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Determination of pathotypes and physiologic races of Puccinia triticina, the causal
agent of wheat leaf rust in Iran
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Abstract

In order to identify the new races, determine the virulence/avirulence formula and distribution of the causal agent of the wheat,
in the spring of 2018 and 2019, respectively, 21 and 40 samples of leaf rust-infected leaves were collected from wheat fields
in Khuzestan, Lorestan and Ardabil Mazandaran, Golestan, Kermanshah, llam, Sistan, Baluchistan and Fars provinces. The
reaction of the isolates were evaluated by inoculating them on 38 differential lines under controlled greenhouse conditions.
The results of this study led to the identification of 20 pathotypes and 13 races in the first year and 28 pathotypes and 11 races
in the second year. PKTTS (28%) and PKTTT (18%) were the most prevalent races. The results of this study showed that
differential cultivars carrying Lr19 and Lr9 resistance genes were resistant to all isolates and no virulence was observed on
them. Lr2a gene with resistance reaction to 17 isolates was the most effective gene for resistance to wheat leaf rust after the
two above-mentioned genes. Also, differential lines carrying Lr29, Lr10/Lr27+/Lr31 and Lr2b genes with resistance reaction
to the majority of the isolates in two years were the most effective genes for resistance to wheat brown rust after Lr9, Lr19
and Lr2a genes.
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Table 1. Lr genes and differential lines used to determine pathotypes and physiologic races of wheat leaf rust.

No. Name/Pedigree Lr gene/s
1 Thatcher Lr22b
2 TC*6/CENTENARIO (RL6003) Lrl
3 TC*6/WEBSTER (RL6016) Lr2a
4 TC*6/CARINA(RL6019) Lr2b
5 TC*6/LOROS(RL6047) Lr2c
6 TC*6/DEMOCRAT(RL6002) Lr3
7 TC*6/ANIVERSARIO(RL6007) Lr3ka
8 BAGE/8*TC(RL6042) Lr3bg
9 TRANSFER/6*TC(RL6010) Lr9
10 TC*6/EXCHANGE(RL6004) Lr10
11 HUSSAR(W976) Lr11
12 EXCHANGE/6*TC(RL6011) Lr12
13 MANITUOU Lr13
14 SELKIRK/6*TC(RL6013) Lrlda
15 TC*6/MARIA ESCOBAR(RL6006) Lrl4b
16 TC*6/KENYA1483(RL6052) Lr15
17 TC*6/EXCHANGE(RL6005) Lr16
18 KLEIN LUCERO/6*TC(RL6008) Lrl7
19 TC*7/AFRICA43(RL6009) Lr18
20 TC*7/TR(RL6040) Lr19
21 THEW(W203) Lr20
22 TC*6/RL5406(RL6043) Lr21
23 TC*6/RL5404(RL6044) Lr22a
24 LEE310/6*TC(RL6012) Lr23
25 TC*6/AGENT(RL6064) Lr24
26 TC*?/TRANSEC Lr25
27 TC*6/ST-1-25(RL6078) Lr26
28 GATCHER(W3201) Lr10/Lr27 +/Lr31
29 CS2D-2M Lr28
30 TC*6/CS7TAG#11(RL6080) Lr29
31 TC*6/TERENZ10(RL6049) Lr30
32 TCLR32(RL5497) Lr32
33 TC*6/P158548(RL6057) Lr33
34 TC*6/P158548(RL6058) Lr34
35 RL5711 Lr35
36 E84018(NEP/AE.SPELTOIDES.2-9-w... Lr36
37 TC*6/VPM(RL6081) Lr37
38 TC*6//CARINA(RL6051) Lrb
39 WL711 Lrl3
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Table 2. Virulence/ Avirulence profile of leaf rust isolates collected from different parts of Iran in 2018 and 2019.

