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Identification of Salt-tolerant Germplasm Resources in Soybean
Seedlings and Genetic Diversity Analysis

LIN Feng,ZHAO Huiyan, SHI Feifei, GAO Peng, LIU Chenxu, YUE Yang,JIN Xin,ZHANG Yide,
LI Yongguang,HAN Yingpeng,ZHAO Xue, TENG Weili
(College of Agriculture, Northeast Agricultural University/Key Laboratory of Soybean Biology in Chinese of Ministry of Education/

Key Laboratory of Soybean Biology and Breeding ( Genetics) in Northeast China of the Ministry of
Agriculture and Rural Affairs, Harbin 150030)

Abstract: Saline-alkali soil is one of the main types of marginal soils. Using the marginal land for
agricultural cultivation is an effective way to alleviate the shortage of farming land. In order to screen soybean
germplasm resources showing salt tolerance to improve soybean yield in saline soils, 392 samples from
different geographic regions at home and abroad were treated with 150 mmol/L NaCl at the seedling stage. Each
single plant was identified and genotyped using 10 SSR markers linked to salt tolerant genes, in order to
perform molecular-assisted identification and genetic diversity analysis. Similarity coefficient analysis, cluster
analysis and other methods were applied to comprehensively evaluate the soybean germplasm resources. Fifty-
eight soybean germplasm resources were identified, including 14 showing high tolerance, such as Chidou 1

hao and Dongnong 69, and 44 showing salt-tolerant, such as Heinong 51 and Heihe 35. Although genotyping
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these 58 samples, Suinong 1 hao, Hefeng 50 and Dongda 2 hao carried the most salt tolerant allele

variations, all of which were 6, and the average identification efficiency was 43.45% and the average

accuracy was 68.46% , of which the molecular markers Satt201 had the highest identification efficiency of

60.34% and the highest accuracy of 96.55%. Cluster analysis showed that the similarity coefficients among the

58 soybean germplasm resources ranged from 0.5385 to 0.9231, with an average value of 0.6974 and a

correlation coefficient of 0.6240, indicating that most of the 58 soybean germplasm resources were genetically

close, and the genetic diversity was relatively low, and that the 58 soybean germplasm resources were not

clustered geographically, but most of them were geographically identical or had the same place of origin in a

taxon or subgroup. However, we didn’ t detect the correlation between genetic similarity and geographically

collection sites. The distant germplasm resources can be selected as parents, to breed new salt-tolerant soybean

varieties.

Key words: soybean; seedling; salt stress; molecular assisted identification; genetic diversity analysis
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Table 1 Classification criteria for salt tolerance grade in

soybean seedlings

FRVFHIE

Phenotypic characterization

[GERE]

Salt tolerance grade

1 @R LRI, BOA WS B0
2 BREIRAE , B R OR B
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4 JEEIRAE , B 1L 75% 1K B
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Table 2 Classification criteria for salt tolerance in soybean

seedlings
EFEE(%) ik 2%
Salinity index Salt tolerance class
0.0~20.0 Fe it
20.1~40.0 [(ZE=N
40.1~60.0 ST
60.1~80.0 TR
80.1~100.0 [
HERBOHE AR

> (MHERGON > ZBAREL)
PRECEA x 5 (HemitEh g )
122 DNAREESSROTFEE HEEHNE
T T R BT R I e A —-80 CUKFE I HY | 4
M8 CTAB "5 4R HUDNA . KA IRE (1066
T4 DNA ¥ B, 7 B 2 100 ng/uL, /7 A—20 C K
e
SR FH i T HE S5O R S AR RIS TP S K R T
b I DR B 10 X SSR 51 4%t i A IR W Jo 9 U
PP TR % (F23) , LAk 8 5 Fll Williams82
43 ) Ay RN ER SR BR (Pl ZR ARl KA 1RAT )
AR 26 SCiF ™ 1Y WF 58 45 5 https: //soybase. org/I
S B Y8 A A 7 K 0 20 SR ek Ry 20 X 22
PR 1 SSR 5 W T st A& Z e #5140 i b
TUEHRBHEMHARA IR A F (4,

EhEREE = x 100

Table 3 SSR markers linked to salt-tolerant genes for molecular assisted characterization

1E 8] FP51(5'-3")

Forward sequence (5'-3")

FRICA TR

Marker name

Sl 731 (5'-3")

Reverse sequence(5'-3")

