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Genetic diversity of Rhynchosporium secalis isolates causal agent of barley scald in Ilam province

KH. NOUROLLAHI'S and A. ALIKHANI®
1- Assistant professor of plant protection department, Ilam University 2- Former M. Sc student of

plant pathology, plant protection department, Ilam University

Abstract

One of the most important diseases of barley is scald in the world. In order to determine genetic diversity of Rhynchosporium secalis
isolates, barley plants with yellowish brown spots with brown margin, especially on leaves and stems were collected from different regions
of Ilam province including: Ilam, Asemanabad, Srableh, Shabab, Ivan and Sirvan. 47 isolates obtained from infected samples using potato
dextrose agar for the purposes of this study. To study the genetic diversity of the isolates, microsatellite markers were used. A set of five
microsatellite primer pairs revealed a total of 42 alleles in R. secalis isolates in all isolates. The number of alleles varied from 7 to 12 for each
marker. The number of marker index (MI) in all primers varied from 1.8 to 6.7 and genetic similarity based on Dice coefficient was zero to
one. Phonogram revealed 16 distinct groups in 0.54 similarity distance, but based on neighbor joining 17 groups were determined.
Knowledge of genetic diversity in R. secalis provides different levels of information which is important in the management of germplasm
resources. Results from this study will be useful in breeding for barley resistant cultivars and developing necessary quarantine regulations.
Key words: Barley, Genetic diversity, Rhynchosporium secalis, SSR.
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Table 1. Characteristic of R. secalis isolates used for molecular studies

3, sld> a8 Solsp ASJAJN ol Oliw g
Row Isolation code Sampling region  province twon

1 L1 Mishkhas Tlam Tlam

2 L2 Mishkhas Tlam Tlam

3 L3 Mishkhas Tlam Tlam

4 L4 Mishkhas Tlam Tlam

5 LS Mishkhas Tlam Tlam

6 1L6 Mishkhas Tlam Tlam

7 Al Gadameh Tlam Aseman abad
8 A2 Gadameh Tlam Aseman abad
9 A3 Mohammadgholi ~ Ilam Aseman abad
10 A4 Saidnazari Tlam Aseman abad
11 A5 Fatmieh Tlam Aseman abad
12 A6 Fatmieh Tlam Aseman abad
13 A7 Fatmieh Tlam Aseman abad
14 A8 Janjan Ilam Aseman abad
15 A9 Janjan Tlam Aseman abad
16 Al10 Janjan Ilam Aseman abad
17 CH1 Sarableh Tlam Sarableh

18 CH2 Sarableh Tlam Sarableh

19 CH3 Sarableh Tlam Sarableh

20 CH4 Sarableh Tlam Sarableh

21 CHS5 Sarableh Tlam Sarableh

22 CH6 Shabab Tlam Shabab

23 CH7 Shabab Tlam Shabab

24 CHS8 Shabab Tlam Shabab

25 CHO Bagheleh Tlam Shabab

26 CHI10 Bagheleh Ilam Shabab

27 CHI11 Bagheleh Tlam Shabab

28 CH12 Bagheleh Ilam Shabab

29 CH13 Bagheleh Tlam Shabab

30 CH14 Bagheleh Ilam Shabab

31 CH15 Jobsorkh Tlam Sarableh

32 CHI16 Jobsorkh Tlam Sarableh

33 S1 Lomar Tlam Sirvan

34 S2 Lomar Tlam Sirvan

35 S3 Lomar Tlam Sirvan

36 S4 Lomar Tlam Sirvan

37 S5 Lomar Tlam Sirvan

38 S6 Lomar Tlam Sirvan

39 11 Ivan Tlam Ivan

40 2 Ivan Tlam Ivan

41 3 Ivan Tlam Ivan

42 14 Satian Tlam Ivan

43 5 Satian Tlam Ivan

44 16 Satian Tlam Ivan

45 17 Satian Tlam Ivan

46 18 Satian Tlam Ivan

47 19 Satian Tlam Ivan
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Table 2. Characteristic of SSR primers used for studying R. secalis isolates

