538 (558l 9:SS gl

06 puiS ulem 5 polie (slacd 55 55 Slostd Kj 4 Cuslin L0543 S 55 55
Tal35 A1 Ao T ghazms sl il s N e dam

oS30 ((5300LES saSEls (LS 3950 s 5 @315 05,5 (SIS (I pK s Al lid)lS framllp ]

Olrl e

Ol e e ol ((5,5LaS oSl ¢ ALS (6550 58T 5 5 (53504 05,8 slawl T

Ol o a8 olS2ls odle J o050 Ol ade a3 T
AVAV/AY/ANY 2 3 0y LA ZANANEC STy

o ALS>

- %

0 e O pdal &S ol Ol o 3 0SS e lagle 3 S (Leaf Tust) (slosgd S
SLO3 LIS S p 5 5 bl Sl canllas ol s sl e O pdS CkS 5 5 Shes alS
S5 wsline JS15 b 0L pkS s 55 s 55 Lr39 5 LrST L2l Ll glosgs K3 a0 e slis
Sheslinal b ads ol b ategn 8 b s Glosd S5 4 Saslie GlalS W3S s n losed
Sladss L 2SS Sl Gl L3 x50 sl 5 olal et b ola] gls ST
b addlas 5,50 Lol JIg 035 cussen Lns S oL JI5 5 (ilediluar E. coli g 81 53 6 155
dax 3l Coslie a0l JIg L1 Lol @YU cals NCBI Sl L s 5 50 b JI s
b oaddlae 3550 Sla0 Sl odd 2SS Sladad dsses sls 0L LRGA 5 NBS-LR oslils glas
05 Jss o5 agp2 05 L LrST O 5l el iS5 aslad caalis sas 0L NCBI 55 552 50 sla I
5l edal ks 2 s Aoy Calld Ml p S 55 (s3leesle Jsee VRNT 03 L Lr39
03 G580 5 55 5 ol Sk gz 5l (S (T sy S 5 b JIs 038 iz yes
Lrl 03 5l b 285 Sladad 53 (Ka/KS) pluoal o plian sl s 5S0r Comd 2551 aslllae 5550 0B 53
Ol 5 K5l S S Lr39 s Lr21 glaos s Lrl-4 5 Lrl-3 &Lrl-2 ls S5kl cus 5l eslizal L
el 3G 05 ankd 43 3 LOS opl Sl asb ol s aseliind O o3l 6l e i3S edias
Locute [iisS ek olis 5 O 5l jrie Ka/Ks cuns Lrl-5 S5l < Sl eslizal U Ll O
Lr39 Lr2l Lrl sds Jp k5ol el & 3l sl 55 sbml g 53 S
Gl cpl elalp oS azils Suls WSS 5t 51 i aadllas 3,50 slac 55 LS
polie 5 ole Glac s Lol Cr BSNP  ne ol la S5BT 015 e (545548 5
2S5 b
ol 4 Coaslio (glal)) ool S5 855 oSS K 1S DledS

Email: mohammadi @tabrizu.ac.ir CAVFVVFYTD il Ghases aeldl gl o 1 e 0 53



(\vayv bl:..,...ls Y UL«.&:’: AR °J.9'>) 6jJJL§'S 63.93}';5.92‘ ‘dm

Glaodi ;S a5l o8 4l S S 5
RLP 55, ek S as 5 RLK g3LS
0SSt S sl Siy 5l eslanal L sl
Lot Jlulis Coslis glad} 31 oes S =
b aleotsn LOS Gl oS S0
Huang ef ) .S . 5o, NBS-LRR® oL~
LS e ol G a5y ol al, 2003
LSS w Jal O K
S » .(Hommand-Kosak & Jones, 1997)

.,\..»)b

Po oKl bl Al oKl ol
S 5 Y5LS (Y 5LS oK - doop/Kinasel-a
s SRl S el bl 5 ST WKl
P-loop/Kinase (GLPL) _.lul ol ~Ib
sl S 53 1, NBS Sl ool sl S sen
Mayerse et ) Col ol lulis alS il
MKl o ebls bots opl Jal, 1999
Lok b el slggl o Ko els bl
2 LRR ol sl o o) 51 28 60185
Kl Olsm R ol OV pams 51 =
LI ool 05 g gaimn T (sl Jleas]
Bent, ) 55 5 s sbwl Avr 0 Sl aze o