Sat_091
Satt339

Sat_162
Satt239
Satt462
Satt281

Satt237
Satt636
Satt588

Satt201

CTTCTGGATAGTTGGGACTGATA

TAATATGCTTTAAGTGGTGTGGTTATG

GCGTGGTTTTTCGCTGGATATA

GCGCCAAAAAATGAATCACAAT

CGGTCACGAATACAAGATAAATAATGC

AAGCTCCACATGCAGTTCAAAAC

GCGTGATTTCAATCCTTTTTC

GTCATGACTCATGAGTCACGTAAT

GAGCCAAAACCAAAGTGAAGAAC

GCGTTGATACTTTCCTAAGACAAT

GGAACAGGTCGTGAAAAGTTAT

GTTAAGCAGTTCCTCTCATCACG

GCGCATTTCGTAACATATTTTTCAC

GCGAACACAATCAACATCCTTGAAC

GCGTGCATGTCAGAAAAAATCTCTATAA

TGCATGGCACGAGAAAGAAGTA

GCGGTTGTCCTGTTAGAACCT

GCTGCATATCCACTCTCATTGACT

CCAACTAATCCCAGGGACTTACTT

GGGAGAGAAGGCAATCTAA
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Table 4 SSR markers used for genetic diversity analysis
FRC TR et fh E R4 (5-3) RmFE(5'-3")
Marker name Chromosome Forward sequence (5'-3") Reverse sequence(5'-3")
Satt184 1 GCGCTATGTAGATTATCCAAATTACGC GCCACTTACTGTTACTCAT
Satt141 2 CGGTGGTGGTGTGCATAATAA CCGTCATAAAAAGTCCCTCAGAAT
Sat 379 3 GCGTTTTGGCTCATCTTTCTTTTA GCGGCCCTAAGCACAACTGAACCTAT
Satt396 4 GCGAAAAGGGATAAGTTTAAAAAT GCGGGCCTGTAAAGGGATTCC
Satt211 5 GAAAAAGCCCACATCCAA CATGGGCATGCAGTAACA
Satt643 6 CGGGATAAATAGAAGTGGAACA TTGGCAAATGTGAAATGTATA
Satt551 7 GAATATCACGCGAGAATTTTAC TATATGCGAACCCTCTTACAAT
AW 132402 8 GCGCCTCCCTCCTCTCCTTTCTT GCGTTTCCCACATATTCTATCATTTGTT
Satt242 9 GCGTTGATCAGGTCGATTTTTATTTGT GCGAGTGCCAACTAACTACTTTTATGA
Satt262 10 GCGCCCCATTAATGTTAACACA GCGGAGTTCAACGCATTCACCTT
Satt453 11 GCGGAAAAAAAACAATAAACAACA TAGTGGGGAAGGGAAGTTACC
Satt279 12 GCGCAAAAGGACGCCCACCAATAG GCGGTGATCGGATGTTATAGTTTCAG
Satt072 13 GGAAAGAATCAGCAAAAT CCCCCACATAAATAATAAA
Satt168 14 CGCTTGCCCAAAAATTAATAGTA CCATTCTCCAACCTCAATCTTATAT
Satt685 15 ATCGTGGCATGTCTCACTAC GAGGCGGAAGGAAATCTAAT
Satt674 16 GCGAATCCTCTAGCTTACCAAAGAA GCGATTAGCCATCAAAACCTAT
Satt301 17 GCGAAACACTCCTAGTTGATTACAAA GCGATATAATGCACAAAGAAATTAAAGA
Satt309 18 GCGCCTTCAAATTGGCGTCTT GCGCCTTAAATAAAACCCGAAACT
Satt373 19 TCCGCGAGATAAATTCGTAAAAT GGCCAGATACCCAAGTTGTACTTGT
Satt571 20 GGGTAGGGGTGGAATATAAG GCGGGATCCGCGGATGGTCAAAG

K120 uL PCR 2 w14 3 : Buffer (b st FRHRL
FABRA ]2 uL , Taq BEFI ANTP (USRI A
BT 0.3 pL, B RES 19045 1 ul, XK 13.4 L,
it DNA 2 pLo RV FEF :95 CHIAEE S min, 94 C
ARPE30 s, 55 CIE & 305,72 CHEfH 30 s, TLAGHR 38
YK, 72 CHEH 10 min, 4 CUKFRAE. PCR=4)R
6% 5 TN I T Jiig B Jise HL Uk (PAGE, polyacrylamide
gel electrophoresis ) LK, Hi, s 1500~1800 V., Bif
2h, WYY, B ETEIE
13 HIEST

X LUk B R A T 2 I, o A S LA
1’E7§7—’M¢m,fﬁu g AR A X T
“17, TLRAIE 07, A Excel 142 . iz H
Excel H AT B8 ge it o0 B, 1H 5 5 i 3k 3 P
B SSR 51 W 1 M 28 RCRE FIER R IR T
WAL ZAEPE T SSREII M 28 B &,
S P 5 A NTSYS 2.10e % 4: ,ﬁ%ﬁ%ﬂﬁtﬁtﬁ

o B4 28t A% AR DL 22 BORT IR B R . 32 I NTSYS
2.10e FI MEGA-X 2k HIHE fin A4 - 35 32 A < 42 vk
(NJ, neighbor joining) #17 % 4 & R R 40H7 , It
2z IR K 3 2 ITOL 78 2 84 % SR 2 I ik 47
FAk.

