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IRHERITANCE AND LINKAGE RELATIONS OF Tw
REW ENDCCPERM TYPES IN DENT CORN

II. INTRODUCTION

Seed characters of meize have always interested g&netiQ
cists because of their wide variety and ease of classification, to-
gether with the fact that crosses are easily made and large porula-
tione can be produced on a single ear under a uniform environment.
A very large number of genes aff@cting the seed have been described,
thelr mode of inheritance determined and their linkage relations
established., Pericarp color, aleurone color, endogperm taxtura;
and color, and other gualities of the scutellum and embryo have been
the subject of maﬁy investigations already reported in the litera-
ture dealing with the genetics éf majize.

The present investigation deals with genes affecting
endospern texture. It was started at a time when there was much
interest in the relation of endosperm texture to disease resistance
of young corn seedlings. A thesis entitle&; A Study of Starchy
and Horny Endosperms and Their Relation to Disease Resistance,"
wag submitted in 1928 by the writer in partial fulfillment of the
requirements for his K.5. degree. The discovery of two new genes
producing scft starch in dent corn during this earlier study led

to the present investigation.
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ITX. REVIEW OF LITERATURE

The rediscovery of Mendel's laws of inheritance in 1900
stimulated the study of meny characters in plants and animals;
especially those characters which segregated distinetly and could
be easily classified. In maize; there were many characters of the
s@ad; as color and endospern texture; that lent themselves well to
such ztudles, ‘The literature dealing with inheritaence in plants
containg many references $o these éharact&rs. In 1901, Correns (2)
described and réyartad on & number of seed characters in corn. He
found that the faetor for sugary, now designated as suy, was a
recessive character that 414 not appear in the first generation
but segregated out as a simple recessive in the second generation
with a ratic of 3 starchy : 1 sugary. Dyster (6) has reported two
other genes that produce sugary seeds. He has designated them by
the symbols sup and sz, They are also recessive genes and give
ratios of 3 starehy : 1 sugary in the Fo.

In 1909 Collins {1) reported on a new type of endosperm
which he found in Indian corn introduced from China. He called
this type waxy, because of its appaarancs; and designated it by
the sywbol wx. It segregated as a simple recessive to starchy in
2 3:1 ratio in the second gsneration.

Bast and Hayes (3,,5).m&&§ an extensive study of chare
acters affecting the endospern of corn., They made a large mumber
of erosses between the six most common subspecles of maize; Zea
mays tunicata (the pod corns); Zea mays everta (the pop corns);
Zea mays indurata (the flint corns); Zea mays indentata (the dent



corns; Zea nmays anylaces (the flour corns); and Zea mays saccharata
(the sweet corns)., They reported a single factor difference bee
twgen the storchy type of endospern ond the sugary type, the starchy
condition being dominant, The physical texturs of the staveh in
starchy kernels wes controlled by still other genetic factors, The
results of the first cross between floury end horny corn made it
appear as 1f the characters were maternally inberited because the
maternal characters were expressed to the practical exclusion of
the uale charscters., A floury female crossed with o cornecus mele
gave soods that were cll floury. A corneous fernle crossed with
& floury male gove seeds that were all cormecus. vhen the ¥ seeds
were grown, Sast and Hayes recovered the grandpsrental types and
also obtsined several intermedlate types, indicating that there
were several pultiple factors affecting the Cloury-horny relatione
ship. UThese genetic factors did not appesar to be dominent to thelr
respective allelomorphs but expressed themselves according to the
proportion im which they were present. Lack of mafurity oceasion~
ally made it difficult to properly classily the segregating types
in the F, and Fye

In 1921 Hutehison (7) published results on a ztudy of an
endospern character called shrunben, This character reduced the
amount of starch formed in the endosperm and resulted in a deeided
shrinking of the seed. It bshuved as a simple recessive to the
norsal and was found to be closely linked o a color facktor, C,

In 1926 Jangeladorl (9) reported the results of his
studies on & nunber of genes thot retarded seed developnment in
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various degrees. He referred to these genes as “defectives" and
listed 14 of them, They were all inherited as simple recessives
to the normal. At least two other defectives have since been added
to the above 1ist, Mangelsdorf alsc reported another endospern
type which he called “brittle”; a simple recessive to normal.

Other workers have reported two other genss that produce brittle
seeds.

