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Introduction

Interspecific crossing experiments between the cultivated soybean, Glycine
max Merrill, and other Glycine spp. have been carried out by several investigators
(Fukuda, 1933; Karasawa, 1936; Ting, 1936; Williams, 1948; Weber, 1950), but
only two species, i.e. G. ussuriensis and G. gracilis, have been successfully
crossed with the cultivated variety. ' G. ussuriensis, which grows wild throughout
the Eastern Asia, possesses some characters quite different from G. max, such
as prostrate growth; long, fine, twining stem; small, narrow v]eaves; small,
compressed pods; and small, oblong seeds of a sooty black color. G. gracilis,
however, has characters intermediate between the wild and the cultivated species
and is distributed as a wild one. Piper and Morse (1923) reported that in G.
gracilis a number of strains were found which formed an almost continuous array
of intergrades from the wild types to the domestic ones. Based on this ecological
and morphological evidence, and accompanied by cytological study (all of three
species have the same chromosome number, 2n=40), the general conclusion is that
the change from the wild G. ussuriensis to the cultivated G. max is derived only -
from gene mutation, while the different forms of G. gracilis may be the inter-
mediate products of evolution. ‘ »

Many other tropical species of Glycine have been found, but their relations
to the cultivated species still remain obscure. However, a subtropical wild-
growing species named G. formosana Hosokawa (Hosokawa, 1930), which grows
in Hsinchu Hsien, Taiwan, was hybridized to two cultivated varieties without
any difficulties by Tang et al (1959). By a comparison of important character-
istics between G. ussuriensis and G. formosana, the authors focund that they were
very much alike morphologically. Unfortunately, there was no standard strain
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of G ussuriensis at hand so. that information about G. ussuriensis was obtamed
. 1nd1rectly from various papers and books. Direct stud1es about the relatlonshxp.
‘ of these Wlld spec1es and their . respectlve affinities to G.-max is still wanting.

. \Thts fpaper deals mainly with the genetxc behavmr of both quahtatlve and
quantitative characters in the progeny of G. max- formoscma Although many
charactertstms are under study, only a few of them will be reported here.

Materials' and Methods.

One cultivated varlety of G. max, Taxchung Green, was chosen to be the
female parent. - This Varlety had a lot of characters different from those of the
wild male parent, G. formosana. Crosses were made - in 1957 F seeds” were
: grown in the green house for F, generatlon in 1958 And seeds from 20 unse-
‘lected Fz plants were: separately collected for 20 Fy lines in 1959,
', Tn 1960, plants of all generations P; (Taichung Green) P. (G formosana),
: Fl, F; and F; were planted in small plastlc pots in the' green house and then
- transplanted to the ﬁeld All plants were recorded -on an individual plant bas1s
The ‘quantitative characters were evaluated as follows: :
- Flowering time—recorded as number of days from June 17 (the plantmg
date) to the date when first flower appeared on the plant. ’
- Maturity date—records were taken at 3 day-mtervals as to the number of
days dafter June 17 when more than 90/ of the pods ‘on-a plant . had turned
black or brown. = ,
Period from flowering to matunty-—-number of days between ﬂowerzng t1me
: and maturity date. , e S A e
- Plant he1ght~—measured to the nearest centlmeter When the plant was har-
fvested : . e i e : .
Number o;f nodes on main. stem—-counted on every plant When the helght
notes were taken. ;
‘Seed size—measured 1n grams per 100 seeds :
Many [qualitative characters were recorded But only a few of them showed k
chstmct contrastmg characters. These wer ung stem color (purple or. green)
: ﬂower color (purple or thte), pod color (b F
o },coat (bloom or smoo" '), and seed coat color blac :
o ' Randomlzed bloc ign w. s used Wlth four repl ations. Each block con- ’;
i tamed 52 plots Of these 52 unlts, 3 Were glven to each parent (P1 and Pz),
-3 to Fl, 23 to F, and 1 to each of the 20 Fy lines. In each smgle row plot, 5
,plants Were planted with 60 cm. between ad]acent plants Plots Were 80 cm.
away :from each other. o o :
- Due to an mJury from a typhoon early in the growmg, many young plants
' dled before reachmg maturlty, espec1ally P, and Py plants because the P; had

#
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no-bamboo support and the P;'s tissue - was still too soft to resist the storni
Also; virus disease mfected a portion of plants. - Some of them still persisted
to maturity but were quite unhealthy. Because of these factors some adjust-
tents were made in the final analysis of data. , '