AR /NN I

e 5t 522 (0 [DEN hmﬁx

YTERCR (%) —7&‘{\ i H 100

%E@%%g(gé):mﬁ%E{L“\§ﬁ+i“§ﬁ BALAE 00
/Lu\'fi, \\§&

AR TR 2 E80CA 58 47 i i TR e S5 R O

Jo 9 5 T X6 HR (R = 8 45 ) X 1y 1) &0 A% Eﬁ(
i’“ﬁﬁl@h, (EL 7@ 58 17 e i AT 55 0 R R i
VR 55 ERAHURT IR (Williams 82 ) %of 1o (S8 (v A8 Eﬁ
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Loy aiE MR DELNE T PN Ui g/ b6 s E
SR 132455 Ry R B SRR B, Dy 1440, A
7 it 4 58 2% R S Jo % D S B AE 25 0 A (&1 2) ¢
A e S TR A i e T MR R SR

PTGV (LA SRR T kSR B ) 4L 58 4y
(5), Horp JBIpT 26 3, 5 He e K, 1y 44.83%, 1
WALt 114y, i 18.97%., 1E 58 4y T 5 K & Fh
I, AR X (BRI TT 75 AR 77 b T 9%
ARG 2, 36140, tH 62.07%; v e IX (JE
AR AR B R GER 1363, 15 22.41%; H
by 1 DX BT R PN S ) RN T BEUR 7 4, L
12.06% ; E SN BT ER 2 7, o5 L 3.45%

A B R EM BTG 50;B: MIEL AR SR BTG 42505 C: A ORISR IR M AR 665 26 DI b FRZH , 45 00 A o R 2

A': High tolerant soybean germplasm resource Zhonghuang 50; B: Salt-tolerant soybean germplasm resource Hefeng50; C: High sensitive soybean

germplasm resource Heinong 66; The left side is the treatment and the right side is the control
1 HMBAETESMH. MESSHAEMRFIRLER

Fig.1 Comparison of high tolerant, salt-tolerant and high sensitive soybean germplasm resources under salt stress treatment
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Fig.2 Distribution of salt tolerance class of soybean
germplasm resources
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), % 5 WERR R AE 46.55%~96.55% 2 [0) . Frh G
F 6 AR 19 SSR A FARICH 14, 4 Sattd62,
EERUR N 32.76% , % E UERRZR K 72.419%; K 5] 5
ANEFAAR 5 1) SSR A FARIeAT 24>, 43 510 Satt281
1 Satt588 , Y xE KR I3 N 46.55% F148.28% , % E
HER A0 91K 65.52% F1 72.41% 5 K6 5] 4 42537 A%

S 1Y SSR 7 FHRICAT 54>, 7394 Sat_091 . Satt339
Satt239 . Satt237 Fl Satt636, % & A4 ZEA1E 17.24%~
44.83% , % 1E HEHH R AE 46.55%~72.41% 2 i) 5 K6 ]
B 3NEEALAE 1 SSR ZrFARid A 21>, 4371 Sat_
162 il Satt201, 4 72 20K 73 51 R 17.24% F1 60.34%,
W TE WER R M 79.31% F1196.55% ., 101> SSR 43
FHRIC X 58 1 ik A G A BT 0% U 1 34 2 B0
} 43.45% , - HER 2K 68.46% , K 450 AR S B
% Z 1 SSR FRic H Satt462 (18 3) , 41l 3] 6 />4 437
AR S W E SR AR i 1Y SSR PR IC S Satt201, % E L
FH 60.34% ; 45 HE B 3 i i (19 SSR bR IC L 2
Satt201 (&l 4) , %56 HER 3 96.55% , HA 4w (i
EREMAHNE . R e S5 R, 58 K
G R Y, 908 KR 33 L-9 A 54 K
G0 2] 5 it 5 e AT Ko 7 ) A A S, Ak
15 AFSOMA K2 SHEF IS0 A w2, 1
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RAVEE 5 PR e BA —8, hikE KE
Tt ER BT it P B A



