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Genome-wide association analysis on solvent retention capacity in common
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Abstract: Natural population of wheats composed of 171 varieties (strains) planted in Yangzhou and Gaoyou in 2017-
2018 and 2018-2019 respectively were used as the materials to explore more sites significantly related to solvent retention ca-
pacity (SRC) of wheats. After harvest, 5% lactic acid SRC, 5% sodium carbonate SRC, 50% sucrose SRC and water SRC
were determined, and genome—wide association study (GWAS) was conducted to study the solvent retention capacity of wheat
based on the genotype data of 90K SNP microarray. A total of 12 stable and significant associated loci were detected in four

environments at two points of two years, which were located on chromosomes 1B, 2A and 4D, respectively. The phenotypic

YR8 E H3 :2020-05-30 explanation ratio of single locus was 6.93%-14.83%. The

E&WE : B E A AR5 H (2016YFD0100502) 5 [ 58 3 A%}
RS ATTUH (31901544 5 [E 52 BLAR AL 7 b 45 A 2 lactic acid SRC and sodium carbonate SRC was detected in

locus associated with simultaneous control of water SRC,

LI ( CARS-03-03B .CARS-3-2-11) ; VI 3148 BLAE 4 I 1B chromosome, which could explain 6.93% —14.83% of
AT (BE2017340) 5 9T 95 45 & 5 BF % 3 %) 9 B the phenotypic variations. The locus associated with simulta-
(BE2018350) ; VLA H AR 3L 410 H ( BK20171279) neous control of water SRC and sodium carbonate SRC was
fEERA X I5(1995-) , 2, Wb M A, B F 5 A, E BN detected in 4D chromosome, which could explain 7.04% —
NE G BORAEHESY . (E-mail ) 270615009@ qq.com 9.76% of the phenotypic variations. The loci and SNPs sig-

BIFUESE W, (E-mail) gdr@ wheat.org.cn nificantly related to the solvent retention capacity of wheat
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found in this study can be applied in the breeding of wheat with soft or weak—gluten qualities.
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R, K485 HARPEIR B3 A 9z
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FE 2B _LArBIENL T 5 3 Ff SRC(BR7K SRC) A5
oz, PRI FIHT 8 4 SSR FRic Fil 486 1~ AFLP
Fric st RIL BEARRY SRC, 78 SD _FE@1N07 T 57K SRC
BEATCHINLAS, AE 4D ERENL T SHRIREN SRC H1C
IR, TE SA FI 5D gL T 5 RERE SRC I 5 AH K
R, K B2 1] 36 X SSR FRICKT 171 /N2
A SRC HEAT ICIE A AT, JEAG I 21 8 A~ i kA7
M IXEEHESE K £ SSR BRI AT AFLP FRic %, 5
TSR 4 FHRICAH L, SNP FRIC 2515, 5 B ARtk
AR, A A7 2T R S DI RE I A ¢, vl it — 25 T
RINBERRIC™ . ABFIELA 171 43 /N22 Sl ( 3R) 4Rl
() F SR TR AR AL, 25 B A /NZZE 90K SNP Gt 3 [
RUHTGERE, X /INEE SRC L EAT 4 5L R 24 I A #
DA /N Vs TR R 7 835 SR Y SNP A7 05, A
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1.1 iRIe w4

RIGAHRHIE E A 171 /Nl (), H
o3 AN RIR B R R VYRR H AR, HiAr 168 4
Ay H A EREPY 0 dk dbat vy AR R R
(G0 N [ = L DL A = B TR
YL BT Va) b DXL Bl 2= i 5 48 4 2017-2018
F12018-2019 42 , itz A4 b Bl A F V195 BT b
DAY B2 I T AR S AT 954 w2 MR T /N 2
7% FE (3056 20 ) T FR R 2018YZ . 2018GY . 2019Y7Z |
2019GY) ., RABEHLX it ,2 WER 3 171X, &
1770 B, 474 1.35 m, 470 0.23 m,, $%5 7 Xk
A7 [E) 5 2
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1.2 BRRFHWE

