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Study of the role of the synthetic fungal pathogen inducible SP-DDEE
promoter for expression of resistant gene in Brassica napus

M. Moradyar', M. Motallebi", M.R. Zamani', and R. Aghazadeh'

(Received: 27.12.2015; Accepted: 8.2.2018)

Abstract

The expression of defensive genes from a promoter that is specifically activated in response to pathogen
invasion is highly desirable for engineering disease-resistant plants. In this study, chimeric chitinase gene
under the control of SP-DDEE pathogen inducible promoter transformed to the canola plants and these plants
were evaluated for their in vivo biocontrol potential against fungal pathogens. In this regard, three constructs,
pGDEC, pGMPC, pBISM2 containing synthetic promoters, SP-DDEE (two D and two E elements + minimal
promoter), SP-MP (minimal promoter), and the CaMV35S constitutive promoter, respectively were used.
Enzyme activity assay demonstrated that the synthetic pathogen-inducible promoter was responsive to the
Methyl jasmonate (MJ) elicitor, but not responsive to the salicylic acid. Moreover, results indicated that leaf
total protein from transgenic lines harboring the SP-DDEE promoter treated with MJ, inhibited the growth of
the fungal pathogens of Sclerotinia sclerotiorum and Rhizoctonia solani. Overall, data show that not only the
SP-DDEE synthetic promoter is highly responsive to MJ, as an important chemical signal in necrotrophic
pathogen defense, but the inducible expression of the chimeric chitinase gene, when controlled by the SP-
DDEE promoter, is also seems to be appropriate to increased resistance to fungal pathogens.

Keywords: Canola; Chimeric chitinase; Rhizoctonia solani; Sclerotinia sclerotiorum; Synthetic promoter

*Corresponding author’s E-mail: motalebi@nigeb.ac.ir
1. Plant Biotechnology Dept., National Institute of Genetic Engineering and Biotechnology (NIGEB), Tehran, I.R. of
Iran

232 Y'Y



YEO-YY) Y45 Jlu /¥ o lad / OF dla / aLE slas Lo

Serratia s ;SU 3| (ChBD) xS & Jlasl a>U Jlasl
Y SlsnS vl S 5 S slgsl 4 marcescens
a5 Job Sl e se T atroviride 55 (chitd2)
Gl las (4l US s ks Sl Ol o
Matroodi et al. ) d_& Chitd2 a Cord codsl s
(2013

S mign 53 305 ity 53 ;503 (S5
Sl i 5l s Sl 2l 55 Cuaslie s L OlLS
el 3 eslial Ll 3 s e oslimad 0315 Oly (sl sadls
35050 Solom 53 (g0l i 5 A Shals s 4 bl
5l oS U s Cins 0lalS sl 4 s X150
o—) (Hammond-Kosack &  Parker 2003)s, =
Solew U o deldl sla iy 5l eslinal Coenl E o0
P CNPPREEINIU RS IR RV
Ll S 15 aalllas 550 5 plelid Solen b Al
Gobs pa by ol Lol S s o DL L )
Al os Sl sess polal o sl glls 55l
S amen dns o 0L 555 5l Cilises SAS e
(GUIT & o 555 5 obin ilisn Ll 5 5 LT 0y
;31 Rushton 2005, Rushton et al. 2002, Venter 2007)
2 S jolie Jold o san gla ity M5 5,
Tl il (53,805 Ol g & il e ekl bl
(Salinas et al. 1992) s ;.

S ole 34 g el QLIS sdae Oladss
s in asl 5 W 58S D law s aib oylass
(Dey et al. 2015) b o s SHlko b s 0l b
S tin Sl Gla Bl 5ok 03 55 ol
Sla st L oS 5s (S ol nl Sl (o s
534 g osliwl (Minimal promoter) g iy |30
Rushton et al. 2002 Gurr & Rushton 2005)

