EIRE FRFR
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20220911002

PEG Jipil T FZ R EB PR 4 2 R 4H S B i

W, MEE A, TN Rl THEL Kk RBE EExt
RS L RY S B A A P R JE 7, L4 8R 5 83000L: 2SR ML A A e A A IR T A 9530 %, T3R5 830052: Rl MR
B [ BRAH A ER AL, 5 & AT 830091)

WE: M EAAZHEARTZoRENZ —, TEEPEYRIENERATRZE. AEES DRI ERILF A XA
SNP 42 & B AR # AW, KA 183 #7488 & & B RBIRAMA, A 20% PEG-6000 /& ik e B & & Jr ik #H 4T ¥ B 4LFL K
BiRE, MERK, AEBR, RAR REHESZ, REET, RTE. RRIAFRRBKF 8 A EARI MR 090 2 (A

AT AT, STARSRA AR 69 F R S AT A R AT, 454 BEK A B E A AT AR IR MR A I F A AT R A K HAEA (Q+K)
AR RBXBES . HREREAN, EFHAT, 8 MEARMHKREFFHK 17.81%~70.71%, PEG M8 & 2ZTF, 8 MR
KEF R HHN 20.01%~61.62%. N EARRERAFZRGEAESATEREN, REPHLERFABEEIRKRAFAS AR

RFZHARRBRRRFEAREIMEF X, ERKRATZZANEREAGBRAFZHOMXEHRRK, H 074, 24H

WRBEPATER BT, 245 5) 54 M BARIILFMoRA0 £ 69 SNP {2 % (P<<0.001) , Mz S THAEAA T FCE % 6.18%~
18.74%, # 72/ 3B. 3D. 5D. 6D #= 7D $h44 16 & &k b, £ 5] %44z % 6 4, % H14z=F 1A, 5A. 7A. 1B. 5B
Fo 2D &k b, THEAE 6.55%~18.74% M A AR F. AP, 42T 7TA F etk Loy AX-111660155—AX-109600915 54k K 4%
WrhBRfe g KR KB FRAK, THREN 874%~1544%, T B F X889 54 Mz ST mELBRAMN, KF
TraesCS4A01G424000. TraesCS6A01G047200. TraesCS5B01G056600 % 9 ANTT Ak L /v AR S ME R AT F M AR K ey L B, X e ik
HTrE xRS, $ALSEB. MYBHRRTFTEA LA E TR,

KR DA RFM ARIER; 2ARAXIKSH; SNP

Genome-wide Association Analysis of Spring Wheat Root Traits under
PEG Stress Treatments

QU Ke-jia"?, SHI Xiao-lei*, WANG Xing-zhou'?, GENG Hong-wei?, DING Sun-lei*, ZHANG Heng®,
YAN Yong-liang*

(“Institute of Crop Variety Resources, Xinjiang Academy of Agricultural Sciences, Urumqi 830091; *Agricultural College/Key Laboratory of Agricultural
Biotechnology, Xinjiang Agricultural University, Urumgi 830052; >International Science and Technology Cooperation and Exchange Office, Xinjiang Academy of

Agricultural Sciences, Urumgi 830091)

Abstract: Wheat (Triticum aestivum) is one of important food crops in many countries, whereas drought seriously destabilizes
its growth and yield production. In this study, the genome-wide association study (GWAS) was conducted to mine SNP loci and
candidate genes that associate with drought resistance of wheat root traits at seedling stage. 183 Xinjiang spring wheat varieties (lines)
were examined under 20% PEG-6000 or normal nutrient solution treatment conditions, to simulate drought stress at seedling stage.
The measurement of root traits were statistically analyzed, and the correlation analysis of drought resistance coefficient was carried out.

