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Identification and GWAS Analysis of Soybean
Oligosaccharide Germplasm
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Abstract: Soybean is rich in nutrients and active substances. Oligosaccharides are beneficial functional
components for human health, and identification of soybean oligosaccharide specific germplasms is of great
practical significance. In this study, the content of oligosaccharides, including sucrose, raffinose, stachyose and
total oligosaccharide, were quantified by high performance liquid chromatography (HPLC ) method in a population
of 264 soybean genotypes that were cultivated at two environments. It was shown that among the three
oligosaccharides, sucrose accounts for the highest proportion of total oligosaccharides, and raffinose accounts
for the lowest proportion. The total oligosaccharide content in Sanya city of Hainan province and Nanjing city of
Jiangsu province ranged from 6.18%-11.46% and 4.19%-13.80%, respectively. Ten oligosaccharide specific
genotypes with stable performance at different environments were obtained. Genome-wide association study
(GWAS) was carried out by combining phenotypic and genotypic data of oligosaccharide content in natural
soybean population. SNPs significantly associated with oligosaccharides content were identified and candidate

genes were considered to be related with oligosaccharide/sucrose. Collectively, this study provided germplasm
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resources applicable for the selection and breeding of special soybean varieties, and also provided foundation for

further exploring oligosaccharide candidate genes and developing their molecular markers in soybean.

Key words: HPLC;soybean oligosaccharide ; genome-wide association study ; SNP
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264y KE AN TGTIR, A0 75 52y My Fh A 212 4
Fe 55 R VIR A Bl 2 B 4 B AE P E 5 BT R
IR RS 2020 4E AR TR A 3
H1,(109.685092°E, 18.334734°N) ; 2021 4EFf Al T V1.
IR LN ARG B (118.634071°F,32.47821°N)
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250 mm, 5 um) ; SN AH : L NE/7K=63/37(V/V) (i
75 55,30 min) ; i : 1 mL/min; B35 HEE R 30 °C;
o ) 5 3 B 35 °C 5 AR AT 10 pLs AU 2% : (RID)
NEYTIEREIER
1.3 FRERRINE G RiRER LT

HERR AR IBURE A 50 mg, #if T-B5 K505 45 25 mg
CKE# 22 0.1 mg) , & T 25 mL 255 80 % 2 18
VSR T R 25, T BORERE R K s bR o
W, W PE 439 4 2 mg/mL 1 mg/mL . 1 mg/mL, il &
T4 CoksEh AR

FEBUE R ARER , F 80% Z B UEf TR EEFi R, 1
R B 4> I FRFR N 2 ¢/mL . 1 g/mL 0.5 g/mL
0.25 g/mL 4 MR BEAG B MIPRIE TAEW . A FRERIK
I Iy IR A 1 g/mL 0.5 g/mL.0.25 g/mL .
0.125 g/mL 4 VR FERABE AR IE TAEWR . ARSI 2
SRR HEMN 2R, IR A R B
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Fig.1 The chromatogram of standard liquid and soybean samples of 3 components of soybean
1 ZTIEkBERHRAZREESEHASIT
Table 1 Descriptive statistics of soybean oligosaccharide content in Sanya and Nanjing
i Pk 12/ %) K (%) B (%) bRz T AR RE(%)
Location Traits Min. Max. Mean SD Var cv
= TN 3.01 7.92 4.97 8.54 72.87 17.19
Sanya i i 0.38 1.18 0.70 1.47 2.17 21.06
KI5 1.52 3.48 2.60 3.58 12.88 13.78
SRR 6.18 11.46 8.27 9.97 99.50 12.06
Miat iR 2.06 8.52 3.68 8.44 71.27 22.97
Nanjing HFH 0.51 225 0.96 3.35 11.24 34.99
KA 0.79 5.19 2.59 9.79 95.82 37.83
SR A 4.19 13.80 7.22 16.55 273.86 22.92

