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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 was quantified by HPLC method in a population of 264 soybean genotypes that
were cultivated at multiple environments. 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. Sixteen oligosaccharide specific
genotypes with stable performance at different environments were obtained. Genome-wide association scanning (GWAS)
was carried out by combining phenotypic and genotypic data of oligosaccharide content in natural soybean populations.
SNPs significantly associated with oligosaccharides content were identified and candidate genes were considered to be
related with oligosaccharide/sucrose. Collectively, this study provided germplasm 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.
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1.1 iR A

264 ty KGR FGEIR, AE 52 b RHRT 212 ARG F, BIVE IR AR B & BEERTE 7T
R GIR AR . 2020 FAME T HER = A (4% 109.685092, 4 18.334734); 2021
EME TR AA RGN (L 118.634071, 4% 32.47821), M RHEM KEFEHLX 41
Wit 3WER. FIREE MG 3 2, FEFM 10 X, FRBKE, 22K 1.5m, 22 40 cm,
JCHE 15 emo F2HEH L B B, BORE KT BORLORAE .

1.2 B 5RF
E AR A YA SR 0Nl B RTETNL. T2 — K KB A
N Hoph 5286 5= 5 3% o

FERE . KT5RE. BT RE KA TR (AHEE>99%), MIWTFRTR T A TEK O,
N (Eagka) W TrEEER T, A, ¥ 50 mL B0%, 1 mL EREE, 0.22 pm JEE.

1.3 BIig &Mt
iR HARE shim-pack GIST-NH2 (4.6x250 mm, 5 um) Jish#l: ZM5/7K=63/37 (V/V)

GEABA 30 min); Jii#: 1 mL/min; GRS 30 °C; KMBSIREE 35 °C; HEAEAFR 10 uL;
Kol gs: (RID) 7~ ZEHr 628 .

1.4 ¥RfER R ABCH
1.4.1 #RfE RV EC

HERRPREUEENE 50 mg, H T HE ZKTRBE R 25 mg RS2 0.1 mg), BT 25 mL &M+ H 80 %
CBER AR e 2Y, BOHBERE . M KIS AR, RS> 308 2 mg/mL. 1 mg/mL. 1
mg/mL, JHE T 4 COKFPIRMFEH

1.4.2 tallFRE R 2%
FRUE AR, F 80% L BEStAT R EERM RS, Forb BN IR 70 #4588 2 g/mL. 1 g/mL. 0.5

g/mL. 0.25 g/mL 4 MR BERA BE (bR iE TAEWR . M BERIK IR R BE 70 AR 938 1 g/mL. 0.5
g/mL. 0.25 g/mL. 0.125 g/mL 4 ¥R BEERA B ARAE TAEM . ARIEM & g5 R hlbrueth 28, FFit5H
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Table.1 Linear regression equation and coefficient of determination of oligosaccharide in soybean

R ZRE N EIEpy YesE A
Oligosaccharide Linear regression equation Coeftficient of determination
RERE Y = 85359X+466.55 0.9999

i Y =70980X+373.25 0.9998

KI5 hE Y =73522X+361.93 0.9998
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RS 2B /KRR R 80:201 70:30. 63:37 HEAT TN, B2 e H 2/ 7K=63/37
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1: Sucrose; 2: Raffinose 3: Stachyose; Figure A shows the standard solution, Figure B shows the soybean sample.
| K ERBHEESIERR K EHmAY HPLC [EiE

Fig.1 The chromatogram of standard liquid and soybean samples of 3 components of soybean
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TR 1.3 AU 2R 4 I E HERE . MRS AKIRBEROARUE TR, W 4 K. Siitaihfs
VR IR T 45 420 P A5 B I R R T AR (36 200 = TR oK A1 SRR a5 5% B2 W T (00 AR X O 22 40 391 N
0.038%- 0.039%. 0.042%, &A% IE AR FIAE XS 224 0.163%- 2.12%. 0.36%, %A EA
R (R A E S

® 2 RBERESREFREMIETR

Table 2 Retention time and peak area of each sugar component (n=4)

B4 15 A] Retention time &AL Area of peak
KGARTNE PRER I A] Wi R PRUERZE (%) A " X PRUERZE (%)
Soybean oligosaccharides Retention Relative standard Area of Relative standard
Average/min Average
time (min) deviation peak deviation
e 4.864 170721
4.867 176824
4.866 0.038 172781 1.63
4.868 172651
4.868 170965
iR 5.659 71060
5.664 72964
5.663 0.039 70903 2.12
5.663 69654
5.663 69935
KR 6.788 73535
6.795 73963
6.791 0.042 73916 0.36
6.791 74141
6.791 74026

