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Figure 2. Electrophoresis on 1.2% agarose gel for cDNA-
PCR products of amplified chitinase (up) and actin genes
(down). M= Molecular weight marker 100 bp, ladder, lanes
1& 2= non-transformed chickpea plants, lanes 3-8=
Transgenic chickpea plants, w-= water sample (negative
control, DNA free sample), pls+= positive control (pGIIvst-
Chit plasmid).
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Figure 1. Electrophoresis on 1.2% agarose gel for PCR
products of the chitinase (up) and bar gene (down) derived
from Ts chickpea transgenic plants. M= Molecular weight
marker 100 bp ladder, Lanes 1& 2= non-transformed
chickpea plants, Lanes 3-8= Transgenic chickpea plants, w-
= water sample (negative control, DNA free sample), plst=
positive control (pGlIvst-Chit plasmid).
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Figure 3. DNA hybridization on nylon membrane using non-
radioactive labeled probe. M= labeled molecular weight
marker, lanes 1 & 2= non-transformed chickpea plants, lanes
3 & 4= transgenic chickpea plants, pls+= positive control.
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Figure 4. Chickpea leaf painting test with 600 mg/l PPT: (A) transgenic chickpea leaf resistant to PPT, (B) Susceptible non-

transformed chickpea leaf sensitive to PPT.
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Figure 5. Efficacy of Chitinase gene in the germination of F. oxysporum {f. sp. ciceris conidial spores. (A) Mycelium growth in
liquid PDA, (B) mycelium growth in extract from non-transformed chickpea plant, (C) slide from Fusarium colony grown on
solid PDA, (D) mycelium growth inhibition in extract from transgenic chickpea plant.
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Figure 6. Formation of Fusarium colonies after treatment with plant extracts and inoculation on PDA medium. (A) spores
incubated in liquid PDA, (B) spores incubated in extract from non-transformed chickpea plants, (C) spores incubated in extract
from transgenic chickpea plants.

0o aad) dllia o WS ccbasill sda Gy gaaill by Bl LBl
Lyl daiiall bl a3 88 ¢ skl a8 cdle Jualad) o2
o cagla) ol cdadiyal Bl Gilagy Jaad Cuny &)l Luigl Bus Loy ol A o Joaally Slall zY) dee illam

ebie ol calll cagl b oLl b ol hl Cilial) Aadlay Afull agplall d chaaill (e bl Al e ddailadl)
les asdl Cue bl Al duavigh Cae L 355 . lgaales L )

151 Arab J. Pl Prot. Vol. 35, No. 3 (2017)



Ly of (Sa sxie heterochromatin (pliia (yilag S sf DNA Al
b Asall et B 5i5al) (HAY) dagall dalall e LA ysall Jae
padiusall JY) alladl (S dus L JAaY) aBge (8 8)sall s 220
T- ) Aakd e ST f it dany of Jhll osatll dilee 3
& st o oS Gl sdag . aall o 4 adsall 8 DNA
Byilae h)SS chead to tail Jsd ) (ul) ddbide Catl i adsall 128
031138 el LS IS A ) i o o AL o)
(24) Ejsad) yuai (e Limbiic Sligine

U gl 2ae 3aas A DNA I uags i) aasind Lo
3 Lagy img lall ol donaill G &y ae el il
lo dhani G dlide Gl dews o e pdiy Cas
S i gl ae e e P e Jiiy ais/alblas
e A (Al L e alieY) duald) cilsiadl DA 5. cll)
i) ol Shsadoll Juladl Jelall a5 clall Alginall gl
quantitative PCR oIl Shadsll Jelis 4 real time PCR
cagill a DU sgally gl Jig Wb dakll s3a i «(PCR)
dala Yy (DNA I (e ALl 0] 7l Lol LS coaail) dasylally
Lozl aladin) gl Lgamgy silusall jumad o ClariVl aagll doleal
s YV sl el dipha 8 Gl ) dila) L Jall dle]
Oudin (0S5 LY hsl) aisall e (B g B30 2gag pe IS
Aglas Lol Fast 220 Adjee 8 Aaphll o2 Crexdinl skl
Hy 5y5aully Hagudl Jodlly Lisall Jsd (0 IS (& PCR Ak
ULl caielly cilaanalls ohadlls 505 aally il Jajadly il
.(7)