Singleton and Jones (11) have been studying two genes
which produce starchy endosperms and which they have valled opague
1 and opaque 2. They have crossed these with h, one of the genes
studled in this investigation, and have found that b is not iden-
tical with either one of thenm.
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IV. LATERIAL

In 1927 the writer began & study of the susceptibility
of endosperms of varyimg degrees of hardness in dent corn to cer-
tain fungus diseases, particularly Rhizopus nigricans, Geéeds from
a large number of ears were classified for hardness and tested for
disease resistsnce in a germinator. Seeds from each classifica-
tion were planted and the resulting ears were self-pollinated to
detsrmine whether the starchiness was a.rasult of envircomment and
would not hreed true or was a result of genetic factors and would
remain stable from one generation to another,

One strain was found in the soft starch group that bred
true for that character. The strain, designated as Inbred 3141;
had been inbred by Doctor Woodworth for nine generations. Bxcept
for the one ear used in this atudy, all the other ears were qulte
horany. It is presumed that a mmtatlon must have oceurred at lesst
two generations before 1t was natiead; because one segregating
generation must have intervened in order that all the kernels on
an ear could show the character at the time it was discoverad.

Tt was interesting that aside from the change in endosperm com-
position, no other characteristics of the inbred with respect %o
vigor ér plant and esr type seemed to be affected. The new gene
for starchiness was designated by the symbol b because it was re-~
cessive to horny, designated as H. It was crossed with horny corn
from the seme inbred and also with unrelated horny corn. In the
first genaration; there was no indication of its presence. In

the second generation it was demonstrated that h behaved as a
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simple recessive to horny; giving ratios of 3 horny : 1 starchy
{Table 1), In 1930 luem and Woodworth (10) reported on the breed-
ing behavior and other characteristice of this gena, It produces
an endosperm with a soft interior and cap, surrcunded by a thin
cornecus band arcund the sides of the.seed., Flate 1, In well
natured sars, in which the horny seeds are.well developed, classi=-
fication of the F, generation is not difficult. Plate 2.

In 1929 a new gene for soft starch spontunecusly eppeared
in an inbred gtrain designated as 4001, This strain had previously
bred true for horny endosperm. One ear showed segregation for
endospern %exturé. It produced 96 hﬁrny seeds and 93 very soflt
seeds, very nearly a 1:1 ratio., Further studies in succeeding
generations confirmed this ratio. (Table 2). 4% first 1t was
presumed thet this gene for seft_starch was’ths sane as floary;
previously studied and reported S§ Hayes and East (3, 5); because
the segregeting ratios agreed with the ratics which they obtained,
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Table l.,--F., Ratios of Starchy and Horny Zndosperms Resulting
From a Cross Detween Line 3141 (hh)
and Yormal Corn (HH)

mgiber (HH) v(hh§y Total _ Dev, P, E.  D/P. B,

1-18 314 12 437 12;8 6.10 2,26
1-21 501 156 657 €.3 749 1.11
1"21 345 109 4574 4‘ .5 6 tQE 0372
1~24 47 182 669  15.7 755 2,08
125 499 181 680 11.0 7.62 1.44
1~2g 422 129 551 £.8 6.85 1.28
1-2 602 201 203 0.2 .28 .02
1-29 464 111 575  32.8 7.00 4.69
1-29 404 150 554 11,5 6.87 1.67
1-30 314 124 438 14;g 6.11 s;gg
O A A A
1-3% 264 153 &7 1.3 7.26 018
1-35 384 124 508 g;o 6,58 0,46
TN S R A A
2“ : ‘ ‘,, b " “  J o« O
224 30 125 Sﬁg 1.5 6.5? 0.23
2-30 394 152 546 15.5 83 2,27
a~§§ 43@ 152 651  10.8 25 1.43
15737 3% 1o o 130 62 e
2=17 = . ™ »
12-17 421 135 556 4.0 6.89 0.58
1246 —280 36 —33f 12.8  5.36 2224
Total 10 75% 3 610 14 365 18,7  35.00 534




Table 2,~-F, Raetios of Starchy and Horny Endospernms Resulting
From a Cross Between Floury 2 (fl1,11,)
and Horny Corn (Flpilp)

Eap B -
mumber  Horny  Starchy  Total _ Dev. P, L. D/P. k.
57201 204 21 419 4.5 6.90 652
£722-2 98 11 216 10,0 4,96 2,016
5731-1 211 203 414 4,0 6.86 .563
5731-2 169 162 331 3.5 §.14 570
5731-3 123 133 256 5.0 5.40 ,926
5731-4 g6 73 159 6.5 4,2 1.529
5731-5 78 9l 169 6.5 4, 1.484
5731.6 14 13 27 0.5 1,75 .285
309-1 8¢ 84 172 2.0 4,42 AT2
106e1 164 186 350 11.0, 6,31 1.743
105~e 156 175 331 9.5 6.14 1.f*7
106-3 155 165 320 5.0 6.03 829
106-4 29 36 65 3.9 2:72 1,287
110-1 s —208 9.5 4,88 1.247
Total 45,0 19.77