Genome-wide association analysis of drought resistance coefficients of eight traits including total root length, root surface area, root
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volume, root mean diameter, root fresh weight, root dry weight, root tip number, and maximum root length was performed using a
hybrid linear model MLM (Q+K) using 55K SNPs, and candidate genes were identified for significant inherited association loci. The
results showed that the variation coefficient of eight root traits were 17.81%-70.71% and 20.01%-61.62% under normal and PEG
stress conditions, respectively. Correlation analysis results showed that the drought resistance coefficient of average root diameter was
significantly negatively correlated with those of total root length, number of root tips and maximum root length. The drought resistance
coefficient of total root length and root surface area had the largest correlation coefficient of 0.74. Genome-wide association scanning
enabled identification of 54 SNPs associated to root drought resistance (P<<0.001), distributed on 16 chromosomes except 3B, 3D, 5D,
6D and 7D. Each single locus could explain the phenotypic variation ranging from 6.18% to 18.74%. In addition, six pleiotropic loci
were detected, which were located on chromosomes 1A, 5A, 7A, 1B, 5B and 2D, each explaining the phenotypic variation ranging
from 6.55% to 18.74%. The locus AX-111660155-AX-109600915 was significantly associated with the number of root tips, root
volume and maximum root length on chromosome 7A, with the contribution rate ranging from 8.74% to 15.44%. Nine candidate genes
were proposed based on 54 significantly-associated SNPs. With gene annotation information, three genes TraesCS4A01G424000,
TraesCS6A01G047200 and TraesCS5B01G056600 were proposed to be involved in physiological regulation of wheat stress by
regulating translipoprotein, peroxidase and MY B transcription factors, respectively.
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Table 1 The performance of different wheat traits under PEG stress
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Fig.1 Changes of root traits under normal and PEG stress conditions
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Trait Treatment Min Max Mean SD CcV h?

TRL/cm C 58.54 218.50 118,51 31.16 26.29 0.71
T 25.77 111.96 69.38 17.31 24.95

SAlcm? C 8.01 40.00 18.76 8.32 44.39 0.86
T 5.56 25.11 11.79 481 40.80

RV/cm® C 0.09 1.30 0.38 0.27 70.71 0.88
T 0.08 0.74 0.26 0.16 61.62

RD/mm c 0.32 1.09 0.58 0.19 32.04 0.89
T 0.37 1.18 0.68 0.18 27.16

RTN/A c 32.50 319.67 116.06 45.88 39.53 0.64
T 20.00 161.33 48.47 21.41 44.17

MRL/cm C 8.70 28.45 17.30 3.08 17.81 0.79
T 5.50 20.84 14.88 2.98 20.01

RFW/mg C 59.50 306.50 111.87 31.11 27.80 0.67
T 23.00 128.72 74.24 19.18 25.83

RDW/mg c 6.33 74.00 12.90 8.52 66.07 0.52
T 3.00 17.22 9.74 2.47 25.36

H: TRL: BEARK; SA: REZMAL RV: HIAR; RD: R THES; RTN: MARE; MRL: RKMRK; RFW: REfHE; RDW: RTHE; C: XHIEA;

T: frad.

Note:TRL: Total root length; SA: Root surface area; RV: Root volume; RD: Root mean diameter; RTN: Root tip number; MRL: Maximum root length; RFW:
Root fresh weight; RDW: Root dry weight;C:.Control;T:20% PEG Stress.
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Table 2 Correlation analysis of drought resistance coefficient of root traits under PEG stress

[N DCTRL DCSA DCRV DCRD DCRTN DCMRL DCRFW DCRDW
Trait

DCTRL 1

DCSA 0.74** 1

DCRV 0.20** 0.48** 1

DCRD -0.48** -0.01 0.49** 1

DCRTN 0.66** 0.53** 0.16* -0.46** 1

DCMRL 0.55** 0.39** 0.15* -0.31** 0.30** 1

DCRFW 0.41** 0.57** 0.36** 0.10 0.16* 0.35** 1

DCRDW 0.25** 0.34** 0.29** 0.06 0.19** 0.17* 0.43** 1

i¥: DCTRL: SMRKHIFRH: DCSA: MKMBIF RE: DCRV: HUAHLT #%: DCRD: WRPFHEAHTRE: DCRTN: HIHHIF REG
DCMRL: EKARKIIRE K% DCRFW: MRELHEHFE RE: DCRDW: T HEHTFRE: *: 7£0.05 /KF LREFMIC: ** 1£0.01 KF LBFEHK.
Note: DCTRL: Drought resistance coefficient of total root length; DCSA: Root surface area drought resistance coefficient; DCRV: Root volume drought
resistance coefficient; DCRD: Average root diameter drought resistance coefficient; DCRTN: Root tip number drought resistance coefficient; DCMRL: Maximum
root length drought resistance coefficient; DCRFW: Root Fresh Weight Drought Resistance Coefficient; DCRDW: Root Dry Weight Drought Resistance
Coefficient; *: P <0.05; **: P<0.01.
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Table 3  Significant correlation loci of drought resistance in roots of wheat

