81, 8 2 82, 8 a 8a, and S, 8.,
are postulated. Of this series,81 always must be present if purple 
or red scutellums are to result. In addition to 8 1, the dominant 
allelomorphs of any two of the other three members of the series 
are required for the development of colored scutellums. 
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TABLE 1~.-Record8 tlJ ~tell1lm calor I", 108 segregating progenies at crosses 

0'1 caJonJd X calOrleu, {1010f'Z",' X calories" and coloretl X colorful plJr~f. 


Number or individuals 

Group and pedigree No. 

Group 1 (3 : 1): lOG-l ____________________________________ 
1OG-2__ • _______ • ____ ••---________________l00-a___________________________________• 
1~__________ ... _....._•••••_.________• 

i~i~~~~~~~~~~~~~~m~~~~~~~~~~~~~~~~~~1
1OG-16______________..___________________ 

11().,1 ___---------------------------- 

i~:::::::::::::::::::::::::::::::::::178-6 ___________________________ . _________ j 

~::::::::::::::::::::::::::::::::::::321-4____ "_______ ._.____________..------ 
321-IL.._, _______________________________ 
322-1 ____________________________________ 
322-2. ____________• __ • ___________________ 
322-3 ____________________________________ 
322-11___________________________________ • 
323-11. ___________________________________323-4________________________ •__________ , 
323-6 ____________________________________ 
323-7____________________________________ 
323-8____________________________________ 
323-10 ___________________________________ 
323-11___________________________________ 

~~i~:::::::::::::::::::::::::::::::::::1324-1_________ • ________ • ________________
324-7____________________________________ 
325-1 __ •_________________________________ 
325-8 ____________________________________ 
327-1 ___________________ ••_______________ 
327-4..__________________________________ 
327-10 ___________________________________ 
327-11 ___________ • _______________________ 
327-12. __________________________________ 
3:18-5___•____________ •___________________ 
3211-1 ___________• ________________________ 
3211-6__ ;. _________________________________ 

