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Functional analyses of QTLs conferring host and non-host
resistance of barley to leaf rust fungi using sequence- based SNP
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T die Lo, desue (g e T bl Sl e 4]

Jbu) cmb LC)UL\: Cwl ejjg g.l,i)l J.,:wa:)ls &}"“‘“"b -\
(Dl Olejlus (b b 5 (555508 Szl 5 Ol S e (S ol Slidss i il -Y
Ol Ol «s 5,538 s 5 5 =
Dl 3 1805 (B sl 55,8 lsled ¥

Mirza Ali Babaei E™, Jafary H?, Azimi MR?

1- MSc Student, Department of Plant Breeding, University of Zanjan
2- Associate Professor, Plant Protection Research Department, Agricultural and
Natural Resources Research and Education Center, AREEO, Zanjan, Iran
3- Assistant Professor, Department of Plant Breeding, University of Zanjan

e.babaei@znu.ac.ir : oy xS sy (LK J giens ol 55

@QVONY il '@)U —40/8/Y1 :sl s '@)U)

ol BeK) Wil G Hlow ST Sl oly 9§ 80 9 o e polio OLS I ool
& Sl oo Jolge 51y 53 OB (J15 Cwglio S £45 95 (b mé 9 Fbimw Cwglie
catlo 31 EM! Slvely I (O b (0 595 S 9 55 SO3HL Bl 50 i
b o Cwglio SLOQTL (83 os 4 5 3 ookl (cwglin £45 98 (pl 13 3 SBYS
ol dle p g2 50 Sbmept 9 Fbwe Cwglie b b GBQTL ek (p! &Iy
Susptrit 9 Vadax Susptrit _sb4id 035 98 30 I Olllas )0 &5 (5 » <) hole sz B
e AL i e b S 2e89md § Wbzl Fuiw! Wdg oud (2L Cebada Capa x
Sl LS Ol gaedy YU £999an (5118 SNP (sl SSLi5 b )y SNP (sl ,SiLi5 b QTL
2 BOT Cuwdl 4 Cod S 31 O B o8 3 colii! b g bl Cwglio b tad s
28 39590 GO b SNP (b Sl JNg (SIglgad qwip b . plodl Skl Sl
CBlis G s d los H 31 Vb 4l b SO 3l <O B Dhogas (Sl et
Caglin GBS 5w 318 Ol B owyp b .8 5 515 wrp S0 BOS skSle 9 oud
S5 51 g Wsld cHlio DNA g9y 9 plo Caolowd (JEHI Cwld 50 JSbimo é 9 Sl
L ( S lowdly (GLE foxo 58 O 09 5 90 B OV game (il sudlin . Nildlio ¢ Jeg0 & Klos
RNA 55189 9 b 4 Fowl «CIplio (w859 SBUTS 9 WiHls Culed (Cuwdlig s 9
9 Sl Cmwglio g5 95 TS Yioiol (puailo g 09de 4™ 318 LS Gado (¢l gl . Wilalie

2518 (53b 5 Syl (Jb e e

crig S
ITAT 3wl F ool (oB33198 059
EVY - &Y. axio

oS>



https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

OL8es 5 oLl el e 4l

e (Um0 cwslio b b o GBQTL (58 Sos 4 3285

S el Ol w5 el Sl (Young 1996) oo
sl oz s S wile SME 3 S e e gl
IS QTL) i S S sl abser 5 xils S5k
ook sl pll Slids ulul  (Qietal. 1998) L s
Szl a4 Sl o Cuslie 5 d Seslia b kS e QTL
Jafary et al. 2008) cwlods L O s> 53 S 5 K5 e
LB sl Slisea SWks ) 5> .(afary et al. 2006;
R S eslie 3 s GLQTL oy S5 e s
53 LQTL & ool 51 dbs opl bclod osls OLas 5L
sols Ll aalllas 3,50 Cdo LSy p 5 5l (sladlane @315
Sl (ale o pant 3 6,0 SleMbl 5 S e et
Sl Sas LOT Lo b S o byl Lol JIs s
rted ol Casin 53 s S5 3, Shas oy
w5 eslizal Sledbl b 03,50 casa el 5l S
Ol o O dewsts S Cclods LLOKS LQTL (o5 Shes
Lowlls jogartys 5 adlae | oS cnle 5 lle
3 Sl Suslie 53 fms 0] o Ses 5 bl ples

3 ged B W) Sl 8
bl (555 Sl gl Sl silee S ool
LS o Cupde Iy Al o5 4 by glaesls & ol
o Gl Gl Olgea of 510l e (Singh et al. 2011)
5338 elinad Cuglis 3 oty GLQTL 5 Wb o5 Shee
DRl S 62,55 slaes 8 and ((Sle il g Dladllas OLe
Cyeme o555 DMl (63 SHE el Gl melr 5 ke
(Sl sl s DL 51 Ks SS (Rupp 2003) 548 e
o gl Sletann 0L S &S cl 0F bl ps
38 GAS o5 5o 55 SVpame 5 LOS S
Diehl et )il s Jsho SUS 5 5 55 pm dul b ¢ IS g0
sox b Sass ol 5 (@l 2007; Eilbeck et al. 20040
Pl 0 el s a s edd Chlis sl
Slpmes ol apad dd 5 Shes Sl 5l 05 sdiey S

Los g & by Dbl uSS 1 s L3 i

! Minor genes

doddo

Jis gbgslael 5 ey JB glacd iy s L
b b 35n Oler 53 oM sl el (ALS slags b
John et al. ) 555 o iy Slie 5 LOSSL S gl
LS Laes B O3Sl plsl 5 S a5 (2003
5 bl saw qoolasl Cgaal Gl 58 Ll
Bolse o Glesis ol Gbls Gl Sk ol
@ lS il M lagglen op S Fee Sl L golen
(Mehravaran 1998) .5, oo jlad 4 s 5 Y5