(1996
5 Slosd K5 a4 cwslie 05 00 5 i

Lolin s gladS 5 puS Glaedly )]

" Receptor Like Kinase
" Receptor Like Protein
® Nucleotide binding site — Leucine-rich repeats
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Table 1- Response of the he studied bread wheat genotypes to leaf rust at seedling and

adult plant stages.
oS olS a6 ealS d o 5
adult plant stage Seedling Stage Genotype
Resistance- semi resistance Susceptible- Semi

susceptible

ol ol oY

Susceptible Susceptible Bolani

Susceptible- semi susceptible Susceptible Pishtaz
Susceptible- semi susceptible Susceptible
Semi resistance- semi susceptible resistance

e dag = sl 4as g MKH4
Semi resistance- semi susceptible Susceptible
Semi resistance- semi susceptible Susceptible

S5 Ceslie Gla0) G gl Ad e
i 31 Lr39 5 LrS1 Lr2l Lrl  gle o8
Sl el oedd b gl ST

(Y Jsad) A o3lizwl NCBI s 3 4 50
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SLrST Lr2l drl ghosgd K3 & canglio a0y 255 gl osliiul 5540 sla ST Y Jsd

Lol Jlas! gbes o Lr39

Table 2- The primer used for amplification of leaf rust resistance genes Lrl, Lr21, Lr51,
and Lr39 and their annealing temperatures.

S5ul b 2561 Mg 03 Jlasl sles
Primer Primer Sequences Gene Annealing
temperature
Lr1-2F 5'-TCC ACG CCA CCA ACT ACG -3 Lrl 52°C
Lr1-2R 5'-GCC GAG CAA ATCAGA GAC -3’
Lr1-3F 5'-ACA CCC TGT TTC TGT TCT TCC -3' Lri 53°C
Lr1-3R 5-CTG CTG CTT CCT TCT TC -3'
Lr1-4F 5'-CTG GTT CTT GTG CCT GAG G -3 Lri 53°C
Lr1-4R 5'- GGT TGA CTG CGA TGA GAG G -3
Lr1-5F 5'- AGG AGA AGG AGA ATG GAG GAG -3 Lri 52°C
Lr1-5R 5'-GGT TGA CTG CGA TGA GAG G -3'
D14-L, 5'-CGC TTT TAC CGA GAT TGG TC -3’ Lr21 62 °C
DI14-F 5= CCA AG AGC ATC CAT GGT GT -3’
Gdm35-L 5= CCT GCT CTG CCC TAG ATA CG -3’ Lr39 49.6 °C
Gdm35-R  5- TGG CTG CTC AGA AAA CTG GAC C -3’
S30-13L, 5-GCA TCA ACA AGA TAT TCG TTA TGA Lr51 56.8 °C
AGAT-7T59R CC -3’

5'-TGG CTG CTC AGA AAA CTG GAC C-3’

S5 a ghdls sl okl s S
sy Al ayee S Y 035k
Chromas Lit 2.01 4l 3l eslesl L alol>
“S Jen b s Iy amlie A3 o 5 452
BB hssen oS 5 el L ol sla
fl?d Clastalw ver 1.6 , Clastalx ver. 1.8 s
Neighbor o83 51 eslial b ol S5k
o 2 3 (Saitou & Nei, 1987) Joining
o MEGA 4 «U , ;> P-distance 4lols
5 2418 55 ¢ 5 .(Kulmar et al., 2008) 243 S

¥ Macrogen

s e 0 Sk ey SRS

Comew s 5 esliel Loy Vel
CSS Oolakd A (=L>.u'\ (CIMMYT, 2005)
PTZ5TRT 3L « J5 51 slulas 51
&luwes DH50 4 s E. coli 5 ;SU 55 5 Bl
iy ) eslizal b deies sladshe ags L
5 pll (Cohen ef al., 1972) OlSan 5 a5
Slr S Dladas ol K dde o S
7l s S ol el i
5 i $ledn oo el At
<o (Bimboim & Doly, 1979) Jis
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Neelam et al. ias5 5> et al, 2010
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0\# L Glucose-1-phosphate adenylyltransferase large subunit 1 gix 4w ;lle -\ SS

Figure 1-

(P55241 _jw s o )leis b UniProtKB) «uel ol

Three dimensional structure of Glucose-1-phosphate adenylyltransferase

large subunit 1 with 516 amino acid residue (UniProtKB with Accession NO P55241).
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NCBI 5 557 30 sl JI5 U Lr21 55 31 ek gl JIg5 ankad calid —¥ i

