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Figure 1. Gene expression of Snakin2 in comparison with the housekeeping gene as an internal control for resistant
and susceptible genotypes over the time course of infection with A. rabiei isolate. Diferent letters indicate signifcant
diferences based on Duncan’s test (P<0.01) (n=3)
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Figure 2. Gene expression of AFP-ca in comparison with the housekeeping gene as an internal control for resistant
and susceptible genotypes over the time course of infection with A. rabiei isolate. Diferent letters indicate signifcant
diferences based on Duncan’s test (P<0.01) (n=3)

<l PGIP sloyys il u“’l‘ Ag) ‘gs;}d‘il‘ 5l o
ol 3 sl e Gl LS 3 S ynte LolSS slite
i olas w8y 53 PGIP 55 ol & 45 aseie adllas
oles 1 999 YL baglej ples ) ol pylie 15) )3 Lol 55
Olie e 4 pglie 08y )3 (Siale Jl L celu YA
93 2 0f ol B gl loj cnl 5> dew) 255
o el FA 5l e g 00,5 odalin polie 5 (ol
203 ol ol Gl 5 <t ly SSU JialS (jale
PGIP (5 (¥ JS) 352 o (ogSae polie 9 (ol o5,
L Lgw oS PGIP 15 b cassdlSs /VY alis ol
Cangliio cesly 4 Cawl (NPOOL304551) s yiwd oloss
b Gais el 3556 PGIP L(V+) 39300 bag )8 als
ol Lo ¢ 5)b sa5eilSs 4lis VY Ly oLSPGIP
cblis Jlg s Lig pByl 3 PVPGIP2 5 ol oS

(17) 3o ) i 025

0355 o sl yiig o)ly’l& 5| PGIP O (o Olﬁ

il oam edd el gley VO jlgyesYE L
Bl 9 Sy ) Sl @M Sbml 5 B Ggmailuwge
@ pSile duslio glS &5 CO5 H18 ()0 3)90 3950
sloojl > 0f ol ol s a5 b L (SOl b,
ool Al el B! S,0S b dilike il
iy Cuol odd ol L ¥ JSS a5 b len
ol & 8l GalEl ol ol adgl cole o pglie
395 gl 4 Siale g celo YA loj 53 ply il
5\0.%‘;&1,»‘\95VY)JQQQI#QB\W9W}
lopSile duolie dons (W JS3) <l ials Siale
c)ls UWL‘“’S‘*’ @.o.l.: )'l Jx PGIP u) UL.: a5 sl UL....»
sl Q‘},,a Oy i ‘Lg}d%Lo 5l o el FA ‘_')Lo)' 5
L)“’L» w..é) ) Cawl 0445 03> UL»J Y JSAA) Jel oS )9]4)@
il glagle; )3 9 39 (Wb Lws ©Gjgo 4 ol ol


http://dx.doi.org/10.52547/jcb.13.38.169
https://jcb.sanru.ac.ir/article-1-1237-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.169 |

WY

» Ol e
%)
N W

b

—
h

A

O o O

=i 2956 ol )0 (5355, lew 4 Cuoglie slagyi 3l (S ol

— R esistant
—— Sensitive

0 H 6 H 12 H

(h)

24 H 48 H 72 H 96 H

o)

Se2) @8 Sile Jl i elas g pglie slacgsy 3 I JpS plgie 4 Jbals (] 4 cans PGIP 15 ol (69801 =Y JSs
(13l g +/+V Jloin] gans 5> 5S> 905 Aoy 4 (gyld gime IS odimd L gl
Figure 3. Gene expression of PGIP in comparison with the housekeeping gene as an internal control for resistant and
susceptible genotypes over the time course of infection with A. rabiei isolate. Diferent letters indicate signifcant
diferences based on Duncan’s test (P<0.01) (n=3)

