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Research Progress of Bulked Segregant Analysis
in Genetic Mapping in Soybean

SHI Lisong,ZHANG Yiling, LIU Fang, YAN Shuo,ZHANG Mengxi,ZHAO Xuan,
LI Hongyu, NIU Ning, LI Zhanjun
(Shijiazhuang Academy of Agricultural and Forestry Sciences/Hebei Academy of

Provincial Soybean Industry Technology, Shijiazhuang 050041)

Abstract: Soybean is not only an important oil crop, but also the main source of plant protein for human
consumption and feed protein for animal husbandry, which plays an important role in the national food structure
and food security. By using a simple and efficient genetic mapping method, the related genes of the main
agronomic characters of soybean are mined and closely linked molecular markers are developed, which is helpful
to speed up the process of molecular marker-assisted selection and molecular design breeding of soybean. Bulked
Segregant Analysis (BSA) is a method to identify the gene loci through using the DNA pools with extreme traits.
Due to its characteristics of fast, accurate, economical and practical, BSA has become a widely-applied method
in genetic mapping. Taking advantage of high-throughput sequencing technology, BSA based on whole-genome
resequencing has been widely applied in isolation of many genes underlying agronomic traits in grain and oil
crops, vegetables, flowers and other species. This study briefly introduced the methods and procedures of BSA,
summarized the research progress in genetic mapping of agronomic traits, stress resistance traits and male

sterility traits in soybean, and further discussed the opportunities and challenges of BSA under the background of
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NGS, as well as the development trend of BSA in soybean molecular marker assisted selection (MAS) breeding.

This study will provide theoretical basis for the cultivation of high quality soybean varieties.

Key words: soybean; BSA ; genetic mapping
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Fig.1 Flow chart of BSA in next-generation sequencing background
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LL 5, B A DRt v 205t 2 7 -5 AR P RORH O 7y 3
R, HAT B[R R s o] B AL, [mlET, NGS £ AR /Y
N oE 3 T K, A BSA J7 kB T B Bl IOk
HERE S HF o

AR BT BSA VA K E QTL & (v h 152 7T
LRIRH (1) HE B4R P e f 3 O R s
FR) R XS FRT AL BR o T El AS T 2k g 3R R 4 ol
BB MR, AT LA SE 2 A B ) 2 A BT L A T R A
(A 6 >fe o8 2 R 26 otk T A o BSA #3847 QTL
TENL. X V2 SE R P 0 52 22k, B SR
F1R) 55 T 2 Bl sk %), T L PR 458 1 8 il 2 (. 35119, BSA
W ASBEVE AR BT A RO . [REE, BSA
D5 B AFAE — L[] 1, 401 - OB (R A 1 R AR
B WP RE WMyEEEEZAERENE
BSA M B MERA T . LAk, FE BB SR AR o B B
A 9 33 DNA b | G 43 F-F5 10 55 7 T L /5 26 7
Bl A P BT AEAE . 25 1 BSA Tk BLAR RS
PR R 7 RS TR AR S A LR (A B i
— 25 I B8 IE RN T BE 43 BT Sk ff o i 1 35 PR 19 4 FE AL
il RN FH i 5

Table1 BSA-Seq based genetic mapping of soybean important traits

ERIN U A BB R RN RN B3
Traits Genetic locus Traget gene Population size Bulk size  Reference
7N — Glyma.03g230000, Glyma.04g065600, 147 20 [16]
Plant height Glyma.04g227700
sdf-1 Glyma.19g194800, Glyma.19g194500, 213 40 [17]
Glyma.19g195200
— Glyma.04g251900, Glyma.16g156700 208 30 [18]
Gmliml Glyma.13g287600, Glyma.13g288000 432 50 [19]
— Glyma.13g249400 349 20 [20]
=1 — Glyma.04g162700, Glyma.04g163400, 208 30 [21]
First pod height Glyma.04g163900, Glyma.19g185200,
Glyma.19g185700
FEEH — Glyma.04g162400, Glyma.04g162500, 102 30 [22]
Numbers of main stem Glyma.04g162600, Glyma.04g162700,
Glyma.04g162800
AR — Glyma.03g128600 509 30 [23]
Length of petioles Ips3 _ 187 15 [24]
THPRE M — — 1831 30 [25]
Distichous alternate phyllotaxis
Znt — Glyma. 11027100, Glyma.11g034100, 239 10 [26]

