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Identification and GWAS Analysis of Soybean Germplasm
with High Content of Four Free Amino Acids!
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Abstract: The amino acids are rich in soybean grains and are important components of the grain quality. Therefore,
identification of soybean germplasm resources with high levels of free amino acids can assist in high-quality soybean breeding, with
significance in innovative development of the soybean industry. In this study, 264 soybean genotypes were analyzed using
high-performance liquid chromatography (HPLC) to determine the levels of four free amino acids: arginine, glycine, glutamic acid,
and lysine in dried soybean grains. Among the free amino acids, arginine was detected with the highest content, followed by glutamic
acid, and glycine. Three soybean genotypes with high levels of these four free amino acids were identified, including Haimen Yang

104, Liaoxian Bean 12, and Guanyun Dasiyu. The genome-wide association analysis (GWAS) was performed via combining the
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phenotype and genotype data of the natural soybean population for the four amino acids, and significant SNP loci associated with the
four amino acids in soybean were identified. This study provided a basis for subsequent identification of candidate genes regulating the
levels of amino acids in soybeans, thereby accelerating soybean variety improvement and facilitating molecular breeding of soybeans.
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Fig. 1 HPLC chromatogram of four amino acid standard liquids of soybean
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Fig.2 Box diagram of content of four free amino acids in soybean
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Table 1 Statistical analysis of the contents of four free amino acids in test material

RERLFAE F1 =/ME RAE & FrAEE TREY
Amino acid type Year Minimum Maximum Mean SD (%) CV
" 2021 0.46 12.00 2.81 1.77 63.12
R (mg/g)
Arginine 2022 0.73 8.43 3.01 1.71 57.87
" 2021 0.03 0.37 0.08 0.04 55.38
Hz® (mg/g)
Glycine 2022 0.03 0.25 0.07 0.03 48.88
PRy 2021 0.22 1.29 0.55 0.19 3491
HaEE (mg/g)
Glutamate 2022 0.25 135 0.58 0.23 33.03
2021 0.05 0.25 0.11 0.03 28.13

A (mg/g)
Lysine 2022 0.02 0.31 0.15 0.05 44.06
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Table 2 Four soybean varieties with high content of free amino acids in soybean grains

_ . BaRaE HERSE ARBREE BRKRESE
a2 R F5
(mg/g) (mg/g) (mg/g) (mg/g)
Cultivar name Year
Arginine content Glycine content Glutamate content  Lysine content

HEI1E 104 2021 12.00 0.20 1.29 0.21

2022 8.43 0.25 1.32 0.19
LT 125 2021 7.16 0.37 1.28 0.25

2022 6.41 0.22 1.01 0.22
HE = R PR 2021 6.93 0.15 0.62 0.16

2022 6.10 0.18 0.70 0.14

2.4 KEUFEEE GWAS D RiFiEEFIZHE

W 2021 4R GORPRL H DU Pl B8 S B IR 1 A 3R AT 4 ik DR ZH ORI 23 AT SG R 1 109 > SNP A7 A (R 3D
KGRI S B R FEMIEN SNPs 254 11 4 (-Loglo (P) >6.0) , EE/MLE 1. 17, 18 Sk E (K
3. K4, WEE SNP BN T 17 SYthik 19067780 bp, -Logl0 (P) fHM KIEZ 7.63; KEHEAMR
R E R SNPs /7 87 4, FTAMALE 1. 8. 11, 124 13 S4fafk b, HEE SNP 7 EAL T4 12 54
AR I 20760427 bp, -Logl0 (P) {HIAMEZE 10.87; KEBAMS BB FHE SNPs A 4 1, FEHARLE
1. 18 S4tafk b, R 3 SNP AP EA T2 1 54 tfk | 53229579 bp, -Logl0 (P) fHMAERZ 6.56; K

GRS R WS OCH SNPs 7 74, EE ML 8. 19 Sk b, MR SNP AL EAL T2 8 T4 fufk

[l

I 18610062 bp, -Logl0 (P) fEM KE A2 6.09.

