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THE INHERITANCE OF NUMBER OF SEEDS PER POD
AKD LEAFLAET SHAPE IR THE SOYBRAN
I.  INTRODUCTION

The character "number of seeds per pod” has been shown by
Woodworth (7)> %o be one of the several cbvious oharscters which
eontribute to yield in the soybean, goja max (L.} Piper, A clear
understanding of the inheritance of these characters, as well as of
the relations between them, 18 necessary in order %o ascertain more
accurately the possibility of obtaining all of them in the highest
degree in one variety. This paper reports a study of the inherite
ance of number ¢f seeds per pod and leaflet shape. The latter
gharacter was included begause of certain evidences of linkage
between it and number of segeds per pod,

Soybean pode contain from one to five secds., The plants of
a given strain have either a sajority of one-, twoe, three-, oF
four-seeded pods or large percentages of any twe consecutive classes
from one to four, There is little variation in seeds-per-pod values
of planta within a variety,

The terminal lesflet of most soybean varieiies is ovate in
shape; a few varieties have lanaegolats leaflets and one variasty is
known with oval leaflets, Figure 1. The lateral leaflets, altbough
of the same general shape as the terminal leaflets, are somewhat
asynetrical and therefore have not been considered in this stu&#g

I/ Humbers in parentheses yefer to "Litexature Cited,® page 44.
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1. REVIEW OF LITERATURE

Nagai (1) repcrted a oross between the Kaimame variety,
which had a majority of three-seeded pods, and the Akateuka variety,
which had a majority of two-seeded pode. Approximately 70 peroent
¢f the pods in the ¥y were two-sgeded, and approximately 70 percent
of the F, segregates resembled the parent with the lower sesdsepele
pod value.

pata through the ?% gengration are presented by Takahashi (4)
on a ¢ross between Wearucong, & varlety with normal leaflets and a
wajority of two~seeded pods, and Yania, 8 varlely with narrow leai-
lets and 2 sajority of threee~ and four-seeded pods. A gﬁnﬂ fi¢ %o
a 31l ratic for number of seeds per pod was obtained when he divided
the ¥y planis lnto two alasses acocording to whother less than 10
pergent or more than 10 peroent, xésg@nt&valy, of the pods from a
given plant were four-seeded. He assumed that the parents differsd
bty a single gene and assigned to %hat allelomorphic pair the aymbole
¥ and £. The oholee of 10 percent as a basis for separation wae
somewhat arbitrary; 10 percent was the upper limit of percent of
four~geeded pods found among plante of the twawaa@&g& variety an
well a8 the upper limit of percent of four-sseded pods among plants
of the noxmal leaflet class of the Fy population of his gross, The
gholce of sither & percent or 18 psroent as the basis of separation
would have yesulied 1n;&a?£atiaas'fram a 531 ratic greater than
would be expected by chance one time in tweniy. The ¥, plants
segregated in a 311 ratio of normaleleaflet planis to narrows
leaflet planits. The work of Takabhashi and Fukuyams {8} and of

Woodworth (7) indicated ihis same relationship and Woodworth (7)
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agsigned the symbols Xa and na to the allelomorphic genes involved.
Linkage relations between narrow leaflet and high seeds-per-pod
value were apparent in Fy and later generations and the ratics
obtained oould be explained on the basis o¢f 10 percent crossing

GVer,



I, HATERIsLS AND METHODS

The mean seeds-per-pod values of the parental types available
for crosses ranged frcom 1,06 = 0,01 for T 133 to 3,58 + 0.03 for
T 114.1 Of the several crossegs made, 16, including 3 reciprocals,
were carried through the FB generation, with secds-per-pod values
and leaflet-shape classifications obtained on individual plants of
the parental, Fy, and Fp generations. The crosses were made in the
summer of 1940; the ¥y plants were grown in the greenhouse in the
winter of 1840-41; and the parental types and the Fy generations,
along with a few ¥y plante, were grown in the field in the sunwer of
1941, The seeds-per-pod values of the Py plants grown in the green=-
house are not comparable with the parental and Fy generations grown
in the field because of the dissimilarity of envircpmental condi-
tions. The few Fy plants grown in the field the sawe season as the
parental and ¥y generations are used for such comparison,

all of the seeds available for each Fg generation, along with
its reciprocal, were gpaced at 4¢~inch intervals in consecutive rod
rows spaced 2 feet apart bordered on one side by one row (50 seeds)
of one parent and on the other side by one row of the other parent,
after harvest, the pods were pulled Ifrom the plants and the number
of one-, twow, three-, four-, and five-seeded pods recorded for each
plant. Aborted seeds and tiny organs which were probably unferti-
1ized or aborted ovules were included since they were considered

potential seeds, The number of potential sceds for each plant was

i/ In accordance with Illinois Agricultural Experiment Station pro=
cedure, the sirains used as parents have each been given a “type®
number (abbreviated 7) and the crosseg have sach been given a
cross number,
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sbiained by summating the number of one-seeded pods multiplied by
one, the number of twoe~seeded pods multipliled by two, ete. A
seeds-per«pod value for each plant wag caloulated by dividing the
total number of potential meeds by the total number of pods. All
data were token by the same individual, ,

Leaflet~shape @laaaifiaati@na.of all é&yﬁl&timﬁﬁ were made
by observation when the plants had reached approximately their
maximun height. Difficulty was encountered in classifying some of
the Fy segregates. In a few crosses several leaflet measurements
were made of dimensional relations in which the parents were
believed to differ in antieipation of segregation for leaflet
indices whiobh would be more precise than segregation for general
shape. Olassification of difficult cuses would thereby be facll-
itated. The measursments were made on 5 different terminal leaflets
of each plant of the population at approxzimately egual Intexrvals
from the base of the plant %o the top. The indices obtalned on
parental types and thelr ¥, generations segregating for leaflet
shape were (8) the width of the leaflet at its widest point divided
by its lengih, {b) the distence from the base of the leafle} %o its
widegt point divided Ly its total length, and () the size of the
angle formed by the two margins of the basal portion of the leaflet.
The five values obtsined on one plant for one index were averaged
to give one index for the plant.

