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Identification of drought resistance and SNP correlation
analysis of wheat seedling introduced from ICARDA
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3. National Crop Germplasm Resources Duplex Database, Xining, Qinghai 810016, China)

Abstract: 160 wheat samples imported from the International Center for Agricultural Research in the Dry
Areas (ICARDA) were used as the research objects. Treating with 20% PEG-6000 simulated drought conditions at
the seedling stage, and the effects of arid environment on seven seedling related traits ( plant height, maximum root
length, root number, straw fresh mass, straw dry mass, root fresh mass and root dry mass) were analyzed by using
the comprehensive evaluation values, and the drought resistance coefficients of drought-related traits at the seedling
stage of 159 (excluded one unqualified sample) wheat were analyzed by combining 55K SNP markers. The results
of drought resistance identification showed that the correlation of each seedling stage under drought treatment was
lower than the normal treatment level. According to the comprehensive evaluation value and systematic clustering,
160 wheat samples were divided into four categories; high drought resistance (5 samples) , medium drought resist-

ance (53 samples) , low drought resistance (97 samples) , and drought sensitivity (5 samples). Five high drought
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resistant varieties were selected during the seedling stage, including ICARDA69, ICARDAS1, ICARDA49, ICAR-
DAS83, and ICARDAS84 ,and their D values were 0.823, 0.813, 0.765, 0.722, and 0.711, respectively. The asso-
ciation analysis results showed that a total of 227 drought resistance related markers were located at the P<0.001
level using 24151 SNP marker loci combined with seedling related traits, distributed on 17 chromosomes except
1B, 2D, 4D, and 6D, which explained phenotypic variations of 7.13% ~ 14.68%. Three multiple effector loci were
detected, located on chromosomes 4B, 5B, and 6A respectively, which explained phenotypic variations ranging
from 9.31% ~13.28%. Among them, AX—-108789337 located on chromosome 4B was significantly associated with
straw dry mass and root dry mass, which explained 10.44% ~ 13.28% of phenotypic variations. Located on the 5B
chromosome , AX-109353092 was significantly associated with plant height and root fresh mass, which explained phe-
notypic variations ranging from 9.31% ~10.93%. Located on chromosome 6A , AX—110432128 was significantly associ-

ated with plant height and root fresh mass, which explained phenotypic variations ranging from 9.95% ~9.99%.

Keywords: wheat; drought resistance identification; SNP; association analysis
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Table 1  Material information
fFh Variety JER Pedigree
ICARDA1 WEAVER/WL 3928//SW 89.3064/3/SOMAMA-3
ICARDA2 SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/PFAU/MILAN
ICARDA3 YMI #6/GEN//TIA.1/3/VEE#5//DOVE/BUC/4/ ASFOOR-4
ICARDA4 WEAVER/WL 3928//SW 89.3064/3/LAKTA-7
ICARDAS SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/FLORKWA-1
ICARDA6 PBW343 * 2/KUKUN//22SAWSN - 97
ICARDA7 CHAMARAN/LAKTA-7
ICARDAS ATENA-1//MILAN/DUCULA
ICARDA9 SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/6/LFN/1158.57//PRL/3/HAHN/4/KAUZ/5/KAUZ
ICARDA10 HUBARA-13/4/TRAP#1/BOW//PFAU/3/MILAN
ICARDA11 PASTOR-2/3/SHUHA-7//SERI 82/SHUHA’ S’
ICARDA12 HUBARA-1/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR
ICARDA13 SERI.1B//KAUZ/HEVO/3/AMAD/4/SHUHA-7//SERI 82/SHUHA’ S’
ICARDA14 TEVEE-11/SHUHA-19/7/KEA/TAN/4/TSH/3/KAL/BB//TQFN/5/WL7168/6/SNB
ICARDA15 SERI.1B//KAUZ/HEVO/3/AMAD/4/ATTILA//PSN/BOW/3/ATTILA
ICARDA16 SERI.1B//KAUZ/HEVO/3/AMAD/4/MNCH/3 * BCN
ICARDA17 KAUZ’ S’ /SERI/4/SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ
ICARDA18 P1.861/RDWG//DAJAJ-10
ICARDAI19 VEE7/KAUZ//PFAU/MILAN
ICARDA20 SERI.1B//KAUZ/HEVO/3/AMAD/4/WEAVER/JACANA
ICARDA21 SERI.1B//KAUZ/HEVO/3/AMAD/4/ESDA/SHWA//BCN
ICARDA22 KAUZ’ S’ /SERI/3/TEVEE’ S’ //CROW/VEE’ S’
ICARDA23 KAUZ’S’ /SERI/3/TEVEE’ S’ //CROW/VEE’ S’
ICARDA24 ATTILA * 2/PBW65//PFAU/MILAN
ICARDA25 ATTILA *2/PBW65//PFAU/MILAN
ICARDA26 WHEATEAR/22SAWSN - 156
ICARDA27 YMI #6/GEN//TIA.1/3/VEE#5//DOVE/BUC/4/MILAN/PASTOR
ICARDA28 TRACHA-2/SHUHA-3//KAUZ/FLORKWA-1
ICARDA29 SERI.1B *2/3/KAUZ * 2/BOW//KAUZ/4/TEVEE’ S’ /BOBWHITE #1
ICARDA30 SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/TEVEE’ S’ /BOBWHITE #1
ICARDA31 DEBEIRA/4/KAUZ//ALTAR 84/A0S/3/KAUZ
ICARDA32 KAUZ/SAMAR-15//RDWG/MILAN
ICARDA33 CHILERO-1/4/VEE’ S’ /3/HORK/4MH//KAL-BB/5/CATBIRD-10
ICARDA34 HAMAM-2/FLAG-4
ICARDA35 STAR * 3/LOTUS-5/4/TAM200/TUL//MILAN/KAUZ/3/CROC-1/AE.SQUARROSA (224)//0PATA
ICARDA36 VEE/PJN//2 % KAUZ/3/MILAN/DUCULA
ICARDA37 SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/PFAU/MILAN
ICARDA38 SHUHA-4//NS732/HER/3/MILAN/DUCULA
ICARDA39 SHUHA-4//NS732/HER/3/MILAN/DUCULA
ICARDA40 HADIAH-14/3/MUNIA/CHTO//MILAN