2.4 FTEISH

FIH HPLC MI5E 264 4 K5 HRBHAEM MR (2020, =; 2021, FR0) KGR
TR, BRERCRAERE =R KRG RERE . MR KRR RS R RN & B N
4.97%- 0.70%- 2.60%F1 8.27 %, H &5 4378 3.12%~7.92%- 0.38%~1.18%- 1.52%~3.48%
1 6.18%~11.46%. (RFNE &L 7 1728 7 RE 08 17.19% 21.06%- 13.78%F1 12.06%. K H
VL5 B OR AR ERE . AR T 0. /K58 A I SR R~ 2555 B 23 0 3.68% 0.96%. 2.59%
H17.22%, HAEEIEED BN 2.06%~8.52%. 0.51 %~2.25%- 0.79%~5.19%#1 4.19%~13.80%,
A5 5 AT BN 22.97% 34.99% 37.83%A1 22.92% (£ 3).,



=RMR R BE AL T BN S TR L B, MR TR LR R B R = SRR OR SRR
FERE L 7K TR AR SR 5 B /KT W v T R SRR K R SERRE, TR R 0 35 B AT IR IR T
SRR MR IR AR (B 2D R B TTI5 R OR S R SRS 45 40 ) A 7 28 B0l vy T 10 7
AR R E AR PSR AR R AR A S AR K B AR AR 22 TR AR SR % A AR
SRR R, PR RN R, SRR R . R AR YA 1)K E H R
FEIERE & R, B —E IR AR RO
®3 ZIRERBXASREES BRI

Table 3 Descriptive statistics of soybean oligosaccharide content in Sanya and Nanjing

Hu X AR 52N PN YifE - R
b if
Trait Min Max Mean Ji% Var EX
Area SD
(mg/g) (mg/g) (mglg) CV (%)
T 30.12  79.16  49.65 8.54 72.87 17.19
i 3.78 11.75 7.00 1.47 2.17 21.06
=
KIrHE 1519 3475 26.04 3.58 12.88 13.78
{ERPE  61.82 11461  82.69 9.97 99,50 12.06
TEE 20.63 8521  36.75 8.44 71.27 22.97
i 5.12 22.54 9.58 3.35 11.24 34.99
g
IK I 7.89 51.90 2588 9.79 95.82 37.83

REEHE 4193, 13796  72.20 16.55 273.86 22.92
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Fig.2 Boxplot analysis of soybean oligosaccharides and components

Table 4 Varieties with high oligosaccharide components were identified in both Sanya and Nanjing

(11.46%) WYFH 209

KT R R B R A
ERFAIORSE, T B MR RN S R R BT

ER s = (2
Name Sanya Nanjing
®E 45 (6.72%) ®E 45 (6.00%)
WIBH 209 (7.56%) WUBH 209 (5.65%)
55 8206 (4.47%) 525 8206 (3.30%)
NX-F4-2 (1.17%) NX-F4-2 (1.46%)
i
NX-23-25 (1.11%) NX-23-25 (1.99%)
THEG 125 (1.02%) THEG 125 (1.76%)
IK I3 HET 65 (3.47%)

WH 65 (4.15%)




B 33 (3.42%) B 33 (4.16%)

# 78107-6 (3.34%) #: 78107-6 (4.76%)
MR 8 5 (11.46%) MR 8 5 (11.26%)
SRR
WRH 209 (10.91%) WRH 209 (10.22%)
RE 445 (10.23%) RE 445 (11.61%)
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Fig 3 Correlation analysis of soybean seed oligosaccharides and its components
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Table 5. Correlation analysis of oligosaccharides and its components in soybean seeds

R HERE T KI5 HE KEMLEE
Name Sucrose Raffinose Stachyose Oligosaccharides
1
L
0.214™ 1
IKITHE
0.286™ 0.458™ 1
NGRS 3
0.801™ 0.566™ 0.775™ 1

2.6 KEREBHESE GWAS i RIZEEEIZHE

A HPLC VEISE 1 = AR 5PN K B AR I =AM IR OKIRpE . A 5B A
BERE) SR, SR MEEEAT SRR, 2 WK 4 M 5. 2l E 613
ANF 258 A RT3 RIK ) SNPs (38 6)o R ATt IR SRMH A 5 BrdbAT 4 Bk PRI R (&
6), ANFEIFEET 73BT E] 1SR 32 A5 REARIEHEB KM SNPs (58 6)