5 polie 18y 93 ) (KBgw lew Jlie )3 3955 olS
Protein with leucine 5 sle oo &5 2l L5 [ulus
Ascochyta blight  Sisgw (gylew 0l ,d 34 Zipper
05ily Syl odiad i 45T Wb o il 5,8 e )8
Ascochyta  (gjlew wly 0 2950 3l glds o EST 4l

(V) 35l caillas iglefl ol gl b a5 w5l blight

4 a
3.5
3
X s
.'_) o
3 =
e 1.5
L 3
13 0.5
0

Protein with leucine zipper .5 ol oo duslio

Capd Cld 518 (53j5 0 oo coT olS o5 Ll
5 (FLIP 03-135C)  plus cuigis 50 50 Jloy laslyds o
o) ole Oliwe &S ?Is olis (FLIP 00-40C) s450 pglao
5 gy olilojl 8l (Rl cgl 9> ol o
g b s ye EST aw Jlow g 4525 )3 (V++0) S

—_—— Rrsistant
—— Sensitive

24 H 48 H 72 H 96 H
(h)oks

dx olaes g polie slacuigsy o (B J S glgie 4 sl 5 4 cows Protein with leucine zipper (5 ol oS- IS5
(sbge +/+) Jlois) gaw )3 (S5 (yg05] dliwg 4 (6l e OS] oaimd Ui Cglite iy ) 2,6 Jjeule ;|
Figure 4. Gene expression of Protein with leucine zipper in comparison with the housekeeping gene as an internal
control for resistant and susceptible genotypes over the time course of infection with A. rabiei isolate. Diferent letters
show signifcant diferences based on Duncan’s test (P<0.01) (n=3)

Sl Sjabe il G celo YW U YY floj o Slo wlyuss
oley (sodimd i Glpss B9, cpl Canl (S 138 o
OSly o)) (omgig) Sy e 9 (Pl el
o Ad5S )0 Bl cuie ey Arabiel 4 el
Wb 5 gles , ICC3996 pslie o3y 5 sl ol
odimd i &S ol ol odalie Siale | ax el
FLIPO4- [ulus 08) 4 Comd 0joil Samw paredd
&S Col sdd esuie (M) AL . Lasseter 4 508C
b duslio )5 plio pB) 5 gld b laye (logy oo ol

= o Jlse adlas )50 > ook LIS

9 (F) 55 <SS Oygo 4 op Acrabiei 4 (uSly > 2950
5 (V) o685 Lobie 3 CDNA &))l5) bug 55 iz oo
(YY) aoy cdaw 5> 4l)] 2y owiomen 9 (Y+) GRT-PCR |,
P o) ok e golhw sxmdlis aS o)l 2439
Ol eimed 5 03 Siale J am cilise clagle
ol Olise > SMS] ulus g polia pB)] (y &S 23 0o
4 bgye CONA oS 1658 sdalie dsd ;0 0l 2959
3 =i B 9 3555 CONA &lols” jl ond a8 )5 5 AV
ol ST Nede ply (Slite yobo @ il lagle;


http://dx.doi.org/10.52547/jcb.13.38.169
https://jcb.sanru.ac.ir/article-1-1237-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.169 |

