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Identification of Salt-tolerant Germplasm Resources in Soybean

Seedlings and Genetic Diversity Analysis
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(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 of Ministry of Agriculture and Rural Affairs, Harbin 150030)

Abstract: Saline soil is one of the main types of marginal soil, and the use of marginal land for farming is an effective way to
slow down the shortage of arable land. In order to screen soybean germplasm resources with strong salt tolerance and improve soybean
yield in saline soils. In this study, 392 soybean germplasm resources from different geographic regions at home and abroad were
treated with 150 mmol L-! NaCl for seedling salt stress, seedling salt tolerance was identified using the single-plant classification and
documentation method, the salt damage index was calculated, the salt tolerance grade was determined, and molecular-assisted
identification and genetic diversity analysis were performed using polyacrylamide gel electrophoresis on soybean germplasm resources
with high tolerance and tolerance salt grades. Polymorphism information content analysis, similarity coefficient analysis, cluster
analysis and other methods were applied to comprehensively evaluate the soybean germplasm resources of high tolerance and
tolerance salt grades. The results showed that 58 high tolerance and salt-tolerant soybean germplasm resources were screened,
including 14 high tolerance soybean germplasm resources, such as Chi Dou 1, Ji Yu 303 and Dong Nong 69, and 44 salt-tolerant

soybean germplasm resources, such as Hei Nong 51, Hu Jiao 11-359 and Hei He 35. The SSR molecular markers linked to salt
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tolerance genes, such as Sat 091 and Satt339, were useful for the identification and genetic diversity analyses of 58 soybean
germplasm resources screened. The average identification efficiency was 43.45% and the average accuracy was 68.46%, of which the
molecular markers Satt462 and Satt201 had the highest identification efficiency of 60.34% and the molecular marker Satt201 had 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, most of the germplasm resources in a taxon or subgroup were geographically the same or relatively close to
each other. Soybean germplasm resources that were distantly related to each other can be selected as parents, which will provide a
basis for the selection of parents for salt-tolerant breeding, and will also lay a genetic foundation for breeding 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 stress tolerance grading in soybean seedlings
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Table 2 Criteria for classifying salt tolerance in soybean seedlings
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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.
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Fig. 1 Comparison of high tolerance, salt tolerance and high sensitivity soybean germplasm resources under salt stress treatment
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Table 3 SSR markers linked to salt tolerance genes for molecular assisted characterization

PRICAFR FRLFS (539
Marker name Marker sequence  (5'-3')
Forward: CTTCTGGATAGTTGGGACTGATA
Sat_091 Reverse: GGAACAGGTCGTGAAAAGTTAT
Forward: TAATATGCTTTAAGTGGTGTGGTTATG
Sat339 Reverse: GTTAAGCAGTTCCTCTCATCACG
Forward: GCGTGGTTTTTCGCTGGATATA
Sa 162 Reverse: GCGCATTTCGTAACATATTTTTCAC
Forward: GCGCCAAAAAATGAATCACAAT
Sau239 Reverse: GCGAACACAATCAACATCCTTGAAC
Forward: GCGGTCACGAATACAAGATAAATAATGC
Sati462 Reverse: GCGTGCATGTCAGAAAAAATCTCTATAA
Forward: AAGCTCCACATGCAGTTCAAAAC
Sat28] Reverse: TGCATGGCACGAGAAAGAAGTA
Forward: GCGTGATTTCAATCCTTTTTC
Sat237 Reverse: GCGGTTGTCCTGTTAGAACCT
Forward: GTCATGACTCATGAGTCACGTAAT
Satt636

Reverse: GCTGCATATCCACTCTCATTGACT
Satt588 Forward: GAGCCAAAACCAAAGTGAAGAAC


https://soybase.org/

Reverse: CCAACTAATCCCAGGGACTTACTT
Forward: GCGTTGATACTTTCCTAAGACAAT
Reverse: GGGAGAGAAGGCAATCTAA