1 670 1 768

Eixp%ﬁeﬁ ratio = 1 horny : 1 starchy



It was also similar in other respects, In the first generation
it behaved as though it was maternally inherited; because when a
st&rahy‘plaﬂt was pellinated with horny pollen, the progeny remained
starchy. Vhen o horny ?la@t was pollinated with sﬁarcﬁy pallen;
the progeny remained horny.

When this character for soft starch was crossed with
floary, in the first generstion the progeny were all floury and
this wauiﬂ be expected whether the condition was.ﬁuﬁ to a single
gene or te two different ones, because of thelr peculiar behavior
in crosses, In the Fn, howevar; the ears were not all starchy but
segregated in a ratio of 1 horny : 3 starchy. (Table 3). This
would be the expected ratio if the twe genes were different. Be-
caugse of the fact that the new gene, in crosses with horny corn,
behaved in the same manner as floury, it was called floury 2 and
designated by the symbol flp, It became necessary to refer to the
original floury gene as {loury 1 and to &ésignate it as 14,

A ocareful check on the original material led to the
assunption that the new gene originated as a mutation in a pollen
grain in the 1928 geascn. If 1t hed occurred in the egg aallg_tha
mutation would have shown up immediately as a starchy seed. All
the breeding material was watched so elosely for starchy seeds that
the presence of a mutant of this type would not easily have been
overlooked., Because of the nature of the inheritance of fl,, the
resulting ear from this seed would have segregated whether i1t was
selfed or not, Fartunately; it was self-pollinated and thus was
immediately available for further inheritance studies.



Table 3.«»?2 Ratios of Starchy and Horny Endnsg
1 (fllfll' lel;z}

~11w

From a Cross Between Floury

>t  {?5 y:i. '5 ‘
1544 3 261 prE 5135 435% 2;2;5
1525 §§ 157 193 12:25 4,06 3.017
5679~1 168 ) 691 4.7 7.68 618
gé??—a 131 ii% 545 §;g§ g;az 770
5679~3 163 396 559  23.25  6.91 3.365
151~-1 34 93 127 2,2 3.29 b04
151-2 15 24 361 24,75 5.55  4.459
151" 19 480 6 24,75  7.58 2,265
1§é~§ 5% 134 15% 4,75 3*5? %.196
1522 97 237 334 13.5 5.34 2.528
152-3 115 %09 424 5.0  6.01 1.498
152-4 75 63 238 15.5 4.51 3.437
lgz-é 15 42 57 ‘;?g 2;%0 +341
152~g 77 225 302 1.5 5.08 ;235
152~ —d —52 ~—402 .29 o WLei)
Total 1 606 4 512 6118 76,5 22,84 3.349

erms Resulting

Expected ratio = 1 herny : 3 starchy



Expected genotypiec constitution of Fhendospernms In e eross Letween

floury 1 (£13£19F1,¥1,) and floury 2 (F11F19814000) 8

Eolar Hucleld Pollen Ehenotype

F13FloF13F1 éi%%gig ~ Horny endospern

o g & + 8
EStrer
" ' ¢ o] o™ " Y .
F11f12 F1,£1, g§%%%%§ atagchy ﬁnuaﬁperm
am
1f1s ! ’
$14F1s£14F15 (71 Flg Starchy endospernm
Pramte o el o "
(£13715 " n
(£17£15 " "
£19£1,+214911, Egiigig Stazehy endo§§arm
(£17F15 " "
(flela " "

FPhenotypic ratio = 1 horny 3 3 starchy

The gana,‘?lg, produces a very soft endosperm thal is easy
to diatinga;ah on segregating ears when they are fully maturg.
Plates 3; 4, The seeds are as soft as those produced by the gene,
fll; and are 5oft§r,ﬁhan those produced by the gene, h, though
starchy seeds on segregaling ears when both flp and h are invelved
cannot be separated for the two characters with any degree of cer-
tainty.