g Tt 8 LS j0al) 50 Bala) Ayl il < el
Ol paldiue A F. oxysporum f. sp. ciceris il t\}.}\
e AEal Cjariad) e mlias) G Ly Aaeall il
bl Glhariie jehai adeg deln 48 2 liall PDA - Cutivs
Ji Ay il Lyl WS L paltieal dadldl GLLY) e
ok glad il 8 Ly Aaedl e paeall @il paliiud
Clgall 238 Jia o panall slginl ) Gy (gHas calysdl
A Ol jasivall 330 aliadl A aalu @3 e ek IS0
gl s il ddee e i Algtiall Ljsall Sgay (S
il lly HUSslally SLasH cilfyge a3 (22) 093l Shahid
Wy539 paeall G shall aliadl RIP dagisull dladial)
Dhill e il GSSUY) dadl o) Gl daglie e b
g oSS0k iyl e Ascochyta rabiei

Jeadl) Sl mid Lel)) e Jaad gild Ly Alsedl clolal
(16) clmyadll 5l cpiall dagle sl lie) cland

Al @l bl dgjall Gbsall Jla) dudass alall 2=,
cblall e chlas¥l (e degana eha) Go 2 Y ( Ahsll jusanll
oo haS ase Jawt Ll sty llg cnlaill sl e caas
casinll & Bl Jsda alsal bt lgcany (o Al YL
By A o (goad Al AL et (e s of aaw UL
e WSl clss ) daall e Jle gsiay iy Bsall e
Cali) A UL Ga SO (e s el 138 e el
Oe Aluds ehial pa¥) 138 Callaing lgugas Y 1 ellig 2)gal L)
+(5) Adhslls Ledaally dualall Jallacl

O dayehaally Dl oY) elal Auball s2a Pla
il yaall Ao glad) dba ias ) 5L 4550 gy sSaie Cag )l
ClaeY) and doglial dba mia S bar Ejsally skl
Uazs e &g phosphinothricin (glufosinate ammonium)
oda dafy i LWhy Jadll (aesll T5 Jall 40 clils
Aalug Hyidall clbilall 3 oifipsall oila agas aSE l)laay)
O b Lahiind e Jy Lae PCR Shaadsall dusduid) Je il
Gl giall o el llall cie Uil LS (8psad) bl
GV MRNA Jsepl) canl) (gosill Gl e Caill PlA e
L)ypall DNA Al (ayed pae by 5LaS 854 o el
pre- Fill Jdile dlsye & (silencing) aldY!  duleal
Hyeall (1 Busg A3 dgag e AS) S WS transcription
obas) dhlug il Gaeall Glils pae (4 LS dlgl)
AeaD gl (myas Ldlaial (e iy 53) 5aY) DNA I s
@A ?:’J".&\ JSE axe g post-transcription gl aaile dls e
La 5HLEY) jaat el e € 230 Jods Jla 3 &5sall 4] Ll
A. btumefaciens L 5SH alaaialy W)y cilae 38 < blall oda of )
Clall sl gl sae Al s Ayl ooy Ja) dlee  dass S
.(17) biolistic sl Cuall dasylay cuiyei L 13)

