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1 1
GGGCAGGCGTTTATTCCAGACAARCARATGCGGCTGGCATGAACCAGCGAGCACTGCCCAGGACCTCACARATGTGCCGAGACARCAAAT TAACACAC TCCACGACCAGACCARATGAAAACTACGGCAGA
GGGCAGGCGTTTATTCCAGACAACAAATGCGGCTGGCATGAACCAGCGAGCAC TGCCCAGGACCTCACARATG TGCCGAGACAACAAART TRAARCACAC TCCACGACCAGACCARATGAAAACTACGGCAGA
GGGCAGGCGTTTATTCCAGACAARCARATGCGGCTGGCATGAACCAGCGAGCACTGCCCAGGACCTCACARATGTGCCGAGACARCAAAT TAACACAC TCCACGACCAGACCARATGAAAACTACGGCAGA

HV17 GGGCAGGCGTTTATTCCAGACAACAAATGCGGC TGGCATGAACCAGCGAGCAC TGCCCAGGACC TCACAAATG T GCCGAGACAACAAAT TARCACAC T CCACGACCAGACCAAATGAAAAC TACGGCAGA
N-BO-6 GGGCAGGCGTTTATTCCAGACAACARATGECGGC TGGCATGAACCAGCGAGEAC TGCCCAGGACC TCACAAATGTGCCGAGACARCAAAT TARCACAC TCCACGACCAGACCAAATGAARAC TACGGCAGA
HKH3 GGGCAGGCGTTTATTCCAGACARCAARTGCGGC TGGCATGARCCAGCGAGCAC TGCCCAGGACC TCACAANTG T GCCGAGACARCAAAT TARCACAC TCCACGACCAGACCARATGAAAAC TACGGCAGA
HKH4 GGGCAGGCGTTTATTCCAGACAACAARTGCGGC TGGCATGAACCAGCGAGCAC TGCLCAGGACC TCACAARTGTGCCGAGACARCAAAT TRARCACAC TCCACGACCAGACCAAATGAARAC TACGGCAGA
Consensus GGGCAGGCGTTTATTCCAGACARCAAATGCGGCTGGCATGAARCCAGCGAGCAC TGCCCAGGACC TCACAAATEG TGCCGAGACAACARAT TARCACAC TCCACGACCAGACCARATGARAACTACGGCAGA
131 140 150 160 170 180 190 200 210 220 230 2a0 250 260
1 1
Bolani CRAAATCATAACGCAGCCGACACTTCACCCTCCCGCTGARTGCGCCTCTTCATGCCCCATTGCACCGGGCTAGT TGTCGGAGT TCTCGCCGTCAACCGECAATGGAACTGCAGCAGCE TGGATTCAAGAGA
Boloeica CAARATCATAACGCAGCCGACACT TCACCCTCCCGCTGAATGCGCCTCTTCATGCCCCATTGCACCGGGC TAGT TG TCGGAGT TCTCGCCGTCAACCGCCAATGGAACTGCAGCAGCC TGGATTCAARGAGAH
Pishta=ze CAAATCATAACGCAGCCGACACTTCACCCTCCCGCTGAATGCGCCTCTTCATGCCCCATTGCACCGGECTAGTTGTCGGAGT TCTCGCCGTCAACCGCCARTGGAACTGCAGCAGCE TGGATTCARGAGA
HV17 CRAARTCATAACGCAGCCGACACTTCACCE TCCCGCTGARTGCGCCTCTTCATGCCCCAT TGCACCGGGE TAGT TGTCGGAGT TCTCGCCETCAACCECCARTGGAAC TGCAGCAGCE T GGAT TCAAGAGA
N-BO-6 CRAARTCATAACGCAGCCGACACTTCACCCTCCCGLTGARTGCGCCTCTTCATGECCCATTGCACCGGGCTAGT TGTCGGAGT TCTCGCCGTCAACEGECAATGGAACTGCAGCAGCE TGGATTCAAGAGA
HKH3 CRAARTCATAACGCAGCCGACACTTCACTCTCCCGCTGARTGCGCCTCTTCATGCCCCAT TGCACCGGGE TAGT TGTCGGAGT TCTCGCCETCAACCGCCARTGGAAC TGCAGCAGCE TGGATTCAAGAGA
HKH4 CGARTCATAATGCAGCCGACACTTCACCE TCCCGCTGARTGCGCCTCTTCATGCCCCAT TGCACCGGGETAGT TGTCGGGGT TCTCGCCGTCARCEGE CARTGGAACTGCAGCAGCE TGGATTCAAGAGA
Consensus CaARTCATAACGCAGCCGACACT TCACCC TCCCGCTGAATGCGCCTCTTCATGCCCCAT TECACCGGGCTAGT TGTCGGAGT TCTCGCCGTCARCCGCCARTGGARC TGCAGCAGCCE TGGAT TCARGAGA
261 270 280 290 300 310 320 330 240 IS0 360 I70 380 390
1 1
Bolani ACATACAAATCGTAAGTGAGTGCTGAAGTGGACATAGATATATGTTGCCTTTGTTTCTATTTGACGGTCAGATAACTTACCAGGCTGC
Boloeica ACATACAAATCGTAAGTGAGTGC TGAAGTGGACATAGACATATGTTGCCTTTGTTTCTATTTGACGGTCAGATAACTTACCAGGCTGCGGTACTTCAGGGCGTAGAACATC TCAAGG TAACGGCGAGTCT
Pishtaze ACATACAAATCGTAAGTGAGTGCTGAAGTGGACATAGATATATGTTGCCTTTGTTTCTATTTGACGGTCAGATAACTTACCAGGCTGCGGTACTTCAGGGCGTAGARCATCTCARGGTARCGGCGAGTCT
HY17 HACATACAAATCGTAAGTGAGTGC TGARGTGGACATAGATATATGT TGCCTTTGT TTCTATTTGACGG TCAGATAAC T TACCAGGC TGCGETACT TCAGGGCGTAGAACATC TCARGE TAACGGCGAGTCT
N-80-6 ACATACAAATCGTAAGTGAGTGCTGAAGTGGACATAGATATATGTTGCCTTTGTTTCTATTTGACGGTCAGATAACT TACCAGGCTGCGGTACT TCAGGGCGTAGAACATCTCARGG TAACGGCGAGTCT