R AACCS6-11 J7 3£ 5 v ¥ AR 45 T
(SRC) , ke ek, HE N S ¢,
1.3 REHIELIP

BUEASL RN (R) £ H0k 2 I EE 5 (AR
FFRIEE , % A SPSS22.0 il Microsoft Excel2019
X FERVEAR A T A F RN SE T AT
14 EBERFEBEFE

M /INZE 90K SNP s F b 171 443 /N 22 5 Fi
(R) PEATHEDI 43T S B B4 e 2k 2R > 10% F
NSRS B PR ( MAF ) <0. 05 14 SNP 411, 15 B /&
JEi i (4 SNP FRicdEAT I AT
1.5 BEElaHh

Z:7% Hu %10 04 0, B0 A0 T 21 4
etk A1 676 1 FRIC (7 <0. 2) FEATBEIARZE #4943
T (Structure 2.3.4) ,
1.6 =EEAXESH

I Tassel v5.0 84X B SR BERSEAT 4007, FH

TR G2 PER ( Mixed linear model , MLM) 5 1 , 37
Tt R 5 A0 22 B Y SC B BT, 2 B S AR e Y
-lg(P) =3, HIP<0.001 BHA R bRic 51 RAEAE B
HORER, KA R E T S T EE S
FER 7 5 JE17 HE X (http ://plants. ensembl. org/) |
AR H RS H YA E

2 GRS

2.1 INEBEBRFREANSG TS0

2018YZ ,2018GY ,2019YZ ,2019GY X% 171
Uy it 3 B4 kL B9 7K SRC 34 {5 4 3 F 100. 04% |
96.07% . 91.66% ., 92.93% , 78 SF Z BN 5.27% ~
7. 46% ; A SRC YI{E 435K 121.77% . 126.55% |
123. 84% ,124. 44% , 5 5+ ZHH6.39% ~ 7. 31% 5 3L
2 SRC ¥I{H 73 9~ 114.27% (115. 84% . 107. 02% .
106. 45% , 75 T Z KN 6. 47% ~ 7. 17% ; Wk B2 4l SRC
I AE 4 9 A 121.09% ., 118.94% . 115.71%
117.15% , 78 5# 2 H0N6. 14% ~8. 17% (£ 1),

R1 171 NERM(R)BFREN(SRC) HgiT 27

Table 1 Statistical analysis on solvent retention capacity (SRC) of 171 wheat varieties ( strains)

Rt Petk RAE R/ ME T E brifE2E BRFRE(CY)
(R[] 1 65 (%) (%) (%) (SD) (%)
2018YZ 7K SRC 132.45 72.82 100.04 7.46 7.46
50% JREHE SRC 146.88 98.34 121.77 8.90 7.31
5%%LIR SRC 141.30 95.68 114.27 8.19 7.16
5%BRIR AN SRC 148.88 92.22 121.09 9.89 8.17
2018GY 7K SRC 108.38 77.14 96.07 5.31 5.53
50% FEHE SRC 161.50 103.40 126.55 9.08 7.18
5%FLI% SRC 137.58 98.30 115.84 8.00 6.90
5%HR R A SRC 138.68 100.72 118.94 7.30 6.14
2019YZ 7K SRC 107.26 66.64 91.66 5.72 6.24
50%LEHE SRC 143.34 100.18 123.84 8.62 6.96
5%5LIR SRC 125.72 82.60 107.02 6.92 6.47
5%%R R A SRC 135.60 91.18 115.71 7.27 6.28
2019GY 7K SRC 110.12 76.34 92.93 4.90 5.27
50% FEME SRC 148.58 105.06 124.44 7.95 6.39
5%FLAR SRC 128.70 83.88 106.45 7.27 6.83
5%HRIRH SRC 141.40 99.96 117.15 8.03 6.86