ICARDA41

GIZA-164//TNMU/MILAN
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Continued table 1

Al Variety

B Pedigree

ICARDA42
ICARDA43
ICARDA44
ICARDA45
ICARDA46
ICARDA47
ICARDA48
ICARDA49
ICARDAS0
ICARDAS1
ICARDAS2
ICARDAS3
ICARDAS4
ICARDASS
ICARDAS6
ICARDAS7
ICARDAS8
ICARDAS9
ICARDAG60
ICARDAG61
ICARDAG62
ICARDAG63
ICARDA64
ICARDA65
ICARDA66
ICARDA67
ICARDA68
ICARDA69
ICARDA70
ICARDA71
ICARDA72
ICARDA73
ICARDA74
ICARDA75
ICARDA76
ICARDA77
ICARDA78
ICARDA79
ICARDASO
ICARDASI1
ICARDAS2

GIZA-164//TNMU/MILAN
SERIL.1B//KAUZ/HEVO/3/AMAD/4/KAUZ’ S’ /FLORKWA-1
SERI.1B *2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/FLORKWA-1
SERI.1B *2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/FLORKWA-1
SERI.1B *2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/FLORKWA-1
OPATA/RAYON//KAUZ/3/PFAU/MILAN
SHUHA-4//NS732/HER/3/TNMU/MILAN
SHUHA-4//NS732/HER/3/TNMU/MILAN
ATTILA 50Y//ATTILA/BCN/3/PFAU/MILAN
JAWAHIR-1/GIRWILL-5
SEKSAKA-7//SHUHA-3/PGO/SERI 82
KBG-01/TOWPE
SIDS-1//ATTILA *2/RAYON
SIDS-1//ATTILA *2/RAYON
GIZA-168/4/ ATTILA * 2/3/KAUZ * 2/TRAP//KAUZ
GIZA-168/4/ATTILA = 2/3/KAUZ * 2/TRAP//KAUZ
GIZA-168/4/ATTILA * 2/3/KAUZ * 2/TRAP//KAUZ
ATTILA #*2/RAYON//CATBIRD-1
ATTILA * 2/RAYON//CATBIRD-1
ATTILA #2/CROW/3/VEE#5/SARA//DUCULA
ATTILA *2/CROW/3/VEE#5/SARA//DUCULA
SERI.1B//KAUZ/HEVO/3/AMAD/4/HXL8246/KAUZ
SERI.1B//KAUZ/HEVO/3/AMAD/4/HXL8246/KAUZ
SERI.1B//KAUZ/HEVO/3/AMAD/4/HX1.8246/KAUZ
SERI.1B//KAUZ/HEVO/3/AMAD/4/KAUZ/GYS//KAUZ
SERI.1B//KAUZ/HEVO/3/AMAD/4/KAUZ/GYS//KAUZ
SERI.1B//KAUZ/HEVO/3/AMAD/4/PFAU/MILAN
SERIL.1B//KAUZ/GEN/3/AMAD/4/TEVEE’ S’ /SHUHA”’ S’
SERL.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/HUBARA-13
SERL.1B *2/3/KAUZ * 2/BOW//KAUZ/4/HUBARA-13
VEE/PJN//2 * KAUZ/3/SHUHA-4/FOW-2
ATTILA//VEE#5/DOBUC’ S’ /3/WATAN-7
ATTILA//VEE#5/DOBUC’ S’ /3/WATAN-7
ATTILA//VEE#5/DOBUC’ S’ /3/QADANFER-9
HAR-1685 = ATILLA-7/REBWAH-12
VEE/NAC//REBWAH-19
VEE/NAC//REBWAH-19
VEE/NAC//REBWAH-19
SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/FLORKWA-2
CHAMARAN/3/VEE#5/SARA//DUCULA

