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Abstract

In this study, 96 isolates of Pyrenophora tritici-repentis from Ardabil province were isolated and identified. According to
the results of molecular data and considering the geographical area, thirty isolates were selected for race identification studies
in greenhouse. Genetic diversity was detected between three fungal populations including Parsabad, Germi and Bilesavar in
Ardabil province. During the study of gene diversity, the amount of gene flow (Nm) was equal to 1.6890 and the amount of
Gst was equal to 0.2284. The rate of genetic diversity for the whole population (Ht) was 0.2993. PhiPT was estimated to be
0.259 (p> = 0.010). According to the results of AMOVA, 74% of total variance was attributed to within populations while
only 26% of that was related to between populations. Racel of the pathogen as the main race was used in Ardabil province to
evaluate the resistance of forty wheat cultivars in greenhouses. Inoculation was carried out using fungal conidial suspensions
and fungal culture filtrates. The Mean Disease Index in different cultivars was calculated and compared. The results of
cultivars' reaction showed that 90% of studied wheat cultivars are in the susceptible group to the pathogen. Four cultivars of
Morvarid, Moghan 3, Ehsan and Darya, which together comprise 10% of the studied cultivars, were included in the resistant
group. The use of these resistant cultivars is recommended for areas with a high possibility of disease outbreaks. In addition,
breeders can use the sources of resistance for future breeding programs.
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Table 1. Reagents used for PCR reactions in a volume of 25 microliters.

Reagent Final Concentration
Fungal DNA 30 ng
PCR Buffer 1X
dNTPs 0.1 mM of each
Tag DNA Polymerase 1U
MgCI2 1.5mM
Primer 10 pmol of BOX-AIR and 5 pmol of ERIC1 and ERIC2 in each reaction
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Table 2. The PCR cycling profile for amplification of Pyrenophora tritici-repentis isolates.

No. of Cycles Step (Temperature °C) Time (Minutes)
1 Initial denaturation 95 2
Denaturation 94 1
35 Annealing 36 1
Extending 72 3
1 Final extending 72 10
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Table 3. Rating system based on lesion type on wheat leaves to categorize host reactions to Pyrenophora tritici-repentis.

Scale Reaction
1* Small dark brown to black spots without any surrounding chlorosis or tan necrosis: R (Resistant)
2 Small dark brown to black spots with very little chlorosis or tan necrosis: MR (Moderately Resistant)
3 Small dark brown to black spots completely surrounded by a distinct chlorotic or tan necrotic ring; lesions
generally not coalescing: MS (Moderately Susceptible)
4 Small dark brown or black spots completely surrounded with chlorotic or tan necrotic zones; some of the lesions

coalescing: S (Susceptible)

5 The dark brown or black centers may or may not be distinguishable; most lesions consist of coalescing chlorotic

or tan necrotic zones: VS (Very Susceptible)

*:1- 2 considered as resistance and 3-5 considered as susceptible.
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Figure 1. Characteristics of the wheat tan spot pathogen a. Formation of an olive-green strip on the margin of petri dish filled
with conidiophores and conidia of Pyerenophora tritici-repentis, b. Conidiophores and conidia under binocular, ¢. Conidia,
d. Disease symptoms on wheat leaf as necrotic spots.
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Table 4. Gene diversity for loci in three populations of Pyrenophora tritici-repentis including Parsabad, Germi and
Bilesavar in Ardabil province.

Population NA* o I number_of _ percentag_e of _
polymorphic loci  polymorphic loci
Parsabad © 1'572297)9* % 0.2097 (0.1714) 0.3280 (0.2452) 56 71.79
Germi 1.9103 (0.2877)  0.2427 (0.1600)  0.3835 (0.2119) 71 91.03
Bilesavar 1.9615 (0.1936)  0.2463 (0.1294)  0.3974 (0.1677) 75 96.15
Multi-
Populations -, 5009 0.0000)  0.2093 (0.1349)  0.4648 (0.5808) 78 100.00
Descriptive
Statistics

* NA: Mean of observed number of alleles, H: Mean of Nei's (1973) gene diversity, | = Mean of Shannon's Information index
**. Numbers in parenthesis are standard deviations (SD).
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Figure 2. Dendrogram based on analysis of genetic distance using UPGMA method among three populations of Pyrenophora
tritici-repentis including Parsabad, Germi and Bilesavar from Ardabil province.
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Table 5. Analysis of molecular variance (AMOVA) among three populations of Pyrenophora tritici-repentis including

Parsabad, Germi and Bilesavar from Ardabil province.