A 3l S Puccinia hordei otth Lsle Uy S 2 G5
3 Shee glai>de LB b oVl S ol > glags b
sole 6 s s s S K5 s e als | 0
PRI PRE T RIS E A N PRPR ARG IFRIPHERY
Sible 53 5 315 glos 1S SLaSl bl sla) 528 5l o
Jsams & 53k Dol il o 2l 4 Jpame Oy oS
Sy Jl 3 Jgame 288 (Mathre 1985) uS o 5,05 s>
Marcel ) coulodls 25158 Loy YY (ol el s &S
JAS oy (i 5 nie pslie pBl Sl eslind (2007
03 5LmelS Jelai Zoale 4 x5 L (Byal 1981) ol (5 )lay
Coslie 5 SLiee Cuslie ol g b (e 5o oals
4 sle Cwglie (Heath 2000) Wlosls axw s 1) Sl
(Hypersensitive resistance) couwle> 35 Cwslie S5 5o
5 4 aS AL e 54 (Partial resistance) . Cweslis
Niksetal. ) Lss o J S 31 S S 5 31 Sy sbos b
Shesls o8 5 e ol Dleas Sl e Caslis (2011
LS oo Shaile 05l O3 SL S ol Sl 3 @l K
ey b 5 Cwslie ) g5 o .(Niks and Marcel 2009)
Fo 0P O35l K e 0 4S8 K 0blS wes Ly
.(Heath 2000) .as ..

oIl ke (SOl glaasl s Catbge 4 pbows
S8 Ml 5 AT o ks asolen @ pslis pB1 LIS
Cooglia sbal 53 F3e o055 Shas 5 (S35 Conls wie) o
dagolon & Caslie andllae (gl Jie Dl Ll S

(QTL Mapping) 5 cuslan b ks o 55 a0l sLaliss

AP 5l 1Y o lois [n203190 0590 /(1 a5 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

w9 (S o Swglio b dad o SBQTL (68 Khos & x5

OLSer 5 oLl el e 4l

) gl o g baasls cpl Sl glases oS Las Kol
Obiy Oll ek w5 (5,508 Sl S50 Ll s
Sb)se b SNPSGLES YAAY slass g gezms )3 235 13
S ae b L YEAS slws 5 SU X V JLaldds o5 gl
Sl LG s esls anes SUX CC JLaid o555 (sl
vl glyls e Slis 6,85 581 2 o5)e SNP gla SOl
JBOT 2 ode 2y aby e slacsn M5 o gas 5 03Y
EST U Wi 51 5 oS 5 & sbicems sl 6,503 o3ls
nl 23S 15 s s s 51K e b das e gl
S Jels Sledbl SNP gl SiLss 51 8 a gl o s
A 4 b e 0 s sy IS

G5 LSNP (sla SO G ,85 guls 5o (# Bspn ooz b
S Caslie GLQTL 51 G o L o o AFLP (sl S
Gl S UYL ey vs bl LSNP s i
i aSNP 15 55 5 5 ol LaQTL L e sloes
A st o5 5SS A s She o

BLASTX o, Sl 3l eslizul 5 'NCBI <yl s axrl o b
cdgla s LSNPl KL 51 K o by e JIs
e323 Sl 5 ¢S i o OLLS gl sl oSGl o el
oS &S N\ BLAST | Jole ol amis 3 5 auslis
L =S Jss o malin Ol gea sls o 0L | E-Value
o8 s s cd O b e oMbl 5 bl i s e IS
Slres ;S mend 4y ol (DMl (ol Sl eslinal b (silay
35 s ol 6l s e slie S Uasl slad g3 5,18
12 S 18 eslinal 5,58 Ghss

CD Cwwd 3 NCBI Sledbl oL anxlye b dsl (i, o3
Loyl e OS5 31 a odd cble> sla s search
e OVl adles 5 Pfam cole Sledbl 1 eslacd
035 S o3 Lny alie aiby 5o Ses 514 olaces
Sl

DAVID bio  z,ml asly 51 eslisd b opss 2, 0o

Sl oL 55 sz 5 informatics Resources 6.7

! Association
2 http://blast.ncbi.nlm.nih.gov/Blast.cgi

@iz Ba b oogy he Guio (Copley et al. 2002) 5,108
S e 33 Sl 5 Sl Caslie GWQTL (o5 Sas
e 3 LA sy 0 S esiae ey Jole L_gLAG)LB @
8 5 Sl Cwslis 53 LI el e Slay - Ol 500
D ol B as e asdlle ol 53 08 S Djse Sl
55 Jets GLQTL L L e LS 6la0 LT oS 555 o313 =\
Lol Gl gsline glaes 3 Sbsee b 5 S Cuslis
Sl s 5 Sl Saslie GLQTL Gskie il sl €,
Qi et al (1998) Ly « S5 cilims glag b ol o
bais (2007) Marcel et al. 5 Jafary et al (2006; 2008)
L;{::LA)‘).L:‘}:J &Léuf«j) )\ salaul L 9 6)jT@>'- cJu.J}J. oL