950 Moy o e WOl ¥ 25 &
F=5 MEHAKETMRFIR
Table S Salt-tolerant soybean germplasm resources
e ks e TRl s ey
- Name Origin Salt tolerance No. Nome Origin Salt tolerance
class class
1 Williams82 (% ) EEEAN L3¢ 31 i 03-5334 Jemt [EED
2 B85 (X IH) oy e 32 105 Jent [EEN
3 st it fiif &k 33 NE] oy [EN
4 ik 15 R [ZEN 34 F{4 00-683 Jemt [GRERN
5 SR 1 IR ik 35 HHARKA 25 ESEAN =]
6 G+ 29 gt ik 36 Pk AR [EEN
7 fih 03-5179 dtnt [iEaN 37 i35 BT i 5
8 B 31 BTN i 38 Juk21 Ak [EEa
9 k908 Je 1 £ 39 AR 46 Ey/ALN i £
10 32 11-359 S i £k 40 B 15 Ly A [(REaN
11 SR 35 IR [ 41 BF14 BRI e i
12 kTl BpiL [GEN 42 S5 b [GE:N
13 A48 Rt fiif &k 43 PR S AR [EN
14 %50 BT fiif 5 44 PN TS IR fiif 5
15 KA 38 GRS £k 45 M 48 IR i Eh
16 K433 TR =3 46 HE GHI14403 Jent i Eh
17 #HH 252 Ak A 47 H %901 Eu [FEzN
18 HE15 E FE 48 EF8E BT fiif 6k
19 HH 303 Tk =10 49 5512 e [GEN
20 K 38 SRIEL fiif 50 IEAE 11-322 E [GEN
21 K23 IR [GREN 51 P32 10-206 e fiif 6
22 k55 BpiL e i 52 BRHS MEET [N
23 Th# 75 dext ) 53 FT 54 Sy AU [GREN
24 T 50 Jext A 54 FI 51 BT A
25 i 48 Kt 1] 55 ks s BT fifEh
26 i 44 Jent ik 56 Flr12 BT ik
27 A4 69 Beir reg iy 57 FMNVEL4 K [FEzN
28 KR IR i &k 58 BAc18 IR i Eh
29 L-9 A iy 59 AT R =)
30 R4S e[ A 60 A6l Ly AU fiifEh




6 MR WA SRR BT IR v I R 4 St Al Z R 951

*Fo6 MEEEEDSSRIFCHEMTRSTEETHERE

Table 6 Allelic variation distribution and identification accuracy of salt-tolerant gene linked SSR markers

s gL %ﬁiﬁl}i(%) eG4 (%) SR B %%i.ﬂlfﬁ(‘%) HEA(%)

Alleles Germplasm Identlﬁ(':atlon Iccu'racy Alleles Germplasm Identlﬁc.atlon IccuTacy
number of efficiency rating number of efficiency rating

Sat_091-1 19 32.76 46.55 Satt281-1 27 46.55 65.52

Sat_091-2 8 Satt281-2 11

Sat_091-3 15 Satt281-3 5

Sat_091-4 16 Satt281-4 3

Satt339-1 23 39.66 67.24 Satt281-5 13

Satt339-2 16 Satt237-1 17 29.31 60.34

Satt339-3 19 Satt237-2 18

Satt339-4 10 Satt237-3 8

Sat_162-1 10 17.24 79.31 Satt237-4 15

Sat_162-2 36 Satt636-1 10 17.24 48.28

Sat_162-3 12 Satt636-2 18

Satt239-1 26 44.83 72.41 Satt636-3 7

Satt239-2 16 Satt636-4 23

Satt239-3 7 Satt588-1 28 48.28 72.41

Satt239-4 9 Satt588-2 14

Satt462-1 35 32.76 72.41 Satt588-3 11

Satt462-2 10 Satt588-4 4

Satt462-3 2 Satt588-5 1

Satt462-4 4 Satt201-1 35 60.34 96.55

Satt462-5 5 Satt201-2 21

Satt462-6 2 Satt201-3 2

-1 AR AR 5 5 -2 Fy R UG (02 575 -3~-6 oy HLAL A5 R 7

-1 is a salt-tolerant allele; -2 is a salt-sensitive allele; -3 to -6 are the other allelic variants

(bp)
750 -
500 = . .
. - s -

8_8a o B O B8 SESESS & = = L ) - - .

i SEESS A A = NS ¥ as ==
250 w=—~

| A - = = - -
100 ==
= -

M 1234567 8 9101112131415161718 1920212223 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 4142 43 44 45 46 47 4849 50 51 52 53 5455 56 57 58 59 60

1: Williams82; 2 : Bk 3 8 %53 3~60 - 58 {43 i M A £ AR T FTIR , 2t 5532 5 [l 5 T [l
1: Williams82; 2: Tiefeng 8; 3-60: 58 high tolerant and salt-tolerant soybean germplasm resources, number is the same as table 5; The same as
below
El3 Satt462 7E S8 MR AZHRF RPN E TN

Fig. 3 Polymorphic distribution of Satt462 in 58 soybean salt-tolerant germplasm resources
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Fig. 4 Polymorphic distribution of Satt201 in 58 salt-tolerant soybean germplasm resources
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23.1 SSRIFIESEHTUBEERENH 20 7rid
TE 58 13 K W Wi £R A 5T e R b RS 83 NS
A5 5% AN [A] SSRARIC 1 55 61 A28 S EOAN [R]85 0 7% S5
O FITE 2~6 Z ], V- ¥ 134> SSRARICA 4.15 5%

PIARSE(FT) o 204 SSRARCHY Z A G B o Ay
R A7E 0.4867~0.8111 Z [A] , H: AP AR1E Satt301 5, H
0.8111, Fr i Satt072 g Ik , 24 0.4867, *F- 4 {H Ky
0.6442 , R WX K &2 ot B A i 6 0l B 2 e B
A—EMSEME.
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Table 7 Allelic variation and polymorphic information content of SSR markers for genetic diversity analysis

