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Research Article

Evaluation of Phenotypic and Molecular Resistance to Stem Rust
Disease in Wheat Commercial Cultivars and Elite Lines

A. Omrani*, R. Roohparvar?3, S. Aharizad®*, M. Khodarahmi?, and M. Toorchi*

(Received: 10.6.2021; Accepted: 29.8.2021)

Abstract

Fungal diseases are considered as main causes of yield loss and increased costs in wheat production. Stem or
black rust caused by Puccinia graminis f. sp. tritici (Pgt), is a devastating fungal disease of wheat,
worldwide. Identification of new stem rust resistance sources, and the involved genes are required to achieve
resistant cultivars and durable resistance as the most efficient control method of wheat stem rust. In order to
identify new seedling resistance sources, virulence pattern of eight Pgt isolates was studied on 27 wheat
commercial cultivars and elite lines of national breeding programs in a randomized block design with three
replications. Furthermore, the rust resistance loci Sr25/Lr19, Sr26, Sr36 and Sr38/Lr37/Yr17 were tracked as
effective genes involved in wheat seedling resistance to stem rust using the linked molecular markers.
Phenotypic data confirmed acceptable levels of seedling resistance to all tested Pgt races in the wheat lines
S-83-4, S-84-14, SEP-49 and SEP-59. Based on the molecular results, Sr25/Lr19 locus was identified in
SEP-58 and cultivar Mehregan, while Sr38/Lr37/Yr17 locus was found in the cultivar Sarang, and the lines
N-92-10, N-92-12 and M-91-10. Sr26 and Sr36 were not identified in genotypes tested. Frequency of
effective resistance genes in new wheat cultivars could be increased using the resistant genotypes identified
in this research for stem rust resistance particularly to Ug99 race group and also to Iranian predominant Pgt
races, as the donor parent in wheat breeding programs.

Keywords: Black rust, Yield loss, Resistance sources, Puccinia graminis f. sp. tritici
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Table 1. Wheat commercial cultivars and elite lines

0 ol gy 5 5)lw pU,l N o

No.  Cultivar/ Pedigree/ Comment

Line”
1 Tirgan PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)//BCN/3/VEE#7/BOW/4/ PASTOR
2 Sarang PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI
3 Zarineh Omid/4/Bb/Kal//Ald/3/Y50E/Kal*3//[Emu"s"/5/Zrn/6/Zrn/Shiroodi
4 Mehregan  OASIS/SKAUZ//4*BCN/3/2*PASTOR
5 Euclide -
6 N-90-12 BABAX/LR42//BABAX*2/3/VIVITSI
7 N-90-14 SHAAN 229/3/SHA3/SERI//G.C.W 1/SERI
8 N-91-15 NANJING2149/KAUZ/4/JUP/ALD"S"//KIT"S"/3/VEE"S"/5/SHA7//HAHN"S"*2/PRL"S"
9 Arman VOROBEY
10 N-92-10 KLCQ/ER2000//WBLL1
11 N-92-12 SHAS3/CBRD//PRL/2*PASTOR
12 Araz PBW343/TONI//TROST/3/SOVA
13 S-83-4 F60314.76/MRL//CNO79/3/KA/NAC/4/STAR
14 S-84-14 PASTOR/3/KAUZ*2/OPATA//IKAUZ
15 S-91-6 Alvand//Aldan"s"/IAS58/3 /VVee/Nac
16 M-91-6 Tui//CMH 76-252/Pvn "s"/3/FIt
17 M-91-10 PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI
18 Cc-87-11 Basswood/Mv17
19 C-87-12 Basswood/MV17
20 C-87-13 Bhr*5/Aga//Sni/3/Trk13/4/Gaspard
21 C-88-13 Qds/4/Anza/3/Pi/Nar//Hys/5/Vee/Nac/6/Gascogne/7/Zrn
22 C-89-6 Fdo 2062
23 C-89-7 Zrn*2/Gaspard
24 C-89-15 Fdo 4085
25 SEP-49 CROC_1/AE.SQUARROSA (205)/KAUZ
26 SEP-58 RABI//GS/CRA/3/AE.SQUARROSA (190)
27 SEP-59 68.111/RGB-U//WARD/3/AE.SQUARROSA (328)