ST i g (5°-3) JIs o5l
Primer Motif sequence size (bp)
F': CGTAGCCTTCGCGATAAGAG
Rhyncho_6 (GA)27 212-244
R* TCCCTTCCTCTTTCTTGTCAAC
F: GTCGCCGTCAATCATTAACTC
Rhyncho_7 (TC)32 200-244
R: GAGTGTCTTGGTGTGGAGAGG
F: GCGGATAATATATCAGGCAGGA
Rhyncho_8 [AA(GA)5]10 149-245
R: TCACCTCAACATTTGCCGTA
F: TGCCTTGTCTTGCCTAATCC
Rhyncho_11 (TCCACA)6 200-293
R: CGCTCTGTGTGGAGATGAAG
F: GGTTTGGGTGAAGTGGGTAG
Rhyncho_13 (GA)29 152-220
R: CTGAGCTGGCGAGGAATTAG
1- Forward
2- Reverse
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\— Effective multiplex ratio (EMR)
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Table 3. Characteristic of SSR primers used for studying of R. secalis isolates

S5 Jlail gl LTl SEe ol paslh BBl e s e T sl

Primer Anneling temprature Alleles size *PIC (o> (MI) Sl (EMR) s Number of alleles
Rhyncho_6 555 260-210 0.35 2.8 8 8
Rhyncho_7 54 225-190 0.31 22 7 7
Rhyncho_8 53.4 230 -195 0.35 2.8 8 8
Rhyncho_11 54 260-150 0.26 1.8 7 7
Rhyncho_13 54.5 275 -165 0.56 6.7 12 12

average - - 0.37 33 8.4 8.4

* PIC: Polymorphism information content
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\—Neighbour joining
Y—Principal Coordinates Analysis (PCO)

34l G le e sl g S5l 0
= Laaslie f‘ﬁﬁ)v\b o Sl c-"w)ij‘ RS e
lie gl By 5l (S Al plnil Kb S o el
M%M‘;ﬂ_@d;&_ﬁswduﬁjﬁ\&blﬁ
L ol 5l o (Stsen 01 3 68 A3l 0 S8
L gladi s a5 Glad ot ams $3505 Olpe 4 abols
il AT s Ol VL S S s
Al s S (Sar 0 i L1 S ass
it g B S 5w S e Olse
DMie pl a8 a8 Al o G i (g3 de SIS
Cd & Cb Aol o 6 el edkas DL ASL miy
5 oy Al o 5L a8 sl LSS s ol 3 eel
Ot S S s YL 2 L UPGMA (o581
Al e anlllas 350 Slaalir Lo 5 a2 B,

— Sl = R secalis glanas)i> fljf‘”"_b (0
o3l Wl UPGMA 55, b sy wlis s 5L 3 <=|J§j).m
03 el Sl /00 =) SIS Aol s Lag s s
Laoy, S ool did osls Lo &5 05,8 s pls +/0F Aol
Yo, S S s Yo St gpas SSop SV Lla
03,5 S igae Vs S S gpae by S g pas
(F JS0) dingr gple V) 05 S G 5 (g2 A



VPO

néw_w‘l;‘\i))ﬂ:j.u).w ‘LS")::‘ ‘JJJ” 4@‘}»‘ Lol Calises
ot 5 Sl 4B S 13 Sl 2y e 0L S el
L‘ﬁ‘)}_«is L’)—f.‘)b G)G LgLﬁW“ > 455‘3 QL;J QL’JUQ.A w‘
g5 Olime eSS 5 il e VL (585 g5 s
Gosw )5S & by e R secalis g oaex 31, K55

(Zaffarano et al., 2006) ol s :)Jﬂ

WAY idol ¥ oylad AY W 1 aLE sla s low 5 BT

sblne js bl o8 col sl jasein axdlle cpl 53

555 g5 sbls Ll BLs 5ledd (6ol 4 5o
o e 1 g5 o it SLTOke] glag it s YL
slaalis S35 =5 Aals DL 5 5 5l el s
SlS Ol cilises bl 3 (6 o5 Sldlas 53 R secalis

Loy S 3l plaallr 55 (55 8 55 Ol ol 0l

cendrogram o7 R. secals soiates using (PGMA.