2022 HE KGR RL AP YRR 2 SRR L OGS 177 A SNP A7 s (R 3) o KEIFRRE &R & & W AH Ok
ff) SNPs 24 28 4~ (-Logio (P) >6.0) , FEIFAGTE 4. 17 Sk (F4, K4, HEFE SNP A E
AT 56 4 S 4 04k | 49708503 bp, -Logio (P) {EMCRAA S 6.72; KGR H 2R & & 2% CHK SNPs A1 134
A, EBESOAE 1. 8. 114 124 13, 14 G4k b, R SNP A EA T4 10 5 41k - 45863879 bp,
Logio (P) HM KR 9.31; KEWFEAEIR S & LK SNPs 5 6 4, FEAALE 9. 18 FYtfk I,

W22 SNP AL BEAL T4 9 S thfk I 1925853 bp, -Logio (P) fHIRKIE R 6.28; KRG EHEARS &L



FORHE SNPs A 94N, FESAGLE 8. 19 FUtifk b, HRIE3E SNP 7B T2 8 54k I 18610062 bp,
-Logio (P) {HIRAEAE 6.49.
R AENMHESRBAE LN SNP LEANE

Table 3 The number of SNPS associated with the contents of four free amino acids in soybean

frf:: friftype feii -Logio (P) >5.0
R 2021 1
Arginine 2022 )8
HEMR 2021 ’7
Glycine 2022 134
BRI 2021 4
Glutamate 2022 6
T2 2021 7
Lysine 2022 9

*4 AENMHEEEEAR S EEZHEXHTE SNPs

Table 4 Main SNPs in soybean were significantly correlated with the contents of four free amino acids

ZFR F15 PSRN SNP #H BEZESNPIE  -Logo (P) ERKAE
Name Year Chromosome SNP number Peak SNP position -Logio (P) max
1 2 11721470 6.81
W& R 2021 4F 17 2 19067780 7.63
Arginine 18 5 19067789 6.66
4 26 49708503 6.72
2022 4
17 2 19067780 6.49
1 9 81559 8.45
8 4 38885282 7.69
2021 4F 11 20 14276392 7.27
12 12 11052823 8.17
HER 13 16 15808471 7.59
Glycine 1 2 53974257 7.89
8 29 38885282 9.29
2022 4F 11 31 13780991 7.58
12 5 11366121 6.47
13 13 41191811 8.15
1 2 53229579 6.56
e 2021 4E
BRI 18 2 53291599 6.44
Glutamate 9 4 1925853 6.28
2022 4
18 5 53291599 6.14
8 6 18610062 6.09
J 2021 4F
IR 19 1 49980979 6.08



B F5 PORES SNP #H REZESNPIE  -Logio (P) {EHRKIE

Name Year Chromosome SNP number Peak SNP position -Logio (P) max
Lysine 8 8 18610062 6.49
2022 4
19 1 49115726 6.20
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Fig. 3 Manhattan map and Quantile-Quantile plot of genome-wide association analysis results of the contents of 4 hydrolyzed amino

acids in soybean grains in 2021
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Fig. 4 Manhattan map and Quantile-Quantile plot of genome-wide association analysis results of four free amino acids in soybean

grains in 2021
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T B W R JL 5 A2 B 5 A4 SNP fiZ i, S08 18555689, S08 18567542, S08 18583122, S08 18603949 .
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Table 5 colocalization SNPs of four free amino acids in soybean grains
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Name SNP position
W A= A
Hﬁ@,& S17 19067780, S17 19067789
Arginine - -
R S01 53974257, S08 38878988, S08 38883478, S08 38884153. S08 38885282,
Glycine
S11 13780991, S11 13804849, S11 14837079. S11 14837422, S11 14984873,
S11 14984877, S11 14985048, S11 15269923, S11 15269925, S14 4979609,
S15 47569362, S15 47570050, S15 47570209. S15 47570419
A S18 53291599
Glutamate -
R

Lvsi S08 18555689, S08 18567542, S08 18583122, S08 18603949. S08 18610062
ysine




%6 j(_l_lﬁglﬁ*ﬁxl.@i\ -H-:L@i\ ‘g'ﬂ@i\ %ﬁ:t@ E*H;‘&ﬂi]_%.

