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Abstract ; Knowledge of genetic diversity and population structure is essential for the effective use of wheat
germplasms resistant to stripe rust in Southwest China in breeding programs. In this study, DArT-seq"" based on
genotyping by sequencing( GBS) approach was used to screen a collection of 134 common wheat varieties from the
whole genome ,and 6919 informative single nucleotide polymorphism ( SNP) markers were obtained. The polymor-
phism information content( PIC) of SNP markers was in the range from 0. 01 to 0. 50, with the average of 0. 32. SNP-
based genetic similarity ( GS) value among 134 wheat accessions ranged from 0.51 to 0.98, with the average of
0. 61. The unweighted pair-group method with arithmetic mean ( UPGMA ) dendrogram indicated that the wheat ac-

cessions were clustered into five groups according to their origins and pedigrees. Two clear groups ( Group I and
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Group 1) were identified using principal- coordinates analysis( PCoA ) of the whole-genome level. Group I was highly

clustered with no obvious separation of cultivars ( lines ) originating from different geographic regions, most of them

carried Yr9 locus; Group Il was mainly composed of varieties from Guizhou province ,most of them carried Yr26 lo-

cus. Our results provide valuable information of genetic diversity for stripe rust resistant wheat germplasms in South-

west China, which will facilitate wheat breeding for resistance to strip rust in our country.
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Table 1 Name,source,pedigree and Yr genes scanning results of the wheat cultivars ( lines) in experiment

i (&) e 5 Hb FAUE 3 FHRICHKI Molecular detection
Cultivar(line) Origin Pedigree Yr9( AF1/AF4 1500 bp) Yr26( gwml1,193 bp)
0308 M B R S B A A +
9712 Gl RiE +
HF 12 GMI2 FM FNeE +

#H 17 GY17 bl NS +
WA 12 QMI2 B LEEYL 2 T/ 0Eh/ /NS /N +
Wk 14 QM14 el ATE. +

315 QM15 St IR 1 5/C39 +

¥ 16 QM16 G| QR3/QR1

WS 17 QM17 pol| P36/1726 +

232 18 QMI8 FM BUERG LN R i +
19 QM19 bl 9665F8// 5 4% 21/ B %) +
H %08 XF28 Gl e 21/ b +
¥4 110117-1 Q110117-1 M /M 503/976F4 +
B4 11AT6-5 Q11AT6-5 bl BRW/INAE 7 /SR 21 /BN // / BB 25 +
42 20 QM20 Gl SR 775/ /524 21/ B %)

4 07998846 (079988-46 e B4 775/98318 +
¥4 102032-8 (102032-8 B /9639 +

¥4 110240-2 Q110240-2 HEM B4k 001/ 2 % 61 +
¥4 110209-4 Q110209-4 el 5346 970012/9611F6 +
4% 18 GNI18 M M 137/ %:4% 775 +
H4 19 GN19 S Rl 96-3/ 5 4¢ 21 +
B4 25 GN25 Gl 52 5/ 54 775 +
P 26 GN26 M P 97012/ 34 21 + +
B4 28 GN28 FM BA 13 S/ 504 775 +
B4R 19-4 GN19-4 Gl AN/ R IT MEAE / /% /N +

FA 21 GN21 FM B/ RN/ /BN +

B4 21-1 GN21-1 B B/ WRL/N / /N + +
B4 22 GN22 Bt B/ WAL/ /N +
$t4¢ 775 GN775 Bt W2 SRR MR/ / i 1L 2B B N A +
F%3 5 BM3 M ki % Rk

T 1 JYPL il W OCRREFHEE / /it L1 A B RRL N +
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(&) AU b HRANE A3 FHRCKI® Molecular detection

