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Inheritance of a five leaflet character arising

f rom wild soybean ( Gl ycine so ja Sieb. et Zucc. )
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Abstract　 The inheritance o f a fiv e leaf let muta tion of so ybeans o riginally inheri ted from the w ild

w as studied using cross analysis. Six cro sses w ere made betw een "Five Leaf Bean" wi th the fiv e

leaf let t rai t and o ther 6 lines of no rmal leaves. F2 plants o f 5 crosses produced majo r three and

fiv e leaf let leav es and also some mino r four six and seven multifoliola te leaves. There w ere tw o

kinds of seg regation ra tios fo r major fiv e leaf let ( including other multifoliola te leaves) and trifo li-

ola te characters in the F2 progeny plants. Fiv e crosses show ed a goodness of fit to a 3∶ 1 ratio

and one cro ss show ed a sa tisfacto ry 63∶ 1 ra tio. The cro ss analysis indicated tha t besides theL f 1

gene controlling fiv e lea flets, there could be other tw o new ly found genes gover ning this t rai t.

These th ree genes w ere independently g enetic, incompletely dominant and ef fect- duplica ted.
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1　 Int roduction

Commonly so ybeans ( G. max ) have trifolio-

late leaves most ra rely w ith fiv e leaflets o r o ther

mul tifoliolate leaves ( Takahashi and Fukuyama

1919; W oodwo rth 1932; Feh r 1972; Fu 1986) .

Takahashi and Fukuyama indicated tha t a single

majo r g ene contro ls a multi fo lio late character.

Feh r ( 1972) observ ed a spontaneous mutational

plant wi th mul tifoliolate leaves ( ma jo r seven

leaf lets ) and repo rted tha t this multi folio la te

leaf let character w as controlled by a dominant Lf 2

gene and a fiv e- leaf let mutation was caused by a

incompletely dominant Lf 1 gene. Fu ( 1986) pre-

sented a muta tion wi th respect to multi folio la te

leaves ( 4 to 7 leaflet) that deriv ed f rom the seeds

t rea ted byγ- 60 Co rays, w hose genetic studies

indicated that a pai r of recessiv e alleles ( l f 3l f 3 ) at

a single locus lead to this mutation and the domi-

nant allele ( L f 3 ) w as charg ed wi th the normal

t ri fo lio late leaves. Obviously thei r resul ts were dif-

ferent.

Thus fo r in soybeans few repor ts wi th respect

to the genetic control of lea flet number mutation

inheri ted f rom wild soybean have been issued. In

an ea rly resea rch w o rk of ours w e occasionally ob-

tained plants w ith fiv e lea flet leav es f rom a cro ss of

F1 ( cul tiv ar 1× wild soybean)× cul tiv ar 2. Care-

fully checking the parents found tha t the o rig inal

wi ld parent had mere a few o f f iv e leaflet leav es.

We though t this could be the source o f the fiv e

leaflet cha racter inherited to the fiv e leaflet prog e-

ny plants tha t w e obtained.
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　　 The objective o f this paper w as to analy ze the

inheri tance of the fiv e- leaflet v aria tion deriv ed

f rom the wild and discuss the genetic ef fect of the

genes on contro l of leaf let number in soybeans.