Wa

s 555 S8 ilowr ol JpSge S 5 b S0
@l gy sp5s &S cwl e ol clidss IS
b isly > plej o Wlgie o 03g (ol punilSs
Coglio el lagulSe nl 5 005 Jib A, rabiei SS9l
) U Oygo 4 L@{‘ ).01.19 AW .)I)J LsaoLa.ao‘).‘&
5 S (£ laguslSe I (slasgacme &dly ) (V)
S23580 Solew Jele )8 ply 53 3955 Caoglio )3 3929
0 b g Copw Jy ) 3929 polie 5 s
Sglite ;15 b wlu g polie glgl o (o> LS 5
reslSe Gyb 1 CLS 5 ol o5 o sl (S
<\lﬁ.~a9 LY u,ul.uo dl.mctu)b P oy ‘OLB ujl.))w.o.m
oatie MalSy Asl g Yl Siglon s by (gladls
Gl S0 s 45 A, rabiei ool & cul oad
I (Folite golaw &5 i slaai)ly b sitn Sl )lon
OB dhwy & & (D5 Gl 1 G5 anl
e o dlu] Ascochyta rabiei [pass] labar c3q,55,55
Sl )0 258 Mgl g cuiS glrodiS dguze 3l (S
Job colas] ST ags il 3> o ol ol
JysS bl g PCR STy ity byl ccamlio askad
4 by cldlas jI glaw cwl pY culie B
Jgel 0F ol 2 gblS > 5 g s bl
@ (poie ySwily) Cudgiy) Clllae diej cpl > Ml
(VF) 0103, a8 ol 25 (slagesly | oy 5 )
B o)l gye slagi b of lojen ot 4 5L (5 ol
ply JUS] plw )3 i £95 p2 45 398 ol (Lol
@9 Ml gl Nl Olie 2 e Sl Sae )
oy e o baye baises RNA clale ol
Gyl diges o s S 9 RNA islejl (cladiges
OSes gl (o g9 & L2 e Sl 4 ()90
s RNA g5lwodlel cop5lel dlge curs o jlude ;o ol
S byl @glis byl 3l 33, s CDNA

2 556y Goles 45 3> L QRT-PCR oS 3,1
Sl @ el Cuglio 3 15 lap] gl o5
yge 4 gl 28 gl plo g 039 S (5256
ok Giulejl pl b ol 4Bl ux Guals b ol5el
b bsye o) gl )l 5l 3956 slacas) gle o b
Slow a4 (Sl lulyd )5 (53550 solen 4 cueglie
Db gyl Jlp kb 4 Cens (5356
ol S} bwg agylen 4 (LS Cuglio b comlus
gl sy S5 jop el g 0ad s Slow 9 (ljee
a8 ol o Wgdign (ST ale liosi 5 (Sei
Jib (b laisSly dbe Wb pé g Jlb ©p9e0
3956 9 g9y ljee bawg (Pl Al I pw
el o5 Wb Jlb et g Jlb gl g5 93 Iy
@ B o g jpl bug adgl (Sogl 5l 6ol
(A) 35500 039 4l LI el Jskes

Voo ol IYA oyleis /pma).uu Jw /u,c‘))' oblS Mol doliingly

ol &S Sy Sl 4 plply 5 03g i elus pB)
(¥+) 58 A. rabiei g5 4 coglis b bl 5 b
» A rabiei & coglie Jlasl 5 (ool sl