1. Only Fy's data was used for evaluatmg environmental variation of
quantitative characters. ' ;

2. Plots which had 2 or more plants infected with - mosaic or d1ed before
harvest were discarded in the analysis.

3. Usually one plant had mosaic or died in each plot. For the sake of
simplication, the records of 4 healthy plants in each plot were picked out,
randomly for computatlon

After these changes, data on 320 F;, plants (20 plots in each block), 19 F3
progenies (304 plants, one l1ne omitted) and 48 F, plants (3 plots in each block)
could be used. R :

Scaling tests and partition of variance components WeI"e; made  according
to Mather’s methods (1949). Genotypic correlations were estimated using the
method _suggested by Burton {1951).and - Weber and - Moorthy (1952); - Several

“formulae were used to calculate ‘heritability. The number of genes was
_estimated sing three different methods given by Mather (1949).

“Results and -Discussion

: The résults will be divided in two main parts, the qualitative and ‘the
quantitative inheritances of characters concerned Five qualitative characters
and six quantitative characters W111 be reported in detail.-

A. Qualitative characters
] Five characters, ‘young stem . color, flower color, pod color bloom on seed

coat and seed coat color, -have simple genetic behaviors. The F segregation
ratios are presented in Table 1. And the genetic behav1ors of Fa progenies of

Table 1. Segregatton ratios for ﬁve quahta’twe characters
in the F, generatron ‘

) | Theoretical Number : ,\ I : ‘ Symbol :
Characters | Segregation| of = |Observed & Expected Number| = X2 P 1 of
el - Ratio Plants | » : o Alleles
Young stemy 3.1 | 302 | 301(204):91(98) 0.67  (0.40-0.50 W-w
Flower color[~ - -3:1 . |.:302 | 301(294):01(98) 0.67 - [0.40-0.50| W-w.
Pod .color 15:1 392 | 368(367.5):24(24.5) 0.01. |0.90-0.95] Lll}hl
: . R : » ¢ L
{Bloom'on . |~ 9:7 | 1392 | 242(220.5):150{1715) . 479" 10.0220.05/ BB,
seed coat E e o . By-bg,
. : B : By-bs
" Seed coat 9:3:4 .| 302 | 239(220.5):77(73.5):76(98.0) | 6.66 |0.02-0.05 R1R1, TT
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the selected F, parents are shown in Table 2. ‘Since there were only 12-20
plants in-each of the 20 F; families, the analysis within each family was not
qﬁite reliable. Theoretical segregation ratio was computed from the segregating
families pooled together, and the observed ratio was tested W1th thlS hypo-
~ thetical ratio. These results are presencted in Table 3.~ '

“Table 2. Distribution of F3 families under eachr character
of the F; parents. :

“'No. of Segregating and non-segregating -
. : Fg families ‘
Characters _-selected - X2 P
: Theoretical | Observed and expected i
Fy parents ratio number
: You?g ngem Purple | 17 c2i ~10(11.33):7(5.67) " 0.46 .- |0.40~0.50
ﬂo(‘:;r)e(l)‘rcolor White 3 — all white RERCURES B
Black 15 8:7 8(8.00) :7(7.00) 0.00 1.00
Pod color Light g } . :
g 5 . — all light brown —_ —
brown ] ) . .
Bloom.on = | Bloom 13 8:1 12(10.56) :1(1.44) 0.14 '~ |0:70~-0.80
seed coat Smooth 7. — - all smooth B — —
Green 11 8:1 - | 11(9.78):0(1.22) 1.37 {0.20-0.30
Seed  coat T .
‘ Yellow 5 2:1 -3(3.33):2(1.67) 0.98 . 0.30-0.40
color Black | 4 — | allblack S

Table 3. Segregatton ratios for five quahtatwe characters
' in pooled.segregating F; families

The(z.ret.ical Number ‘of Number 'Obser{red & expected ’
ratio in L , :
: : of , 3 ;
‘ Charscters pooled seg. segregatltlg e sl b X’ P
familes families | . plants humber

Young stem o ’ R ’ )
‘color and 3:1 10 198 - -|. 114(118.5):54(49.5) 0.58 - 10.40-0.50 -
flower color S : ) T
Pod color | 275 | 8 127 |- 110(107.15):17(19.85) | 048 |0.40-0.50
Bloom on 21:11 12 194 115(127.34) :79(66.66) | 3.47 0.05-0.10
Seed coat | | 105(106.57):62(55.83) -

- 21:11:8 14 203 1 1:22 7. 10.50-0.60

color ] o :36(40.60) ' ;

Accordmg to the. above tables, the genetlc const1tut1ons of the parents may
be as follows: )

Tatchung Green:. ww 131,151, B1B1b2b2b3b3 R Rittggifif.