No. Isolate Location Race Virulence genes Avirulence genes
1 Lr-97-4 Khuzestan FKKTS Lr22b, Lr2c, Lr3, Lr3bg, Lr10, Lrl1, Lr12, Lrl3, Lrl4a, Lrl, Lr2a, Lr2b, Lr3ka,
Lr14b, Lr16, Lr17, Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr9, Lr15, Lr19, Lr28,
Lr25, Lr26, Lr10/ Lr27 +/Lr31, Lr30, Lr32, Lr33, Lr34, Lr29
Lr35, Lr36, Lr37, Lrb, Lr13
2 Lr-97-8 Khuzestan FFTTS Lr22b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lrl12, Lr13, Lrl, Lr2a, Lr2b, Lr9,
Lrl4a, Lrl4b, Lr17, Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr15, Lr16, Lr19, Lr28,
Lr25, Lr26, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr29, Lr10/Lr27 +/
Lr13 Lr31
3 Lr-97- Khuzestan DKTTL  Lr22b, Lr2b, Lr2c, Lr3ka, Lr3bg, Lr10, Lr1l, Lrl12, Lrlda, Lrl, Lr2a, Lr3, Lr9,
24 Lr15, Lr16, Lr17, Lr18, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr13, Lri4b, Lr19, Lr20,
Lr10/Lr27 +/Lr31, Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr21, Lr28
Lr36, Lr37, Lrb, Lr13
4 Lr-97- Khuzestan TKTSQ Lr22b, Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr9, Lr15, Lr18, Lr19,
26 Lr1l, Lr12, Lr13, Lrl4a, Lr14b, Lr16, Lrl7, Lr22a, Lr24, Lr20, Lr21, Lr23, Lr10/
Lr25, Lr26, Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr27 +/Lr31, Lr28
Lr37, Lrb, Lr13
5 Lr-97- Khuzestan PKTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lrl2, Lr2a, Lr2b, Lr9, Lr15,
30 Lr13, Lrl4a, Lr14b, Lr16, Lrl7, Lr18, Lr20, Lr21, Lr22a, Lr19, Lr28, Lr32
Lr23, Lr24, Lr25, Lr26, Lr10/ Lr27 +/ Lr31, Lr29, Lr30,
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
6 Lr-97- Lorestan FFRSQ Lr22b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr12, Lr13, Lrl, Lr2a, Lr2b, Lr9,
12 Lrlda, Lr14b, Lr15, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, Lrl6, Lr17, Lr18, Lr19,
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13 Lr20, Lr21, Lr10/ Lr27
+/Lr31, Lr28
7 Lr-97- Lorestan TKTTS Lr22b, Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr9, Lr19, Lr28, Lr29,
13 Lr11, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lrl17, Lr18, Lr33
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/Lr27 +/
Lr31, Lr30, Lr32, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
8 Lr-97- Lorestan PKTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl11, Lr2a, Lr9, Lr15, Lr19,
14 Lr12, Lr13, Lrl4a, Lr14b, Lr16, Lr17, Lr18, Lr20, Lr21, Lr28
Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/Lr27 +/ Lr31, Lr29,
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
9 Lr-97- Lorestan PFTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl11, Lr2a, Lr9, Lr16, Lr19,
15 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr17, Lr18, Lr20, Lr21, Lr23, Lr28, Lr29, Lr13
Lr22a, Lr24, Lr25, Lr26, Lr10/ Lr27 +/ Lr31, Lr30, Lr32,
Lr33, Lr34, Lr35, Lr36, Lr37, Lrb
10 Lr-97- Lorestan PFTTQ Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr12, Lr2a, Lr2b, Lr9, Lr16,
17 Lr13, Lri4a, Lr14b, Lr15, Lrl17, Lr18, Lr21, Lr22a, Lr23, Lr19, Lr20, Lr10/ Lr27
Lr24, Lr25, Lr26, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, +/Lr31, Lr28, Lr29
Lr37, Lrb, Lr13
11 Lr-97- Lorestan PFTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl11, Lr2a, Lr9, Lr16, Lr19,
21 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr17, Lr18, Lr20, Lr22a, Lr21, Lr10/ Lr27 +/
Lr23, Lr24, Lr25, Lr26, Lr29, Lr30, Lr32, Lr33, Lr34, Lr31, Lr28
Lr35, Lr36, Lr37, Lrb, Lr13
12 Lr-97- Lorestan TKTTS Lr22b, Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr9, Lr19, Lr10Ar27+/
22 Lr11, Lr12, Lr13, Lrl4a, Lri4b, Lr15, Lr16, Lr17, Lr18, Lr31, Lr28
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, Lr30,
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
13 Lr-97-  Moghan_Ardabil PKTTQ Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr9, Lr19, Lr20,
18 Lr12, Lr13, Lrl4a, Lr14b, Lrl5, Lr16, Lrl17, Lr18, Lr24, Lr21, Lr22a, Lr23, Lr10
Lr25, Lr26, Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, /Lr27 +/Lr31, Lr28
Lr37, Lrb, Lr13
14 Lr-97-  Moghan_Ardabil TKTTQ Lr22b, Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr9, Lr19, Lr20, Lr21,
19 Lr11, Lr12, Lr13, Lrl4a, Lri4b, Lr15, Lr16, Lr17, Lr18, Lr10/Lr27 +/Lr31,
Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, Lr30, Lr32, Lr33, Lr28
Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