Table 3- Similarity of sequenced fragments from Lr21 gene with the sequences available

in NCBL.
o o> 0 jloh Sy olasis Calld Ao o
Accession NO Sequence features Identification
percentage
GQ504849.1  Triticum aestivum strain CN 106423 wheat leaf rust 99%
resistance Lr21 pseudogene, partial sequence
GQ504758.1  Triticum aestivum strain CN 11999 wheat leaf rust 99%
resistance Lr21 pseudogene, partial sequence
AY139586.1 Triticum aestivum Lr21 gene, Lr21-S allele, partial 99%
sequence
FJ876286.1  Aegilops tauschii clone TA2471 Lr21 pseudogene,
complete sequence
FJ876280.1  Triticum aestivum Lr21 gene, complete sequenc 99%
FJ876294.1  Triticum aestivum clone w Lr21 pseudogene, complete 99%
sequence
Triticum aestivum Lr21 gene, Lr21-R-S recombinant 99%
AY139587.1 allele, partial sequence
AY613783.1 Aegilops tauschii isolate TA2468 clone 1 LZ-NBS-LRR 90%
class RGA and NBS-LRR class RGA genes, complete cds
AHO012974.2  Aegilops tauschii strain TA1649 transposon putative Ty3- 99%
gypsy-type retroelement, complete sequence; Lr21 gene,
complete  cds;  transposon  putative  gypsy-type
retroelement, complete sequence; putative GAG-POL
precursor, gene, complete cds; and unknown genes
AF446141.1 Aegilops tauschii LZ-NBS-LRR class RGA, NBS-LRR 90%

class RGA, HCBT-like putative defense response protein,
and putative alliin lyase genes, complete cds; and unknown
genes

Sop ety p3 ediS ey agp2 O3 L 05 o)
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5 (W) sliy (BVY) (P Olwe) N-80-6
LS s S Gl s £ Gle) K54
MV17 s MKH4 MKH3 _ 5} 4w ;3) A3
S 5l Ol b JI 5 cdl (i iS5 glanka
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Ladder N-80-6 MKH3  MV-17 Pishtaze Boloeika

€1 C2 €1 C2 €3 €1 €2 C2C1 C2C1 € C1

1442 bp
1442 bp

-—— o ene_ Al

- an -‘-._—

MKH4 N-80-6 Boloelka MKH3  Bolani MWV-17  pishtaze Ladder
Ladder MKH4 N-80-6 Boloeika MKH3 Bolani MV-17 pishtaze

1 C1 €1 _C 1 a2 2 & 2 aa

Cl C3 €2 C1 C2C1 C2C1C2 C1 C2 C1 C2Cl

300 bp

BRI TR

-ﬁ}si boasl b sl )08 o8 @2 Lr21 05 51 g5k i VFFY ankid (al - JSS
(€ Lrl 03 51 3k i Yoo ankid (b (g3b i \¥¥Y > 5 axkii y HindlIl 3 EcoRI s\»
Sobcd Vo KL (d 5 Lr39 03 3 5L ke O v ankad

Figure 2- al) 1442 bp fragment from Lr21 gene, a2) Banding pattern of plasmids
digested with EcoRI and HindIIl enzymes, b) inserted fragment with length of 244 bp
from Lr1, c) 500bp fragment for Lr39 gene and d) 100bp ladder.

Lr21 53 ;5 NB-ARC ods CBli> oposs sbay 4w Ll ¥ |3

Figure 3- Three dimensional structure of conserved NB-ARC domain in Lr21 gene.
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Figure 4- a) Three dimensional structure of Receptor like protein in Lr! gene, b) Three
dimensional structure of protein belonging to Lrl gene from P-loop NTPase domain

superfamily.