A o uL»J Jf 5 aS Wlowws ad b caliseo dhwy)
Slcas) ) Db JpS 0 (i by Cuglie
eyl 4 o b ol ol cwl (Sen ol
Co T gl San Sl b g 18l S polie
polie n8) b g 035 13U o sl 5l pdm &8 ALSL Ll
sy )] Q;] &S Jwb ro.a.‘a.u U) :_i., dl)b Cawl ,io.c
OSee Grizme (A) LS J S ]y Cueglie (slagy 1 ool
oS Sy U8 hesiiS ot by sy clacyg ol
Canglia el (B3 o3l (sl cadled ) cunlos |
15 5,1 ol edss i 45 SIRNA Loy | 5 Sgds
8y > Mo (F) WS Joo (ungiy) Sl (pBgels paw
PRP 5 SNAKINZ (o ol ialiil 3956 Lol
buwg odigd oS SIRNA (shaasus Gl ) cul USM
o5 ol olss LY j1L(A) 3,5 &jge ulus sl Y]
Bl g walisee clalo; 4o polis o (wlus cudgil
& b ljlow a0 2)6 (glaygsdl Gl |
Llg oo 395l 9 310K S 38l pasuis (g9, Ly e
bl a8 L 1 olS il el slapunlSa
polde lws g pglio 5 wlus 08y (b (I oLy BB
(Ve) 33,5 &ly dde polie pudbpy Sl 3 Ml e
P dlge ki olo o Cldles 5 Sl g5 U
WS SaS el claisSly Sy 4 JoSlse g
& .\3193’@ 395:.3 ) S5 L;Lmdcwb UL., L59§J| Slalas
Lol gl & 2bo) @lolis 3)90 > LI 5 383 ©)9e
390 > Ylainl fuioman 5 A8 (o0 i (5L ,wL Cod
Ceoglio b Comlus By ploie 4 Ailg o o) I (oim
() 558 5 oslitl 350 a8 slocdl 5 b Jsh
Ol ilizes zolaw &5 amd o0 (L5 485 plosl (gl o)
U (imen g 03g) (Situle | calise glagle; 55 (o
3539 ol Oliee > BOMB! olus 5 polie plB)l o aS 2l
Cels YA B WY by o i ol Ol i cush
3985 (loj oM (pSke oS LB Oygo Sjle Sl m
cel oS cuwl JSw oyl us b 5 o5sl
o L;Lm&:.f}'”i Fow g HR L5'Li>'J| ¢}§|Aﬁ.~u§| dlmui;.:fb
slaoi gl @ bape Ko Slllas (A) 29800 (2B
YA 2 05 ole @i Sl 35 il odgll I ey 2
Sladllas (VYY) ol olis 1y (gl 039l 51 e Jol caslo
2 ol gbs b b o) plo gdaw 45 038 ol
s olus pB)l b duslie ) polie a1 1> 395k plp
PB4 G ol pB)] 5 (el sla STy 5 A3l o
oL @l IS ok 4 (YA) S oo oo a5 4 pylio
» by ol ey Arabiel 4 s sla (i8] &S ol
oy as Oygo 4 S39] j an Ldlise ol
= STy 350 0 SleMbl ados pl 005 0 G ygo
Sl o SleMbl oyl g o3ls o 4 AL rabiei Jlis ;5 3450


http://dx.doi.org/10.52547/jcb.13.38.169
https://jcb.sanru.ac.ir/article-1-1237-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.169 |

\\2d

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.
21,
22,

23.

=3 2955 0l 10 (3355 )l 4 Ceoglie slagy) Sl (S ol (o)