TILILA/MUBASHIIR-1
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ICARDAS83
ICARDAS84
ICARDAS5
ICARDAS86
ICARDAS87
ICARDASS8
ICARDAS89
ICARDA90
ICARDA91
ICARDA92
ICARDA93
ICARDA94
ICARDA95
ICARDA96
ICARDA97
ICARDA98
ICARDA99
ICARDA100
ICARDA101
ICARDA102
ICARDA103
ICARDA104
ICARDA105
ICARDA106
ICARDA107

ICARDA108

ICARDA109
ICARDAI110
ICARDAI11
ICARDAI112
ICARDAI113
ICARDA114
ICARDAL1S5
ICARDAL116
ICARDA117
ICARDAI118
ICARDAI119
ICARDA120
ICARDAI121
ICARDA122
ICARDA123
ICARDA124
ICARDA125
ICARDA126
ICARDA127
ICARDA128

TILILA/MUBASHIIR-1

CHAM-4/MUBASHIIR-9

CHAM-4/MUBASHIIR-9

VAGA 92/EID-6
HUW 234/REBWAH-19
QAFZAH-7/FLAG-4
QAFZAH-23/ZEMAMRA-2
QAFZAH-27/SEKSAKA-6
K6295-4A/FLAG-8

SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/SHIHAB-7
SERI.1B *2/3/KAUZ * 2/BOW//KAUZ/4/SHIHAB-7

WATAN-7/SEKHRAH-2

WATAN-7/SEKHRAH-2

PASTOR-5/SHIHAB-5
MILAN/DUCULA// AL-ZEHRAA-1
PVN//KAUZ/PVN/4/CROC1/AE.SQUARROSSA (205)//KAUZ/3/ATTILA
CROC1/AE.SQUARROSSA (205)//KAUZ/3/ATTILA/4/FLAG-1
CROC-1/AE.SQUARROSA (224)//0PATA/3/FLAG-7
CROC-1/7AE.SQUARROSA (224)//0PATA/3/FLAG-7
AMIR-2/TAJAN
CHIL/CHUM18//ATTILA * 2/RAYON
KAUZ//MON/CROW’ S’ /3/SHUHA-4//NS732/HER/4/MILAN/PASTOR
SERL.1B *2/3/KAUZ * 2/BOW//KAUZ/4/REBWAH-13/5/FLAG-8
SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/GYS//KAUZ/5/MUNIA/ALTAR 84//MILAN
SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/GYS//KAUZ/5/ICARDA-SRRL-9

SERL.1B * 2/3/KAUZ * 2/BOW//KAUZ/6/LFN/1158.57//PRL/3/HAHN/4/KAUZ/
5/KAUZ/7/SITE/MO/3/VORONA/BAU//BAU
KAUZ/AA//KAUZ/3/SOMAMA-3/4/WATAN-10
SERI.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/ANGI-1/5/KABOWSH-1
GOUBARA-1/ANGI-1//QAFZAH-21
VEE7/KAUZ/3/KAUZ//MON/CROW’ S’ /4/QAFZAH-33
SERI.1B//KAUZ/HEVO/3/AMAD : 2/4/SARA 1/STAR//SW89.3064
SERI.1B//KAUZ/HEVO/3/AMAD = 2/4/SARA 1/STAR//SW89.3064
QIMMA-12/REBWAH-13/3/NG8675/CBRD//MILAN
STAR =* 3/LOTUS-5/3/CHUM//7 * BCN/4/FLAG-2
STAR * 3/LOTUS-5/3/CHUM//7 * BCN/4/FLAG-2
SERI.1B//KAUZ/HEVO/3/AMAD/4/TNMU/MILAN/5/WATAN-12
HUBARA-1/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WATAN-5
HUBARA-1/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WATAN-5
HUBARA-1/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WATAN-5
HUBARA-1/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR/6/WATAN-5
P1.861/RDWG//KAPSW/SHUHA-17/3/MUBASHIIR-12
KAUZ//MON/CROW’ S’ /3/KAUZ//KAUZ/STAR/5/SHAMIEKH-7
KASYON/GENARO 81//TEVEE-1/../4/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/KAUZ/5/FLAG-8
SERI.1B//KAUZ/HEVO/3/AMAD/4/SHUHA-7//SERI 82/SHUHA’ S’ /5/0OPATA/RAYON//KAUZ
SERIL.1B//KAUZ/HEVO/3/AMAD/4/PYN/BAU//MILAN/5/0PATA/RAYON//KAUZ
HOOSAM-8//CHAM-6/FLORKWA-2/3/ICARDA-SRRL-3
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ICARDA129
ICARDA130
ICARDA131
ICARDA132
ICARDA133
ICARDA134
ICARDA135
ICARDA136
ICARDA137
ICARDA138
ICARDA139
ICARDA140
ICARDA141
ICARDA142
ICARDA143
ICARDA144
ICARDA145
ICARDA146
ICARDA147
ICARDA148
ICARDA149
ICARDA150
ICARDAI51
ICARDAI152
ICARDA153
ICARDA154
ICARDAIS5
ICARDA156
ICARDA157
ICARDA158