095 9 Slgo
0> Sl Caslie oS lasl GQTL w ab g 0 Sledb|
(Puccinia hordei) s~ S, K; b B 4 e
"B e S 0o Sl b Sl b kel e GLQTL
Puccinia hordei-murini S5 Jole sla
sbaid cse> > Puccinia triticina Pucciniapersistens
Puccinia 3 ls szl s Cebada caba xSusptrit
Puccinia Puccinia ,coronata agropyrina driticina-duri
Cwxe>= > hordei Puccinia graminis f.sp. tritici
s Marcel et al. (2007) <llks |ol- SusptrirtxVada
http://www.wheat. ) sledbl SSL ;| Jafary et al. (2006)
RILS Coxe i Cl)scwl GrainGenes 2.0 (pw.usda.gov/
VoY L Vada  Susptrit 355 51 o> VxSU Olyge coo
s (afary et al. 2006) s, for L 3Kd aix 5 oY
o SNl el COxSU Olge Cou
£04 L o3 wi oY WY L Cebada Capa 5 Susptrit

wg e Sy oKy s (Jafary et al. 2008) S L

Cwlodds
SU badi o355 Wiy 53 olen 4 Y A8 sldas Yo Y Jlu s
Sy 3 CC x SU o355 opllls o anay 0¥ 4Y 5 Vx
Sequenced based SNP (sla SOLiS 51 oslizal U s Koot


http://www.wheat/
http://www.wheat/
https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

OL8es 5 oLl el e 4l

e (Um0 cwslio b b o GBQTL (58 Sos 4 3285

Sl 5 Sl Cuslie G0 s olS 55 45 das
e e ok slad) s el b 55 oo slad 5l
ol e B eSS 5 e LOS S Rl 5o oS sl v
Colda ( plis VDl )b av 5 bOS o3 S 55 oS ol
Glals cdlad il 1) cdlad op 5t (B 5 S
3z S 5 $3  SNhes Loy S s Sl Cueslis
ol s i Sl b Caglie 0 & S (855 el
S350 055 55 (Gl b uaglie Gla0] 2 50 5> Dl
Slros S plw 52 05 w8 255 o pdor 4 oias J
WSl Gl Ol 05 e S 53 e (63,5 es

oslatal Lo Cblam gla s b 5l cCwslie GO ow)
SAAA lacpes S 5 S Lasia NCBI Sledlbl oL
& ksl s P-loop_NTPase | S5, o3l 5l 4 a2 DEAD
Als 3 Sl b Cuglie 5 Sl Caglie 0505 S 53
Lad S50 Sle (6551 4 tcly mand 5o AAAY (Glapis
o Gy Sl ey 05,5 5L Al B s 5 Lol Ll
~S53DNA (3Ladilen 5 (oS 555 o35S 555w O
53> OsBIRH1 5 asllas S 55 .(Snider et al. 2008) L 53
0515 &S o 45 1, DEAD anx SIS RNA 155 5 o o
5548 RNA (S OSBIRHL 5 313 0L gl 5 A g 1
53 gL8s 53 pegr (1B &S LS oo A 5 DEAD anr 4 b s 0
anllas L lsl 5 S o (5L 0y 5 ey 15 )
e s ol s Ol o DEAD wnx (sla3ISLs RNA ¢ Sio
Lietal ) s o ol oS olss Gl o3 53 RNA
.(2008

NCBI Sledlbl oSGl Sl aal sty gl ol e
S o3l gt 4 Glaze ABC _membrane 2 s (s aseis
05,5 95 » stle 53 50 CLO0664 s L ABC _membrane
ol 5 g g candllan 5550 O

Liea plie stas JUl a5y 0 ABC (slassas JLid
sladnlp bl gl ATP Ssns 51 Jol> 550 51 &
w5 s DNA (w5 5 plis oVl b ol (S5 5
ol o3l oL (Davidson et al. 2008) AcS o sslics! RNA

1Clan

(50 5 Shas 039 4w 3> OS wld s Uniprot
GBS R 5o b s Jbe Sl 5 S5 glal B
L g alie o 4w 51 8 )5 0 obid e Bl 5l S
P- 25Ls DAVID 5 2ol s b S 513 05 S S o
S0l slp s 00 Sl e sa0) sle 1, Value

sl Ol LK 03 Ol gear oS SNP sls Slis JIs wlis
SLedbl LKL 53 BLASTX o255 SU1 5l sslital Ly s
S a3 VA 15 48 5l 0Lt gl 5 4t e, NCBI
L, e glal) 5l ae oM 5 Sl Caslin b Lo e sl
oLk 53 sy e s Sla Jls b Sl b Caslia b
(s Ar = Voe ) YL alis s NCBI sledibl
1x107% 51 xS sla E-Value L wliv gla JI5 opl .ol
Y 5 o)s YVl o JIs alis (g gminr @LJ s ol
(et 5 Sl Cuslie sy JIs 3l etile 3L ds s

Sy iad sl
Gla ey L ipios o p 5l edeal sty Sledbl aliil
SLa0i 5L o Sl b 5 Gl Cuslie Gba0S 4 by e
Laedas JUiash os5,20 65 ,Slas 05, S A 53 Ry Jle
5 #3054 el e e (550l 55 5 5)
5 5 s3¥ e Sl (S iyl DNA (s 5
bl 3, Slas Lacpes 31 goldes . S 51 3RNA 55ls
ool gl ol S 4 Glaze Sl slaoll L3 5 4zl (glos
Sy s it e 05 8 S5 55 ol 5, cpl 5l sy
e (due s Sl ) edal sy S el y A
S5 el 035 a0 Gl b Caslie b L e sla0s A
VL 5 s 5 JUS e colds ol b J 28 5 b Sl 5
et S e S 1y e glie (gl enlSe sl 5
53 Sl Conslie glad iy s LA o) pl S
L pled oVl DNA (o5 5 sy 52, Shes gy S
Old el ool sl cdle JISKw Sulda 5 Jske 050