Y5 F) 2020 4 = RIS R i 3 0
TofoJ55 43 591 A e 8 5 (11.46% ) I FH 209(10.91% )
PEPHT 5.172(10.80% ) 52021 41 H s IR BOM & &
BRI R 3 AR E43 5 A A7 1415(13.80% ) 4 1 K38
E(12.20%) 558 39(11.79%) . 7E 2020 12021 P
AERIPDRE b X T S R AR R KO IR
R R A BT IR AS 3 0y (e 2) o UL H SR A A AR
BRI BR MR G R, FE T IR E IR
Ry el

2.5 XS

A A AT 2 B« =S oA TR e Rl ) K
TEME R M K IR 43 5 SR SR (] 3 A7 A
FEEAHOC, M 5500 - 5 6 ) 4 5 A 3 A AH
SR, HEN R B I R B A OGS IR
(R4 R BT — B0k (1 3) o A IREE 349 A A 6
PEHTEE R BN BERE AR TR FUK I S SRR
W 4 FH ¢ 255040 91 4 0.801,0.566 F110.775 , EKE F1I
SR SR 0 AH OC R B0 s, 35 (R SR Hh R T
el (£ 3),
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S E components in soybean seeds
=5 T
o o 10 e SRR
pag: + . PEAR MR OMETEE kR ol
L o=
2 5 : Traits Sucrose Raffinose Stachyose . .
w3 5 + oligosaccharides
<5 3, = i T !

S ot - Sucrose

” o o v 1 0.214™ 1
BICRE | T | ko | e | ikl
Total Sucrose  Raffinose Stachyose Raffinose
oligosaccharide IK I 0.286"  0.458™ 1
— u - Stachyose
B2 KEREBHERASNBEESN %;*ﬁ ol osser 07 1
Fig.2 Boxplot analysis of soybean oligosaccharides and Tut ‘1/‘ ' ' '
otaj
components oligosaccharides

®2 BRBEBASKEMR

Table 2 Varieties with high oligosaccharide components

LERIN = 2p

Traits Sanya Nanjing

HEbE #5145(6.72%) #24°5(6.00%)

Sucrose WIBH 209(7.56% ) WIPH 209(5.65% )
5¢5.8206(4.47%)  %¢5.8206(3.30%)

FEFHE NX-F4-2(1.17%) NX-F4-2(1.46%)

Raffinose NX-23-25(1.11%)  NX-23-25(1.99%)

IR 12°5(1.02%) 1L 12°5(1.76%)

V@i T 65(3.47%) W 65(4.15%)

Stachyose e 5.33(3.42%) It 17.33(4.16%)
#78107-6(3.34%)  #:78107-6(4.76%)

SRR R85 (11.46%)  WEFL 845 (11.26%)

Total oligosaccharides

WIEH 209(10.91%)
%5.45(10.23%)

B 209(10.22%)
#H45(11.61%)

TS T o IR

Numbers in brackets represent the content of oligosaccharides

T (=) >

Sucrose { Sanya)
FETH =)
Raffinose (Sanya)
A ¢ =)

Stachyose (Sanya

Sucrose (Nanjing)

o
. o

® £
*
@

) 2
harides (Sanya)

B () . 3
f W R
Raffinose (Nanjing)
AEE (R
Stachyose (Nanjing)
G AEIREEY (HER)

0.6

04

0.2

.
0.2

-4

-6

-8

Total oligosaccharides {Nanjing) -1

*FIRTE P<0.05 KT |26 57 2%
*represents significant at P<0.05 level
B3 XERBHERASSEWEXMESTE
Fig.3 Correlation analysis of soybean seed
oligosaccharides and its components

#xfQRTE P<0.01 KT B3

**represents significant at P<0.01 level

2.6 KEREBHESEGWASHITRIFEEEEZE
I HPLC V£ 72 1 = WV A g 5 N 2R5E Rk
. ARAEAAR ) 3 TG SR R 0B AR 4 R R )
i, A5G SR B A T A SRR 2 OGRS T . 4
TSR H 613 1258 A~ SRR ME ik 2 JCHK %) SNPs
(FR4) o [RIHS 0 S AR RO F A7 4 5 DX 24 DG B 47
B, ARV PR T 43 56 I 38 13 A4S 63 4~ 5 K GAIK
RPE R EAH A SNPs (£ 4) .
R4 BRBEhERSREEEE LB SN L AKE