Y'Y

PRV

Sl il 5 odas o5, e SO Ol 4 13I8
e 51 208 e slgslen 2520 L3 01l 5 L
R PR S PR R IV KIS COl [ R W
Sl s g 3 Sl s sla S 3T 5 s S
S oS glaay 3 osdle s Sole nl Lol
23 e 3 ASOMS e ey Jas  (g3uate s
L e Lo Sl 53 Cnslio sl o Ol b
e JUisl lal,y ol s (Limon & Codon 2004)
Lawl 5l ail aslis o= ol L5 0 OLLS & Conslis
i o sla Sl o)l ps bl 3 oS &S
sibes L5l.aa(,w-ﬂ «(Trudel & Asselin 1989)s ;15 ogs
L Jole S Olpe 4 Lol e ey nl s s &
3ok 53 5 o=l 3l Al e s LS
ol Bl 4 s5lns sl Jlasl (Dol lacali
s sl bl G oilin 3l G Ol 4
a8 Sesla sy LS sla Sl
.(Sharma et al. 2011 ).l
Slate lasbaS o5 a4 ol slaslns o nl 0o
sl 3l S s e el Sl Lo y3 sSG 5 i
Olals o 05 Jll glaasl 2 53 Canslin G0 edes
($al,lS ol o2 e (Lorito et al. 1998) kil
A3 s sae Trichoderma atroviride G)LB slasbas
chitin- binding domain (ChBD) . xS 4 Jlasl 4L
Sheslaral dias o OLAS sl fl‘?“;‘ GBI VIV-ERS I O
4 oee Ll e l@T@ChBDoU}.&U&:‘JJﬁ e
3 o5 Sodled (Rl enS e il e Jlal
3t Yo S S Sao S SIS e
sl olis e k>_l,.e Sl CL’ .(Limon et al. 2001)

233



v by 3@ SP-DDEE s gon iy 25 asdlan :01,50n 5 5400

S olS Sl e ge 31 (gLl O ples S
83 LT luaD) R solani U R2 wlix (s
oslit a5 g (Ulghool o olS2il> (o i 3 ol

A

o:%l:)}aﬂy‘,bw)\:

(Fermentas, Vilnius, da—od 51 s ol 5o
s gil—wal—as ¢l pJETIL.2 Lithuania)
cwsNLEL73D ,ole s3>) pGDDEE (sladaudl
(Matroodi et al. pBISM2 , (JBu> iy 4L
A eslenal alS Sl (U el gl 5 2013)
Olysld05 oS i b La o3l ol JI5 cpiomen
A el (O] Og0)

‘é\.g C_,:.LEU C..é-\.w} Wl s 6\#.1.'%‘;

J5 50585 8 (g dandly 5 055 DNA a5 |1
(i 3| pm2a (PCR) Slyacdy sl oo (2815 5,61
Sl s (5,80 sl 5 s dais Jhs 45 U]
(Sambrook & Russell <3 S el p s o gla s
2001)

Sleslial L sPCR 255 b o5 orlS 5LtS 05 o5
schitd2mmf =28 5 5 w6, o5 5 an gla Skl
Olge « pBISM2 sdads DNA (g5, ;| chit42mmr
(N sdr) (V IS2) 28 8 el S

Slam 5T L es 31 2 5l oy PCR J s
REL S e A& 3Ll pJETL2. 3L 55 Xhol s EcoRI
sSacl iy slag 5l L eslv ol a5 adl
0353 Sacl o35l lald Joue G35 s 4)Xhol
53 5 bl J5 s 3l 6l slas 05 (Glias 05
&ilwsiloas PGDDEE jLy BU 55 alie glalSls

234

.(Mazarei et al. 2008 Cazzonelli & Velten 2008
Aib oD SE17 jobe (2S ole pl dlax
tho w oy 3 Ll SED g ol ool (gla ey 2 S
Heise et al. ) il s ab g0 slaS o L a 5 la
Jds 4 obie cul e dlay (2002, Kirsch et al. 2001
03 68 s e Sl il e S 2l
Al o3 Sl pde 5 oS s 4l Ol da S le
ol (sl e a8 (S5 slacanl 5 o5
(Heise et al. 2002, Gurr & LSl o & 5ne i