AP 5l 1Y o lois [n203190 0590 /(1 a5 S -



http://pfam.xfam.org/clan/P-loop_NTPase
https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

o9 30 Canglio b a0 SBQTL (53 Khos 4 35

OLSer 5 oLl el e 4l

Jate SLoSs g @b s BB oS 5 wdls (gl hudl s
s 3 8 05 slax S e US|, ATP a esd
A s kil aSHlhe OV aode 5 e (LS S
o 03 GO 5 VS s g alis o5 8 5
SBlads 5 5 ilSades Sl 5 Slse Caslie glao]
P05 sz s dsgde Sl 8 Coslis 0] G o
5 aear pleddy glis ob Ol Jile ols s b
SLoj 4 by Gty he S e (2 S
o) giem o andllae opl jo sl Slsie 8 5 Slsee Canslia
e gl S Olsea sl WSS
4 3l QLI ppizmes mml 2 50S 05055 55 a8 Y puaes
JUCVP FARP P I JVSUCIN [P S PN VPR H LW
oS5 5 Sl Caslie bal) b 5l Sl

U sl JS8) s el

R
7 f P el
J)fl

B ubjotioeylaodslys; B bjuodutdinylaodslys
ol g o Sl oo s Sl Cwslie b0 b Ol ) K3

(lo 35 e ) S50 5

Chart Title

.llljli‘-,Jll

))))%ﬂ%ﬁ))) B

S E P
N 53” Ey FFy ; K w7 ﬁ ,ﬁ"?’ w\yf‘
33}'5 Q\\vt\vvl\qﬁ\ba 3)55
j)

B il o pcdionglasdisly; B _oiljuochoegliedislys;

Sl 5 Sl Cuslie lals JsSse 5 Shee amlio -Y K2

- IWAF 50b 1Y o lols [ n233190 0590 [y 95 S

w3 b S & foly 8 ABC (slaodins JU! oS ol
S e e lase Lol el 5 0350 plp o Cuslas
.(Kang etal. 2011) xxa

SO 5 Sl Caslie ol 5l (F o ols 0L s pu)
Pkinase (slacpws o Sltle 5 (Sl e Cuglie
(CLO016 PKinase 5 eslsls 4 3laxe) (Pkinase_tyr
53 WIS 5, Aas e 0LE Oliie Dllllas b 05
3l CLel s oo L2 (O350 s 53 Censlie sl
Lol L3 oS dtes JEKems JUEH o oo oS (a5 Ol ey
IS a3 oo onl S o e 1) ity LS LS S
Feboa e s Ll e Sl 585 4 Jsbe e 51
dasls o, (Gaestel et al. 2009) 555 o bl J ol
B e Giladld e 5 0556 lebd Gk o
(Romeis 2001) . 1> ege ids OWLS

oS saseie NCBIL byl oL s W

- o> SNARE-fusion ,(CL0445) o3l 5= 4 3lae SNARE
s LRR (CL0022) o3l 4l « lae LRRNT 3 LRR8 (sla
Sbsle s F-box (CLOOB46) sl sl & Glaze F-DOX pes
s lagmes cpl 3 o B 4 05 sy 05 0s S 53
(St 5 Sl Caslie 0) sl 53 Kos slages
P OS5 ol alie s e Lol oS ol lse Sl (S
23 Shed o Sl Saslie Gl) bl pes o
055 55 o b &S 55 asiie Uniprot sledibl oL
3O el S sl s U5 sladsl B s 05
S oS 3 0L s s Sl Jihe RNA 3505,
RNA - Zsls s dulp 5o Sl Cuslie & by bais
Coglie o) clad o 5ty &S Shse s Ll s
L il Ga (pl 03 el i gis) 4 byrse Sl 8
el s g B s dile gl 3 3 S Lie &S
S g Saslie OS> bE lhegen 5 Jsl
03 b Saslie 0SSl (F i S e s s e el
Sy s S e Al S, e bl (5,8 IS
Sl 5 Sl Sl G0S Ste JN s s Sas
Clled Caslie 58 55 s 5o OGS S A il elis 18,


http://pfam.xfam.org/clan/PKinase
http://pfam.xfam.org/clan/PKinase
http://pfam.xfam.org/clan/CL0016
http://pfam.xfam.org/clan/SNARE-fusion
http://pfam.xfam.org/clan/SNARE-fusion
http://pfam.xfam.org/clan/CL0445
https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

OLer 5 oL el e 4l

w9 im0 Canglio b a0 SBQTL (52 hos 4375

by 3l g - b 0556 5 el Jte slage 5T
Ly o A S SO Jole g0 5L 4 Sl uslie glad;
tns JUES) (o sy oSl il 5 e 0l DL ppeas il
S5 Josle Glalssh o g olS Sl 3 55 A
A28 e Ol s Slallae 55158 55 Shah(2005) .5ls iis
= ol b o 1 055k = olS Jele eenilSe dlai ) 4S
Odd Jle (¢l e I Sing et al. (2002) <l )bl b5 das

A (S5 ,0 VLS elis cwl.g

- Ll |

1.50E-01

1.00E-01
5.00E-02 ] ] l
4.