Additional data were obtained from sarlier orosses made at
the Experiment Station by the Depariment of Agronomy of the
University of Illinois in cooperation with the Division of Forage
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Crops and Diseases of the United States Department of Agriculture,
A1l of the data on oromses numbered 114, 144, 158-160 (reciprocals),
183, 173, 177178, 179, and 180-181 reported in this paper were
colleoted pricr to the writer's arriwval at the Station in 1940,
only normally filled and aboried seeds were counted in thess olassi-
ficaticns. The Fy generation of crose 480 was grown in the summer
of 1940, It had been classified by Experiment Station workers
aocording to lesaflet shape and the writer tock data on number of
geeds per pod, Twenty-five geeda from sach of 35 plants selected
at random from the Fy generation of crose 480 were planted at

4«inch intervals in rows 2 feet apart in the 1941 plots, BSeeds~pele
pod and leaflet~shape olassification were made on these populations,
and correlation coefficients were caloulated Letwesn seedg~per-pod
values of Pz plants and their respective Fy means and coefficients
of variability. Station workers made leaflet-shape c¢lassificatiocns
on plants of the ¥, generation of station oross 555 in the summer
of 1841,

In Table 1 are presented the psrenis of each ¢oross, the mean
secig~per~pod value and lesflet sbape of most of tbe parental types
and of the field-grown ¥y plants, and the mean seede-per»pod values
and goefficients of skewness for must of the Fy populations,

In order to obtain uniformity of area under the Fz hiato-
grams the number in each class le expressed in percent of the total
rather than in actual nuabers; this should be oonsidered in studyling
the graphe, eepecially those with a low number of plants, Data from
wiioh sach of the graphs were made are presented in the appendix.
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Bince no difference between reoiprocal orosses could be
deteoted in any case the data are combined for analysis and the
crosses are ldentified ae one, e.g., oross 516534,
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Iv. INHERITANCE OF WUMBER QF SEEDE PR POD

The relative constancy of seeds-per-pod values within a
variety suggesis that the charscter is guoverned largely by genle
action, Weatherspoon and Wents {8) counted secds in 5 poeds from
each of 3 plants from 10 replications of 337 varieties, From the
amount of wariance due to replications theyyéanaluaea that Ynusber
uf seeds per podé . . . {wae) very little influenced by soil differe
ences,? Qertain of the data obtained in the current study indicate
that the character is no% wholly uninfluenced by environmental
factors. The planting of parental varieties in close proximity to
their Fp populations necessitated planiing 9 of the 11 wvarieties at
more than one location in the field., Types 34, 38, 48, 114, 141,
and 173 coourred twice &n the field, T 10 ocourred 3 times, anﬁ’
types 133 and 174 each ooourxed 4 times., The 4% test was applied
to all possible cosparisons between seeds-per-pod means of the
éifferent entries of each vurietyy Table 3. Of the 321 such com-
parisons € mean differences were mignificant. The significant dlif«
fersnces were between the means of the two entries of types 34, 38,
and 114, and between entry number 3 of T 132 snd the other three
eniries of T 123,

The six F2 populations derived from orosses between T 123,
ﬁh@na pods were predominately one~seeded, and strains with inter~
mediate seeds-per-pod values were strikingly similar. Figure 2
shows the parental and ¥y dlstributions of orgsses 500 and 504,
representing this type of cross. The following eharactaeristios



Table 3.--Comparison of Hean Seeds-Per-iod Values of Different
Entries of the dame Strain Flanted ad Different Loecations
in the Field., 4n Asterisk Beside the ¥t Value Indicates

Slgnificance of the lean Difference

Paren
tal
type llintry X t
TG || TLO=~1 [2.¢ ), 01 [10«3 |2.95 + Q.01 [47[0.02(0,01]3.00
TLU-1 [2.93 T 0.01]42 |71 2.93 I 0.01(36]0,00(0.01(0,00
_ll7mo-2 (2,95 ¢ 0,01|47 [T10-3 [2.93 % 0.01]360.03]|0.0L (3,00
T30 || $60-1 |3.08 + 0.0L 3,44 + 0.0L[4L[0.0€(0,01|6.00%
746 || T46~1 13.08 4 U.OL|35|[F8<F (3,10 o 0,0L|44[0,03(0.0L[3.00
L4 |[TITEST[3.87 o 0.08] 38 [T114-5 3,51 = 0.04|34[0.16]0,04[2.00°
T2 ﬁ I 05 + 0.01|36 [[TIZ2<Z|1.08 = 0. 0L 380 010 0T L. 00~
T133-1 [1.056 ¥ 0.01|36 |T183-3 [1.08 ¥ 0.01|30[0.04|0,01 [4,00%
T125-1 (1,05 T 0,01|38 |[7123~4 [1,05 X 0,01 [30[0.00{0.0L [0.00
11332 (1,08 + 0,01|38|[Ti22~3 |1.09 X 0.01|30[0,03|0.01 |3.00%
Tlgﬁz"’z 1306 x> G‘\O}- 3& ?lfﬁ?f“@ 1-@5 ;:: ngl ag G&Q QQQ}& 10{){}
1123-3 (1,08 ¥ 0.01|30 [[T122-4 |1,05 5 0,01 [30[0.04|0.01 |€,00%
TTAT [TIAT-T (2716 « O OI[IUTI4I-F 2,10 £ 0.05[32]|0.04[0.03 1,55~
“TLTE |[Ti7a-1 3%1“;“5‘23%“‘1?‘ PI75-2 |4, 8% & C.008[1&| 0,00 0B [1. 87
A R S N T I L R S S N A e A 3 ) 0,03 10.00
TL74~1 [3.37 * 0,03|36 |[T174~3 3,36 3 0,08|43[0,01(0.03(0.33
71741 |3.37 & 0.03|36|T174~4 |3,41 T 0.028[46/0.04(0.03(1.33
T174-3 |3.37 » 0.03|41 |1174-3 3,36 3 0.03(43/[0.01|0.03 0,33
T174-8 |3.37 + 0.03 (41 T174-4 |3,41 X 0,08(46/0.04]/0.03 [1.33
TL74-3 |3.38 = 0.03|45[7174-4 [3.41 5 0.02|48[0.05|0.03 |1.87
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were common %o moet of the ¥, distributions: {a) with as low as 88
in one F, population gertain segregates of each cross had seeds-per-
pod values sgual to the mean values of both of thelr respeotive
parenis, (b) no suggestion of transgressive segregation was appars
ent, (o) distinct bimodallty was exhibited, with the larger portion
of the ourve composed of plants with the higher Seeds-per-pod
values, (d) the seeds-per-pod value of the modal c¢lass of the
larger portion «f the curve was lower than the mean of the higher
parent, and the seeds-per-pod value ¢f the modal oclass of the
smaller portion of the ocurve was higher than the mesn value of