ARPP
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15  Lr-97- Moghan_Ardabil PFTTQ Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr15, Lr16,
20 Lrll, Lr12, Lr13, Lrlda, Lrldb, Lr17, Lr18, Lr21,  Lrl9, Lr20, Lr23, Lr10/
Lr22a, Lr24, Lr25, Lr26, Lr29, Lr30, Lr32, Lr33, Lr27 +/Lr31, Lr28
Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
16 Lr-97- Ardabil_Ardabil PFTTQ Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9, Lr15,
37 Lrl2, Lr13, Lrlda, Lrldb, Lrl7, Lr18, Lr22a, Lr16, Lr19, Lr20, Lr21,
Lr23, Lr24, Lr25, Lr26, Lr10/Lr27 +/Lr31, Lr28
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
17 Lr-97- Ardabil_Ardabil PKTRQ  Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr2b, Lr9, Lrl4a,
38 Lrl2, Lr13, Lrldb, Lrl5, Lr16, Lrl7, Lrl8, Lr22a,  Lrl9, Lr20, Lr21, Lr10/
Lr23, Lr24, Lr25, Lr26, Lr30, Lr32, Lr33, Lr34, Lr27 +/Lr31, Lr28,
Lr35, Lr36, Lr37, Lrb Lr29, Lr13
18  Lr-97- Ardabil_Ardabil PKTTQ Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9, Lr15,
40 Lrl2, Lr13, Lrlda, Lrldb, Lr16, Lrl7, Lr18, Lr21, Lr19, Lr20, Lr26, Lr28
Lr22a, Lr23, Lr24, Lr25, Lr10/Lr27 +/ Lr31,
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
19  Lr-97- Sari_Mazandaran TKTTS Lr22b, Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr9, Lr19, Lr10/Lr27 +
10 Lr10, Lrld, Lr12, Lr13, Lrl4a, Lr14b, Lri15, Lr16, /Lr31, Lr28
Lrl7, Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25,
Lr26, Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36,
Lr37, Lrb, Lr13
20  Lr-97- Golestan_Gorgan FKTTQ  Lr22b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr12, Lrl, Lr2a, Lr2b, Lr9,
11 Lrl3, Lrlda, Lrl4db, Lr15, Lr16, Lrl7, Lr18, Lr21,  Lrl9, Lr20, Lr26, Lr10/
Lr22a, Lr23, Lr24, Lr25, Lr29, Lr30, Lr32, Lr33, Lr27 +/Lr31, Lr28,
Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
21 Lr-97- Khorasan FKTTQ  Lr22b, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lrl, Lr2a, Lr9, Lr19,
3 Lrl2, Lr13, Lrlda, Lrldb, Lrl5, Lr16, Lrl7, Lr18, Lr20, Lr10/Lr27 +/
Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, Lr30, Lr31, Lr28
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
22 Lr-98-  Bayekola_Mazandaran PKTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9, Lr19,
1 Lr12, Lr13, Lrlda, Lrldb, Lr15, Lr16, Lrl7, Lr18, Lr10/Lr27 +/Lr31,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr30, Lr28, Lr29
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
23 Lr-98-  Gharakhil_Mazandaran PKTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9, Lr19,
2 Lr12, Lr13, Lrl4a, Lrldb, Lr15, Lr16, Lrl7, Lr18, Lr10/Lr27 +/Lr31,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr30, Lr28, Lr29
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
24 Lr-98-  Gharakhil_Mazandaran PKTKT Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr2b, Lr9, Lr19,
3 Lr12, Lr13, Lrlda, Lrldb, Lr15, Lr16, Lrl7, Lr18, Lr10/Lr27 +/Lr31,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28, Lr29, Lrb
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lr13
25  Lr-98- Gharakhil_Mazandaran PKTTT Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19, Lr10/
4 Lrll, Lr12, Lr13, Lrl4a, Lrl4b, Lr15, Lrl6, Lrl7, Lr27 +/Lr31, Lr29
Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26,
Lr28, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
26 Lr-98- Ahwaz_Khouzestan PKTTQ  Lr22b, Lr1, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr11, Lr2a, Lr2b, Lr9, Lr19,
5 Lr12, Lr13, Lrlda, Lrldb, Lr15, Lr16, Lrl7,Lr18,  Lr20, Lr23, Lr10, Lr27+
Lr21, Lr22a, Lr24, Lr25, Lr26, Lr30, Lr32, Lr33, Lr31, Lr28, Lr29
Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
27 Lr-98- Ahwaz_Khouzestan PKTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr2b, Lr9, Lr19,
6 Lr12, Lr13, Lrlda, Lrldb, Lr15, Lr16, Lrl7, Lr18, Lr10/Lr27 +/Lr31,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr30, Lr28, Lr29
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
28  Lr-98- Ahwaz_Khouzestan PFTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr2b, Lr9, Lr13,
7 Lr12, Lrl4a, Lrl4db, Lr15, Lrl7, Lr18, Lr20, Lr21, Lr16, Lr19, Lrl0/Lr27
Lr22a, Lr23, Lr24, Lr25, Lr26, Lr30, Lr32, Lr33, +/Lr31, Lr28, Lr29,
Lr34, Lr35, Lr36, Lr37, Lrb, Lr13 Lr13
ARPP
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29 Lr-
98-8