N ——
_|— J_(]:

I——:ﬁ_&

UPGMA L R. secalis slaasldr o S5 L3 Cljf}).,\j; -f e

Fig 4. Dendrogram of genetic relationships between R. secalis isolates as reconstructed by UPGMA

R .secalis sbaldr S35 bl ol Dlashe 4 4325 (o 33 Jls 05 =0 K3

Fig. 5. 2D Plot of Principal Coordinates Analysis (PCO) of genetic relationships between R. secalis isolates



f)h_l Sbwl s g WSl (g e Jole Rhynchosporium secalis slaalis S35 & 1Sl 5 )8 \ 5§

slaas 3R secalis ;3 NG So5 Ol s Lo BETW-LpN
Iy ol oS os S s )3 ppdiises ban i (5 S0
(Salamati et al., 2000; Zaffarano et al., 2006 ) T J“"
McDonald et al., 1989; Williams ) (65 353 o5 gla g
Al e «(Goodwin et al., 1994) 50k~ s (et al., 2003
53 st e S oS el LSS e 51 S S5 0L >
Gt ol 53 anlae 550 Glaas i 55 syl SIS &
Sl (S Jale i (il S 08 (S35 e
355 345 Gblie Ols il i alols izl s p) Ll
el Kon bl Al pran 5 Gresks 100) ST
Shl e G e S 5 e JUiS1 5 5 ey
.Jbﬁdj)}%@‘jb‘)eJ‘}jT‘).l.zcobjﬂdbLg

Jols 0 o 308 Wzl (sl ol 4 03 3T 55 ol
4 08 355 bl ol 53 O13,5LS s el e Sl 4
3zl das Il (51 355 J gamen 55 51 Y poms o (513
315 3 5m s olew ol Wl a Vgane bl 1l 45 5 S e
5l D glite (ol DS ol 5 Ol el 5w ay
B ’Y}—M‘ d=3 e s Al 23501 5 ady ol Sen
A3 Dbl s o T le nl 4 gl 5 ol
Gble 5l Sl Sz 15 5L 550 L 01,58 Sl S
Shls ol - San y Hde ol e S (Gl 2 S0
Sl 5 ol oS el 5 il Sodl 51 sl
rlem el GacS 5 mmen dipd gl e 3 (Sa )l
3 osliS OV pame s dile 1 355 J peames b o
5 88l sk Olse 4y ady 5 e pad ol = O1355LES
Ol s s e 5l B 015, 5LES Ll s o les sl Ssae s
R. secalis ¢, 3 53,5 o (Solom sl 5 sLizl sl Jalse
LY ane 5 doly o oLl 5 ods 55 i 2 S s
Sl a0 Jlal fiomen 5o sl ol Olles SaS
S o SaS b P glize sl 3 s 5 4 ke

o Ul e s S solan w o3l Ll esdle o
P g5 andllae ol 53 S SeS S 85 6ulb

slasls 5 s 3l aST 1 R secalis G)LS Sl 2 gl
PRGN N ST PEP N ST N E PRI
syls sy YL g5 Laaldar o 53 a8 5l 0L mlE
YO8 sldas RFLPs (gla SGLES 5l eslizad L (Lebedeva, 2005)
I RGO Y ool 2,90 R secalis G)G Sl sl
Ll el e o5 555 05,5 MY g alir sl
Ry 35 n i adlas ol 53 ((McDonald et al., 1999)
=3 g5 3l el Cﬁjw\;;ﬁjuwyb,;
Loayls s s g Lac e Olo y3 (6 S las as ol QLS
T oS e Y\ 3l aS R secalis G)L“e Sllarer o)y
Foogl e A4S A 4 S amd din g ol L;))T@z)j;:s
3l St &G > R secalis > RFLPs s, R UL WP
Js-.ﬁ))?' )‘ J'l.:a.j ol sdus ol ng‘:ﬁ 44'}»4' v;-\}.'
Zaffarano et al., ) J_“.:Jf sdalie g as e &S s ol peuns
4_:?-L’ A 2 G)U (5L_h&;a_:3.q.> WS L}"""}J DL (2006
SSR 3 AFLP 5 S50 SSLES 53 3l eslial L Lol o
J—LLQ-.; gféd‘ﬂs‘xﬂ:ﬁ aML;.Ajw;)\jj L;.A)JJ J)j.ﬁ
g E35 85 Sose oo 2,00 2y bilamar (pl o
03 50 /4% —+/4A e By ] s ras Jﬁ-\: BE
Sl a4 S lew KSR secalis .(Bouajila ef al., 2007) ol
93 .(Oxley et al., 2003; Newton et al., 2001) c—. e
w&._&fxsf".)_o 6\.&&,3—&4&-«»‘ Y W4 QL:..
9 :j_.i: Jl;r_l‘ C)G ‘_QLQCA-.:W- BE Sl u&&ﬁ ASLSJJJN
4S Glatlesl o Al e 5l ool (slay g s 053
Sls R secalis +S 1505 e g1 (Salamati et al., 2000)
i ad o o S S e (63L 0l Come (555
.(Zaffarano et al., 2006) sl s ES L;L,;L:..Z s R, secalis