Total••-----------.--------..----....---

Group 2 (II : 'I):lot-1i. _____..____________________________ 
10l-7..____________________________ • _____ 
17IHL____________...____ . _______________ 
32G-8___________ •••_______ •• ________ • ____ 
320-11_......__ •_________________________ 

~~~~::::::::::::=::::::::::::::::::::: 
g~::::::::::::::::::::::::::::::::::::324-7. _____ • ___ • ___ •••___ •_________ • _____ 
324-10_______ •_____ •••••____._.__________ 
325-5. ___ •_______ .••__ • __ ._._____________ 
327-7______________ •••____________ ______ 
321Hl••__________________ • _______ • 

~ 

_______
32!H1____________._._____________________ 

TotaL________________...____ •• _. __..__ 

Group 3 (27 : 37):170-5_.._________ ._._.____• _____ •• __ • ___ 
322-8..._________ ._._____________ ._. ____• 
322-13. ____________________ • ____________ •"'1...____________..__ ..____.___________. 
1~. _______• _____________ • ________ . __ •• 
103-8 ____________ • _____ ... _________ • __.._ 
Im-11...__________ • ____.••_.~•••____ . ___
32:1-4••____________ • _____ • ______________• 
322-12______________ ._•• __ • ___________ •__ 
325-4. _________ •••__ • ___________________
325-7 _________________________ • __________ 

Colored 

3:18 
233 

ZIO 

400 

373 

348 

407 

332 

436 

340 

123 

126 

81 


200 

196 

148 

2111 

320 

1511 


116 

"251 

217 

227 

227 

183 

341 

199 

328 

247 

240 

206 

182 

224 

leG 

179 

171 

171 

193 

206 

198 

38 


206 

217 


10.012 

122 

231 

132 

129 

198 

150 

195 

1411 

163 

132 

1811 
,
153 

141 

95 


187 


2,363 

71 

118 


98 

166 

259 

230 

96 


122 

176 

102 


Colorlees 

101 

84 

90 


125 

110 

127 

140 

100 

160 

110 

40 

86 

24 

liS 
46 

67 

90 

III 

37 

IS 

62 

80 

72 

75 

liS 

100 

~2 

U4 

96 

99 

72 

41 

55 

69 

65 

71 

73 

411 

47 

411 

12 

55 

55 


3,124 

15 

149 

114 

80 


142 

131 

101 

103 

Il10 

127 

124 

124 

119 

91 


141 


1,741 

162 

221 

205 

230 

3116 

334 

leG 

1« 

198 

115 


I
Total 

m 
317 

38lI 
52S 

483 

476 

547 

432 

58G 

450 

163 

1111 

106 

258 

241 

206 

381 

411 

196 


81 

313 

297 

209 

302 

241 

«1 

241 

«2 
342 

339 

277 

223 

279 

219 

2« 
242 

2« 
239 

253 

2« 

60 

260 

272 


13.138 

197 

380 

2411 

209 

340 

281 

296 

252 

283 

259 

310 

277 

2ro 

1811 

328 


4,104 

233 

339 

303 

396 

625 

U{ 
2Ii6 

2116 

374 

217 


\ Percentage 
colorleea 

~.7 
2G.t 
23.1 
23.8 
22.8 
2tn 
25.6 
23.1 
26.(1 
2H 
24.S 
22.4. 
22.11 
22.5 
18. 7 

27.8 
~.6 
22.1 
111.9 
i8. 5 
19.8 
2G.1I 
24.1 
24.8 
24.1 
22.7 
17.4 
25.8 
27.8 

:29.2 

211-0 

18.4 
19.7 
26.9 
26.11 
211_3 
29.9 
111.2 
18.6 
18.9 
24.0 
21.2 
20.2 

23.8 

38.1 
1I1l.2 
iG.3 
38.3 
41.8 
46.6 
34.1 
40.9 
42.4 
49.0 
40.0 
44.8 
46.8 
48,9 
48.0 

42.4 

69.5 
65.2 
67.7 
58.1 
58.6 
69.2 
62.5 
M.) 
52.9 
53.0 

Dev. 
1'. E. 

1.0 

.11 


1.3 

.11 


1.7 
1.3 

.6 


1.3 

.6 

.4 

.2 ~ 

1.1 

1.
.8 
4 


.• 4 

1.4 


.11 

2.0 

2.11 

2.0 

3.1 
U 
.S 

.1 

.5 


1.7 
4.0 
0.11 
1.8 
2.11 

.11 


3.4 
3.0 
1.0 

.9 


2.3 
2.6 
3.0 
3.5 
3.3 

.2 


2.1 
2.7 

4.8 

2.4 
2.6 
1.2 
2.4 
1.1 
1.4 
4.11 
1.4 

.7 


2.5 
2.0 
_5 

1.0 
2.1 
.4 


2.5 

5.4 
4.1 
5.2 

.1 

.5 


1.0 
:2.3 
l.ti 
2.8 
2.1 

88 96 183 51.9 


91066-32-2 
2.4 
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TABLIIIIO.-Rec0rd8 of ,caleRvm COlor is;. 108 '6flT6l1atlnfl profleme8 of oto,,~. ot 
colortld X colorle8', oolorl688 X oolorleIl8,~\fld dolored X colo~ 'fl(W6nfa
Continued 

Number of h,divlduala 


Group and pedigree No, 
 1----,----.---_IPercentage :Oev. 
co101'Ie8Ii E"i-;

Colored CoIOI'lee., Total 

Gro~~~~.:~:!:~~~~~:............... &7 86 162 M9 0;7 

327-2~................................... 107 182 ~ eo. 2 1.2 

.i27-11.................................... St 122 206 liD. 2 .11 

327~.................................... 121 171 292 118.4 .f 

327-8.................................... 118 IlK :M2 61.2 8.1 

327-4.................................... 99 120 219 M.8 1.3. 

328-1............................~....... 121 134 266 112.6 2.4 

328-2.................................... 104 IlK ~ Mo4 1.u 

328-4.................................... 86 1011 1111 MO .f 


Total.................................. 2,\133 1,377 11,810 118.1 .'1 


Group 4 (16 : 1): 

H ...............................~....... 276 18 lIII3 G.1 .1 
......................................... 163 13 176 ;.4 .9 

4-6........................._ ........... 327 '.l1 3M 7.8 1.0 

101-2.................................... 473 39 612 7.11 1.11 

101-11.................................... M4 29 373 7.8 1.8 

101-7.................................... 3M 30 384 7.8 1.9 

188-12................................... 163 11 174 1!.3 0 

320-10................................... 141 14 1M 9.0 2.1 

321-ll.................................... 236 lK 2liO 9.3 3.0 

322-7.................................... 168 20 188 10.11 3.7 

322-11................................... 281 9 290 3.1 8.8 

323-13................................... 3.W lK 3« 7.0 .8 

323-14................................... 276 11 287 3.8 2.6 

323-3.................................... 160 8 168 4.8 1.2 

328-3.................................... 211 18 227 7.0 .7 

329-4••••~............................... 273 24 297 8.1 1.11 

323-7................; ................... 233 19 262 7.6 1.1 


TotaL................................. 4,397 336 4,733 7.1 B.II 


Group Ii (64: 10): 

320-2.................................... 266 33 289 11.4 2.9 

320-3.................................... :MIl 33 279 11.8 2.11 

320-11.................................... 282 46 307 14.7 .7 

3:11-1.................................... lIII3 61 3« 14.8 .11 

3:M-li.................................... 1M 25 181 14.4 .7 

3:M-11................................... 190 23 213 10. 8 2.8 

329-3.................................... 207 39 lK6 16. 9 .1 

322-7.................................... 168 20 188 10.8 2.8 


Total.................................. 1,777 , 270 2,047 13..2 4.6 


Group II (1112 : 114):
8611-3.................................... 113 60 173 34.7 .9 

8811-4.................................... 75 39 114 34.2 1.0 

SGIHI.................................... 136 68 20t 33.3 LII 

867-2.................................... 86 57 143 39.11 1.1 

867-7..................................... 101 68 159 36.6 .1 

868-1.................................... 78 29 107 27.1 3.1 


Tota!.................................. 689 311 goo 34.11 2.0 


Four wholly homozygous stocks of color1d scutellums are then 
possible. These are: 

S. S., So So, S. S., s. S. 
S. S., So S., S. S., 8, 8, 
S. SI, S. S., 83 Sa, S. S~ 
S. SI, 80 s., S. S" S. S. 

Selfed parents giving rise to ratios of 3 colored to 1 colorless 
scutellum may be of 1 of 4 major classes of genotypes, namely: 

A S. 81, S. S., S. ,S., S. S. 
B S. 8. (So SI, S. So, s. 8.) 
C s. 8s (S. S., S. So, Ih 8.) 
D s. S. (S. S" Sa 'o, 8, 8,) 
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Classes A, B, and C art} alike in having 8 1 81 heterozygous with at 
le.ast two of the other members of the. series homozygous dominant. 
It is immaterial which member of the series inclosed in parentheses
is heterozygous in cl!lSS B orhomozygous in class C, thus ~ving three 
subtypes within each of these two classes, all of which will segregate 
in the 3: 1 ratio. The colorless scutellum segregates from classes A, 
B, and C will be specific testers for the 8 1 81 factor pair. If a]£o re
cessive fOl' one of the other mem~rs of the series, they will inciden
talty be testers for that member when uaed with certain genotypes. 

Class D differs basically from A, B, and C in ilaving 8 1 8 1 homo
zygous dominant, with segregation due to the other members of the 
senes. Here, it is immaterial which one of the three factor p"airs, 
8 2, 8 8, or 8" is dominant, which one is beterozygous, and which one 
is recessive. The colorless scutellum se~gates Will be recessive for 
two of the factors within parentheses. They tkerefore will consti
tute testers for these two factors together or will determine that one 
of the two is cOIlcerned, but will nt>t differentiate between them. 

Ratios of 9 colored to 1 colorless scutellums are expected when any 
2 factor pairs "are heterozygous, and if in addition 1 of the factor 
pairs 8"" 8 8, and S, is homo~gous recessive. . ' 

Similarly, if one member of the series 8 2, Sa, and S" is homozygous 
recessive, the two remaining members and 8 1 being heterozygous 
ratios of 27 colored to 3'; colorless scutellums are 0Xpected. This and 
the preceding ratios comprise the complementary series. 

Ratios of 15 colored to 1 colorless scutellum are to be expected 
when 8 1 and 1 membe!" of the series 8 2, 8 a, and 8, ar~ homozygous
dominant and the other 2 members are het.erozygous. White seg
regates from such ratios would be ~~ to constitute testers for 
t.he two genes recessive or will determme that one of the two is con
cerned, but will not difierentiate between them. This ratio with its 
3 : 1 components constitutes the duplicate series. 

The remaining ratio types expected on the basis of the hypothesis 
are c.ombinations of the complementary and duplicate series. 

The ratio expected when 1 member of the series 8 2 , 8 a, and 8, 
is homozygous dominant and the remaining 3 factors are hetero
zygous is 45 colored to 19 colorless scutellums. . 

Ratios of 54 colored to 10 colorless scutellums are expected when 
81 is homozygous dominant anfl the factors 8 2 82, "Sa 8s, and 8" 8, are 
heterozygous. . 

The most complex ratio obtainable under the hypothesis is 162 
~olored to 94 colorless scutellums. This ratio would be expected if 
all four of the factors 8 1 81, 8!l 82,83 83, and 8~ 84 were heterozygous. 

The following diagram provides a detailed illustration of the 
various genotypes that may be involved in the production of each 
ratio type. All genotypes recessive for 81 81 are omitted, as colorless 
scutellums would result. 

SI SI SI 81 
Sa S2, S3 S3, S. S. 
S2 S2, S3 Sa, S. 8. 
S2 S2, S3 8a, S. S. 
S2 82, S3 Sa, S. S. 

Colored 
Colored 
Colored 
Colored 

3: 1 
3: 1 
3:1 
3:1 

S: S2, Sa 8a, S. 8{ 
S2 82, Sa S3, S4 8. 
S2 82, S3 83 .. .$. S4 

15 
15 
15 

1 
1 
1 

45 
45 
45 

19 
19 
19 
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8 2 82, Sa 83, S .. 3.. 54 ~ 10 162: 94 

82 82, Sa Sa, S, S.. Colored 3: 1 
82 82, S~ 8a, S. S .. 3: 1 . 9: 7 
8, 82, Sa Sa, S. 8, 3: 1 9: 7 ' 
8, 82, S3 8a, S, 8, 9: 7 27 : 37 

S2 8 2, 8a 8a, S.. 8, Colored 3:1 
S, 82, 83 8a, S4 8. 3d 9:7 
S2 S2, 8a 8a, 8. 8. 3:1 9:7 
82 82, 8a 3a, S, 3, 9:7 27: 37 

S2 S2, Sa 8 8, 8, Colored 3: 1 
S, 82, Sa 8a", 8. 8, 3:1 9:7 
S2 82, 8a 8a, 8, 8, 3: 1 9:7 
Sa 82, Sa 8a, 8,8, 9:7 27: 37 

This hypothesis may be tested in a number of ways. In the first 
plnce, the system of interaction outlined accounts for all the ratios 
obtained and recorded in Table 10. In addition, a ratio of 45 col
ored to 19 colorless scutellums is permitted, which closely approxi
mates the 48: 16 of a 3: 1 ratio. The F s breeding behavior, pre
sented in a later section, shows that certain progenies listed in 
Group 1 (3: 1) of Table 10 properly belonged in the 45: 19 categor~. 

The methods that have b~n employed' to check the hypothesIS 
in greater detail are the bl'eedin~ behavior of'colored and color
less F 2 segregates and the identification of colored, and colorless 
genotypes by appropriate intercrosses. 

DBBA VIOR OF COLORED SCUTELLUMS IN THE F. GRUBRA-TION 

The system of factor interaction previously outlined requires the 
existence of eight different ratios. These have been obtained from 
various crosses, and the Fa breeding behavior of the colored segre
gates is presented in the following sections. 

RATIOS OF 162 'ro 94 

An F 2 ratio of 162 colored to 94 colorless scutellums is expected 
when theF1 is of the constitution 81 81, S2 82, S8 8a) S4 84. 

Colored segregates from ratios approximating this were planted 
and the progeny classified to determine their F s behavior. The 
eight ratio types listed in the factor-interaction diagram (p. 11) 
were obtained. These data are J?resented in Groups A. to G of Table 
11. It was so obviously impOSSIble to separate 3: 1 and 45: 19 ratios 
in the absence of data on breeding behavior that this was not 
attempted. 

In Group .-\. are listed six progenies that bred true for colored 
scutelhuns. 

In Group B are listed 13 progenies whose ratios approximate 3: 1 
01' 45: 19. The total number of kernels in these progenies is 2,248. 
The mean percentage of colorless individuals in this group is 24.8. 
The percentage expectancy on the basis of a 3: 1 ratio is 25.0, and 
that on a basis of 45: 19 is 29.1. 

Group C is composed of four progenies whose segregations ap
proximate 9 colored to 1 colorless scutellums. The calculated per
centage of colorless scutellums for this ratio is 43.S. The observed 
percentage is 41.3. 
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Progenies whos9 . ratios approximate 2'l colored to 37 colorless 
scutellums are linted in Gl"OUp D. Only two such progeni~ were ob
tained, bOth of which have nega.tive deviations. The mean deviation 
is only 1.3 times its pro~able error, and therefOl ~ well within the 
limits of chanee fluctuations from expootancy. 

TABLE n.-Record.! 0/ IIc'Utllll~m colors in fJ5 Fa progllniell of F2 cO:'l1'ed segregaiu 
.. of a 182 :94 ratio 

Pec!Jgree No. ~umbe,o:"otlDdivtduals 
Percent- Dev. 

Group 1Uld ratio ;-----;----;----- a~:!or- P.E. 
Colore<l Colorless Total 

--------'---I~-- ---·I---j---I~---.-. l·{· ~~ .157 il' 157 ,._ ...._...........63tH """""" 133 o 133 ___...__ .......... 

• (1· 0) 853-10 58 0 58 :........-- --....-
n.. : ..------------..---..- ..- { 852-3 108 0 108 I 

. 639-15862-9 175 0 175 ,:::::::::: :::::::: 
, . . 852-18 1111 ~ 191 1___ ...___ . --...___ 

TotaL:_______ ".~_____ .._... ----..----j""'ii ~ " ~. ~ l-""ii"~ 
639-f> ' 853-1l1 77 21 98 ~.,.I'. ------.. . . .85a-17 50 14 M 21.9 _______ _ 


853-19 76 25 101 24.8 ________ 

B (3 : 1; 45 : 19) __ ~-------:-------- 853-20 1M 65 229 I 28.4 ----____ 


8t2-S 180 66 246 26.8 ----..-
%2-6 207 70 277 25.3 ____ ..__ 

639-1S 852-11 179 62 241 2.5.7 _______ _ 
852-13 133 34 167 20.4 "'''__ _

1852-14 108 42 150 28. 0 _..____ _ 
852-15 169 45 214' 21.0 ________ 

---------- ----------1==1;",6=90=I==";;;*~;';;;;"I==;;";';*;;;;;;;TotaL___________.._________ 558 2,248 24.8 ... ,._-.....-
IS 35 42.9 0.2 

C (9: 7) __________________________ { 63H { it: J~ 63 1M "'0.9 1.1 
83 196 42.8 .6 

639-15 852-4 S2 33 85 38.8 1.4 

TotaL ________..._..________ ..--______ --------..1==27==6=1==.,;194;",,1===4;;;,70;,[ 41.3~ 

D (27: 37) ___________ • ______ •_____ ~ 639-5' 853-9 51 62 113 S4o£ 1.0 
~ 639-16 852-17 105 132 237 55.7 1..0 

TotaL________________• ___________.__ __________ • 100 . 194 ~ 55.4-U 

E (15: 1) _________________________ { ::5 ~ figs ~~ Ii !~ H ~:i 
-------.-----f---Total______ .________________ __________ __________ 499 36 535 6.7 .1 

== 
63H { 853-7 100 30 220 13.6 •I)

F (M : 10)________________________ 853-11 155 33 188 11.6 1.1
{ 639-15 852-2 162 23 185 12.. 1. g

1---11---1------f---
Total_______________________ __________ __________ 507 86 S93 14. 5 1.1 

. - 77 1===34=1====1=====1=== 
G (I62: 94) _______________________ { 639-5 { ~2 129 65 Rl ~:g U 

639-15 852-16 188 88 2i6 31.9 2.5 
i-----~----~-----·I----TotaL_________.___________ __________ __________ 394 lS71 581 32.2 3.4 

Group E is composed of progenies apprG-nmating 15 colored to 1 
colorless scutellum. Of the four progeijies, two have negative and 
two have positive deviations. The group deviation is positive, the 
deviation divided by probable error being 0.7. 
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Progenies having approximately '54 colored to 10 colorless scutel
lums are listed in Groul? F. The observed percentage of colorless 
scutellums for this ratio IS 14.5, the theoretical expectancy being 16.6 
per cent. 

GI'OUP G comprises the three progeniles having l'ati~ approximllt
ing 162 colored to 94 colorless scutellums. .All three progenies have 
negative deviations. The deviation divided by probable error is 3.4. 

Within each of the above groups the agreement between observa
tion and theory is satisfactory, wIth the exception of t.he last group 
(G). The agreement between the observed and calculated number of 
progenies in~ each group is shown in Table 12. The value for x~ 
is 12.27, giving a probability of only 0.06. Half of the total x2 value 
is obtained from the Group A deviation. A possible ex,Planation for 
the excess in this group may be differential germination. Kernels 
that are homozygous for colored scutellums or heterozy~ous for one 
01' two factor paL.1'S can be cla'.lSified as colored with little mjury to the 
germ. With an incl'ease in the number of heterozygous factor pairs, 
the scutellums are lighter colored and must be cut more deeply to 
insure correct classification. 

TAHf.Fl 12.-0olll,pari80f1. of olilJerved ond CfJloulat6fl ftut/llber Of prOl1et1ie1 4ft 
grOUP8 81wton WI. Table 11 

Group 

Items �----~--~--~--~--~---.----ITo~ 
A B o D E G 

---------------·1----------------
Observed............................ 6 13 4 2 4 3 3 811 

Calculated•••.•••.••••••••••••••__• :U 12.1 7.8 il. 2 2. 6 1.7 3. Ii 36.1 
Dllference............................ +&8 +.11 -3.8 -8.2 +L4 +L3 -.Ii --.1 

The Fa behavior of colored segregates from the 162: 94 ratios 
gave all of the ratios called for by the hypothesis. The aFment 
between the observed and calculated distribution of progerues, how
ever, is poor. 

BATIOO 01' 114 TO 10 

Colored scutellum kernels of F 2 ratios approximating 54: colored 
to 10 colorless were tested in Fa. Ratios of this type are expected 
when the Fl is of the constitution 8 1 8 u 8'2 811,8a 8.,8.. 8,. Thirty
eight Fa progenies were classified, the number of individu&ls totaling 
6,774. These progenies are divided into five groups on the basis of 
the percentage of colorless scuteJ..lum individuals. The data are, 
listed in Table 13. 

Group A includes 10 progenies. Among 1,853 kernels were 8 with 
colorless scutellums. These were not tested further, but are probably 
due to accidental pollination by stray pollen grains from the dOIDl
nant white strain. 

In Group B, whose progenies approximate ratios of 3 colored to 
1 colorless scutellum, the percentages of colorless sctltellums range 
from 18.8 to 30.4. The mean percentage of colorless individuals for 
the group is 24.7, which is close to the expected 25 per cent. 
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Group C, made uP. of progenies segregating in ratios of 9 colored 
to 't colorless scutellums, lias an average percenta~ of colorless 
individualS. of 89.9. The ~d~~ for this ratio is 43.8. 
Five of the six progenies lut.ve·negative daVlations. The total defi. 
ciency of colorless scutellums is 89 individuals, giving a deviation 
divided by prnbable error of .a:7. 

TAlK.!!: IS.-Recorda 01 	ICllIeU."",. colora In 88 F. progenie8 01 F. ooloret:l 
leoreflate8 Of a 54:10 I'll-flo 

Pedigree No. Number of individuals 
Percent· Dev.Group and ratio 1----;;----1'---.---.---1age oolor. PE 

lees ••Fa F. Cololed Colorlea Total
----------1----1---1'-----_________ 

236 :I 237 •••••••••••••••••• 
1011 1 107 •••••••••••••••••• 
3211 o 1311 •••••••••••••••••• 
165 2 1«17 •••••••••••••••••• 

A (1:0)._•••_..............._._•••• 2m 1 -.•..............•.
1M o lIIG •••••••••••••••••• 
11K o 11K """_'" ._._••• 
1211 o 1211 ••••••_•••••_••••• 
1011 2 108 ••••••_•••••_••••_ 
1M o 151 •••••__•••••_ •••• 

Total •••• _ ••••••••••••••• -•••••••••••••••_••••"1=,.;;1;,;'845~!==,.;;89=.,.,;;;,1,;;863;;.~·;;··;;··;;··;;;··9·P;;··;;; ••••••;;;_ 

l1li&- 1 l8iI 70 2H 27. 0 L 1 
l1li&-10 138 3iI 177 22.0 La 
l1li&-13 1"~ M 203 -'11 .8 

B <a:l)••••••_.................... 323-8 ==~ ~ :: m It~ g 


I 
1 a ~ a i ~i U 

ota1 	 837 ---1----1--

o ~----=::~:=:=:=---=r~'I'==l,=r=:=i=l===§o:E==l=l==I;;'''i==:§=l==;:i=i:=I===:~;i 
Total ••••••••••••••••••••••• """""I"':'I==:SO=:=l====7=:=I==I,=~=::=1 ~:I ~: 

,! l1li&- II 1117 II 2011 4. 4 L 7 

••••••••••••••••••••_.. i ==~ l1li&-20 ~ 1«17 ~ 173 3. Ii ~JD (Iti:1) ••_ 323-8 I 	 «I ~. t~ 2.2 

t::~ Wt J ~ i.~ i'l 
666-211 81 4 81> 4. 7 .11 

Total ••••••••••••• __........ .._- ...._---- ....--......__.. 1,622 !IIi 1,1117 5.11 .~ 

0= 

253 	 14. 8 .11 
: 6611-28 108 16 124 12.11 1.2• 'wm_______________________/ ..,., m! 21 i 12.8 1. Ii143 1M 

108 16 I 122 13.1 1.111-' 44nf 
III 9' 70 12.11 .11 
114 111 71i 14. 7 .3 

Total_...................... '1-' ••• _••• - .••••••••• 735 117' 81>2 13.7 2.3
I . • 
Progenies whose segregations approximate 15 colored to 1 color

less scutellum comprise Group D. Five of the eight progenies in 
this group have negative deviations, the remaining three bemg posi· 
tive. The '.1Illulative deviation is very small, but negative, the 
deviation divided by probable error being 0.9. 
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Group' E iS'made up of six progenies whose ratios a'pprQXimate54 

col~ to;lO colorless scutellums. Thene is.a ~uggestlon that. de via .. 

tions ihthls grOllpare not random, .8S'all are negatil'e. The devia."! 

tioD divided'by pro~b1e error, however, is 2.8, :which is within.the 

limits.of randem,jluctuations.' '. '.. I - .. 


It has been shown that the agreement between the ;theoretiealarid 
observed percentages of colorless scutellums within each group with 
one exception has been fair. A compp,rison of the numbetof prog
enies in each group with the calculated expectancy is shown in . 
Table 14. The agreement is good, only one trial mfour being ex
pected to give a. better fit. 

TABLE 14,-OotnpaJ'i80n. of ob~ed aM calculated tlllmber of pV'Ofleni68 in 

(IrOtI.fJ' .1IoIon .. Table 13 


Group 

Ite~ 
-A-- B leD J E T~ta! 