Cultivar(line) Origin Pedigree Yr9( AF1/AF4,1500 bp) Y¥r26(gwml1,193 bp)

e 2 JYP2 Bt WA SRR R/ /i L 2R B RN A +

e 3 JYP3 M TR/ AR EF M // i LU ROk N +

TG M RSLARYE /N AR I e +

TP2 M SRR N/ A T B e +

TP3 FM PRI /A / i T B e + +

##1 YP1 M REAL/INAZ /4 o W e A +

f#%2 YP2 M RERL/ N /44 o W e A +

— K7 8-1 YLPS-1 M — L/ N /G O e +

—Hi 7 8-40 YLPS-40 Sl — RN /2 o B +

P1-2 M PSR GE/NF2 78 S R R e +

P3 18 P3M-8 Gl PSR/ NF R Sk R +

P5-1 M PRGN bR R +

P7-9 FM PRSI/ N AL R R +

P7-26 M PRGN AL SR R +

PIE-1 YG-1 M DA 5 BF TR/ N /SRR BT e +

P-4 YG-4 Sl DLF B A RN SRR RS + +

DIERE 1 YTXI M DL 5 BT RN /SRR BT e +

DIFE 2 YTXI M LA 5 BT R/ N /SRR B e +

B 1 GYI M LA 3 BF 2R /N / AR T e +

S 1 GX1 M PR N W F B e +

B3 6X3 il WP RN/ CRERT e

BEM4 GX4 FM WprE RN/ AR e +

SHrS GX5 M BF A= R/ NE SRR e +

PI13-1 FEM PRGN A S R R +

P13-3 M PRGN R Rk

P13-4 Sl PSR/ N 278 S R R e +

P13-5 Bt PRSI Y/N D Sk R e +

YT 5 AMT B =% /8625

52 2007-1 B2007-1 b2l A +

B8 2007-7 B2007-7 M R

EEFZ 18 5 BMIS Gl B 89-2/ 514 93-4// 54 93-4 +

Fk 145 FY1 M AE +

Fh2 5 FY2 M 00435///S124// 33 3 B/t 1 & +

k3 5 FY3 il 8619-3-1/8524-1-6 +

F1k 6 5 FY6 pigll 9106-1-8/9303-9-6 +

F47 5 FY7 M 87111/90225

4k 8 5 FY8 il PR 1376/l +

Fk 9 5 FY9 bl 8619-3-1/8729-6-2

F1£ 10 5 FY10 Tl = 35334-3/F4k 3 & +

F4 92212 FY92212 bl A +
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xR1(&)
(&) e 5 Hh FEAAG A3 TFHRCA I Molecular detection
Cultivar(line) Origin Pedigree Yr9( AF1/AF4,1500 bp) ¥r26(gwml1,193 bp)
MEH T 5 XY7 B RiE +
J4FH 823 XY823 G| FNES +
477 1403 MM1403 )i 2500 04854/ B4k 21-1 +
247 185 MM185 )i 40H 96-5/10% 10 = +
#4228 MM228 il 1275-1/14 2938//99-1522
43 367 MM367 iyl 1275-1/99-1522 +
4377 37 MM37 )i 96EW37/ 44 FH 90-100 +
437 39 MM39 )i 43 FH 96-78/ A< 21-1 +
45 43 MM43 il 2B 92-8/88-304// 5t4< 19-4 +
4377 45 MM45 )i 07146-12-1/54¢ 19-4 +
47 46 MM46 i 07242-3-1-1/34 21
Y 47 MM4T )i 4EBH 96-5/ 5 4% 19-4 +
437 48 MM48 )i 200 01821/ 54 19-4 + +
4% 4 5 MN4 g (75-21-4/76-19) F4// (4 FH 11 5/ Alondras ) F3
44 FH 2002-5 MY2002-5 )i Z5KH 01821/ 54 19-4
4B 26 MY26 il 4EBA 81-5/)11F 81-24
4% 38 MM38 )i 07146-12-1/5:4¢ 19-4 +
4 40 MM40 puji 25 FH 01821/ $t9 19-4
4 42 MM42 i 4EBH 96-5/ 54K 21-1 +
[EZ£3 15 GHM15 )i 4B 96-5/ 54 19-4//NE +
PERLE 2 XKM2 )i JIE 118 444 3% +
PERLE 3 XKM3 iyl B 21/5575 +
PERIEE 5 XKMS )i 4¢ 21796 1 -39 +
JIIZ 107 CM107 )i 2469/80 —28 -7 +
JI| % 16 CM16 i s +
JIIZZ 30 CM30 )i 71/YAA//ALD*S’ /3/YSZ//ST2022/983 +
JIIZ 39 CM39 )i 2 444/90-7
JIIZ 44 CM44 )i 96 & 440/ 54 21 + +
JII# 50 CM50 il A< 21/3295 + +
JIIZZ 60 CM60 )i 98-1231//5¢4¢ 21/ 4% 3295 +
JI|Z 45 CM45 i GH430/SW1862 +
JIIZ 51 CM51 )i 174/183//99-1572
JII4& 10 CN10 )i 78-5038/85-D. H. 5015 +
JI4 17 CN17 )i 918-23/A302
JIl4¢ 18 CN18 g JIIE 12/87-429 +
JI4¢ 19 CN19 )i 918-23/A302
JI|4¢ 23 CN23 )i R1685/MY26
JIl4e 27 CN27 i JII4% 19/R3301 CN19/R3301
CNO4-1 )i N1491/N1071 +

