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Analysis in RIL Population of Wild Soybean x Cultivated Soybean
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Abstract: This study examined the segregation distortion during the process of constructing wild soybean and cultivated
soybean population, to explore the segregation distortion regions ( SDRs) and candidate genes, and to shed some light on
understanding the mechanism of segregation distortion in soybean. The wild variety ‘ Changling wild soybean’ was used as the
male parent and the landrace variety ‘ Yiqianli’ was used as the female parent to develop a hybrid group, resulting in 200
recombinant inbred lines (RIL). SLAF-seq was used for sequencing analysis and constructing a high-density genetic map.
4 564 SNP markers were obtained and reliably identified for this population. Through segregation distortion analysis, 648
markers were found to have genetic distortion (P <0.05) , accounting for 14.20% of the total markers. 22 SDRs were found,
which were distributed across 9 different chromosomes. In SDRs, 8 extreme SDRs regions ( ESDRs) were found, distributed
on 5 different chromosomes, of which 3 ESDRs were biased towards the wild type of the male parent, and 5 ESDRs were
biased towards the cultured type of the female parent. Using gene function annotation and genome-wide resequencing data,
combined with the ESDR region, the affecting embryonic development ( Glyma. 01G051400) and female gametophyte
development ( Glyma. 16G072700) genes were identified as candidate genes in ESDR1-1 and ESDR16-1, respectively. This
study provides a reliable basis for locating the segregation distortion genes in the future, and lays the foundation for elucidating
the segregation distortion.
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Table 1 Distribution of SNP genotype in RIL population
. - AA SEHERIEE BB B KA H AB LA H " FL PR 2 43 L £
Pt f SNP #(H SN ¢
Chromosome Number of SNP Number of AA Number of BB Number of AB Missing number Segregation ratio
genotype genutype genotype Of genotype
1 186 14348 19624 1956 1272 1/1.37
2 300 29343 30315 266 76 1/1.03
3 327 29855 33184 1668 693 1/1.11
4 300 30614 27230 1020 1136 1/0.89
5 164 14826 17638 154 182 1/1.19
6 461 45958 45389 509 344 1/0.99
7 217 20185 21015 1486 714 1/1.04
8 178 16456 16831 1808 505 1/1.02
9 268 25722 26993 608 277 1/1.05
10 96 7193 8520 954 2533 1/1.18
11 75 7124 5764 829 1283 1/0.81
12 122 8575 12206 1802 1817 1/1.42
13 130 10952 11092 1193 2763 1/1.01
14 374 34770 36933 1749 1348 1/1.06
15 223 19058 22162 1933 1447 1/1.16
16 166 16592 11712 1679 3217 1/0.71
17 115 8928 10210 1228 2634 1/1.14
18 475 48752 43742 2283 223 1/0.90
19 216 21917 20195 773 315 1/0.92
20 171 15903 14423 1935 1939 1/0.90
Chrl Chr2 Chr3 Chr4 Chr5 Chr6 Chr7 Chr8 Chr9 Chrl0 Chrll Chrl2 Chrl3 Chrl4 Chrl5 Chrl6 Chrl7 Chrl8 Chrl9 Chr20
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Fig.1 Linkage group marker distribution map
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Table 2 Summary of SNPs and segregation distortion SNPs in 20 chromosomes

Yot fh SNP % H 1438 SNP $tH hi 4 e fk SNP L A B A S E i A AL H
Chromosome Number of Number of segregation Percentage in total SNPs in ~ Number of deviated ~ Number of deviated
SNP distortion SNP relevant chromosome/ % towards female towards male
1 186 127 68.28 0 127
2 300 2 0.67 1 1
3 327 1 0.31 0 1
4 300 2 0.67 0 2
5 164 47 28. 66 0 47
6 461 0 0.00 0 0
7 217 0 0.00 0 0
8 178 147 82.58 60 87
9 268 13 4.85 1 12
10 96 22 22.92 0 22
11 75 27 36.00 27 0
12 122 73 59.84 0 73
13 130 30 23.08 18 12
14 374 0 0.00 0 0
15 223 12 5.38 0 12
16 166 114 68.67 114 0
17 115 0 0.00 0 0
18 475 16 3.37 5 11
19 216 15 6.94 5 10
20 171 0 0.00 0 0
2.3 ROBHRAXIE Jeo ik T Y SDR #f i [a] A A B A= B 55 11,13 I