2018:2017-2018 4FJ¥;2019:2018-2019 475 ; YZ . Y175 B T b X AV BF 2= WFSE BT 7 fR Sk s GY L VLIR8 ma MR i /N2 W9 S b,

X IEIRAA Ak 0 5 390 O 5 0 IR AT A OG0, e R
INFZ 4 Fl SRC (H 2 8] 5 — & AR et . b g 1
ZEH0H 7K SRC 5 AEME SRC FLIZ SRC FIRRIRSH SRC

B E AR OB SRC 53R SRC 4% i
FIEAR LR B SRC S5HRAREMN SRC & I & 1EAA
KRR, FLIR SRC SHRFREN SRC F 5 i & 1FEAH &
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Z ., Hsk SRC 53 SRC FIikR 4N SRC #H56 &
B, 1o 0. 808 F1 0. 823 ; FLEE SRC Sk 4N
SRC AHIC R E A, I 0.809( % 2)

R2 171N ERMEFIREFS (SRC) MHEX
Table 2  Correlation of solvent retention capacity ( SRC) of 171

wheat varieties ( strains)

Ve kespe  SOTHREE SR
2018YZ  50%JEHE SRC 0.140
5%%LiR SRC 0.645*  0.302*
5%HRIRHN SRC 0.442*  0.062 0.637*
2018GY  50%JiEH#E SRC 0.109
5%%Li% SRC 0.430™  0.079
5%HRIR AN SRC 0.718*  0.166* 0.473*
2019YZ  50% 4% SRC 0.230 **
5%%Li% SRC 0.635  0.293*
5%HRIR AN SRC 0.729*  0.202*  0.681™
2019GY  50%JiEH# SRC 0.142
5%%Liz SRC 0.681*  0.287*
5%BREREH SRC 0.715™  0.170* 0.744
¥iE 50% FEHE SRC 0.228**
5%FLIR SRC 0.808*  0.319*
5%BRFEREH SRC 0.823™  0.189* 0.809 **

FARIR LR 17, R SRR TE 0.05 F10.01 K B3

R3 SRANRENREXBNSEERIRERETRBRER

INERFRBHEERAXBESH

Xt 4 AT 4 A4 SRC PR FEAT 4 5L K 41 56
B4, 7EP<0. 001 /K-, 78 2 A8 2 LA E 3R
ARSI 3] 12 PR/ Ptk G B ( Marker-trait associa-
tion, MTA ) FASE HAAL T IR 2 1 (SNP) |, 43l fir
T 1B 2A F1 4D Jetah I, BRAN 15 1Y R B AR S5
B3 46.93% ~14. 83% ., Horb 2 M s 57K SRC 1
TR N 1B YR IACX2984(653. 19 Mb)
14D b 1Y Kukri_c45123_242 (363.57 Mb) , i n

fif R 10. 38% YR AVAE 3 1 M7 sl 5 FLER SRC
2R 67 T 1B YL (AR 1Y) BobWhite _c19733_301
(641.55 Mb) I, fe iy T fif B 8. 129 1y R AR 48
I A5 FERE SRC I 25 0CHKE i T 2A JL ik
RAC875_c12803_1620( 668. 45 Mb) |-, fx &= A i B¢
9. 28% M FRAVAE A 2 M SRR FREN SRC &2
KBRS T 1B A 4D ek b o 1B etk
12651.56~ 654.03 Mb Ab {1 & 7 4~ & & M bR i
(IACX5803 Excalibur_c49496_705 . BS00035267_51 .
IACX2984 .RFL_Contig2971_282 .wsnp_CAP7 _c266_
144809 wsnp_JD _c14411 _ 14148961 ) , Fx v 7l itk ¢
14. 83% 1) F BUAR S35, v F 4D Yefa i b b g 25
FRIC Kukri_c45123_242 (363.57 Mb) , fi 2 ] fift B¢
7.92% W FRAVEFER(EK3)