[ERIN Frid ZOEREN o P {H RIITIRER
Trait Marker Chr Position/Mb P-value R?
DCTRL AX-109915564 2D 6.16 441E™ 8.72%
DCSA AX-110972394 1B 688.36 6.14E% 8.53%
AX-109862713 6B 27.67 5.33% 6.98%
AX-95127388 1D 484.19 474 8.84%
AX-109915564 2D 6.16 745 8.30%
DCRV AX-109286564 4A 45.56 3.76E 17.02%
AX-109980263 4A 104.86 6.56E % 15.99%
AX-109310695 5A 566.64 9.69E% 15.44%

AX-109498898 6A 6.27 6.61E™ 7.52%




AX-109078318

AX-111660155

AX-110397972

DCRD AX-111004678
AX-109824014—AX-111554770

AX-111162124

AX-111102830

DCRTN AX-110551014
AX-108734284—AX-108755294

AX-111144524

AX-110482078

AX-109600915

AX-94898597

AX-108955392

AX-109953350

AX-86167574

AX-110944363

AX-109894807

DCMRL AX-111178879
AX-110567094—AX-111450487

AX-110721315
AX-108827999—AX-111023790

AX-111612217

AX-110400975

AX-108935010

AX-110687704

AX-108942316
DCRFW  AX-111622338—AX-108786039

AX-109324513

AX-111101199
AX-110912062—AX-109460486
AX-111580022—AX-109397636

AX-111478182

DCRDW AX-108855740

AX-110964697

AX-110924520

AX-110173584

AX-111567492

AX-110059659

AX-94418601

AX-111472681

AX-108885690

AX-109934166

AX-110479150

AX-109335338

6A
A
5B
1A
5A
6B
7B
3A
3A
5A
5A
A
2B
4B
5B
7B
2D
2D
1A
2A
3A
3A
4A
5A
4B
7B
7B
1B
4B
7B
7B
7B
4D
1A
1A
1A
1A
4A
5A
6A
1B
1B
5B
6B
7B

24.33
71.35
688.97
32.45
550.57-552.06
680.86
691.54
54.87
727.00-727.34
440.28
559.02
77.48
23.12
662.78
67.18
384.37
28.87
602.51
305.60
706.99-707.06
706.06
621.83-621.87
694.99
567.92
547.45
38.49
101.42
687.58-687.68
612.26
242.09
203.70-209.35
214.01-220.95
363.57
39.43
113.88
154.58
219.10
460.73
456.17
574.48
289.89
448.54
60.88
706.63
636.04

7.26E™
1.02E%
5.85E°%
6.70E°%

4 4TE-9 44
7.21E™
7.956%
925

3.17E%-5.28E™
9.79%
3476
6.70E%
1.62E%
9.956%
6.38E®
9556
9.626°%
2.956%
2.84E%
9.056%
8.09E™

3.13E7%-8.66E™
5.38E%
512
2.64E°%
2.89E%
2.60E°%

4244 67E
9.65E™
2.88E™

5.12E7%-9.63E™

8.06E%%-8.34E™
7.96E
3.11E™
5.46E*
5.46E*
5.46E
6.03E™
6.73E™
5.38E™
9.58E™
6.58E
557E™
6.57E™
2.62E

15.84%
18.74%
12.89%
6.55%
6.18%-8.83%
6.47%
6.37%
8.02%
7.62%-9.27%
10.73%
9.32%
11.79%
12.97%
10.72%
11.26%
6.22%
8.22%
9.55%
12.33%
8.05%
6.41%
7.46%-8.14%
11.52%
8.74%
12.99%
9.53%
9.62%
8.70%-8.81%
7.97%
9.31%
6.27%-8.59%
6.27%-6.31%
6.33%
9.29%
8.62%
8.62%
8.62%
8.51%
8.42%
8.63%
8.00%
8.39%
8.74%
8.50%
9.50%

