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Genetic Diversity Analysis and Identification of Stripe Rust
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Abstract: Einkorn wheat (AA) , as the basic species of wheat, has lost some loci of the A chromosome
during the evolution of bread wheat. Evaluating the genetic diversity and disease resistance level of einkorn
wheat has important theoretical significance and breeding value for common wheat breeding and genetic
improvement. In our study, 15 pairs of SSR primers with clear bands and high polymorphism were used to
analyze the genetic diversity of 170 einkorn wheat materials, and the current epidemic stripe rust physiological
race CYR34 was used for disease resistance evaluation. The results showed that 71 alleles were obtained by SSR
analysis, and the average polymorphism information content of primers was 0.6540. Cluster analysis and
population structure analysis showed that tested materials were divided into two groups, and the average genetic
distance within the two groups was 0.4732 and 0.5404, respectively. Through evaluation of disease resistance,
19 materials with better resistance were obtained, including 3 immunity, 2 near immunity, 1 high resistance and

13 medium resistance materials, accounting for 11.17% of the tested materials. Three pairs of primers had a
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correlation with the resistance of einkorn wheat to stripe rust. In summary, einkorn wheat contains abundant

allelic variations and stripe rust resistance genes, which has the breeding potential to improve wheat resistance to

stripe rust.

Key words: einkorn wheat; genetic diversity ; stripe rust; SSR molecular marker ; cluster analysis
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Table 1 Infection type level , symptom description and resistance evaluation criteria of wheat stripe rust at seedling stage
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Table 2 The information of SSR primers

F191(10 pmol/L)#% 1 uL, H,0 3 pl. SZRIFERF 1 95 °C
FAEE 3 min; 95 CARE 15 5,55 °C (MG Tm A HEA T3
H)IR K 155,72 CHEMI 40 s, JEFR 3 UK ;72 CARAEff
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% 5 min, {1 6% SR R IGTEREEE RS FELIK 5325 SSR 4%
7, HHRIER 1000 V, HLPK 50 min fFHRYY B (A,

51404 E5191(573") RI51H(5'3") i
Primer name Forward primer(5'-3") Reverse primer(5'-3") Position
Xwmc522 AAAAATCTCACGAGTCGGGC CCCGAGCAGGAGCTACAAAT 2A
Xwmc382 CATGAATGGAGGCACTGAAACA CCTTCCGGTCGACGCAAC 2A
Xgwm356 AGCGTTCTTGGGAATTAGAGA CCAATCAGCCTGCAACAAC 6A
Xwme333 TCAAGCATAGGTGGCTTCGG ACAGCAGCCTTCAAGCGTTC 1A
Xgpw2032 CCTGGAAGAATAGACGTGCC CAAGATGGGGCAGAAGATGT 1A
Xgpw2246 GCTTCACCCGAGTGTCAAAT AGCACCTCTCAACACCCATC 1A
Xcfd6s AGACGATGAGAAGGAAGCCA CCTCCCTTGTTTTTGGGATT 1A
Xbarc222 AAATCCGGCATCTGCTGTATCCATA GTCCGGCCGCTGAATACTGTT 7A
Xgpw4453 CTCTGTATCCCCATCCACTCA CAACGGCACCATCTACTGC 1A
Xctds8 AATGGGCCTTTAAGAGCAAAA AGGGGTGAAAGGTTGGAGAC 1A
Xwmel79.1 CATGGTGGCCATGAGTGGAGGT CATGATCTTGCGTGTGCGTAGG 2A
Xgwm311 TCACGTGGAAGACGCTCC CTACGTGCACCACCATTTTG 2A
Xgpw297 TCCAACTCTCGTTTGAACTACT CTTTGTCACCCATGACCTGC 3A
Xwmc63 GTGCTCTGGAAACCTTCTACGA CAGTAGTTTAGCCTTGGTGTGA 2A
Xgwm558 GGGATTGCATATGAGACAACG TGCCATGGTTGTAGTAGCCA 2A
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G E &R 0.6540(F3) . 5K, X 15X 514
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M:100bp Ladder Marker; 1-20: P1 272519, P1 428202, PI 538740, P1428221, P1352504, P1 662227, P1401408, PI1 428261, PI 428320,
P14-28327, P1401412, P1427999, P 1428330, P1 538727, P1427760, P1427990, PI 538726, P1 352501, PI1 538730,