8=~:::::-::-::-::-:-::-::-::-::-::-:-_-:-::-::-:: --1-~- --8-&-.[--1-.- --8-8.-.1--0-1i.-0 rr.8 
Dl1ftnDce________________________________ +a. 0 -.. -2.. -.. +.. +. II 

:&ATlOS OF 411 TO III 

The data from 13 Fa progenies grown from colored scutellum 

kernels of 45: 19 ratios are listed in Table 15. These progenies are' 

divided into four groups on the basis of -their breeding behavior. 


Group A consists of the true-breeding colored scutellum progenies. 
These three progenies have a total of 324 kernels. In one progeny a 

- single color~ess scutellum kernel was observed. 

TABLJI 15.-Rc!Ioord.t of 	JCM.IeU.tlS color. '" 13 11'. Proflenle. of 11'. oolorea 
'egreflate. of a .+5:19 ratio 

Pedfiree No. Number of individuals 
Percent- Dev. 

Group and ratio 1---:---;----;---.-----1a&ecolor- P'E
lees ••

Fa Fa Colored Colorleea TofDl 

l--~-----------
, { MHi 140 0 140 _________________ _ 


A (1 : 0) __________________________1 327-4 MI-8 Ie 0 142 ---------- ------- . 641-13 .1 1 42 _________________ _ 

TotaL______________________I__________ -1--~~~~--1=~;~~==63=1===;=~-=--=--=~=-9=--1=::=::=::=:: 
B (3 : 1; 45 : 111) ___________________1 327-4 5!~ ~~~ i = ~~ :::::::: 

• I ~t~o ~g ~i ~gg ~ ~ :::::::: 
TotaL----------------"-----i---------- __________ 	 __- __-__--96-9-1--23-7-1--1,-208-1---19-.6-1-__-

C. '~"""m"mm--""""".""m ",",.<>-7 "' 1~=8=7,1==1=72=1==50.=6,1==2.8 
D (15 1)__________________ ,.______ 327-4 { ~~1 ~~ l~ - ig ~~ i: ~ 

641-12 1-_70_1 4 1-_7_._1-_1i._4-1___.4 
Total.______________________ ,__________ __________ 33(1 27 363 7.4 1." 

http:IrOtI.fJ
http:limits.of
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GrollpB comprises progenies. approximating .either 8: 1 or ~:'19 
ratios. No attempt h8s been made to separate these ~rogenies be
cause of the obVious impossibility of doing so accurately mr;cept by 
breeding behavior. 
. A single pro~y a:pproximating a 9: 7 ratio faps in Group Co; 
In this progeny: there 18 an excess of kernels belongmg to the cclor
less scutellum Class, the deviation divided by probable error being 2.8. 

Group D includes those progenies having ratios of 15 colored toO 
1 colorless scutellum. Of the three progenies in this group, two have 
~tive ~d one a negative deviation. 

Considering all of the ~ups, the agreement between the number 
of progenies observed ana expected on the basis of a 45: 19 ratio 
is as mown in Table 16. 

Group 

Uema 
A B o D 

-------------11-----------
Oblened.__________________________________________ a II 1 3 IIcaJoWated___________________________________________ 0 7. Ii lL I L 2 13~ 

Dl1fenIIce___________________________________________ +1.0 -1. II -L 3 +L8 0 

A possible explanation of the large deviations occurring in certain 
of these Fa progenies may be pollen-tube ~wth factors. Many Qf 
the progenies were segregating for sugary endosperm, and 1he de'ria
tions are greatest in these progenies. This suggests that the Ga ga 
factor pair (11) may be involved. Data were obtained on the linkage 
of 8 1 81 and 8u 8U in progenies homozygous for the gametophyte 
factor. The crossing (Wer between these two factors was found to be 
about 37.6 per cent. The detailed data. are presented in Table 17. 
If the 8 1 locus is to the right of sugary, the gametophyte factor 
should have little influence on the colored to colorless segre~ations, 
as the map dist-ance between the two genes would be approxunately 
60 units. However, if the 8 1 locus is to the left of sugary, it would 
be only about 20 units from the gametophyte factor, with some 2() 
per cent of crossing over between Sand Ga. 

In conformity with Mangelsdor'l and Jones (11) it has been as
sumed that Ga-bearing gametes effect fertilization four times as 
often as gametes carrying go,. Linkage being in the coupling phasef
the calculated percentage of colorless scutellums then would be 16.0. 
For the « low' progenies in group B of Table 15 the mean percent
age of colorless scutellums is 15.4. Linkage being in the repulsion 
phase, the :percentage of colorless scutellums would be 34.0. One 
progeny which might be classed as " hi..~h " had 27.0 per cent of color
less scutellums. The agreement is sufliciently close to suggest that 
the order of the genes may be 8 1-Ga,-Su

Z 
and that the action of (}a 

go, was a partial cause of the discrepanCIes. 
91066-32--3 
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'.l'ABLJIl'l.-ReconJa of 8cuteU"m coZor ..,.. fkJe lHJck-cr088 j)f'OUetHe8 of 'lie oro•• 
(8t1 81 X 8u ,.) X BU 81 

W 
l'edlgree No. 1---.:----1----,..--- agecrCl8ll-' 

Percent

8. 	 ,. 8. ,. ing over
--------------·1---------------X 1021>-1______________________________________ 
1027-1 ..(() 57 58 26 36.51027-3 X 1026-1 ___________________....- ______________ 

Z1 	 41 49 26 37.1
1027-5 X 1026-1. _______________________________.----_ 38 61 66 35 38.4 
1027-10. X 1026-1. ____________________________________ 
1027-11 X 1026-1 ______________________________________ 

26 	 43 41 31 38.8 
10 	 19 III 12 36.7 

~Total._________________________________________ ------'-	 -- 
141 	 221 22Il 130 37.6 

The situation is complicated further by the fact that some of the 
progenies in this group probably belonged in the 45: 19 rather than 
in the 3: 1 category. 

ltATIOS OF 27 TO 37 

Seventeen F 3 progenies of colored segregates from 27: 37 ratios 
were classified. The data are presented in TablE\ 18. One of the 11 
progenies bred true for colored scutellums. 

Group B is made up of progenies having approximat~ly 25 per 
cent of colorless scutellums, the mean percentage of colorless scutel
lums being 25.1. 

In Group C half of the progenies have positive deviations on the 
basis of a 9: 7 segregation, the remaining half being negative. The 
deviation for the group is negative, amounting to 12 individuals. 

The three progenies in Groul? D approximate the 57.8 per cent of 
colorless scutelluins expected WIth a 27: 37 ratio. All the progenies 
lJave negative deviations. The deviation diviUed by probable error 
for the group is 2.4. 

The agreement between the observed and calculated number of 
progenies for each group is shown in Table 19. The fit is ::-easonably 
good. 

TARLE 18.-Reco,.(1.~ of 8C'lItellulI~ coloI' ill 1"1 F. p'l'ogonics of F. colot'ed 
8(!grt!gates Of a 27: 3"1 mtio 

Pedigree No. Number of Individuals Percent- Dev. 
Group and ratio 	 age~lor- P.E.F, Fa less 


A (1: 0) ___________________________ -----  ~I Colorless I Total" 

639-10 	 85:;"11 158 0 158 
---' 

26.5 0.1 
B (3: 1) ___________________________ 

1M 5111 223
855-2 148 48 1116 24.5 .2I~H

639-10 	 85IHi 210 76 . 286 • 26.6 .11 
855-15 23.1 .660 	 181 78 
855-16 140 41 181 22.7 1.1 

_ 	 25.1TotaL..__. ---...... _--..---_ ... .. .._----_... ... ...-_..... _- .... 722 :;-f2 1----siM -----
.1 

855-3 1M 219 38.8 2.2 
855-4 116 186 37.6 2.6 

C (9:7) _____ • ____.._______________ f 	 rol855-8 119 76 175 43.4 .1 
855-11 122 88 210 41.11 .8 
855-13 110 219 46.1 1.0639-10 185:;"14 126 211 44.7 ,< 

855-17 80 67 147 45.6 
855-19 141 liS 259 45.6 .9 

TotaL______________________ 	 ---- 
';II 	 :7 

-...... , ..---.. ------- .. _..- 030 702 I 1,632 43.0 .9 

79 	 50.1 1.1{ 855-7 9; I 176D (27:37)_________________________ 639-10 855-10. 50 61 111 55.0 .9 
I 85:;"12 1211 151 280 5:1.9 2.0 

TotsL___ --_-- ______________1__ ------- 258 	 64.5 2.4---aoo-1--s6i 



19 Il'l'HBRITANCE OF COLORED SCUTELLUMS IN MAIZE 

TABLE 19.-C'olnpari.soll of OOsert'ed and calculated 111ltnller of progmtie.a in
11"onp8 SIlO IOU in Tahle 18 

Group 

o......;:==_;;=:=:_:_:_=~~_c~--";- T""" 
calculBted...-----------------------------------------1 .6 3.8 7.6 5 17 
Dur~ence-----------~=-_=_--==~---------------=___+.4. +1.2 . +.4 -2 0 

x'-1.47. P-0.69 

RATIOS OF !l TO .. 

Colored scut('llum kernels from 9: 7 Fq ratios were used in &. te!::t 
in which 28 F 3 progenies having a totai of 5,379 individuals were 
classified. The detailed datu. are presented in Table 20. As ex
pected, the progenies fall into three distinct groups. Group A con
tains all the tme-breeding forms, Group B those progenies segregat
ing in ratios of 3 colored scutellums to 1 colorless, and Group C the 
progenies approximating a ratio of 9: 7. 

Among the 662 individuals in Group A are I) colorless scutellums. 
It is believed that these are due to foreign pollen. 

The 11 progenies in Group B have percentages of colorless scutel
lums ranging from 21.7 to 29.1, the expected percentage being 25.0. 
Five of the 11 progenies have positive deviations, the cumulative de
,-iat\on likewise being positiye. The deviation divided by probable 
error is low, the value being 0.3. 

Group C contains 13 progenies whose percentages of colol'less in
dividuals range from 38.5 to 47.3. The cumulative deviation is nega
tive, the deviation divided by probable error being 3.2. 

A comparison between the observed number of progenies in each 
group and the theoretical expectancy is shown in Table 21. The 
fit here is unusually close, x2 being less than 1.0. 

TABU: 2O.-Recor(ls of scrltellr"'l colors ill 28 ],'. progenies of F. colored 
segregatt's of a 9: 7 ratio 

Pedigree No. II Number of Indl\1dunll! P t 
ereen - Dev. 

Group and milo IF: I ageco!or- . P. E. 

-~~1:
3 

C~!o:__~~:~:: Tot~88 ___=___ == 
_ 640-5 143 5 148 __________________ 

A (I :0) ----------.---------------- 327-1 640-19 208 0 208640-22 118 :===:::=0 118 :::=:==::: :::::::: 
Tutsl ______________________ __________ __________ 11:17 5 662 _________________ _ 

640-2 1==1=76=1===11=2=1==238=1 26.1 0.1\ 
64lH 160 52 212 24. 5 • 2 
64tH! 156 60 216 27_ 8 1.4 
640-1 155 50 l!O5 24. 4 • 3 
640-8 181 57 238 23. 9 • 6 II (:\ I) _ ________________________ 327-7 640-9 186 68 2M 26.8 1.0 
640-10 163 67 230 29.1 2. I 
640-11 185 52 237 21. 9 1. 6 
640-15 168 55 213 25.8 .4 

Tn'"' ------.---------------L-------,---=~-. 1,:: I 5:: -~~ I ::: 1:: 


l 
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~.ABU: 2O.-Recom. of IONteZIvm- colOf'lt in 88 F. P"og~ of F. oolorml 
aearegafe. ot a 9: 7 rafio-Contlnued 

PedJpeeNo. Number ot individuals Percent· 
ageco!or·Group and lIItio 1:eBa" P.E. 

FI 
-. I_F.~ color_I TO~ 

Dev. 

~ 

tW6-1 42130 l1li I 2211 
6M>-12 119 80 1l1li 40.2 LI> 

118 80· !m 43.4 .1=:t:, 161 96 246 38.8 2.4 
MO-17 1~ 96 2fO 40.0 L7' 
MO-18 126 84 210 40.0 1. 

e (0!7) ••••••••••••••••••••••••••• 327-7 MO-20 160 97 247 39.3 2.1 
MO-21 101 82 183 44.8 .4 
MO-23 83 68 141 41.1 
MO-24 87 69 156 «'2 
MO-25 60 41 101 40.8 
646-26 ffl 42 109 38.6 1: 
MO-28 89 80 189 4'1.3 L 

To~...................... ..................... .........__........ , 1,423 1,012 2,436 41.81 3. 


TAlILII 21.-OompariaOft Of ob.ervec& axd calculated ,",mOOr of progenie. in 
group••Tsoum in Table SO 

O____________=_______________.....---..-.I,fT:~--~3- ~A. 

Caloulated........................_ ......__.......__....__.... 3.1 12. 4 12. 4 2i. II>

DlJrerenco...................................................... +.9 -1.4 +.8 +. t 


xI-O.45. P-o. 80 

The values for P when ')(2 is less than 1 have been taken from 
Fisher's table (4-). 

BATIOS OF 111 TO 1 

Nineteen Fa progenies were grown from colored scutellum segre
gates of ratios of 15 colored to 1 colorless. The detailed data are
presented in Table 22. The data are divided into three ~oups on 
the basis of their F. segregations. Group A contains the true
breeding colored scutellum progenies. Among 1,258 individuals in 
nine progenies no colorless scutellums were observed. 

Progenies whose segregations approximate 3 colored to 1 color
less scutellum are included in Group B. In this group the cumu
lative deviation is negative, the deviation divided by probable errol"' 
being I.S. . 

Group C contains six progenies whose segregations approximate 
15 colored to 1 colorless scutellum. The total deviation 18 negative, 
the observed percentage of colorless individuals being 5.3, whereas 
6.3 per cent were expected. The deviation divided by probable 
error is 1.7 for the group.

A. comparison between the observed and calculated distribution 
of progenies is shown in Table 23. 
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TAIUl 22.-.Reoorda of ~e""". col~ .. 19 F. rwo,enw of :Fa colore' 
aegregate. of a 15:1 ratio 

PediilrIle No. Numba' of lIuiividuaJa 
Percent- Dev. 

Group IIIld ratio �-----~---I------~---._--Iap~o~ F.Jr. 
Fa Fa Colored Colorleu Total 

1143-1 217 0 217 -_......-........ ........._--
843-2 192 0 192 --_................ -_.....---
1143-3 U7 0 147 .._................... ---..---M3-li 157 0 167 ...................... .............._.A (1:0) __________•_______••____ ••_ 328-3 843-T 

147 0 lilT ....---.......... ..-..
--~--
843-10 172 0 172 .._---............ ------_.
843-111 123 0 123 -....--...._..-.._-_...... 
843-17 49 0 49 ......-..-..__..-----_........ 

843-111 M 0 M ---·----1:::::::: 

TOtal..__._._••_ •• ___ ._.___••_••_ ••••__ ••••••I---~---+---I---J,:zs8 0 1,268 ..oo--.,..... _.... --...._-
= 

129 49 178 21.5 L2 
1M 85 169 20.7 L9B.<3 :1)••••_ ••••_•••••_.______••_ 328-3 { 5 
1f17 311 139 23.0 .8 

511 It 70 20.0 L4 
Total.•••••••• _._. ___________•.••____________••I---f---I

428 130 5511 23.4 LlI 

1111 II 1117 3.11 2.1 
138 11 149 7.4 .8 

C, (13 :1)••__ ••_._••___ • ___ ••__ •••• 131 Il 142 3.1l 2.0
328-31 EEl HII 7 123 5.7' .4 

643-13 128 8 1311 5.9 .3 
843-14 108 T 116 11.1 .:i 

Total___ ••__ •••••• _._. ___•______________________I---f---I---+---I-
788 « 832 5.3 L7 

T.AlILII 2S.-CompariBOft of obaerood aM CGlotIlatea flumber Of progenie. 'n. 
groups shown. ill Table !! 

Group 
It0ms Total 

A B o 
Obeerved-------------------1---•________ •__ .._______ ____ ______ _________ _____ __ ----- __ • • • • • -- 

9 4 il 111 
Dttrerence____________________•________________________________ 8.11 &.1 &.1 19.1
Calculated.___•__•______•••__________ •______•____________•_____ 

+.1 -Ll +.9 -.1 

RATIOS OF 3 TO 1 

The data on the five Fa progenies wown from colored scutellum 
segregates of 3: 1 F 2 ratios are given m Table 24. On the basis of 
monohybrid segregation, the F a ~opulation should consist of segrega
ting and true-breeding progemes in the ratio of 2: 1. With five 
progenies the calculated ratio becomes 3.~: 1.7, wh~reas the observed 
ratio was 4: 1. All the ratios in the segregating group have approx
imately 25 per cent of colorless scutellums. 

TABI.II 24.-Recorda of scutellum color in (tve F. progenies of F. coJored IIegre
gatelJ of a a:1 rati(J 

Pedigree No. Number orIudhiduals Percent· Del". 

Group Bud ratio age color· - 

_ i_F_1_/_F_1_ Colored Colorless ~ less P. E. 


A (1:O)---------------------------l
" 

859-2 0 ==781-1 112 112 

I 859-1 85 30 115 26.1 O.!I{
B (3'1) , 781 1 859-3 128 49 177 ll7.7 L .. 

'---------.-----------------, - 851l-4 118 19 87 21.8 LO 

_ TOtaL_______________-:..-_-._--_.!~~:-----.L--:~:- :: 1: ~: :: ~ 
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The beha.vior of all the F 3 progenies grown from F 2 colored 
scutellum segregates has been in reasonable accord with the proposed 
hypothesis. In every case the expected ratio types have been 
obtained, and in most cases the agreement between observation and 
theory has been good. The results of other tests of the hypothesis 
are presented in the following sections. 

BEHAVIOR OF COLORLESS SCUTELLUJIS IN THB F. GBNBRATION 

Colorless scutellum segregates of progenies representing each of 
the six grou~s in Table 10 were tested in F 3' The detailed data 
are given in Table 25. 

The data presented in this tabh, totaling 8,054 individuals, are in 
a.~rd with the hypothesis, as all colorless scutellum segregates 
breed true for this condition. In each group a few colored scutellum 
individuals were obtained. In every instance these exceptions repre
,sent a small percentage of the popUlation and are believed to be due 
to accidental pollination. Again no attempt has been made to 
separate individuals from 3: 1 and from 45: 19 ratios. 

TA.IU.J!l 2li.-Reoord8 Of 8cutellum colol' ·in. ..f2 F. progenie8 Of col«le88 F. 8eure
gatea of grouP8 1 to 6 of Ta:tJle 10 

- ----- -------.-

Group and ratio of preceding generation 

I 
I Pedigree No. 

-
Number of 
individuals 

Ft F~ Colored Colorless 

170-2 352-2 2 26 
178--5 355-10 0 191 
176-5 { 356-1 0 125 

3/i6-6 0 61 
24z...11 357-9 0 30 

·1 
11HHl 

1 (3: 1) ______________________________________________________ _ 

{ 361-2 0 100 
361-7 0 145 

242-13 365--3 2 300 
242-9 429-1 238 

Totnl __________________________________________________ _ ---" --
.. --------- ... -----.. _--- 8 1,216 

I 
649-1 8 270 
6411-2 1 238 

2 (\I: 7) ______________________________________________________ _ I 6411-3 0 239 
327-7 6411-4 0 216- 6411-5. 1 IN 

641H1 0 203 
6411-7 2 215 

Total __________________________________________________ _ -----
.. -----... --_ ... -----_ ..... _- 12 1,480 

648--2 0 192 
648-3 0 2831~, 

3 87 

3 (27 : 37) _____________________________________________________ 848-4 6 250 
327-6 648--5 3 311- 648--6 0 312 

648--7 1 231 
648--8 1 261 
648-9 0 285 

Total __________________________________________________ _ -----
14 2,212... ---------- --------- = 
0 187 

6li5-2 0 132 
4 (15 : 1) _____________________________________________________ _ 655-3 2 211 

320-10 655-4 1 198- r~'655-6 I) 156 
655-7 0 101 
6li5-8 0 83 

Total __________________________________________________ _ -----
. -- -- ~ ----- 3 1,008

---~------
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TABLJ: ~&.,.....Rec0rd8 of ICtItellvtlt color {f~ .f! F. fWOgfIft.le, of colorJe8& F. ,egre

!/Gtel of groups 1 to 6 of PabI6·lo--..<X>~t1nued 

Nl!mberotPedigree No. Individuals 
Group and ratio of precedlng generation 

FI Fa Colored Colorless 

---------~---------·I-----------
0 171~}:~ I) ro 

1 
flSHI 7 118 
flSl-4 1 213 
6&1-5 0 137 
fISH! 0 1M 

4 (44 : 10) ... _______________ ._••_____.._____ .__________________ 320-11 

flS1-9 1 198 
TotaL __________________ • ___________ • ______ •• ____ •• __ .._________• _. ____ ••_.__ 

II 1,001 

0 31501\ (IG2 : \14) __ ..__..______________________________________.._____ 322-13 { 5~~ 0 Z711 
0 3M 

TotaL _..____.....___ ••_•• __________..__ .._________ • ________________________ _ ----- 
0 081 

The hypothesis ullder test requires that colorless scutellum segre
gates from 3: 1 and 15: 1 ratios should be of four types. These can 
be used 8.8 scutellum testerr- to determine the genotypic constitution 
of unknown '''hites. These theoretical types are given below prior 
to the proof of their existence. 

8, testet'_____________________- _______________________ 'I S. 8. S. 
90, 8. tester__________________________________________ 8 I. 8. S. 
/fa, 8. tester__________________________________________ 8.1 S. II. 8. 
8., I, tester__________________________________.._______ 8. 8. S. 8, 

Each of these testers should pi'oduce only colorless scutellums when 
self-pollinated or when crossed with strains ha.vmg a similar genetic 
constitution. In addition, the F 1 cross between any two different 
testers should produce only colored scutellums. 

Evidence that four testers exist, and that their behavior is as out
lined above, is presented in Table 26. Selfed progenies of each of 
the testers bred true for colorless scutellums, the few colored scutel
lum kernels presumably being outcrosses. F 1 crosses of one testel" 
by any different tester have all colored scuttelums. The numbers are 
not large, but they are consistent and in accord with the hypothesis. 

TARLE 26.-RerordIJ (}! 8ctttcllflm· color8 ." F, of lelfcd atld i"tercrOll8ed 
soutellum testers 

Number of IndIviduals 

Pedigree No. Testers and crOSSll!l 
Colored Colorless Total 

-------------1---------1-------- 
822-11_________________________ • ______ .______ 3. ___ • _____ •_______________ ... 
821-4_________________________ • __________________ do_____________________ __ 3 207 210 
82~14__________ •_. ___ •• ___ •_________ • ___________do______________________ _ 0 2M 2M 

14 230 244 
TotaL __________ •. ________________________________________________ _ -------- 

17 701 718 
820-2_______ . _______ • _ ___ _ . _••• _______________ 'f___ ______________________ 

0 180 180820-11 X 2 .. _. ____________ . _._._. ________________do....__________________ _ 0 263 253 
Total. •. _. __ • ______________________________ • ______________________ _ -------- 

0 433 433 
= == 

0 195 195~~::: ::::: ::::: ::-::::::::::::::::::::::: 1_~~- :dii.:::::::::::::::::::::: 1 113 114831-U...... ____ .• _...____ .. _. _. __ •. _. _______ :.. ___do._.._________ . ______ ._. 2 81 83 , .-------- ,)'ot81. •. ". " ___ '" ...• __ .._.. __ .. ___ I .. ___ . ___ .. ____ .... _______ .___ i 3 389 392 
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TABtit 26.--ReoOtcJ of toI$Ieil.' bolon· ,. 1'1 of stilted /la;J {,,'ercro,.
,cuteR.. 16It6rs-Ccmtinued 

Number of individuals 
Pedlcree No. 

Oolored Oolorless Total 

832-13______________________________________ "--------------------------·1':==='=1==1=87=1===1==91 
821-7 X 820-2..._. _________________________• } {17 0 17 
822-11 X 820-:;______••_____________________ '1XI2.. 46 ° 4G 
822-9 X 820-2.... ______ •___..____..__________ ---.---.--------------- 24?' ° lU7 
824-3 X 820-2...____••_._._______ •________._. 29 ° 29 

---1----1---
Total••___••__ ••______•_____________ ••-.----------.------.--------.1==33=119===0==1===339= 

~ X 823-4.____ ••••__•___ ._______________ II X 12...__________._.__._____ 3 ° 3 
&'U-ll X 82:h'l. _____ •••_____•____•____ •___._ •___ .do••_. ________ •__ •__._••_ 2 ° 2 
822-15 X 8111-2_._ ••___ •__ ••_._••___• ___• _______do••••_••••___•________ •• 62 0 82 
822-1 X 819-2.••_. __ ...______••_.____•____• _____do••____________••__••__ • 108 13 121 

Total.•••__ •••_. ___•___•__ ••_••_••_•• _________•_______•______•_____1--- -+ 13 18817-5
822-4. X 832-11______ •_______________ •______• II X .._______________ •__ •___•i====i===i====::88 5 93 
833-9 X 822-5..____ ._.__ ••____ ._..____ •_____ ••____do.___•____ ••_._.__ •___ •• 22 0 22 

1-----/----+--Total ____ •••__ ._._.____ ••________•_____________---______ ••_________1==11=0=1===59===11=5 