A ~ -
© —
. i 2 -
. - a® : L] E
%' . ] - -
-
3"
" ~
~
. ©
T
e 1 2 3 4 8 @
B 01 02 03 O4 05 06 O7 08 00 10 11 12 13 14 15 16 17 18 19 20 Expected —10g,¢(p)
© o -
- al‘-‘
— ;""
$:
F. N
-
o
—r—Tr—Tr—Tr—rT
01 02 03 O4 06 06 O7 OB 09 10 11 12 13 14 15 16 17 18 19 20 s W LR
C Expected -logy(p)
] . °
. -
—_ .';,
3 F.
£ . 5
o
01 02 03 O4 05 08 O7 090 10 1112 13 14 15 16 17 18 19 20 ;:;;;;.
Expected - logolp)



(A (B) (C) 4l 7KI M K THERIRERE ) GWAS 455
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Fig 4. Genome-wide association analysis of soybean oligosaccharide components in Sanya, Hainan province, 2020

Manbhattan plot and Q-Q plot.
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Fig 5. Genome-wide association analysis of soybean oligosaccharide components in Nanjing, Jiangsu province, 2021
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GWAS 73t K : FIHFE T =R KGR, ERIECE] 613 A SNP A7, S0 FHE G
SNP A 834>, HAAL T 5 54k B SNP A 54, 11 4 1A 13 SHEAK2 S 18
SHLEAR B SNP A 75 A, BN SNP (R YA R RERAE 6.56%~8.10% 2 [A); 57K 758 Gk 1Y)
SNP £ 526 A, HAfiF 10 SYetafk L SNP A5 502 4, 115, 145, 16 T4tk [ SNP %
A 1A, 20 SYEfR ERSNP A 21 4, B4 SNP 7 5 HIR BIAR B B RAE 8,74%~12.53% 2 1] ;
SREREOCIRY SNP /5 4 MBI T 4 5. 8 5. 125, 18 S4(afk b, A SNP fif s (R AAR
SEMRRERAE 7.73%~7.98% 2 18] .

FIHF T F SON S RIR SRR, FESCBER) 258 4> SNP, Kl 3] 5 85 T W< L) SNP 4 224
A, BT 5 SHREMRE 34 7 SR EeEA 24 9 SR Bk ESNP &£, A 2111, 10
FHRAAAT 5 A A SNP AR R RN 7.47%~12.68%: 5/KIFHEICILR) SNP 4 9
ANRKZAALE 11 F1 19 SHEfh b, $A SNP ALl R IVR R IRRE N 6.45%~9.28%, SHERER
HKM) SNP 4 25 4, J-ARfE 2. 8. 12, 20 T4 afhk b, FA SNP A7 mi (R YA S il e % Oy
6.14%~12.13%.

X AR T =R R R AR IR A 2 BB AT GWAS 23 #fr, 19382 A K ¥ SNP 47 33
A, AIAETF 7. 94 104 114 124 13 Al 14 S 4 dk B (E 6), B> SNP AL S 1R AR g ke
N 7.08%~8.37%-

LB GWAS 3 A 85 ORI, ANTRIFR B N AN [F) R LA SR 2 18] ¥ AT 7€ A BAH R SNP A7 55,
SR SR i B A R A A R B A I SNP A7 MAER—3A8E R, i T Rg nt K G AR



HIREFE AR R S S B 7 580 12 Stk FE ML BIAHE ) SNP A7 5, 430 S07 7714433 Fi

S12_4957877, XA W] HeA RN & ELIRERIE S R, MR & 2B .
= 6 BRI S XIIREVEXEMN SNP LR HE

Table 6 Number of SNP associated with soybean oligosaccharides in natural populations

IR WEH 73 A Hh
-logio (P) >5
Oligosaccharide component Year Location
RERE 2020 =iF 4
___________ 2020 MRS
i 2020 = 83
___________ 2020 MR A
KI5 HE 2020 =X 526
2021 [2p 9
2020 —) 1
R ZR N
2021 R 32
* 7 IRER¥EE S BEMEX SNPs 2770
Table 7 SNPs were significantly associated with each oligosaccharide
IR RELH 55 } )
Hh A5 PR SNP #(H e 5.2 SNP -logio (P) M KAE
Oligosaccharide
Location Chromosome SNP number Peak SNP (-logioP)max)
component
T 5 5 S05_40347558 5.99
= 18 75 S18 52012350 5.93
TKI5 10 502 S10_37983091 6.81
20 21 S20 33869418 6.11
L 9 211 S09 5224523 6.64
10 5 S10 49321337 5.24
N TKI5HE 11 2 S11_31904885 5.38
B
19 2 S19 39525205 5.55
7 5 S07_7714433 5.24
REWE
8 5 S08 41780063 5.67
12 4 S12_4957877 5.72
=L IR b & 13 1 S13 31939397 8.37
7 23 S07_7714433 7.59
9 2 S09 17346 7.16
e i IR M S & 10 1 S10_537832 7.24
11 2 S11_ 4846904 7.53