PI 538733 ; The same as below
1 5141 Xbarc222 XF &R 5> —Hi /)N B B TR I Bt P % X B ik A L)

Fig. 1 Polyacrylamide gel electrophoresis patterns of partial einkorn wheat detected by primer Xbarc222
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Table 3 Genetic diversity of 15 SSR markers in 170 einkorn wheat germplasm resources

BIE7E2 N SR LD B AMEFALAEN L Shannon's ZREVEFREL  Nei's ZAEPETEEL ZBMEE AR
Primer name Na Ne I H PIC
Xcfd65 10 3.4752 1.5825 0.7122 0.7331
Xgpw4453 2 1.5793 0.5533 0.3668 0.4313
Xcfds8 4 2.8285 1.2048 0.6465 0.6917
Xwmcl79.1 4 3.1445 1.2419 0.6820 0.7149
Xgwm311 4 3.3453 1.2824 0.7011 0.7019
Xgpw297 5 4.9200 1.6011 0.7967 0.8061
Xwmc63 4 3.8888 1.3719 0.7429 0.7507
Xgwm558 5 2.1111 1.0379 0.5263 0.5934
Xwmc356 4 2.9521 1.1968 0.6613 0.6959
Xbarc222 8 6.8303 1.9903 0.8536 0.8419
Xgpw2246 4 1.1428 0.3056 0.1249 0.3292
Xwmc333 4 3.9558 1.3807 0.7472 0.7543
Xwmc522 6 3.0503 1.3075 0.6722 0.7073
Xgpw2032 2 1.9042 0.6678 0.4748 0.4853
Xwmc382 5 1.8185 0.8160 0.4501 0.5729
SF-H491E Mean 4.7333 3.1298 1.1694 0.6106 0.6540

PIC: Polymorphism information content
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Fig.2 The clustering analysis of 170 einkorn wheat
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PI 428002-1.P1428204) . BRI A 15X SSREIH  F4ME 9 # kL Q < 0.6, i BA BHECH 1) 5%, Toik
AT DA b S e S R R R INAZ RN A — RN E A 2K,

et (KL AEE R 300
22 —HIRINEBHE ST 250l
F /I STRUCTURE 2.3.1 # {43 170 15 — ki %
INERERLGE I PO00T SR K2 Py 7]
Ko BRI IR % Delta KB H Bl fe AR (K 3) , itk 2 150
TR R 2 KR, M AR R T,
Q0.6 i, A9 1% bk i %% H A5 2 — 0 T Q {14
WA [T, PR 22 4 RN 4 AT 60, 2508 1 7R 97% g T
B R KNG, 3% b B A — ki /N 22 (PT 427992, 0
PI 272520, PI 428010, CITR 17672) ; 58 2 7 70% D T S e T
R A —RiNAE ,30% S 3R El/INAZ (PT 487265, K
PI 428276, PI 428275, PI 538725, PI 614650-1, E3 Delta K{EM K BT ITLE
PI 352269-3, PI 428192, PI 330527-1, P1 428002-1) ; Fig.3 Line chart of K with Delta K

&4 161 —RR/NEHME(QE>0.6) ER LB TS (K=2)

Table 4 Distribution of 161 einkorn wheat materials accessions (Q-value>0.6) based on structure analysis (K=2)

LN FfE1(4t) Fpf2(ieE)
Population Group 1(Red) Group 2(Blue)
ERREINE Triticum urartu 127 9
W —Ri/INAZ Triticum boeoticum 4 21
1.0
0.8
0.6
0.4
0.2
0
Z&H¥1 Group 1 2412 Group 2
AR R P SIE S 2 0 AR QI (0~1.0) , WS HHE (] FHERZR 73 B s L6 R 2 15 W5 (0 Sl 2