W RIFERFE?2
Note: Table 3 is abbreviated as Table 2
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Fig.2 Q-Q and Manhattan plots of drought resistance coefficient of root traits
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W, AT 1A et fk i AX-111004678—AX-108855740 5 114 B4 FIAR 155 2 2% JC Bk, TUBRR N 6.55%~
9.29%. fi7 T 5A Yettufh ¥ AX-110482078—AX-110400975 SHRIKT . AR B KAR K 25 Gk, DTk %
N 8.74%~15.44%. fi7T 7TA Yetifh i) AX-111660155—AX-109600915 SR AR BRI AR 2SSk, Tk
HON 11.79%~18.74%. 7T 1B Yetifhk F (1) AX-111622338—AX-110972394 L5 2 i FHURTR e 28 Ik 2 G Ik
TR A 8.53%~8.81%. 7T 5B Yefifk F 1) AX-109934166—AX-109953350 5HRABORIHE T8 & 2 5Tk,
TR N 8.74%~11.26%. i T 2D Yefifhk L) AX-109915564 5 AR K AR F HAR B & 58, TR N
8.30%~8.72%.
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Table 4 Multivariate loci for drought tolerance of wheat roots

PEIR Frid Yetafh (A= P i RATRER
Trait Marker Chr Position/Mb P-value R?
DCRD,DCRDW AX-111004678—AX-108855740 1A 32.45-39.43 3.11E%-6.70E™ 6.55%-9.29%
DCRTN,DCRV,DCMRL AX-110482078—AX-110400975 5A 559.02-567.92 3.47E%-9.69E ™ 8.74%-15.44%
DCRV,DCRTN AX-111660155—AX-109600915 7A 71.35-77.48 1.02E%-6.70E-05 11.79%-18.74%
DCRFW,DCSA AX-111622338—AX-110972394 1B 687.58-688.36 4.24E%-6.14E% 8.53%-8.81%
DCRDW,DCRTN AX-109934166—AX-109953350 5B 60.88-67.18 6.38E°-557E 8.74%-11.26%
DCTRL,DCSA AX-109915564 2D 6.16 4.41E%4-7 45 8.30%-8.72%

W RAFEFE?2
Note: Table 4 is abbreviated as Table 2
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Y A FE R ORTR T T3 1) 54 A SNP ARic, 7518 /N2 vh (535 5 D A Hd P rp b AT 38 &R, SR /N2
FRFR TR PERAR I K7 51, R4 58 R D R FROREATT , L1531 5 /N i T R RGO NMER (R B) .
X e fi ik B PR VR OB OB AL S MK MM B B 14 ( TraesCS4A01G054700 ) . i H L W
(TraesCS6A01G047200) . MYB %3 F (TraesCS5B01G056600) FHfEH 1 (TraesCS4A01G424000)

A
3 o

®5 REBHERMEMEERRER

Table 5 Candidate genes for drought resistance in root traits

LN Frid PSRN LYBURIAC HEH SR s TR E

Trait Marker Chr Position/Mb Gene Gene annotation or coding protein

DCRV AX-109286564 4A 4556 TraesCS4A01G054700 L E A 14
AX-109310695 5A 566.64 TraesCS5A01G354400 BE AR ES EAMEREEA
AX-109078318 6A 24.33 TraesCS6A01G047200 A A
AX-111660155 A 71.35 TraesCS7A01G114800 L3 A 22 Bk 2 H (DUF5609)
AX-110397972 5B 688.97 TraesCS5B01G529800 EEEE, HEN(DUF594)

DCRTN AX-111144524 5A 440.28 TraesCS5A01G225200 A4 T 22 R T R R R B
AX-109953350 5B 67.18 TraesCS5B01G056600 MYB #3% [KF

DCMRL AX-111612217 4A 694.99 TraesCS4A01G424000 NG E A
AX-108935010 4B 547.45 TraesCS4B01G271600 F-box K& HA