Satt201

* 4 ATIRE ST SSR FRiE

Table 4 SSR markers used for genetic diversity analysis

TS AR Yetoff PGS (530
Marker name Chromosome Marker sequence (5'-3')
Satt184 | Forward: GCGCTATGTAGATTATCCAAATTACGC
att
Reverse: GCCACTTACTGTTACTCAT
Satt141 5 Forward: CGGTGGTGGTGTGCATAATAA
att
Reverse: CCGTCATAAAAAGTCCCTCAGAAT
Sat 379 3 Forward: GCGTTTTGGCTCATCTTTCTTTTA
at_37
- Reverse: GCGGCCCTAAGCACAACTGAACCTAT
Sat396 4 Forward: GCGAAAAGGGATAAGTTTAAAAAT
att
Reverse: GCGGGCCTGTAAAGGGATTCC
Forward: GAAAAAGCCCACATCCAA
Satt211 5
Reverse: CATGGGCATGCAGTAACA
Satt643 6 Forward: CGGGATAAATAGAAGTGGAACA
att
Reverse: TTGGCAAATGTGAAATGTATA
S . Forward: GAATATCACGCGAGAATTTTAC
att55 7
Reverse: TATATGCGAACCCTCTTACAAT
Forward: GCGCCTCCCTCCTCTCCTTTCTT
AW132402 8
Reverse: GCGTTTCCCACATATTCTATCATTTGTT
Sat242 9 Forward: GCGTTGATCAGGTCGATTTTTATTTGT
att
Reverse: GCGAGTGCCAACTAACTACTTTTATGA
Forward: GCGCCCCATTAATGTTAACACA
Satt262 10
Reverse: GCGGAGTTCAACGCATTCACCTT
Satids3 " Forward: GCGGAAAAAAAACAATAAACAACA
att
Reverse: TAGTGGGGAAGGGAAGTTACC
Satt279 . Forward: GCGCAAAAGGACGCCCACCAATAG
att
Reverse: GCGGTGATCGGATGTTATAGTTTCAG
Forward: GGAAAGAATCAGCAAAAT
Satt072 13
Reverse: CCCCCACATAAATAATAAA
Forward: CGCTTGCCCAAAAATTAATAGTA
Satt168 14
Reverse: CCATTCTCCAACCTCAATCTTATAT
Forward: ATCGTGGCATGTCTCACTAC
Satt685 15
Reverse: GAGGCGGAAGGAAATCTAAT
Forward: GCGAATCCTCTAGCTTACCAAAGAA
Satt674 16
Reverse: GCGATTAGCCATCAAAACCTAT
Satt301 . Forward: GCGAAACACTCCTAGTTGATTACAAA
att. 7
Reverse: GCGATATAATGCACAAAGAAATTAAAGA
Forward: GCGCCTTCAAATTGGCGTCTT
Satt309 18
Reverse: GCGCCTTAAATAAAACCCGAAACT
Forward: TCCGCGAGATAAATTCGTAAAAT
Satt373 19
Reverse: GGCCAGATACCCAAGTTGTACTTGT
Forward: GGGTAGGGGTGGAATATAAG
Satt571 20

Reverse: GCGGGATCCGCGGATGGTCAAAG
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Fig.2 Distribution of salinity tolerance levels of soybean germplasm resources

Table 6 58 salt-tolerant soybean germplasm resources
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il

Jr 5 R 4 R eI % Jr 5 R 4 R ity 552
No. Varieties name Origin Salttolerance No. Varieties name Origin Salttolerance
class class
1 Williams82 41 HS 31 i 03-5334 Jbm T
2 B8 5 b HT 32 i 10 5 Jbm T
3 AR 51 BT T 33 ENELii L7 T
4 w15 BT T 34 Hi1E 00-683 Jbnt T
5 ZR 15 BT T 35 ORI 2 5 [ 5h HT
6 G329 BT T 36 VUL 3 B T
7 Hih 03-5179 Jext T 37 k3= BT T
8 231 BT T 38 Lt 21 AR T
1 # 908 Jbxt T 39 ARA 46 BT T
10 IEAZ 11-359 i T 40 W 15 BT T
11 TR 35 BT T 41 BF 14 BT HT
12 A 71 BT T 42 BEHE Wi T
13 AR 48 RIL T 43 SE 77345 Ak T
14 G350 BT T 44 PN e IIES T
15 K 38 B T 45 BV 48 BT T
16 KA 33 B HT 46 H{E GHI14403 Jbnt T
17 HH 252 A HT 47 13§ 901 e T
18 ZT =) e HT 48 FELH FRIL T
19 W H 303 B HT 49 FH 12 i T
20 K 38 BT T 50 PAE 11-322 i T
21 K 23 BT T 51 F2E 10-206 e T
22 e 55 FRIL HT 52 BRI e T
23 g 75 Jext HT 53 [ 54 BT T
24 T 50 Jbxt HT 54 B 51 BT HT
25 T3k 48 K HT 55 ik s 5 BRI T
26 i 44 Jex T 56 FU 12 FRIL T