HKH3 ACATACAAATCGTAAGTGAGTGC TGARGTGGACATAGATATATGT TGCCTTTGT TTCTAT T TGACGG TCAGATAAC T TACCAGGC TGCGETACT TCAGGGCGTAGAACATC TCARGE TAACGGCGAGTCT
HKH4 ACATACAAATCGTAAGTGAGTGCTGAAGTGGACATAGATATATGTTGCCTTTGTTTCTATTTGACGGTCAGATAAC T TACCAGGC TGCGGTACT TCAGGGCGTAGAACATCTCANGG TAACGGCGAGTCT
Consensus ACATACAAATCGTAAGTGAGTGC TGAAGTGGACATAGATATATGTTGCCTTTGTTTCTATTTGACGGTCAGATAACTTACCAGGCTGCggt ackt cagggcet agaacatctcaaget aacggogagtct
391396
-1
Bolani
Boloeica CACGAA
Pishtaze CACGAA
HV17 CACGAA
H-B0-6 CRACGAR
HKH3 CACGAA
HKH4 CACGAA
Consensus cacgaa
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Consensus
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HHORALPRTSOHCRONKL THSTTRPHENYGROITITOPTLHPPAECASSCPTAPGHRLFHPHCTGLYYGYLAYNROMNCSSLOSREHTHRK
HHORALPRTSOHCROHKL THSTTRPHENYGROIITOPTLHPPAECASSCPIAPGHRLFHPHCTGLYYGYLAYHRAOMHCSSLOSREHTHRKHLPLFLFDGOITYOARYLOGYEHLKYTASLT
HHORALPRTSOHCROHKL THSTTRPHENYGROIITOPTLHPPAECASSCPIAPGHRLFHPHCTGLYYGYLAYHRAOMHCSSLOSREHTHRKHLPLFLFDGOITYOARYLOGYEHLKYTASLT
HHORALPRTSOHCROHKL THSTTRPHENYGROTIITOPTLHPPAECASSCPIAPGHRLFHPHCTGLYYGYLAYHRAOMHCSSLOSREHTHRKHLPLFLFDGOITYOARYLOGYEHLKYTASLT
HHORALPRTSOHCRDHKL THSTTRPHENYGROIITOPTLHPPAECASSCPIAPGHRLFHPHCTGLYYGYLAYHROMHCSSLOSREHTHRKHLPLFLFDGOITYORAYLOGYEHLKYTASLT
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HHORALPRTSOHCRONKL THSTTRPHENYGRIILOPTLHPPAECASSCPIAPGHRLFHPHC TGLYYGYLAYHROMNCSSLOSREHTHRKn1p1f 1 dgqityqaavlqgvehlkvbaslt
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99 Triticum aestivum partial ss1 gene for putative sucrose synthase, exon 1 AJ249623.1
98 Triticum aestivum ss1 gene (partial), exons 1-2, sequence ID pS11 AJ238219.1
93 Triticum aestivum ss1 gene (partial), exons 1-2 sequence ID pS7 AJ238218.1
92 Triticum speltoides ss1 gene (partial), exons 1-2, sequence ID pS10 AJ238217.1
94 Triticum aestivum mRNA for sucrose synthase type | AJ001117.1
94 Triticum aestivum sucrose synthase type 1 mRNA, 3' end M26671.1
93 Triticum aestivum partial ss1 for putative sucrose synthase, exon 1, clone pl2 AJ249624.1
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Open reading frame
“Negative (purifying) selection
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=6491852&dopt=GenBank&RID=RBWYAK4W014&log$=nucltop&blast_rank=2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=6491850&dopt=GenBank&RID=RBWYAK4W014&log$=nucltop&blast_rank=3
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=Nucleotide&list_uids=6448642&dopt=GenBank&RID=RBWYAK4W014&log$=nucltop&blast_rank=7
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Bolani GTGACCTCAGGCARTGCACACAGTTTCTAGGARTARACCGTATTGGATCAATGAACARTCACACACGACCTTCTCTTGARRRCTGTTTGTGTTAGGCCACCTTRCGCARACGTTTACCACATA-ARA-CT
pishtaze GTGACCTCAGGCARTGCACACAGTTTTRAAGGAATARACCGTGTTGCATCAATGARCARTCACACACGACTTTCTCTTGARAACTGTTTGCGTTRGGCCACCTTGCGCARACTTTTACCACATAGARA-CT
Y17 GTGACCTCAGGCARTGCACACAGTTTCTAGGARTARACCGTGTTGGATCARTGARCARTCACACACGACTTTCTCTTARRRACTGTTTGCGT TAGGCTACCTTGCGCARACGTTTACCACATARAAR-CT
H=B0-6 GTGACCTCAGGCARTGCACACAGTTTCTAGGACTARACCGTGTTGGATCARTGAACARTCACACACGACTTTCTCTTGARARCTATTTGCATTAGGCCACCTTACGCARACGTTTACCACATARARR=CT
HKH3  GTGACCTCAGGCARTGCACACAGTCTCTAGGAATARACCGTGTTGGATCARTGARCARTCAGACATGACT TTCTCTTGARARCTGTTTRCAT TAGGCGACCTTGCGCARACGTTTACCACATAGARAGCT

