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The Collection, Conservation and Utilization of Wild Soybean ( Glycine soja)

and its Relatives in China
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Abstract: The global conservation priorities for wild crop relatives are one of the most important topics in worldwide. The wild

crop relatives possess more genetic diversity which is useful for developing productivity, multi-resistance to diseases, and nu-

tritious crop varieties. Here, we introduced the collection, conservation and utilization of the wild soybeans and its relatives in

China. During the past 40 years, 8 518 wild soybean accessions on a large scale were collected in China for three times -the

first time in 1978 — 1982, the second time in 1996 —2000,and the third time in 2001 —2010. These accessions were stored in

the two tracks including the National Gene Bank in Beijing and the dry region of western China. Meantime, we investigated

and utilized these wild soybean accessions in many ways on a large scale in China.
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The world’s food supply depends on a small number of
crop species. Because the high-yielding cultivars domi-
nate the production but are relatively few in numbers
and are genetically similar, the genetic diversity in
these crops is presumed to have declined to alarmingly
low levels''’. However, the wild relatives of domesti-
cated crops possess abundant genetic diversity which is
useful for developing more productivity, nutritious and

21 Current evidence indicates

resilient crop varieties
that the cultivated soybean was domesticated from its
wild relative Glycine soja Sieb. & Zucc in China' |
and the wild soybean has much more genetic biodiver-
sity than that of the cultivated’. Although soybean
genetic diversity has been eroded by human selection

after domestication, it is notable that the diversity lost
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through the genetic bottlenecks of introduction and
plant breeding was mostly due to the small number of
Asian introductions and not the artificial selection sub-
sequently imposed by selective breeding">’. Therefore,
it needs to broaden utilization of wild soybean and its

relatives in soybean research.
1 Collection of wild soybean and relatives

During the past four decades, we collected 8 518 ac-
cessions of wild soybean ( Glycine soja Sieb. et Zucc. )
and its relatives on large scale for three times in China.
The first time (1978 — 1982 ) : The Institute of Crop
Germplasm Resources of Chinese Academy of Agricul-
tural Sciences organized collection of wild soybean and

relatives in whole China and 5 939 wild soybean acces-
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sions were collected in whole China'®'. The wild soy-
bean and relatives in the 823 counties from the 1 245
investigated counties, which accounted for 66. 1% '
were found, and the catalogue of wild soybean acces-

5! were published.

sions in China'
The protein content of collected wild soybean acces-
sions was much higher than that of the cultivated soy-
bean. High protein content is remarkable characteristic
of wild soybean, it can be used in soybean breeding for

increasing protein content of soybean cultivars. Espe-

cially, the Protein content ( >50% ) of collected wild
B0 n the

meantime, amounts of accessions with a lot of pods and

soybean accessions accounted for 6. 7%

long flower head were also collected. As one of the re-
search teams in Heilongjiang Academy of Agricultural
Sciences, we organized 24 scientists from different in-
stitutions to collect and investigate the wild soybean
and relatives. In Heilongjiang province, we collected
547 accessions of wild soybean and relatives, and ana-

lyzed the protein content (Table 1).

Table 1 The protein content of wild, semi-wild and cultivated soybean in China'*"'"!

Protein content Number of Percentage Number of Percentage Number of Percentage
/% Cultivated soybean /% semi-wild soybean /% wild soybean /%
36.01 -40.00 2 28.5 1 2.6 1 0.9
40.01 —44.00 5 71.5 19 50.0 5 4.7
44.01 -48.00 18 47.4 51 48.1
48.01 -52.00 45 42.5
>52.01 4 3.8

The second time (1996 —2000): 600 accessions of
wild soybean and relatives were collected mainly from
Inner Mongolia, Shandong, Jiangsu, Hubei, Henan,

and Hebei provinces' "

The academies of agricul-
tural sciences of mentioned provinces attended the col-
lection. The third time (2001 - 2010): 1979 acces-
sions of wild soybean and relatives were collected from
17 provinces of China, the academies of agricultural
sciences of 17 provinces attended the collection. These

accessions distributed in 318 counties and 930 towns in

China'*™'. Until 2005, 6 172 accessions were col-

Table 2 Number of wild soybean accessions documented and conserved in the National Gene Bank in each province

lected in the National Gene Bank, which were collect-
ed from different provinces and regions. According to
Table 2, accessions of wild soybean and relatives were
mainly concentrated in Northeastern provinces, Liaon-
ing, Jilin, and Heilongjiang and Northern China-
Shanxi, Shannxi, and Henan provinces. In southern
China, the number of accessions was over 300 in Fu-
jian province. In eastern China, the number of acces-
sions was over 100 in Zhejiang, Jiansu, Anhui and

Shandong provinces.