28 Morocco Susceptible control
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Table 2. Ineffective/effective pattern of Sr resistance genes to Puccinia graminis f. sp. tritici races used for
resistance evaluation of wheat cultivars and elite lines

Isolate Race Province Region Effective genes / Ineffective
94-1 TKTTF Golestan Gorgan Sr5, 6, 7b, 8a, 9a, 9b, 9d, 9, 9g, 10, 13+17, 21, 30, 36, 38,
Tmp, Mcn/ Srll, 24, 31
94-8 TTTTF Lorestan Broujerd Sr5, 6, 7b, 8a, 9a, 9b, 9d, e, 9g, 10, 11, 13+17, 21, 30, 36,
38, Tmp, Mcn/ Sr24, 31
94-15 PTRTF Mazandaran Kelardasht Sr5, 6, 7b, 8a, 9a, 9b, 9d, 9e, 9g, 10, 11, 13+17, 36, 38, Tmp,
Mcn / Sr21, 24, 30, 31
94-27 TKSTC East Khosroshah- Sr5, 6, 7b, 8a, 9a, 9b, 9d, e, 9g, 10, 21, 30, 36, Tmp, Mcn /
Azarbaijan lIkhichi Srll, 13+17, 24, 31, 38
94-31 TTRTF West Oshnavieh- Sr5, 6, 7b, 8a, 9a, 9b, 9d, 9e, 9g, 10, 11, 13+17, 21, 36, 38,
Azarbaijan Naghadeh Tmp, Mcn/ Sr24, 30, 31
93-1 TKTTF Golestan Gorgan Sr5, 6, 7b, 8a, 9a, 9b, 9d, e, 9g, 10, 13+17, 21, 30, 36, 38,
Tmp, Mcn/ Srll, 24, 31
93-12 TKTTF Lorestan Broujerd Sr5, 6, 7b, 8a, 9a, 9b, 9d, e, 9g, 10, 13+17, 21, 30, 36, 38,
Tmp, Mcn/ Srll, 24, 31
93-45 TTTTF Mazandaran Kelardasht Sr5, 6, 7b, 8a, 9a, 9b, 9d, e, 9g, 10, 11, 13+17, 21, 30, 36,

38, Tmp, Mcn / Sr24, 31
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Table 3. Scoring for phenotypic groups of stem rust on wheat host

Phenotypic groups 0,0;; ;1 1

2- 2C, 2 2+ 3- 3 3+ 4

Scoring 1 2 3

5 6 7 8 9 10 11
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Table 4. Molecular markers linked to resistance loci of stem rust used in wheat cultivars and elite lines

Gene Chromosomal  Molecular Forward/Reverse PCR Band
location markers size
(bp)
Sr25/Lr19 7DL Gb Gb-F 5'- CAT CCT TGG 94-C- 30sec 130
Mclintosh, RA et al. 1977. GGACCTC-3' 60-C- 30sec
Aust. J. Biol. Sci. 28:37-45 Gb-R 5'- CCA GCT CGC 72-C- 60 sec
ATA CAT CCA -3' (40 cycles)
Sr26 6AL/6Ae Sr26#43 Sr26#43-F  5'- AAT CGT 94-C- 30 sec 207
Knott, DR 1961. Can. J. CCACATTGGCTTCT -3 56°C- 30sec
Plant Sci. 41:109-123 Sr26#43-R  5'- CGC AAC 72-C- 40 sec
AAA ATC ATG CACTA-3' (30 cycles)
Sr26 6AL/6Ae BE518379 BE518379-F 5'-AGC CGC 94°C, 60 sec 303
Knott, DR 1961. Can. J. GAAATCTACTTT GA -3' 60°C, 60 sec
Plant Sci. 41:109-123 BE518379-R 5-TTA AAC 72°C, 120 sec
GGA CAG AGC ACACG-3' (35cycles)
Sr36 2BS Xgwm319 gwm319F 5'-GGT TGC 94-C- 60 sec 170
Mclntosh, RA 1971. Z. TGT ACAAGTGTTCACG  61-C-60 sec
Pflanzenzuchtung 66:240- -3 72-C- 120 sec
248 gwm319R 5'- CGG GTG (45 cycles)
CTG TGT GTA ATG AC -3
Sr38/Lr37/Yr17 2AS VENTRIUP  VENTRIUP 5°- 94-C- 45 sec 259
Bariana, HS and LN2 AGG GGC TACTGA CCA 65°C- 30 sec
Mcintosh, RA 1994, AGG CT-3’ 72°C- 60 sec
Euphytica 76:53-61 LN2 5’- TGC AGC TAC (45 cycles)
AGC AGT ATG TAC ACA
AAA-3’
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Table 5. Combined analysis of variance for the traits
infection type and latency period in wheat
commercial cultivars and elite lines to Puccinia
graminis f. sp. tritici races