Shavour_Khouzestan

30

31

32

33

34

35

36

37

38

39

40

Lr-98-9

Lr-98-
10

Lr-98-
11

Lr-98-
12

Lr-98-
13

Lr-98-

Lr-98-
15

Lr-98-
17

Lr-98-
19

Lr-98-

Lr-98-
21

Shavour_Khouzestan

Shavour_Khouzestan

Shavour_Khouzestan

Shavour_Khouzestan

Dezfoul_Khouzestan

Dezfoul _Khouzestan

Moosian_llam

Gorgan_Golestan

Gorgan_Golestan

Gharakhil_Mazandaran

Ramhormoz_Khouzestan

PKTTT

PKTTT

PKTTS

PKTTR

PFTTT

PKTTT

PFTTT

PKTTT

PKTTT

PFTTT

PFTTT

PKTTT

Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lrl10,
Lrll, Lr12, Lr13, Lrlda, Lr14b, Lr16, Lrl7, Lrl8,

Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10
/Lr27 +/Lr31, Lr28, Lr29, Lr30, Lr32, Lr33, Lr34,

Lr35, Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lr1l, Lr12, Lr13, Lrl4a, Lri4b, Lr16, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10,
Lr27+ Lr31, Lr28, Lr30, Lr32, Lr33, Lr34, Lr35,
Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lr1l, Lr12, Lr13, Lrl4a, Lri4b, Lr15, Lr16, Lrl7,
Lrl8, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26,
Lr10/Lr27 +/Lr31, Lr30, Lr32, Lr33, Lr34, Lr35,
Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lr1l, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17,
Lr18, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/
Lr27 +/Lr31, Lr28, Lr30, Lr32, Lr33, Lr34, Lr35,
Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lr1l, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/
Lr27 +/Lr31, Lr28, Lr29, Lr30, Lr32, Lr33, Lr34,
Lr35, Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll,
Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10,
Lr27+ Lr31, Lr28, Lr30, Lr32, Lr33, Lr34, Lr35,
Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lrll, Lr12, Lr13, Lrl14a, Lr14b, Lr17, Lr18, Lr20,
Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28, Lr30,
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll,
Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28,
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll,
Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28,
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lrll, Lr12, Lr13, Lr14a, Lrl4b, Lr15, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28,
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10,
Lr1l, Lr12, Lr13, Lri4a, Lri4b, Lr15, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28,
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll,
Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18,
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28,
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb,
Lr13

Lr2a, Lr9, Lrl5, Lr19

Lr2a, Lr9, Lr15, Lr19,
Lr29

Lr2a, Lr9, Lr19, Lr28,
Lr29

Lr2a, Lr9, Lr19, Lr20,
Lr29

Lr2a, Lr9, Lr16, Lr19

Lr2a, Lr2b, Lr9, Lr19,
Lr29

Lr2a, Lr9, Lr15, Lr16,
Lr19, Lr10, Lr27+ Lr31,
Lr29

Lr2a, Lr2b, Lr9, Lr19,
Lr10/Lr27 +/Lr31

Lr2a, Lr2b, Lr9, Lr19,
Lr10/Lr27 +/Lr31

Lr2a, Lr9, Lr16, Lr19,
Lr10/Lr27 +/Lr31

Lr2a, Lr9, Lr16, Lr19,
Lr10/Lr27 +/Lr31

Lr2a, Lr2b, Lr9, Lr19,
Lr10/Lr27 +/Lr31, Lr29
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41 Lr-98- Sistan_Zahedan PKTTT Lr22h, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9,
22 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lrl6, Lr17, Lr18, Lr19, Lr10/Lr27 +
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28, /Lr31, Lr29
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
42 Lr-98-  Khoramabad_Lorestan PKTTQ Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
24 Lrl1, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lrl7, Lr20, Lr10/Lr27 +
Lrl8, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr29, /Lr31, Lr28