CNO4-2 )i N1491/N1071 +
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(&) e 5 Hh FEAAG A3 TFHRCA I Molecular detection
Cultivar(line) Origin Pedigree Yr9( AF1/AF4,1500 bp) ¥r26(gwml1,193 bp)
SY95-71 sy Eronga83/ % 6//% 6
A 18 HM18 A B 13/4% 14
92R137 TR 6V(6A) MR/ E S5 = +
NAU24 Hw +
F4R 06y603 NAU06y603 VLS FNES
% 15 EMI15 W 882-852// %8 1 5/ Nppp-2/// 54 11 5 +
237 27 XM27 WAL 84C-432/ 54 31-1// 584 20-3/// FL 5 B/ /W2 5
ek 55 XM55 i 8811/ 4% 24-7/ /% 19
e 83 XM83 W B4 20-3/6038// F 1) 9803
#9023 79023 R T4 881/Bk 213
fEH 898 YY898 NE] e 25-8/H 4 18
05 1 38 05738 ] ATt +
H191-13 Z91-13 dent FNEe +
3 415 ZM415 dtae T 11/ 41177738 411
1 9507 ZY9507 Jeae il 8 5 FR ik
CA9722 dent A1/ 584K 11//38 411
£t 169 MX169 17
/IME 54 XY54 Bevs /ME 6 5 Rk
i 33 5 LM33 HR 92 JE-11/54¢ 20 + +
2z 34 5 1TM34 HM 94 3k 4149/ %4 20//82316-1/IIfi % 26 5 +
[z 45 9343 1J9343 Ho AR 21/77-69 +
Kk 43 5 TX43 Hl 8845-1-1-1-1/%4¢ 22 +
i 2 5 772 o B2 167 \5t4% 22 . T. Spelta album 845258 +

C o AREEREE SPOR RN 9 8 vi2e BEE BN FARIE

‘ +’ means the cultivars carrying the molecular markers that closely linked withYr9 or Yr26 gene

1.2 EFZ DNA BREUEARIC I

& DArT P/L A 5T )7 5 (http :// www.
triticarte. com. au ) $EHUINZ FEK 20 DNA, B0 B4 8t
TEPEFAARAIRT i R B2, DNA ] TE Wi 5,
FHRZFREE 43 BRI DNA YR B, FFARic H 5 Al
AR B 3 RIS/ N2 5550 Y9 T Yr26
B ES TR, 9 134 0/ NEM R, 5 Y9
I FRIC N AF1/AF4 (Forward, 5'-GGAGACAT-
CATGAAACATTTG-3',Reverse,5'-CTGTTGTTGG
GCAGAAAG-3"), J& SCAR #ric, i HAr B Bt Hh
1500 bp"**' ;5 Y26 'BEHEWHIFRICH gwml1 (For-
ward, 5'-GGATAGTCAGACAATTCTTGTG-3', Re-
verse, 5'-GTGAATTGTGTCTTGTATGCTTCC-3") , &
SSR Fric, HARA BN 193 bp, 5 Yr26 AHFE 1.9 M7,
PCR #"3#4°%H 10 pL /&% , B 10 x PCR Buffer 1 pL,