0.00E+00

i [ —

ATpase activity |

c

response to oxid
response to
chloroplastir
plastid inner

cellular component molecular
function

Biological prosses

mP-Value ® Threshold P-Value

P-Value<0.05 L Sl i Cunslis a0 wlid son a5ma -t S

5.00E-02
4.50E-02
4.00E-02
3.50E-02
3.00E-02
2.50E-02
2.00E-02
1.50E-02
1.00E-02
5.00E-03 "
0.00E+00

il
mcuq,)>~:(u =] T o oo
$.’9.’9t“’.’90Cm CC; £ £
O pzEBEa00 DOCQB ohe
000 YO wu >0 o 0 — [
C QOO -0 ct = o8 £ £
250 <O o2 a € E © Qo
©3358=Z55€E0 0O v
= CccgnQ S o= € E T
9 o n e g
o522 5o © O O O
© = .S Xow £+ O D
- == O o — —-— - =
] S a S Qv v S ©
E 29 2 E Jw 22
Qo Zz o & cc

o < = o)

= = c Qo

<C I = =

Biological prossesellular commpbdeadar fu

P-Value<0.05 b il b cuslis slads wlbd zes JUT-0 IS

* methyltransferase activity
® glutathione S-transferase

Chart Title

40
35

30
25
20
: B8 _ Bl _s

| o bf;‘ 39'5’??

g . S \by’
B >
B ot cdldanglandhslys; B ibpuodkasslasdhsly;

N e
3 e
Jbﬂﬂjdbﬂu)uﬁéuujd)\b&mqw&m—vg}@

oLl b Glse b Caslin 05 obid d ooy bt
S5 53 3 0L 1 3k g5 DAVID 5zl a5l
(Spbe gl p B plodld (S sl b
(I o Sas o5 03 5 DNA sl 5 (it
bl B 5l A A w edipd e 5 (535 e
il waslis oS b e B 5l dsg s s
|, P-Value<0.05 Lol slie 5 codlsls o Iyl

C(E K sl e 0L
Slapold am Comd Slisee Caslie b Lad e a0 5 Sas
A ia sy g ol S ey P-Value< 0.1 L (K5 els
e ar moly glacdled (K55 s ladul b o s S5 S
p3e0lS Sba0s & gl RNA (3500 JT55 515 5 ol
e SIUE gl b e 5 55 slal i
Cwoglie DS S 5 S jasie O a v 2 @L:j L
3 J= 515 s smetDl c pladly sli2 S Sl
(P50 2, Sas o35 5o Ll cdled el IS slis
(0 JS5) 55 s s e slis sla0s HIATP cles LS
syl il as sl gLA ol aallas js s ) @L:j
by Glakmde |6 s ba oS daen olag 3T aSTATP
Jol b b o IS Sl st 5 Sl Cunslie g0
OS5 S Sl T 48 3l 0L G
=l 5 ke (65 YJ»,)'JJ'—Q 05,5 odins JUasl 4\)‘;@5‘}
5 0L a8 s Coaslin Ll w5 FRNAT

! ubiquitin-protein transferase
2 transferring phosphorus-containing groups
* rRNA (adenine-N6,N6-)-dimethyltransferase

AP 50l [V o lols [ m203190 0590 [y 85 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

w9 (S o Swglio b dad o SBQTL (68 Khos & x5

OLSer 5 oLl el e 4l

{,_la.d .(Velazquez and Balderas-Hernandez et al. 2013
4SS o (S3IL 1y JLSm glita (slasLinl sl e piie
Rojasetal. ) 555 o a0l ol 55 olS oo Gl & e
5 0550 glubis & 5 5 5158 Glazebrook. (2001) .(2014
I Cols la s 3l (g3lias L 5 olS s s
La03 31 3ldas o 5105 ($3be Jlad Lol ulg 55 LS
Blumwald etal. ) ool 0l Jo3s0m 5 olis b s
GLis S el oals LS Olariils ol lelllae (1998
(Shah 2005) .L'\.Abdn u.a.:;u;.n b u)}:gé‘ S oL5
Shealdas aS als LS omed (Ll wlid s 4 S
Belhaj et (2009) lxllas 4 .(Nomura et al. 2009) <.l
teslie ik SO e s koly] 53 RPHL 0 osls 0l al.
S 05 o=l a8 Culodd ek b syl gl 4
g Sl o el Glagaly Sl as geze 5 S sbedls

el g sk

Jolo slag b Slse 8 5 Sl Cuslas 0] w5
05,5 53 S sls Ol e bl glapes bl 5 o K5
Viaiml S o 0S5 Caglin J 58 s elin s Shos b (33
5 Slme Ceslis OS Jlle s S le laes s
L xhie 05 es S 53 0 ,Shes Cglie Coly Gl 28
L5 5 sl slad ools Olis b s Selul s Laos
o5 el sl s Sl s s Sl Caslie
Lo s RNA S 55l 0 5 sy (Sl
m05 5 53 edes jsb 4 a0 05,8 53 pa 45 3ls OLE (romes
cdles ATP3 DNA o Jlasl (gl,audl g (6 S5 la

Ol e 3T olS 53 4S8 el 03ls LS Oldies Slallas
53 s Lahansl s e sSONS oS uS &S UGT glal
Langlois-Meurinne et al. ) ol 5,5, OS5k 4 o
SVasda A3SS 5 H-ATPase asle  slag 51 (2005
sdalin asllles ol 55 oS e (3Vad Sl b a5
SLad 53 055 sl 55 Olalils LB Ly s
Obse olS L3 HH-ATPas ol o5 cxpe olendly
ol s« Elmore and Coaker.(2010) .(Palmgren. 2001) s 5%
2 1 ply ylts BBl eas JUl slas SLATPaS L
dsb 53 5 XS o I 58 (o a5 S 215l @ muly
2 oshe M Aty o5k 4 035G 4 oS el sl
Ceoslin (SLa03 it ed 4325 Sl edel oz S bl
G055l s BB sl g L3 (S S5 Jele 0550
A0 s S SL A5 s Al B s ) 35
e ml Sl gl e O Ky s
S L5l 5L e sy e, sSL ol goli 4 bad sl b
(Moore et al. 2011) was Lilpl Co a1 ol cdls
Ld s 3135 SLa, S 51 S 03l = 55 WRKY 5 bzip
Singh et ) a8 o olas |5 b 25 210 5o LS ol Gl S
5l el ) el b 05 wlid _ses 430 (@l 2002
5 Sbme Saslie G0 Sl sl sl o S asie David
RNA 5515, sl 25 RNA 55l i 53 ¢ lispe
ShLlbl bl Al el el a5 S
d> e 5 s & QLS ol &=L Woloshen et al. (2011)
S G 05 Ol gy S e e 5 S B
5oy e Gl A5 4 and OIS 58 e sl 5 el
e ol Laeals 4 i il s uly S e oli R
O oz ool o8 5 Sl Swslie glals Wl
sladul B B s ey p e O s e
o plie g Aoy o laiay 35 S Sl 5 (S gl