YV¥

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



VWAV (gdhames g San

Golwdluan 5 plabs o8 col Jalge 51 0L
Feuillet e ) 33lu o axlge JSoe L1, WO)
(Huang et al., 2003) 5> Olii=s (al., 2003
S e o8 528 sdalie b5 5 e
L L G et gl b bl
ol alis Lol s Shes &S Llass
S ALS Slasds n Xigd o i ek
Ligd oo 30y Solewm 4 Cwslis A0S s s
b 55 e 5 LOSSL s LS s
gy Al s el el 05 S
CNL: Coiled coil Nucleotide binding site )
4 Cwslie slaps 31 (Leucine rich region
Al 552 s AlS slad S aan 55 (5ole
L (2014) Benson et al. lw g glasdlas
Cis llad oS b5 jole plull Cius
CNL s lew 4 cwslis slap) ;5 (CREs)
A 887 s Ol w5 e
Populus  Glycine max . Oryza sativa

Medicago truncatula arichocarpa

Arabidopsis Y Phaseolus vulgaris
n e oy 4 Lol . rl?;.»‘ thaliana
a0 5 4 43 CRE i a5 Wsls QLS silico
Sb a3 LCRE 315,50 Y0 5 55 S i
LS Olge & O. sativa .a22)s 05 o ;3 Vv 3l
st BB sk s Sl 53 s e lad SO
Sladss i S & Cs CRE (6 50l slaws
CRE clia a8 sy olis adles ol el

BL, Qj )‘ JS‘}“.! 4.:?-[.' )L! ‘}L:S Y BL. o &LNL..J

Yo

Lol J5 bl p o 55 gdues S
el sk eyl O S s ey 5
pua o) Lr2l 5 Lrl s Js ol
e o 8 53 Vg ol (35 5 MV-17
Js 4 ol s Be 5 5a gl IS8) w5515
5 pslie Pl 53 03l okl ol
s pea 3l oedel et = ol il
s 3 S el w0 S 5 b JIg 038
03 SIS S s s bl Dl
o Lrl-5 s Lrl-3 L g o5 S 55 35 ol
V5 N-80-6 o5 5 S 3 ety s MV-17
s MKH3 5 o055 &G s 5 0 Kods o
Ol o A S 513 la= 05,5 ;3 50 MKH4
Lr2] 5Lr39 Lrl b gds o5 5 plulp oS
“o5,8 ool Ll LBl i pslis 5 s o)
fag (b = el aagd oL el g8 s
LrST 05 Gl &S i | el — polis
A S MVALT plie (3, 51 e
Lr39 05 5l edd S5 Sladsd s as
Slaked s o7 JS& s LrS1 5 Lrl-2
eols OLES VK s L2135 5 eds G
b g ods SO Lrl s Lr2] sl ool sl
o 03 WAS S d gl i SHLT
“05 sl s sl 0l s o6
ol s salin VL s Lr39, LesT sla
-5 s U Wl e Yl VU ool
s 5y AL Ll sl 55 OSS sla

oS o3 ap Sop s S b s oL

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



(\vayv bl:..,...ls Y UL«.&:’: AR °J.9'>) 6jJJL§'S 63.93}';5.92‘ ‘dm

Oljes 53 smal o sty Sl Sl sk o,
Sla Sl Culs ¢l i S g onl o
Db elital ol
0 dd iS5 Lrl 05 asksd )3 plies Sl oS-
OLis aS A sdalie Lrl-5 ST s L

Lrl 05 5 a=U ol 55 Suie i3S elias
S i amle S ol LST s A3l
S bag 55 5 (Fn s 5SS e L
s b 2007) Jiang et al. _lags s
Cslie Lol 53 LRR 4>U (g5 8IS 55 ¢ 55
SIS 5 g 55 Olgn &5 A5 218 OlalS
Sl Sl a4 alie gla Sl s
Solssms sk LRR glad~ls 5o wlie 8
s SO LRR axb IS 5 T ol o slize
RPPI3 P L 05 4 55 Ka>Ks 3l (g,ls sne
- o Ol S ol s S slulis |, RPPS
Cenglin sal5 3l & 53 LRR a>b aS das
DB s olml Cm 2 S s s