~~~i::::::::::::::::::::::::::::::: .~~:,:::::::::::::::::::::: ~ g ~ 819-2 X 820-l.... ______________•••_______________do__•__ •____________.-___ . al1 .. III 

Total••_________•___________________ • _________•______ •_________•__•1---1----1---'l268 , 

832-1 X 820-2...__ ._.___ •__ •___ ••••__________ II X '1_______.__________ ._.__1===1=====1===27 I) 2'1 
820-7 X 832-11 __ •__ •___• _________________________do••••___ •____ .__________ 83 ° !In 

Totfll ___________•_________•________________________________________ 1--- .' ---0+--1-10 
110 

831-10 X 832-11________•____________________ ~IJ X" {219 1 220 
83..~ X m-4______________________________ :1' -._--;----------------- 168 :I lao 

~Total. __________•_________________ •___•__ __._____________________ 877 J 800~--~---'r---

Crosses bet ween the various testers would be expected to show two 
types of breeding behavior in the F s generation. Crosses involVing 
lit and any two factors of the series 82, 8" and 84 will exhibit F J ratios 
of 45 colored to 19 colorless ooutellums. Crosses of testers involving 
only members of the 8!;1, 8" a.nd 8, series should. give an F~ ratio of 9 
colored to 7 colorless scutellums. The data for such FJ crosses are 
presented in Table 27 and are in close accord with expectations, 

In the early attempts to isolafu testers; success was onlypartiaI. 
Colorless scutellum kernels from supposedly 3: 1 ratios oehaved 
very erratically in crosses. This unexpected behavior was easil:r 
explained af,ter proper distinction had been made between 3: 1 ana 
45 : 19 ratios. The nonconforming whites had been obtained from 
45 : 19 ratios and were actually recessive for 1, 2~ or 3 factor pairs. 

No attempt has been made to prove 'the existence of all the expected 
genotypes of colorless scutellums from any single cress Dr group of 
crosses. 

BOIIOZYOOUS COWBED X JlULTlPLE JlECBSSIVB COLOBLESS SCUTELLUJIS 

Colored scutellum strains homozygous for all foul' factors, 8 1 , 

87.,8a, and 8., when. crossed with the multiple recC&live colorless 
stocks should produce F 2 ratios of approximately 162 <:olored to 94 
colorless scutellums. On the other hand, colored scutellum strains 
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hom()zygous: tor 81 81 and two of'the other three' factor pairs should 
produce 27: 37 rati~ in F. when. erossed with multiple recessive 
colorless stocks. .Both of theae. ratiQS were obtained, as $hown by the 
data in Table. 28, proving ,the existence of true-braeding colored scu· 
tellt;.Jn$ of atleast two genotypes. , ' , 

T.&m.. :/:l.-Re00ra3 of ,outeJZu". cotorm 18 Fa progen.es ot orO'8flB ofcolorwsl 
, ,o.teUvm teater, , 

Number of lridlvldUals II Peroant-
Tester and pedigree No. 81!l!' Dev. 

Colored Coloriesa Total rolorless F.E:I 
-,-------------~-I--------------

•• X •• : 
~2 ... _............."t...... _ ...._ .. ~.... _ ...... __...... _ .... "'''' ..........- ..__ .....
MQ7-3_____________ ____________________ •__________ 110 ~ 160 211.7 1.2~ 

39 18 &7 31.6 .6 
TotaL__________________________________________ 

149 58 207 28.0 .8 

~L_____________________________________________ ,ta X '1: 
8700-3_____________________________________________ 308 131 439 29.8 1.0 

162 35 197 17.8 5.4 
6~ 104 37 141 26.2 1.36700-6_____________________________________________
6701-2 ___________________________________ •_______ 159 80 219 27.4 1.1 
6701-4_____________________________________________ 75 32 107 29.9 .1. 1114 39 193 30.6 • oj; 

Total_______________ •____________________________ 
\l42 354 1,296 27.S 2.8 

11 X 11: _____________________________________________6702-2 
62 41 103 39.8 1.2: 

6704-2_____________________________________________ 
6704-3_____________________________________________ 74 iiI 125 40.8 1.0, 
6704-5_____________________________________________ 219 160 379 42.2 .Il· 

80 62 142 43.7 0 
Total______________,______________________________ 

'1 X &1: 

373 273 646 42.3 1_1 

11 Xl.: ____________________________________________6705-1 

6705-2_____________________________________________ 49 29 78 37.2 1,.'1' 

6705-3_____________________________________________ 8Ii 76 161 47.2 1.3. 

6705-4_____________________________________________ 72 liS 130 44.6 .3 


74 56 130 43.1 .2'6706-1 _____________________________________________ .j;g 
26 20 46 43.5 .1 

Total____________________________________________ 

G706-li_____________________________•_______________ 6Ii 113 42.5 .4, 

371 287 6Ii8 43.6 .1. 