The abscissa is the grouping of two groups, the ordinate is Q value (0-1.0), and the two
groups are separated by black lines; Red is group 1 ; Blue is group 2
4 170 X RHEHK 510

Fig. 4 Population structure of 170 materials

23 —HRBRNEFEIETEREEENICYRIMEE By, 5 BHIRIE/INZZ 1 6.29% ;27 1oy B9 A — ki /N2

FIF/INZZ S5 55 W AE BE/NFI CYR34 X 170 0y —  H, BU M RL 10, & vhpie, o B A — R/ N2 1)
B Z/NERR TR P S (RS B S) gt 37.03%; BT AL 19 B B R, & A R
GER DR, 143 SRR EUNE R HURMR O 60 11.17%, HirP x5 T AR BN CYR 34 680 0 s
FEAERARL 3008 AR 2 05 B L, TR a3 BURERIE 303, A AR 2 00, b 14y, R 13 408
5 BMY—HBNEMRRELSERBRER

Table 5 The resistance identification and clustering results of some einkorn wheat materials

s B BT
iz 4 i o : s 4 A o :

. Infection Resistance . Infection Resistance
No. Code Variety No. Code Variety

type level type level

1 PI1352269-3  HHi/RE/NE 0; NIM 4 P1428193 BRI NAZ 3 MS
2 PI 428223 LR R BN 3" MS 5 PI 428195 LRREINE 3* MS
3 P1428186  BHI/REI/NE 3 MS 6 PI 428221 L RiRIE /N 3 MS
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No. Code Variety Infection Resistance No. Code Variety Infection Resistance
type level type level
7 P1428222  Ihi/RE/INE 4 HS 50 PI 538735 LRURE/INAE 3" MS
8 P1428225  I3fi/RE/NE 3 MS 51 PI 538738 BRUREINAE 3" MS
9 P1 428227 BRIREINE 3 MS 52 P1 538739 ERREINZ 4 HS
10 P1 428228 SR E N 3 MS 53 P1277123-2 SRR/ NAZ 3 MS
11 PI 428229 BRUR KN 3" MS 54 PI 538740 B RR KNS 3 MS
12 P1 428231 ERREINE 3 MS 55 P1 538743 BRRKIINE 3t MS
13 P1 428255 B R E N 0 NIM 56 PI 538744-1 SRR/ NAZ 3 MS
14 PI1428257  URi/REI/NE 3 MS 57 PI 538749 BRUR NG 3" MS
15 PI428260  LRi/REI/NAE 3" MS 58 PI 554599 BRURENE 3" MS
16 P1 428261 SRR BN 3 MS 59 P1428210-2 SRR/ NAZ 3 MS
17 PI1428263-1  Lhi/RIE/INE 3" MS 60 PI 428226-1 BRUREINE 3 MS
18 PI428264  DRIREI/NEE 3 MS 61 PI 428234 LhiREINAE 3 MS
19 PI 428265 BRI INAE 3" MS 62 PI 428254-1 RN 3" MS
20 PI1428266-1  IZHi/RIE/INE 3 MS 63 PI 428272 B RR BN 3* MS
21 P1428252 Dy Ri/REI/NEE 0 M 64 PI 428291-1 LhiREINAE 3" MS
22 PI 428273 B RIEINAE 3" MS 65 PI 428311-1 LRURE/NE 3" MS
23 P1 428274 BRIRE/INE 3" MS 66 P1 428321 L RREINE 0 M
24 PI 428281 BRUR KN 3 MS 67 PI 662226-2 BRREINE 3" MS
25 P1 428282 BRRE N 3 MS 68 CITR 17741-1  BHi/RE/NE 3 MS
26 PI1428283  URI/REI/NAE 0; NIM 69 PI1 428319 BRURE/INAE 3" MS
27 PI 428284 BRUR KN 3 MS 70 PI 662224 LhiREINE 3" MS
28 P1428287  ISfi/RE/NE 3 MS 71 PI 428278-1 LRURE/INE 3" MS
29 PI 428328 i R BN 3 MS 72 PI 662227 BRUR BN 4 HS
30 PI428333 LR E /N 3 MS 73 P1428002-1 BRR E/INAZ MS
31 P1 428334 ERREINE 3 MS 74 P1 428204 BRREINAZ 3 MS
32 PI 428336 RN 3" MS 75 PI 330527-1 EXTNNY = 2" MR
33 PI428338  Lh/REI/NE 3" MS 76 P1272519 WP A —Ri/NAE 2 MR
34 PI 428339 BRUREINA 1 HR 77 PI 401408 B A i/ 3 MR
35 PI 487265 R R B NEE 3 MS 78 PI 427996 HfLE RN 3 MR
36 PI487266  LRI/REI/NE MS 79 PI 487249 WP HE RN 2" MS
37 P1 487267 LR RE N 2t MR 80 P1 471744 WP RNz 3 MS
38 PI 487269 G hi R ENE 3 MS 81 PI 428010 Hi A i/ 3 MS
39 PI 487270 BRUR N 3 MS 82 PI 503578 B i/ NAZ 2 MR
40 PI1538724  ORUREI/NE 2 MR 83 PI 554519 WA i/ 2’ MS
41 PI 538725 B hiRE/NE 3 MS 84 PI 542475 Yf A i/ 3 MR
42 PI 538726 BRUR N 3 MS 85 PI 427760 B R/ NAZ 3" MS
43 PI 538727 LiRE N 3" MS 86 PI 272520 Wi/ NAZ 2" MS
44 PI 538728 B RURENE 3" MS 87 PI 306532 Yf A kN 2" MR
45 PI 538729 IR R N 3" MS 88 PI 352501 WY A i/ 2 MS
46 PI 538730 LiRENAE 3" MS 89 PI 352502 WA i/ NAZ 2 MS
47 PI 538732 BRRIEINE 3 MS 90 PI 427990 B A ki 3 MR
48 PI538733  Gf/REI/NE 3" MS 91 PI 427992 WA /N 3 MR
49 PI 538734 BRUR N 3" MS 92 PI 554520 Wi A i/ 3 MS