ZAVER R A

ElIL/EA Polymorphism

Marker name

S HE AL S

Allelic variation . .
information content

ZAER R A A

IR BN Polymorphism

Marker name

S HE AL S

Allelic variation . .
information content

Satt211 2 0.5128
AW132402 4 0.6756
Satt453 6 0.7236
Satt168 4 0.6072
Satt396 3 0.5550
Satt643 4 0.6981
Satt184 5 0.7876
Satt141 6 0.7587
Satt301 6 0.8111
Satt685 2 0.4978

Satt072 3 0.4867
Satt309 3 0.5587
Satt279 4 0.6493
Satt571 4 0.6868
Satt674 4 0.6400
Satt242 5 0.5994
Satt373 4 0.6949
Satt551 5 0.6869
Sat_379 4 0.4975
Satt262 5 0.7556

232 S8MMELAREMBRRBEFZXRZSH it
P AR 2R B0RT DA S I AN [) A 5 A o 8 105 i) 119 5%
L H i, FIFINTSYS 2.10e #4554 A
FECHATIHA, 45 W] 58 (o b oA o 5 8 I )
HIARIPE 2R 07E 0.5385~0.9231, F- 35 4 0.6974, H:
st AL AR DI R B N R SR R IEAT 5 %, 4351
EIRTTRY W12 SAL T 105 BTG
F 50 HINAR MR G IR VLA 3 50 5 E MY
L-9 FARE FUR B L 5 NG IR T 15 DG AR
B IR FR B 5 T T 303, A AR R AR
0.5385, B HHIX 5 2H 5 R 5T ¢ 5L ) 21 2% OC R AN
TE o AL AU 22 500 0.9000~0.9999 2 7] K i
DA 2% BHEAR IR R ELAE 0.6000~0.6999 Z [H]H)
HAA 842 %t , i BELY 46.01%, HURJETE 0.7000~
0.7999 Z[a] , 45 772 %, 5 EAY 42.19% , 56HH 58 4y K

AT o in i e R , 5 AR
233 UPGMA ERESH BTG MR
B, A UPGMA 3256} 58 13 Tiif 6 R G i ot e 2k A 7
BRI TR E (] 5) , 7E 8L AU R 8
£0.6480 A0 58 3l K & AP BT HE R 3 TANIL 7
AW AR RS E AR IR AR
K25 IR ELAE S O Eh R SRR IR, 5 1T
FREr il i PSR, P sB i AL B 14,
AR 15 2 R TR R 5 B B RN K AR 38 L Kk
FRGAE 3 i Eh K S R TG UR A i RS A
fif K G AR 2 B MRS 245 B 5 S 4F
13 173 = i R I 0 05 R ST 48 L R AR 18 45 36 17
fif R R G AN . ESE TRAERISE 1 2, 58
ik 5 DR 0 o 9 R R A AN L ok A A5 1
(R A TR AE 2 N EHE R 44 40



6 3] MR WA SRR BT IR v I R 4 St Al Z R 953

o
[Sx=rotvintn

II

BESRRE TR FUEROL CBBITE TR EER

o
3
=
3
S

= T
- S HARILLRAL Genetic coefficient
BOF AT S W4 s, T IH
The number represents the variety number which is the same as table 5,the same as below
El5 S8MEh K EMBHIRER UPGMA SREX RE LS

Fig.5 UPGMA phylogenetic cluster analysis of 58 salt-tolerant soybean germplasm resources

234 NJERESW TG HAMUMNREOTE
R 9 IR A B 1L I S, 12 F MEGA-X 34
A N-J 2 58 17 1t R R RN R IR A T RIS #
([l 6) , 255 3 B 58 1oy kA 5 il Jo ¢ U ot BH A
I3 R 3ANRRE AR RIS E LS B 12
TEETLEHE 252 m i R SR R IR 2 4 AR A
61,5 = 8 ‘5 AF MM £h K TR W R 3 4%, 265 11 25D

% ©
6 L
S ®
& »
[\
e 8
13 46
I i | 2
B 1 23
35 20
A I
- 1
ii
19 4
27 3¢
A6 %
A5 %o
N )
» %
L v
® \ 0
R W 0.2

"Qnsaa'ﬁu

BEl6 S8MMmiEh A EMRETIRAIN-JFLEXRELEN
Fig.6 N-J relationship cluster analysis of 58 salt-tolerant
soybean germplasm resources

P ARK 23 I AE 10-206 S5 i £ K5 Fh T GEUR 8 477
55 1L 25053 0 iFn i ASERE, R S5 DA & AR
A 69 HH R 50 5 = T R SRR 5 BT R 4 4y A LR 21
A 46 FF T ER R AP BT BT IR 18 407, 5 i W
R 25 35 B 303 45 i R R BRI 7 403 F1 2R
A 48 i 03-5179 SF i 6 K G R VR R 14 6y, 58
NEDNNEE LT A G ISy AR Iy NN
BT B8 JEAE 3 A RHE YA 404, ok A A
KRR IR 24 T4 11 240