TABLII 2B.-ReoorcIB Of ,outeUum coWrs in 11 Fa progenies ot crOS86S of 
IwmoZUgQ1t8 colore" X muUiple receBBi1Je oolOrZeBS scutellum strain, 

Number of lndlvldusls I 
Pedigree I--------,~--! pe~:nt- Dev.Group and mtlo 

No. 	 colorless P. E.Colored Colorless Total 

------------,.;~,-"",!'-'• 	.".,.I,~~~--------
8Ii6-3.___ 113 '60 173 34.7 0.Il;, 866-4.__ _ 75 au .114 34.2 1.0 

136 68 '204 33.3 1.6,A (i62;Q.) ______•__ ~~ _____.~__ C-"--.-----.-- =--- 86 57 143 39.9 1.1 
, 867':'7:::: 101 &8 159 36.5 .1 , ,868-1..__ '18 29 107 f'i.l a.l 

Total'___________________ ; _________________•_____ ~-----.----

!
1iS9 '311 \lOO 34.6' 2. 0, 
i==7=I'=""'7=~= . 1862.-5___ _ 114 • 126 240 52. 5 2. 5 , 	 862-4__ ._

B (27;37) ______________________________ 	 81 Il8 179 54. 7 1.3._____ 863-3~.__ 
79 100 179 55.9 .8

870-1..__ 101 120 221 ~. 3 1.5 
, " I· 870-5___ _ 124 148' • 272 54. 4 1. 7 

TotaL __________.:.____________________________ _ 
499 1.091 .54.3, 3.5 

http:progen.es
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INTP~RC)SUS OF aOJlO~GOU8 CO~,!IQJ~1JJI,""NS 

Colored scutellum strains of theconstitution'.Sl Sll 82 8 2, S3 Sa, 
8 4 8 4, when crossed with any otl1el' true-breeding'col~red ~cutellum 
genotype, should produce only colored scutellums In. subsequent 
generations. Data from one such croSs are presented in Table 29. 

Crosses bet~een colored scutell.urn .strains homozygou~ for, t4ree 
factors but unlike in genotype should give ratios of 15 colored to 1 
colorless scutellufn in F 2' Data from one cross of this kind are 
presented in Table 30. The data prove the existence of two diiferent 
genotype~ of colored scutel1~lm strains, each homozygous for three 
factor palrs. The hypotheSIs call~ for three /:iuch genotypes. The 
occurrence of the third has not been d~molli>trated. The data which 
have been presented, however, give sufficiently conclusive proof of 
the existence of three of the four required types of homozygous 
colored scutellum strains. 

TABLE 29.-Rec01'd8 Of scutelZfltJ~ color in 10 F. pl'OgeniCS of crosses of colOl'cd X 
colored souteZlf~m straMt8 

Number of individuals Number o( individuals 

Pedigrl1ll No. Pedigree No. 
Colored Colorless Total Colored Colorles.~ 'Total 

349-1-•.•••••••.••.• 203 0 203 34\}-7........_...... 209 0 209 

349-2••.•_••••_._ •.• 179 5 184 349-8.•••._••••••••• 191 0 1117 
349-3.....___ ._••••• 100 0 106 349-9•...__......... 154 2: 156 
349-4 X 349-2 ••••_.. 70 0 70 34\}-10••.••.•••••••• 22'J 5 227 
349-5............._. 250 0 250 
3~1Hl••••__ •••__.... 242 8 250 TotoL. ______ 1,832 20 1,852 

TABLBI BO.-Records 	 Of 8CUteZZ'um colors itll fl,ve F, progenie8 of crosses of 
c.ororea X colored scutellum stroi1lJB 

Number of Individuals Percent· Dev. 
Pedigree No. 1---,--...---1 age -' 

colorless P. E.Colored Colorless Total 

---------- -----1-----------'--- 
34&-1 ..............____••••__ ..................__ ..... '01 14 241 11.8 0.4 

34S-2._..........__ • __ .............._••_•••.• __ ..__ •• 23Ii 13 :us 11.2 1.0 

348-6.___•____••••_•••_•••••••••____••••••_.. •••••••• :u6 Iii 261 5.7 .Ii 

34&-1__...............__..............__..._.....__ •• 264 10 274 3.6 2.6 

34&-9••__••••••••••••• ____••••••• __............__•• _. 236 13 249 5.2 1.0 


---1----1 
Total.................__.-...--.-- •• __.._...... 1,20S 65 .1,273 11.1 2.5 


AGRBEllENT WI'1'H HYPOTBBSiS 

Th4~ data for the purple and red scutellum series have been in 
agreement with the proposed hypothesis in each of the several ways 
tliat it was tested. The behu.vior of co10rel1 segr~gates from the dif
ferent ratios was in accord with expectancy. Colorless segregates 
bred true for this condition. Intercrosses between colorless scutel
lum strain from 3: 1 and 15: 1 ratios furnished evidence for the 
existence of four different colorless testers. Colored scutellum 
strains crossed with a multiple recessive colorless strain .produced 
the eJtpected Foz results. Appropriate intercrosses demonstrated the 
existence of three of the four different homozygous colored scutellum 
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strains required by the hypothesis. There is close. agreement be~ 
.tw£~Jl expectations under the hypothesis and all the ooserved facts. 
This seems to prove. conclusively the assumption of at least four fac
tors interacting as described, determining the purple-red coloration 
of the scutellum. 

DOMINANT WHlT:E SCUTE:LLUl\IS 

'rhrough the kindness of I. F. Phipps, many of his cuitures were 
examined for possible scutelhun color segregation. In his culture 
1561-A an ear was found which segregated in a ratio of approxi
mately 9 colored to 55 colurless scutellums. Such a r.atio would be 
e~cted from the interaction of a dominant white scutellum factor 
WIth factors of the purple and red series which otherwise would 
have resldted in a 9: 7 ratio. 

A dominant white scutellum strain was isolated from the progeny 
of this ear. Repeated tests haye shown this scutellum factor, SG 8G, 

to be completely dominant in either the homozygous or the heterozy
gous condition. Unlike the I i factor pair, it has no effect on 
aleurone coloration. 

Colorless scutellum seeds from this original ear were tested in the 
next generation. The results of this test are presented in Table 31. 
The 15 progenies can be divided into four groups. 

TABLIIl S1.-Records of 8cutellum color in 15 Fa progenie8 Of F. colorle8s segre
ga.te8 of a. 9: 55 ra.tiQ 

Pedigree No. Number or indlvidnaIs 
Percent- Dev. 

Group and ratio I----;---I---.---l'----;---Ia~~or- 'P.E.' 
F. F. Colored Colorless Total 

---------1----1-----------------
100 _________________ _3S(h'J o '"~ 117 _________________ _ 

38(H o 117 329 _________________ _
38(}-7 o 329 328 _________________ _- A (0: 1) ________________________ Pl56IA-l I 38(}-13 o 328 215 _________________ _

38(}-14 o 215 98 _________________ _
380-10 o 98 291 _________________ _672-2 o 291 170 _________________ _
672-3 o 170 

~Total___________________________________ ______ _ -------------
0 1,744 1,744 -------_ .... -------.. 

46 156 202 77.2 1.1D {I: 3)________________________ Pl561A-l { :::U 59 185 244 76.8 .4 
Total________ : _________________________________ _ 

100 341 446 76.6 1.1 

(' (3: 13} __________________..___ PI56IA-l { ~ 17 75 112 81.6 .1 
31 174 2011 84.9 2.0 

TotaL_________________________________________ _ 
48 249 83.8 1.7 

1===1=== 
380-8 18 141 159 88.1 - 1.6

D (9: 115) ______________________·_ PI561 A-I 38(}-12 19 189 208 00.9 3.0 
{ 672-1 21 118 139 84. 9 • 5 

TotaL __________________________________________ --58-~ -oo6-ss.5I----U 

Group A, totaling eight progenies, or:>d true for colorless scutel
lums. This group is composed of different types of whites. Some 
are white due to the action of the dominant scutellum factor; others 
are white because of the recessive condition of one or more of the 
necessary factors of the purple and red series. To identify these 



28 TEOHlTIOAL B'tJIiLRTIN 292, U. B. DBPT. OF AGRICULTURE, 

<lliferent whites, all plants that wereselfed were also used as pollen 
parents on colored scutellum strains. This will <lliferentiate three 
sorts of whites, namely, homozygous dominant, heterozygollS, and 
recessive. -The results of these crosses are shown in Table 32. The 
three types of whites mentioned above should occ~ in the ratio of 
16: 32 : 7, or, for eight individuals, 2.3: 4.1: 1.0. . The observed ratio 
was 2: 5 : 1, an excellent fit in spite of the small n,umber of progenies.

Group B (Table 31) contains two progenies approximating 1: 3 
ratios. In both progenies the deviations are small and positive. 

The two progenies of Group C approxilnated ratios of 3 colored 
to 13 colorless scutellums. The fit is fair, the <leviation divided by 
probable error being 1..1. 

Group D consists of three pro~es whose segregations approxi
mate a 9: 55 ratio. IJI1 two of the three progenies there is a deficiency 
of colored scutellums. For the three pro~nies the deviation divided 
by probable m-ror is ~ ,5. This is a poor :fit, but values of this mag
mtude are to be expe~d occasionally. 

T.ABLII 32.-Rf'oorde Of BcuteZltlm color in OIWBft8 of mdWfdfWlB of group A of 
Table tJ1 X oolorea BOIIteZ""", draw 

Number of lnd1vfdaala 

TeItel-and pedJcree No. 
Colol'ed Color1ea Total 

---- .- .... ----------------1-------
S, s,:B2tHl X 380-14 _______________________________________________________ 

678-4 X 6n-2_________________________________________________________ 0 80 8() 
0 134 134 

Stla:4B-4 X 380-3_________________________________________________________ 
45~7 X 380-4 ________________________________________________________ 126 132 258 
459-8 X 380-10________________________________________________________ 88 76 164 
45~11 X 380-13_______________________________________________________ 109 116 224 
67lH1 X 672-:1. ________________________________________________________ 28 31 ~ 

142 137 279 .. ,,: X 380-7_________________________________________________________46~2 

213 0 213 

A comparison of the observed number of progenies in each group 
and the calculated expectancy is given in Table 33. When the small 
munber of progenies 18 taken into consideration, the fit is fair. 

TABUl 33.-CompariBon 	Of obBerved ·fmd calculated ftUmbm- 01 progenWB m. 
IIroupl.l ~hof~.,. in. Table 31 

Group 

Items Total 
A B . C D 

--------------1------------
Observed.________________________________________ .._ 8 2Calculated________________________________________ __ 10.1 0.5 2 3 l~ 

2.2 2.2 l~Dlfference___________________________________________ -2.1 +1.5 -.2 +.8 11 

Table 34 presents the detaileu recd:d.s of 20 F. progenies grown 
from colorless scutellum kernels from an F II ear segregating in the 
ratio of 3 colored to 13 colorless scutellums. In each group the 
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~vidual progeny l"eCOrds accord well with u~tations. The.~
panson between the observed and expected number of progerues· ill 
each group is given in Table 35. 

TABU: S4.-:-Reoonla of ,CldeRum OOIOr .. !O F. fJf'Ogetliu of F. oolorlN3 
~galB' of G 3:18 rcJlio 

PecJlpje No. N11Ulb« of lndiYiduaJs Perceut· II Dev. 
Group and ratio i 8l1li color· F.'E. 

FI F. CoIond Co1or_1 Total lees

----------1--- ----1--- '- -----~-
M6-l 0 .so 41.8 ••_ ••_._ •••_.___
&45-2" 0 6211 f:ill __ •________•••_••• 
W-8 0 182 111 ••••_._. _••_._.reM5-11 0 2M 2511 __•••____• _••____ 

M6-10 0 "9 2t9 __ •••~_•••••••_•••A (0:1)._._____ ••_.________.______ 380-6 	 tw6-12! 0 207 207 __ •__________••••• 
tw6-13 0 1M 1M _. ___•_____••___••
M6-15 0 208 208 ___________• ___ • __ 
M6-111 Q as as ____•___.________ 
tw6-22 0 to tIO ________•_____Goo. 

M6-2I 0 70 70 ••____•••• _.__•__• 

TotaL____________________•_______.___ __________ 0 2,474 2,4741_.___•__ •_________ 

M6-5 74 "II I 77.1 LII 
B (1 :1)________ • _____ • ___•••______ , lI8O-6:t: : 141 • 74..5 .2 

817 73.2 LI=,I tw6-17 51 ffll DS 77.4 LI 
Total.________. __________________. ________ 250 'lIIII I _IGO_Go. 1,0581 711.5 

~l~==M~f===250~I:==~~~-=~~--~I2S 110.2 .7 
m 82.0 _Ii 

C (1:13)._________________________ lI8O-6 	 iT! ft ~I 281 811.4 .5 
171 '18.7 L9 
106 M-S L4 

TotaL.________________•____ --________ __________ ~--+----~--~---~~-m 1,131 I 1,4IL'I1 BO.II .0 

TABU: S5.-Oom.,GrilOft Of obaerved aftCi calctllated Mmber Of progellie. itl 
groupa .h0108 ift, TGble 34 

Group 

Items Total 
A B a 

---------------------1·-------------Oblerved______________________________________________________ 11 
.. 5 21Calculated_.____________________.______________________________ 10. 8 
3.1 6.2 ~I 

+.9 ~1.2 -_IDift'erence______________________________________________________ +.2 

Records of scutellum color for 13 F. progenies, grown from F. 
colorless scutellum kernels from ears segre~ting in a 1: 3 ratio, are 
shown in Table 36. The first group contams those progenies breed
ing true for colorless scutellums. The second group includes all 
progenies 'approximating a 1:;'; segregation. The ooserved ratio of 
homozygous to heterozygous forms is 4: 9. The calculated ratio for 
this number of progenies is 4.3: 8.7. The fit is as nearly perfect as 
possible with this number of progenies. 

Progenies heterozygous for dominant white and for duplicate fac
tors of 1i:he purple and red scutellum series were obtained by appro
priate crosses. The calculated F 2 ratio for such crosses is 15: 49. 
This is a close approximation to the 1: 3 ratio expected when only 
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the dominant white factor is involved. In the latter case the cal
culated percentage of colored scutellum brnels is 25.0t whereas f9r 
a 16: 49 ratio it is 23.4. Rand&m deviations from these theoretical 
expectancies would overlap to such a degree that separation on the 
basis of F J counts would 00 impossible. For this reason F. behavior 
has been used as proof for the existence of this type of ratio. 