T ] g 5325 SNP 78 G A fk b i o A itk A7 4y
BT &I, 53 25 SNP 78 et fR 5 B 22 | [R] J7 [0 43
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0.3 ~14 239.1 kb, %2t SDR Z3 AR 1E 9 A~ A[a] Y e
ik B (£ 3), H 15 4> SDR i [ 40 A 7 4 A
7 /~SDR i ] REACR B, 25 1.5.10.12 F1 15 5

16 S e R [ SDR A 1] BEASR G 7Y A 1) A [)
J7la) SDR HAFAEF5E 8 S talk I, P <0.01 fh
4385 SNP,6 /LA L AR [R 75 17 ESDR 47 8 4>, 43 A7
5 DALk I Hof 3 A4~ ESDR i 17 5 A%
BYAEAY S > ESDR i [ BEAGREE AL (K 4) . A
ESDR i 53 25 SNP %08 6 ~ 25, ESDR X [H] 14
PRI B IS FEAE 61.6 ~ 14 335.3 kb,
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Table 3 Distribution of SDRs in the genetic linkage map
i 73 B A X Ik Tt 535 SNP % H T
Segregation distortion el SNP X1 Number of segregation SDR B515 Direction of
region Chromosome SNP interval distortion SNP Span of SDR/bp deviated
SDR1-1 1 Marker566 ~ Marker606 16 5413514 ~ 5473048 male
SDR1-2 1 Marker633 ~ Marker807 41 5640704 ~ 6475886 male
SDR1-3 1 Marker842 ~ Marker1002 29 6512646 ~ 7555877 male
SDR14 1 Marker1031 ~ Marker1302 24 7629410 ~9039176 male
SDR5-1 5 Marker23327 ~ Marker22220 16 1341085 ~ 1899517 male
SDR5-2 5 Marker22231 ~ Marker22363 31 2045565 ~3603742 male
SDR8-1 8 Marker35750 ~ Marker35815 24 549501 ~ 1464847 male
SDR8-2 8 Marker35835 ~ Marker35875 15 1704044 ~2192638 male
SDR8-3 8 Marker35896 ~ Marker36010 23 2441551 ~4135502 male
SDR84 8 Marker36448 ~ Marker36706 49 10131835 ~ 13275563 female
SDR8-5 8 Marker39897 ~ Marker39938 15 46628828 ~47208047 male
SDR10-1 10 Marker51141 ~ Marker51261 10 43024558 ~ 44461708 male
SDR11-1 11 Marker51999 ~ Marker52118 23 1857347 ~ 3750776 female
SDR12-1 12 Marker56964 ~ Marker56970 7 8630401 ~ 8630725 male
SDR12-2 12 Marker57049 ~ Marker57177 32 9124003 ~ 10053876 male
SDR12-3 12 Marker57204 ~ Marker59187 21 10380979 ~ 24620069 male
SDR13-1 13 Marker64412 ~ Marker64425 6 44916876 ~45041080 female
SDR13-2 13 Marker64439 ~ Marker64474 7 45205279 ~45841137 female
SDR15-1 15 Marker72238 ~ Marker72725 13 5308659 ~ 11297235 male
SDR16-1 16 Marker793 ~ Marker79899 31 6407275 ~ 8399500 female
SDR16-2 16 Marker57072 ~ Marker80283 9 9394156 ~ 14567738 female
SDR16-3 16 Marker80907 ~ Marker82613 61 19260738 ~32432522 female
&4 ESDRs EEfEEHE LK
Table 4 ESDRs in the genetic linkage map
T P AR XK " W25 SNP 8 H i i
Segregation distortion HEHk SNP I Number of extreme segregation ESDR #5752 Direction of
region Chromosome SNP interval distortion SNP Span of ESDR/bp deviated
ESDRI-1 1 Marker668 ~ Marker746 14 5947964 ~ 6170533 male
ESDRS8-1 8 Marker36531 ~ Marker36722 25 11111046 ~ 13512901 female
ESDR11-1 11 Marker52047 ~ Marker52091 10 2679691 ~3111014 female
ESDR12-1 12 Marker57133 ~ Marker57148 9 9665030 ~ 9726634 male
ESDR12-2 12 Marker7286 ~ Marker59187 21 10284762 ~24620069 male
ESDR16-1 16 Marker793 ~ Marker79585 6 6407275 ~ 7550604 female
ESDR16-2 16 Marker7170 ~ Marker80956 8 8767933 ~ 18521571 female
ESDR16-3 16 Marker80939 ~ Marker80588 7 18883055 ~22194619 female
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Table 5 Categorized summary of SNV and Indel mutations of candidate genes in ESDR region