the lower parent. All Fy populations showed a good fit %o the

311 ratic when the range of poseible division of ¥ into approximate
311 portions at the 5 percent level of probability was compared
with the low point dividing the twoe portions of that ourve,

0f the elght Fy populations derived from crosses betwesn
types with appreclable percentuges of four-seeded pods (T 114 and
7 174) and types with intermedinte mecdaeper-pod values, fouy
erosses (507, 511-B233, BlE-534, and 539) each had over 100 plante
in their Py distributions, Their bistograms are presented in
Figure 5. Certaln F, segregates of each oross had seedgeper-pod
values equal to the means of both of théix respective parents
except in oross SL1s533 where no Fy plant had a seodasperpod value
a8 bhigh as the wmean of the higher parent., The difference between
the p&taata.af this orces was the grestest of the 8 orosses, and
over 10 pezcent of the Fy segregates fell within the range of the
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higher parvent. 1In all of the crosses the seeds~per<pod value of the
modal class of the Fo distrivution wa® only slightly higher than the
mean of the lower parent and was very nearly %he same as the mean
of the remnant ¥y planis grown in the field in the same season.

Station orosses 173, 177-178, 179, and 180-181 each had une
parent with secda~per-pod values comparable %& these of T 114 and
T 174. Their Fp distributions were similar to $hose of croeses
607 and 518-534, Figure 3, in general shape and relation to parental
HEANS .

The Fy distributions of orosses 537, 529, and 511-533 exbibe
i%ed a blucdal tendenoy with plants with high values constituting
the smaller portion of the ourve, These Fy populations showed a
gée& it %o a 311 ratio when the range of poseible division of §
into approximately 3:1 porticns at the 5 percent level of probabile
ity wae coupared with the 1ewﬂp¢1ﬁ$wéiv1aimg %he tev portions of
the curve.

The 13 crosses that had one parent with seeds-per-pod means
over 3.00 produced Fy populations with skewness voefficlents
ranging from 0.0 taﬂ+ﬁ‘349, none of which are significant by the

meagure of thelr magnitude in relatlon Yo the standard devistion

of the sample.

+ The lines with the loweat and the highest sesds-per-pod
values were used in crfosses 501 and 533. Since the Fy distribu.
tions wexe very similar, only that of the oross with the largest
F3 population, orosa 532 with 380 individuals, is presented:
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Figure 4. In both crosses (a) no Fy segregate had a secds-per~pod.
value equal to the mean of either parent, (b) the value of the modal
class of the Fy dietribution was slightly below the average of the
two parenta, and (o) both of the Fy distributions showed & bimodal
tendency, with approximately 13 percent of the segregates with the
lower seedgwper-~pod values aaﬁatitmting't§$ g@aliar portion &frzha

SURVE,

Fy histograms of orosses 518 and 159-180 are presented in
Figure 5 as representing those 1l crosees between types with interw
mediate seedp-per-pod values. Kven though the parents ¢f these 11
orosses are classed as *intermediate® their secdo~per-pod means
differed significantly. No general statement can be made concerning
the size of their ¥ means in relation %o the parental means. In
7 of the crosses {1l4, 1B7, 159«180, 163, 173, 177-178, and 180-181)
the F, means were intermediate between the parental means; in 3 of
the crosses (512 and 513-519) the Py means approached the mean of
the higher parent; and in 3 crosses (144 and 179) the Fy means
approached the mean of the lower parent., Of the seversl croeses
studied cross 156+160 produced the wost normal dlestribution. Tene
dency toward skewngss or bimodality might have been chscured, how-
evex, by the relative oloseness of the parental values. It is note-
worshy that no hint of transgressive segregation was evident in this
eress even with 384 Fy individuals from parenis whose sued g«par«<pod

values were relatively close,
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Gignificant positive correlations were cbiained when Fy
seeds-per-pod values were ocorrelated with the mean seeds-per-pod
values ¢f their respective F, progenies; orcss 114,+ 0.65; cross 144,
+0.53; cross 163, +0.68; and oross 480, +0,70,

& negative, but not significant, correlation coeffiolent of
0,36 was obtained when 32 F; seeds-per-ped v&lﬁa& of cross 480
weia ocorrelated with the coefficients of variability of their res-
pective Fy progenies. At the B peroent level of probability a
value of 0.43 would have been significant. 4 significant negative
correlation between Fg seede~per~pod values and Fy coefficients of
variability would be cousidersd evidence that Fgy plants with bigh
seeda~per~pod values were more nearly bomozygous for seeds-per-pod

genes than those with low seeds-per-pod values.
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V. JIRHERITANCE OF LEAFLET SHAPE

The F; and Fy pepulations derived from crosses between parente
with normal leaflets consisted only of plants with normal leaflets,

From 11 grosses between normal-leafled and lanceclate~ or
parrow-leaflet parents 29 populations were grown and classified by
observation with respect %o leaflet shape. Only normal and narrow
leaflet types were observed in the progenies, although a2 few types
which were claaaif;eﬁ ag normal appeared to be somewbst intere
mediate, The ratios of normal to narrow plants obtained was, in
each case, & good fit %o & Hil ratic, Table 3. Of the 233 Fy plants
selected at random from ¢¥oss 480, 6 had narrow leaflets and bred
true for narrow leaflets. Of the 16 that had normal leaflets in
Foy 6 bred true for normal in ¥y and 10 segregated into approximately
311 ratiocs of normal to narrow; Table 4.