Table 37 contains the records for 11 F. progenies grown from 
colorless scutellum seeds from Ii. 15: 49 F J ratio. The data are listed 
in three groups on the basis of their percentages of colorless scute!
lums. Group A contains those progenies having- all colorless scutel
lums. Group B is made up of proJenies approXImating a 3 : 13 ratio. 
Each of the three progenies in thiS ·group shows an excess of color
less scutellums. The cumulative excess amounts to 17 individuals. 
The deviation divided by probable error is 2.4, which is not a close 
fit. 

TABLII 36.-Reoora of lCIIIeU.". ooron m 13 :r. progenie8 Of Fa colorre.. 
Hllf"6uotea of • 1:3 rGtlo 

Pedlctee No. Number of IndlvldoaJa 
Percent. Dey.

Group and ratio agecolor- F.'I'.lessFa Fe Colored Color_ Total 

{
GS-lI 0 UII 1211 -..-.........._.. .... __ ......... 

6SIHI 0 108 108 _..........
-.........----- .. ....
.&.(0:1)••••••••••••••••••••••••••• 380-11 8119-11 0 183 183 -...._.... ---.. ..... -......... 

~13 0 42 52 -.........--...... .._.............. 


Total••••••••••••••••••••••• .............-...... ....------- 0 461! 4811 --......... _--- --_ .. _--
8119-1 78 218 2U6 71.11 O,S 

13;j 388 623 74.2 .11 
6:iIH 88 ~ 378 7fJ.7 L1 
8119-4 as 133 171 77.8 L2!-,B (1 :3)••••••••••••••••••••••••••• 180-11 ~ G2 160 222 72.1 La 
~7 3G 108 1« 715.0 .0 

« 129 173 74.11 .2 ~o 116 138 191 7Ll LS 
10 211 3G 72.2 .6 

Total••••••••••••••••••••••• 1,590 2, 137 74.( 1. o···:::·1 647 ! 
Group C is made up of pl'ogenies having approximately 75 per 

cent of colorless scutellums. No attempt has been made to 8eJ?arate 
the 1: 3 and 15: 49 ratios. The percentage of colorless indiVIduals 
for this group is intermediate between tlie theoretical e~ctancies 
for these ratios. In view of the small numbers, however, this point 
should not be stressed. 

The agreement between the observed distribution of prog-enies and 
the theoretical expectancies on the basis of a 15: 49 F ~ ratIo is given 
in Table 38. 
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TABLJ: 37.-Record. of 3Cf(telmlfl,. cmf)r in 11 F. ,rogenie8 of F. oolfwlu. 
~ &f a 15:-19 ..'0 

Ped.fcree No. Nomber of Indhiduall 
Percent· Dev. 

Gtoup and ratio ~--~----~-----.---~.---I~~· ---PElea •• 
FI FI Colored Colorlea Total 

----------1-"--1-------------------- 
'122-1 0 148 148 _...---_........ -_.._--
~ 0 1117 1117 _..-------- -_...._--..__ .._-A (0:1)........................... P21M-2 'lZH 0 lJ6 1» ---_ .._--- .._ 

7D-II 0 1011 1011 ....-------- --_.._--
'122-11 0 M Ii' ...._.._-------..-

---~---~---~-~---
8M au --_..------ -----..--Total........................................-·i==::'0=l==";.",,II=~o:=F===~:=F==:=:' 

235 lI86 82.6 0.8 

B (1:13).......................... HIOl-2 { ~ I ! 180 213 84.6 L8 

1M }g6 1K.8 La 

ToIitl........................" .................i'---11-31-----I----I---I-- 680 ... 83.7 2. • 

1611 222 74.3 
167 '13.0 -------...211o (1:1; 11:41)..................... P281M-2 { ~OI ~ .._-----
78 102 'tI.6 

Total...........................................r-I---J5-~----I-----+...-.,....--I-- 400 6311 74.2 ........-----


Group 

Items 

____________________________1 B C 


ge::::::::::::::::::::::::::::::::::::::::::::::::::i'b1:J;"q 

xI-l.G6. P-O.'5 

Additional proof for the existence of factors that interact with 
the Sa 8. factor pair to produce F 2 ratios of 15 wlored to 49 color
less scutellums is given in Table 39. Colored scutellum kernels from 
15: 49 F 2 ratios were planted to determine the breeding behavior of 
their pr~ny. On the basis of a 15: 49 F 2 ratio the colored segre
gates ShoUld show three types of behavior in the following genera
tion, namely, true breeding and segregatin~ in ratios of 3: 1 and 
15: 1. In accordance with theory, observatIOn revealed these three 
types. In the two segregating groups the percentages of colorless 
individuals are in close accord with expectancy. The comparison 
between the observed number of progenies in each group and the 
theoretical expectancy is given in Table 40. 

, 
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TABLII 39.-Record&' of tcUtellulU colOl' in ei.ght F'I. progenies of F. coZored 
l6grel1ate8 of 0.15:49 rati() 

l'edigree No. Number of individuals 
Percent. Dev.

Group and ratio �------!------;---~IIIPCOlor· FE 
Ft i F. Colored j Color_ Total ... •• 

--~----------1---I----l-----~:----_+-----I-----·I---
!{ 721~1 30i I 0 30i •••••••••••••••••~ 

A (1:0} •••••••••••••_.__._••____•• P2I!CK-2: ~~ r~ I g .,. ---------..-.-..-. 
I 12H 170 I 0 f?: :::::::::: :::::::: 

Total._.__ •__ ••_______ •____ ..... ..=--"",,'• ----••--.-I.---.-.---I==IlIIO=?!==0=l====IlIIO=~- =--=--=-.=-F~= 
B (3:1)--_ ••_________• ____________ P28Ol-2 1{ ~:~I }:: i :: :K7 2LIS t:

181 27.1 
Total ••• __ •____ •• _._. ______•••____ •••___•____• __ . 3'11 ~l----~---~--.8.428 28.8 

,===,==/=====1====
231 1.' l-_C (lG:l}_ ...__________ - ___ • _______ P28Oi-2 i{ ~~:!I ~~ I . 1~ i:___-+___ 1_::173 15.2 

Total.__________________•___ --.-------\--.---••-., 40f iU .2:318 jill 

TULa 4O.-Comparilcm of ob~1I ana oalotllGtf14 tWmber of~8 in. 
groUp8 8MtM in Table $9 

Group 

Items 

A. ~ C Total 

Oblerved__ • ___••___ ••_____ ••••__ •___•_________ •• ___ •____•_____ 4 2 2 8 
8. 7 2.1 2.1 7.110~:::::::::::::::::::::::::::::::::::::::::::::~:::::::: +.8 -.1 -.1 .1 

Data to be presented later indicate that the dominant action or 
the 8. gene is specific for members of the 81 , S" Sa, and S. aeries,. 
having no influence on orange (801802) or yellow (811) segregations.. 

ORANGE SCUTELLUMS 

Orange scutellmns were first observed by I. F. Phipps among
his cultures in 1927. TheS6 were turned over to the writer for fur
ther study. All the data dealing with this .ecIor type were obtained 
from progenies tracing back to this original source. . • 

Orange scutellum color develops only in the pJ:esence of the re
cessive allelomorphs of the factor pairs SOl 801 and So, 80,. Ora~e 
scutellum kernels produce progeny breedint! true for this condition 
as evidenced by the data in Table 41. Among 2,689. kemels, ;n
except 5 have orange scutellums. These 5 probably were due to. 
stray pollen, though this was- not proved. 
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TAa. 41.-RtI'oorcb of 'Ct"ell"n~ color in nine F. progett(e,B of F. ora-n.ge 
sOIIteUutn sflgre-gates 

---~ ""---------,-------;-----------'-
Pedigree No. Number of Indlvlduala 

I White Orange TotalFI Fa 
1 ----- 

1«-27-L..--•••••••• - 0 287•••••••• -••••• - 287 
727-7•••••••••••••••••••••••• 0 2M 2M1 0 313 313 

nB-B-S••.•.••.•••.••••••.•••...••.•.•••! ~:U::::::::::::::::::::::: 0 418 418 
2 379 3811{652A-l...................•.. 0 177 177 


212P2&41-2•••••••• -" ••••••••""""'" ---.-.,1 ::git=~··.....----..--.-..--. 1 211 
389 301

i 652A-6:::::::::::::::::::::: ~I 256 256 
, 

TotaL ___ •••_................ . _ ••.••!............__............._.. 51 2.6M 2.68\l 


The records for scutellum color segregation for the original ears 
from Doct0r Phipps's cultures are presented in Table 42. The first 
~oup includes the progenies whose ratios approximate 3: 1. The 
nt is good the deviation divided by probable error being only 0.4. 
The second group is made up of the progenies segregating in 15: 1 
ratios. The fit is reasonably good. 

White scutellum segregates from 15 : 1 Fs ratios were planted to 
serve as the basis for a study of F. breeding behavior. Tlie detailed 
data of the 22 progenies obtained are presented in Table 43. These 
progenies fall into three groups as expected. Group.A. contains the 
true-breeding whites. The nine progenies in this group have a total 
of 1,813 colorless scutellum kernels. Group B is made up of the 
progenies segregating in 3: 1 ratios. Positive and negative devi
ations occur with equal frequency. The deviation for the group, 
how<3ver, is negative, the ol:iserved percentage of recessives being 
23.5. Group C is composed of the progenies segregating in ratios 
of 15 colorless to 1 orange scutellum. The deviation divided by 
probable error for the group is 1.4. The agreement between the 
observed and expected numoor of progenies in each group is given 
in Table 44. 

TABLE 42.-Records of scutelluIII eolor ill seven progenie8 segregating orange and 
white sOllteZlums. 

'I Number of IndlvlduaJs IP ·1ereen.. Dev 
Group and ratio . Pedigree ~o. - - - --, -_. age P E·--------1 White [~ge Total Iorange 1_·_· 

P26U-l-.L_·····__ •••••1 27 8 35 22.9 I 0.4 
A (3: 1}_••••••••••••• __••••• P2286-A-2•••••••••••••_ 111 40 llil 26. Ii .«1{1P2286-B-6•••••_••••_...1 103 35 1381 25.4 .1 

I 
Total--··············+·············-···········i 241 83 :m 25.61 .4 

:{P2640-1......_.......__.' 40 9.1
4 « 1.2 
B (I" .1) IP2641-2_••••••••••_•••• _, 62 3 65 4.6 ! .8". ·--·-·······-·······i P2&45-7••• ___ •••••••••••.· Sl 6 90 6.7 .2 

P2645-1ix6•••••_•••••_••• , 72 3 75 4.0 I 1.2 

TOtal••••••.•••••••••.!............_........._...: 258 16 274 6.81 .4 


http:ora-n.ge
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PedJcree No. Number of fndlvldualB 
Percent- Dev. 

Group lind ratio I-----.-----I-----~----~----I~~- P~ 
FJ Fa Wblte Oranae Total -_. 

652-2 l!l7 0 ,.7 .......__...--..... .....-_..._... 


I
652-3 255 0 255 -----~---.. ............_.. 
~ 323 0 323 -....._..........-....-----esH 2110 0 2110 -..__.. .,. ..._-- ..........----
A. (1:0>._._•••_ •••••••_____•___• ~1-2 652-11 142 0 lC .._.._.....-_..... 

652-16 221 0 221 ----_...--..----.-..- !i!652-17 112 0 112 _.._--...---- .....----..- j'652-18 110 0 1110 -_........---- .......... _--
652-21 37 0 37 .._-............_-- -.----.. 


Total •• _ ••••••_ ••••••••• _ •• ..........--.........-...............--- 1.813 0 1,813 ....---..---- -.-----

I
0&2-7 230 88 -118 ~.7 LI 

652-10 all 68 318 1&2 ... :11 
652-1e lI2 Ie 78 ,,1.11:e (1:1) •••_••••••••••••••••••••_•• Pa41-2 &a-ll1 It 

L. 
U2 ISS "0 LV 

1IIlS-~ 88 !II 107 17.8 1.1 
1152-22 25 10 as :18.8 .7 

Total ••••• __••••••••••• _ •• .........--...._.. ..- ~--- K5 1,CK3 Aa
..- ... 7t8 L7 

&2-1 307 18 ali I.a .8 
M1-6 - 1. 313 ... a 1.. 
~ DI 11 ,. I.e .7 
8D-8 317 1I8 IQ 7.e L'o (14:1>••••_ ••••••••••••••••••• ~1-2 181 1118 La1D-12 I .... 

e.;s.u e7 e n &2 La 
ID-H Il8 2 68 1.4 LI 

Total_ ••••••••••• _ ••••••••• -"-..,",--"-,, --.._-----.. 1,&115 III 1,MIl 11.7 L4 

lteIDa Total 
A. B o 

----------------------------1-------- ------
Oblerved••••••••••••••••••_ ••••••••••••••••••••••••__•••••• II II 7 2:11
O.:Jculated..................................................... 10. 3 6.1 Ii. 9 22.1

DllIflrlln08_.................................................... -1.3 +.1 +Ll -.1 


Table 45 lists the records of scutellum color in 37 F. progenies 
grown from colorless scutellum segregates of a 3: 1 ratio. The 
two expected groups were obtained. Group A contains 2,990 in· 
dividuals with no recessive types appearing. Groul> B contains the 
segregating progenies. All are reasonably close to the expected 3: 1 
except 673-8. For this progeny the deVIation divided by probable 
error is 2.9. The observed segregation mOl"e nearly approximates a 
15: 1 ratio. The numbers in this progeny are small, }iowever, and 
deviations of this magnitude are to be expected occasionally. The 
ratio of homozygous to heterozygous progenies is 13: 24, very close to 
the expected 1: 2. 

The relation between the factors causing orange and the factors 
of the purple and red scutellum series has not been determined. This 
relation has been obscured by the linkage of one of the So 80 factor 
pairs with one of the aleurone factors. This ~e distorted the 
colorless to orange scutellum ratio in the colored aleurone class~ the 
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onlr class in which segregation for the 8 factors could be detected. 
This difficulty can be overcome b~ using a homozygous colored aleu
rone, orange scutellum strain. Such & strain is now&vailablel but 
the crosses have not been made. The' data on the linkage 0:1: the 
aleurone factor and the 801 80,. factor are presented in Table 46. The 
percenta~ of crossing over was calculated by the product method to 
be 10.9. The aleurone factor involved is believed to be either A or R, 
since there is no indication of linkage between the orange scutellum 
factors and shrunken endosperm. 

T~ 45.-Reeot·d. of 30tdellum color3 i~ 81 F. prog61tie. of F. white Begl'egate. 
01 a 3:1 ratio 

PedllrMNo. Number 01 individuals 
Perrent. Dev.