HEH4  GTGACCTCAGGCARTGCACACAGTTTCTAGGARTARACCTCGTTGGATCARTGARCARTCACACACGACTTTCTCTTGARARATCTTTRCGT TAGGCCACCTCRCGCARAGGT TTTCCACATGARRA-CT
Boloeica GTGACCTCAGGCARTGCACACAGTCTCTTGGAATARACCGTGTTGGATCAATGARCARTCACACACGACATCGTCTTGARAACTGTTTGCGTTRGGCCACCTTRCGCARACGATTACTRCATAARRR---
Consensus GTGACCTCAGGCAATGCACACAGTE TetabGAaTAARCCgLGT TG¢ATCARTGARCARTCACACACGACE TEcTCTTEARRACTET T TGeg TTAGECCACCTECACARACEL TTaCcACATaaRAR, ct

131 140 150 160163
| t t p==|
Bolani GTGTGTGATGGACATCGGTTCTGAGGTCACA
pishtaze GTGTGTGATGGACATCGGTTCTGAGGTCACARR
H¥1? ATGTGTGATGGACATCGGTTCTGAGGTCACAR
H-80-6 CTGTGTGATGGACATCGGTTCTGAGGTCACAR
HKH3 GTGTGTGATGGACATCGGTTCTGAGGTCACAR

HKHd  GTGTGTGATGGACATCGGTTCTGAGGTCACAR
Boloeica GTGTGTGATGGACATCGGTTCTGAGGTCACAR
Consensus  ¢TGTGTGATGGACATCGGTTCTGAGGTCACAa,
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EU660902.1 Triticum aestivum clone BAC 122F14 plastid acetyl-CoA carboxylase 91
(Acc-1) gene, complete cds; nuclear gene for plastid product
EU660897.1 Aegilops tauschii clone BAC R143D6 hypothetical protein and plastid 90
acetyl-CoA carboxylase (Acc-1) genes, complete cds
AC119411.16 Medicago truncatula clone mth2-23c14, complete sequence 90
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Abstract

Leaf rust is one of the important wheat diseases which damages its production. Development of resistant
varieties is an effective, environmentally friendly and low costly method for reducing disease damage.
The aim of this study was to isolate and sequence Lr29 and Lr47 genes transferred to wheat from
Agropyron elongatum and Triticum speltoides, respectively, in seven wheat lines with different levels of
resistance to leaf rust. Using a specific primer pair, a fragment with length of 396 bp was isolated and
sequenced from Lr47 gene in the studied lines having five open reading frames (ORF). The second ORF
encoded a protein with length of 37 amino acids which showed 36% homology with wheat agglutinin
antimicrobial protein. Alignment of the Lr47 sequence with NCBI data revealed 99% homology with
Triticuma estivum sucrose synthase type | gene sequence. Nucleotide diversity of Lr47 gene was 0.0041
and five single nucleotide polymorphism were identified among the seven lines. Bolani showed a large
deletion with length of 48 nucleotide at 3’ non-coding end of the gene which could differentiate this line
from the others. The length of isolated fragment from Lr29 gene was 160 bp which showed 91 and 90%
similarity with acetyl CoA carboxylase gene from wheat and Aegilop stauschii, respectively. Twenty
eight single nucleotide substitutions with nucleotide diversity of 0.0589 were detected in Lr29 gene.
Synonymous/non synonymous substitution ratio in Lr47 and Lr29 gene indicated negative and positive

selection in the studied line for these genes, respectively.

Keywords: Bread wheat, Leaf rust, Open reading frame, Synonymous and non-synonymous substitution.
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