FL%)
Afzal, R., S.H. Marashi, N. Moshtaghi and H. Kavousi. 2014. Gene expression profiling of chitinase
and B-1, 3 glucanase in chickpea infected by Ascochyta blight. Iranian Journal of Pulses Research, 1:
151-158 (In Persian).
Balaji, V., G. Sessa and C.D. Smart. 2011. Silencing of host basal defense response-related gene
expression increases susceptibility of Nicotiana benthamiana to Clavibacter michiganensis subsp.
michiganensis. Phytopathology, 101: 349-357.
Balaji, V. and C.D. Smart. 2012. Over-expression of snakin-2 and extensin-like protein genes
restricts pathogen invasiveness and enhances tolerance to Clavibacter michiganensis subsp.
michiganensis in transgenic tomato (Solanum lycopersicum). Transgenic Research, 21: 23-37.
Bartel, D.P. 2004. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell. 116: 281-297.
Berrocal-Lobo, M., A. Segura, M. Moreno, G. Lopez, F. Garcia-Olmedo and A. Molina. 2002.
Snakin-2, an antimicrobial peptide from potato whose gene is locally induced by wounding and
responds to pathogen infection. Plant Physiology, 128: 951-961.
Coram, T.E. and E.C. Pang. 2005. Isolation and analysis of candidate ascochyta blight defence genes
in chickpea. Part I. Generation and analysis of an expressed sequence tag (EST) library.
Physiological and Molecular Plant Pathology, 66(5): 192-200.
Coram, T. E. and E.C. Pang. 2005. Isolation and analysis of candidate ascochyta blight defence genes
in chickpea. Part Il. Microarray expression analysis of putative defence-related ESTs. Physiological
and Molecular Plant Pathology, 66(5): 201-210.
Coram, T.E. and E.C. Pang. 2006. Expression profiling of chickpea genes differentially regulated
during a resistance response to Ascochyta rabiei. Plant Biotechnology Journal, 4(6): 647-666.
Davar, R., R. Darvishzadeh and A. Majd 2013. Changes in antioxidant systems in sunflower partial
resistant and susceptible lines as affected by Sclerotinia sclerotiorum. Biologia, 68(5): 821-829.
D'Ovidio, R., S. Roberti, M.D. Giovanni, C. Capodicasa, M. Melaragni and L. Sella. 2006. The
characterization of the soybean polygalacturonaseinhibiting proteins (Pgip) gene family reveals that a
single member is responsible for the activity detected in soybean tissues. Planta, 224: 633-645.
ICARDA. 2000. Gene-pyramiding to control Ascochyta blight of chickpea. in: ICARDA Annual
Report. Aleppo, Syria, pp: 45-47.
FAO. 2017. FAOSTAT database results from FAO website. Rome: Food and Agriculture
Organization of the United Nations.
Garcia-Brugger, A., O. Lamotte, E. Vandelle, S. Bourque, D. Lecourieux, B. Poinssot and A. Pugin.
2006. Early signaling events induced by elicitors of plant defenses. Molecular Plant-Microbe
Interactions, 19(7): 711-724.
Graham, J.H. and M.E. Myers. 2011. Soil application of SAR inducers imidacloprid, thiamethoxam,
and acibenzolar-S-methyl for citrus canker control in young grapefruit trees. Plant Disease, 95(6):
725-728.
Hasanian, S., O. Sofalian, N. Zare, A. Tarinejad, M. Davari and A. Pirzad. 2020. Evaluating
resistance to Ascochyta blight in some chickpea genotypes and its impact on antioxidant enzymes
activities, containing of Proline and carbohydrate. Plant Protection, 43(2): 19-33 (In Persian).
Kanouni, H., A.R. Taleei, R.S. Malhotra, S.A. Peyghambari, S.M. Okhovat and H.G. Khaligh. 2010.
Genetics of ascochyta blight resistance in chickpea. Iranian Journal of Field Crop Science, 41 (2):
365-374 (In Persian).
Karri, V. and K.P. Bharadwaja. 2013. Tandem combination of Trigonella foenumgraecum defensin
(Tfgd2) and Raphanus sativus antifungal protein (RsAFP2) generates a more potent antifungal
protein. Functional and Integrative Genomics, 13(4): 435-443.
Kaur, J., M. Thokala, A. Robert-Seilaniantz, P. Zhao, H. Peyret, H. Berg and D. Shah. 2012.
Subcellular targeting of an evolutionarily conserved plant defensin MtDef4. 2 determines the
outcome of plant—pathogen interaction in transgenic Arabidopsis. Molecular Plant Pathology, 13(9):
1032-1046.
Kim, J., E. Bortz, H. Zhong, T. Leeuw, E. Leberer, A.K. Vershon and J.P. Hirsch. 2000. Localization
and signaling of G(beta) subunit Ste4p are controlled by a factor receptor and the a-specific protein
Asg7p. Molecular Cell Biology, 20(23): 8826-35
Leo, A.E., R. Ford and C.C. Linde. 2016. Genetic homogeneity of a recently introduced pathogen of
chickpea, Ascochyta rabiei, to Australia. Biological Invasions, 17: 609-623.
Livak, K.J. and T.D. Schmittgen. 2001. Analysis of relative gene expression data using real-time
quantitative PCR and the 2 — AACT Method. Methods, 25(4): 402-408.
Mahdavi Mashaki, K., A.A. Nasrollahnezhad Ghomi, M. Thudi, K. Zaynali Nezhad, A. Yamchi and
H. Soltanloo. 2019. Transcription Factors Evaluation in a Transcriptome Analysis on Chickpea
(Cicer arietinum L.) Under Drought Stress. Journal of Crop Breeding, 11(30): 133-141 (In Persian).
Moy, P., D. Qutob, B. Chapman, I. Atkinson and M. Gijzen. 2004. Patterns of gene expression upon
infection of soybean plants by Phytophthora sojae. Molecular Plant-Microbe Interactions, 17: 1051-
1062.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20J%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bortz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leeuw%20T%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leberer%20E%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vershon%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=11073983
http://dx.doi.org/10.52547/jcb.13.38.169
https://jcb.sanru.ac.ir/article-1-1237-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.169 |

A\\A

24,

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.
35.
36.
37.