27 KA 69 it HT 57 FRNRL 4 5 #HR

28 RK2%5 BT T 58 B 18 BT
29 L9 B T 59 HE 71 = HT
30 TR 45 ik HT 60 =61 IR T

HT: @ifif; T: Wf#h: MT: ofif; S: #U: HS: =i

HT: High Tolerance; T: Tolerance; MT: Medium Tolerance; S: Sensitive; HS: High Sensitivity
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Figure 3 Polymorphic distribution of Satt462 in 58 soybean germplasm resources
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Figure 4 Polymorphic distribution of Satt201 in 58 soybean germplasm resources
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Table 7 Allelic variation distribution and identification accuracy of salt-tolerant gene linked SSR markers on soybean germplasm

resources
p— — BERE (%) HERf % o - BB (%) HERf %
Alleles No. Identification (%) Alleles No. Identification (%)
of efficiency CR of efficiency CR
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 60.34 77.59 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

SArARSE | AT Eh AT FAARSR: 2 N BURSE AL 5

Allelic variant 1 is a salt-tolerant allele; allelic variant 2 is a salt-sensitive allele
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BN SRS, AR R 20 4~ SSR Fridrt, ZEMAEES BRI 0.4867~0.8111 Z[H],
Hbrid Satt301 F i, A 0.8111, Frid Satt072 Ffk, 4 0.4867, “FHIE N 0.6442.
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Table 8 Allelic variation and polymorphic information content of SSR markers for genetic diversity analysis

Elk/EA N G PR AR S ZHEEER ClEVEx S L PR AR 5 B EHEREE
Marker name Allelic variation PIC Marker name Allelic variation PIC

Satt211 2 0.5128 Satt072 3 0.4867
AW132402 4 0.6756 Satt309 3 0.5587
Satt453 6 0.7236 Satt279 4 0.6493
Satt168 4 0.6072 Satt571 4 0.6868
Satt396 3 0.5550 Satt674 4 0.64




Satt643 4 0.6981 Satt242 5 0.5994
Satt184 5 0.7876 Satt373 4 0.6949
Satt141 6 0.7587 Satt551 5 0.6869
Satt301 6 0.8111 Sat_379 4 0.4975
Satt685 2 0.4978 Satt262 5 0.7556

23258 MAREMRFIRFLEXRDH

AL AR FRERT DU N AN [R] K SRR B VR R (SR 2k R . FIFH NTSYS 2.10e 245t AL A0
RECHAT IS, WTHN 58 43 R ST BE U] AR BA: SR EAE 0.5385~0.9231 (8], ~FI{H N 0.6974. Horit
PR 28 bR /N B R LRI BEU5AT 5 08, 20 Ak E BT E 12 5ok B i 3 10 5. kB R
WATHIAE 50 5ok A ILARM KR BE . KA BRITHAEE S0 5k ARSI L9, KREHERKAMKET
ERBAWZE AT 1 SUACRAERNAMKE TS EHE 303, BN RECH 05385, UHIERTE
A, Lh R A PR B IR ) SR Ok R BGE . E S8 M K T Rl R SR R, IS AR AR AL R B
0.9000~0.9999 [ ¥ /b, 4 2 X BAZFHINE REAE 0.6000~0.6999 2 [0] 5 KL, 47 842 %, L
H1¥ 46.01%, HGZAE 0.7000~0.7999 Z 18], A 772 %F, 5K 42.19%, Ui B 58 4 K S BT BE YR KT
RS RO, e 2 R
2.3.3 UPGMA EBE 5

BT AL A E R 2, A UPGMA VEXT 58 43 K G0 BT B IR HEAT SR Hr - eI RR I (& 5) , 18
AL R AE R ALY 0.6480 AbKs 58 4y K Ao BEUR R 7 AN KTF . A S Eh R B 4 IR, 1 RBEP R
SLPJT BEUR $h A R A O R, i SRS MR SR A AR RS I KA, HPER i WEES A
M KGR IR . (E55 TRBEREE 11 5RErh, 58 40 35 K G R AR BRI R/ AN 2, SR &40
0K G B R URLE 2 AN REE I A

e S R S

A

T prt P

e T o B e b v e A e ot

1

0§ oT 07
Cosfficient

1: Williams82; 2: #k7F 8 5 3-60: 58 {3 A &5 K T flm 7 IR

1: Williams82; 2: Tiefeng 8; 3-60: 58 high tolerance and salt tolerance soybean germplasm resources



& 5 58 P KR EMRZIRA UPGMA FREXRREDHT

Fig.5 UPGMA phylogenetic cluster analysis of 58 soybean germplasm resources
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Fig.6 N-J relationship cluster analysis of 58 soybean germplasm resources
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