i

Eight corosses between normale and ovaleleaflet types produced

Hormal

3l Fp populations which segregated for normal and éval‘ When the
ratios were tested to fit a 3 normal ; 1 oval ratio the %otal o
value excesded that whioh would be expected at even the 1 percent
level of probability, Table 5. Of thé 41 populations, however,

16 populations, representing all of the progenies from & of the 8
erosses, had P values above 5 percent. The P wvalue of the group ae
a whole was lowered by the large X% values of 5 populations repra-
genting all of the progenies from 2 of the 8 orosses. It will be

noted that sach of the 2 orosses whose progenies do not fi% the 311
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Table 3.~-¥Fz Segregates of Normal x Narrow (rosses,
Showing ﬁﬁgragatiaa in a 3:1 Ratio of Normale
to Narrow-Leaflel Plante

e 4
03¢ N
i 4
OBL G &
5074 128 40 1@3 _
BOTH 4 3 8
B07¢ 7 1 8
5075 4] 4 13
51iA 30 10 40
B1iB @1, 21 113
511C 55 17 73
B34 56 14 70
5338 ? i 8
533G 3 3 8
533D 0 30 80
VKT 10 i 11
B33¥ 44 8 83
537 43 1y 59
535 b3 4 18
516 38 17 BB
5344 3 a 4
bBZ4B a7 13 50
5304 24 7 31
5408 18 3 i8
5394 14 3 17
BIYB 5 0 a
Baeg 139 43 170
538 4z is8 57 .08
fotal 18,801
Pz 5{::*@3%
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Table 4,~--Segregates of 10 Fg Populations from
a Normal x Na¥row (ross, Showing sSegregation
in a 3:1 Ratio of Normale %o HaTrow
Leaflet Plants

: W.:. . T e S ey
nuuber Jokal .

4B0A 4 14 4 18 0.075
4500 1 7 9 0.037
480C 4 15 a1 0.143
4500 & 18 a3 0.121
480G 6 13 16 0.333
4800 8 18 23 0.131
4800 10 16 18 1.853
480F 3 16 ao 0,267
4807 5 17 0,060

480F 7 18 2,400
Potal 5.429

P ® 50-30%

@& W

B o & oM 6
&

5
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Table S.-~F3 Segregates of Crapses Delween Normal-lenflet
- and Oval-Leaflet Parents, X, Values Indicate
the Goodness of Pit to & 311 Ratio of
Norwal %o Owal

numher ) , Total %3
457 86 33 109 0,884
498 47 17 64 0,083
5G04 57 10 87 3.837
5G0B b 0 2 3.000
5000 3 81 13 G, 365
500D 4 3 7 1.1l81
BO0R a1 & av 0,11}
S500F 1 2 3 3,777
500G 8 3 8 0.000
8354 34? a7 314 B.346
6558 198 4] a58 D.418
65850 133 34 157 0,936
803 28 10 38 0,035
5044 45 ] 68 3,781
5048 8 Q 8 3667
50446 17 5 23 0,060

sub«-Total 81.178 P T 10.30%

BO8A 145 33 178 3,983
5088 B4 7 71 8,681

{Reciprocal of 488)
5154 T8 11 86 5.837
5158 o4 i3 107 9.424

- B150 115 18 133 9,326

{Reciprocal of 500; same as v

ub-Total 38.331 P =<14

Grang Total 59.403 P = <1%
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hypothesis bhave reciprogals among the 5 a&aaﬁea whose progenies

fit the 3:1 hypothesis: T 128 was the staminate parent in both
o0& these c¢roeses. Cross 5185, whose ¥, @1d no% Iit the hypothesis,
and oross 655, whoase ?g it the hy@&theaiaﬁ are probably the same
a® regards leaflet-shape genes since T 135 used in cross 855 was

a chlorophylli-deficient mutation from T 10 used in cross 515.

jarrow x Oval

The aix Fy plants from 2 orosses between nasraw*laaflét'ana
oval-leaflet parents had normsl leaflets. ‘The Fy progenies from
these & plants contained plants that were classified as normal,
narrow, and oval leaflet types. Data presented in Table & ﬂhaw'xg
values obtained when the ratios were tested with a theoretiocal
ratio of 9 normal, 3 oval, and 4 narrow. The P value lles between
SC and 90 percemt,

& disgoussion of leaflet Indices will be facilitated by desig-
nating each of the three indices by a letter, as follows: index
#a%, the width of the leaflet at its widest point divided by its
total length; index "b%, the distance from the base of the leaflet
to its widest point divided by ite total length; and index "c%, the
elze of the angle formed by the fwo wargins of the basal portion of
the leafle.

 The narrow~leaflet type differed significantly from the
aazmai»laaflat type in index “aé, Only a few of the F, segregates
fram ﬁ&fﬁﬁi x neraal crosses were daifficult to classify by observa-

tion, BSince the difference was fairly preclse, a olearly bimodal,



- 36 -

Table G.~<F2 gegregates of ¥arrow x Oval (rosses
Showing Segregation in a 9:3:4 Ratioc
of Normal« %6 Oval- to Narrow-Leaflet Flants

5014 41 17 14 73 1.803
501B 5 1 1 7 0.678

8 14 54 0.553
0.8086
11 50 2.841
3,897

3 51 1,379
Total 10,957

P = 50-70%
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and in fact dlecontinuous, ¥, distridbution of the *a* index wae
anticipated with plante having low "a® values consituting the
smaller portion of the curve. The parental and F, distributions
of the *a® index of cross 516-534 are shown in Figure 8. #hile the
FB distribution wae bimodal, with approximately anﬁafaurﬁh*éf the
gegregates consiituting the amaller portion a§ the ocurve, yet it
was continuous, and this fnet indloates the unadapiability of

index "a% in the olassification of guesticnable plants.