ol a3 S

S el
°3;J:°U|)Mjﬁw|“iﬁ45ﬁﬁ°&”‘5

3}..2&&\:).)&};{;5@\

Ve

Sy ok (613 pdses GCNL ladss aen
55 LCRE .l a5 a S ames WOl il
Al s s sl g
e s Lol LSS 5 bkl
JL sl is, 4 8 Sl cuslas glad]
Sl ladal b 55 5 Ngd s o) et
et 5 0l el pslie OLS W5 s b
Lo (olen 4 pslis DS ANl s Kl
By 3k W3l
(Ka) plas sla oz S5br Olgn ¥ s o
03,50 anlllae 3,50 glals 3 (Ks) plsl
LSS Ll O askad s Ka/Ks s .ol ol
Lrl-4 5Lr1-3 Lrl-2 gl S5kl cux Lo
Lr39 5 Lr2] sdj 5l edd oSS Soladad s
sk OLiS &S 5y (Ka/Ks <1) G 5l S 8
3 el S Sl ol e i 5S
ol il e Bab il s Lrl 0 ) axb oyl
Csllasl gla o Kl Gl g > Sl
Lrl O3 5 ek 35 05 andad s a8l e Sl
51 S, Ka/Ks e Lrl-5 S5T cus L
o S das e OLES &S 5y (Ka/Ks >1) S
Glp e slml Cer xS L ca
ol el el Bl aelnl G K
ST T PN PTG P BN LS [
S o edalis LSSl ey el

s ol > i S L S

10 Negative Selection (Purifying Selection)
11 Positive (or Diversifying) Selection

Journal of Agricultural Biotechnology; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



VYAV (gdazms SR

DQL1280O0R . )
FF4A2840.1

EFsaToa3 1

g ACZI3149.1
mf lJ\l"t 17208 1
| S 1
Pushiran

N-50-6 goup 1

— Pishraz
T L— MV-17 e ACIIIEE1 1
A0 TORS | BIV-17
ATS0TI0L.1 Halan
ATEOGL2IN. L Holasika
ATE0E123.1 EF567062 1
AJSOTO9E. 1
A —Iunmp P R4
MIEH3 & DP04440.1 Eroup 2
3 e Talani DGR
L mNsos | AY494981 1

[ DQ12800L.1
wa L DO1IR00T, 1

[E]

Mol
Vi b 182

L LY
MK

AJR0G1RS ) AMO3II684.1 -
3128004 1 e
EFS67062 .1 group 3 AVISRSSL1 j.,.mr. 3
EFS67064.1 EFOS1027.1
MRS b
iy
T

suly group |

Baloe (kn 182 7
11 proups 1
e MK s group
2 MYVAT
ARIZSARI.
AFAAGLAT 1
L1 AFSIZI04.1
AF445770.1 I suls grovgs |
AVIIUEET.L
AVIIFERG, L wrow
AVG13THI sls growp2
AVI4E0H6,1
2V AFA43T6Y,1 C
.
£
wo g AJEERS2] )
n AJEE3452.1
i T
» N6TISLL
2 Bolani
i DQB39506.1
IBnIeelkn -
n N.80.6 Fop
57 143491
Pishtaz
AYSE01L.1
EJ374556.1
99 = FI3 745551 ]

AVE89012.1 ]FWP 4

(5¢) Lr21 «(5b) Lr39 «(5a) Lrl lads M5 olul s asdlian 550 S 0651 sikies § -0 S
(Sd) Lr51 3
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(5d) genes sequence.
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Table 4- Synonymous and nonsynonymous substitution rates in the studied leaf rust
resistance genes.

. &TJ‘ . _,.‘ - .:' &TJ‘ . _,.‘

Purifying Diversifying
selection selection

o3 sl o K sl o K Ka/Ks" Ka>Ks Ks>Ka o
Gene rwu fw
Ks (nonsynonymous Ka(synonymous
substitution) substitution)

Lri-2 0.097 0.03585 0.2709 + - 0.0062
Lri-3 0.097 0.03585 0.2709 + - 0.0075
Lri-4 1.52349 1.99043 0.83601 + - 0.6631
Lri-5 2.4639 2.3245 1.142 - + 0.7756
Lr21 0.5327 0.5502 0.92706 + - 0.3943
Lr39 1.5797 1.9035 0.9486 + - 0.6847

o Sose GB0S 53 Sllie S wen 53 SASAS 5 g8 S0l
2 The mean of nucleotide diversity in all Pairs of comparisons in the studied genes.
s S 0 s Olaslie i w53 Ka/Ks s J:i.lL:Ab
®The mean of Ka/Ks rates in all Pairs of comparisons in the studied genes.
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Figure 6- Sequence alignment of 244, 396, and 158 bp fragments from Lrl, Lr39 and Lr51 genes,
respectively. Primer pairs Lr1-2, Gdm 35, AGA7-759R and S30-13L were used to amplify the

genes in seven genotypes. Polymorphism sites are shown with different colors.
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1 1