el Sos 8 S F mul Sl )
AU 1 0lalS wd Jases oogllal Lal S e
Sl JEE s culia o Lac b (s o )3

Fraire-) W3 o 8,5 olss b s OlalS g s


https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

OL8es 5 oLl el e 4l

e (Um0 cwslio b b o GBQTL (58 Sos 4 3285

(Heath 2000) s,ls 555 &S o J xS o5,Ke sbOSsL
“G S e e el SOl (e slie sdiS sl 05 5 esdle
-t aseie oS Sl odd adille Obsme e 5 Ol (sl
35y gl B (Sl 5 Sl Ceslie 5> AS
3 0L (,Mgliﬁ 35 L .(Vega-Arreguin. 2014) sl
s 45 313 sy slsd (Gl b s Sl Sanslis
Joo alie b 4 Caslie p 5 38 5 el ) S s
Sl b Saslia 53 Job S dul s Jle Ol gy S oS
oo S Gl caslin sk s Js dase 5 r e
Gilletal. ) (rio b cele ¥ 550>) WiS o Jsb (s mis Ol
s s ol K55 el cle ol (S (2015
Olisen olS Oloyon oSS lo a Glisn o 5 Sl aslie
B354 5 oS o Sl 5 Sl Jola s A3k 035
Senthil-Kumar and ) <ol S 50 cov sdas | sba
ollS =, .(Mysore 2013; Schulze and Panstruga 2011
Objen e Canad s Ay Sl po 5 ad )b SO oSS 1 5 Ol e
olantl 3550 S cl oo 53l s Kosl e Cewsws
Olge Heath (2000) s b 51 .(Gill et al. 2015) ol OL 500
53 K5 Jele 20 e olrl s 5l glag LB 4S8 3l e
g 0k Lot eSS dsb o 5 b 0 ) S0 e
ol Vst ol ol s slizel lasly cows Olajen JalSS
b Obosas LSS 55 5 diles S iy ohia) S0 4 bag B
G gp o dheas Lles S slwl Jaled OT L alS slapY
wlsl 5 Gl gladulp 3l ys aiwse S R W05 31 S5
b or anw S (Doeslie J1 s ORIl LS 5 Gl oS S S
Gilletal. ) 555 o alS Bl s 53 Cueslie g 53 sl sl
e S e Bolen ooy (Bl Jisl ixes (2015
R85 HAs i 1) 355 Olgee OS5 558 0 Sl DS 5L

(Gill et al. 2015) 1S o3 7 1, 0L 50

&bw

Agrios G n Plant pathology. Translation by Mehravaran h.
(1376) Orumieh University 291-301. (In Farsi).

Atkinson N J, LilleyCJ and UrwinPE (2013) Identification
of Genes Involved in the Response of Arabidopsis to

@l bl Lsi e 1S5 WS JEEl 5 LS s
Sl 5l s IS 5 pleatl glis s sal Cosw
Gl g e b dmes S5 olem 4 STy 55 Js Ik
w02 oSl s s Sl Sasls 0S5 Shee
5 55 Soale Ylaom) 48 25 8 ame S Ul o ulid en
BB L sl ol el OLSG 05 058 50 o 5S040 5 Slas
S Pieterse et al. (2009) , Poland et al. (2009) < lJUas
Al L Caglie 4 bye GLQTL lubs ol
g5 33 sle b S ade gl S Phytophthora sojae
Solos (Calods jasiise )l Cile Ws S 55158 Cueslis
w3 a5 st Zeaslie Jsb s oS os slagaly
Canslie Job 3 el alml sl slaal 4 ol Cals
5 Ol oLS 55 a5 (Mysore and Ryu 2004) jls L s
s sl SOSET Gl  alie GlassSU Ol

(Gill etal. 2015) wS o olulid
ol a4y Sl b (Gill et al. 2015) O, Kas 5 LS
Ao Gl 5 Sl Caslie w45 Ly 4D
322 08 oS Ses 3 5o wlie 206 WO SL
Sl oS sl s S Ll 2S5l gl ¢ 5
3 sl Caslie ool wlin s Slas 3500 Ol
Heath 2000; Mysore ) &S o AU |, Clle ol Sl 8
S s 1Ll (and Ryu 2004; Vega- Arreguin et al. 2014
O55Y slp 53 Geeeiadelsl 05 Aver ssas Ol casdles
s~ Pseudomonas syringae PV. Phaseolicola OU ;..
St Ceaslie dsb 3 O3 Ol el 0L 0T mls 5 A
Oeemen ((Mysore and Ryu 2004) ol 5L Cunglae alin
Bt 5o a8 Sl b Caslie 03 S cnlodd jasis
ol Striga asiatica .51 OlS 055U « b 53
LS o IS HTIR (e (65l ol st (855 0 G 2500

Simultaneous Biotic and Abiotic Stresses. Plant
Physiology 162: 2028-2041.