G formosana: - WW L.LL;L, B;B;B;B:B;B; RiR,TTGGii.
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" Young: stem color and ﬂower color seemed to be controlled by one smgle
'paxr of genes (W-w), because green "young stem- white flower or purple young
stem-purple flower always: appeared together.  This result was similar to that :
of wvarietal ‘crossings.. Pod color which was reported by’ former investigators to-
be controlled by one pair of genes, L-1 could hardly be confirmed in this study
“as we observed it. The expected ratio of plants with black or dark pod to plants
with light brown pod in the F» generation was 15:1. Apparently it was con-
ditioned by two pairs of duplicate genes. Symbols Li-1y and L;-1; were proposed
to designate the duplicate genes. According to Weiss (1949) three complementary :
genes are required for the occurrence of bloom on seed coat. In this experiment,
however, only two of them showed segregat:on, 1nd1catmg that both parents -
seemed to have oneé locus possessing the dominant gene in homozygous condition.
The ratio in the F, generation (9:7) was a poor fit. But the hypothesis was further
substantiated by the analysis of F; data (Table 2 & 3). Seed coat color can be
classified into three classes; i.e. green, yellow and black.  Weiss (1949), reported
that R; and T were complementary genes for the expression of black seed coat
and hilum, and T also was 'responsible for tawny pubscence. G-g were a pair
of alleles conditioning the green (G) and yellow (g) seed coat.  Green ‘and yellow
colors could express themselves only when the black pigments were inhibited
by 'some - inhibitor - gene, e. g. I-complete “inhibitor, 1'-part1a1 inhibitor, which
would prevent the formatlon of black pigments in the hilum (Weiss, 1949).
" Both: of the parents used in this experiment had tawny pubscence and black
“hilum. Therefore, R; and T must be homozygous in the F; and later progenies.
A9 green® 3 yellow: 4 black ratio in-‘the F, generation suggested that parents
were different  with respect to the 10(:1 controllmg plastld plgments (G-g) and

inhibition (i*-i). Although the segregat1on ratio in-the F, generatlon was a poor
fit, further evidences were derived from the F; data. For example, all F;
progenies of four black colored F. parents had black ‘seed coat, which were
ewdently produced by plants with genetype RlRlTTG ii or RiR;,TTggii. ' Two
Fs progenies in five yellow colored F; parents showed homozygous vellow seed
coat. ‘They were the progenies of genotype R1R1Tng1‘1‘ -The remaining three
segregating progenies showed a segregation ratio of-3 yellow:1 black (X2=1.29, -
P= 020—0 30), which might come from the genotype R;R,TTggi‘i.

Interrelations among characters were also - studied. The results of mde-
pendency tests between' paired hicombmat:ons of five  qualitative c¢haracters in
the F; generation are listed in Table 4. From this Table, it can be seen that
‘no linkage existed between flower color (or young stem color) and pod color.
The same was also true of flower color and bloom on seed coat, flower color
and seed coat color, pod color and seed coat color, and pod color and bloom on
seed coat." 'The test between seed coat color and bloom on seed coat indicated
that linkage may exist. ‘This was not in accordance with the investigation of




. 4. Tests of independence between paired combinations
f five qual acters : o

coat color
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“Bloom on seed | - bloom-green - 149 o0 1012403

Soavseed coat | poomyellow | 37 | 413 | |

: o bloom-black | 6 5513 o0l cobt
smooth-green - 90 o 96.47 LR ,
stooth-yéllow LA L3216
smooth-black - 20 a2

B: Qucmtztatwe characters L

1 Means, dlstrlbutlons and the criteria of scalmg

- PFrequency distributions for six- quantxtatwe characters studied are shown '
in Figures 1, 2, 3, 4, 5 and 6. The ranges and means of Py, P, F; F; and F,
generations and the mid-parent values are listed in Table 5. Because of abnor-

mal growth, no parental data were @vailable for seed size. To make comparxson :
records-for seed size of P, and P, are cited from another paper (Tang et al 1959).