(6]

Province Number of accessions Province Number of accessions
Liaoning 1248 Guizhou 86
Jillin 1220 Sichuan 83
Heilongjiang 789 Hubei 70
Shanxi 544 Jiangxi 64
Shaanxi 402 Inner Mongolia 58
Fujian 379 Hunan 56
Henan 305 Hebei 44
Zhejiang 166 Ningxia 24
Jiangsu 160 Guangdong 17
Anhui 129 Beijing 15
Shandong 120 Tibet 11
Gansu 90 Yunnan 2
Guangxi 90
Total 6172
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2 Conservation of wild soybean and relatives

There are many ways for conservation accessions of
wild soybean and relatives in China. Firstly, All ac-
cessions of wild soybean are conserved in the National
Gene Bank, where located in Campus of Chinese A-
cademy of Agricultural Sciences ( CAAS, Beijing).
Secondly, the other portion of these accessions of wild
soybean and relatives are conserved in the western
drought region of China. Thirdly, parts of accessions
are also conserved in the mostly provincial academies
of agricultural sciences and agricultural colleges and u-
niversities. In order to conserve vitality and sprout of
wild soybean and relatives, our research staff in the In-
stitute of Crop Science, CAAS and provincial acade-
mies and agricultural colleges will renew regularly
these accessions of wild soybean and relatives. Accord-
ing to the statistics of research team of wild soybean of
Crop Science Institute , Chinese Academy of Agricultur-
al Sciences, in China 46 protection zones of wild soy-
bean in 14 provinces during 2001 - 2011, including
Heilongjiang -7 protection zones, Jilin- 4, Liaoning-3,
Hebei-9, Shandong-1, Shanxi-1, Henan4, Anhui-3,
Hubei-3, Hunan-2, Jiangsu-1, Zhejian -1, Chongqing-
3, Shangxi-1, and Gangsu-2. Central Government in-
vested 41. 8 million yuan RMB for to establish these

protection zones.
3 Utilization of wild soybean and relatives

There are a lot of useful characters in the wild soybean
and relatives, such as high protein content, more pods
per plant, resistance to diseases and insects, resistance
to drought and salt, and rich in linolenic acid, isofla-
vone and polysaccharide etc.
3.1 Utilization of wild and relatives for high pro-
tein content breeding
Three soybean cultivars with high protein were devel-
oped using wild soybean and relatives, such as Long-
dou 1, Longdou 3, and soybean line Ha-8807""'. Yao
et al''”! developed a soybean line Ha-8807 with protein
content 48% by crossing wild with cultivated.

Wang et al'"®' developed six soybean lines with pro-
tein content over 50% by crossing wild soybean with
cultivated soybean and developed 7 lines with protein
content over 45% by crossing semi-wild soybean with

cultivated soybean. Wu et al'™' also developed a soy-

bean line with protein content 48. 34% by crossing
wild soybean with cultivated, it is higher than Shen-
nong 25104 for 3.69% of protein content.

Semi-wild soybean germplasm-Peking with highly re-
sistant to cyst nematode was found in the evaluation re-
search' ! | which possessed the complementary action
of three recessive genes (rhgl, rhg2, and rhg3) '
In 1970, US soybean field was damaged by soybean
cyst nematode over 2.3 million acres in Ullinois, Mis-
sisipi, North Carolina,
states, the soybean yield decreased by 70 —90% "/

Arkansoy, and Louisanna
Soybean breeders used Peking, as one of the soybean
parents to develop soybean cultivars Custer and Dyer

16 Therefore , it

with high resistance to cyst nematode
is very important to utilize the wild and semi-wild soy-
bean in soybean breeding.

3.2 Utilization of wild soybean and relatives for

high yielding breeding

The trait with more pods is one of the typical characters
in wild soybean and relatives. For instance, a wild
soybean line with over 3 000 pods per plant was col-
lected in Yaoyang of Hunan province. Moreover, a
wild soybean line with over 4 000 pods per plant was
also collected in the Dali of Shanxi province 2"/ Wu
et al'™! also collected a semi-wild soybean with 2 900
pods per plant in the Kaiyuan County of Liaoning prov-
ince.

