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Table 1. The studied bread wheat genotypes and their response to leaf rust at seedling and adult plant stages

piS Glac 55 Slizpals A e JolS oS e e
Wheat genotypes Seedling stage Adult stage
ol das/ ol polis aes/ p5lis
MV-17 Susceptible/partially susceptible Resistant/partially resistant
Y ol ol
Bolani Susceptible Susceptible
Skt ol ol i — b
Pishtaz Susceptible Susceptible/partially susceptible
Fole e ol aei— ol
(N-80-6) Moghan3 Susceptible Susceptible/partially susceptible
polae ol da — pslae
MKH3 Resistant Partially resistant/partially susceptible
ol e o p3lie 4
MKH4 Susceptible Partially resistant/partially susceptible
Gle) K s ol ol dai— pslie 4o
(M-79-7) Boloeka Susceptible Partially resistant/partially susceptible

6 SS Slaks i ¢l (CIMMYT, 2005) o
35 5 GLIIPTZSTRT b« J5 31 (g iluldr 31
JU & . Lus dluwnr DHS0 4 s E. coli 5 ;S
labas (55l 555 i sla S 5 plonil a U
s 8 Ol ey 7l s (5 2SS
5025 Sy Slesliwl U dats slad lw g
A o>l (Cohen et al., 1972) &l JEEONY
35 o P bl g ey 2
PRas Jf &y e (Birnboim and Doly, 1979)

(350 bp) sLisvo-

~al

e 5 I 4 5 Dol Dl o (I

s $3DNA () Jydor) Sl o> 5 o

9 (lqd\ (Saghai-Maroof er al., 1984) CTAB %4, L
Slesle wl LLDNA gla 4 sai OS5 &S
A3 A ST U5 55585 2S5 s g5 S
LT i i SILr35 05 355 gl s s
Sl el podd 1 b Lr35-3 9 Lr35-2 dLr35-1

S el (Slo iy (2ST1y . Ad 03lazw NCBI 55 0 op!
JK5 5 S eslinnl U 5 ,ads SV s (olg o )2

o dS g5 a3 L35 05 )l g G L35 05 2S5 digy $bos e gl glos OLsI S ia ) S
asks 5 3L YMF Jsb b A HindIIl 3 EcoRI LgLa:NJ'JT Lasl 2y sladand )l ngill ¢ Ol
L e b Vo SSLES 3l eslizal b syl g5 o3Il b ¥OY Jgb b )5

Fig. 1. a: Gradient temperatures to determine optimal temperature for amplification of Lr35 gene, b: Banding
pattern of Lr35 gene in seven wheat genotypes, c: Banding pattern of plasmids digested with EcoRI and HindIIl
enzymes, plasmid with length of 2886bp and inserted fragment with length of 350bp. The size of fragments was

determined based on 100bp size marker.
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1 1
CGACTCGTGACTGGATGEGACTCTCCT TTGCATGGARGACARGC TTGGCGATCCAGATATTATATITCCTTTCTTGTARCCCACTCCATGTARRCCCTAGCCCTCTCCGGTGTCTATATARRCCGGAGAG
CGACTCGTGACTGGATGEGACTCTCCTTTGTGTGGARGACARGC TTGGCGATCCGGATATTGTGTTITCCTTCCTTGTARCCGACTCCATGTARRCCCTAGCCCTCTCCGGTGTCTATATARRCCGGAGAG
CGACTCGTGACTGGATGGGACTCTCCT TTGCGTGGARGACARGC T TGGCGATCCGGATATTATGTTTCCTTCCTTGTARCCARATCCATGTARACCC TAGC==TCTCCGGTGTCTATATARAC TGGAGAG
CGACTCGTRACTGGATGGGACTCTCCTTTGCATRGARGACARGC TTGGCART TCGGATATTATGTTTICTTCCTTGTARCCGACTCCATGTARACCCTAGC--TCTCCGGTRTCTATATARATCGGAGAG
CGACTCGTGACTGGATGGGACTCTCCTTTGCGTRGARGACARGL TTGGCGAT CCGEATATTATGTTTCCTTCCTTGTARCCGACTCCATGTARACCCTAGC—-TCTCCGGTRTCTATATARACCGGAGAG
CGACTCGTGACTGGATGEGACTCTCCT TTGCATGGARGACARGC TTGGCGATCCGGATATTATGTTTCCTTCCTTGTARCTGACTCCATGTAARCCCTAGC--TCCCCGGTGTCTATATARRCCGGAGAG
CGACTCGTGACTGGATGEGACTCTCCTTTGCGTGGARGACARGC TTGGCARTGCTGATATTATGTTTCCTTCCATGTARCTAGCTCCATGTARRCCCTAGC--TCTCCGGTGTCTATATARACCGGAGAG
CGACTCGTGACTGGATGEGACTCTCCT TTGeg T GGARGACARGC TTGGLgATcCgGATATTaTgTTTeCTTcCE TGTARCcgac TCCATGTARACCCTAGE , . TCLCCGGTGTCTATATARARC cGGAGAG

