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Abstract: To guide the parent selection and variety
breeding of summer soybean in Huang-Huai-Hai region,
the genotyping test of 192 summer soybean lines in Huang-

Huai-Hai region was carried out by 135 pairs of SSR mark-
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ysis of grain shape trait loci was carried out. The results showed that 365 alleles were detected by 135 pairs of markers, and
an average of 2.703 7 alleles were detected by one marker, ranging from one to five. The polymorphic information content
was 0-0.676 7, with an average of 0.368 6. The genetic diversity of 192 soybean lines ( percentage of polymorphism =
97.78% , number of alleles=2.703 7, effective number of alleles=1.956 1, Shannon’ s information index=0.709 0) was
rich. According to the region of the tested soybean lines, they were divided into five natural populations. The genetic simi-
larity ( GI=0.925 2) among natural populations was higher, and the genetic distance (GD<0. 077 8) was smaller, indi-
cating that there were frequent exchanges among varieties and abundant genetic resources in Huang-Huai-Hai region. The
results of population structure analysis and linkage disequilibrium analysis showed that 192 summer soybean lines were di-
vided into five genetic subgroups, and there were different degrees of linkage disequilibrium in each genetic subgroup. The
results of principal coordinate analysis showed that the first principal component, the second principal component and the
third principal component explained 7. 69% , 6.23% and 5. 57% of the total variation, respectively. The results of associa-
tion analysis showed that 88 loci associated with grain shape traits were detected at the significant level of P<0. 05. Four lo-
ci associated with grain shape traits were detected in two environments at the same time, which were located on chromo-

somes 5, 16 and 19, respectively. Among them, the Sat_071 locus on chromosome 19 had the highest phenotypic contribu-

tion rate.
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Table 1 Number of materials for testing in different ecological

Zones
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B T AR R X 44
B T P A X 10
I A 7S M X 85
KATH R i X 37
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2019 SPSS Statistics 26.0( IBM SPSS Statistics 26 ) X
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Table 2 Phenotypic analysis of soybean grain shape in three environments

LE2N E7% BIE bR 2% 75 5, BRRE(%) ] GRER (%) it £ U iz
LIRS 2087 7.59+0.55 5.90~9.25 7.25 93.33 -0.07 0.07
2187 8.02+0.62 6.10~9.70 7.73 88.80 0.14 -0.15

22FY 8.20+0.53 6.30~9.60 6.46 89.40 -0.14 -0.12

i TE 208Z 6.32+0.38 5.20~7.55 6.01 91.67 0.02 0.31
218Z 6.70+0.38 5.70~8.20 5.67 75.31 0.33 0.22

22FY 6.80+0.39 5.50~7.90 5.74 86.67 -0.02 0.08

R R TE L 2087 1.20+0.06 1.03~1.41 5.00 91.41 0.32 0.73
2187 1.19+0.07 1.04~1.40 5.88 66.00 0.50 0.10

22FY 1.21+0.06 1.10~1.45 4.96 85.25 0.52 0.18

2087 :2020 =15 ;2187 . 2021 15 M ;22FY 2022 4= RUBH
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Fig.1 Frequency distribution of grain length, grain width and the ratio of grain length to grain width in three environments
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Table 3 Variance analysis of grain shape traits in multiple environments

LERIN % M2 J5 i A th B ¥y F1iH P1{A
R RES 358.88 191 1.880 56.310 <0.000 1
78 87.54 2 43.770 1 311.709 <0.000 1
RESSIS 88.93 382 0.230 6.976 <0.000 1
LA RES 128.92 191 0.680 27.280 <0.000 1
7873 49.59 2 24.790 1 .002.390 <0.000 1
ESE7S 67.26 382 0.180 7.120 <0.000 1
R TE L ES 3.67 191 0.020 21.100 <0.000 1
7873 0.08 2 0.040 45.470 <0.000 1
R x I 1.20 382 0.003 3.450 <0.000 1
R4 BREBANBESHESH
Table 4 Analysis of genetic diversity within natural populations
i &k = > S ﬁ‘ \45 g/&‘lﬁzﬁé}% P AN 4 ,‘< i A 3 ’ ég - 34/
AR EHE FEAZL ZPERLE (%) HREEE AWSEIEEE  Shannon’s {5 B IEEL
TR AL M X 16 128 94.81 2.429 6 1.859 5 0.655 5
HOEE AR TR X 44 126 93.33 2.5259 1.950 8 0.690 2
BEIE I PG H X 10 113 83.70 2.111 1 1.687 8 0.546 5
BTV A b X 85 130 96.30 2.644 4 1.923 0 0.693 2
RVL AT e X 37 127 94.07 2.563 0 1.927 2 0.685 1
Bk 192 132 97.78 2.703 7 1.956 1 0.709 0
[-1 e 1L < e
I HYERF LML X B A E T
3
[ 2 HYERF R AR E L X B SRR
2
—14 Y R X AR TR R
—1
R R i X A e
I NN . N
s Ve R VS IX AR R R
2 HEFNei’'s BEEENEEFHEERERBIRESXBRENEXRE

Fig.2 Clustering map of summer soybean regional test lines in Huang-Huai-Hai region based on Nei’ s genetic distance

x5 BAERENZERMUE(GI) 5&EEZERS(GD)

Table 5 Genetic similarity (GI) and genetic distance (GD) between natural populations

FI AR FEIG AL AR X ORI HLIX O PR X I Y T A b X KA R e X
HEEVEAL FRHb X 0.953 6 0.9310 0.954 1 0.9529
B PR IX 0.047 6 0.934 0 0.978 2 0.970 7
HOME P PR X 0.071 5 0.068 3 0.940 4 0.925 2
BRI TR X 0.047 0 0.022 1 0.061 5 0.978 9
KA R X 0.048 2 0.029 8 0.077 8 0.021 3

F B =M o A U T = MR iR (e i
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Fig.3 The cluster diagram of 192 summer soybean regional test lines in Huang-Huai-Hai region by non-weighted average matching method
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Fig.4 Analysis diagram of population structure
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Table 6 The loci significantly associated with grain shape traits in two environments
PR fis Bt th e P o b
Rk Satt249 16 11.740 0.001 0.,0.047 7 6.65.3.23 2087 \22FY
Sar_071 19 20.779 0.016 4.,0.005 1 8.09.9.94 21S7 22FY
Satt620 16 53.705 0.021 6.,0.014 7 2.70.3.14 2187 \22FY
Ki T Sat_071 19 20.779 0.011 5.0.005 9 8.50.9.72 2187 22FY
Satt249 16 11.740 0.001 0,0.047 7 6.65.3.23 20SZ \22FY
Satt620 16 53.705 0.008 4.,0.020 2 3.51.2.85 21SZ \22FY
B TE L Satt619 5 69.206 0.013 3.0.006 2 5.45.6.34 2087 2157
Sat_071 19 20.779 0.011 4.,0.003 7 8.68.,10.34 21SZ 22FY
Sa1t620 16 53.705 0.009 1,0.011 2 3.51.3.39 2187 22FY

20872187 22FY JL# 2 1E, P {E 2 ABUE S DI 2 PR T %A R MR R P 2 MBI 5 500 2 AR TR I R B TR

3 P54

30 HEBWREXERBRESKAREES
B
A AR BUR PR A R Ff i [] PEoDR A8 57 9

—ANGEATRBRT L R U R T
By ARBESE Brik 51 %t 192 45 & L R H
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