The ovaleleaflet type differed significantly from the normal
type in indloes "a%, "b*, and %ef, but a few ¥, segregates were
difficult to olaseify. Indices ¥Ya® and *bY were obtained on
crosses 500 and 8504, and index "¢' was obtained on oross 500. Ho
hint of bimocdality or discontinuous variction was evident in the
Py distributions of index "a". Figure 7 presents the parental and
Fy distributions of index *b* of oross 504. It will be noted that
those plants classified as oval by observation tended to bave high
"b* values. The F, distribution, however, lacked the discontinuity
necessary for the index to be of value in olassifigation of aiffi-
cult cages. Figure 8 presents the parental and Fy distributiocne of
index "e* for oross 500, Those plante olassified as oval by obser-
vation tended %o have low “o¥ values, but the ¥y distributlion was
continucus. Index *¢* also appears %o have xxtﬁis value in ¢lagsi-
ficaution of normal x oval segregates.

gertain of the ssgregates from the narrow x oval eroases
were espeoially difficult %o oclaesify. The narrows~ and cval-leaflet
types differed significantly in indices "a* and “h*; both of whioh
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were cbilalned on oroases 510 and 522, The *a? F, distributions
showed that the plants classifled as either "narrow® or foval?
tended t¢ have low "a* indices. Even though the ®narrow® plants

in general hud lower indicees than the "oval® plants, many narrow
and gval plants had the same g% value,. Iﬁﬁex;?a“, therefore,
seems to be of little value in elnesifying narrow z oval segregates,
The parental and Fp distributions of index “b* of cross 532 are pre-
sented in Flgure®. They indicate that n&rrawéleaflet plants have
low "bY¥ values, normaleleaflet plants have intermefliate "b* values,
and oval-leaflet plante have high b" values. The Fy distribution,
however, lucks both the trimcdality and the discontinuity necessary
for this index to be of value in classifying questicnable plants,
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VI, LIBKAGE OF GENES FOR LEAFLET SHAPE A¥D SEIDS~PEH=POD

In the absence of linkage of genes for number of seeds per
pod with genes for leaflet shape it would be expected that each
secdg-per«-pod olass of ?ﬂ'ge$eratians segregating in a 311 ratio
for leaflet shape would cgonsist of narmaluleafie% plants and Tecesw
sive plants in approximately a 31l ratio. That such is not the casge
le shown by nistograms in Figures 2 and 3,

The tendency, showf in Figure 3, for ovaleleaflet segregates
from crosses involving T 1323 {oval leaflets and low seedg~per-pod
value} to have & low seeds-per-pod value ig true of all the crosses
involving that parent, Huch a tendency sugzests linksge of the
recessive gene for oval leaflet shape with a recessive major gene
for the 1@# pesda~per-pod ﬂb&téﬂt@f, on the assumption that the
gecda-per«pod character is gowarneﬁ by the combined agtion of a
few major genes and several modifying genes. An indication of
linkage intensities was obitained by diﬁragaxﬁing the aotion of the
wodifying genes and dividing the P, seeds-per-pod distribution into
3 groupe at the low point of a smooth curve figted to the data.

Al aarwalwlaaf&&t gl&nta having the “law“ aa@éa~par0paé value and
all awal ieaflet plants having a *hight seeds-per«pod v&lue were
then considered as orous~over types. by this method cross-cver
lﬁeraantaﬁea uf B, 6, 5, and 9 psreent were obtained for croeses
43?# 508, 5&%, and 500, respeciively, or 7 percent when ﬁh@ oaloulaw
tions weye based on %hé totals ﬁwnm $he 4 orusses.

Al of the F3 distributions from the crosses involving T 114
or T 174 (narrow leaflets and high sesds~per-pod values) show a
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tendency for narrow-leaflet segregates to have high seedg~per-pod
values, a8 16 shown in Figure 3. Sueh a tendency suggests linkage
of the recessive gene for narrow leaflet shape with a msjor yene for
the high secds-per-pod charapter. Sinoe not all of thess Fy dig-
tributions produce a bimodal ?2 histogram an Esti@&te of this linke
age intensily is not possible for all of them in the manner descibed
above. However, when the method above was applied to those crosses
which did sbow the bimodal tendency, 539, 511533, and 537, cross=
over percentages of 4, 12, and 13 percent,respectively, were |
obtained, or 9 percent when applied to totals from the three

Crosses.



VII. LINEAGE OF GUEES FOR LFAFLET SHAPE
AHD OTHER JUALITATIVE CHARACUTERE

Earraw;&e&fleﬁ and Fageiation

The character "fasclation" is recessive and governed by the
gingle gene difierence Ff, Takagl (3). oix of the Fs populations
from crose 480 that were segregating for leaflet shape were also
segregating for normal and fasciated stems. That the two characters
are not linked is shown in Table 7 by ihe low %® value 3.482 (P =
30 - 50 percent) obtained when the Fp ratics were tested against
the independence ratioc of 9:3:3:1.

Harrow Leaflet and Pubescence Color

The gene for tawny pubescence (1) is dominant to that for
gray, Piper and Morse (3). That their locus is not linked with
that of Nana is shown by the X° values of 6.495 (P = 5 = 10 percent)
and 4.808 {? = 10 » 30 percent) for orosses 516 and 530, respec~
tively, when their Fp ratios waxa’teatad againet the independence
ratic of 9:3:3:1, Table 7.

‘UvalAggaflet and Pubescence Color

when the ¥, segregates of cross 497 were tested to a ratio of
8 normal leaflet, tawny pubescence: 3 normal, gray: 3 oval, tawny:
1 oval, gray, a X° value of 2.080 (P ® 50 - 70 percent) was cb-
tained, indicating independente of those two loci, Table 7.