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
43 Lr-98- Shiraz_Fars PKTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
25 Lrl1, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lrl7, Lr10/Lr27 +/
Lrl8, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr31, Lr28
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
44 Lr-98- Kermanshah_ PKTTT Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
26 Kermanshah Lrll, Lr12, Lr13, Lrl4a, Lrl14b, Lr15, Lr16, Lr17, Lr10/Lr27 +/
Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr31, Lr29
Lr28, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
45 Lr-98- Sarpol PKTTT Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lrl9,
27 zahab_Kermanshah Lr1l1, Lr12, Lr13, Lrl4a, Lrl14b, Lr15, Lr16, Lr17, Lr10/Lr27 +/
Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr31
Lr28, Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36,
Lr37, Lrb, Lr13
46 Lr-98- Moghan_Ardabil PKTTR Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lrl9,
29 Lrl1, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lrl7, Lr20, Lr10/Lr27 +
Lr18, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28, /Lr31
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
47 Lr-98- Moghan_Ardabil PKTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lrl9,
30 Lrl1, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lrl7, Lr10/Lr27 +/
Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr31, Lr28
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
48 Lr-98- Moghan_Ardabil PKTTT Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr2b, Lr9,
31 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr19, Lr10/Lr27 +
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28, /Lr31
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37,
Lrb, Lr13
49 Lr-98- Moghan_Ardabil PKTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
32 Lrl1, Lr12, Lr13, Lrl4a, Lrl4b, Lr15, Lr16, Lr17, Lr10/Lr27 +/
Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr31, Lr28, Lr29
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
50 Lr-98- Moghan_Ardabil PKTTS Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
33 Lrl11, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr10/Lr27 +/
Lr18, Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr31, Lr28, Lr29
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
51 Lr-98- Moghan_Ardabil PKTTR Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
34 Lrl11, Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr20, Lr10/Lr27 +
Lr18, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr28, /Lr31, Lr29
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
52 Lr-98- Moghan_Ardabil PKTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9,
35 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr19, Lr23, Lr28,
Lr20, Lr21, Lr22a, Lr24, Lr25, Lr26, Lr10/ Lr27 + Lr29, Lr30
/Lr31, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb,
Lr13
53 Lr-98- Moghan_Ardabil PKTTS Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr2a, Lr2b, Lr9,
36 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr19, Lr28, Lr29
Lr20, Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/
Lr27 +/Lr31, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36,
Lr37, Lrb, Lr13
54 Lr-98- Moghan_Ardabil PKTTS Lr22h, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr2a, Lr9, Lr19,
37 Lrl1, Lr12, Lr13, Lrl4a, Lrl14b, Lr15, Lr16, Lr17, Lr23, Lr28, Lr29
Lr18, Lr20, Lr21, Lr22a, Lr24, Lr25, Lr26, Lr10/
Lr27 +/Lr31, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36,
Lr37, Lrb, Lr13
ARPP
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Continued table 2.