In addition to the new genss that have Just been described,
other breeding material included homozygous strains of flour corn
(£1;), sweet corn (suj), and waxy corn (wx), besides a mumber of

strains of known genetic constitution used in the study of linkage.
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V. RESULTS AND CONCLUSIONS

1. Crosses Between h and Other Endosperm Characlters

When the gene h was crossed with floury 1, the Fl was
horny when the ear parent was hh and starchy when the ear parent
was f11f1y. In the first instance, the pollen parent (f1;f1HH)
brought in the gene H which was dominant over h and produced a
horny endosperm. In the second instance, while the pollen parent
(hhF11F1y) brought im the gene Fly, the seeds were still starchy
because they had the ﬂﬁmyoéitien £13£13713. Table 4 gives the Fp
ratios for four segregating ears., On the basis of independence a
ratic of 3 horny : § starchy would be expected. Three of the ears
have deviations no larger than would be expected on the basis of
chance., Far 80B-2 had a deviation 3,928 times the probable error.
Thisz was ayﬁasa where eia@sifiéatian was difficult becsuse the
horny seeds were gamawhaﬁ starchy. The deviation of the total wes
35,5, which was 2.791 times the probable e:gak, but was not too
large to be expected on the basis of chance,

When the gene h was crossed with waxy (wx) the Fy was
horny regardless of which way the cross was.gaée. Table 5 gives
the Fo ratiocs for two segregating ears. A ratio of & horny 5 3
gtarchy : 4 waxy was indicated by the data and when the %2 test was
applied the value of P was .13 which indieates that the deviations
from the above ratic are not larger than would be expected on &

chance basis.
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Table 4,«~F, Ratios of Starchy and Horny Endosperms Resulting
FFom a Cross Between Floury 1 {(f14{1,HH)
and Starehy (F13Flihh)

Far ’ '
a{mﬁ .Hopny _ Gtarchy  Total Dev, P, B. D/P, B,
77B-1 172 300 472 5 7:09 708
77B=2 120 187 - 307 5 Z;?Q 874
80B~1 157 230 387 12 A2 1.866
BOB«2 155 193 359 gﬁ‘ é.lg ‘quoé
Total 604 o1z 1 516 35.5 12,72 2.791

Expected ratioc = 3 horny t 5 starchy
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Genotyple eccnstitution of the Fs gene

Polar ggegggg

Eollen

FRO-Fh B (Fy 1
LHTY {Fh h
({3 §

(fEF h

Fh h«Fh h (Fy B
3 heFy {égh
(fi ®

({fFh

£h HefR X (Fu H
& & ‘ {(Fh h
(% N

(fH h

fhth h (Fy H
Loy (F% h
{fT H

{f%n

.Phenctypic ratio = 3 horny : 5 starch

Table 5,--F, Ratios of
Starchy (WxWxhh) and

ration of a ¢rogs between
floury 1 (f13f13H) and starchy (F1;F1ihh)s

:

Horny endospern
f 3

ft
]

L)
"

Horny endosperm

Starchy *
Horny "
Starehy

Starchy endozpsrm
" "

"
"

"

"

Starchy endosperm
n st

n
u

"
"

¥

Crosses Between
Waxy (Hiwazwx)

“Tar Number of s
M,Qggﬁgr Horny Gharehy Waxy Total
2278=1 372 98 165 635
225B-1 313 27 140 —_38
Total 685 195" 309 1185
Calowlated  666.6  323.2  39d.2 1 184
(913:4) — e —
Differsnce + 18,4 — 27,2 + £.8

Z2 = 4,0989

P = 13
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Crosses between the gene I and sugary (suy) gave horny
seeds in the Fy regardless of which way the cross was made., Table
6 gives the ¥Fo ratios for two segregating ears. 4 ratio of § horny
: 3 starchy : 4 sugary was indicated by the data. The deviaticns
from such a ratio #@#e guite small. When the X %2 test was applied;
the value of P was .4; indicating that the deviations from the
above ratio are not larper tham would be expected on the basis of
chance.

The above crosses between h and sugary‘and between h and
waxy indicate that h is hypostatic to su; and wx,

The results of crosses between h and fl, are discussed

in the section in which the linkage data are presented.