2　Materials and Methods

The st rains used w ere no rmal trifoliolate "94

- 6", "94- 12", "94- 20", line 1, line 2 and line

3 wi th red f low ers and a fiv e- leaflet Five Leaf

Bean wi th w hi te f low ers in the genetic collection of

the ICGR Wild Soybean. All materials contained

the wi ld genetic backg round in varying deg rees be-

cause in thei r pa rental pro geni to rs the wild had ev-

er been included. Six crosses were made betw een

Fiv e Leaf Bean and the other six lines in 1997. The

Fiv e Leaf Bean was used as ma ternal parent w hich

has a pair o f recessiv e alleles fo r w hi te f low er colo r

and could be serv ed as the indicator of the t rue and

false F1 seeds. The F1 seeds of all crosses were

planted in the experimental fields, and F1 plants

w ere harv ested and maintained for nex t F2 progeny

popula tions in 1998. Every F1 plant produced more

F2 seeds. The F2 seeds from F1 plants of 6 cross

combina tions w ere g row n and formed 6 F2 seg rega-

tion popula tions. Fo r F2 plants fully expanded

leaves on the main stem w ere studied when termi-

nal g row th o f the main stem had ceased. A leaflet

w as counted as long as i t had a distinct joint of a t-

tachment to the petiole o r rachis. In the F2 seg re-

ga tion populations the counts of the number of

plants wi th di fferent multi fo lio late leaves were

recorded as long as plants had one multi folio la te

leaf. The plants wi th mixed kinds of leaf let leav es

w ere counted independently.

3　 Results

3. 1　Variation in leaf let number within F2 popula-

tions

Five Leaf Bean has five leaflet leav es some-

times w ith occasional no rmal trifoliolate leaves.

The other paternal parents have normal t ri folio la te

leaves. The F2 progenies produced ma jo r three and

fiv e leaf lets and also an ex t remely small number of

new ly occurred four, six and seven leaf let leav es.

Two cross combina tions brough t for th six and sev-

en leaflets; four crosses brought fo rth four leaf let

leav es; and one cross had only parental three and

fiv e leaf let leav es ( Table 1) .

The number of leaves wi th fiv e leaf lets per

plant on which fiv e leaflets emerged dif fered be-

tween the individuals by varying from 1 up to nea r-

ly all the leaves. An ex t remely small number o f F2

plants had fiv e leaf let leav es on the who le plants

except the basal trifoliolate leaves but most F2

plants had a varied number. The new four leaf let

leav es appeared wi th a low er f requency and the

number of four leaf let leav es per plant on which

four leaflets emerged ranged approximately f rom 1

to 5, sometimes together w ith fiv e lea flet leav es on

the same individuals.

Comparativ ely the f requency of plants w ith

four leaflet leaves w as higher than that of plants

wi th o ther kinds of leaves ( six , mix ed leaves of

four and fiv e, and fiv e and seven leaflets) in the F2

populations. Only 4 plants w ere found wi th mere 1

- 2 leaves o f six leaf lets. Only tw o leaves w ith

seven leaf lets appea red on tw o plants wi th fiv e

leaflet leav es separately.

3. 2　 A major single gene behavior for the five

leaflet leaves in some crosses

Six crosses w ere made for analysis o f the in-

heritance o f the five leaflet character. The cro ss

combinations w ere Fiv e Leaf Bean× "94- 12",× "

94- 6" ,× "94- 20",× line 1,× line 2 and× line 3.

All F1 plants presented a five leaflet t rai t. In F2

progeny popula tions of all the crosses tw o pat terns

of phenotype seg rega tion fo r leaflet cha racter w ere

observed ( Table1) .

In the Fiv e Leaf Bean× "94- 12" cross, w e

obtained one F1 plant and i t had suf ficient F2 seeds.

The F1 had only trifo liolate leaves and i ts sel fed F2

population had plants w ith three, fiv e and six

leaflet leaves, o f w hich tw o plants had mixed

leaves of fiv e and four or seven leaf lets. The 86
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multifoliolate F2 plants wi th major fiv e leaflet

leav es and 34 F2 plants wi th t rifoliola te leaves sa t-

isfacto rily fi t ted a 3∶ 1 ratio ( p> 0. 50) . This da ta

indica ted that the fiv e leaf let character w as con-

trol led by a majo r single gene dominant to the re-

cessive a lleles contro lling t rifoliola te leaves. This

allelic g ene w as no t complete dominance over t ri fo-

liolate leaves, w hich expressed major fiv e leaflets

and also sometimes a minor o ther mul tifo liolates in

dif ferent g enetic backg rounds of some crosses

( Table1) .

Table 1　 Seg regations fo r F2 plants w ith th ree and fiv e leaflet leav es ( mutifo liolate ) and expec ted r atio s in F2 popula tions

Cross

Leaf let s

of

F1 Plants

F2
plan ts

Leaf let s egregation in F2 plants

3 4 5 6 5+ 4 5+ 7

Trifol-

iolate∶
M ult if-

oliolate

Exp.