Group and ratio IIIiII O.oranaeFI FI White Orauae Total 

I 
- ..__..863-2 221 0 221 ---------- -_.._ 

_ ..__ e ... _ .. _G6S-3 'I1l 0 :m ----_oo_
863-1 1811 0 189 ....... _- ........-.. -....-~-..
PZl8GA-2 863-11 100 1000 --------_.. ------863-14. aao 0 1M ..__ .........._- -------M3-111 325 325 ---..-.._--- -----_..--A. (1 : O} ••••••••••••••••••••••• 1lA-18 3l& •0 ---_...__...... .....---..-
m-l 310 0 310 ........-.......... -------m-e e7 0 -e7 ................-----_......


P228GB-6 m-l0 318 0 318 -_................- ..........._-
G73-1G 119 0 119 --------- .. -------_.._.._.......
m'17 218 2180 ---...-----G7I-20 3110 0 3110 --- ..----- ... .............-

Totl\l •••••••••••••••••••• -..................-.. ... -.............._.. 2,ggo 0 ......_---_.. ......-......~ 
863-1 till :10 1M! 23.3 O.G 
GIi34 3Ii 11 4G 23.11 .3 
863-1l Ii7 22 711 27.8 .9 
M3-G 1M GIl D 28.8 .7 
GIi3-8 31 18 411 36.7 2.8P22SGA-2 116.1-10 2111 67 808 18.1l 3.11 
863-11 187 61 218 23.4 .8 
863-12 104 3G 1(0 211.7 .3 
653-13 190 6G 24G 22.8 L2 
863-17 271 711 3IiO 22.6 La 
1i73-2 117 @ 1G11 29.1 L8 
G73-3 317 102 419 2-1.3 .6B (3: I} ••••••••••••••••••••••• 6~ 214 76 289 28.0 .G 
11'13-6 202 eo 271 211.5 .1 
673-7 1119 GIl 3M 2-I.G .2 
673-8 28 3 31 9.7 2.9 
673-9 150 GIl 2111 30.2 2..P2286B-1i 673-11 183 Ii9 242 24.4 .1 
G73-12 310 123 433 28.4 2.4 
673-14 280 M 3M 23.1 LI 
G73-16 ~ 19 e7 28.4 .11 
673-]8 216 6G 272 20.6 2.1 
1173-19 115 33 1~ 22.3 Ll 
673-21 298 88 386 22.8 LIl 

4,003 1,294 11,297 2-1.4 LfTotal •••••••••••••••••••. ············t·········· 

TABLE 4G.-"Recorfh Of Bculellum color in 1f176 F. progmiea oo:Mbiting Imktl{J6 
between colored aleurone anfl orange BCUtell'lllm (8Ot BOl) 

Number of individuals P_t. 
qeo(PediKretl No. croeslnl 

Colored aleurone Colorless aleurone over 

So,. lOa So,. lOa 
843-1••••_................................................ 214 G 411 20 10.7 

843-2..................................................... 135 5 34 t( 13.0 

843-3..................................................... 256 1 72 26 2.1 

843-4 •••••••••••••••••••••••••••••••••••••••••••__•••••••• 289 5 70 13 13.4 
843-15••••••••••••••••••••••••••••••••••••••••••••.•••••••••1__384___14____83__34-1___ 1_3.0 

1 
Total.............................................. 1,278 31 308 106 10.9 
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The records for. scutellum color for four F:: progenies from the 
cross S5 SIl' SOl SOl, So: S02 X BI 85 , BOt BOI, 80. B02 are shown in Table 
47. The dominant white factor S5 has no influence on the white to 
urange segregati~ns, as the deviation from a 15: 1 ratio is only 1.3 
times its probable enor. . 

One Fa progeny was segregating for. the SOl SO:t and Sh factor 
pairs. The observed ratio was 222 So Sh: 68 So 8h: 16 BO Sh: 3 BO Bh. 
This is a very close approximation to the 45: 15: 3 : 1 ratio expected 
with independent inheritance, the value for P being 0.75. A second 
progeny segregating for one of the So factors and Sh exhibited a 
ratio of 76 So Sh: 26 So sh: 30 so Sh: 8 80 Bh. This again is a close 
approximation to the expected 9: 3: 3: 1 ratio, the ralue for x2 being 
1.06. Thus, only 11 out of 100 repetitions would be expected to give 
a closer approximation to the theoretical distribution. There is, 
then, no evidence of linkage of the SOl or S02 factors with the Sh 
factor. 

Certain of the progenies listed in Table 46 were segregating for 
brown aleurone and others for yellow endosperm. Separations for 
these characters were made among only the non purple aleurone class. 
Owing to the distortion of the ratios of colorless to orange scutellum, 
indications of linkage were sought by comparing the observed segre
gations of brown aleurone and yellow endosp~_rm with the calculated 
3: 1 among the nonpurple aleurone class. These comparisons indi
cate random assortment for the SOl S02, Bn, bn, ana Yy factor pairs. 

TABLE 47.-Records ot scutenun~ color in tOflr F. progenies of a crOSB behceen 
domillant tohite (S. 8.) MI4 orange (80s 80s so. sOs) 

Number of Individuals 
Percent. I Dev.Pedigree No. ---;----,---1 age 
orange ~. 

White Orange Total 

842-1_.. ___________________ •____________________.____ 174 II 183 4.9 1.1842-4________________________________________________ 36 3 39 7.7 .5 
842-11_______________________________________________ 300 23 419 5.5 L 0 842-10____________________.._______________________ ._ 195 12 207 5.S .4 

ToW ________________________•________________ I--80-1-1---47+--84-8-1---.-1----.
5 5 1 3 

YELLOW SCUTELLUMS 

Yellow scutellum color is inherited as a simple recessive to the 
normal colorless scutellum. It has been designated by the symbol sy, 
normal white having the dominant allelomorph By. 

The first yellow scutellums were observed in a selfed ear of the 
Blue Flour variety. Later, similar colored scutellums were observed 
in some of Doctor Emerson's cultures, tracing back to North Ameri
('an·South American maize crosses. Intercrosses between these yel
lows and the Blue Flour yellows indicated that all were of the same 
constitution. 

In crosses of yellow X white scutellums the F 2 progenies sh,.)w a 
close approximation to the expected 25 per cent of yellow scutellums. 
(Table 48.) The observed percentage of yellows in progenies 
totaling 5,014 kernels is' 24.9. The range in percentages of yellow 
scutellums is from 21.6 to 30.9. Yellow scutellums from F 2 ears 
breed true for this condition, as evidenced by the data in Table 49. 
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The Fit broo.di~g behavio~ of F2 wl1ites .agreed lSatisfaetorilywi!h 
the monohybnd mterpretatIOn. Of the 10 F. eat'S; 7 segregated'm 
ratios approximating 3 whites to 1 yellow. Three ears bred true 
for colorless scutellums. This is a close a.pproximation to the ex
~.ed 2: 1 ratio of heterozygous to homozygous forms~ The de
tailed data are pl'e$nted in Table 50. . 

TAl3LE 48.-Reoorda of souttJUum ool{W1 its. 19 Fa fl1'OR6flie. Of U orOIl, Of tD1tit{l 
X lIelZotc 3OUfeU"mI 

Number oIlndivldual!l Peroent. Dev.
PedlJree No. 

White YelloW' Total ye-raw f:T. 

181 till 2lIO 21.4 U~::i::::::::::::::::::::::::::::::::::::::::::::::::: 2211 83 21.4 2.0 
J70 B6 W ~2 .11 • - 22..%&3 G& 	 LI 

67 220 25.11 .11~it::::::::::::::::::::::::=::::::::::::::::::::: 1: e 1411 se.~ 2..~::;:::::::::::::::::::::::::::::::::::::::::::::::::: 70 274 26.11 .1 
74CH1••••••••••_ •••_ ••••••••••••••••••••••••••••••••• 211 07 27" .3* 	 24.6 .,2M 111 3411 ... .il~~O:::::::::::::::::::::::::::::::::::::::::::::::: 83 3SO 23.'1 .8 
7.11•••••••••••••••••..•••••~......_ •••• _ ......_ •. In A 211 2U .2 
740-12.................................__•••_•••••••••• 23Q 811 3H .., .8 
740-13•••••••_......................................... /Ill at 2U La 
740-14................................................. It!! IiIJ 2O/i 28.8 . Lil 
740-la••••••••••••••••••••••••••_•••••••••••••••••••••• -2111 81 2La L8 
740-18•••••••••••••••••••••••••••_ ••_ •••••••••••_ ••• 141 42 lBa ..0 .·il 
7..17••••••••••••••••••••••••••••••••••••••••••••••••• 21\3 83 -8311 24.7 .2 
7..18••••••••••••••••••••••••••••••••••••••••••••••••• 142 III 198 21.8 L2 
740·~•••••••••_ ••••••••••••••••••••••••••••••••••••••, 181 62 2111 ~2 

Total .••••••••••••••••••••••••••••••••••••••••••• 3,7118 1,218 ~Ol' 2f.1I .4 

T4BLII 49.-Reoonla of "CIllell"", color" ." eig'" P. fl1'OI1eMe' of lIelloto "cwieUtmt. 
F. lIegTel1a.1ea 

PediJnIe No. 	 Number of lndivJduall! 

Fa 	 White Yellow Total 

0 	 12Ii 12li 
0. 	 30 lit 

238 2f2 
0. 	 :110- 210.::~:~::~::::=:::::::::~::::~::==:===:::= if!f€!~~~~~~~~~~~~~~~~~~~~~~~~ • 

32l-ll_••••••••••___•••••••_•••••••••_._••____ 540-lL•••••_•••••••••••••••• 0. 281 ~ 
0. 	 2111 2111

': 1120 	 132:~~~~~~~~~~:::~:::~::::~~:~:~~::~:::~::::: {!!=t:::::::::::::::::::::: 0. 8 II 

Total._ •••.•• _ ••...•••..••••••• _ ••••_•••••••••••••••••••••••• _ ••• _ •• 4 1,221 1,22& 

TABLJI 5O.-Reoorcla of 3CIlfell1lM color ." 10 P. Pf"OflenWa of P. 10Mte "eureflGltA' 
0/ a 11:1 ratiO 

PedltmeNo. Number of lndivJdl1lllJ Percent· De••
Group and ratio 

Ft F3 White Yellow Total ye~W' P.E.I 	 - 
{6M-3 361 0 367 ....-..............--.._-_..... 


A (1 :0.)••••••••_••••••_••••••_.••• 322-8 654-7 235 0. 235 ....--_...._-- -_..-..-.. 
654-10 234 0. 234 -...-------- .....__......-

Total. ••••••..•. _•.•••.•_._. -- .. _---- .... ...-...... -_..... _- 82G 0. 82CI -..----..--- .............. 
214 M 27!1 23.0 1.1 
2911 \10 3811 23.4 Ll 
2411 70. 315 22.2 1.7 
184 68 2(0 23.3 .11•.,.)........................... -\ 1m 
 2(0 47 auT 21.8 L9 
168 62 208 25.0. 0. 
1'18 62 2(0 25.8 .4 

1,512 441 1,1173 23.4 2.5TOtal·-··-····--····-···-··-l--·-·····-I-···:: 
-
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A few ears showing the relation between purple and yellow 
scutellum color are avaIlable. The F1 seeds from such a cross have 
purple scutellums. In F 2 the yellow segregation can be detected 
with certainty among only the nonpurple segregates. For a single S 
factor, then, the calculated ratio becomes 12 purples to 3 whites to 1 
yellow. Four such ~rogenies are listed in Table 51. The value for P 
for these progenies IS 0.87. In the interaction of the 8y factor pair 
with two of the S factors, which would normally haye a 9: 7 F 2 

ratio, the ratio becomes modified to 36 purples to 21 whites to 7 
yellows. The value for P for progenies falling in this group is 
only 0.22. With the interaction of three S B factor pairs, normally 
exhibiting a 27: 37 F I ratio, and the Sy By factor a modified F 2 

ratio of lOB- purples to 111 whites to 37 yellows is expected. The 
value for P for this group of progenies is 0.56. These data indicate 
that there is no close linXage between the 8y By factor and three of 
the four factors of the purple and red scutellum series. 

The records for scutellum color for four F 2 progenies from the 
cross Sa Sa, Sy 8y X Ba B61 By sy are listed in Table 52. Positive and 
negative deviations occur with equal frequency, the cumulative devia
tion being negative and 1.9 times its probable error. The close 
approximation to the expected 3 white to 1 yellow indicates that the 
8 11 gene has no inhibiting influence on yellow scutellums. 

TABLII 51.-Reoord8 of 8CfIteUtIm color in. 10 progenies segregating for p1Srple 
dftd tl61low acuteUums 

Number or individuals 

Group, ratio, and pedigree No. I..". WhIte Yellow Total 

-.. ------------------1---1------'1----
Group 1 (12:3:1): 324-7_____________ .__ _______ __________ ____ _____ _______ 22~ 

32:t-L______ ____________ ____ __ ____ __________ __ ____ ___ _ 160 ~ 13 2ill 
32&-11. _______ .________________________________________ 179 41 18 219 

327-L ______ ._________________________________________ 171 
 49 111 2« 

55 16 242 
Total_ _ _ _ _____ ____ _______ ______ _______ _________ ____ 734-----r----~-----,--------187 63 984 (P-o.s7)

1===1===1IGroup 2 (36:21:7): 3:14-9__ ___ ___ _____________________ _________________ ___ 132 91 I 36 259324-10____ __ ________ ____ __ _ __ _ _ __ ___ __ ___ ___ ______ ____ 186325-4_________________________________________________ 102 III ) 3:l 310 
88 27 217 
90 34 277 

Total. __ _ ______________ ____ __ ____ ____ ________ ____ __ 573 -----l-----~--------

32:t-5__________ _____ ___ ____ ___ ____ __ ___ _____ ____ __ ____ 153 

360 130 1,063 (P-O.22)
1===\===1 

Gro~~~:~:~~~:_a:!:______________._____________________1 67 64 21 152 
76 30 191 

Total_ _ _ _ __ ______ _______________ ___ ________ ____ ____ ----~----4-----j---------153 1 

328-4_______ _____ __ _________ ______ __ __ ___ _______ ____ __ 86 

139 I 51 343 (P-O. 56) 

TABLIIIl2.--Reooras of aoutellum oolor in. four .F~ progenies of G cr083 of domi
nan.t white (8. 8.) X yellow 80vtellums (8Y 8Y) 

Number or individuals 
Percent- Dev.

Pedigree No. 1-----..,----.---1 age -
White I Yellow 'I'ota) yellow P. E. 