Bolani RAGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCAAARACTGATATTTGGGTTTGCCCCARGCCGTCCTGCARCTGTTACTGCTGCARTAGGTGATCGGTGTAGTTITTTTGGCARTC
PightaseB2 RAGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCARARACTGATATTTGGGTTTGCCCCARGCCGTCCTGCAACTGTTACTGCTGCARTAGGTGATCGGTGTAGTTTTTTGGCARTC
BoloeicaB2 RAGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCARARACTGATATTTGGGTTTGCCCCARGCCGTCCTGCAACTGTTACTGCTGCARTAGGTGATCGGTGTAGTTTTTTGGCARTC
HY-17 RAGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCAARARACTGATATTTGGGTTTGCCCCARGCCGTCCTGCARCTGTTACTGCTGCARTAGGTGATCGGTGTAGTTITTTTGGCARTC
BoloeicaBl AGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCARARACTGATATTTGGGTTTGCCCCARGCCGTCCTGCAACTGTTACTGCTGCARTAGGTGATCGGTGTAGTTTTTTGGCARTC
HKH3 AGCATCCATGGTGTARCTCAACATGTCAAGCTTTGCAACATTTTTCCARARACTGATATTTGGGTTTGCCCCARGCCGTCCTGCAACTGTTACTGCTGCARTAGGTGATCGGTGTAGTTTTTTGGCARTC
H-80-6 RAGCATCCATGGTGTARTTCAACATGTCAAGCTTTGTAACATTTTTCCAAARACTGTTATTTGGGTTTGCCCCARGCCGTCCTGCARCTGTTACTGCTGCARTAGGTGATCGGTATAGTTITTTTGGCARTC
HKH4 AGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCARARACTGTTATTTGGGTTTGCCCCARGCCGTCCTGCAACTGTTACTGCTGCARTAGGTGATCGGTATAGTTTTTTGGCARTC
Consensus AGCATCCATGGTGTARTTCAACATGTCAAGCTTTGCAACATTTTTCCARARACTGaATATTTGGGETTTGCCCCARGCCGTCCTGCAACTGTTACTGCTGCARTAGGTGATCGGT¢TAGTTTTTTGGCARTC

131 140 150 160 170 180 190 200 210 220 230 240 250 260

1 1

Bolani TCTCTCCCARCTTGTTCAAATTCTTGAAGGGCAACTCTTGTATCACTTAGCGCATARTGCATAAACATCGCCAAGTACTGATCCTCATCCARATCAGGCATTTCAATAAARTTTATCGGCACCCAGAGCTC
PishtaseB2 TCTCTCCCARCTTGTTCAAATTCTTGAAGGGCAARCTCTTGTATCACTTAGCGCATARTGCATARACATCGCCARGTACTGATCCTCATCCARATCAGGCATTTCAATAARRTTTATCGGCACCCAGAGCTC
BoloeicaB2 TCTCTCCCARCTTGTTCARATTCTTGARGGGCARCTCTTGTATCACTTAGCGCATARTGCATARACATCGCCARGTACTGATCCTCATCCAAATCAGGCATTTCAARTAARRTTTATCGGCACCCAGAGCTC
HY-17 TCTCTCCCARCTTGTTCARATTCTTGARGGGCARCTCTTGTATCACTTAGCGCATARTGCATAARACATCGCCAARGTACTGATCCTCATCCARATCAGGCATTTCAARTAARRTTTATCGGCACCCAGAGCTC
BoloeicaBl TCTCTCCCARCTTGTTCAARATTCTTGARGGGCARCTCTTGTATCACTTAGCGCATARTGCATARACATCGCCARGCACTGATCCTCATCCAAATCAGGCATTTCARTAARRTTTATCGGCACCCAGAGCTC
HKH2 TCTCTCCCARCTTGTTCAAATTCTTGAAGGGCARCTCTTGTATCACTTAGCGCATARTGCATARACATCGCCARGTACTGATCCTCATCCAAATCAGGCATTTCAARTARRTTTATCGGCACCCAGAGCTC
H-80-6 TCTCTCCCARCTTGTTCARATTCTTGARGGTCARCTCTTGTACCACTTAGCGCATARTGCATAAACATCGCCAARGTACTGATCCTCATCCARATCAGGCATTTCAARTAARGCTTATCGGCACACAGAGCTC
HKH4 TCTCTCCCARCTTGTTCARATTCTTGAAGGTCAACTCTTGTACCACTTAGCGCATARTGCATARACATCGCCAAGTACTGATCCTCATCCAAATCAGGCATTTCAATAAGT TTATCGGCACACAGAGCTC
Consensus TCTCTCCCARCTTGTTCARATTCTTGAAGGgCAACTCTTGTALCACTTAGCGCATARTGCATARACATCGCCAAGTACTGATCCTCATCCAAATCAGGCATTTCAATAAaLTTATCGGCACeCAGAGCTC
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1 1

Bolani CAGCTGCTTCTTTTGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAGCCCARCATTGAGTGGAGAGATTAGCTCCTCTAGGTGTTGGTCATTICTTIGTTTTTCACCCAGAGATCATCCARTATCARGAR
PishtaseB2 CAGCTGCTTICTTITTIGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAGCCCARCATTGAGTGGAGAGATTAGCTCCTCTAGGTGTTGGTCATTCTTGTTTTTCACCCAGAGATCATCCARTATCAARGAR
BoloeicaB2 CAGCTGCTTCTTITTIGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAGCCCARCATTGAGTGGAGAGATTAGCTCCTCTAGGTGTTGGTCATTCTTIGTTTTTCACCCAGAGATCATCCARTATCARGAR
HY-17 CAGCTGCTTICTTITTIGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAGCCCARCATTGAGTGGAGAGATTAGCTCCTCTAGGTGTTGGTCATTCTTGTTTTTCACCCAGAGATCATCCARTATCARGAAR
BoloeicaBl CAGCTGCTTICTTITTIGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAGCCCARCATTGAGTGGAGAGATTAGCTCCTCTGGGTGTTGGTCATTCTTIGTTTTTCACCCAGAGATCATCCARTATCARGAR
HKH3 CAGCTGCTTCTTITTGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAGCCCARCATTGAGTGGAGAGATTAGCTCCTCTAGGTGTTGGTCATTCTTGTTTTTCACCCAGAGATCATCCARTATCARGAAR
H-80-6 CAGCTGCTTCTTTTGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAACCCARCATTGAGTGGAGAGATARGCTCCTCTAGTTGTTGGTCATTCTTATTTTTCACCCAGAGATCATCCARTATCARGAR
HKH4 CAGCTGCTTCTTTTGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAACCCARCATTGAGTGGAGAGATAAGCTCCTCTAGTTGTTGGTCATTCTTATTTTTCACCCAGAGATCATCCARTATCARGAAR
Consensus CAGCTGCTTCTTTTGTTCGAGCCGTCACCAGGATTTTGCTTCCTTTCAgCCCARCATTGAGTGGAGAGATEAGCTCCTCTAGETGTTGGTCATTCTTgTTTTTCACCCAGAGATCATCCARTATCARGAR
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1 1

Bolani GAAACGTTTGCCACACARTGCTTCCTTCARCTTCTTATCTAGAGCCCCACGATCTGARATATTGGAGTGACTATCTCCGGTAATATACTTCAGAARTTTCATGARATATATCATCCACACTGAARGTTTCAR
PishtaseB2 GAARCGTTTGCCACACAARTGCTTCCTTCAARCTTCTTATCTAGAGCCCCACGATCTGAAATATTGGAGTGACTATCTCCGGTARTATACTTCAGARTTTCATGARATATATCATCCACACTGAARARGTTTCA
BoloeicaB2 GAARCGTTTGCCACACAATGCTTCCTTCAARCTCCTTATCTAGAGCCCCACGATCTGAAATATTGGAGTGACTATCTCCGGTARTATACTTCAGCATTTCATGARATATATCATCCACACTGAARARGTTTCA
HY-17 GAARCGTTTGCCACACAATGCTTCCTTCARCTTCTTATCTAGAGCCCCACGATCTGARATATTGGAGTGACTATCTCCGGTARTATACTTCAGCATTTCATGARATATATCATCCACACTGAARARGTTTCA
BoloeicaBl GAARCGTTTGCCACACAARTGCTTCCTTCARCTTCTTATCTAGAGCCCCACGATCTGAAATATTGGAGTGACTATCTCCGGTARTATACTTCAGCATTCCATGARATATATCATCCACACTGAARARGTTTCA
HKH3 GAARCGTTTGCCACACAARTGCTTCCTTCARCTTCTTATCTAGAGCCCCACGATCTGAAATATTGGAGTGACTATCTCCGGTARTATACTTCAGCATTTCATGARATACATCATCCACACTGAARAGTTTCA
H-80-6 GAAACGTTTGCCACACARTGCTTCCTTCARCTTTTTGTICTAGACCCCCACGACCTGARATATTGGAGTGACTATCTCCGGTAATATCCTTCARCATTTCTTGARATATARCCTCCACAGTGAARGTATLG
HKH4 GAARCGTTTGCCACACAARTGCTTCCTTCARCTTITTTGTCTAGACCCCCACGACCTGAAATATTGGAGTGACTATCTCCGGTARTATCCTTCARCATTTCTTGARATATARCCTCCACAGTGAARAGTATLG
Consensus GAAACGTTTGCCACACARTGCTTCCTTCAARCTTeTTaTCTAGAgCCCCACGALCTGARATATTGGAGTGACTATCTCCGGTAATATACTTCAgeATTTCAaTGARATATALCATCCACACcTGARAGTETCa
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1 1