Table 6,-~Fo Ratios of Crosses Detween
gtarehy {Susuhh) and Sugary (EHsusu)

st ey = prmgaren Nmm 2 Se st S O e S N _,,.\,M. ey
_“nnm&fz,_mwm*ﬂaxgxw“«méﬁazgh? . Sugary . Total
227F-1 268 78 103 449
222B-1 233 . V- 4 412
Total 479 165" 217 861
Caleculated &§4¢3 161.4 215.3 £61
(9:3:4) o — U —

Difference = 5.3 + 3.6 + 1.7

%2 & 1517 P = 4
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2., Crosses Detween flg spnd Other Endeszperm Characters

The results of crosses between fl, and fly bave been
discussed in the section dealing with "Haterial®, The Fy seeds
were starchy regardless of which strain was used‘as the ear parent,
Floury 1 {f17f13F1,Fls) brought in'F13 when 1t was used as the pol-
len parent and floury 2 (F17F1;f15f15) brought in I'ly when it was
used as the pollen parent but 13 f1y Flj and fly flp Flp are both
starchy. The Fp segregate! im a ratioc of 1 horny : 3 starehy.
See Table 3. Nineteen ears gave & total of 6118 seeds, of which
1606 were horny and 4512 starchy. The deviation was 76.5 and the
probable error was 22.84, giving & ratic of 3.349, The deviation
was somewhat larger than would be expected (0dds = 41:1) but the
individusl ear counts showed that most of them came rather close
to the expected ratio. The differences were not consistently in
one direction. It has been previously pointed out that in some
ears the horny seeds were not easy to distinguish 1f the proper
maturity of the ears was somehow prevented. In such cases the
horny seeds were also somewhat starchy, and separation was not al-
woays certaln.

& eross was wade betye&nhflg and sugary (sup) with the
sugary type used as the ear parent. In the Fy the progeny were
all horny.
The results obtained in the F, generation are given in

Table 7.



Table 7.-~F, Batics of Crosses Detween
Floury 2 (flgf%gﬁu&u) and

Sugary (FloFlpsusu)

. “Fipsu
Flgﬁu , i‘la@u flosu ,Tﬂt&l

Observed 209 194 14; 546
gaéaglataé , 208 205 13 546

Difference + 4 - 11 + 7

%2 w 1,0288 P = 60

4 ratio of 3 horny : 3 starchy : 2 sugary was indicated by the data,
This would be the expected ratio if f1l, was hypostatic to sugary.
The differencesfrom this ratic were quite small. When the %% test
was applied, the value of P was .60. This indicates that the devia-
tions from the above ratio are most probably chance differences, and
that it is the correct retio., It also indicates that fl, must be
hypostatic to sugary.

No cross was made with wazy.

The resuihé of crosses between h and flp are dlscussed in

the section in which 1inkage dats are presented.

3. Link&ge Relations
The investigation of the linkage relations of h and flp
with the ten established linkage groups in maize has extended over
s peried of ten years. Certain aifficulties were encountered in
finding sultable testers in each group. Several of the genes most
commonly used in linkage tests are concerned with pericarp and

aleurone colors., In the present study, these interfered too much
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wiﬁh classification to be useful becsuse they concealed the mature
of the endosperm, &hrunkan; waxy, and sugary endosperm have been
used in many linkage tests but théy were not so suitable in this in-
vestigation since it’alsa deals with endospern aharacﬁers, However,
it was possible to test the Jdata to determine whether the ratios
obtained indiecated independence by applying the probable error or
the X° test for goodness of fit, FPlant characters, especially seed-
ling charantars; were used wherever possible,

Another diffieulty developed because of the fect that
most of the linkage testers were obtained from Minnesota, %iacenain;
and New York; eanaequantly; they were considerably earller than the
Illinols strains carrying h and fl,.

any times crosses were not
obtained because the pollen was all gone before the shoots were
developed far enough to be pollinated.

It was neeessary to usé:?é;p@pﬁlatiuns bseauaa'ﬁha in-
vestigation had not been contimied long enough %o recover the
double raaaésivaa. &Il-ﬁumbiﬁékians tésts&-wera of the repulsion
typa; with one recessive and one dominant coming in from each side
of the créss, A pumber of double recessives have been obitained
from the Fp segregates and they will be used in the future as an
additional check on the data reported here.

In all of the linkege tests except one, only one gene was
tested in each group. It would still be posmsible to have limkag&;
even though there was no evidence of 1t in these tests. It is
possible to have genss so far apsrt inm the same group that they give
50 percent of crossing over, indicating independence. However, 1t
is believed that the data repérﬁed in the following pages indicate
definite linkages,



2. Linkege Tests With h

Table 4 indicates that kh is probably independent of
ircup 2, beecause 17 is in this group. The totals approximate a
ratio of 3 horny : 5 starchy, the expected ratlo if the two genes
are indeprendent. The deviation is 2,79 times the probabls error
and iz, thar@fare; not significant, Only one ear, £0B-2, gave a
ratio large en@ugh to suggest more than a chance difference., The
difference was 3:92 times the nrobable arrer. This wag a case _
where there was difficulty in meking a positive separation., When-
ever something interfered with complete matnri%y; the horny seeds
repained scnewhat starchy. A prematurely broken stall or broken
shank was sufficlent to produce cuch a condition. In this particu-
| lar instance the h;rny sead count was too high by 24 seeds, but
this was partly attributed to uncertain classification.