=Y Jgoz aslol

No. Isolate Location Race Virulence genes Avirulence genes
55 Lr-98- Moghan_Ardabil PKTTS  Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lr12, Lr2a, Lr2b, Lr9, Lr19,
38 Lr13, Lri4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr20, Lr21, Lr28

Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/ Lr27 +/ Lr31,
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb,
Lrl3
56 Lr-98- Moghan_Ardabil PKTTS  Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr1l, Lr12, Lr2a, Lr2b, Lr9, Lr19,
39 Lr13, Lri4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr20, Lr21, Lr28
Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10/Lr27 +/Lr31
Lr29, Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb,
Lrl3
57 Lr-98- Ardabil_Ardabil PKTTS  Lr22b, Lr1, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr9, Lr19, Lr10
40 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr20, /Lr27 +/Lr31,Lr28,
Lr21, Lr22a, Lr23, Lr24, Lr25, Lr26, Lr30, Lr32, Lr33, Lr29
Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
58 Lr-98- Ardabil_Ardabil FKTTS  Lr22b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr1l, Lrl12, Lr13, Lrl, Lr2a, Lr2b, Lr9,
41 Lrl4a, Lrl4b, Lr15, Lr16, Lr17, Lr18, Lr20, Lr21, Lr19, Lr10/Lr27 +/
Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10, Lr27+ Lr31, Lr30, Lr31, Lr28, Lr29
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
59 Lr-98- Ardabil_Ardabil PKTTS  Lr22b, Lrl, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr11, Lr12, Lr2a, Lr2b, Lr9, Lr19,
43 Lr13, Lri4a, Lr14b, Lr15, Lr16, Lr17, Lr18, Lr20, Lr21, Lr10/Lr27 +/Lr31,
Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10, Lr27+ Lr31, Lr30, Lr28, Lr29
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
60 Lr-98-  Boroujerd_Lorestan PFTRT  Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lr11, Lr2a, Lr9, Lrl4a,
45 Lr12, Lr13, Lr14b, Lr15, Lr17, Lr18, Lr20, Lr21, Lr22a, Lr16, Lr19, Lr10/
Lr23, Lr24, Lr25, Lr26, Lr10, Lr27+ Lr31, Lr28, Lr30, Lr27 +/Lr31, Lr29
Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13
61 Lr-98- Neka_Mazandaran PFRTT  Lr22b, Lrl, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrl1, Lr2a, Lr9, Lr16, Lrl7,
46 Lr12, Lr13, Lrl4a, Lr14b, Lr15, Lr18, Lr20, Lr21, Lr19, Lr10, Lr27+

Lr22a, Lr23, Lr24, Lr25, Lr26, Lr10, Lr27+ Lr31, Lr28,
Lr30, Lr32, Lr33, Lr34, Lr35, Lr36, Lr37, Lrb, Lr13

Lr31, Lr29
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Figure 1. Virulence frequency of leaf rust isolates for resistance genes in 2017 and 2018.
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