F2
ratio

Ch i- square

value
Probabili ty

1.× "94- 12" 5 120 34 82 2 1 1 34∶ 86 1∶ 3 0. 544 0. 30 < p < 0. 50

2.× "94- 6" 5 179 36 3 137 2 1 36∶ 143 1∶ 3 2. 029 0. 10< p< 0. 20

3.× "94- 20" 5 153 39 8 106 39∶ 114 1∶ 3 0. 002 0. 90 < p < 0. 95

4.× line 1 5 291 87 13 190 1 87∶ 204 1∶ 3 3. 465 0. 05< p< 0. 10

5.× line 3 5 311 78 17 214 2 78∶ 233 1∶ 3 0. 001 0. 90< p< 0. 95

6.× line 2 5 142 4 138 4∶ 138 1∶ 63 0. 742 0. 50< p< 0. 70

　　 A simila r resul t repeated in F2 plants o f the

o ther four crosses. In the Fiv e Leaf Bean× "94- 6"

cross, 143 multi folio late plants including 137 fiv e,

3 four, 2 six leaflet plants and 1 plant wi th fiv e and

seven leaf lets to 36 tri fo lio late plants fi t ted a good 3

∶ 1 ratio ( P> 0. 10) . In the Fiv e Leaf Bean× "94

- 20 " cross, 106 fiv e leaflet and 8 four leaf let

plants to 39 trifoliolate plants g ave a very satisfac-

to ry fi t o f a 3∶ 1 ra tio ( p> 0. 90) . The F2 plants

deriv ed f rom the Fiv e Leaf Bean× line 1 cross had a

seg regation of 190 plants w ith fiv e leaflets, 13

plants w ith four leaf lets, 1 mixed plant w ith fiv e

and four leaflets and 87 tri folio late, where multi fo-

liola te and trifoliola te plants w as a 3∶ 1 ra tio ( p>

0. 05) . In the 311 F2 plants o f Fiv e Leaf Bean× line

1 there w as a seg regation o f a 3∶ 1 ratio for majo r

fiv e leaflet and tri folio late plants ( p> 0. 90) .

3　 Th ree independent genes fo r the

fiv e leaflets in a cro ss

A genetically new behavio r for the fiv e leaf let

cha racter di fferent from the results of 3∶ 1 ratio

above w as found in the cross betw een Fiv e Leaf

Bean× " 94 - 20 ". The F1 plant had five leaf let

leav es and the F2 plants brought fo rth only normal

t rifoliolate and va riant fiv e leaf let leaves. There

w ere a obvious deviation f rom the above 3∶ 1 ratio

fo r the five leaf lets and tri fo lio lates in the F2 popu-

lation, w here 138 plants w ere for fiv e leaflets and

only 4 plants for t rifoliola te leaves, hav ing a good-

ness of fit to a 63∶ 1 ratio ( P> 0. 90) . This result

suggested that there w ere three genes w ere in-

vo lv ed in five leaflet inheri tance in this cross combi-

nation and the three genes had a dominant ly dupli-

ca ted ef fect, which, w hen only one o f them exist-

ed, would be able to express fiv e leaf let leaves

( Table 1) .

4　 Discussion

The genetic analysis of fiv e leaf lets by cro ssing

here show ed tha t this fiv e leaflet character inheri ted

f rom w ild so ybean ( G. soja ) could be controlled

by three major g enes independent ly g enetic incom-

pletely dominant and effect - duplicated in th e ge-

netic backg rounds evalua ted. Fiv e leaf let cha racter

w as dominant to t rifo liolate cha racter. Fehr ( 1972)

reported a spontaneous mutation o f fiv e leaf let

leav es and revealed that the fiv e leaf let t rai t is con-

trol led by a sing le ma jo r gene ( L f 1 ) pa rtially dom-

inant to recessiv e alleles contro lling trifoliolate

leaves. In this point our data acquired in this study

w ere identical to Feh r 's resul ts and w e sought there

w as theL f 1 gene in the "Fiv e Leaf Bean".