Further evidence of the independence of genes Ifor leaflet
shape and pubsscence oolor was obtained from oross 523 whose Fy
genar&tion“waa segregating for tawny and gray pubescence as well as

for normal, narrow, and oval leaflets. When the 250 segregates
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Table ?.~wF§ segregates of Beveral (rosses Between Parents

piffer

ng in Leaflet Shape and Other (Qualitative

Characters, Showing Independence of the Genes

Involved by the $13:3:1 Segregation

T Charaoters ﬁ%@éahx? XyLXY,xy‘ | P ‘
Harrow leaflet Ha vs fasciation F| 480 | 61|33 18| 4|3.482| .30~,50
Barrow leaflet Ha ve pubescence
color T 516 | 55| 33| 19| 13| 6,485 ,08~.10
Narrow leaflet Na vs pubescence
color T 530 [ 36| 13| 5| 5|4.808|.10-.30
Oval leaflet vs pubescence '
color T 487 | 67| 18] 18| 4|3.090( .B0=.70




were tested against a theoretical independence ratio of 27 normal
leaflet, tawny pubescences 9 normal, gray: 9 oval, tawny: 3 oval,
grays 13 narrow, %tewny: 4 narrow, gray, a ¥ value of 7.400 (P =
20-30 peroent) was obtained.
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YIIi. DIsCUssIoN

That the secdsgeper-pod character is not entirely uminfluenced
by environment is suggested by the faot that the difference between
means of one straln planted at different locations in the field was
occasionally greater than that expected by chance one time in 20.

Mean secds-per-pod values of parental types of the early
orosses differed considerably from the mean seeds-per-pod values of
the same parental types of the recent crosses. ?his difference is
due to the fact that in the later oclassifications unfertilized or
aborted ovules were considered as secds whereas they were not ine
cluded In the earlier counts,

The F, seeds-per-pod distributions indicate thut the character
is governed by many genes, all of whioh do not contribute equally
to the expresakon of the character. The bimodallty evident in the
low x intermediste orosses and the suggested bimodality in same of
the intermediate x high orcsses indicate a few major genes for nume
ber of seeds per pod. 4lso, the P digtributions of low x inters
medlate crosses indicate the aotlon of medifying genes since the
modal classes of the two subeourves of these disyributions had
values higher and lower than the means of the "low® and the "intere
nediate® parents, respectively.

I% 1e felt that the bimodality of the Fy seeds~per-pod disirk
buticns from all crosses with T 133 justiflies the aselgnment of s
symbol ta,tkﬁ'majai gene involved. The symbols Lo and lg are suge
goated for this allelomorphis pair. LoLo and Lolo are responsible
for "intermediate® seeds-per-pod valuee and lolo for "low* seeds-pes

pod values,
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The Fp data from erosses 537, 529, and 511~523 agree with
H. Takahashi's hypothesis that plants with high seeds-per-pod values
aiffer from those with intermediate walues by only a single Tecess
sive gene. Takahashi aseigned symbols to the allelomerphic pair.
It is not known whether the genes involved 'in the present study are
the same ss Takahashi's. Neither his symbols nor new symbols are
uped here since not all of the orosses between normal and narrow
parents exhibited the bimodal Fp seveds-per-ped distributions. The
nearly signifiocant negative correlation coefficient obtained when
Fy secds-per-pud values from cross 480 were covrrelated mgth’theix
respeotive Fy ocefficients of variability suggests that the Fa
plants with the higher sSeeds-~per-pod values were more nearly homo=
gygous with respect %0 seeds-per-pod genes than those with lower
seeds-perepod values, If a single major gene pair is involved,
2a Fg genotypes would produce high Py values and little variability
in Fz, AA and A8 Fy genotypes would both produce lower Fy values
than g& but in Fy A4 would produce litile variability and aa would

V\Qﬁat;ua.

produce much variability. The.correlation mentioned above might
bave been é;éQQ;fif the pure-brecding, low secds-per-pod Fy-genotypes
44 and shelir respective alightly V&riabié.Fa’s could have bgen
comitted in the correlation,

Data fros crosses 537, 529, and 511-523 on linkage intensity
between high eeeds-perpod and narrow leaflet indicate approximstely
8 peroent crossing over as compared with 10 percent sbtained by
Takahashi (4).

1% does not seem likely that the major seeds-per-pod genes

form o multiple allelomorphic series. That ie, the ntermedinte®
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gene which is allelomorphic to lo is probably not the same *inter=
mediate® gene which 1s allelowmorphic to the recessive hizh sgedae
per-pod gene. The g locus and the pa loous are linked with an
*intermediste® locus with 7 and 9 percent crossing over, Trespec-
tively. If the two "intermediate’ genes were the same gene, p and
ha would then be linked with elther 3 or 16 percent crossing over,
approximately, depending on the crder of the loci on the chromoe
some, ‘the 13 test was applied %o Fo ratios from the narrow x oval
crosses t&atin@ their f£it to both a'thearetiaal linkage ratlio
with 16 percent oressing ¢ver and the independence ratic. The #p*
values obtained were 510 perdent for the linkage ratic and 50-95
peroent for the independence ratioy the "P" value for linkage with
& peroent crossing over would be extremely small., It appears,
therefore, that ua and g are not linked and that the dominant
"intermediste® genes that are allelomorphic to both lo and the high
seeds-per-pod gene are not one and the same gene.

Only data from cross 508 and 515 are at wariance with the
hypothesis that the ovalelsaflet plants differ fromw the normale
lzaflet plants by the single gene g. It is felt that these are
shance deviations. ZRach oross had a reviprocal whose Fy segregutes
fit the 3:1 hypothesis, Also, oruss 8865, whose aegregates fit the
hypothesis, ls thought %0 be the same as oross 515, as regards this
characteR, sinoe their parents differed only in that the pistillate
parent of oroas 6568 is s chlorophyli~deficient mutation from the
pletillate parent of oroms H1S5,
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Data from the narrow x oval oroases indlcate that the genc~
types assoeliated with particular phenoiypes are NaQ normal, Nao
eval, pa0 and nao narrow. The production of the narrow character
by the double recessive pag indlcates that na is epistatic to g
and that it should be pomsible to isslmteqﬁwa genetioally different
narrow-leaflet strains,