ICARDA159

HOOSAM-8//CHAM-6/FLORKWA-2/3/ICARDA-SRRL-3
SERI.1B//KAUZ/HEVO/3/AMAD/4/ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15
SERI.1B//KAUZ/HEVO/3/AMAD/4/ATTILA//PSN/BOW/3/ATTILA/5/KAUZ’ S’ /SHUHA-15

SERL.1B//KAUZ/HEVO/3/AMAD = 2/4/ATTILA//PSN/BOW/3/ATTILA
SERL.1B//KAUZ/HEVO/3/AMAD = 2/4/ ATTILA//PSN/BOW/3/ATTILA
SERI.1B//KAUZ/HEVO/3/AMAD = 2/4/ATTILA//PSN/BOW/3/ATTILA
SERL.1B//KAUZ/HEVO/3/AMAD = 2/4/ATTILA//PSN/BOW/3/ATTILA
SERL1B//KAUZ/HEVO/3/AMAD = 2/4/ATTILA//PSN/BOW/3/ATTILA
SERI.1B//KAUZ/HEVO/3/AMAD = 2/4/ATTILA//PSN/BOW/3/ATTILA
SERIL.1B//KAUZ/HEVO/3/AMAD = 2/4/ATTILA//PSN/BOW/3/ATTILA
P1.861/RDWG//DAJAJ-10/3/MILAN/PASTOR
P1.861/RDWG//DAJAJ-10/3/MILAN/PASTOR
VEE7/KAUZ/6/LFN/1158.57//PRL/3/HAHN/4/KAUZ/5/KAUZ/7/MILAN/PASTOR
VEE7/KAUZ/6/LFN/1158.57//PRL/3/HAHN/4/KAUZ/5/KAUZ/7/MILAN/PASTOR
VEE7/KAUZ//PFAU/MILAN/3/MILAN/PASTOR
VEE7/KAUZ//PFAU/MILAN/3/MILAN/PASTOR
VEE7/KAUZ//PFAU/MILAN/3/MILAN/PASTOR
SERL.1B//KAUZ/HEVO/3/AMAD/4/WEAVER/JACANA/5/CROC-1/AE.SQUARROSA (224)//0PATA
ATTILA *2/CROW//MILAN/PASTOR/3/FLAG-6
SERL.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/SAMAR-15/5/1CARDA-SRRL-1
SERL1B #* 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/SAMAR-15/5/P1.861/RDWG/3/KAUZ//MON/CROW’ S’
SERL1B * 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/SAMAR-15/5/P1.861/RDWG/3/KAUZ//MON/CROW’ S’
SERL.1B * 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/SAMAR-15/5/P1.861/RDWG/3/KAUZ//MON/CROW’ S’
SERL1B # 2/3/KAUZ * 2/BOW//KAUZ/4/KAUZ/SAMAR-15/5/P1.861/RDWG/3/KAUZ//MON/CROW’ S’
QIMMA-12/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#1/

BOW/4/PASTOR/6/LUCO-M/BL1133//0CL/3/WEAVER

ICARDA160

KATILA-7/4/CROC-1/AE.SQUARROSA (224)//0PATA/3/PASTOR/5/PASTOR//MUNIA/ALTAR 84

mass, SFM) AR+ i i ( Root dry mass, RDM) Fl=&
I+ 5 2 ( Straw dry mass, SDM) , T2 —K¥F
A5 AR A Jo A B IR £E 105 °C R R TS 30 min,
80°C Mt fEH , I & AR 1ot & 2T o it

iz WPS Office Fil IBM SPSS Statistics 25.0 %X
PRI T BN A 21, IR 5T 5 R SRR eR U
B DL R ER GV E SEAT U R PPN, 1587 i
ZMSCHR[ 12-13], JH Origin 2021 254 5650 #r
RIFIRERE I RIES T,

1.3 SNP B AR B E Ll

/N 55K SNP Gt Fr (Hr B dric (b)) 4=
Wi AR A BRZA T %F 160 43 5 A tE AT 4 3 P 4
i, LA 159 0y (AIBR 1 00 & R A 4 A
ICARDASL) /Iy 22 #4 %} 19 5 i 208 53063 4>, H
Veftools " BAEHEAT AR, S5 Bk 2 3R > 209% T e /N
ST RN (MAF) <5%HY SNP o7 25, 28 s I 3515
24151 4~ /& it it SNP 459, F F Power Maker
V3258 A A R A L Z R E R 2
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B % i (Polymorphic information content,PIC) , PIC =
1= (P,)* (P37 i RLARIISS j ASSFA8 S5 B
W), A B B 9 24151 A4 SNP AR AC A
Plink 1.9 (4 FEUCHEAT LD 3 3§, 345 2821 4
SNP Frict, FH Admixture 047 SEATREMARSE F9 5047
Fs AT RS (K8 BETE 2~ 15 XJH], FA K
HEK 5 WEBCEE, 8 A5 284 K (H
X R A8 S IE £ 1R 2 CV {H ( Cross-validation
error) , CVAEF /DX I, K (B A Fe AL W REEL H |
FKH RIBEFEHIWREE,
L4 XESH