W R5HERFE2
Note: Table 5 is abbreviated as Table 2
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3.1 PEG MM T/NEEHEIRIBMER L

RN A KR B B P, /N2 (T R A R B — T bRk 1T LASE IR, e BN 24
MR AR BB/ N HEAT PEG-6000 W ia L R iR6, BT AL SRR IR ARk, R4t g
BF 5 a6 /N2 B AR KA B S A A o i S A BRI AR MR O R SR, HR il S AR K
B REEE, AR, RTE. R P ERMRKRK . A5 a2 AR 38 B -5 AH LU B
B, KRBT UEEZBImEE, Eidy KR RBOKIR, M5 s HAR RPOKEE, X557 A5
gER—FPN, ghah, WA . RIS IR R R AR b At N AR RS AT 4 SR A B
B PR AR 2 AR A S0 HEAE LU 3 B TR . SR, /N T F R R, Hax+ 2 xp, —
BURFIAL Y, /NZEAR R K 22 BIPAAS,  HARR AR A A1 b 2 RS2 BUBHAS, 3% 59k 252
MR R 5. PRaiisR T, RAEFIPREZERCN, BN PRI A T — A EeRa i Ya
X5 E P T 4 RN — 3. RIS REIR, WIRANER R KB B T, e
WANERRAZ BT R2W0)E, HARRXHOKIAEE T —MPLE a2, W S8R R K4 K
23— 52 FEFE R

FSAE 2 M 2 AR AR MO AR KA B3 IEAE DG, AREEE SR T B AR 3 IEAG, X 52 sl 4 i
— 3 BKHRK SRR KRR S FE A, P EA SRABH RS, X5 TPV R
PPN AHDCHE TS SR — 8. Itk IXUSEHRRATDURGF I e i it 5, JERIAM BRI e, 5
PR AH M AR I 2 SR K AR R T AR
3.2 INEREMERIB M S EELE KIS

BEE 5 A ER AW, R S Bos A BE A 5 T R FOLE 431 /KT b I B R AR A3 ke i o
2 Mathew 5PURF 7T & DIAE 1B, 2B A1 3B Jetiafk FA7FAE— X, HEZRIENREMRILERES
X AHFIAE 1B Yetifk b fr 2 SR EF B CHI AL, 7E 1B A 2B Getifhk bog A 1) 5 i AR+ 5
KRG 5, BB 1B, 2B A1 3B Yetiufk o] REAEAE A% /INFEMR AR AE M B JE IR, 3 45 Al ABIF 70 SR — 32,
Ji B2 OE 6A. 6B 2D Al 6D Yeti A boAG I H 5 AT SCIBk (/N TR B SNP,  ASHE FL/EAE 6A HI
6B Hu i LA I B 5 A B OGN 2 BT R AL AT, BB 6A F 6B YL ta ik b AT REAEAE IR AR 2 I A IA T FE I
LR, AHFFURIRT A FI T TE 6A il 6B ettt bk I N AR VIR 12 3 RBR AL A, RN S 6 [ UR
R L TE AR /N2 R 77 T P RS B AR, Ui B 6B Ytk n] RETE A4/ N P B e 77 A — e 1
F o AT B0 3A i 5B Jeti ik FIREN ST HERBEAIAI S, 78 3A Jetafk b RIS BKARK A/ fir
M ABEFURTIEITE 3A Yotk FAFTE 5B AKAMRKA RN A, 7E 5B Jeta i R ISR B AH GO 5, Ui
AT SR BB Ar SO T 48 . Xu 2Z50%17E AL 6A. 1B, 7B 1 1D Hethfh b g i 35 KR KA R R A,
JFTE 2AL BA. 3B Fl 2D Hefiufk bE i 3 SRTEA RO . AWFFULE 5A F1 7B Jetatk b e 3] 5k
IRKARR AL R, 75 5A Jetefk RIS HARIIAL AL, 8IS w7025 BEBEAT XS L, AT FE A 2
1 5 B K AR AR S AT A AT 5 . ASHT %8 ) Bai Z5BVRT 90 485 R —HE, J97E 1B Hetofk BRI T SR A
KIFHIBL . BRIEALZE 2D M1 6A AR BISHREHAHICHIA 2, 76 6A Ytttk F3 35 RARAA M