12 1 S12_4957877 7.15




14 3 S14_15182200 7.79

PRI FRATT 73 I AE S07_7714433 F1 S12_4957877 £ s i) bRl 120 Kb [XIAFEFE], Tk 42 R TR b
IRERE S B IE LR . AR TE 2R 20d5 & phytozome 13 Chttps://phytozome.jgi.doe.gov/pz/portal.html) K&
SR LIEREAS B AT, AR PIANIX 8] 9 X 20 BIAELE 25 ANAT 34 ANt JE (R o AR5 6 300 R I rb [R50 A B Xt
Ja KI5 AR AT e i K SRR/ RN S E AR E L (K 8). Hh, Glyma.07G083200 F
Glyma.12G067000 Jwt 40 il (5. 25 P450, Glyma.07G083500 4t bHLH #5% [K ¥, Glyma. 12G066000 %ifis MYB
¥, Glyma.12G066800 4wfY UDP-N-ZBE 2 IEH &k (UAA) #izEA.

F 8 KEREREEEIENIREER

Table 8 Candidate genes for oligosaccharide/sucrose in soybean

K D [Eh S| ThReER:

Gene ID Homologs Functional annotation
Glyma.07G083200 AT2G45510 A F P450
Glyma.07G083500 AT4G29100 BERENE-R-EREEQ XK (bHLH)
Glyma.12G066000 AT5G59780 MYB #EE ¥
Glyma.12G066800 AT5G59740 UDP-N-ZEtREHEHE (UAA) ¥izEA
Glyma.12G067000 AT5G06900 A E P450

31ie

KON BA V20 NG AR BTN, ) 2N T & W IMEAES, HA R
RIERTS . BBV BB R E M BT, @SL W, HEfh. mRCEEMNE T RARF EE, KGR
(ORI 7 VR4 A ik (HPLC) D92, S il (GO) 22, )2 (il o Mk b k0%, DU (A
BRI €5 35 R 221 5 1) HPLC 3 AT DA B 30 SR B PO SR AT R, R AL BRART 58, i O 2D,
BRIz DAERIBE T, R ERRE 78 422 B I R B () 7E 20~30 min /27, 73 B RS, AFIT
KA EAREA R I 25:2627) ACHIF 52 b 4 5% 78 shim-pack GIST-NH2 {fiffft, i 30°C, #aill#$iEE 35°C,
2K 63/37, 10 min N ADE =R R RBE 2B IF, BERE TANCR, ks, b, e, mIE
NHRTTHAE .

I A M R K GAR TR B B e & L A AE AN IR K SRR [A) 2 [IAEAE B R 22 57, AN 70 i K S A A
2020 £EAT 2021 4F MR FRERE S R IEE 2 HN 6.18%~11.46%, 4.19%~13.80%. 2R 400284} N K G RFA(E R



B KL A 93 4 B R BAE S7 RB00 N 9.14%~25.56%F1 6.30%~18.71%.. ASHIF 7T 2] 16 43 KGR RHEL 7
FBR, MK EARTERE S AL E B EMRIERE . R GWAS 2041 T R FIREE N 5k SR R & 5 8 2 A fr
M AE 5 134 18 T Y AR B A B S50 70 2 2 0GR SNP A7 5, 7 11 54 tufk Big A 3] 5K 50 2 %
KRIKK) SNP 75, 7E 8y 124 18 SRt g i 21 15 M 12 2 QI SNP 7 . il 248 2 SIAS RIFA BT IR
B, WANFEIPREL S AF T SR A R AT I T, XA ORI AT A B (IR SRS SNP A U AT FE . HAEPT A
PREEE R R e B ) 35 ORI A, IX PR T ISR R SR (MR, 2 SRR, 5 M g%
PEsE o DR R SRR 98— J5 T A] DAY KWF AR RO, S AM RS Aa AN (R PR B8 R AR R MR & &, LAWK
5 RN TT SE Y A SRME & 5 2 ORI A, AR SROMR 0 ik P (1) AR A8 ATE AL R 10 IR R kG . AT 5T
HHRAG IR 2 35 OCIE SNP A sk 70 T Bl & Fh B BLlt,  7EA4% FH K G & F o T B S R
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