Bolani GTCACATGARTGCACATGATGGTGTCGAAARAGTTTCTCATCCTTGCATTCCTCCTTTATGTARTCTTGARTATATCCTGCARACGTGGTCTTCCCAGACCCAGCARCACCATATATACCARTCACTGAGT
PishtaseB2 GTCACATGARTGCACATGATGGTGTCGAARRAGTTTCTCATCCTTGCATTCCTCCTTTATGTARTCTTGAATATATCCTGCARACGTGGTCTTCCCAGACCCAGCAARCACCATATATACCARTCACTGAGT
BoloeicaB2 GTCACATGARTGCACATGATGGTGTCGAARRAGTTTCTCATCCTTGCATTCCTCCTT-ATGTARTCTTGAATATATCCTGCARACGTGGTCTTCCCAGACCCAGCAACACCATATATACCARTCACTGAGT
nY-17 GTCACATGARTGCACATGATGGTGTCGAARARAGTTTCTCATCCTTGCATTCCTCCTT-ATGTARTCTTGAATATATCCTGCARACGTGGTCTTCCCAGACCCAGCAACACCATATATACCARTCACTGAGT
BoloeicaBl GTCGCATGARTGCACATGATGGTGTCGAARARAGTTTCTCATCCTTGCATTCCTCCTT-ATGTARTCTTGAATATATCCTGCARACGTGGTCTTCCCAGACCCAGCAARCACCATATATANNAARTCACTGAGT
HKH3 GTCACATGAATGCACATGATGGTGTCGAARAGTTTCTCATCCTTGCATTCCTCCTT-ATGTARTCTTGAATATATCCTGCARACGTGGTCTTCCCAGACCCAGCAACACCATATATACCAARTCACTGAGT
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Figure 7- Sequence alignment for Lr21 gene with 1500bp in length amplified with D14 primer.
Polymorphism sites are shown with blue and black colors.
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Abstract

Leaf rust caused by Puccinia triticina, is one of the most important diseases of wheat
worldwide. Epidemics of this disease can lead to severe loss of grain yield and nutritional
quality. In this study, structural changes and nucleotide diversity in some of the leaf rust
resistance genes was investigated in seven bread wheat genotypes. Leaf rust resistance genes
or regions linked to the genes were amplified using gene specific primers designed based on
the sequences available on GenBank. The amplified fragments were cloned in E. coli and
sequenced. Based on the blast results, isolated gene sequences revealed high similarity with
resistance gene sequences such as NBS-LRR genes and RGAs. Alignment of the resistant
gene sequences with the sequences available in NCBI revealed the similarity of Lr51 with
agp2 gene. Lr39 showed 88% similarity with VRN-1 gene a vernilization gene in winter
wheat. The result of sequence alignment and grouping revealed structural changes and
nucleotide diversity of these genes in the studied wheat genotypes. Synonymous /non
synonymous substitution rate (Ka/Ks) in Lr/ gene fragments amplified using Lr1-2, Lr1-3,
Lr1-4, Lr21 primer pairs and Lr39 gene was smaller than one indicating negative selection for
substitution of amino acid residue in this area of Lr/ and Lr39 genes. In the amplified
fragments of Lr/ gene amplified using Lrl-5 primer pair, Ka/Ks was greater than one
indicating positive selection for generating diversity in order to replacing an amino acid
residue. The studied genotypes had few nucleotides differences for L1, Lr21, Lr39 and Lr51
genes sequences which could use for development of SNP specific primers for identification
of resistant and susceptible genotypes.
Key words: Leaf rust, Disease resistance genes, Nucleotide diversity.
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