25 mmol/L MgCl, 0. 6 pL,10 wmol/L ¥ 1F JZ [ 514
£ 0.25 wL,10 mmol/L dNTP 0. 2 L, Tag DNA B4
fiff(5 U/nL)0. 1 uL,DNA £t 40 ng, il ddH, O #b
/210 pL, PCR RV FEJF .94 °C #2453 min,
94 CAZEME 45 5,55 ~65 CiB K 1 min,72 CHEAH 2
min 35 MEF,72 CJEHEA 10 min (IR KRB A
[ AFRIC T ) o ARTE BT H 40 F AR ic B[R] 25 7
38 7y B FH BB W P ik 8 2R TN s T P R e P
TKHEATRE
1.3 DArT-seq™EE 48

134 f5y/N2 DNA # il 2F 75 KA DALT P/L
], B DArT-seq™ 8 AR #4745 K 4 56 K 4
K1, DArT-seq™ & DAT Fil NGS HH45 A Y GBS
AR, BHH 2 BRI N VI Pstl/ Tagl #E47 3 H
248 2= vE R AL, - Dlumina 7 {2 E4T short-read
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DFF, 5%, K4 DNA FE5L (B 96 MHEGh) 1T
BRI R, BRI 7 B Psl 8 51 1 3k 0 42
(3343 M BFF 2L 96 A~ ASTA] barcodes 2K 4% 4 DNA
BEfh) o SRJE HEFT PCR 9738 IFAG I B 2, P 96
MRS, 7E Hlumina Hiseq2000 Il 5 HE1 7 FALAE
T (Psel B AL —ANF 519, 8 O™ A 1
Tag EJEM Pstl B YIS P IR B ) o RIS T
JEH) 8% A 8 | 4 BE ) E AT A H AR BOE 4 bar-
code JPHN VIR, i J5 T4 69 bp J¥ 51, SNP 437l
SE LR B DACT P/L A F R 1T 43 B i K ™
Ao FFAUER TR . 5 S5 R BowtieVO. 12,44
69 bp ¥4 5 /N# Pseudomolecules # 17 L X}, L 3
AFEICAE A B R BR B L2 69 bp JP I NI 23840
SNP (0L B ; X5 1 FHl BLAST (e-value <1.0 e-20)
FEAH R B P 50 -5 N T3 AR R A7 B X, AT
A H A B P 5 BE 95 8 1 . 5 Pseudomolecules
HA 14 Hit 805 KT 14 Hit HAES 1 A 2
K Hits ZIRI 22522 /D0 0 1.0 e-5 ARLE P 51 4 {4
BT T =200, IHEIARICH Call rate, Call
rate /NT 0. 8 ARICHE L 3¢, REITEFIRIRICH
ST FEUR NT 2. 5% IbRic w555
1.4 Zitoh

A4~ SNP bRic R Z S 1E(E B & i PIC 85
HHEAKX R PIC=1 - X (P,)? Hr PR AP E
A AR AL, AR B hRIC Y S o B
AL B 5 $E SNP Anic 4 0 Fn 1 B kil
WA W52 B AE R i A SCAE, R NTSYSPC V2.0
AT Jacard B AHIPE R B, HE1T PCoA 23 HT
1 UPGMA RZE0Hr