Scientists of Jinzhou Agricultural Research Institute
of Liaoning Province developed a new soybean line-
5621 with high yielding and resistance to disease
('semi-wild soybean, weight of 100 seeds, 6.0 g). A
new soybean cultivar Tiefeng 18 was developed by
crossing of cultivated line 45 — 15 with semi-wild line
5621 in Tieling Agricultural Research Institute of Lia-
oning Province in 1964. This cultivar was released in
several provinces and won a First Prize of China Na-
tional Invention in 1983'*"'. Scientists of Liaoning
province developed 33 soybean cultivars using line
5621, including seven cultivars during first cycle of
crossing, such as Tiefeng 18, Tiefeng 19, Tiefeng 10,
Kaiyu 9, Kaiyu 10, Liaodou 10 and Shennong 25104.
These cultivars were planted in 4. 34 million hectares
in China during 1973 - 1990. From second cycle of
crossing, they developed 26 cultivars'”?*'. We also
developed several high yielding lines by using the
crossing of Zhonghuang 13 with Tiefeng 18 or Zhong-
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huang 35 with Tiefeng 18, which named Zhongzuo

132, Zhongzuol33 and Zhongzuo 136, now these lines

are in regional tests in different locations in China >’

3.3 [Utilization of wild and relatives for high re-
sistance to insect

In 1979 - 1980, we analyzed the percentage of damage

caused by soybean pod borer ( Leguminivora glycini-
vorella-Mats. ) in different types of soybean (Table 3)
and concluded that it is possible to use the wild soy-
bean and relatives with high resistance to insect for

soybean breeding'®’.

Table 3 Percentage of damage caused by soybean pod borer ( Leguminivora glycinivorella-Mats. )

in different types of soybean

Distribution of damage caused by pod borer types

Type Number of sample  Average damage ratio
>10% 5% -10% 1% -4% <1% 0%
Wild 175 0.4 13 81 81
Semi-wild 10 9.6 3 7
Cultivated 6 17.0 6

3.4 Utilization of wild soybean and relatives for
high resistance to disease
It is reported that soybean lines with high resistance to
soybean cyst nematode was selected from the wild soy-
bean accessions. For instance, U. S. scientists used
Peking as one soybean parent and developed soybean
cv. Custer and Dyer with high resistance to cyst nema-
tode, which overcome the damage caused by cyst nem-
atode in several states of USA'™'.

During past 20 years we paid a lot of attention to the
research on soybean cyst nematode. We found that
there existed the dominant physiological race 4 of soy-
bean cyst nematode in Beijing suburb*’. We also de-
veloped several cultivars with high resistance to SCN u-
sing soybean semi-wild lines P. I. 437654, Huipizhi-
heidou, and Wuzaiheidou as parents to cross with cul-
tivated soybean'””! | such as Zhonghuang 26 ( released
in Beijing in 2003) and Zhonghuang 54 (released in
Northern China and Northwestern China in 2012) with
moderate resistance to SCN. The yield of cv. Zhong-
huang 54 was 3 307 kg-ha ' in two years average.
3.5 Utilization of wild soybean and relatives with

small seeds (about 8 —12 g per 100 seeds)

This kind of cultivars can be used for fermentation of

Table 4 Fatty acid composition in the wild, semi-wild and cultivated soybean

Natto, which is useful for human health. Natto is very
popular soybean in Japan. Researchers from the Hei-
longjiang Academy of Agricultural Sciences developed
several soybean cultivars with small seeds, such as
Longxiaolidou 1'** and Longxiaolidou 2 "*’. Soybean
breeders from Jilin Academy of Agricultural Science
and Northeastern Agricultural University also developed

two cultivars with small seed named Jixiaolidou 1%

and Dongnongxiaoli 17",
3.6 Fatty acid composition in wild soybean
and relatives

Wang et al'"®’ analyzed the composition of fatty acids in
the wild, semi-wild and cultivated soybean ( Table 4).
Characteristic of composition of fatty acids of wild soy-
bean indicated: The content of linoleic acid of wild
soybean much higher than cultivated soybean, the con-
tent of linoleic acid of wild soybean contain 18. 69% ,
but the content of linoleic acid of cultivated soybean
only 7.35% . The percentages of palmitic acid and lin-
oleic acid are similar among three types of soybean'""’.
Due to importance of flax seed oil in health care, the

linolenic acid of oil of wild soybean and semi-wild soy-

bean has useful prospect in health care.

[10]

Type Number of sample ~ Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid

Wild 18 11.42 little 15.38 53.98 18.69
Semi-wild 4 12. 46 little 18.80 55.00 13.69
Cultivated 2 11.50 little 28.86 52.07 7.35
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The Criteria of healthy vegetable oils is as followed: In
1994, WHO and FAO suggested that the ratio of lino-
leic acid/linolenic acid was 5:1 —10:1, and the dos-
age of vegetable oil per day is 25 g, in which the ADI
of linolenic acid is not less than 1.0 g per day*'’.