\FY

Sl ekl o s oS (Solen J 2S5 S gy Fege )
S el 5 S Sl Sy oIl 5 S 1 Ol
Solas sbaalas 5l S5 &2 Sl xdls Sl

Ll AN 5 g 5l
Refrences

ABANG, M. M., M. BAUM and S. CECCARELLI, 2006.
Differential selection on Rhynchosporium secalis
during parasitic and saprophytic phases in the barley
scald disease cycle. Phytopathology, 96: 1214 -1222.

ARABI, M. L. E,, M. JAWHAR and E. AL-SHEHADEH,
2008. Molecular and pathogenic variation identified
among isolates of Rhynchosporium secalis. Journal of
Plant Pathology, 90: 179-184.

BOUAIJILA, A., M. A. ABANG, S. HAOUAS, S. UDUPA,
S. REZGUIL. M. BAUM and A. YAHYAOUI, 2007.
Genetic diversity of Rhynchosporium secalis in Tunisia
as revealed by pathotype, AFLP, and microsatellite
analyses. Mycopathologia, 163: 281-294.

BURDON, J. J. and J. SILK, 1997. Sources and patterns of
diversity in Plant-Pathogenic Fungi. Phytopathology,
87: 664-669.

COOKE, L. R., T. LOCKE and K. D. LOCKLEY, 2004. The
effect of fungicide programmes based on poxiconazole
on the control and DMI sensitivity of Rhynchosporium
secalis in winter barley. Crop protection, 23: 393-406.

GOODWIN, S. B., R. K. WEBSTER and R. W. ALARD,
1994. Evidence for mutation and migration as sources
of genetic variation in population of Rhynchosporium
secalis. Phytopathology, 94: 1047-1053.

GOODWIN, S. B., R. W. ALLARD, S. A. HARDY and R.
K. WEBSTER, 1992. Hierarchial structure of
pathogenic variation among Rhynchosporium secalis
populations in Idaho and Oregon. Canadian Journal of
Botany, 70: 810-817.

KARI, A. G. and E. GRIFFITHS, 1993. Components of
partial resistance of barley to Rhynchosporium secalis:
use of seedling tests to predict field resistance. Annals

of Applied Biology, 123: 545-561.

WAY dl ¥ oylad AY W 1 alE slaslow 5 ST

aS das e OIS ol s S edalin Ladli s L
E55 rees .J)‘JJ)?})Q-@\}AJJQ)L}J\?H‘MLE
Mﬁ@.@q-)bdj_la;'- gi_'v)' skl Q_“J)JYQL;{“JJ}
Lpd eeslanal g S (g 5lay gladbie Cy i
Celadbie ;a3 Silen S5 655 SRl S s
Lol s s blis 53 Sk OF (85l feily 2153l
MH\J@J_@JJJJJJJJ_{#J%&LQ&)))&N
SS ann Col Conl (S bl ol VU el oyu3
Sl 5 S in 5 Sl 33 5 (5l St 5 L
Gl 5l i g5 L plaalier 555 5l 65 5k ¢l
L_:) usla.g.o?- w‘&\:eqwéu)ﬁw)ﬁ:
oS bl Kos wadlas ol Sl aldr o JUsl 51 g8 sl
sl plal ) sl 5 a8 s e Ll
CM\&MA_!&_QS&LJQ{U\J‘M:-@@
s el il a5 ALS Olalidglen 5 UL
Mv@)édyb&‘ﬂ)ufb&uoj;&i‘uﬁbw
dj_.m.l.:b; ‘_5\}.!6.).;.-}25-)&\}5@)@\ sl 5 g g
Lol 55,5 515 dule oLl | dsl gblis ool s 5
el S Sl s Sl B s S s
o5 31 2 g s Ml o gl 005 b Sl S e
)'\L;J_q-jvjwé\@bjé@b\ulcﬁb)lfégﬁda
S s L5285 A d (slisle slaes S 3555
sl Sos andllan 55 90 glaaslir 3 YL S35 g5 25
ol SoIB L S0s glawlir 5,5 L e S s
bl 4 sl sla) 528 51 o b 5 Sos (15 5l sline
Lo, 5l S Ol a1y S50k o o pd a5 ) 50
3555 Lol l5 o oS Laaslir (S35 755 ot 03 e
e 5335 bl s s W1l alsle 5 o (sla T
Cnslin o Ylazml 5 (Solag Lt Slai 55 M5
S palie il 3l eslinal .23 S (g (lew (pl s ke