Multifoliolate leaf

Glyma.11g040200, Glyma.11g043100,
Glyma.11g045200, Glyma.11g083800
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®1(£)
PR WAL T LA RN RN B3
Traits Genetic locus Traget gene Population size Bulk size  Reference
THEM — — 155 12 (28]
Flowering time — Glyma.182298800 213 30 [29]
[Ep iy — Glyma.02g075000, Glyma.04g082500 149 30 [30]
100-seed weight
iR — — 203 20 [31]
Hard seededness
JERKE — Glyma.11g051600 — 30 [32]
Pod length
Tz i, qSC1 — 171 20 [33]
. — Glyma.05g005600 , Glyma.05g009700, 129 9 [34]
Glyma.12g006100, Glyma.12g047300
[EAN — GmSALT3,GmSALTIS 649 20 [35]
Salt tolerance o 1022 20
— — — 30 [36]
— Glyma.02g304700 375 15 [37]
[GN] — — 462 30 [38]
Shade tolerance
Bk S Rycrs - — - [39]
Resistance Ry, Glyma.14g385100, Glyma.14g385600, 1047 12 [40]
to soybean mosaic virus Glyma. 14g385800
Ry, Glyma.02g100000, Glyma.02g105900, 427 20 [41]
Glyma.02g097400
YO REAR I RpsJS Glyma.18¢519300, Glyma.18g519500, 231 10 [42]
Resistance to phytophthora Glyma.18g51960
Rps10 — 102 10 [43]
Rpsll — 58 10 [44]
Rpsl4 — 110 9 [45]
R Rpp3 — 250 10 [46]
Resistance to soybean rust Rpplb,Rpp? . 110 20 [47]
Rpp6907 — 118 15 [48]
PUE B IR — — 303 30 [49]
Resistance to bean pyralid
PR i — GmSNAPI1 145 14 [50]
Resistance to soybean cyst o . 126 20 [51]
nematode
TErERE RE-I — 66 20 [52]
Male sterility o GmRf1 3 30 [53]
Rf3 — 194 30 [54]
— GmMs1 892 — [55]
— Glyma.13g114200 — 20 [56]

— JRUARSCRR P TE AR A5 B Ak

—: None valuable information was reported in the original literatures
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5.2 BSA BI 1 SEBUBRE S E L

BSA — i LB SE B A i) H Y, 4 AR Ak
i e D O 75 B i — 2D A o, i B 4
B FIEARIC B, BUR &N A Bk S B
AiE L H W SE R . DU X456 BSA 45 5L 52 BG4
NI T LA T T R4, (DS G155 QTL & i
2, M AL R, BT AR BRI , E1T QTL /&1L,
5 BSASERARZS A, B e AL X . (2) F|HI BSA
TENLIEE IR MR A E R, 72 B AR X 8 N T
% SNP . InDel 8 KASP 73 FH5ic , il i 47 KA Ak
REG 7FARC r B 4/IMe e X TH] . (3) 455 B
R 2, I 2E A RNA-seq 25 9, 78 H A X 8 P
BCEA 2 ARk et B 5 W AL i B AR
DRIV Ay e 1R e TR , B8 30 el AR PR e 3K R 2% 43
Hr (WGCNA, weighted correlation network analysis)
88 G RAE A% O S R B R i . BSA 5
GWAS HHZE G W e R R e A h AR 2 7T
Lo (4) AR BSA E N Y45 R, 4546 E i 1A 5
PR SCRREE SR, 3 41 () 5 | 35 R 1) 2 RE Aff o
fre e FE R o SNG40 L ) A R BR T DL B
L Al LU 2 0o ik ny 3 W 45 45, ) n BSA+
GWAS+RNA-seq. I FHIEM AL, 25 Bz
FE DR P A e R B, 02 5 e H A SRR A
A [T 5 A9 2%, X A5 AR i 45 2R S PR
N KLY
53 BSABMAXESFiricHBIEFEEM

oy Fhrich Bk £ (MAS) &R R 5 Hir
PR VIAH G 23 F A ic R B B AL e & Fh o 10
— R B, MAS B AP Al A B 32 1)
CHI FhRic 5 B st Z B AR S, >k Fui
BAE AR FRIUNG O, LA AR 251 7 4= A8 Finigk
Ho MASHFAHX TAEGE TR, BAT B 133t
(E R &SN R R = BT 3 S Y AN AR (R S |
FESLA . KEMASEHFH, & B Fhricfadh
SNP SSRAFLP 5§ X SE4Ric )" {2 /0 Aii 16 K G 2L A
Hrp JFH S REFZEER IR, sy
Hrik epric e A Rl an Ah eh i 2280, AT LI e 5 H
PPt BB O RIARIC , ) X BE AR 0 R i 12 H
BANRERNERER . BSANEEMIT A E
BAE MR IPRICERHE T — 5542 B T e
F£F DNA MFRICHN , RNA FIEE 5050 H7 14 25 5 th
ATHFI Ebrid. BEE BSA ST 7 ik AW oe35
48 BSA 73 s B 45 R Lt bRl i Lty
ISR st L URS KL R 017NV iR U0 BB T NIEA )

W ot et F ER Bl & J A T PR [ K
M2 4r . LM K G L DR G BB A AN B ¢
35, FFH BSA PRI AR AL R, AT RS HES 4
B KB R T BT F R AR
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