2 HRESH

2.1 SNP tRiZEESE

XF 134 AS/NEE R RFE) DAXT-seq ™ K6, HE 3145
SNP Fric 8764 A, F -5 C R0 SE PR AL Y LE X
HA ) 7263 A4~ SNP ARic g8 a2 21380/ 1Y 21 5%
ek b, b T PEAG AR SNP BRiC ) T, AR 4
DArT P/L 2~ w1 H B, 24 SNP [ Call rate {H KT
0. 8 B, X MFRICHIN H IR AT EE R, 2, Call rate
SNP >0. 8 [ 6919 /> SNP Fric A4 F B P 9 FH T3
L HT . X BEFRIC B H R [ K 1Y 387 ZRE 1,
BT PIC fHEITEFLE 0. 01 ~0. 50 Z 6], SE3{E K
0.32, BEAh,iXEL SNP bricfE /N2 1) 7 4> E8 43 [
LA SN, BTS2 RIIERE E iR
e £ (1633), H AWK K JE26 5 (1340) 58

3(1272) AB7(1211) 55 1(1109) 55 6(1014 ) %
45 (981) [AlJREE,
2.2 BHEEEESHN

HRAE 6919 A~ SNP A5 ic (1) FE B 7 B4 4, 1153
THEAP(FR) 819 Jacard 1815 AL R B0 (GS, genetic
similarity) , H: 48 5 5 Bl A 0.67 ~ 0.99, % ¥ &
0.76, b, ZZE50N15 K MR BT 169 5 5T M4 &
BEEE T AR B 110209-4 /9 GS i/, 0.67, LM
THEZBGEG R R R, SONE SN R EEF T
Jamm & P13-3 55t 4 509 GS HH K (0.99) , 1
B ENTR IS G R fe s, R, 20l 5 T 52 A
PUJIINZZ il (2R) B GSE . XF TR T 5N 1Y 73
/e, GS{EIAE SEYE R 0. 68 ~0. 99, F-341{H
0.75 ;% TR AT DU )14 39 43/N32 , H GS (A 7E =
TG 0.73 ~0. 99,141 0. 78,

FIH UPGMA AT RIS HT (B 1) ,134 £33/
FHmF (R)LE GSEH 0.75 /K B 5 2R,
551 5BECGL) Hok A PRI ST Y 27 ARl (R)
AT, I HATRHR A J5 b i A TR R A A — ik, 4 5%
MR (LTS F0h1 5 B3 14 HE 18 i
1 R 2 AF) ML) AN (4R 40 HRAE 43 Hi
45 JIIZ£ 50 1122 60 ,CNO4-1 ,CNO4-2 Z5) 43 51 B 45
FE—E, 552 FERE(G2) HRIE T Se M PU I DA R L
ML IX 1 54 A5 FR(FR ) AR, f0FE 2 A RE, Horp
1 /NS0 32 8 ph ke Y5 DU 1 A /N 22 AR, T L AR 4
AR BEFAAIRE, 553 KFF(G3) FERET
RUE TSN L IX (1) 42 15 /N2 M) ARG B LA 1Y)
ARIREFE—, 5N KF e E B 5R R0/
& VOB RFIM S RGNNEZGUIR , 50N AR B ik
BRIV, DL BV N AR T 36 7 114 2%
B FLRIVNEMEL, 4 KBFE(CHRET 74
A (R) BT RMNERTNEE 16 B4 17,
¥ 110209-4 ML 1 FH 9 SENER R, FIME
5 AR (R ) (875 169 HF L 9507 \LAJE-3 P13-4
P13-5) 5 HAh 5 R B A BIE ML LR, MY K
—M/INERE(CS) .

2.3 BEEMSH

ST AR /N R AL AR 2 AL, R 4
RIZHIY 6919 4 SNP Zp I ZE S YEAT T 3 F R JE b
) PCoA ZAT (E 2) 56 1 FEAAR (PCo-1) FIZE 2 3
ABFR (PCo-2) 43 S B 8. 0% F1 5. 1% B REIAR 8t %
A5t 134 MR REIE L T 247 2 A BE, Z2 MY
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Fig.1 UPGMA dendrogram of 134 wheat cultivars based on Jaccard similar coefficients
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Fig.2 PCoA at the whole-genome level based on the origin of cultivars( lines)
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Fig.3 Distribution of Yr resistance gene carriers in different groups based on PCoA at the whole-genome level
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