Table 5. Ranges, means, mid: parental values of six quantxtatwe characters

g:}xi‘:)sf ' Range o _Mean i Stg;i;i(’i‘rd
Flowering time = ‘ days idate) S s .
: P S| 48 | 32-39(720-727) | 358571 | 02041
Py 33 . 90-98(9.16-9.24) - .92.3939 0.3939
o R o 48 54-67(8.9-8.24) : 59.2500 0.3186
Fs £ 320 40-76(7:28-9.2) 609750 | 04330
Fs 304 - 39-81(7.27-9.7) 60,0066 | 05172
o M : : : ol 641225 | . -02218
- Miaturity date G days (date) , ey S k
Py 88 96-105(9.22-10.1) | 1027755 04011
Py 33 132-143(10.28-11.8) | ~ 1400030 | 04636
Fy 48 | 102-111(9.28-10.7) 106.8125 04040
Fs | 320 | 93-138(917-11.3) | 1077437 | 03939
Fy 304 | 96138(9.20-113) | . 1063520 | 03915
M 3 : : 1218893 | 03062
Period from . : : S
flowering to : : :
maturity i ’d,z ys
Py 18 S 6173 | 680638 | odass
Py 33 4152 47,0000 - 0.5095
Fr 48 | 40-53 | 475000 | = 04456 =
Fp | 32 B 4 - 46,9063 © 0.3862
Pyl s C33e 462796 0.3676
Mo ; : Gl omemA o) Cogses s
Plant height | Coeme ol i -
P |48 16-49 29952 | 0839
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P, 27 © 210240 | 25600000 | - 95443

Fy o 48 - 155-330 . 2599875 6.6852 -
Oy / 3200 27-340 177.8844 3.7047
F, 304 13-375 S| ua7esT 3.8218
M s ' 1420796 | 47489
Number. of nodes Lol o
Soonsmain stem S :
p, , 4B 7-14 102079 0.2736
P; 27 2355 B84 | 16013
Fy A 48 23-44 346042 0.6404
. 320 ' 8-47 270006 | 03028
Bg 304 , 8-41 AT 23.8684 T 0.4100
Y T : : o 23.0563° | 0.8566
Seed:size . L 2gm./100 seeds S i )
B R o —- b e
Py ~ - 08* e
R 48 Cole42 | 31479 0.0692
SRy 275 C08-65 - 28425 0.0598
Fo | 255 | 1259 25622 | 00621
M SRR v 63 R

M= mid- parent value
* data cited from Tang et al. (1959). .

Flowering time appeared to have similar means arnong the Fy, F; and F,
generations but they were slightly earlier than the m1d—parent Maturity date,
period from flowering to maturity and seed size also had nearly equal means
among the Fl, F, and F, generatmns “But the former character approched its

“cultivated parent and’ the latter two characters obviously shifted toward the

wild parent. The Fl-mean values of plant ‘height and number of nodes  on-

' ‘main - stem approx1mated those of w1ld _parent and a depression of means in
later generations toward their mid-parent values were observed.
Scaling tests were made for six characters using formulae as follows:
A=AF;—2F—P:—-P,
B= 16F3-—4F2——2F1—P1—-P2 :
Both the original scale and the Iogarlthmxc scale were tested (except for seed
size), but both were found to be 1nadequate for the andlysis of variation. = Several
reasons . are proposed for the 1neffect1veness of the cr1ter1a of scalmg in the
experiment.
1. "'The plants, whose seeds were used for propagating the F; and Fy genera-
tions in the experiment, formed many empty pods and abor_tlve seeds.  If this
phenomenon had SOmething to do with the genotype of the fyounrghzs"rg()te, then
it might ‘no’c fall ‘in- with the assuniptions upon Which' scaling testlwere made.
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2. As seeds were sf)vm in the plastic pots and then transplanted to the field
after one week, the workers had a tendency to choose the more wvigorous
seedlings for transplanting. Such a practise might affect the genotypic cons-
titution of the later generations.

3. 'The abnormal growth of the P; and P; plants made the records taken
for the various characters quite unreliable. Furthermore, many plants in the
F, and F, generations died before maturity, especially those which resembled
the parents in growth habit. In this way, selection seemed to be in favor of
plants that were more or less like the F, in appearance and therefore they
tended to occupy a larger proportion in the later generations. .