Table 4 Number of SNP associated with soybean oligosaccharides
in natural populations

(4RON Hud 2% SNP ¥t

Traits Location Number of significant SNPs
i = 4

Sucrose [ 25

i Tpk —ilF 83

Raffinose St 224

IKIFHE =il 526

Stachyose Eap 9

RSN (3% i = 13

Total Oligosaccharides St 63

PR F = 9 K MR G 211 613 > SNP
P (R4 .3£5), 04 fE4.5.8.10. 11,1213 .14,
16 18 Fl120 S Yefafh |- (K 4), He 547 HE%
1 SNP A 834>, i F 5 5 YL e ik I 1) SNP
BSN,NSREEIA 1355 Ek 24 1854,
R ) SNP A 75 4, B4~ SNP [ 2 HU AR S5 i ¢
HIE 6.56%~8.10% Z 7] ; 15 7K 754 G K 1) SNP A
526 4>, Hiip i F 10 5 Je @ {k 1% SNP A 502 1,
115 145 (16 7 QL Ak | SNP &4 14,20 5 4
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AR /) SNPAG 21 4, R4S SNP i s i R AR S G4BT 45 85 125 18 Sk |, s
fif BE R AE 8.74%~12.53% 2 ] ; S HEMI CHL ) SNP SNP v 1 ) 2 U AR S SR AE 7.73%~7.98% 22 [1] .

x5 SREMBHEAS BEEXHISNPs 3

Table 5 SNPs were significantly associated with each oligosaccharide
Hi s LN et fi SNP % H 2.3 SNP

Location Traits Chromosome SNP number Peak SNP —logm(P)
=il b 5 5 S05 40347558 5.99
Sanya 11 1 S11_8532780 5.16
13 2 S13 33150168 5.17
18 75 S18 52012350 5.93
IR 10 502 S10 37983091 6.81
11 1 S11 12265789 5.59
14 1 S14 18348932 5.11
16 1 S16 24780273 551
20 21 S20 33869418 6.11
i 4 1 S04 43438175 5.17
8 1 S08 29598256 5.25
12 1 S12 6050657 5.11
18 1 S18 5345374 5.24
SRR 13 1 S13 31939397 8.37
[ i 5 3 S05 13437635 5.76
Nanjing 7 2 S07 18801464 5.58
9 211 S09 5224523 6.64
10 5 S10 49321337 5.24
VOiNi 2 1 S02 19882534 5.04
4 1 S04 47298064 5.01
5 1 S05 11902447 5.12
7 1 S07 2261246 5.07
8 1 S08 18699463 5.02
11 2 S11 31904885 5.38
19 2 S19 39525205 5.55
TR 2 4 S02_ 22004571 5.34
6 1 S06 30280657 5.24
7 1 S07 7714433 5.24
8 5 S08 41780063 5.67
9 1 S09 29359665 5.75
10 1 S10 26288825 5.33
12 4 S12 4957877 572
16 1 S16_17098645 5.24
18 1 S18 30295586 521
19 2 S19 4207170 6.59
20 4 S20 47616141 5.16
SRR 7 23 S07 7714433 7.59
9 2 S09 17346 7.16
10 1 S10 537832 7.24
11 2 S11_4846904 7.53
12 1 S12 4957877 7.15

14 3 S14 15182200 7.79
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I 2 3 4 56 78 9 10111213 14 151617 18 19 20

Expected -log,,(p)

A B COPRIRIKIINE AR HERIEERY GWAS 453 21 (0 i 2 Q3R 35 BI{E -log10(p) =5, T[]

A, B, C were GWAS results of stachyose, raffinose and sucrose, respectively; The red dotted line represents the significant

threshold —log10(p) = 5, the same as below
B4 MEFEEZINAERBESESESERAXKITERTER Q-Q
Fig.4 Genome-wide association analysis of soybean oligosaccharide components in Sanya, Hainan province,
2020 Manhattan plot and Q-Q plot