38.

39.

Voo ol IYA oyleis /pﬁ))-uu Jw /u,c‘))' oblS Mol doliingly

Nicot, N., J. Hausman, L. Hoffmann and D. Evers. 2005. Housekeeping gene selection for real-time
RT-PCR normalization in potato during biotic and abiotic stress. Journal of Experimental Botany, 56
(421): 2907-2914

Nirnberg, D., D. Futterer, F. Niessen, N. Norgaard-Pedersen, C.J. Schubert, R.F. Spielhagen and M.
Wahsner. 1995. The depositional environment of the Laptev Sea continental margin; preliminiary
results from the R/V Polarstern ARK 1X-4 cruise. Polar Research, 14(1): 43-53.

Pande, S., K.H.M. Siddique, G.K. Kishore, B. Bayaa, P.M. Gaur, C.L.L. Gowda, T.W. Bretage and
J.H. Crouch. 2005. Ascochyta blight of chickpea (Cicer arietinum L.): a review of biology,
pathogenicity and disease management. Australian Journal of Agricultural Research, 56: 317-332.
Pandey, P., V. lrulappan, M. Bagavathiannan and M. Kumar. 2017. Impact of combined abiotic and
biotic stresses on plant growth and avenues for crop improvement by exploiting physio-
morphological traits. Frontiers in Plant Science, 8(537): 1-15.

Porto, W.F. and O.L. Franco. 2013. Theoretical structural insights into the snakin/gasa family.
Peptides, 44: 163-167.

Rao, L.S., U.P. Ran, P.S. Deshmukh, P.A. Kumar and S.K. Panguluri. 2007. RAPD and ISSR
fingerprinting in cultivated chickpea (Cicer arietinum L.) and its wild progenitor Cicer reticulatum
Ladizinsky. Genetic Resources and Crop Evolution, 54: 1235-1244,

Rea, G., O. Metoui, A. Infantino, R. Federico and R. Angelini. 2002. Copper amine oxidase
expression in defense responses to wounding and Ascochyta rabiei invasion. Plant Physiology, 128:
865-875.

Sabokbari Abarghan, M., K. Zaynali Nezhad, E. Ebrahimie and H. Soltanloo. 2020. Identification of
Pathways and Candidate Genes Associated with Resistance to Ascochyta Blight in a Mutant
Chickpea Variety using RNA-Seq Analysis. Journal of Crop Breeding, 12(33): 69-75 (In Persian).
Santra, D.K., M. Tekeoglu, M. Ratnaparkhe, W.J. Kaiser and F.J. Muehlbauer. 2000. Identification
and mapping of QTLs conferring resistance to Ascochyta blight in chickpea. Crop Science, 40: 1606-
1612

Santra, S., P. Zhang, K. Wang, R. Tapec and W. Tan. 2001. Conjugation of biomolecules with
luminophore-doped silica nanoparticles for photostable biomarkers. Analytical Chemistry, 73(20):
4988-4993.

Singh, K.B. and M.V. Reddy. 1983. Inheritance of resistance to Ascochyta blight in chickpea. Crop
Science, 23: 9-10.

Thakur, M. and B.S. Sohal. 2013. Role of elicitors in inducing resistance in plants against pathogen
infection: a review. ISRN Biochemistry, 2013: 1-10.