The content of linolenic acid (w-3) of flaxseed oil is
the highest than other crop oils, and the ratio of w-6/

-3 is ideal (Table 5), but the planting area of flax is

Table 5 The main fatty acid composition and w-6/w-3 ratio in various vegetable oils

limited. Moreover, the content of linolenic acid ((w-3)
of soybean oil is 8% , and the ratio of w-6/w-3 is also
ideal. The content of linolenic acid (w-3) of wild soy-
bean seed oil is about 18.69% . The content of linole-
nic acid (w-3) of semi-wild soybean seed oil is about
13.69% . Therefore, it is possible to use wild soybean
oil and semi-wild soybean seed oil for production of lin-

olenic acid (®-3) in the future.
[31]

0il type Percentage of 0-9/% Percentage of w-6/% Percentage of w-3/% ®-6/w-3 ratio
Corn oil 29 57 0.5 114:1
Peanut oil 48 33 1 33:1
Soybean oil 23 54 8 7:1
Olive oil 80 9 1 9:1
Rice bran oil 45 30 1 30:1
Camellia seed oil 74 11 1 11:1
Blended oil 30 -35 30 -50 1-3 15:1
Flaxseed oil 25 20 50 1:2.5

3.7 The use of wild soybean and relatives
for feeding
Li et al'™ developed five feeding soybean lines by u-

sing the crosses between cultivated and wild soybean.
Wang'*' developed some new soybean lines with luxu-
riant vegetation growth for green forage. In addition,
using the intercropping model of wild soybean with feed
sorghum, the yield and protein content of feed can be

*) " Therefore, it is a good

increased significantly'
method by crossing between cultivated and wild soy-
bean and relatives for breeding soybean as leguminous
green-manuring crop. For instance, a novel soybean
cultivar ( Kengmo 1) was developed using a semi-wild
soybean ( Shuanghe Moshidou) as a parent in the Crop
Science Institute of Heilongjiang Agricultural Reclama-
tion Academy'®'.

3.8 Sustainable utilization of genetic diversity in

wild soybean and relatives
We characterized the genetic diversity using 72 SSR

makers among 60 Glycine soja accessions collected in

China and compared this diversity with 18 U. S. An-

cestral soybean genotypes, 12 Chinese Glycine max
plant introductions (Pls), and 47 elite soybean lines
from the northern USA. The Glycine soja accessions
were found to contain more alleles per locus (17.1)
than the U. S. ancestral genotypes (5.8), the Chinese
ancestral genotypes (5. 5), and American soybean
elite genotypes (4.5) (Table 6). Multivariate analy-
ses were able to separate the Glycine max lines from the
Glycine soja accessions and identify the most diverse
subset of Glycine soja accessions. Multidimensional
scaling separated the Glycine soja accessions from high
and low latitudes, while Ward's clustering method sep-
arated the Glycine soja accessions into distinct clusters
that tended to include accessions from similar geo-
graphical regions. These data will be useful to breeders
selecting G. soja accessions as parents in a breeding
program and for establishing a core collection of G. so-
ja to be used in future research'*’. Therefore it needs

to broaden the utilization of wild soybean and relatives

in soybean research.
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Table 6 Number of alleles per simple sequence repeat maker locus in each Glycine max (L. ) Merr. or Glycine soja Sieb. &

Zucc. germplasm group and total as calculated by the FSTAT program. Data from University of Illinois crossing block mate-

rial (UIUC CXB) were from a previously collected data set *]
_— Linkage G. sgja U.S.  Chinese o UVC Linkage G. soja U.S.  Chinese o UIC
group  collection G.max G. max CXB group  collection G. max G. max CXB

