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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.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 varieties with high levels of these four free amino acids were identified, including
Haimen Yang 104, Liaoxian Bean 12, and Guanyun Dasiyu. By genome-wide association analysis combined
with the phenotypes and genotypes of four free amino acids in soybean natural population, 27 significant SNPs
co-located by four amino acids in soybean were identified in two years, among which there were two SNPs for
arginine, including S17 19067780 and S17 19067789, and 19 SNPs for glycine, including S01 53974257,
S08 38878988 , et al , one SNP ( SI18 53291599 ) for glutamic acid, five SNPs for lysine , including
S08 18555689, S08 18567542, et al. The candidate genes related to high amino acid content in soybean were
inferred to be Glyma. 17G177400 and Glyma. 17G177600 for arginine, and Glyma. 11G157000 and
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Glyma. 11G161700 for glycine. Glutamic acid are Glyma. 18G244200 and Glyma. 18G244700, lysine are
Glyma. 08G227600 and Glyma. 08G228100. The results of this study provide a theoretical basis for improving

soybean varieties and assisting soybean molecular breeding.

Key words: soybean; free amino acid ; genome-wide association analysis; SNP
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Fig.1 HPLC chromatogram of four amino acid standard liquids of soybean
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2021 4F 2022 NG 2R . H 2R A 2R F s 24
iR DU Rl B A SRR 1 S A I 25 2R (B 2. R 1)
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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

HER
Glycine

BER TR

Glutamate Lysine

IR A0y e/ ME HRRAE ¥fH 2 A5 R %)
Amino acid type Year Min. Max. Mean SD (614
FEE R (mg/g) 2021 0.46 12.00 2.81 1.77 63.12
Arginine 2022 0.73 8.43 3.01 1.71 57.87
H#EER (mg/g) 2021 0.03 0.37 0.08 0.04 55.38
Glycine 2022 0.03 0.25 0.07 0.03 48.88

B 7R (mg/g) 2021 0.22 1.29 0.55 0.19 34.91
Glutamate 2022 0.25 1.35 0.58 0.23 33.03
AR (mg/g) 2021 0.05 0.25 0.11 0.03 28.13
Lysine 2022 0.02 0.31 0.15 0.05 44.06
x2 AEMHNHOMEEEERSIENAZRRMT
Table 2 Soybean varieties with high content of four free amino acids in soybean grains

ni A4 FR iy Ko /R 7 it (mg/g) HER & it (mg/g) A2 /R ik (mg/g) i RR it (mg/g)
Cultivar name Year Arginine content Glycine content Glutamate content Lysine content
11 104 2021 12.00 0.20 1.29 0.21
Haimen Yang 104 2022 8.43 0.25 1.32 0.19
L5125 2021 7.16 0.37 1.28 0.25
Liaoxian Bean 12 2022 6.41 0.22 1.01 0.22

T K IUhL 2021 6.93 0.15 0.62 0.16
Guanyun Dasiyu 2022 6.10 0.18 0.70 0.14

2.3 KEMNMEEREE GWAS 9547 K SNP E i
2021 4 R A RE Hh O R 25 24 iR T G I 3|
109 1~ SNP i 55 o K G AE 2 IR & & B 3 AH
SNPs 47 11 4~ (-Logl0(P)>6.0) , /3 i £ 55 1.9,
11,17 18 S YAk (3 18 3) , Mt i # SNP v &
T4 17 5 Y14 19067780 bp, -Logl10(P){EHL K
B2 7.63; KE H &R & & B & CH SNPs 4 874,
S ATEES1.3.4.5.7.8.10,11,12,13,14,15.,16.,17

YL b B SNPALEN T 125 YL Ak -
20760427 bp, -Log10 (P) {E i} KAH & 10.87; K E.4%
AR B i CHE SNPs A 44, i fE5E 1,18 5
et (i b M B SNP A B A T4 1 Sy fafk b
53229579 bp,-Logl0(P) (B RAE I 6.56; K &%
fif 25 i {2 OCH SNPs A5 74, A A AE 5 8,19 5 e
ik bW B SNP A B 55 8 Bk ik
18610062 bp,-Log10( P){EH KAE S 6.09
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Table 3 SNPs in soybean were significantly correlated with the contents of four free amino acids