Our results also indica ted tha t besides the L f 1

gene contro lling fiv e leaf lets, o ther tw o indepen-

dent ly g enetic g enes new ly found else could condi t-
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io n the fiv e leaflet t rai t. The tw o new genes were

tentativ ely designa ted as Lf 4 and Lf 5 , respective-

ly. Th e three genes were incompletely dominant to

recessive alleles controlling t rifo liolate leaves and

they had a duplicated ef fect. When any tw o pairs

o f alleles w ere recessiv e, F2 plants would show a

seg regation of a 3∶ 1 ra tio; when th ree pai rs of al-

leles in F1 were hetero zygous, F2 plants w ould be-

come a 63∶ 1 seg regation ra tio ( 27L f 1 - L f 4 -

Lf 5 - , 9L f 1 - Lf 4 - l f 5 l f 5 , 9Lf 1 - l f 4 l f 4 Lf 5

- , 9l f 1 l f 1Lf 4 - L f 5 - , 3 Lf 1 - l f 4 l f 4 l f 5 l f 5 , 3

l f 1 l f 1 L f 4 - l f 5 l f 5 , 3 l f 1 l f 1 l f 4 l f 4 Lf 5 - , 1 l f 1

l f 1 l f 4 l f 4 l f 5 l f 5 ) . When the three pai rs of alleles

w ere recessive, l f 1 l f 1 l f 4 l f 4 l f 5 l f 5 plants were

able to produce trifoliolate leaves.

The genes controlling fiv e leaflets w ere incom-

pletely dominant and sometimes they w ould pro-

duce 4～ 7 multifoliola te leaves in some crossing ge-

netic backg rounds. In the Fiv e Leaf Bean× line 3

cross, the F2 population had only t ri fo lio late and

fiv e leaflet leaves w hich could be influenced by the

existence of th ree dominant effect - duplicated

genes to decrease the frequency of the appea rance

o f leaves wi th other multi folio lates.

Cro ss analysis indica ted that there could be

heterog eneous geno types at the th ree loci related to

fiv e leaf lets among the Fiv e Leaf Bean parental in-

dividuals. This reason could a rise from the random

selection according as pheno type in the progeny

t reatment, by which w ay the geno types w ere in-

definite. A white flow er sister line w ith five leaflet

leav es w as obtained along wi th the acquisitio n of

the Fiv e Leaf Bean.

In domestication o f soybeans f rom the wild in-

to the cul tiva rs, the allelic f requencies of many

dominant t rai ts or w ild types have become low

such as pero xidase activ ity, roo t fluo rescence

( Wang et al. 1990 ) , Kunitz t rypsin inhibi to r

( Kaizuma et al. 1980 ) . The existing soybeans

could be almost recessiv e at the loci control ling

common trifoliola tes and a spontaneous leaf let mu-

ta tion in fields is easy to be expressed a s a sing le

gene locus. Wild soybean is the progeni to r of the

cultiv ated soybeans and w ould contain mo re o rigi-

nal and useful cha racters or g enes on which genetic

study and breeding depends.
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来源于野生大豆的多小叶性状遗传分析

王克晶　李福山　周　涛　许占有

(中国农业科学院作物品种资源研究所 ,北京 100081)

摘要　本文通过杂交初步分析一个起源于野生大豆的多小叶性状。五叶大豆与 6个正常大豆配制 6个杂交

组合 ,其中 5个 F2分离群体产生带有主要的 3叶和 5叶 ,少数 4叶 ,个别 6叶或 7叶植株 , 3叶和 5叶 (包括

其它多小叶 )表现为 3∶ 1分离 ; 1个组合仅产生带有 5叶株和 3叶 ,表现为 64∶ 1分离。遗传分析显示 ,除了

一个已知的 Lf1基因控制 5叶遗传外 ,可能还存在另外 2个控制 5叶的基因。 5叶多小叶性状基因对正常 3

叶是不完全显性的 ,这 3个基因是独立遗传的 ,并且具有重叠效应。

关键词　遗传分析 ;质量性状 ;大豆叶片 , ;大豆
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