3 it

PNGR: U EAE WA E IR ) PPN R - 5
B A2 A AR R PR R 4 32 B R
JRE I i A o 2 B A i 3 b e K A2 )
L1 18 3 O E AR T (1
SRR TS £ P Y1) 568 5 32 %) 59 453 R A 5 B
A T ER 30 A0 B, 7 20 HY 5 3 it of /) P B A0 KR
SIS IS O i DT Ee AT s G 7 NS T
AL R AR R R RS ZE TR BT S A AR B
SE R S I £ SRR 7 ik . Bk sy R0 B
W N ARG ZE R, AP —E NN IRZE,
BEABIE ST A5 55 i ER L IR E BT SSRARIC, XTI
S MY 4 g R AR 2 25 20 R Ao o B A 5 20 1
T B S 5E , BE— 25 W DR LA A T R O
TS RIS BT BT, Ay i v DR S T 55 i ol
TR A B S



954 Mo ow fE

O ¥ iR 25 4

K Vi HE AU R TS, TR A [R) B Y 60 4
SSRAFRICHT 150 3 K & S AP i A 74 4l B 45 5, K
IF) 133 N1 SRR S IR S AR 5o Lee 4512
XF LA S-100 Fl Tokyo 24 28 fiT A= B F,, s FEAR E1T QTL
FENL, S8 1A FER L QTL, i TR 3 54 fa
& FfY Sat_091 Al Satt237 2 ] . Kan 25X} 184 4~
Fo. KRS EL B3 RBHARIEIT QTL 7, 78
K85 YA 7 1 4> QTL i 45 Sat_162. Aff
I 3 B K g HE S5O RN SR 6 21 19 Sat_091
Satt339 . Satt239  Satt201 25 10 1> 55 ik h 35k [K 14 81 Y
SSRA>FHRic, X3 AU % 7 Sy e i A 8 04 58 493 K
SRR T T IRAIE . S5 SR , 5K S R
PRR P 908 KAk 33 \L-9 IR 54 4h, ok 15
A SORR K 2 S G N ATk Z , I h6
A B F 293 T 303 A K 23 FUBRIR B 2 5457 Tif
RSN AR SR Yk 5 A Hx 47 iy R R 9%
VEHEAT i £R A5 A8 57 1~4 RS DL AR 5 e 70
Yo SRS e B — 8k, k15 A F50
AR K 2 SRR E 5504 4 h 3R
it &, AT AR Ryt R R A B R S R s .
908 1A% 33 55 4 3 Tt K A 5T B U A A T
AR SR AR S B i 2 TR M A 1 MR 1 A A,
] BB A2 PR A 30 S SR R 9 U i P R
[vi] {4 i s e PRI S ], M ASHERR 4 F-hRic
i £ 3 N 2 0] & A= FE AL PT REE o 10 S SR
FERE B SSRFRIL , %58 RUHTE 17.24%~60.34%,
HEHH R AE 46.55%~96.55%, H:H SSR Fric Satt201
1) S5 0 RO A S TR 8 38 B L 0 R 60.34% il
96.55% , . BH A 15 1 i 2k R 8 i Aok A v, R
TXEAR L P T 43l B 68 e HL AT 3¢ v 1 52 s oy FH
VNI

B 7 T BB R AR B R R o FARICE R
)2 W Tl 2R KR SRR
FH SRAP i % 45 b X 14 13 & 5 R LS 0 [ 41
ai FORT L b SRR AT T AR Z RSB, [
R I T AL T Sope s, SRR MR R
AP R AR AR R R . AR A R
AL ZAEPER — e W5, ARGk K B R 5 e R Y
WL ZREVERF RN AL D A0 58 it 4R K & A
JoT G R R AT 1wt A% 22 AR A3 B, dt A% AR DL R B
0.5385~0.9231 2 |fi] , H. 88.20% % Hh 7E [X. 7] 0.6000~
0.7999 N o X —Z5 R, AW 5% I35 114 Tief 26 R
Z ] AR AR B 5 v L T BB R Sk v R 2 R o
BRIEOR A A —Hb s, FLAT AR ) 00 SR AR slotH e SR AR

It LA AL 22 S50 DRI T 5 | 0 2 % 56 R A il A1
oK it P B3 A% 22 R A 1 B AR R G R SR ARt
TP, R B R 5T 68T F B8 = & 10 a8t AL
LAt