s i Rl SNPHCH 508% SNP i (bp) 'L‘;;';éfﬁ’ﬁ
Name Year Chromosome SNP number Peak SNP position Log,,(P)max
Uiz 2021 1 2 11721470 6.81
Arginine 9 1 7711564 6.17
11 1 15826079 6.07
17 2 19067780 7.63
18 5 19067789 6.66
2022 4 26 49708503 6.72
17 2 19067780 6.49
T 2021 1 9 81559 8.45
Glycine 3 1 14208230 6.28
4 1 11098818 6.22
5 2 10644040 6.93
7 2 29891911 6.28
8 4 38885282 7.69
10 2 45863879 7.92
11 20 14276392 727
12 13 20760427 10.87
13 16 15808471 7.59
14 2 4979609 7.10
15 9 38947949 8.35
16 2 2150636 7.06
17 1 3674 6.95
18 3 58009016 6.10
2022 1 2 53974257 7.89
3 3 40650830 6.17
4 7 46581622 6.57
5 1 15535820 6.03
7 1 27072107 6.99
8 29 38885282 9.29
10 3 45863879 9.31
11 31 13780991 7.58
12 5 11366121 6.47
13 30 41191811 8.15
14 2 4979609 722
15 8 47570209 7.98
18 9 6088561 7.36
20 2 5221048 6.89
B 2021 1 2 53229579 6.56
Glutamate 18 2 53291599 6.44
2022 9 4 1925853 6.28
18 5 53291599 6.14
R 2021 8 6 18610062 6.09
Lysine 19 1 49980979 6.08
2022 8 8 18610062 6.49
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 four free

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 the contents of four free

amino acids in soybean grains in 2022
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2.4 1% EEEIZHE
— PR AR B 25 PR R B SNP A, ik

DU Fh i 25 2 R % i M e e BE L R . 7B K G
K @R AL E AL S17 19067780, i 85 H & Me th & fif

) S11_14837079, 1iF &5 #¥ 24 MR M & i 1) S18_
53291599, Jiie 23 i 2 ik 3t uE’Jsos 18555689 I
U7 120 kb X [8] , 57 26 7T RE 448 il K52 AL DU R e 25

IR B L[N . 381 phytozome 13 BXdE 4
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R SRR R AT L 7E 4 XA 43 I 134
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DR BG4 5, M AT RE 4 ol R DU i s MR . TR/ 2 PR VA 0% M R s i 8 T R & i I R
fi 16 BE DR (3R 5) , U0 2 b 2 IR e e B IR 0 il 02 SRk ik B IR Jg S U2 Glyma. 18G244200 1 Glyma.
Glyma. 17G177400 # Glyma. 17G177600, ¥t 18G244700, Horh Glyma. 18G244200 4 i 24 24 5 1%
Glyma. 17G177400 4t Myb/SANT ¥ DNA Z5 558 A8 PO BERR 20, A] R8I 1o 85 1 BBk e 1k >k
EELERTFHRREERS, TS HFEALR AEESSAR T 5, Glyma. 18G244700 Z b 2 ik
WL, Glyma. 17G177600 4RfiS BRIE A BRI S0 JE-RNA 325, 1T GE 0 52 0 209 L -(RNA 245
iy EF R RBRES, S HEASMED SRR R 2R i U s 2 R ik S R 43
JUR - il 2 e S A Ak 5 Ui B T 2 R e 1B S IR A A2 2 Glyma. 08G227600 il Glyma. 08G228100, Herh
Glyma. 11G157000 F Glyma. 11G161700, ¥ W Glyma.08G227600 % E 115 C 3 S5 1% Mt bk 42
Glyma.11G157000 g i R & MR I ME AT, BRRE O-H SRl , ERh 1 rh ik i & eI AT
ERPFREP R R, FTREHL 2 S RAER A2 SHERMNAL, Glyma.08G228100 4t % 1
A AR BT A U 5 T R 1 Glyma 11G161700  FAFRGEE WD-40 BE ZIGEEN, S 5E AR
I M A T, TRl R 222 B4k, ATRE SR B R ARG

T4 K TAFHIIU RS EE B T F £ E £ SNPs

Table 4 Colocalization SNPs of four free amino acids in soybean grains

AR SNP v

Name SNP position

AR S17_19067780.S17_19067789

Arginine

RV S01_53974257.S08_38878988 .S08_38883478 ,S08_38884153,S08_38885282,S11_13780991.,S11_13804849 ,S11_14837079

Glycine S11_14837422.S11 14984873 .S11_14984877 .S11_14985048 .S11 15269923 .S11_15269925 .S14 4979609 .S15_ 47569362 .
S15 47570050.S15 47570209815 47570419

B S18 53291599

Glutamate

R S08 18555689.S08 18567542 .S08 18583122,S08 18603949508 18610062

Lysine

RS KREFERIR.HER. SR MERSEAXRERER

Table 5 Soybean free arginine, glycine, glutamate, lysine content related candidate genes