Table 6 Soybean free arginine, glycine, glutamate, lysine content related candidate genes

REREFAE ERA D ELREER Ihee F 7%
Amino acid type ~ Gene ID Homologous gene Function annotation
Glyma.17G177400 AT3G11290 Myb/SANT £f DNA &4 382
KRR
Glyma.17G177600 AT2G15790 ok 2 e S R TG . S5 A
Glyma.11G157000 AT5G07030 READREOMRIRESD
HAEmR
Glyma.11G161700 AT4G33950 EdSRUTEP N S
Glyma.18G244200 AT4G36950 22 22 JFOE AR 1 T B 21
BRI
Glyma.18G244700 AT1G09620 ZEEHE-RNA EE
Glyma.08G227600 AT5G59500 BRFL ¢ 3 s 57 TR
lyma. v
W B o - R R T
SR -
Glyma.08G228100 AT4G33270 PR
ma. .
Y WD-40 5 Kk 1
3 g

Wi HPLC AR IR & B AR BRI AR . HER. A&, BERIUME R A LR &8, 45R%
WY, AHETEKE B RREA DU RN SR A [F) e B) 22 3 2%, BEARBMERRFE, 20k dsak. Ha
SR IR VIR B A AR e M OU A, IS 104, ILEFT 12 5. D KIURSE, K
Bl A e B A B BRI FR A R (MLM) #E4T 45 BRI 20 SR I 70 #r
BEBIENLA-Logio (P) 26 , S5 RKI, 2021 FFRERHEAR. HER. A AR R MU R 2 = R
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S
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S, RICEER] 11, 87, 4. 7 SNP A7, 2022 E KGR AN HEEE. 2% B s 1 DY fhii 55 4
SR, D WIOCHES] 28, 134, 6. 9N SNP . 5— MMM (GLM) #HH, JBE SRR F L

JESRG R AR, W LA 45 R R PR A

BN TR SRR K R R SRR I S 2 o 2RO F IR 167 3 RS, I A e ROBUA 2 1200 5 7K
filpy 2R & B R AT I AE 42.31 ~ 95.52 mg/g Z [H]: FE IR LWV HILE 14.77 ~ 49.44 mg/g. Panthee 552!
e T HY N87-984-16 x TN93-99 7548 (1) 101 A Fe I EZH F A8 REFA,  FI T LLAMEREAC o BT R SAFRLFE
K ARIERR S &, HMRRS EUEE 349 ~38.4mg/g, TIMHE 37.1 mg/lg, HEMREELHEZ 29.7~32.0
mg/g, “FHIE 30.9 mg/g, DEMRSETEHEZ 56.2 ~ 64.4 mg/g, FHIMH 60.3 mg/g, RIS EILHELZE 22.4 ~
24.1 mg/g, “FHIME 23.3 mg/g. L 2021, 2022 G K GFFR U Pl 25 2R & e, Sl A d R
FHLE, RICK SRR KRR & BT s T RS ARS8, WREAREEATERE, KRRk
R, 2 ) PR 1R A1 e R R B R TR



FlFH2) 90 ~ 9% MAEMRS HEATRM G, R 1-10% 207 25 2 5 IR, R 2 2L 0 5w AH
MBS, (HEANERMTKE . AR REEEZEN . FRAERSS5ZONRE, 2R
AR BARE =) AT, FAEHRARE ) I e Ty 1hT, R 4 B AR P 23024, I A5 2SR s RORUR €3 £
ERT R 20 MliE B AR & &, KIFEEIR S EIEHEN 0.969 ~ 8.370 mg/g, HZHIR S EIEHIN 0.018 ~
0.091 mg/g, AR EICEN 0.075 ~ 0.462 mg/g, iz L & &5 HEIN 0.094 ~ 0.161 mg/g. 2% FLPHRTT
ANE R & MR B AT R i S R, RIK SRR AT A 2R . HER . RER S BT
J& 2.36~8.51 mg/g. 0.01 ~0.24 mg/g. 0.57 ~1.57 mg/g. I AWIRLE R GA TP AR HEABRAEE R
FRRAEH, HERERSEEEZERER, XnTieR& R AT AR K SRR i B 2R & =

FFE, AE SIS EE R R AT IO DR B R & B AL 3 MR R, aTH TR
AR B IRIIE T 5 2R DU B 2 FE R e 1 AR DG Ak 2 K AT T RETRAIE
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