Belhaj, Beihaj, K, Lin, B, Mauch,F (2009) The
chloroplast protein RPH1 plays a role in the immune

AP 5l 1Y o lois [n203190 0590 /(1 a5 S -



http://www.ncbi.nlm.nih.gov/pubmed?term=Belhaj%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19170932
http://www.ncbi.nlm.nih.gov/pubmed?term=Lin%20B%5BAuthor%5D&cauthor=true&cauthor_uid=19170932
http://www.ncbi.nlm.nih.gov/pubmed?term=Mauch%20F%5BAuthor%5D&cauthor=true&cauthor_uid=19170932
https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

w9 (S o Swglio b dad o SBQTL (68 Khos & x5

OLSer 5 oLl el e 4l

response of Arabidopsis to Phytophthora brassicae. Plant
Jornal 58: 287-98.

Blumwald, E, Aharon, G S, Lam, B C (1998) Early signal
transduction pathways inplant—pathogen interactions.
Elsevier Science 3: 342-346

Copley RR, Doerks T, Letunic I, Borka P (2002) Protein
domain analysis in the era of complete genomes.
Federation of European Biochemical Societies Letters 513:
129-134.

Davidson AL, Dassa E, Orelle C, Chen J (2008) Structure,
function, and evolution of bacterial ATP-binding cassette
systems. Microbiology and Molecular Biology Reviews
72: 317-64.

Diehl AD, Lee JA, Scheuermann RH, Blake JA (2007)
Ontology development for biological systems immunology
Bioinformatics 23: 913-925.

llbeck K and Lewis SE (2004) Sequence Ontology
annotation guide. Compar Funct Genom 5: 642—-647.
Elmore J M & Coaker G (2010) The Role of the Plasma
Membrane H+-ATPase in Plant-Microbe Interactions.
Molecular plant 4: 416-427.

Flor H H (1971) Current status of the gene- for-gene
concept .Annual Review Phytopathology 9:275-296.
Fraire-Velazquez S & Balderas-Hernandez V E (2013)
Abiotic Stress - Plant Responses and Applications in
Agriculture , Abiotic Stress in Plants and Metabolic
Responses (pp:25-48), Vahdati k and Leslie C (ed)

Gaestel M, Kotlyarov A, Kracht M (2009) Targeting
innate immunity protein kinase signalling in inflammation.
Nature Reviews Drug Discovery 8:480-99.

Glazebrook J (2001) Genes controlling expression of
defense responses in Arabidopsis. Current Opinion in
Plant Biology 4: 301-308.

Heath MC (2000) Nonhost resistance and nonspecific
plant defenses. Current Opinion in Plant Biology 3:315-
319.

Heath MC (1997) Plant Relationships, Evolution of Plant
Resistance and Susceptibility to Fungal Parasites (pp: 257-
276) Carroll GC, and Tudzynski P (eds) Springer,Verlag
Berlin Heidelberg.

Jafary H, Szabo Les J and RE Niks (2006) Innate Nonhost
Immunity in Barleyto Different Heterologous Rust Fungi
Is Controlled by Sets of Resistance Genes with Different
and  Overlapping  Specificities. ~ The  American
Phytopathological Society 19: 1270-1279.

Jafary H, Albertazzi G, Marcel TC and Niks RE (2008)
High Diversity of Genes for Nonhost Resistance of Barley
to Heterologous Rust Fungi. Genetics Society of America
178: 2327-2339

John M, Dowell Mc and Woffenden BJ (2003) Plant
disease resistance genes recent insights and potential
applications. TRENDS in Biotechnology 21.

Kang J, Park J, Choi H, Burla B, Kretzschmar T, Leea Yc,
and Martinoia E (2011) The Arabidopsis Book.Plant ABC
Transporters. American Society of Plant Biologists. 9:
e0153. 2011

Lahiry P, Torkamani A, Schork NJ, Hegele RA (2010)
Kinase mutations in human disease: interpreting genotype-
phenotype relationships. Natuere Review Genetics 11:60-
74.

- AP 5l 1Y o los [n203198 0,90 /oyt g5 S

Langlois-Meurinne M, Gachon MM, and Saindrenan P
(2005) Pathogen-Responsive Expression of
Glycosyltransferase Genes UGT73B3 and UGT73B5 Is
Necessary for Resistance to Pseudomonas syringae pv
tomato in Arabidopsis. Plant Physiology 139: 1890-1903.
Lecourieux D, Ranjeva R & Pugin A (2006) Calcium in
plant defence-signalling pathways. New Phytologist 171:
249-269.

Li D, Liu H, Zhang H, Wang X & Song F (2008)
OsBIRH1, a DEAD-box RNA helicase with functions in
modulating defence responses against pathogen infection
and oxidative stress. Journal of Experimental Botany
59:2133-2146.

Marcel TC , Varshney RK , Barbieri M, Jafary H, de
Kock, M J D, Graner A, Niks R E (2007) A high-density
consensus map of barley to compare the distribution of
QTLs for partial resistance to Puccinia hordei and of
defence gene homologues. Theoretical and Applied
Genetics 114: 487-500.

Moore J W, Loake GJ, and Spoel SH (2011) Transcription
Dynamics in Plant Immunity. The Plant Cell 23: 2809-
2820.

Mysore KS and Ryu CM (2004) Nonhost resistance: how
much do we know?. TRENDS in Plant Science, 9.
Niks,RE and Marcel TC (2009) Nonhost and basal
resistance: How to explain specificity? New Phytologist
journal 182: 817-828.