f)h_l Sbwl s g WSl (g e Jole Rhynchosporium secalis slaalis S35 & 1Sl 5 )8 VSN

KOLLIKER, R., E. S. JONES, M. C. DRAYTON, M. P.
DUPAL and J. W. FORSTER, 2001. Development and
characterization of simple sequence repeat (SSR)
marker for white clover (Trifolium repens L.).
Theoretical and Applied Genetic. 102: 416-424.

LEBEDEVA, L. 2005. Diversity of Rhynchosporium secalis
(Oud.) J. J. Davis strains in morphological and cultural
peculiarties. Acta Agrobotanica, 58: 45-50.

LINDE, C. C.,, M. ZALA and B. A. MCDONALD, 2009.
Molecular evidence recent founder populations and
human-mediated migration in the barley scald
pathogen  Rhynchosporium  secalis. ~ Molecular
Phylogenetics and Evolution, 51: 454-464.

MATHER, D. E. 1985. Compendium of barley diseases. The
American Phytopatholgical Soceity, 249pp.

McDERMOTT, J. M., B. A. MCDONALD, R. W. ALLARD,
and R. K. WEBSTER, 1989. Genetic variability for
pathogenicity, isozyme, ribosomal DNA and colony
color variants in populations of Ryhnchosporium
secalis. Genetics, 122: 551-565.

McDONALD, B. A. and C. LINDE, 2002. Pathogen
population genetics, evolutionary, potential and
durable resistance. Annual Review of Phytopathology,
40: 349-379.

McDONALD, B. A., J. M. MCDERMOTT, R. W. ALLARD
and R. K. WEBSTER, 1989. Coevolution of host and
pathogen population in the Hurdeum vulgare
Rhynchosporium  secalis pathosystem. Academic
Science USA, 86: 3924-3927.

McDONALD, B. A., J. ZHAN and J. J. BURDON, 1999.

Genetic structure of Rhynchosporium secalis in
Australia. Phytopathology, 89: 639-645.

NEWTON, A. C, J. SEARLE, D. C. GUY, C. A. HACKETT
and D. E. L. COOKE, 2001. Variability in pathotype,
aggressiveness, RAPD profile, and rDNA ITS1
sequences of UK isolates of Rhynchosporium secalis.
Journal of Plant Disease, 108: 446-458.

OXLEY, S.J. P, L. R. COOKE, L. A. HUNTERK and P. C.
MERCER, 2003. Management of Rhynchosporium in
Different Barley Varieties and Cropping Systems,
London: Home-Grown Cereals Authority, Project
Report.

SALAMATI, S., J. ZHAN, J. J. BURDON and B. A.
McDONALD, 2000. The genetic structure of field
populations of Rhynchosporium secalis from three
continents suggests moderate gene flow and regular
recombination. Phytopathology, 90: 901-908.

SUTTON, B. C. 1980. The Coleomycetes, Fungi impperfecti
with pycnidia, Acervuli and Stromata. CMI. England.
696p.

WILLIAMS, K., C. DONNELLA, L. SMYLSCOTT and H.
WALWORK, 2003. Molecular variation in
Rhynchosporium  secalis isolates obtained from
hotspots. Austrailian Asian Plant Pathology, 37: 257-
262.

ZAFFARANO, P. L., B. A. MCDONALD, M. ZALA and C.
C. LINDE, 2006. Global hierarchical gene diversity
analysis suggests the fertile crescent is not the center of
origin of the barley scald pathogen Rhynchosporium
secalis. Phytopathology, 96: 941-950.