Hone of the leaflet indices used seemed o be of value in
waking leaflet~shape classifications of guestionable plants. Even
the width/length index for narrow x norsal Begregates has little
valus in classification because soue Fg segregates, probably the
same onéd that would cause difficulty in classification by observa«
tion, fall between the two well-defined portions of the F, distribu-
tion. The mest difflcult ¢lassification wns between oval and normal
segregates., It is felt that the wost dependable eriterion in making
this vlassification ig the degree of similarity of the ocutlines of
the basal and distal halves of the leaflet. The leaflet may be
folded onoe in the middle 80 that the basal and dietal tig™s are
together. In %oval® leaflets the margine of the bapal half of the
leaflet are quite parallel to the margins of the distal half while

such 48 not the ¢ase in the norsal leaflets,
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IX. SUNEARY

1. Data on the inheritance of mumber of seeds per pod and
leaflet shape in the soybean were cobiained from 30 crosses between
parents whose mean seeds-per-pod values ranged from 1.05 % 0,01
to 3.687 ¥ 0.028 and whose terminal leaflet shapes were either gvate
{normasl), lanceclate (narrow), or oval. One parental variety had
oval leaflets and 8 very low mean seeds-per-pod value., Two varie-
ties had narrow leaflets and very high mean seeds-per-pod values.
The remaining parental types had somewhat Intermediates mean seeds-
per-pod values, nost of which differed significantly.

2., The data indicate that number of seeds per pod, while
gsowewhat influenced by environmental conditions, is largely
governed by a few major and several minor genes., The symbols Lo
and 1o are suggested for one allelomorphic palr of major genes.

Lo exhibits coneiderable dominance over 1o and produces an "interw
mediate” seeds~per-pod value; 1o produces & "low" seeds-per-pod
value. ¢ertain of the data suggest a major recessive gene whioch
produces a *high* seeds-per-pod value ag contrasted with an "inter.
mediate? value produced by its dominant allelomorph.

3. Plante with cval-shaped terminal leaflets differ from
plantes with normal leaflets by one leaflet-shape gene. The symbols
0 and ¢ are suggested for this allelomorphic palr. 00 and Qo pro-
duce normal leaflets and go produces oval leaflets,

Data from the normale x narrow-leaflet orossee substantiated

earlier reports that @ single gene difference is invelved. laNa
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and Nana produce normal leaflets and nana produces narrcw leaflets,

The Py plants of crosses between narroweleaflet plants and
ovalsleaflet plants had normal leaflete and the ¥, segregates fit
s 9 normals 3 ovaly 4 narrow ratio. Ovaleleaflet genes are appare
ently not linked with narrow-leaflet géﬁgar

4. The oval-leaflet gene p is linked with the gens lo for
low number of seeds-per-pod with spproximstely 7 peroent crossing
aver, but is not linked with the pubescence ooler gene %.

The narrow lesflet-shape gene pa is clogely linked with the
gene or genea for high number of geeds per pod but 318 not linked

with $he gene for pubescence color t or with the gene for fameciaztion

£.
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Table 8.-~Sgeds«rer-rod Listributions and Leaflet Shapes
of the Parental Types and the Foy Generation ¢f Cross 500

' ' 110 X 138 . o
Leaflet Leailet VL&af%
shave shaye Shane . Fa
Lormal Qvad Borual  Oval  Tots

Hange

1.60-1.,08 L3
1.18-1.36 i
1.,27-1.358
1.63-1,71
2.06-3,18
%q 17“3535
2. 3D5=3,43
%o B3=3, 061
3,83=3,70
3‘; ?l "’53‘ » 7
2.88-2,97 8
2.98«3,06

R
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Table 9,e«deeds~rer-rFod Distributions and Leaflet Shapes
of the Farental Types and the ¥y Generation of Cross 504

Rangse

1.08-1,17
;!37”lﬁﬁs
1.54-1.63
1 gﬁfﬁ*l ¥ 71
1.,73«1,80
1, 50e1,98
2.08-3,15
&a%@*ﬂgﬁ%
Ba85=2.43
B 'y %*3*53
gﬁ ?}.*3,?‘3
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Table 10.»«Beeda~Per-rod Distributions and Leaflet shapes
of $he Parental Types and the Fy Generation of Cross 529

30 1?«3485
3,36-3.34
8.355=4.43
'3a44“3-53
3;&3*3*51
2.T1=2.78
3.80-3,88
g«a 39*3.,9?
%&98“31&6
3,073,156
5.16+3,34
3.43~5.51
3,53-3.,60
B, =378

o oo w1

~~Ieailel

8Ghape

_Forial

“HATTOW

. il
bl R R s R R

l

17
51
53
19

e
U o G B il G bt
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Table 1l.~~Beeds~-Por-rod Distributions and Leaflet Shapes
of the rarental Types and the Fgy Generation of Oroes 511-533

1.90-1,.88 )8 1

1,05-3,07 is 8 ]
2.06-2,16 21 23 23
2.17%3.38 a7 8 28
Badt=3, 5% a5 1 36
3.,38=-3,43 33 33
B+44~3.53 il 1L
2,B3-3.61 1? 3 19
B.63%3,.70 7 2 g
2, T1=3,79 B a 7
Z.80-3,88 4 2] 10
2.89-2,97 5 6 11
3,583,068 2 3 8 10
3,073,158 i X & 7
D 3Bn3.33 4 3 3
3* 3‘4‘“3"@'3 4

3,573=3.80 7

3,76-3.87 3

a,igg“"gg 96
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Table 13, e~Bpeds~ler-rod Distributions and Leaflet Bhapes
of the Parental Types and the Fy Generation of Cross 50V

_Bange  Torma;

laig“‘g;{:}? 5 3 5
2.173.25 13 13
3.35-3,43 14
2.83~3.61 il
2.63-3,70 i5
3.‘?1*3@ 7‘;‘} &
3,8Q0-2,88 &

3

3

3.18-3.24 8
3,523,840 3
J.81l«3,68 2
5. T0=3,78

3. 733,87 1

mesRBON OO
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Table 13.--feeds-rer-,od Distributions and Leaflet Shajes
of the Farental Types and $he Fy Generation of Gross 516-834