Niks R, Lindhout P, Bai Y &Parleviet J (2011) Plant
Breeding for resistance to diseases and pests. Laboratory
of Plant Breeding. Wageningen University, The
Netherland

Nomura Hi , Komori T, Uemura S, Kanda Y , Shimotani
K, Nakai K, Furuichi T, Takebayashi K , Sugimoto T ,
Sano Si, Suwastika I, Fukusaki E, Yoshioka H, Nakahira
Y, Shina T (2013) Chloroplast-mediated activation of plant
immune signalling in Arabidopsis. Nature Communications 7:
293-296.

Pieterse CM, Leon-Reyes, Van der Ent AS and Van Wees
SCM (2009) Networking by small-molecules hormones in
plant immunity. Nature Chemical Biology 5: 308-316.
Poland JA, Balint-Kurti PJ, Wisser RJ, Pratt RC, and
Nelson RJ (2009) Shades of gray: the world of quantitative
disease resistance. Trends Plant Science 14:1360-1385.

Qi X, Niks R E, Stam P and Lindhout P (1998)
Identification of QTLs for partial resistance to leaf rust
(Puccinia hordei) in barley. Theoretical and Applied
Genetics 96: 1205-1215.

Rudd S (2003) Expressed sequence tags: alternative or
complement to whole genome sequences. Trends Plant
Science 8:321-9.

Rojas CM, Senthil-Kumar M, Tzin V and Mysore KS
(2014) Regulation of primary plant metabolism during
plant pathogen interactions and its contribution to plant
defense. Plant science 5:1-12.

Romeis T (2001) Protein kinases in the plant defence
response. Current Opinion in Plant Biology 4:407-414.
Singh KB, Foley RC and sanchez LO (2002) Transcription
factors in Plant defense and stress responses. Plant
Biology 5:430-436.


http://www.febs.org/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2415747
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2415747
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2415747
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjjj6ShmN3NAhVDvhQKHUQnCTUQFggeMAA&url=http%3A%2F%2Fmmbr.asm.org%2F&usg=AFQjCNHj2Q9gWne7Fvlgq3wGOXlWDcl48Q&sig2=6GSR57-6DLEH2hcnU5ABnw
http://www.intechopen.com/books/editor/abiotic-stress-plant-responses-and-applications-in-agriculture
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gaestel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19483709
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kotlyarov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19483709
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kracht%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19483709
http://www.ncbi.nlm.nih.gov/pubmed/19483709?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lahiry%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20019687
http://www.ncbi.nlm.nih.gov/pubmed/?term=Torkamani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20019687
http://www.ncbi.nlm.nih.gov/pubmed/?term=Schork%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=20019687
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hegele%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=20019687
http://www.ncbi.nlm.nih.gov/pubmed/20019687?dopt=Abstract
http://academic.research.microsoft.com/Journal/9373/theor-appl-genet-theoretical-and-applied-genetics
http://academic.research.microsoft.com/Journal/9373/theor-appl-genet-theoretical-and-applied-genetics
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-1
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-2
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-3
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-4
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-5
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-6
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-7
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-8
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-9
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-10
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-11
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-12
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-14
http://www.nature.com/ncomms/journal/v3/n6/full/ncomms1926.html#auth-15
http://www.cell.com/trends/plant-science/issue?pii=S1360-1385%2800%29X0077-5
http://academic.research.microsoft.com/Journal/9373/theor-appl-genet-theoretical-and-applied-genetics
http://academic.research.microsoft.com/Journal/9373/theor-appl-genet-theoretical-and-applied-genetics
https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html

[ Downloaded from mg.genetics.ir on 2026-07-06 ]

[ DOR: 20.1001.1.20084439.1396.12.3.10.4 ]

OL8es 5 oLl el e 4l

e (Um0 cwslio b b o GBQTL (58 Sos 4 3285

Singh VK, Singh AK, Chand R And Kushwaha C (2011)
role of Bioanformatics in agriculture and sustainable
development. International Journal of Bioinformatics
Research 3: 221-226.

Shah, J 2005 Lipids, Lipases, and Lipid-Modifying
Enzymes in Plant Disease Resistance Annual Review of
Phytopathology 43: 229-260.

Schulze- Lefert p and Panstruga R (2011) A molecular
evolutionary concept connecting nonhost resistance,
pathogen host range, and pathogen speciation. Trends
Plant Science 16: 117-125.

Senthi-Kumar M and Mysore KS (2013) Nonhost
resistance against bacterial pathogens: Retrospectives and
prospects. Annu Rev Phytopathology 51:407-427.

Snider J, Thibault G and Houry WA (2008) The AAA+
superfamily of functionally diverse proteins. Genome
Biology 9:1-9.

Vega-Arreguin J C, Jalloh A, Bos JI, and Moffett P (2014)
Recognition of an Avr3 a homologue plays a major role in
mediating nonhost resistance to Phytophthora capasici in
Nicotiana species. Molecular Plant-Microbe Interaction
27: 770-780.

Vera-Estrella R, Barkla BJ, Higgins VJ & Blumwald E
(1994) Plant Defense Response to Fungal Pathogens
(Activation of Host-Plasma Membrane H+-ATPase by
Elicitor-Induced Enzyme Dephosphorylation.  Plant
Physiology 104: 209-215.

Woloshen V, Huang S and Li X (2011) RNA-Binding
Proteins in Plant Immunity. Journal of Pathogens 2011: 1-
11.

Young ND (1996) QTL mapping and quantitative disease
resistance in plants. Annual Review of Phytopathology
34: 479-501.

AP 5l 1Y o lois [n203190 0590 /(1 a5 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1396.12.3.10.4
http://mg.genetics.ir/article-1-1503-fa.html
http://www.tcpdf.org