Table 6 shows the relation between h and sugary, which
is in Group 4. 4 ratio of 9 horny 3 3 starehy : 4 sugary would be
expected on the basis of Independence., The value of P 1s .4, which
indicatez that the differences are very likely due to chance and
that h 1s not in Group 4.

The gene Y for yollow endosperm was used as e tester in
Group 6; A count was made on one ear segregating for white and
yellow endosperm with the resulte, as given in Table 8,
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Table 8,-~F, Hatios of Crosses Detween
h (hhYY) and White Endosperm (HHyy)

, s A 534 Total

Observed 303 134 110 39 566

ga%aglﬁtea 318 106 106 3& 356
133380 ‘ A - —

Difference =15 + £ + 4 +3

o= 1.7122 Po= b4

These results indicate that h is probably indenendent of Group 6.
The genes vy and gly were used as testers for Group 7.

The results are given in Tebles ¢ and 10,

Table §.--Progeny of the Ty of the Cross hhVsVs x Hivivy

Pedigree

B 111

20491 157

204G=2 125
Total observed 282 87- 96 28 493
Calculated 277 92.5 92,5 31
913:3:1 S — e s
Difference + 5 - 5.5 + 3.5 -3
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Table 10.=~Progeny of the P of the Cross
BhG1,0Y x Migliely

Podipres. ——lluber of seedlingg
mumber GI1 k) _GIy eIy Total
20491 149 42 49 14 254
2049-2 129 50 4. e 239
Total observed 278 92 95 20 493
Caleulated . 277 G5 92.5 31
9131331 i — o st
Difference + 1 - 0,5 + 2.5 -3

The results obtailned with crosses bebtween h‘ané/v§;_aﬁd
between h and gll; are so ngar the expected 9:3:3:1 ratic that h is
probably not in Chromosome 7,

Tebles 9 and 10 and also Table 13 have had their fro=-
quencies adjusted because of the fagt that the mumber of seedlings
observed from the horny and stoarchy classes were not in the 3:1
ratiq in which the hcrny and starchy seeds segregated on the parent
ears., A convenient mumber of each was chosen for rlanting, whieh
was done on a sand bench in the greenhouse, It was necassary to
save some seeds for field planting, so the entire seed supply could
not be used. In any case an adjustrment becomes necessary because -

not all of the seeds gerninate,



Teble 1l~~The Original Data from Which
Table ¢ Was Caleulated

“Far  Endosperm Normal

number type , green Ve Total

2049-1 Hi 132 28 160
hh 75 19 94

2049-2 HH 180 43 143
bh ~Z3 23 29

Total HI 232 7% 303

hh 148 42 190

Table 12,-~The Original Zabta Tfrom
Y¥hich Table 10 VWas Caleulated

e e w,.;«..‘. s O T I S S RN S ey
nupber type green  gly  Total
2049~1 EH 12y 35 160
hh 73 21 94
2049-2 HE 103 40 143
| bh 23 23 “ﬁg
Total HH 228 75 03
° bh 146 44 290

The gene wx for waxy endospernm was uced as o tester for
Group 9; The results are shown in Table ¥, 4 ratlo of 9 horny 5
3 starchy ¢ 4 waxy would be expected om the basis of indgpana@nea,
fhe X? test gives a value for P of «13y which indicates that the
differences are due to chance, Therefore, h is probably independent
of Group %. o

Ho tests were made with Groups 1, 5, &, and 10,



The results of tests with Grouwp 3 indicate that h is
linked with that group. The gene dq, which produces a decided
dwarfing both in the seedling and mature plant, makes a good tester

for this group. The results are recorded in Table 13.

Table 13.-~Progeny of the Iy of the Croas
bhDyDy x HHady

2043-1 130 61 58 5 254
2043-2 a8 62 %0, 8 239
Total observed 248 123 108 14 493

Calculate? on , : -
- basls of 259 254 115.5 115.% 8
erossing over

It has already been exrlained that an adjustment was
necessary in the different elasﬁgs te adjust the number of horny

and starchy seeds to a-3:1 ratio.