M TE 6B Jetifk B SR BRI, FIFE, ABFFCLE 2D Jetifk b5 A 2 5 R R T ARA AL A,
1E 6A Yt fh I 5e S B S HRARBUR G AL 5, 7E 6B Jetifhk b Bl SR BAM N A, BEITX =4
et ik AT REAEAE RIS N IR RS AR R AW B MEt42 e 1A, 3B 1 5B etafk b 5%
FASRIIL 5, AHFFULE 5B Yetifh b 5e S B S HRARBUE AL 5, I BLARHFAAE 1A Jetafh be i 31
AX-111004678 5 H 5 {1 f] AX-109322726 i B HHIE, FHES 0.25 Mb, 5 T BE 9 [Al—fir . F a0 sA
et fk bog fr31¥) BobWhite_c14291_666 5 i KARKAH K /N ZHTF SNP, 5AHFLE 5A Jetifk bigfrF]
(1] AX-109824014 HAR-F-¥ EARAHORI/NEZ SR SNP FE B E0L, P08 0.57 Mb, AT 889 [Al—AL &1, Ui 5A
Gt A X 8] 7] ReE 5N 22T Ry TR E
3.3 NEREPMERI R IR IEE E T

TE 368 /N 22 v 5] 750 5 DR ZH 500 2 rpobg 4 RV 2 DR BB M 49 301D 54 A SNP FRic AT 2R, RIS /N2t
AR HERA DGR F T B, FEARIEAR SRR D RE RO ERE,  HEWTH 5 /N 2R BT R DGR 9 AR
WFFLRM, AT 4A Getifk L) TraesCS4A01G054700 Zwf i (i it 2 (138 14, ZF IR ED LK. K
B ST A RS R R T EEIRERY, f1T 4A Yt ik 11 TraesCS4A01G424000 4l i E, R
AL TR KN PR A A KR T OSSR e o EEERYY. AT 5A Jefaik
EH) TraesCS5A01G354400 i M HITHREA AN 'E & AN E R EOREZRER, ZEAEEYERK
B B DL R IR S R A5 Ay T R I EEAE AP, AT SA Jetith b TraesCS5A01G225200 if ¥ ) 3
RE 45 1) A A Rr e P 22 R R A W, 12 1 O e B R AL VA S R A R AR E TEIRES, TERE
AR rh AR AR YA, £ T 6A ettfk b TraesCS6A01G047200 4wl il AL e, HAEMEK . K E
EPRIAE A B p R A R E AR, SO0 T B R AR R PTI E DA AR s R R R S R
F 4B Gt ik (¥ TraesCS4B01G271600 4y F-box ZEE 4, SRR FEK ) 255 THYMAKES
WG, DL S SSEM, T 5B Jetatk EI TraesCS5B01G056600 4ifih MYB #3%H1,
250 I CLATE W {2 i 1 i 37 %5 9 3 B,
4 Z5ig

ARIK DL 183 1338 AR /N [ ARBEAR AR, (7] 20% PEG-6000 #E47 1 #AHT R /K BF R, XF 8 MR
PER KT 5 R BT A SE LSRR AT, e 1 3 54 A5/ N FEAR PR PIRAR S 1AL A5, TTRRER N 6.18% ~
18.74%, 4rAnfERR 3B, 3D, 5D. 6D Fl 7D 4] 16 sk Gutifk b LA IE) 2 4 6 4>, AT 1AL BA.
7A. 1B. 5B il 2D #efafk b, TERE N 6.55%~18.74%. k3L K Fill3E4S TraesCS4A01G054700.
TraesCS4A01G424000. TraesCS5A01G354400 %5 9 AJ He 5 /N AR MR BT AR G I L [, X B[R AT fig
SRR A 14, HIREA. B REARNESEABBRIREA%S 520 A .
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