Source df SS MS Est. Var. Variation (%)
Among Pops 2 182.709 91.355 3.366 26%
Within Pops 73 704.317 9.648 9.648 74%
Total 75 887.026 13.014 100%

*: P value=0.001 and number of permutations is 999.
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Figure 3. Dendrogram based on UPGMA method among the isolates of three populations of Pyrenophora tritici-repentis

including Parsabad, Germi and Bilesavar regions of Ardabil province.
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Figure 4. Reaction of Glenlea and Salamouni cultivars and lines 6B662 and 6B365 against the isolate PTR15 of the pathogen
Pyrenophora tritici-repentis (N: necrosis, R: resistance, C: chlorosis).
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Figure 5. Reaction of wheat cultivars to Pyrenophora tritici-repentis conidial suspension six days after inoculation in the
greenhouse (cultivars from right to left: Moghan3 (Resistant), Darya (Moderately Resistant), Atrak (Moderately Susceptible),

Chamran (Susceptible)
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Figure 6. Reaction of wheat cultivars to the culture filtrate of Pyrenophora triciti-repentis, 48 hours after infiltration in the
greenhouse. The injection site is marked (cultivars from right to left: Salamouni: resistant control, Moghan 3: resistant,
Glenlea: Susceptible control, Chamran: sensitive).

Pyrenophora tritici-repentis z, 4 Cowd posS a6l Cunglin .# Jgus
Table 6. Wheat cultivar resistance to Pyrenophora tritici-repentis.

Mean

. . Score / Disease

No Cultivar Type Pedigree Reaction Index
(D) (%)

1 Shoosh Swe STORK/3-CBRD X DICOCCOIDES 42S 84 efg
2 Falat SW (Kvz/Buho s ”//Kal Bb) Seri82 3.3 MS 65.3 jKkI
3 Star SW 3.7 MS 74.7 hi

4 Setareh SW Dez/SW89 1882 3.3MS 66 jki
5 Chamran SW (YO -M3-YO-MO-Y05-63858MC),alittA 45S 89.3 cde
6 Chag"a“ SwW 50y//Attila/Bacanora Attila 34MS  68.7ijk

7 khalil SW Bow"s"/Vee"s"//1-60-3/3/Cocoraque 75/4/Chamran 4.2S 84 efg
8 Darab 2 SW Maya “S”/Nac 4S 79.3 hg
9 Dez SW Opata//Kauz/2*Kauz 3.4 MS 68.7 ijk
10 Sarang SW PRL/2*PASTOR/4/CHOIX/STAR/3/HE1/3*CNO79//2*SERI 47S 94.7 abc