2.2

Table 3 Polymorphic markers with stable association with solvent retention capacity (SRC) and the interpretation rates of phenotypic variation

e
WA dE i ok : L TR
2018YZ 2018GY 2019YZ 2019GY 2018YZ 2018GY 2019YZ 2019GY
7K SRC JACX2984 1B 653.19  8.00x107* - 1.04x107* - 6.93 - 10.38 -
Kukri_c45123_242 4D 363.57 - - 7.54x10™* 8.88x107° - - 704 976
5%F i SRC  BobWhite_c19733_301 1B 641.55  7.87x107* 3.06x107* - - 7.05 8.12 - -
S0%TERE SRC RACS75_¢12803_1620 2A 66845  3.56x107* - - 128107 8.12 - - 9.28
5%HEREN SRC IACX5803 1B 651.56 - - 1.54x107° 1.73x107* - - 11.80 8.6l
Excalibur_c49496_705 1B 652.45 N - 1.42x107° 1.52x107™* - N 1196 885
BS00035267_51 1B 652.58 - - 1.66x107 4.04x10™* - - 1405 963
JACX2984 1B 653.19 - - 2.94x107° 6.45x107° - - 1400 985
RFIL_Contig2971_282 1B 653.19 - - 1.67x107* 6.64x10™ - - 903 712
wsnp_CAP7_c266_144809 1B 653.19 - - 1.66x107 4.04x10™* - - 1405 963
wsnp_JD_c14411_14148961 1B 654.03 - - 1.57x107° 5.38x107° - - 1483 10.13
Kukri_c45123_242 4D 363.57  2.67x107* 4.41x107* - - 7.92 7.73 - -

2018YZ ZHRIR AL | 1B, —FORTEIRINEE NI S VR AL B35 K0k

B FEAELE /NS TRV ORET 7 B SR P A

BLT 11 A4~ SNP #ric [A i 5 2 A4~ s 2 A~ etk A o5
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B, Hd i T 1B 3 o & & i bR id 1ACX5803
(651.56 Mb) Fl Excalibur_c49496_705( 652.45 Mb)
5 5%%LI2 SRC F 5% kIR EH SRC 2 IR 2 25 41
X%, FHAR SIRIEFN 7.51%~11.96% , {57 T 1B 4t
Ok FIFRIC IACX2984(653.19 Mb) 57K SRC 5%
FLER SRC F1 5% BB HN SRC 3 MR W& A6, %
RIS SRR N6.93 % ~14.00% , T 1B YL fk
BYFRIC wsnp _JD_c14411_14148961 ( 654.03 Mb)
57K SRC 5%FLZ SRC Fl 5% W EN SRC 3 Mk
B EAH G, RAAS S i BN T7.09% ~ 14. 83% ., fif
T 3B Y 4K I (9 bR iC Excalibur _ ¢51706 _ 263
(109.95 Mb) F1 fii T 4B 3¢ {5 {& I 4 5 i
BS00110765_51(652.29 Mb) .wsnp_CAPI2_c4769 _
2174195 (652.29 Mb) RAC875_c51375_238(652. 37
Mb) #&B = 57K SRC F1 5% R SRC 2 MPEIR B 3
A, RIS SR N 7.01% ~10.91% ., £ii T 4D
Yo R FABRIC Kukri_c45123_242(363.57 Mb) 5
7K SRC HI 5% BREREN SRC 2 IR i 340 56, Al
S SRR N .04% ~9. 76% ., i T 5A Jefafk iy
Fric BS00067096_51(34.53 Mb) 57K SRC 5% 3Lk
SRC Hl 5%RFER 4N SRC 3 APk i 2 A1 O, R AR
SR N 8.65% ~ 10. 35% , i T 7B Yo fk 1y
FRICRACS75_c906_657 (746.53) 5 5% FLFR SRC H
5%RRFREN SRC 2 MPRIR B E A O , R AR R R
}7.18% ~9. 47% .