4. Perhaps there were strong effects of interallelic interactions or environ-
ment-genotype interaction, which made the scales inadequate.

Perhaps the last departure would account more for the inadequacy of the
scales used. Somehow, all causes might operate simultaneously. Since neither
of the scales used (i.e. original scale or logarithm) could be regarded as satis-
factory, only the original scale was used for the sake of simpliﬁcatipn in
analysis. )

2. Components of variance.

The partitioning of variance were carried out in accordance with Mather’s

methods (Mataer, 1949). Two sets of equations were used:

Vry=1%D+ 4 HA+E,
Vi, =16D+14eH+E,
Vr,=16D+1%$H+E, (for five characters other than seed size)
Eq } direct estimates ’
2
Vr,=1%D+1H-+E,
Vi, =83,D+3{6H-+E;
We,/r,=16D-36H
E;: direct estimate

(for seed size)

where
D =fixable genetic component
H =non-fixable genetic component
E,=non-heritable component Within plots
E;=non-heritable component between plots
" E,=gross environmental effects, non-heritable
The results are presented in Table 6.
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Table 6. D (fixable genetic variance), H.(unfixable genetic variance). -
El, E; and E; (environmental variance) values for six -
-quantitative charactérs

(fomponents Estimate : . Standard error
. Flowermg time (No. 'of days) L
D A 128.8070%* ' 19.2818
H RN -21.6663 < 529090
E, - 1.4468 Col ) caszo Conmg
By oo 1.1047 4.9602 o
7 ) Maturlty date (No. of days) : ;
D 50.7802*%* : - 3.9258 . ﬁ
H . 71.3134%* ’ ' 10.7725 '
, Ex ‘ @ 2.8776* ‘ B Y X oA
: E o oame | 1.0099
Period from flowering to maturity (No: of days) ot
D B | 24.2131%* ; ' © 15599
H S 95.3794%% AR 4.2802
" Er, . 87258 ” - 03663
E, ‘ | 1.43654 : ©0.4013
' Plant height (cm.) )
g D : 4,107.5740 : 1,923.0285
H g 2,432.7904 S 5,276.7465
E, 1,463.9190* , 451.5926
E; ; 156.5280 - 4946949
Number Qf nodes-on main stem g Lo
D 35.7018%% , 14997
- H 1 _ | 69.7305%% . - 41151
. E: ' 16:5272%% * 0.3521
E, , 3.0931%* _ 0.3857
Seed size (gm./100 seeds) 1 .
D 0.1603* o |~ 00533
H 2.6648%* LT 01763
B - 0.2383** 00156
* _Significant at the 592 level . . ’ ; .
* Signiﬁéant at the 124 level - i : W

Variation in flowering time, maturity date, period from ﬂowermg to maturlty,
number of nodes on main stem and seed size seemed to be caused by additive
genetic effects, while that of maturity date, period from ﬂowermg to maturity,
number of nodes on main stem and seed size was caused to a large extent by

;-dominance. - Excepting flowering time, the other five quantitative characters
o were:- mﬂuenced more or less by env1r0nmenta1 factors. - :
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3. Phenotypic and genotypic correlations. ,
Genotypic correlation coefficients were est1mated using formula proposed
by Burton (1951) and Weber and Moorthy (1952). ‘The variances and covariance
of Fy were calculated and subtracted from the total variances and covarlance
of F; {or F,), respectlvely Then the derived genotypic variances and covari-
ance were used to calculate the genotypic g:orrelauon coefficients for six quan-
titative characters in the F, {or F;) generation. The calculation method of
phenotypxc correlation corflficients is the same as above. The env1ronmenta1
correlation coefficients in the F, Phenotypic and genotypic correlatlon coefficients

for six quantitative characters in the F, and F; generations are presented in
Table 7.

Table 7. Phenotypic and genotypic correlation coefficients between-
quantitative characters in the F, and F, generations

Genotypic correlation

Phenotypic correlation coeff. coeff.