_______________1___1____________ 
10U-L _ _ ____ ______ ___ ___ __ __ __ __ ________ __________ ___ _ 227 
1()l7-2___ ______ ________________________________________ 95 63 290 21.7 1.9 
1()l7-8_ _ _ _______ ___ ___ _________________ ____ ____ ____ ____ 134 34 129 26.4 .5 
1()l7-14_ _______ ______ _ _ _____ ___ ______ __________ __ _ _____ 225 32 166 19.3 2.5 

16 301 25.2 .11TotaL_____________________________________________ I---66-1-1---!---- --------
205 1 886 23.1 l 1.11 
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Crosses between orange and yellow scutellum strains may exhibit 
four kinds ot ratios in F 2' III crosses heterozygous for aU three 
factors the expected F 2 ratio is 45 white to 15 yellow to 4 orange 
scutellums. When the recessive gene B'!I is common to both parents, 
the Fl scutellums will be yellow and the FlI ratio will be 15 yellow
to 1 orange or 3 yellow to 1 orange, depending on whether two or 
one of the 80 factors are segregating. When one. of the recessive 
80 genes is common to both parents, the other two factors being heter
ozygous, the expected F 11 ratio is 9 white to 3 yellow to 4 orange 
scutellums. 

The scutellum-color segregations for F II progenies approximating 
ratios of 45: 15: 4 are presented in Table 53. The X II value is 3.99, 
and P is only 0.14. Both the yellow and orange classes are in excess. 
Such a condItion would be expected if there were linkage between the 
factor causing yellow and one of the factors causing orange scutel .. 
lums. If linkage does OCCUI', however, it must be fairly loose, as the 
departure f!'om the 45: 15 : 4 ratios is not excessive. 

Data from a single cross segregating for only yellow and orange 
scutellums are presented in Table 54. The genotypic constitution 
of the orange parent was 801 801 802 802 8y BY, so tlie constitution of 
the y~llow parent must have been SOl 80t 802 80, B'!I 81/0l" 801 801 
802 J10z sy BY, since both 15: 1 and 3: 1 ratios were obtained. 

TABLE 54.-Reoor:ta 01 sC1lteUtln~ oolor in· five F., progenies 01 c" or088 of 
yello1v X orange scute111tnM 

Number or Indlvldna1s 
Pedigree No. 

Wb 

84--1--L-..-.•-..-..-..-.-..-..-..-..-..-..-..-..-..-.._..-.-..-..-..-...-..-..-..-..-..-..-..-...r--28\I-I-OOIYe~ omn: TO: 
841-2............................................................ 206 83 U 313 
841-3...................................................-....... 213 77 22 312· 

841-8........................................................... 285 1~ 36 «l 


r----I-----r-·---~----TotaL. ...............•.................................. 993 3li9 105 1, 457 


Calculated 45: IS: •.•.•••.......•.....•.•.•....••.•••.•....•••• 1,024.7 341.6 91. 1 1, 457. 4 


TABLE 54.-Reoords 01 scutellun~ color in. five F., progenies 01 a orQI1S of 
yellV1c X orange sCt/teUt/mB 

Number or individuals 
Percent· Dev.

!'edIgree No. 1----;----;----1 age 

_______________I_y_e_Il_Ow_ Orange I~ orange ~. E. 

tl857-7..................._............................. 56 13 69 18.8 L 7 

e857-15................................................ 190 63 253 lK.1I .1 


TotaL........................................... 2411 76 322 23. 6 .9 

==~-== 

tl857.................................................... 234 17 251 6. 8 • Ii 

tl857-8................................................. 215 9 2M 4. 0 2.0 

e857-13................................................ 233 15 248 6.0 .2 


TotaL........................................... 682 723 5.7 LO 


The fourth possible ratio, 9: 3: 4 has not been obtained. Such a 
ratio would be ex]?ected when one of the so factors is recessive in both 
parents, the remaming two factors being heterozygous. 
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Th'a datAl for.o. ·cross involving the Pr pr .and· 8y 8JI factor pairs 
i. are:prese.uted in Table 55. The 'erQSS was tnade so that linkage, if 

present,: would be. in the repulsiQn series. There, is . an· excess of 
individuals in both·the double dominant and. double reCessive cll!SSes. 
Th~ deviation is not great and may be due to chance or to crossing 
over in -excess of 50 per cent. 

Two progenies involving the Bib and By factors exhibited the fol
lowil!g_ F 2 distributions: 225 Bib By: 77 SA 8'JI : 67 871, By: 20 81b 
8JI. When allowance is made for the deficiency of -shrunken seeds, 
the approximation to the expected 9: 3 : 3 : 1 ratio is well within the 
limits of chance Huctuations. 

A single progeny segregating for the Bu and 8y fa.ctor pairs gave 
no indicat.ion of linkage. The F 2 distribution is as follows: 138 
By 8u, : 37 By. 8V : 48. sy Bu : 20 By BU. The F 2 distribution fot 
four progenies'segregating for the Y and By factors-was 54Q Y. Sy : 
187 Y 8y : 160 ySy : 46 y. 8y. The fit is poor, but there is no indi- 
cation of linkage. Availa.ble data" thent...indicate randomassonment 
between the By By factor pairs and the .1"1' pr, Sib 81b, Sv, au., and Y y 
factor pairs. ' . ' 

TADLID M.-l"l8oortH of 8CfJteUum color i", lIP. progfmte. of (he oro•• .A a R IT 

811 X .A (J R pr 81/ 


j Number of Indlvlduall Number oflndlvlduall 

Pedigree No. Pr PedIgree No. Pr1" 1'1 

sr I, S, sr 311 sr 
---- - " ------" 742-2_____________ 742-11 


7U-6_____________ 259 50 61 18 7U-12____________ 1« 62 42 12 

742-4_____________ 1« 44 64 21 742-14____• _______ 90 40 43 12 

742-7__ • ____ 166 58 66 22 742-15____________ 183 52 46 18 
...____
742-41_____________ 1M 51 36 12 167 48 55 21 

742-9 _____________ 134 43 52 17 
 TotaL _____164 38 52 23 1,747 525 650 II. 


153 39 34 15 

1 


742-10____________ 

DISCUSSION 

In the purple and. red series the interaction may be such as to 
give rise to complementars or duplicate gene ratios. The same 
factor pair may show one type of behavior in one factor complex 
and a different behavior when operating in a different fa~~'or com
plex. This is of special interest in connection with certain views 
relative to the ori~in and properties of duplicate genes. 

In 10 instances In maize duplicate gene ratios have been obtained. 
Ratios indicative of triplicate genes have been observed less fre
quently. The reported cases are listed in Table 56. 
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TABLlD 1i6.-Reporlecl inll'Hwe8 of dvplicate an" triplicatf! (/eJW r(ltio$ in ",alae 

Character Symbol InvestlPtor 

Dupllcllt. lime ratios: 
White 8eedlIng•••••••••••••••••••••• _ ••• WIWt••_••••••••••••••••••••• Demereo (I).

Do••••••••••••••••••••••••••••••~... IDb tD•••••~•••••••••••••••••; Do. 
Pleba1(he4!<lllllg........................ pbs Ilba••• ••••••••••__••••• Do. ,

Lllleet.Ieel ••••••••••••••••••••••••••••• III lr......................... Collins (1). Hutchison ($).

Premature germlnatlOII'.~••••••••••••••• f/lilltr ••••••••••••••••••••••• Manll6lsdorr (9).

DO••••••••••••••••_ •••••••••••••••• Ift.lltt....................... no. 

Purple otred scutellum................. IS IJ••••••••••~.............. Described bere. 


Do.••••..••....•••...•••............ II 1•••••••••••••••••_........ Do. 

Do_................................ 8. •.......................... Do. 


Orange scutellum ••••••••••••••••••••••• 101 8Ot••••••••••••••••••••".. Do. 
Trlv.lIcate gene ratloa: 

, White iIeed1Inllll......................... 101101101•••••••••••••••••••• Demaree (I).

Oormleaa seeds•••••••••••••••••••••••••• gm? 11m? /1m?............... Do. 

Premature germlnatlon •••••••••••• _.... ctll IItll gtu.••••••.•••_..•••• Mangeladorr (9). 

In the small grains the presence of duplicate and triplioate gene 
ratios has been offered as evidence in support of the hypothesis that 
those species with higher chromosome numbers have arisen by the 
. duplication of chromosome sets. That the taxonomic relationships 
bear out this supposed origin is a general belief. CytolOgists ~eem 
agreed that cytological studies of species representing the different 
chromosome groups and of species crosses are in support of this sup.
posed origin. 

If genetic evidence for the presence of duplicate and triplicate 
genes can be taken as indicative of chromosome duylication, then 
maize may be consic!ured as hexaploid for a portion of Its chromosome 
complement. Chromosome morphology in maize has not been studied 
suffieientl:y to throw much light on this {)roblem. Chromosome doub. 
liitg is WIthout question, a possible mode of origin of duplicate fac
tors. However, It does not seem. necessary that this must be the only 
method of origin. Neither does it seem necessary to believe that 
genes, interacting to give complementary and duplicate ratios, must 
have fundamentally different physical or chemical properties. 

The aleurone factors 0 and R normally interact to produce a 9: 7 
ratio in F 2' Interaction between 0 and R results in aleurone color. 
The interactions between 0 and r, (J and R, and (J and r, while pos
sibly giving a different end product in each case, are not distinguish
able, and all are included in the colorless class. In a 15: 1 ratio the 
interaction of two dominants or of one dominant and one recessive 
produces, visibly, the same end product. The apparent difference 
between the 9: '1 and 15: 1 ratios is merely one of dominance. 

If the possible physiological processes engendered by genetic fac
tors are considered, the fundamentality of different types of inter
action lar~ely disappears. In the 9; 7 ratio for aleurone color, the 
Rand 0 ractors, in conjunction wit:h other genes, initiate two chains 
of physiological processes. These processes are complementary in 
that both are necessary for the end product, aleurone color. In a 
15: 1 ratio the processes initiated by each dominant, in conjunction 
with other genes, are identical, or at least are so in terms of the end 
product. 

Certain of the ratios in the purple and red scutellum series may 
be used to emphasize the importance of the residual genetic mass. 
A plant of the constitution 8 1 8 1 , 8 2 8 2, S3 8a, 8, 8, will exhibit ratios 
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of appromnatelY'15 colored to 1 colorless scutellum in F 2' If 15 ~ 1 
ratios are caused by a duplication of chr()mosomes, ·then. 8. 8, and 
8, 8, must be located on the duplicate chromosomes.. Now, if the 
8. 8 2 pair is replaced by its recessive allelomorph 82 8., the constitu
tion will be 81 8 82 82, 8. 88.,' 8, 8,. The F 2 ratio now. will be 

1iapproximately 9 co ored to 7 cOlorless scutellums. In this case 8 a 8. 
and S, 8. must be on nonduplicated chromosomes, since a 15: 1:ratio 
is not obtained. Obviously these factors are on the same chromo
somes in both instances. The difference between these two F 2· ratios 
is due entirely to the residual genetic mass and not to the factor 
pairs that were heterozygous. . 

Similar results may be obtained with other combinations of these 
factors, as indicated ill the following comparison: 

Genotypes producing ratios of
15:1 9:7 .. 

81 81, 8. 8., 8. 8., 8. 8. 81 81, 8. 8.. S. 8., 8. 8. 
&~&~&,&~ &~&~&~&~ 

When any two of the factor paJ,rs 8 2 82, 8 a 8s, and 8, 8, are. hetero
zygous, the third factor being homozygous dominant, the ratio is~ 
approximately 15: 1. Conversely, if any two of these same factor 
pall'S are heterozy~ous, the third factor being homozygous recessive, 
the ratio is approxunately 9: 7. In either event the 8 1 81 factor pair 
must be homozygous dominant. 

The unusualri.ess of this case lies, po>,Sibly, in the reactions involved 
in the development of scutellum colt,r. Genetic evidence indicates 
that purple or red scutellum colorai Lon is a resultant of two main 
reactions or series of reactions. On~ of these reactions is initiat~d 
by the 8 1 lh factor pair. The second main reaction is conditioned by 
the other factor pairs, 8 2 82, 8 8 8s, and Sf. 8,. Indications are that 
these genes J;>roduce a very similar physiological response. The 
combined actIOn of the dominant allelomorphs of any two of these 
factor pairs, however, is required to pass a certain threshold concen
tration necessary for the manifestation of the end result-purple or 
red scutellum color. 

SUMMARY 

The pigments of colored scutellums are fouild most abundantly 
in the envelope of the scutellar aleurone grains. 

Purple and red scutellums normally are exhibited only in the 
presence of purple and red aleuron~. These scutellum colors are 
shown to be dependent upon the interaction of four factor pairs,. 
8 1 81 , 8 2 82, 8 a 8a, and 8 4 84• Of this series of factors 8 1 is indispensa
ble. The interaction is such that 8 1 in combination with any two
other members of the series will result in colored scutellums. Color
less scutellums must have the dominant member of the factor pairs 
Ii or S~ 8~, or recessive 81 , or at least two of the factor pairs 8 2 82,. 
8. 8a, and 8 4 8, in a recessive condition. 

Some evidence is presented indicating that 8 1 is linked with 8u. 
Dominant white scutellums are shown to be due to the action of 

the 8~ 85 or I i factor pairs. 
Orange scutellums develop in the pn>.sence of 801 801 , 802 802. One

of these factors for orange scutellums, 801 , is linked either with the
A or R aleurone factor. 

I 
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Y..!l· W ""Iltf'!L .,. ~-:> !~hl',t(>~ ~~ Q <llnrple Mendelian recessive. 
Tb' ~,\·mf·,}; ,", ;flt ' ..... ',"':: ti~·~t!. tt)"i'·;:''';,::''iM'~ this factor pair. 

Tn; ~:'!(;il::'i !!f,,:pt~~ ~~i.,.,.:i ,\:./..; .... ~n... LU "~ the factor de~~g 
W·:'.t:'I" " ,',',: I r'C.~il::i \Vel,,';' ~·· •..:t:.: from crosses mvolVlllg 
~~~ ::~'~,.~.-;' t,TdJ ":~;~t.'t-~ ..i" ~n~ ~:;.l('tor I~u' f-'. 

(1 t (i(,I._~ ..... G. ~,. ~.~_:: i :';E'"'~ -.. . : ... J. ;:1. 
if':':i), l.a:UITAl'k:. ,·l':,!>.&.~,.:?r..u,i' '. F \'1./0..1. 1 I.~ LllA.VIB. DI:8OBIPTlOlf 
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