Table 14.**ﬁriginal Pata From Which
Table 11 %as Caleulated

..,.,,.. “~, ...,-, L o vty , T T —_—,
er ___tyve  Normal _ d; _ Totsl

2043~1 HH 109 51 160
hh 87 7 9%
2043w HH 94 49 14
2043 hh 82 1a 9 2
Total HH 203 100 303
bh 169 21 190




“D5m

Yhen the percent of crogsing over 1s caloulated by
Voodworth's modilication (unpublished) of Imorson's formule (4)
for repulsion ‘E%§%;~ KViﬁé], the result is 29.08 percent, It can,
@ﬁ@rﬁfawﬁ; be assumed that h is in Chreposome III at some distance
{25 percent of crossing ovep) from dy,

fieference to Immer's tubles (8) indicates 32 + 0269
crosalng over. Howsver, the culewlated frequensies with 32 percent
of crossing over 4id nﬁ% fit the data as well as when 29 percent of
erogsing over was sssume’,

& pap of Chromosome 11T shows that b either i loented
very mear ory on one slde or between Ag and tsq on the other side
of dy, |
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/ \
/ \
I’ \
II \‘
: \
;o .
ts4 h! Rg a1 erl !h )
4 1 2 » Iy H p
56 60 63 85 103 110

a portion of }
Pigure 1.~=i map of/Chromoscms ITI showing the possible locations
of h, 1 we assume that 1t 1s linked with 4y with 25 percent of
erossing over.



b. Linkage Tesis with f1,

Several of the linkage groups were used to determine the
group to which fl, helong@&. Tabls 3 indicates that f1s is prob-
ably independent of Group 2, because fly is in this group. The
data have already been discussed. The segregation in the Fp ap-
proximates a 1:3 ratio of horny to s;arehy; which 15 the expected
rétio if iy and fl, are inﬁ@genaent,

The gene su; is loeated in Group 4. The results of a
cross between flp and suj have already been presented, (Table 7).
The expected ratio if f1; and su; are independent is 3 horny : 3
starchy ¢ 2 sugary. The deviations from the expected ratio were so
small that it is highly probable the two genes are independent.

~ The gene Y for yellow endosperm was used as a tester in
Group 6, The results obtained in a cross between y and f1, are
presented in Table 15,

Table ES.nnx Ratlo Obtained in & Craas
Betwaan Horny White (i 1n?1§3§
and Floury Yellow (£1,flo

Qbserved
Expected

Difference + 2 + 1 - 1 -2
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The results indicate that fl, is probably independent of

Group 6. |

" The gene ] for jaronies planis was used as a tester in
Group C. Plants from 80 fl, seeds produced 58 normal and 22
Japonies plants. Eighty-nine FXE saéds from the same ear produced
63 normal and 20 japonice plants. 4 ratio of 3 mormal : 1 japoniea
would be expected on the basis of independence. The ratios are so
close to the expecied %hat,ﬁﬁ linkage is suggested,

~ The gene 1i Tor lineate plants was used as & tester in
Group 10, The reaulta; for some unknown r@ascn; gave lower counts
of lineate plants for boeth {1, and Flp seeds than were expected,
(Table 16).

Table 16.--F2 Batios of Crosses

Between £1,f1,LiL1

Bar 1, fl, seeds 24 15 7 2476 2,536

Flp seeds 62 24 2.9 2.71 923

Zer 2, flo seeds 66 10 G- 2.95  3.529
’ Flg seeds 84 10 13,9 z‘gé 4,770
Total, flo seeds 140 25 16 3:75  4.267
Fls seeds 146 3 11 3.92 2.806

A ratio of 3 normal ¢ 1 lineate was expected, While the
expected number of lineate plants is lower for the fl; seeds than
would be expected by ehanaa; there has not been a corresponding
inerease from the Fl, seeds above a 3:1 ratio to indicate linkage.
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No tests were made with Groups 1, 5, 7, and 9,

The bgst evidence of linkage-af:flg with some other gene
was found in the data on crosses bﬁtwééﬂ;flg and h. The expected
ratio in the Fo on the basis of independence would be 3 horny : 5
starchy, the same as in crosses between h and f1,. However, the
retio was very nearly 1 horny : 3 starchy. Thév&ata are prosented
in Table 17. Out of a total of 5195 seods classified, 1353 were
horny and 3042 were sturchy. The deviations of each ear exceed
the vrobubls error by more than four times and the &éviatiﬂn of the
total erceeds its probable error by more than 25 times. “Thié in-
dicates that the deviations have not b@&n'cﬁmpeﬁsating but have
tended in one direction.