A 1t Vet e A L TP AN A PR e A e GO e

Yo
ng%let

Range T rolal

2,53-3,.81
2.71~2,79 1 5 5
3.,80-3,.88 4 14 i 15
2.89-3.97 31 18 1 is
3.,898-3,06 & a5 1 26
3@@?*3& 1\5 G 4 13
3.16+3.34 1 4 5
3.353,33 1 2 8 8
3.343,42 1 3 3
3,43-3,51 a 1 7 8
3.53-3,60 4 i 4 B
3.79~3.87 4

i

3.@8“31496




Table 14,--ueeds~rer-;od Distributions and Leaflet Shapes
oi the rarental Types and the ¥y Generation of Cross 533

Leaflet Lealle TLeatlet
_Bange - Oval Har¥ow fﬁ@#mal'a#gggl _Narrow Total

1.00-1,08 33

1.16-1.36 1

lag?*loﬁﬁ 3

1;3&*1&&& 3

1.54-1.838 4
i
5
5
0

1.7241,.80
1.61=-1.89
1.06-3,0% 40
2.08+32,16 33
B.hTa2, 35 a1
2 36=3, 34 16
3:-35"8&‘23 @
8.44+3,58 8
2.53+2.61 3
-3963”39?9' ‘3
1
%

Bt R SR

3.71-2.79
13.86*3~8ﬁ
2.58-3,06
B3.07=3,18
3.18~5. 84
3#%5*3&&3
Jadbed. 43
3,433, 51
3.61-3.69
3}!7@""3@ ?8‘
3; ?g‘*ai B?
3.,88+3,496

B i O M DB
ot DG e et et
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Table 18, --Beedp~Per~iod Distributions of the Parenisl Types
and the Fy Generation of Oross 159-1060 (All Plants Had
. Hormal-Shaped Leaflets)

1.00-1.08 1 1
1 % '45“}- * 33 % 5
1,541,863 13 5
1.63-1.71 24 g
1,73«1.80 17
1.81-1,.89 17
1.80-1.98 (5]
3,17-3.85 i
b gs"’z# 34

3‘35*3.&3 5
2.44-2.53 39 17
2,83~3.61 31 10
2.63-8,70 31 4
2,713,709 7 .3
2.80«3,88 4 i
GeB8-3,087

LSl P
8
&
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Table l0.--3eedn-Per-iod Dietributione of the Farental Types
and she Fy Generation of Cross 513 (All Plants Had
Hormal-Shaped Leafletn)

1.90+1,08

2.08-2,16 4 1
S4173,85 i1 1
Ba 863, 34 12 L
2.44-3,53 B L
2.53-3,61 e 3
3.63~3,70 7
3.71=3.79 17
3.89-3,87 28 14
2. 883,08 15 b

3.07-3,18
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Table 17,.=«Parengal and Fy FrEQueney Distributions of Index "z
{(#idth of Lenflet at 1ts ﬁxdeat ‘oint Divided by Its Total
Length) of Cross 516-534, rlants Were Classed as "Normal”

or "ﬂarraw“ by Observation

T o e T N SR ....._ﬁ_........,..,.m...»»x._,..._...;. 5 e an s

110 . T.114 o
Lea”ﬁet z.ie atlet Leaflez
; tm :
arraw __Toi

o
c
B RBE ORI
o i ok o oF VIoE PR PP

HFRMEMFABFAHOISENEANN DR ERRENOROWNG b P

@
o
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ot
83
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Table 16.--Parental and §F. Freguency Distributions of
Index "b* (the Distance f¥om the Base of the Leaflet
¥o Its wWidest loint Divided by Its Total Length) of
Cross 504. Plants gere (Classed as YHormal® or
' tGval® by Obgervation

BTl e Leallet

hap shang — F
Class , mﬁ . Fotmal oval ,Z’ﬁéal
31 3 3
34 1 1
33 g @
34 1l 11
35 11 il
36 12 1 13
37 i i4 14
38 1 7 7
39 4 5 3 8
40 8 i 3 4
41 & 1 3 3
42 7 3 3
45 8 1 1
44 i 3 8




Table 19.--Parental and ¥y Frequenoy Distributions of

Index "o® (the Angle Formed by the Two Margins of the

Basal rortion of %the Leaflet) of Cross 500. Plants
Jere Classed as ”ﬁ@rmal“ or *gval*® by ﬁhaerw&tian

e Fo
Glaag ﬁurwa%g" Oval ‘0%@;
=78 1 2 2
Po-80 1 1 L
81~83 5 1 1
83-84 % 2 3
85-86 a2 4 &
8788 B i 7 2
84-80 4 1 4 B
3] w93 & 7 7
0394 1 7 7
95-96 1 3 5 8
Q758 7 4 11
99-100 8 8
101-108 10 10
103-104 1 {
105.108 18 18
107108 30 30
108=110 18 19
111-112 1 28 23
113-114 16 18
115-116 , 15 15
117-118 8 3 2
118-130 13 i1 11
121-183 & 5 5
133-124 9 3 2
125~136 } i i
137-138 L % %

139-130




fable 30.~~farental and Fp Frequenoy Distributions of Index
ip* {the Distance from the Base of a Leaflet to Its
#ident Point Divided by Ite Total Length) of COrouss
8423. Plants Were Classed as "Hormal ,” "Harrow," or
tiGvalt by Observation

T 114 T 13a L Fo
Leatlet Leafleb TTTTLéafles
shape ghaps . Bhave , F2
Clasa Narxrow  Oval  Yormal  Oval Jarrow Total

43 1 i 1
33 4 4 4
24 5 4 4
35 8 10 20
26 4 i 7 8
a7 4 1 10 il
28 & 1 5 7
3¢ 8 8
30
31 5 - Y
33 4 1 3 7
S 10 i 4 i3
34 18 1 i 18
&5 30 2 R¥:
38 29 4 1 34
37 3 18 3 1 23
35 5 19 3 a8
39 7 14 5 19
40 @ 10 3 13
41 8 i 4 ]
43 a 1 4 5
43 3 1 1 3
44 1 3 4
45 1 i 1 3
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