11 Barat SW PASTOR/2*S 3.6 MS 71.3j

12 Mehregan SW ROTSAP*2/3/NCB*4//ZUAKS /SISAO 5VS 100 a
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7 Jaus anlsl
13 Atrak SwW s”zuak 7 33MS  66.7 Kl
14 Mahdavi Fac\;‘gta“ Mus/4/Tota63 /Wt*//Nar59/3/Mt48/5/Ti/Pch 45 83.3 efg
. PASTOR//SITE/MO/3/CHEN/AEGILOPS SQUARROSA 65.3 jkI
15 Talaei SwW (TAUS)//BCN/4/WBLL1 3.3 MS
16 Parsi SW Darab*2/”Dove”s”/Buc’’s 43S 86.7 defg
: CHEN/AEGILOPS )
17 Torabi SW SQUARROSA(TAUS)//BCN/3/BAVO2/4/BERKUT 35Ms 700
18 Arta SwW CIMMYT 41S  81.3fgh
19 Niknejad SW Crow/”S/71-F134 " 45 80 hg
20 Meraj sw PFAU/MILAN/3/SKAUZ/KS94U215//SKAUZ 44S  88.7 cdef
21  Kalateh SwW MILAN/S87230//BABAX 43S 85.3efg
22 Tajan SW “Bow”s”/Nkt”s 425 84 efg
23 Marvdasht SW Bloudan//Azadi/HD2172 48S 96.7 ab
. PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA .
24 Tirgan SwW (TAUS)//BCN/3/VEE#7/BOW/4/PASTOR 33MS 66k
25 Bahar SwW ICARDA 46S  92.7bcd
26 Morvarid SwW Milan/Sha7 21 MR 42 n
27 Sirvan SW PASTOR*2/PRL 43S 86.7 defg
28 Moghan 3 SW opata/ 5/Picus/4/Pvn //c8.V879/V763.23/3/Luan 18R 35.30
(SABUF/7/ALTARS4/AE.SQUARROSA (224)
/IYACO/6/CROC_1/AE.SQUARROSA
29 Ehsan Sw (205)/5/BR12*3/4/|AS55*4/CI14123/3/IAS55*4/EG, 26MR 51.3m
AUS//IAS55*4/ALD)
30  Rekhshan  sw  SHARP/3IPRLISARA/TSIVEE#S/S/VEE/LIRABOWISIBCN 5, 1 62 k]
J4IKAUZ
31 Ghods Fac\‘/’;ta“ Omid//Kal/Bb/6/Ptr/3/Fn//2*K54/Nor10/4/Wt/5/Rsh 43S 82.7efg
- Darya Sw SHA4/CHILCM91099-25Y-%|\1/I63N-1Y-OYZ-OlOM-OY-3M- JIMR 41310
33 Azadi SW Mexp *(15409-32-1*4820) 32MS 627K
34 Baharan SW WS-89-7 (CIMMYT) 3.1 MS 61.31
35  Shiroodi SW (ZPO-YO-M8-YO-MO -Y4-63858MC ),alittA 3MS 60.7 1
36 Pishtaz SW Alvand//Aldan/las58 4S 80.7 hg
37 Shiraz SW Azd/3/”Ald”s//Gv/D630 43S 85.3efg
38 Gonbad SW ATRAK/WANG-SHUI-BAI 3MS 60.7 |
39 Sepahan SW 3*Au//Y50E/Kal/3/Kal//Bb/Kal/4/1347/L2453/5/Azd 42S  833efg
40 Sivand SW “Azd kauz’’s 4.1S 82 efg
©SW: Spring Wheat.
ol bl jo G ol Jaad as ols las ol s sl b)) oy
as lab)l u“"S‘j L .’4:9.3).0 (_gl.m‘sal.v))‘ 6‘)‘.‘ dolol 9 .o)lo d9>g P. C)l_g 4;]» q¢ M k.}"‘ 4o w}f Q)}@ LQLQQS“’)J‘.’ 4o
S (213595 a5 PTRIS wlox 5l og o opl Lol Soa o5l 4 sl sy ool sl eagl ¢ 50 5l tritici-repentis
20,5 eolaiwl cubls o9 oolawl anlsl jo g aiils os 2lipeanS alas V& olaw
o 5525 paiS 08 )l oskase 3o opl I Jol> ol @b ool SWS L g 1ep-PCR  J5SUge ,Slas oS b sunds
sl paS Sp plpas) len ol @ 5 5 el Cowsdy baylas o S5 £ ERIC 3 BOX-AIR
Ol el po aloz 51 al)1 51 golaad ol Gdons o bz ligs adlaie (1185 I )0 5 g Jol> plSgpais 4 colie b Culy
LV aS a5 18 poliedes g polie 09,5 )3 bys 5 el oY b bl olE e Al sl wlax Ve S
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