If h and fls were linked very closely with no crossing
aver; they would zegregate in a ratilo éf lwherﬁy :+ 3 starchy. The
ratio actually is 20 percent horny : 74 péxﬁent starchy, which is
the retio that wﬁuld'b%,qbﬁainﬁd with clese linkage with four
percent of crossing over., .

If h s loeated in Croup 3, then fl, must also belong to
Group 3 only & short distance from h,
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’ a portion of
Figure 2,.--Hap of/Chromosome III, showing the four possidle posi~
tions of {lo.
Reference to the map of Chromoscme IXI shows that £ln
mey be near crjy on cne side of 4, or it may be near Rg or ts, on
the other side of dy, assuming that it is linked with h with four

percent of crossing over,



o 3 e

Table 17.~-F» Begregating latios in Crosses
Involving £~ and h (flof1BEH x FlpFishh)

Har 315 ratio ’ :
pumber . Horny tarehy . Total D Po Lo DIP, Bo
157-1 %3 200 29 4,71 531
1572 19 93 15 3.1 4,76
% @ % i
158-1 6o 230 26 4.95  5.25
158-2 160 609 68 B.06 8.44
1583 167 530 2 752 4.2
1584 180 659 7 .38 8,00
2074-1 65 U5 64 6,07 10,54
2074-2 46 263 53 5.30  10.00
2075-1 o1 230 321 29 5.8 4,96
z@gg«l gm 266 %47 49 6 .ag 8 gé
2096-1 69 211 280 36 5,46 6.59
2100-1 66 —idd —228 31 2a02  0.01

Total 1 153 3 842 g 19% 595 23,54 25.28

Caleulations are dased on ratio of ¥ starchy ¢ 3 horny,
which would be the expected ratio 1f these two characters were in-

dependent,



Expected genotyplc constitution of F, endesperms in a cross between
floury 2 (fl1pf1oHH) and starchy (FloFlohh):

F1sH-FP1a01 (F1-H Horny endosperm
2 2 (?1@h ”ny "P
(fl M " "
(flgh " "
Floh«Floh 1 Horny endosperm
2 2 2§ Sta?gﬁy fr
{fl Horny "
ffigh Starchy
P v PN O §F13§ “ﬁarahy anﬁaﬁperm
%flgg " "
L 4
flshfl.h (Flgﬁ 3taguhy'anﬁa§perm
(fl # #
(fl : H 5

Expected ratlc = 3 horny 1 5 starchy
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Expected propertion of horny and starchy seeds in crosses between
f1pf1p and bh, if linkage with four percent of crossing over be

"sgsumed:

F1,H
Fl,h 50 horny seeds

1K
£13n
Flzg 600 horny seeds

f12n

£1sh 600 (hh) starchy seeds

B
£1%8
£15h

Flsh 50 {f1o£f1o) starchy seeds

R ]

24 £1,H.L1H

1200 (£1,£1,) starchy seeds

AR R e

1 flghoflgh

o ny

1
24
24
1

1

4

1

1

4

4

1

1

4

4

1

5%%% ® 26% horny seeds
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VI. SULARY

Two new genes that produce starchy endosperms in dent
corn are repcrted in thils investigation. The genes have been des~
ignated as h and fls, respectively. The gene h is a simple reces-
give that, when crossed to hnrny; gives a 3:1 ratle of horny to
starchy seeds in the F, generation. The gene h is hypostatic to
wx and suy. It gives 25 percent crossing over with dp, and is
therefore assumed to be In Chromosome III,

The gene 1, follows éha same Inheritance as flg; which
has been reported previously by Hayes and Past. Two doses of fl,
in the endosperm are dominant over one dose of ¥ls and the reverse
is also true. The gene fl, 1s hypostatic to suy. If the sssumption
is eorrect that h is located in Chromosome III, being linked with
d1, then fly is alsc in Chromosome IIIé sinee it iz elosely linked

(four percent of crossing over) with h.
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The reny seeds are on the left anl
the ztarchy (i) seeds sre on the pizght,
Seme of the soods have been cectioned
to szhow the difference in endospern



Plate 2.--Fars of the inbred line 3141. (4) and
(D) are homozygous for HH and produced
only horny seads, (B) and () are
heterozygous (Hh) and segregated in &
ratico of 3 horny : 1 starchy. The
starchy seeds have the wrinkled c¢aps.
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