3 g AR B A 24151 4 SNP FRiCA7 i, 45
G REVEHERT 159 /N2 AR PR R R EL
BT RER AT, LA Tassel &KFS 12 .45 3 /Y 2 %%
e F KA Admixture FOFIZFAT RN Q HEFEAE
AR R — R PEAE Y ( General linear model ,
GLM) FNE & LA 7Y ( Mixed linear model , MLM ) i#f
A3 OCHK 43 Hr , 380 5z %k P b 4S8 (19 25 SR ek, SR
Tassel ZX/FH Q+K TR A LR AT A f AL AT e 45
LA P=<0.001 2 BIEA E 5 H bs AR 3 SC K iy
SNP fiisi. M RIEFHZMH QQ KA S,
2 R
21 EHREMEA T AT

3 3o X T o Kb BT A% A gt Ao B AS TR PR R AT
Geitorbr (3R 2) , R BAE VIR AL BT & PR AR R 30
Bz 2 5, A8 S 7.53% ~43.13%

ETRAN BTV AR FOr R 1 AR R R UM T
10% , T ERARES  ZEM i o AR 6 o o | 251 JT
TR T BT AR 5 R A L 10% , Horh Z5 i i 7
HPRRBW AR REBEAR T HRK, N 43.13%, X
Ul A ZE - Jof 45 A7 b BRI R A K, TP bR
B3 AE F175 B A 0.074 ~ 0.968 , H: i 25 - ff i i Y
WAL S /N, R 0,074, AR BR L ok, A
0.968,
22 HHRRERHBZEMNEXE

WE LW 32 5T a7 AR R 5
FECGHATHH M 0T, 25 3R W, DC,, Bk T 5 DCyy
Z I REIAMIZ AN, 5 HA 5 MRPTRE R
()25 52 B0 MR A S 3 TE A 565 DC iy BT DC oy 5 DC ey
DCypy \DC i W3 2 [10] 52 BB 2 35 IEAH G ; DCyp 5
DC g Z IR I B2 TEAHIE, DCgy 55 DC iy Z 152
T IEAIE ; DC gy 5 DC oy 1 DC gy, Z2 TR B I 35 1E
HHE ;3 DC g 5 DC gy Z X LB (25 IR AR
2.3 INEHHAMROERS ST

XN 7 SRR IEAT 3 A A BT, B
AN FERFHF, BIFTTERE N 87.92% (£ 3), £
W/ INAZ VeI ) B — 32 3 O BT R 36l 49.393%
TEAE A 3.457, ¥ fer MR A5 AR i o o | 25 1 T o A
R B k14 i 280 R UK 5 2 — 10 i BTk R
15.528% AFAE{E A 1.087 , Fe & AR K B fr £ 2 $de
K88 = F W B STER 30 14.131% R Ak
0.989 , ZEmHif [i7 et 119 i 28K 28 500 K 55 DU = A3 1 51
HRE Ny 8.868% AHAE(E A 0.621 , B s BT 2 2R K

®2 MEFRHEKHERE

Table 2 Variation of wheat seedling traits

AbF E 2 T RAREK AL MR REFTE AT ARTRE

Treatment Parameter PH/cm MRL/cm RN SFM/g RFM/g SDM/ g RDM/ g
R KAE Max. 29.28 23.10 9.6 0.468 0.276 0.054 0.019

- /M Min. 16.12 8.76 4.4 0.116 0.050 0.019 0.006
conﬁ;l TFHIE Average 22.65 14.43 6.7 0.246 0.145 0.031 0.011
PrifEZ SD 2.70 3.07 0.8 0.057 0.040 0.007 0.002

BRRECV/% 11.91 21.24 11.9 23.341 27.742 21.099 21.045

KA Max 19.23 16.22 7.8 0.166 0.161 0.041 0.016

PRI H/ME Min 10.68 8.53 5.1 0.060 0.062 0.015 0.007
Drought SEHIE Average 15.32 12.33 6.6 0.119 0.110 0.023 0.011
treatment FRifE2ZE SD 1.35 1.78 0.5 0.019 0.019 0.003 0.002
BRRECV/% 8.82 14.42 7.5 16.318 17.309 15.306 15.580

KA Max 0.90 1.32 1.3 0.851 1.294 1.247 1.540

AL IR%/ME Min 0.50 0.55 0.7 0.116 0.378 0.370 0.522
Drought resistance S Average 0.68 0.87 1.0 0.377 0.795 0.752 0.985
coefficient FRUER SD 0.08 0.13 0.1 0.163 0.179 0.131 0.162
R RECV/ % 11.35 14.38 10.0 43.130 22.491 17.442 16.447

e TIN e 0.109 0.782 0.968 0.074 0.585 0.385 0.368
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Table 3  Characteristic value, contribution rate and
cumulative contribution rate of each comprehensive

index in wheat seedling stage

PR BN % Principal component
Trait 1 2 3 4
M PH 0.692 0.016 -0.171 0.686
REKAMRK MRL 0.402  0.854 0.009 -0.152
W RN 0.644 -0.583 -0.165 -0.243
ZENf T SFM 0.235 -0.110 0.956  0.080
Hf i RFM 0.884 -0.018 -0.107 -0.071
i SDM 0.878  0.004 0.080 -0.003
W Fite RDM 0.891 0.066  0.023 -0.237
FHIEMH Eigenvalues 3.457  1.087  0.989 0.621
Fik# Contribution rate/%  49.393  15.528 14.131 8.868
ZiT kR %