Tekeoglu, M., D.K. Santra, W.J. Kaiser and F.J. Muehlbauer. 2000. Ascochyta blight resistance
inheritance in three chickpea recombinant inbred line populations. Crop Science, 40: 1251-1256.
Tristan, E., T.E. Coram and E.C. Pang. 2005. Isolation and analysis of candidate ascochyta blight
defence genes in chickpea. Part Il. Microarray expression analysis of putative defence-related ESTs.
Physiological and Molecular Plant Pathology, 66: 201-210.

Udupa, S.M., F. Weigand, M.C. Saxena and G. Kahl. 1998. Genotyping with RAPD and
microsatellite markers resolves pathotype diversity in the ascochyta blight pathogen of chickpea.
Theoretical and Applied Genetics, 97: 299-307.

Varshney, R.K., C. Song, R.K. Saxena, S. Azam, S. Yu, A.G. Sharpe and T. Millan. 2013. Draft
genome sequence of chickpea (Cicer arietinum) provides a resource for trait improvement. Nature
Biotechnology, 31(3): 240- 246.


http://dx.doi.org/10.52547/jcb.13.38.169
https://jcb.sanru.ac.ir/article-1-1237-fa.html

[ Downloaded from jcb.sanru.ac.ir on 2026-04-25 ]

[ DOI: 10.52547/jch.13.38.169 |

Journal of Crop Breeding Vol. 13, No 38, Summer 2021 ..ot 178

Gene Expression Analysis of some Resistance Genes in Ascochyta Blight Infected
Chickpea (Cicer arietinum)

Samira Hasanian', Omid Sofalian? Naser Zare®, Alireza Tarinejad* and
Mahdi Davari®

1- PhD Student of Plant Breeding, Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili
2- Associate professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili (Corresponding author: sofalian@gmail.com)
3- Associate professor, Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili
4- Associate Professor, Department of Agricultural Biotechnology, Faculty of Agriculture, University of Azarbaijan
Shahid Madani
5- Associate Professor, Department of Plant Protection, Faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili
Received: April 4, 2021 Accepted: May 23, 2021

Abstract

The fungal disease, ascochyta blight, caused by Ascochyta rabiei is a major yield-limiting
factor of chickpea (Cicer arietinum L.) around the world. A clear understanding of the chickpea
defense mechanism against A. rabiei is very important for breeding resistant cultivars and better
management of this fungal disease. Induced resistance to a pathogen is one of the ways which
plants use against biotic stresses. This study was conducted in 2018 as a two-factor factorial
experiment (time-genotype) in a completely randomized design with three replications for each
of the selected times and the control plant in the laboratory of the Plant Breeding Department of
the Faculty of Agriculture, University of Mohaghegh Ardabili. In this study, AFP-ca, Protein
with leucine zipper, Snakin2, and PGIP genes were selected and plant responses to pathogen
were studied in two susceptible and resistant genotypes. The experimental system was
conducted in a greenhouse, for both inoculated and mock-inoculated plants a control plant with
three technical replicates. RNA extractions from FLIP00-40C (resistant) and FLIP03-135C
(sensitive) genotypes were performed using RNX-plus kit at 0, 6, 12, 24, 48, 72 and 96 hours
post inoculation (hpi) and also for mock-inoculated plants. The expression of these genes after
inoculation by Ascochyta rabiei was measured in susceptible and resistant plants via Real-Time
PCR. The results showed an increase in the expression level of all genes studied in this research
in resistant cultivar compared with susceptible cultivar. Results showed that the candidate gene
from the antimicrobial family (AFP-ca) was upregulated in resistant cultivar at early hours after
inoculation (6-24 hpi), and also for PGIP from galacturonase-inhibit protein family, the gene
was maximally expressed to early hours of inoculation to 48 hpi. In general, it can be concluded
that all genes studied in this research contribute to plant-pathogen interactions and all of them
may increase the resistance response to Ascochyta blight disease.

Keywords: Antimicrobial Peptides proteins, Biotic stresses, Chickpea bacterial blight, Defense
gene, Quantitative PCR, Real Time PCR
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