(PR T L IS SO BER RN+ 8l -5, AR (i ol i

Infection type can be added “+” or “-

¢«

on the normal type to indicate heavier or lighter
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15169 P1428252  PI1352269-3  P1428339 PI 542475 PI 487249 PI 538739

BOFATI (4) Gz (0) MEG¥E (0;) @b (1) i (2) & (3) I (4)
Suspectable control (4) 1(0) NIM (0;) HR (1) MR (2) MS (3) HS (4)
“O7 BT RN R TI R )
The number in “( )” indicates the infection type level
BE5 CYRM4X—HF/NEHTNERRE
Fig. 5 Different infection types of CYR34 on einkorn wheat

2.4 SSRIL S SHEGHEIERE XIS R6 MEGHFEEZHEESSR IERERBTESMNMER

N NN Table 6 The SSR loci iated with resist: to stri
FIFTK=2 WP REA BRI Q R B Gl 1 5°F O AOTIAE WE ek anee > ST
AR K rust and their phenotypic variation explanation rate
TASSEL 5 % # GLM AR EA T SSRAV A5 550w

K2 [T, R 34 SSRAFIES e e
BB R G5 bR RS R 210 T s
9.3%(%6). i, ZAENE ) Xefdos ML Ght o 0.00435 40
FRPERZ IO 3 | RO - "

Bk 9.3% , VK5 LA 6.
SRR IS 9.3% , UK S A L wr R 22 R (P<0.01) ;#3525 R (P<0.05)

**indicated extremely significant difference (P<0.01) ; *indicated
significant difference (P<0.05)

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

6 314 Xcfd65 Xt &R 5 — L 7 /)N 32 B B TR I Bt B R S P K A i1
Fig. 6 Polyacrylamide gel electrophoresis patterns of partial einkorn wheat detected by primer Xcfd65
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