. _— 49.393  64.920 79.052 87.920
Cumulative contribution rate

24 INEHBMBESH

WRAE S Ok AT A R bR R
SF g B AR MZEATEME (D H) . B4 4
F R B AL 43 53R 0.562.0.177 .0.161 #1 0.101,
BER S AP Y D EATE R 0.184~0.823(F 4) ,

RIS R NE 2 Fiw S MR R =
Pt PP KPR AT R 4 2, BTN
TR AP 5 45 (3.125%) , D {EJE A 0.711 ~
0.823; H:H ICARDA69 [ D {E =i, A 0.823, Hk
4 ICARDAS1 ICARDA49 ICARDAS83 .ICARDA84,D
B354 0.813 .0.765 .0.722 .0.711 ; 2K Bf 11 Ky v 4%
PrE AL 53 403 (33.125%) , D {HTE M 0.543 ~

x4 HilmMPEE DE

Table 4 Comprehensive D value of the tested varieties

KB 44 B Variety D {8 D value R4 PR Variety D {8 D value KR 44 B Variety D {8 D value
ICARDA1 0.601 ICARDAS5 0.635 ICARDA109 0.674
ICARDA2 0.256 ICARDA56 0.536 ICARDA110 0.529
ICARDA3 0.184 ICARDA57 0.559 ICARDAI111 0.511
ICARDA4 0.325 ICARDASS 0.397 ICARDA112 0.376
ICARDAS 0.646 ICARDA59 0.514 ICARDA113 0.636
ICARDAG6 0.521 ICARDA60 0.492 ICARDA114 0.460
ICARDA7 0.479 ICARDAG61 0.490 ICARDAL115 0.455
ICARDAS 0.417 ICARDAG2 0.589 ICARDAL116 0.368
ICARDA9 0.395 ICARDAG63 0.567 ICARDA117 0.678
ICARDA10 0.290 ICARDA64 0.563 ICARDA118 0.521
ICARDALI 0.599 ICARDAG65 0.535 ICARDA119 0.570
ICARDA12 0.469 ICARDAG66 0.428 ICARDA120 0.567
ICARDA13 0.598 ICARDAG67 0.621 ICARDA121 0.428
ICARDA14 0.390 ICARDAG68 0.373 ICARDA122 0.587
ICARDAI15 0.389 ICARDAG69 0.823 ICARDA123 0.612
ICARDA16 0.355 ICARDA70 0.471 ICARDA124 0.507
ICARDA17 0.373 ICARDA71 0.642 ICARDA125 0.434
ICARDA13 0.342 ICARDA72 0.536 ICARDA126 0.451
ICARDA19 0.418 ICARDA73 0.654 ICARDA127 0.552
ICARDA20 0.326 ICARDA74 0.505 ICARDA128 0.447
ICARDA21 0.411 ICARDA75 0.236 ICARDA129 0.501
ICARDA22 0.444 ICARDA76 0.614 ICARDA130 0.357
ICARDA23 0.454 ICARDA77 0.538 ICARDA131 0.410
ICARDA24 0.476 ICARDA78 0.459 ICARDA132 0.392
ICARDA25 0.556 ICARDA79 0.648 ICARDA133 0.587
ICARDA26 0.320 ICARDAO 0.512 ICARDA134 0.430
ICARDA27 0.681 ICARDAS81 0.369 ICARDA135 0.508
ICARDA28 0.596 ICARDA82 0.515 ICARDA136 0.385
ICARDA29 0.648 ICARDAS3 0.722 ICARDA137 0.496
ICARDA30 0.448 ICARDAB4 0.711 ICARDA138 0.625
ICARDA31 0.608 ICARDAS5 0.497 ICARDA139 0.685
ICARDA32 0.613 ICARDA6 0.529 ICARDA140 0.450
ICARDA33 0.433 ICARDA7 0.602 ICARDA141 0.410
ICARDA34 0.451 ICARDAS8S 0.640 ICARDA142 0.493
ICARDA35 0.416 ICARDA9 0.631 ICARDA143 0.576
ICARDA36 0.360 ICARDA90 0.478 ICARDA144 0.316
ICARDA37 0.575 ICARDA91 0.523 ICARDA145 0.353
ICARDA38 0.492 ICARDA92 0.583 ICARDA146 0.407
ICARDA39 0.645 ICARDA93 0.600 ICARDA147 0.503
ICARDA40 0.430 ICARDAY%4 0.501 ICARDA148 0.443
ICARDA41 0.664 ICARDA95 0.498 ICARDA149 0.436
ICARDA42 0.414 ICARDA96 0.387 ICARDA150 0.332
ICARDA43 0.558 ICARDA97 0.620 ICARDAI151 0.349
ICARDA44 0.524 ICARDA93 0.549 ICARDA152 0.461
ICARDA45 0.580 ICARDA99 0.515 ICARDA153 0.661
ICARDA46 0.640 ICARDA100 0.530 ICARDA154 0.377
ICARDA47 0.656 ICARDA101 0.451 ICARDAI155 0.406
ICARDA48 0.523 ICARDA102 0.519 ICARDA156 0.281
ICARDA49 0.765 ICARDA103 0.603 ICARDA157 0.546
ICARDAS0 0.559 ICARDA104 0.475 ICARDA158 0.411
ICARDAS1 0.813 ICARDA105 0.458 ICARDA159 0.491
ICARDA52 0.543 ICARDA106 0.342 ICARDA160 0.414
ICARDAS3 0.523 ICARDA107 0.598
ICARDA54 0.437 ICARDA108 0.572
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1CARDA160
TCARDAL4
1CARDA1 A5