3 17 8

DIERFSR 25 R R W /N 4 Bl SRC HZ A1 HA
BEASEE T AR A R, AR 1B
Gu R L [F] asp A I 20 458 3 Fh SRC (BR ERE SRC)
AR, W BAL B 40 76 4D B G T 3 4 ] K
SRC i FR £ SRC ML mi A T [a] — o B, 13 B i 4
SNP {7 5, 1] [] Bif 52 0 Z2 4~ SRC MR, SNP FRic 43
T FRE P AT A S RN
Fofr b i A v 25 A% PRI, AT DT 4 AR IC Al
BIESEE Rl 438 PRI SCTR AT RIS 2 2 157 12
SILHFFRCIF £ S P)

AL RE 1B Yoo ik L AF7E 2 A/
2 R A7 £, Huang %5 F FH DH BF &, K
DE ] DTRE AL S F 1B Yot ik I, & E
BT [ AR ALE 1B YL (A bR 3 45 e 5
JE .8 min A7 (9E) (MR (9E) A RBPR AR

AR, EARNS ] DH BEHALE 1B Jetalk s
I U A L8 min HF TE R W A 8 (7 5
M ] PH82-2/ N % 188 438 At 40 4N F,
PRAR ,7E 1B e i ik b Aa I )45 ] Zeleny UUFEAE .8
min Y G IREL A A ()RR (E R B A, 2
BRI 2 A RIL BEAAE 1B e fi e i 815 i
PR E I ] DGR A2, ASBFSEAE 1B e A iR iy A
VT B (641.55~ 654.03 Mb) [a] I 52 7 ] 5 3 Fb
SRC (BRIEWE SRC 41 535 A0 S, 400 - [W) —
DA, SHMICYFE 1B Yk b 0 29 FLER SRC
FASE QTL 7 i o7 B 4230, K — 4 ] HF & M i KASP
Fric, ShxX — NS AT IRAWF I, N /N2 5540
FTist e &F fl, ABFSE S BITE 24 A1 4D Gk g
D72 5 FERE SRC FIRRFREN SRC 1 2 A SC A A
DAY oA DLARGE , 000 2 A6 0 3] A 42 S AR 5& SRC
ARAITALA, o RN TR 300 1] ) A=A e DR R g TR
BN TRIAF B 0t o5 DL R 50 300 ) £ T ) e A
s L ERONTEE S S P22 5 IR NG
FRVE RIS 2 35 52 W, DT 3 B 13 45 SR 1)
AREME, AWFFETE 3B 4B SA Al 7B Yefafk -3
SERLF IS T 5 SRC 35 CHEY SNP, F—2
P IR BE T A, B UF X S o A MR A AT SR

4 4K

AWFFEA FH 90K SNP FERLES X 171 #y /N4
s F (ZR) MEHE2017-2018 F12018-2019 4F 4% M
FIETHE 4 S IREE N A9 RO A5 ) 1A T 4 IRk PR 4 DG 1k
SYHT L REINE] 12 AR 1 3 T SRR BRI, 43
F 1B 2A F14D Yeafk b, 507 0 o] B 6.93% ~
14.83% 75 5% 57K SRC EHERIALEA 2 4,
T 1B F14D Jefafk | 5FLR SRC KRB ALEA 1
AT 1B e fR b 5HERE SRC OCHR B A7 4547 1
LT 2A YR L 5ERIREN SRC CHR AL A
24 T 1B F4D Jeafk | 78 1B Jeta ik - [a i}
R E 46 3 Fl SRC(BRFEWE SRC) ML AL, W38
B, R R R AR 5 R.6.93% ~ 14. 83% ; 7F 4D
YeafR FAIN R RIK SRC BRFREN SRC BT 547
TRl i, AT i BRI A 55 287.04% ~ 9. 76% , iX
L6 SNP {3 14 AT Ay 7N 22 5 Jo 5 3 55 73 ot o 7 A B AL
LIS AR YR AR

SE
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