PRR SICEES JEH D [ P R TIReERE
Amino acid type Gene ID Homologous gene Function annotation
ikt Glyma.17G177400 AT3G11290 Myb/SANT #f: DNA £5 4 8 & 1
Arginine Glyma.17G177600 AT2G15790 A T 2 G I 2 S5 A
HEmR® Glyma.11G157000 AT5G07030 RAEGARE AR IE R
Glycine Glyma.11G161700 AT4G33950 I AR E
BAMR Glyma.18G244200 AT4G36950 22 B AL R T 20
Glutamate Glyma.18G244700 ATI1G09620 ST ARNA HE G
TR Glyma.08G227600 AT5G59500 R Coi S -t e i
Lysine FREL O -H AL R il
Glyma.08G228100 AT4G33270 B RIEE N

WD-40 &2 FikEH

3 'i,TJ-‘A E,/n%%‘%% @ﬁ%%@&fﬂimnnﬂ’lﬁ]%#ﬁ%,
e BEUR LA o BT AT O O H R

T A 1 RBORE T AGE I 264 17 R S S FR MG %E&?‘Fﬂﬂiﬁ@a&Eﬁﬁ%ﬁ%@é%é‘%ﬂ@ﬁt}ﬁ&ﬁ,
IR H AR A AR TR R e @RS ONIRI]F 104 G0 125 9 2 R IRE, O K i
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Tt A % S GWAS 78T 965

BRI T m L S A R AR T R U

Tl 24 909%~99% M 24 3L 2 5 i &
B, A 1%~10% J& 3 2 28 58 . A5 B s ik
R o AR AR AR EER K F AT T8
WP REEEEEM. RS 5% 01N
W, JE V200 R G AR = P R A 7E AR
Yy 395 5% W36 T e FEE B Y A i
167 153 K5, R 2 RCHORR 20 150 0 o K i 4 2 PR
a0 2R TE FIAE 42.31~95.52 mg/g; #i 24 TR 2 Ak
L Fl 7E 14.77~49.44 mg/g. Panthee 52 % F th
N87-984-16 x TN93-99 22511 101 > F W HL24H A 28
FFEA, R HELLAMEIEA 53 7 R AR S A 7K
fiff 28 B IR T i R 2R & Y Rl 34.9~38.4 mg/g,
FIAE 37.1 mg/g, HERR & S & 29.7~32.0 mg/g,
FI4{E 30.9 mg/g, AR U] 56.2~64.4 mg/g,
FH{H 60.3 mg/g, #iZAIR & wVu R 22.4~24.1 mg/g,
3508 23.3 mg/g. T IH A I R SO i A
DU R S i 20 il 25 2 5L R 1 1, R BUAE 2R
U Bl 0.969~8.370 mg/g, H & R & & 75 [l
0.018~0.091 mg/g, 2R & HEFELH0.075~0.462 mg/g,
SR & Y L 0.094~0.161 mg/g, 2 7 41
PRGN R KL b P e e e 5 2 BE PR 8 Ak, e R
KGHFRL R R 2R 2R 2R 2R &
23 9] & 2.36~8.51 mg/g. 0.01~0.24 mg/g. 0.57~
1.57 mg/g. I AMWFFT 4558 &K ZATRLH K f 2
FEMR Oy e T LU B 2R i, AT R R R o K
AR IS R KR R R A U
JOT 1) 28 FEE R RN 125 2 AR , A o h AR e L T
iR R 22 R O i S AT AR R — 3 (FR G 2R
TR 25 SR, X AT AR RO AR AR
KPR B 2R & st B 8 S B s, AN ]
TEEREE.

SKELHFEED L 264 15y K RIS GE IR A RL, 7E
2020 4FF1 2021 4E DN E T 53 FH K SRR Sl BT AR OC
PR R TN 2R A 2R IR & AR T i, I kA T
A BEVZH R A3 T, KGR N A R A s FR T
24F Y 2 MR Al R A A I 3 A B 2 M SNP A i AT
54>, S03_40647948 . S05 2727464, S10_4122977 .
S17 34559022 F1S19 48541685, #I| 43k [K £ 5%
AT, ASBIFFE 22 A6 B K G TR s v O i 25 24 ik
Mg 3 27 4~ SNPs A7 s (P42 7 2] ), ookl 2R
4 S17 19067780, S17 19067789, H 4 W2 Jy SO1
53974257 %5, 45 @ W2 Ky S18_53291599, #fi 24 R N
S08 18555689 45, Ay Jim £/ FHL I I 53 B4 5 JEAl

ASBIFEET X DU i 15 24 B P 7 1t AL e H 3
DUST Bl T T R G SR B S IR A 1 7, Jim 4k
T DU i v 28 2R R i % AT S L i IR BEA T 2
RERIIE o
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