1CARDA40)

T BT REAR 11 ARG AR L. T RO 1V ARBLREIA

Note: I: High drought tolerance population; IT; Medium drought-resistant population; III: Drought sensitive

population; IV Low drought resistant population

2 160 R hEEBRB R LS ITE

Fig.2  Drought resistance cluster analysis of 160 wheat seedlings

0.685 ; ZHF 111 24 T 58U AP 3 5 43 (3.125%) ,D
{HIE IR 0.184~0.290, ZEBE IV AL F i Fl 2t
97 13 (60.625%) ,D {HIE 4 0.316~0.538,
2.5 SNP EXxMRESH

T IR 3RS 24151 2450 SNP [, 235
PRl 45.51% (24151/53063 ) o K 0 1 2 1Y
24151 4> SNP i s bRic 2 il SNP %% B 1 (1&] 3, 0
32 01, 45 R R SNP v AR iC B B TR AN
H ABFEGL AR 0 50 A AN 5], HAE A B D
FERAH EAYSr A 551 A 9338 19865 .4948 4N ( % 5)
O30 LR 4 R 1 38.7% .40.8% ,20.5% , EAAK
WREEIA (B>A>D) , Hrp 4B QLK% SNP b5
B2, b 1675 4-,4D YLk iy SNP fRicie b, N
357 4, &XRNANZSE BTN 0.3067,A B,
D AR ) 23805 B & 540 51 0.3264,0.2999
0.2937(A>B>D) . A B.D iV HE K20 (1) i 45 2 AL
WK A(0.4023) >B(0.3642) >D(0.3568) ,
2.6 BRSNS

FH Admixture FAHETTHEAAR S 18 4347 1 25 R 3%
B K=11 B, CVAAE IR B /ME, R, oT Dok 159
/N BT R 11 AR 4a b, WL 32 50)

K=11 1217400 Q FEFEAE s s H T/ 22/ ¢
Wb, Hob  SWRE T A 7 4 (4.4%) 5 WRE 1T
A 21 A (13.2%) s R T A 16 4~(10.1% ) i
FhCWREIV A 11 4(6.9%) S Wik VA 12 4
(7.6%) AP W VI A 18 4~ (11.3%) &k A VII
H 15 4(9.4% ) B SERE VIIL A 22 1~(13.8%) i
Bl WHE IX G 4 4 (2.5%) dF; W BE X A 10 4
(6.3%) FbFl s WHE XTI A 23 4~(14.5%) i,
2.7 INEEHHAEXMERN KBS

fo IR 2 A9 24151 /> & it SNP 7 s 45 A
FEIVEAGT /N BP0 S AH DG MR AT G 43 AT
e 3 227 A5 1 BT A SRR AR 12 7 8
(B 5,033 50) , 510K N 7.13% ~ 14.68% , Hihr,
e 0 28] 5 8 v AH DI B bR e A A 44 A, 4l T
1A 1D 2A 3A 3B 4B 5B .6A 6B 7A H1 7D YL fk
b TTRRCE N 7.16% ~ 14.68% ; K6 ) 5 i K AR AR
KIRBIARIC A A5 3 A, 0 3L F 2B 7B YLk I,
TTHRFEN 8.06% ~ 8.75% ; Aar i 3] 5 AR ASURH SCHR 1 A
IC07 85 36 4, 43 LT 2B 3D 4B 5A (6A 1 7D 4t
Ak b ST N 7.29% ~ 12.68% ; K61 5] 5 M £ it
HAHSCHRAIPRICA A 33 4, 73567 T 2B ([4A 4B 5B,
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Table 5 SNP markers and polymorphisms in 159 wheat materials
e ik FrickH KB bric s B ZHFEE & puiticE 2 gdn
Chromosome Number of markers Length/Mb Density of markers PIC Genetic diversity