131 140 150 160 170 180 190 200 210 220 230 240 250 260
1 1
GATGGTCCTTAGAAGGCCARCCACAAT TACARTCATACCATCATAGGC-TAGC-TCTTAGGGTTTAGCCTCTACAATCTCATGGTAGATCTACTCTTGTACTACTCATATCTTCARTATCART CARGCAG
GTTGGTCCTTAGAAGGCCGATCACAAT TACARTCATACCATCATAGGC-TAGC-TCTTAGGG TTTAGCCTCTACARTCTCGTGGTAGATCTACTCTTGTACTACCCATATCTTCARTATTART CARGCAG
CATGGTCCATAGARGECCGATCACAAT TACARTCATACCATCATAGGC=-TAGC-TCTTAGGGTTTAGCCTCTACAATCTCGTGGTAGATCTACTCTTGTACTACCCATATCTTCARTATTARTCARGCAG
CATGGTCCTTAGARGGCCGATCACAAT TACARTCATACCATCATAGGC=TAGC=TCTTAGGGTTTAGCCTCCACGATCTTGTGGTAGATCTACTCTIGTATTCCACATATCTTCARTATTARTCARGCAG
GATGGTCCTTAGAAGGCCGATCACATTTACARTCATACCATCATAGGC=TAGC=TCTTAGGGTTTAGCCTCTACGATCTCGTGGTAGATCTACTCTTGTATTCCACATATCTTCARTATTART CARGCAG
CATGGTCCTTAGAAGGCCGATCACAAT TACARTCATACCATCATAGGCCTAGCCTCTTAGGGTTTAGCCTCTACGATCTCATGGETAGATC TRCTCTTGTATTCCACATATCTTCARTATTARTCARGCAG
CATAGTCCTTAGAAGGCC-ATCACAAT TACARTCATACCATTATAGGC-TAGC-TCTTAGGGTTTAGCCTCTATGATCTCGTGGTAGATCTACTCTIGTATTCCACATATCTTCARTATTART CARGCAG
caTgGTCCLTAGAAGGCCgALCACAAT TACARTCATACCATEATAGGL . TAGC, TCTTAGGGTTTAGCCTCEAegATCTegTOGTAGATCTACTCTTGTALTeCaCATATCTTCARTATLART CAAGCAG

261 270 280 290 300 310 320 330 340 35}

1

GAAGTAGGGTTTTACCTCCATCGARAGGGCCCGARCCTGGGTARACAT-TGTGTCCGTTGCGTCCTGTTACGAGGGGAR
GRAGTAGGGTTTTACCTCCATCGAGAGGGCCCGARCCTGGGTARACATCTGTGTCCCTTGCTTCCTGTTACGAGGGGARTCCTAGNATGLC
GAAGTAGGEGTTTTACCTCCATCEAGAGGGECCCGARCCTGG6 TARACAT-TGTGTCCCGEGCTTCCTGTTACGAGGGGAR
GARGTAGEGTTTTACCTCCATCGAGAGGGECCCGARCCTGGETARACAT=TGTGTCCCTTGCTTCCTGTTACGGGEGGEAR
GAAGTAGGGTTTTACCTCCAT CGAGAGGGCCCGARCC TG TARACAT=TGTGTCCCTTGCTTCCTGTTACGNGGGGAR
GRAGTAGGGTTTTACCTCCATCGAGAGGGCC TGARCCTGGGTARACAT=TGTGTCCCTTGCTGCCTGTTACGGGT GGAR
GARGTAGERTTTTACCTCCATCHAGAGGGCCCGARCC TGGETARACAT-TGTGTCCCTTGCGTCCTRGTACGGGEGGEAR

GARGTAGGGTTTTACCTCCATCGAgAGGECCcGARCCTGGGTAARCAT . TGTGTCCcbt GCEECCTGETACG . GgGGAR
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Fig. 2. Alignment of Lr35 gene fragment with length of 350 bp amplified in seven wheat genotypes using