AW AE ] UPGMA FINJ P Rh 732 %) 58 443 it
KGRI TR S0 RIS, K P R ifit
BERRK G MR A3 HEF303. G55,
HHE 48 R 45 FIBR R B 2 5 8 R Rl Oy vk A ST 1Y
RLG KR BRE PR AR — 28, B 58 K e
Toft o0 Y T )k ST ) S 5 0 R RS IR b
I3 AN S, B — A 2RO G 43 B T
0 I d L VA £l ST £ T T AL
UPGMA 75 5 NI I RS L A — 8, mikh
ATy b P X W 58 Oy ifit £h K 0 Rl S 0 R S 2%
KRBT RS T W R R G A, TS RIS
Bl P R SR 2% 2 28 o0 A, Tk S 2% 6 RS I K 5
s TR IR R B AR

Sk

[1] QusS, Cai Q, Cui HM, Abraham L, Jiao YL, Ma G L,
Wang P W. Bioinformatics and functional analysis of high
Oleic acid-related gene gmSAM22 in soybean [ Glycine max
(L.) Merr.]. Phyton-International Journal of Experimental
Botany, 2022, 92(2): 501-519

[2]  BEHE, MEW, RS, 3. BRI KT SRR
ot BRI S S 78 S R A . T DR P 241, 2019,
41(5): 688-695
Zhao HY, Lin CY, Liang X Y, Wang Y. Mining of novel
alleles of agronomic traits and quality traits in soybean
commercial varieties in Heilongjiang province. Chinese Journal
of Qil Crop Sciences, 2019, 41(5): 688-695

[3] Phang T H, Shao G, Lam H M. Salt tolerance in soybean.
Journal of Integrative Plant Biology, 2008, 50 (10) : 1196-
1212

[4]  GRER, R, WIL0, BRpie, FRER . Hmhs RUTH
B TR B, 2017, 45(18): 7-10
Zhang Y F, Li WY, Hu H, Chen W Z, Wang X L. Current
status and prospects of saline and alkaline land improvement
research. Jiangsu Agricultural Science, 2017, 45(18): 7-10

(5] FHA . KSR 0 K i Eh Al B0t I8 53 FARic e PRk
AT At HERLRERE, 2008
Tian L. Localisation of salt tolerance genes in soybean and
analysis of selection efficiency of molecular markers for salt
tolerance germplasm resources. Beijing: Chinese Academy of
Agricultural Sciences, 2008

(6] AL RERAIRIERYIL I R AR T E . 7
AL RIS, 2003

Li X H. Preliminary construction of a soybean mutant library



6 R DA T BT U I S R S8 Bt 2R ST 955
and identification of mutation types. Nanjing: Nanjing T, ERARGE . R MM SRR 0T 9 U5 SSR it % ZAF 1 Kb i i

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Agricultural University, 2003

Kan G Z, Ning LH, LiYK, HuZ B, Zhang W, He X H, Yu
D Y. Identification of novel loci for salt stress at the seed
germination stage in soybean. Breeding Science, 2016, 66
(4): 530-541

Sun BR, FuCY, Yang CY, Ma Q B, Pan D J, Nian H.
Genetic diversity of wild soybeans from some regions of
southern China based on SSR and SRAP markers. American
Journal of Plant Sciences, 2013, 4(2): 257-268

mHaE, X B, S, A, NN, R, e
FET SSRAFICHI T LM BT IR IE AL ZAEME AT . P LR
YIZ4R, 2023,DOI: 10.19802/1.issn.1007-9084.2023040

Xiang YT, LiuCY, Han X S, LiL, Sun L Q, Chen HW,
Sha A H. Genetic diversity analysis of vegetable soybean
germplasm resources based on SSR markers. Chinese Journal
of Oil Crop Sciences, 2023, DOI: 10.19802/j.issn. 1007-9084.
2023040

TR, BER, AR, SO0, Badk, WIEE, KA, K
PRt . BOMETRE 50 153 X A0 BT 9T IR SSR 3t f& ZREESM BT . A
¥, 2021, 40(8): 39-44,50

Li Q, Geng Z, Yang Q Q, Shu W T, LiJ H, Chang S H,
Zhang D H, Zhang B L. Genetic diversity analysis of 50
soybean germplasms in Huanghuaihai based on SSR. Seed,
2021, 40(8): 39-44,50

Jeevan K S P, Susmita C , Sripathy K V, Agarwal D K, Pal
G, Singh A N, Kumar S, Rai A K, Gandara J S. Molecular
characterization and genetic diversity studies of Indian soybean
(Glycine max (L.) Merr.) cultivars using SSR markers.
Molecular Biology Reports, 2022, 49(3): 2129-2140

SR, ERIRAR, AREEAE, VRS A KR ERMEFN TR 2 TAR
LA D e RIS . KTk, 2002, 21(1): 56-61
Guo B, Qiu L J, Shao G H, Xu Z Y. Molecular marker-
assisted identification of salt-tolerant germplasm in soybean
and its utilization. Soybean Science, 2002, 21(1): 56-61
XN, W, SRR, BRINAH . QKL Y DT 1k 2
TN e T RO L  FE I, 2020, 46(1): 1-8

