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Abstract

Yellow rust small-grain cereals, caused by the fungal pathogen Puccinia striiformis, is one of the most
economically important diseases in Iran and worldwide. This pathogen has various forma special, including
the wheat form (Pst) and the barley form (Psh). Sexual reproduction on barberry, hybridization, and
intercontinental migrations play key roles in its high genetic diversity, especially in Asian populations. In this
study, genetic diversity of 18 isolates (selected from a total of 36 isolates based on geographical origin,
host species, and pathotypic diversity), comprising 12 Psh isolates from barley and 6 Pst isolates from wheat
and wild barley collected from different regions of Iran, was investigated using the IGS1 region and five
microsatellite markers (RJ18, RJ21, RJ2N, RJ10N, RJ11N). The IGS1 marker clearly distinguished wheat
from barley isolates by generating seven distinct banding patterns. SSR analysis detected 14 banding patterns
with an average of 2.8 bands per locus; the RJI2N locus exhibited the highest diversity with 4 bands and the
highest PIC value (0.4). Genetic diversity was higher in Psh than in Pst isolates. The presence of double
banding patterns in some Psh isolates indicated shared alleles with Pst and suggested possible hybridization.
The UPGMA dendrogram grouped isolates into three main clusters. Genetic similarity among isolates from
distant regions could be consistent with the distribution of similar genotypes across different geographical
areas. The high diversity in Iranian populations, especially in Ardabil, highlights the potential for rapid
pathogen evolution and underscores the need for continuous monitoring using more precise molecular tools.
Identification of isolates with a putative hybrid origin represents a serious warning for agriculture, as
hybridization can lead to emergence of new, more damaging races by transferring pathogenicity and

aggressiveness genes between forma special, ultimately resulting in breakdown of host resistance.
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Table 1. Stripe rust (Puccinia striiformis) isolates used in this study and their geographical origin

No. Isolate Pathotype! Aviulence/Virulence formula® Host Collection locations
1 92-2 PSH-74 2,3,4,6,8,9,10,11/1,5,7,12 Barley Pasargad, Fars
2 92-4 PSH-51 2,3,4,6,8,9,10,11,12/1,5,7 Barley Pasargad, Fars
3 92-5 PSH-51 2,3,4,6,8,9,10,11,12/1,5,7 Barley Sivand, Fars
4 92-7 PSH-83 2,3,4,6,8,9,11/1,5,7, 10, 12 Barley Neyshabur, Razavi Khorasan
5 92-8 PSH-84 2,3,4,8,9,12/1,5,6,7,10, 11 Barley Mashhad, Razavi Khorasan
6 92-27 PSH-85 2,3,567,8,9,10,12/1 4,11 Barley Ardebil, Ardebil
7 92-28 PSH-56 2,3,4,6,9,10,11/1,5,7, 8,12 Barley Ardebil, Ardebil
8 92-29 PSH-86 3,5,6,7,8,9,10,12/1,2,4,11 Barley Ardebil, Ardebil
9 92-30 PSH-87 2,3,4,6,8,11/1,5,7,9, 10, 12 Barley Ardebil, Ardebil

10 92-31 PSH-51 2,3,4,6,8,9, 10,11,12/1,5,7 Barley Ardebil, Ardebil
11 92-34 PSH-88 2,3,4,6,7,9,10,11/1,5, 8,12 Barley Ardebil, Ardebil
12 92-36 PSH-89 2,3,4,6,7,8,9,11/1,5, 10, 12 Barley Miandoab, West Azerbaijan
13 92-37 Pst Not determined Wild barley Marivan, Kordestan
14 92-38 Pst Not determined Wild barley Sanandaj, Kordestan
15 92-19 Pst Not determined Wheat Shush, Khozestan
16 92-43 Pst Not determined Wheat Gorgan, Golestan
17 92-51 Pst Not determined Wheat Zarghan, Fars
18 92-55 Pst Not determined Wheat Marvdasht, Fars

1, 2: Pathotype designations and virulence/avirulence formulas are based on the results of Safavi ET AL. (2014). 2 Virulence/avirulence patterns were determined

using differential barley lines.
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Table 2. SSR primers used in the genetic diversity analysis of PUCCINIA STRIIFORMIS isolates

Primers Sequence of forward or reverse primer Molecular weight of amplified
bands (bp?)

RJ18 (F)? CTGCCCATGCTCTTCGTC 355, 358

RJ18 (R)? GATGAAGTGGGTGCTGCTG

RJ21(F) TTCCTGGATTGAATTCGTCG 170, 176

RJ21(R) CAGTTCTCACTCGGACCCAG

RJ2N(F) TTGTGGCGGAAGGGAACG 158, 161, 170, 173, 176, 182, 188, 191

RJI2N(R) GCATGAAACGATCAAAGAAGATAGC

RJ10N(F) ACGTGCCAGCTCAACTCTC 224,228, 231

RJLON(R) AAGGGGCGGATGGATTACG

RJLIN(F) CCGACACCTCCTCTGATCG 174, 176, 178, 180, 182, 183, 185

RJ1IN(R) ACTCCGCTGCTCATCTTCG

1: Molecular weight of amplified bands based on the results of Enjalbert et al. (2002) and Bahri et al. (2009).

2: Forward primer
3: Reverse primer
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Table 3. IGS1 primers used in the study of genetic diversity of Puccinia striiformis isolates

Primers Sequence of forward or reverse primer Molecular weight of amplified bands
(bp?)

Q(F) ACGCCTCTAAGTCAGAAT 1200-1700

Y(R) TCGCAGAGCGAACGGGAT

1: Molecular weight of amplified bands based on the results of Holtz et al. (2013a).
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Fig. 1. PCR banding pattern of Puccinia striiformis isolates generated
using the 1GS1primers Q and Y (marker). M, 250 -bp DNA Ladder;
Lanes: 1) Isolates 3 and 4, 2) Isolates 1, 5, and 7, 3) Isolates 2, 6, 8, 9,
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10, 11, 12, 13, and 14, 4) Isolate 15, 5) Isolate 16, 6) Isolate 17, 7) Isolate 18
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Table 4. Polymorphism information content (PIC) analysis and banding patterns generated by primers used in the study of
genetic diversity of of Puccinia striiformis using SSR markers

SSR Locus Total Bands Polymorphic Polymorphism (%) Polymorphism information
Bands content (PIC)
RJ18 3 3 100 0.37
RJ21 2 1 50 0.2
RJ2N 4 4 100 0.4
RJ10N 2 1 50 0.05
RJ11IN 3 3 100 0.29
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. Fig. 2. PCR banding pattern of Puccinia striiformis
isolates amplified with SSR primer RJ2N. M:

100 bp DNA ladder ; Lanel: isolates 1, 2, 3, 4,5, 9,
12; Lane 2: isolates 7, 10, 11; Lane 3: isolates 6, 8;
Lane 4: isolate 13; Lane 5: isolates 14, 15, 16, 17,

18.
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Fig 3. UPGMA dendrogram illustrating the genetic relationships among 18 Puccinia striiformis isolates based on combined IGS1 and SSR marker
data. Isolate information is provided in Table 1
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