Lr35-1 primer pair. Polymorphic sites are shown with different color as compared with monomorphic sites.
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Table 2. Blast of L35 gene amplified fragment sequence with NCBI sequences by Lr35-1 primer pair.
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o> o leds Sy Olasis Cals
Accession No. Sequence characteristics Similarity (%)
DQO001172.1 Triticum aestivum Lr35—related genomic sequence 93
AF532104.1 Aegilops tauschii strain TA1649 cosmid 69-7-1 Lr21 gene, complete cds; and 93
unknown gene
AY494981.1 Triticum turgidum A genome HMW glutenin A gene locus, sequence 88
AM932685.1 Triticum aestivum 3B chromosome, clone BAC TA3B95F5 84
EU660896.1 Triticum urartu clone BAC 059G16 plastid acetyl-CoA carboxylase (Acc—1I) gene, 84
complete cds; nuclear gene for plastid product
AY146587.2 Triticum turgidum subsp. durum Pm3 locus, genomic sequence 84
AY951944.1 Triticum monococcum TmBAC 21C6 FR—Am?2 locus, genomic sequence 84
EU660898.1 Triticum turgidum subsp. durum clone BAC 1836121 hypothetical protein and plastid 84
acetyl-CoA carboxylase (4cc—1) genes, complete cds
EF081030.1 Triticum urartu clone BAC 404H6 genomic sequence 88
AY485644.1 Triticum monococcum phosphatidylserine decarboxylase, ZCCT2, ZCCT1, and SNF2P 84
genes, complete cds; nucellin pseudogene, complete sequence; putative transposase,
phosphatidylinositol phosphatidylcholine transfer protein sec14 cytosolic—like protein,
and phytochrome P450-like protein genes, complete cds; and unknown genes
AF326781.1 Triticum monococcum actin (ACT-1) gene, partial cds; putative chromosome 82
condensation factor (CCF), putative resistance protein (RGA—-2), putative resistance
protein (RGA?2) and putative nodulin—like-like protein (NLL) gene, complete cds; and
retrotransposons Josephine, Angela—2, Angela—4, Heidi, Greti, Angela—3, Fatima,
Erika—1, Angela—6, Angela—5, Barbara, Isabelle, Erika—2, and Claudia
EU660900.1 Triticum aestivum clone BAC 611K20 plastid acetyl-CoA carboxylase (4cc—1) gene, 83
complete cds; nuclear gene for plastid product
FJ345685.1 Triticum aestivum MITE Eos—6 and retrotransposon Gypsy solo-LTR, complete 84
sequence
DQ885753.1 Triticum aestivum cultivar Chinese Spring chromosome 2A pseudo-response regulator 81
(PRR) gene, complete cds
1 10 20 30 40 50 53

| : $ ¥ } == |
Lr35-1 GLSFAHKTSLATOILYFLSCHPLHYHPSPLRCLYKPERHYLERPTTITIIPS
Lr35-3 HYLSFAHEASLAIRILYFLPCHLLHYHPSSLPCLYKPERHYLERPITITIIPS

Lr35-2 HGLSYAHKETSLATHILDLLLCHRLCYHPSSLRCLYKPKGLY-RIGTIIIIIG

LRE1 KLKRLHHONCPLERLPSHFKRE
Consensus ,.,ls.,auwk.=lai.il..l.cn.l.vnps.L.clykp,..v.R.p..1.11..
Slabad j5 0dd Sl 55T S5 3 sl sl Law 5 0l 5oy late Tl la JI s u“ii’Jr* -y J§&
Lr35-3 5Lr35-2 dLr35-1 gla $3LT Ci daw 55 L35 05 5 62555

Fig. 3. Alignment of amino acid sequences coded by ORF identified in Lr35 gene fragments amplified using

Lr35-1, Lr35-2 and Lr35-3 primer pairs
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Fig. 4. Grouping of the studied wheat genotypes based on Lr35 gene sequences amplified using a: Lr35-1

primer pair, b: Lr35-2 primer pair, c¢: Lr35-3 primer pair and d: all the sequences
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Table 3. Synonymous and non synonymous substitutions in Leaf rust L735 gene
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Structural variation of leaf rust resistance gene Lr35 in resistant and susceptible

bread wheat (7Triticum aestivum L.)genotypes
Rahimeh Hemati', Seidabolghasem Mohammadi’ and Saeed Aharizad®

ABSTRACT

R. Hemati., S. A. G. Mohammadi, and S. Aharizad. 2010. Structural variation of leaf rust resistance gene Lr35 in resistant
and susceptible bread wheat (Triticum aestivum L.) genotypes. Iranian Journal of Crop Sciences. 12 (4) 499-509

(In Persian)

Leaf rust is one of the most important diseases of wheat causing grain yield loss in most of the wheat
growing areas in the world. Development of resistant cultivars is one of the main approaches to control rust
diseases. Understanding the genetic basis of resistance and indentifying resistance genes are essential for
developement of resistant cultivars. In this study, three specific primer pairs designed based on NCBI data were
used and fragments from Lr35 gene with lengths of 340 to 351 base pairs were amplified. The fragments were
then cloned and sequenced. The alignment of Lr35 gene sequence revealed 93% similarity with Lr35 sequence
from NCBI. In addition, the sequences showed 93% similarity to Lr2/ gene from cosmid No. 69-7-1 clone of
Aegilops tauschii, 87% to high molecular weight glutenin A gene from Triticum turgidum, 84% to plastid gene
acetyl-CoA carboxylase from 7. turgidum as well as bread wheat powdery mildew and cold tolerance genes. The
fragments amplified using three primer pairs consisted of one open reading frame with lengths of 162, 156 and
160 base pairs coding proteins with lengths of 54, 52 and 54 amino acids, respectively. Structure analysis of
sequences revealed the presence of leucine rich repeats which is a conserved site in plant disease resistance
genes. Cluster analysis based on sequences of Lr35 gene amplified using the second primer pair could group
genotypes according to their response to leaf rust. Ratios of nonsynonymous (Ka) to synonymous (Ks)
nucleotide substitutions indicated the possible role of positive or diversifying selection in nucleotide diversity of
this gene. Nucleotide diversity among resistant, moderately resistant and susceptible genotypes could be used to

design primers based on SNPs Markers for identification of resistant and susceptible cultivars.

Key words: Nucleotide diversity, Plant disease resistance genes, Synonymous substitution and Wheat
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