Characters correlated
Fy popu'n | F; popu'n | Fs popu'n | Fy popu'n | Fy popu'n

Flowering time and

maturity ' 0.2867* 0.5565%* | 0.7399** |  0.6433 0.8401
' period from £. to m. -0.4839%* | -0.7919%* | -0.5750%* | -0.85390 ° | -0.6108
plant height (cm.) -0.0583 0.1698** | 0.3961** |  0.2732 0.6318
No. of nodes 0.1033 0.0598 0.3870% |  0.0530 0.5176
seed size (gm./100 seeds) | -0.2001% | -0.4704%* | -05024% | (5221 -0.5515
Maturity date and )
period from f. to m. 0.6684** |  0.1399* | -0.1039 -0.0400 -0.3631
plant height (cm.) 0.4342%% | 01656** |  0.3243** | 00688 | 0.2809 -
No. of nodes 0.3883%* | 01131 0.3190%* | 00224 |- 02941
seed size (gm/100 seeds) |  0.1289 -0.2535%* | -0.1921%* | -0.3974 -0.2910

Period from flowering
to maturity and

plant height (cm.): 0.4234** -0.1214* -0.1720* -0.3963 -0.5606

No.. of nodes : 0.2231 -0.0118 -0.1203 =0.1076 -0.3042

seed size (gm/100 seeds) 0.4079** 0.2716%* 0.4164** 0.2248 04191
Plant height (cm.) and )

No. of nodes 0.4956** 0.6763%* 0.7655%* 0.8247 1.0491

seed size (gm/100 seeds) |  02649%* | -0.1236* | -0.1494% | -0.3495 -0.2599
Number of nodes on main ’

stem and seed size 0.1052 -01351* | -01449% | -0.2852 -0.2748

(gm/100 seeds)

* Significant at the 5% level
**  Significant at the 124 level”

£

In general, correlations between characters in the ¥, generation were higher
than those in the F, generation and genotypic correlations were higher than
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4 Herrtabrhty

16D -

%D+ %HJ&E: and

%D

be estrmated by thts formula

cepting seed size, or E; for seed size.

W, ’ . L ,

b. —:72—/5-3-‘«, this formula was only used for seed size. -
g 2 ! 3 : 8

c M, Where V&, =cbserved Ei.

~ Vr, etyved

the phenotyptc correlatlons, S0 that all the genotyprc correlation coeﬁ‘lcrents 1n
‘the F3 generatlon, both positive or negatrve, were rather large -in magmtude
 The positive correlations between - ﬂowermg time and maturity date, ‘plant
, helght and number of nodes on main stem ‘and the negatlve correlation between
‘ﬂowerrng time and perlod ‘from ﬂowenng to maturrty Were consrstently ‘high
. for erther phenotypic or genotyplc measurements in the segregatmg generatlons

Heritabﬂlty of characters was estrmated by the followmg formulae

Vy,—V. e
el S F?VF s, where VF,='observed E, for ﬁve quantltatwe characters ex-

Heritability -of seed size can not

%D S T8 5 +E; , where D, H, E, and E, are expected values crted from‘ :

i Table 6. ‘For the estrmatmn of the ‘heritability of seed size, El or Ez in the
last’ two formulae was: replaced with Es. -Formulae a; b and ¢ were used to
‘estrmate the herrtablhty of a character in the broad sense while d and e were
used ‘to-meastre it in narrow sense.. Theoret1cally, 1f non-fixative genetrc or-
‘dommant effect is promment the values of her1tab1l1ty will be var1able, other-
Wrse all estrmates will give similar results
from the above ﬁve methods are shown in Table 8.

The values of herrtabﬂlty estrmated, :

‘Table 8. Her1tab111ty ‘estimates for six quantrtatwe characters by
. different formulae

 Estimate Flowering*' Maturity - |Period from Plant No. of Seed*
forrhqlae : time .date | flo. to mat.| . ‘height ' nodes . slze
a 91.88 84.22 8003 | 5116 60.30 7664
b = — s i — 4132
¢’ '98.28" 98.40 ®01 o142 | 7055 | - —-

d 97.80 55.08 28.85 4998 - |- 2445 - | 813

e 98.31 83.93, 64.77 86.94 87.77 1652

* The negatrve H value of ﬂowermg time replaced wrth 0
% The and Ez components replaced wrth E; in. the computatron of seed size. f
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In general, we can see that heritability values or the five characters ex-
cepting flowering time were considerably low when calculations were made by
formula d. Excluding seed size, higher values were obtained by the other

. formulae. ’
5. Number of effective ‘f_actors and gene action.
Three formulae were used according to Mather’s methods:

D _DYy\
a Kpn= '(‘I')—l:ZP—g)‘/D
b. Kp =(F—~M)¥/H
c. K, =HVF3/(HVVF>3*T?:-1_\ VFS)

where P, P, and F, are means of parents and F; hybrid, M is the midparent
- value, Vps and Vvg, are the mean variance of the F; progenies and variance of
the F, variances respectively. ‘The sub-H in front of 'V indicates that it is the
heritable portion of variance. As an estimate of the number of effective
factors, K, is superior to Kia or K is not being subject to reduction by in-
complete concentration or reinforcement of allelomorphs. But if Kyja or Ky is
not reduced in value from lack of full concentratien or reinforcement, they
are superior to K;. However, unequal estimates among K., K -and K, will
lead to underestimation of the number of factors. But these values can be
used to judge the gene action, i.e. variation in the effects of individual factors
(the d increments) and dominant units (the h increments). The number of
factors estimated' by these formulae for six characters are presented in Table 9.

Table 9. Estimates of the number of effective factors conditioning the
expression'of six quantitative characters by different formulae

Characters Kia K K,

Flowering time 6.20 —_— 1.90
Maturity date ‘ 7.19 318 \ 1.19

" Period from flo. to mat. 454 : 1.06 2.01
Plant height 12.44 ' 5.62 ) 0.38
No. of nodes 4.56 1.91 1.96
Seed size —_ 3.84 ‘ 0.94

The unequal values among Kia, Kip and K, indicate that the effects of indi-
vidual factors and dominant units were highly variable. Since parents used in
this experiment were extremely different for characters concerned, isodirectional
distribution of genes controlling quantitative characters might exist in parents.

This would suggest that Ky might be more accurate than K or K.
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Summary and Conclusions

- Five qualitative' characters showed simple genetic behaviors. Except pod-color,

 other four characters, young : stem color; flower color, “bloom on seed coat ‘and

seed” COat color; ‘gave: similar' results as. reported by other investigations.

No ‘evidence of l1nkage relat10nsh1ps Was detected. The 51gn1ﬁcant result of

‘1ndependency test between bloom on seed coat and seed coat color was in fact

- due to another cause.

Scahng test showed that neither the orlgmal scale nor the loganthm was

: ik'adequate Several Teasons were proposed: for the explanatwn thereof S1x

' ,quantltatlve characters, ﬂowermg time, maturity date, perlod from: ﬂowermg

to. maturlty, plant helght number- of nodes on ‘main stem and seed size were
; analyzed on'the original scale: ey L
Slgmﬁcant a.-dd1t1ve genetzc effects existed in ‘the variances: of “flowering

. tlme, matur:ty date, perlod from ﬂowermg to maturity, number of nodes and :

~ seed size. Donnnant effects ‘were rather great in the variances of maturity
date, period from flowermg to maturlty, number ‘of nodes and seed size.
- Envxronmental factors 1nﬂuenced five characters other than ﬂowermg time to

. a certain degree

Correlatlons between quantltatlve characters Were computed The results
agreed W1th those of other investigators (Weber,’ 1950  Johnson et al, 1955) In
‘general, genotypxc correlation coefficients were hrgher than phenotyp1c correlatlon
_ coefficients and closer ‘correlations between: characters in - the F; generation

were Observed. :
: On the average, ; ﬁve out of the ‘six characters had cons1derably high
heritability value The her1tab111ty values were very low when genetic varlance
 (3D) was used as heritable portion. :
Unequal estzmates of the number of effectwe factors by meansof three dxf-
’ ’ferent formulae. indicated that the effects of individual factors and dommant

units (i. e the d and ' h 1ncrements) were. hlghly Var1able However, K1 mlght
offer more accurate estimates.

£l
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which was found to be controlled by two duplicated alleles in this stu'dy, the
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Fig. 2. Frequency distributions of the Fy, Fp and Fs generatiohs and
mean values of parents for maturity date.
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Fig. 3. Frequency distributions of ‘the Fy, Fy and Fs generatlons ‘and
mean values of parents for perlod from flowering to maturlty.
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Fig. 5. Frequency distributions of the F;, F; and F; generations and
mean values of parents for number of nodes on main stem.
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Fig. 7. Left: Taichung Green. Middle: F,. Right:
G. formosana. (in the green house)

Fig. 8. Taichung Green (lst plant from right), F; (2nd plant from
right) and different types of F, plants.
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Fig. 9. Different types of F3 plants.

Fig. 10. Segregation of seed size, seed coat color and
bloom on seed coat. B; bloom. S; smooth.
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11. Black (below) and light (akbove) colored pods.