25 Indel i

Category Number of Indels

el SNV Hi
Category Number of SNVs
downstream 757
Exonic_nonsynonymous_SNV 381
Exonic_stopgain_SNV 14
Exonic_stoploss_SNV 3
Exonic_synonymous_SNV 290
intergenic 8079
intronic 1935
splicing 4
upstream 671
Upstream ; downstream 71
3'-UTR 203
5'-UTR 163
3] Total 12571

downstream 101
Exonic_frameshift_deletion 9
Exonic_frameshift_insertion 8
Exonic_nonframeshift_deletion 9
Exonic_nonframeshift_insertion 3
Exonic_stopgain_SNV 1
intergenic 553
intronic 244
splicing 2
upstream 98
Upstream ; downstream 6
3'-UTR 25
5'-UTR 27
3 Total 1086
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Table 7 Summary of SNV/InDel of Glyma. 01 G051400
P R B T Kb
No. Position/bp Williams 82 Yigianli Changling wild soybean

1 504 C C T

2 516 T C T

3 1038 T T C

4 1897 A A T

5 2739 GGATCCCCGTGGTACTTCAAAA GGATCCCCGTGGTACTTCAAAA G

[§ 2939 T T G

7 3206 C C A

8 3339 T T C

9 3504 A G A
10 3817 AT AT A

11 4010 A A T
12 4143 TC TC T

13 4191 G G A
14 4286 G G A

15 5138 CCTA CCTA C

16 5215 AT AT A

17 5594 C C CACTT
18 5663 C C T

19 5905 G G (0
20 6674 A G A
21 7039 G G T
22 7540 G G T
23 8023 A A G
24 8166 A G A
25 8713 A A G
26 8984 T A T
27 9125 A T A
28 9210 A A G
29 9565 A A

30 9820 T T C

31 9949 T T A

ATG12 6 789 10111214 1516 1718 19 25 2627 29 30 TGA

v vw

MHWW’A i,

WllllamS YAVl T EERTEARSSKDPRGT SKOERCINSIINDE SSLTREGRST PPN
i w VAN W T PERTEARSSKDPKGT SKDERCN==e S SLTKEGRST EL
N ATl TE PERTPARS SKOPRGT SKO PRGN < ST TEEGR ST [EXK]

deletion

AL Glyma. 016051400 () SNV/InDel FYHIERA B ; B. Williams 82— T4 7 Fl“ K IS HF A4 57 78 423 ~ 430 MEILFRIX 7]
HiZE5E, AL BHERANE T PN N &, ZE M A @7 BN 5-UTR, #0016 = 0 3'-UTR, B8] = f R 07 B & 1E 58

(AARS PR IR TS VAR

Note: A. Physical location of SNV/InDel of Glyma. 01G051400; B. The differences among Williams 82, Yiqianli, and Changling

wild soybean in 423430 amino acid region. The black box represents the exon, the line represents the intron, the white square on the left

represents 5'-UTR, and the white triangle on the right represents 3’-UTR. The black inverted triangle indicates a mutation at this location.

Deletion occurs between red lines.

3 Glyma. 01G051400 7€ 3 A~ ST h I E F FF 51 Eb 3 45 57

Fig.3 Comparative results of gene sequences of Glyma. 01G051400 in three varieties
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Note: A. Deletion on mRNA and amino acid; B. Schematic diagram of protein structure.
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Fig.4 Comparative results of gene sequences of Glyma. 16G072700 in three varieties
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