FI RIS T R 5 oS A R R SRR, RS HK 3]
258 1~ SNP(£ 4,38 5) , /0 AifE2.5.7.8.9.10. 11,
12.16.18 . 19 F1 205 G fk [ (| 5) . Ao 2] 545
TWEICHEY SNP A7 224 />, Hop i F 5 5 YL A iy
3N T SRR 24 9 S YR Y SNP R £,
B 2114, 10 S YA 54, BAS SNP A7 (1 6 71
5 SRR N 7.47%~12.68%; 5 K T S BE 1) SNP
B9, KEHMGTE 11 #1119 S YLk |-, B4~ SNP iz
JE IS SRR N 6.45%~9.28% , 5 REME IR
SNP A 254, REZ/MAifE2.8.12.19 20 SYL (A |-,
BAAS SNP AV I T A SRR 6.14%~12.13% .

XA T = S0 R R T R R AR A A SR
TR GWAS 28T, 1531 i 35 A 56 19 SNP A5 76 4~
(#£4.25), 0906 F7.9.10. 11,12 13 F1 14 54
ik b (E6), BiA SNP v 1) e AR S i By
7.08%~8.37%

H A GWAS Z3 BT SR R B, AR PAEE T AN [F) 2
R SR =22 18] A5 72 o7 1A 7] ) SNP A7 1, LI R

WHAL A 7 57 B AR [ 555 AT 1Y SNP 7 55 T 7E [7]
—IREETT, B T R R SR B R SR SR
BHAE 75 R0 12 5 Y fA b 0 EIAH ) 1 SNP AV 5,
I35 S07 7714433 F1S12 4957877(3K5) ,ixX A 1]
AEAE DX R E W o LU APRSROME & 1 K AH ek B v
.

5394 S07_7714433 F1S12_4957877 {37 s 1 |
Ui 120 Kb X RIS il A 4% 08 45 K IR SR b
BEO I SE R . AR AR 25U 2 phytozome 13
(https ://phytozome. jgi. doe. gov/pz/portal. html) H' K
7 R T A 2 AT R, E 3K A DX ] A X433 47
TE 251 34 A B . AR AE AL R I v (] 5 5
LU I 2 B 5 A4~ DR AT R A 48 T R LA SRk
WO R IRIEREN (R 6) . HoH, Glyma.07G083200
H1 Glyma. 12G067000 4 5% 41 jg €4 2 P450, Glyma.
07G083500 4wt bHLH %% 5 K F- , Glyma. 12G066000
It MYB %% 535K 1, Glyma. 12G066800 % i UDP-
N-C BRI H A (UAA) R is M
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Table 6 Candidate genes for oligosaccharide/sucrose in soybean

L ID [ P R ae R
Gene ID Homologs Functional annotation
Glyma.07G083200  AT2G45510 N 4,5 PASO
Glyma.07G083500  AT4G29100  FHEAIEZJiE-FR-E e 26 [ 5k
(bHLH)
Glyma.12G066000  AT5G59780 MYB # 5 K
Glyma.12G066800  AT5G59740 UDP-N-Z, [t 3L i 1
(UAA) G231
Glyma.12G067000  AT5G06900 it ta 2% P450
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FHETE (GC)™! HLJZ B3 43 BT R FL g 3 45
DA [ SHERIUAE € 3 A5 22 4y Ji B ) HPLC 95 7] DA,
FEXT BRI AR SR A T A, A it Ah L T B 4
PR s FARE T Z . IAERIBFIE R, (AR SR
SEA Y B A BE IS [E] 7E 20~30 min A AT, 43 S
L3I0 S e 1 = = o NS 2 Rl T S B
5% ¥ shim-pack GIST-NH2 @i # , A 30 °C, K&
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K ARIRME S 25 A0 OG0 i, LA 21 947 4~ SNP 5
ERTRERINTE S S QIO INET B A4 e AR ¥ N
IRBEII , X AN [P 25 14 A AR SR 5 s A Tl
E XA DI 43 B 45 21 ) I SR A SNP AL a5 5 i ]
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