Satt196 K 18 5 5 18 5 Satt259 Cc2 14 8 5 14 4
Satt002 D2 18 6 4 19 2 Satt453  Dla+Q 19 8 8 20 7
Sattl4l  D1b+W 10 5 6 15 7 Satt354 Cl 25 7 7 25 -
Satt236 Al 12 4 5 12 4 Satt414 I 19 6 6 21 5
Satt143 L 17 5 4 18 6 Satt588 K 18 5 8 20 4
Satt253 H 16 4 5 17 1 Satt534 0 23 8 9 28 8
Satt175 Al 14 9 7 18 6 Satt300 B1 16 6 3 16 5
Satt180 Cl 13 5 4 16 4 Satt411 I 9 3 5 12 4
Satt294 Cl1 15 6 4 17 6 Satt179 J 20 5 4 21 5
Satt038 E 12 6 7 13 5 Satt415 K 14 6 5 14 5
Sattl 14 D2 11 5 6 13 5 Satt022 B2 17 6 6 17 4
Satt009 G 22 8 7 26 7 Satt186 Al 13 5 4 14 4
Satt173 F 23 9 7 27 6 SAt419 E 19 5 6 19 3
Satt184 N 19 6 8 20 3 Sattl56  Dla+Q 18 5 3 18 2
Satt243 0 18 5 5 21 4 Sarr268 B1 18 5 6 21 4
Satt281 Dla+W 28 10 6 29 4 Ssattl57 N 33 110 8 35 7
Satt276 0 29 14 11 41 7 Satt329 D2 17 7 6 18 4
Satt358 C2 22 5 6 22 4 Satt554 I 28 4 6 30 2
Satt353 Al 13 6 5 14 4 Satt424 L 11 6 4 15 5
Satt324 0 13 5 3 13 4 Satt271 N 7 3 4 7 2
Satt373 H 17 10 4 21 5 Satt292 E 14 7 6 16 4
Satt172 G 8 4 3 9 5 Satt665  D1b + W 18 6 5 18 4
Satt168 L 17 4 4 17 5 Satt199 A2 14 4 4 14 3
Sattl46  D1b+ W 16 6 6 17 6 Satt565 F 15 3 4 15 4
Satt308 B2 20 7 6 20 6 Satt590 A2 32 10 10 33 7
Satt197 F 20 6 7 20 5 Satt592  DIb+ W 12 3 8 14 3
Satt249 M 11 4 4 14 3 Satt440 I 16 4 3 16 5
Satt441 Bl 23 10 8 24 7 Satt242 B1 16 6 6 20 5
Satt409 J 23 7 6 26 5 Satt177 G 15 4 5 15 3
Satt307 K 14 5 4 15 4 Satt339 M 19 5 6 19 5
Satt577 A2 15 6 4 15 5 Satt192 Cl1 23 4 4 23 3
Satt434 C2 25 4 6 25 4 SAuS10 0 14 5 3 15 6
Satt431 B2 17 5 6 18 5 Satt385 H 18 5 6 19 5
Satt191 H 15 6 6 16 4 Satt226 F 5 2 2 5 -
Satt357 J 18 3 3 19 2 Satt194 Al 6 7 8 14 3
Satt147 G 15 7 6 17 4 Average 17.1 5.8 5.5 18.6 4.5

Linkage group names and the assignment of markers to linkage groups are according to the integrated soybean genetic linkage map of Cregan et al.

(1999)%
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3.9 Isozyme variation in four populations of Gly-
cine soja
We analyzed isozyme variation in four populations of
wild soybean ( Glycine soja). Genetic variation was es-
timated by starch gel electrophoretic resolution of 14
putative isozyme loci in four populations of Glycine soja
from the various regions in China. The results indica-
ted the presence of obvious high variance. The results
also showed that there were nine polymorphic loci. The
average number of alleles per locus, percent of poly-
morphic loci and expected heterozygosity in the total
population were 1.77, 0.692, and 0. 133, respective-
ly"*"2%) . This amount of variation was close to the aver-
age of genetic variation in South Korea (A =1.4, P=
0.37, He =0.134) ™,

the level of genetic diversity and variation in China and

These results indicated that

South Korea was higher than the level of population

from suburbs of Mishima in Japan (A =1.14, P =

0.14, He =0.046) .

3.10 The use of male sterility of wild soybean in
soybean breeding

Sun et al'*! developed a male-sterile line using the

wild soybean and released a hybrid soybean cultivar.

Zhao et al"®' also developed a cytoplasmic male sterile

line (NJCMS3A) in Nanjing of China.
4 Conclusion

It needs to broaden the collection of wild soybean and
relatives in new area, where had never been investiga-
ted and collected for wild soybean and relatives. Owing
to the investigation and distribution area of wild soy-
bean is decreasing'®’ |, we suggest to enhance and ex-
pand the protection zone of wild soybean and relatives
in different ecotype zones in order to conserve the novel
wild soybean and relatives accessions in China.

As we known that it can often produce the intermediate
types of soybean using the cross between cultivated and
wild soybean. These intermediate types possess the
valuable characters, such as high yielding, more pods
per plant, resistance to disease and insect, high pro-
tein, high isoflavone, high content of linolenic acid,
resistance to drought, resistance to salt. Therefore, we
can utilize these ideal traits to develop a series of soy-

bean cultivars needed in soybean production.
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