S0V Df Ms(T*)  Ms(LP)
IT LP

Race 7 9.52™ 11.16™
Error (1) 16 1.56 2.44
Genotype 27 15.18™ 17.12™
Genotypex Race 189  11.89™ 12.22™
Error (2) 432 241 2.18
CV% 9.31 8.19

*.IT, Infection type  LP, Latency period
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Figure 1. Classification of wheat cultivars and elite lines based on their reaction to Puccinia graminis f. sp. tritici

races using Ward method
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Table 7. Allelic variation of molecular markers linked to stem rust resistance loci in wheat commercial cultivars

and elite lines.

No. Line Sr25/Lr19 Sr26 Sr36 Sr38/Lr37/Yrl7
1 Tirgan 0 0 0 0
2 Sarang 0 0 0 1
3 Zarineh 0 0 0 0
4 Mehregan 1 0 0 0
5 Euclide 0 0 0 0
6 N-90-12 0 0 0 0
7 N-90-14 0 0 0 0
8 N-91-15 0 0 0 0
9 Arman 0 0 0 0
10 N-92-10 0 0 0 1
11 N-92-12 0 0 0 1
12 Araz 0 0 0 0
13 S-83-4 0 0 0 0
14 S-84-14 0 0 0 0
15 S-91-6 0 0 0 0
16 M-91-6 0 0 0 0
17 M-91-10 0 0 0 1
18 C-87-11 0 0 0 0
19 C-87-12 0 0 0 0
20 C-87-13 0 0 0 0
21 C-88-13 0 0 0 0
22 C-89-6 0 0 0 0
23 C-89-7 0 0 0 0
24 C-89-15 0 0 0 0
25 SEP-49 0 0 0 0
26 SEP-58 1 0 0 0
27 SEP-59 0 0 0 0
28 Morocco 0 0 0 0

b 55 3 Caapglie 05 255 =1

oy s 350 Glap kS 53 SI25 Cusslie O sl
L 0Ll 5 5ol ol cd oy )5 0
LSS 545 Ol ) f**f RTCCE-IE NP PR EE e
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- -(Patpour et al., 2014) W 5 3,15 (M-85-17)
=SB WA s |y S5 0Kl e ps oL

(Lietal., 2016) L 50 (o8 oo pkS

Sr26 S50 9050

<L 4 Agropyron elongatum 31 Sr26 . sles O
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Figure 2. Identification of Sr25 / Lr19 locus in wheat elite lines on 2% agarose gel as 130 bp band using the
specific marker Gb. M: DNA weight marker, thirteen selected wheat lines, C: positive control cultivar (Agatha

(C114048) / 9 * LMPG-6 DK1), and disease susceptible control cultivar (Morocco).
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Figure 3. Identification of Sr26 locus in wheat elite
lines on 2% agarose gel as 207 and 303 bp bands
(gene presence and absence, respectively) using the
specific marker Sr26#43 and BE518379. M: DNA
weight marker, disease susceptible control cultivar
(Morocco), selected wheat lines, and C: the positive
control cultivar Eagle.
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Figure 4. Identification of Sr36 locus in wheat elite lines on 6% polyacrylamide gel as 170 bp band using a special
marker GWM319. M: DNA weight marker, disease susceptible control cultivar (Morocco), selected wheat lines,

and C: the positive control cultivar W2691SrTt-1.
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Figure 5. Identification of Sr38/Lr37/Yr17 locus in wheat elite lines on 2% agarose gel as 259 bp band using
special markers VENTRIUP and LN2. M: DNA weight marker, selected wheat lines, C: the positive control
cultivar VPML1, and disease susceptible control cultivar (Morocco).
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