1A 1221 593.24 0.4859 0.3053 0.3714

1B 1362 688.35 0.5054 0.2771 0.3330

1D 818 495.23 0.6054 0.3100 0.3781

2A 1540 780.70 0.5069 0.3526 0.4387

2B 1175 799.25 0.6802 0.3318 0.4119

2D 951 650.88 0.6844 0.3457 0.4347

3A 1163 749.87 0.6448 0.3099 0.3802

3B 1373 829.73 0.6043 0.2433 0.2843

3D 418 615.46 1.4724 0.2595 0.3088

4A 976 743.32 0.7616 0.3467 0.4385

4B 1675 673.47 0.4021 0.3098 0.3769

4D 357 509.18 1.4263 0.2970 0.3640

5A 1590 709.22 0.4461 0.3167 0.3905

5B 1652 711.84 0.4309 0.3166 0.3854

5D 618 561.92 0.9093 0.2743 0.3276

6A 1550 617.25 0.3982 0.3406 0.4143

6B 1335 714.62 0.5353 0.3118 0.3806

6D 765 473.30 0.6187 0.2928 0.3551

TA 1298 735.46 0.5666 0.3132 0.3821

7B 1293 744.39 0.5757 0.3087 0.3776

7D 1021 638.19 0.6251 0.2767 0.3295

A FEHAL A genome 9338 4929.06 0.5278 0.3264 0.4023
B FEH 4 B genome 9865 5161.65 0.5232 0.2999 0.3642
D 3H4 D genome 4948 3944.16 0.7971 0.2937 0.3568
B3t Total 24151 14034.87 0.6161 0.3067 0.3744

6A 6B 7A 7B Fl 7D e fafk I STk N 7.49% ~
11.76% ; K6 1) 5 25 i Ji 2 A0 DG B A b i 07 45 3
A BT 2B 4B Fil 5B etk b STk R K
7.13% ~12.8% ; K I 5] 5 4R 5 2 AH O B A b i o2
J108 AN, AN F 7 s e 22 B — R, 43 A T
2A 3A 3B .3D 4B .5A 5B 5D Fll 6A ok [, 51
HRFN 9.19% ~ 13.28% ; 15 A5 K6 I 3] 5 25 - oy
FHSCHRBRIC AT 5, BEAh, A58 Hp LA 3 A4 SNP
PRI SCHR T 2 A4S & 2 ASUL B R B T SRR
R 22BN 0, A I T 4B (5B OFT 6A Yk I,
TIHRR A 9.31% ~13.28%, HH i T 4B Yefafk I
) AX—-108789337 525+ i i AR + i it {3 ¢
B, BTN 10.44% ~13.28% ;i T 5B Yefafk iy
AX-109353092 57 = AR ff 7 £ (2 GG, Bk R
$9.31% ~ 10.93%; i T 6A Y ik I ) AX -
110432128 5 /55 FHAR £ 51 o b 25 5CHK, DMkl
9.95%~9.99% .,
3 0 ®
3.1 PEG fMBE/NEEBHEXEROTL

HiE T/ B — AR K B B, 3T 52
38 o3 R G O B S AR A 5 o B, O HL
A TR S TRV NN N Y d= BUN AN N 1 S s DE
PEG-6000 %} 160 1351 #F ICARDA (/N1 L iHEAT

T H T R0, A8 T W30 A0 B A AH e
PRACEBC T IEH A, X £ 7+ 28 F/hE
B A K Z 20 T I AR A B AR
2 PSS R B ALK 4 A PR A 25 e R
MR T 2R 0 R RUR R A i R K AR
K E AR BOR 2, 1 B A AR 22 2 a8 R R &
RN A N2 I R s i
(A i K S RN gE — 300 M A AT
T AR S R B AR /N B AR T RAR 2
B 5 ZAVEIR Z A7 7R 3 A E 56 &R X A i B
PEAR Z [RIAFAEAH R DG | BN PE0R TE vk 42 1 1Y)
YT /NG b A PR BE T, K T 2 A P8 AR 4
HUE,
3.2 INEEHREER KBS T

AWFFEHEETF 55K SNP S F X 7 AN AH OGP
AREE G 24151 A SNP 7S HE4 7 R AAT , A6 )
PURAREAT M 227 4>, 78 2B Yoo ik 4G 3 5 %
FARA N 25 I 5 a2 A DG B A A7 a5, X5 R 5 A
SRR S B 2 LAl 7E 1A 4B 1 5B %
R RGN B 55 B AR DI A 07 5, BRI HBLTE 1A
Pete R e B S5 0 m A SR S, 7E 4B R 6A
et R T I 2] 5 AR EOH SCHR A4 A, X 5 BLR
it 4 e e AR s R — Y, E 7B
F1 4B G e A b (o 3] 55 AR i 5T 1 A DCER A 167 4, 3X
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Note: DCyp,, : Plant height drought resistance coefficient; DCyy, : Maximum root length drought resistance coefficient; DCpy : Root
number drought resistance coefficient; DCgqpy; : Straw fresh mass drought resistance coefficient; DCypy : Root fresh mass drought resistance
coefficient; DCgqpy : Straw dry mass drought resistance coefficient; DCpyy : Root dry mass drought resistance coefficient. * and * * re-
present significant differences (P<0.05) and extremely significant ( P<<0.01) , respectively.
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Fig.1 Correlation between drought resistance coefficient at seedling stage
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Fig.3 Distribution of SNP markers on various chromosomes
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Fig.4 Population structure analysis of 159 wheat samples
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Fig.5 Manhattan plots and QQ plots of drought resistance coefficient of 159 wheat seeding-related traits
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