Gl gall jual (Sgise (B QLAY # s Y Laal sac Slla
Y Algaiall & jeall g aae e L Alaead) cbilall S o
Lol ¢Aliise gous Bang sl ssatl) Laylay Algiial) clfysal) a3
A. tumefaciens LySil \glan ) T-DNA J) dakad (0 o) &
& Bysd) oda Joaa ey cnlall Glipa o Aadide pilge )
Laie (dlads fuw dzlaie 223 lly euchromatin Giileg Ssy dakaie
1 8 Byslaall il sall daliiall Judlodly Algiial) &y5a)l il 8
bS5 dikie 0e cuf JSE Bpeall Joda vie Ll L sl adsal

(2017) 3 230 (35 alaa ol ) clll) 4By Al 152



Lyse a3 Lgea Jsb by joght IS L(6) shadll daglie
Laagowpll ddadiall ulisg pll @llyse ae eldgaldl) (o chi Ll
O e CRIT Haas) &y50 caaiind WS (17) Luddl (g RIP
Chit33 ysall Cajglal .(26) shaill daslia yund il jglail
Siall Cual)laall Talias Ualis canola YeilS cilils ) Lelas vie
Clajall aan (el Cus (Sclerotinia sclerotiorum sax)
Colat 8 ellyy Ty Alaee e s ae A5laa N (gina J<
.(detached leaf) 4 gntall 43 )4l

Wjueds Chit30 &5l o dalee zlas uhall 238 cadl
Gl o (desi haall) ansll Sl asis 3 Ly
(=Sl geasilly PCR ) Jelis Jia gk Bae alasiuly ey ¢ sl
Lysall 50 Lopdiall Audyall cujelal L& DNA I (piagis RT-PCR
comnall o aga ol b plod gas danin A 5l

Aanad) Yl il il (e AN g ) (aliiie aadin
Dhill AeChit30 &jpall jshall sloadll il dus b Ly,
pstbusa sai Jaaits iV o Uainl Cus Trichoderma harzianum
16 58 D& slaall Ll ddaadle oKal 285 . 5LLY) 3 il
Luhy (Sa A sl 8 4l el g b cilalaall (ge Aol
(13) 2elu30-24 2xp il

& reverse transcription uSall il dayla Cueadi)
faglie Gaeal) (o bl (e aacill LA E)sall el (ol Al
(1) Abs (gaTs LEEUY) daall
Ge el 8 La E sl Jlaa) ) aluball e aal) @l
il e Jganll &5 s ¢ ohaill lgnaglia el Al glsy)
vie ehadll dagladdl jaty ¢(25) ool Gaall daglia adiifi S
Jaals elldg (19) ¥ (S Jlally (15) Ll ¢(28) il
5y lls sk 5 LS50 lyaas N ROC2 LA &g
-(9) RC7 sl &)90 ddabuiss Rhizoctonia solani ykill daglaa
a5 cbls skl Al Bped e CTST SLash &l e

Abstract
Khatib, F., B. Al Askar, N. Al Skhny and M. Baum. 2017. Molecular and functional assessment of a Chitinase gene in
chickpea. Arab Journal of Plant Protection, 35(3): 145-154.

To improve resistance of chickpea against a number of fungal diseases, a chitinase gene was introduced and tested for its antifungal
activity. The present study confirmed the integration of the antifungal chitinase gene in chickpea plants using PCR with specific primers, gene
expression using reverse transcription (RT-PCR) and the number of transferred DNA fragments through DNA hybridization. Conidial spores
of Fusarium oxysporum f. sp. ciceris were treated in transgenic plant extracts for functional assessment. Electrophoresis of PCR products
confirmed the integration and stability of chitinase gene in chickpea progeny in subsequent generations. The chitinase gene was transcribed
successfully into mRNA and no pre-transcription silencing was reported. Only one T-DNA copy was identified in the transgenic plants which
enhanced the transgene expression and reduced the possibilities of gene silencing. Chitinase enzyme exhibited an antifungal effect through the

inhibition of conidial spores germination and drastically reduced the number of Fusarium colonies on PDA medium.

Keywords: PCR, RT-PCR, DNA hybridization, Fusarium wilt
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