Liu X X, Chang R Z, Guan R X, Qiu L J. Establishment of
screening method for salt tolerant soybean at emergence stage
and screening of tolerant germplasm. Acta Agronomica Sinica,
2020, 46(1): 1-8

GuanR X, QuY, GuoY, YuLL, LiuY, Jiang J H, Chen J
G,RenYL, LiuGY, TianL, JinL G, LiuZ X, HongH L,
Chang R Z, Gilllham M, Qiu L J. Salinity tolerance in
soybean is modulated by natural variation in GmSALT3. Plant
1, 2015, 80: 937-950

B . P DR R T JE R 21 DNA SO 7L 1 g . AR
RFFHE, 2022(3): 60-62

Wu L L. Comparison of two genomic DNA extraction methods
for transgenic Modern Rural Science and
Technology, 2022(3): 60-62

JRiGHE, SCOREE, YR, EmNAk, PRAEVL, Rk, X

soybeans.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

DYSEE . ARPIE LB, 2005, 6(3): 251-255

Zhang HY, Guan R X, Li Y H, Wang L X, Luan W J, Chang
R Z, Liu Z X, Qiu L J. Genetic diversity analysis and marker
assisted identification of salt tolerant soybean by using SSR
marker. Journal of Plant Genetic Resources, 2005, 6 (3) :
251-255

WIS . S4B VAR I 2R U 30 R 0 00 S A6 AR S Y K
. RIS BRTIR:, 2022

Hu W T. Discovery of allelic variants for superior salinity stress
tolerance in soybean seedling traits. Harbin: Heilongjiang
University, 2022

SICH . R LI R BBk AN SRR DG S5 L8 S ) R A . ey
IR FRIETIRA:, 2021

Di W J. Evaluation of salinity tolerance in soybean germination
and discovery of related allelic variants. Harbin: Heilongjiang
University, 2021

JR ILRN, AR 3CHE, WEIENS, BRRNGE, Wk, SCoREE. KER
JBXE SMV B % 5 19 SSR G B it . o [ ek 28,
2008, 30(2): 224-228

Teng WL, Li WB, Han Y P, Qiu L J, Chang R Z, Guan R
X. Identification of the SMV resistance assessment and assisted
selection SSR markers in soybean. Chinese Journal of Oil Crop
Sciences, 2008, 30(2): 224-228

FIRC, BB, REE, T8, 5K 68 MR (R)
WL ZRENEMT . AL AR, 2020, 25(3): 17-24
BaiZY, Yang Y H, Wu G P, Wei Y C, Zhang R J. Genetic
diversity analysis of 68 soybean varieties. Journal of China
Agricultural University, 2020, 25(3): 17-24

BIRz, N, XA R KRG VI 5 AR A6 50
KERE, 2001, 20(3): 177-182

Luo QY, YuBJ, LiuY L. Examination of indicators for the
identification of salt tolerance in soybean seedlings. Soybean
Science, 2001, 20(3): 177-182

AT, B, WA, B, AR RS, R, R,
BRBTEL . I 2 SN U R M PP AN R BR o 2t . R AR
2018, 37(2): 215-223

NiuY, Yang XY, Dai CF, Wang BW, Ren GL, WulJL,
Wang F B, Chen X H. Screening of indicators for evaluating
salt tolerance in soybean at germination and seedling stages.
Soybean Science, 2018, 37(2): 215-223

Lee GJ, Boerma HR, Villagarcia M R, Li Z, Zhou X, Gibbs
M O, Boerma H R. A major QTL conditioning salt tolerance in
S100 soybean and descendent cultivars. Theoretical and
Applied Genetics, 2004, 109(8): 1610-1619

Kan G Z, Zhang W, Yang W M, Ma D Y, Zhang D, Hao D
R, Hu Z B, Yu D Y. Association mapping of soybean seed
germination under salt stress. Molecular Genetics and
Genomics, 2015, 290(6): 2147-2162

B, RESC, Boe, BRIRI, ik, iR, &, RE
0% R LA S s A Z ARV AT . AR EGE IR, 2021
(11): 4-8



956 LN 7/ G N A G S 25 4%
Li M, Guan B W, Yang X, Chen Q S, Zhang R, Wu X X, Y S. SRAP marker analysis of genetic diversity of soybean
Jin H, Wu Y E. Genetic diversity analysis of soybean germplasm in Northeast China. Soybean Science, 2014, 33
germplasm resources. Agricultural Science and Technology (1):17-22
Newsletter, 2021(11): 4-8 (27] PRS0 I 5 v S 4 ) A6 ) 2 R 9 . g . AR
[26] k&S, B2, BOHHE, 25, B, S50 . AL ARIFERE, 2022

KRB AL ZREVER SRAPARIC T . KEAR:, 2014,
33(1): 17-22
Zhang C B, Qiu HM, Zhao H K, Peng B, Zhao L M, Dong

Zhuang M M. Molecular biology based traceability study of
Sargassum horneri golden tides in the nearshore of China.

Shanghai: East China Normal University, 2022