Rushton 2005)
ey e paseie Lo ol el a5l Do
2e 35 3D a5 3l |S:2) SP-DDEE ¢ yoas
5> (CaMV35S. Bl iy JIes cwsVL 3 E1T
ol 3 Shas (206 gls Solew 5 o S s 4 —
SLtS 05 G onl 0o g opl e e DL 55 )
SP-DDEE ¢ s as iy J S o il (6 ,mlS
S sl OlF 5 iy (el 5 A3 Jiza 15IS olS &
o sl Siley A Jles 53 OF J 28 o 031 5
> Rhizoctonia

solani s Sclerotinia sclerotiorum

23S 513 bl 5, 5e inVIVO Lo

b S, g 5l
TB 5 2L S sbay gu y ALS o5

arw g &S 5 51 R line Hyola 308 o) 1S sl s
O3 U g odss S ags (Ol 5l Ol g) sos, sladls ouis
SIS 5,8 il a3 ¥ Dl a3 eslind
& SL 5 (DHSa) 4 s Escherichia coli g :SL . LAS
3ILBA4404 « , . Agrobacterium tumefaciens
s 8 4 (Ul Olg) S wdige o oSl
ST olaaD) YY\+ «Llus S, sclerotiorum lag b

YY¥



YEO-YY) Y45 Jlu /¥ o lad / OF dla / aLE slas Lo

EcoRI
RB Ch"“zm“"f chita2¢3 Sacl
pBISM2 Nos-P Nptll Nos-T CaMV35S Ch|mer|c chmnbse Nos-T
Chll42R3 ch|t42mmr
LB 5/0'61 Xblal Xhol Sacl RB
pGDEC pAg7 Nptll NEEE—D 5D >=E SE > MP >L| Chimeric chitinhse M
Spel / Xbal

LB RB

pPGMPC pAg7 Nptll  I'Nos-P ‘ MP_ e Chimericchitinbse%@}.—

533D 2 33) SP-DDEE ,—iy 55> PGDEC ojle oad a5le o sman (5la pi T-DNA 4l Slad  goas VS5

sl PBISM2 3L 5 (Lo dals Ol i &) Blas oty ka5 g5l PGMPC o)l o J3lam iy 4ot comsVU s E17 e
( Jals d‘}& 44) CaMV35S w‘: f-»\ud

Fig.1 Schematic representations of the T-DNA region of constructed synthetlc promoters. The pGDEC contains
the SP-DDEE synthetic promoter (carrying dimerized form of D and E cis-acting elements upstream of the
CaMV35S minimal promoter), the pGMPC containing only the CaMV35S minimal promoter (as a negative
control) and pBISM2 containing the constitutive CaMV35S promoter (as a positive control). LB - left border,
Nos-T - nopaline synthase terminator, Nptll - neomycin phosphotransferase II, Nos-P - nopaline synthase
promoter, MP - sequence of -46 to +8 from the CaMV35S promoter as minimal promoter, chimeric chitinase
(chit42 gene + ChBD (chitin binding domain)) RB - right border. pAg7- agropine synthase gene poly (A)
terminator. The position of primers are shown (top)

¢l=dl chit42mmr , chit42mmf Sl 5T 51 oslizul b (g mlS LS 05 855 . Guiod ol 5 olitwl 5,0 gla 5T J i
A 03zl ACC-r 5 ACCH sl S5T 51 eslizal L PCR - 03031 51 04 1 5l DNA CoS 5 S 51 Dliabl g 23 8
31 esliiowl Ly PCR 05031 cp 3 5Sos ST (5 55k 4 ol 5 OBLS 51 edd ol sl DNA (S5 1 puts 51 Slivabl oo shito 4
sl S5 51 Jlaasl csu,l 5 0LalS s 0515 5 g Sl 6l o3 8 plxil (VirG-f/r) VirGene 05 olazs| sla ST

A3 S eslinul LealS 03 515 55 Chitd2 R3 5 Chitd2 F3

Table 1. Oligonucleotides (primers) used in this study. The chimeric chitinase was amplified using chit42mmf
and chit42mmr primers. DNA extraction quality and quantity was checked using PCR with ACC-f and ACC-r
primers. Vir Gene specific primers (VirG-f/r) were used to checking possibility of agrobacterium DNA
contamination. PCR was carried out for confirmation of the existence of the transgenes in putative transgenic
plants using a combination of Chit42F3 and Chit42R3 primers.

chit42mmf 5’-CGCCTCGAGCGGCCACCATGTTGGGTTTCCTCGGAAAG-3°

chit42mmr 5’-GCCAGGGTTTTCCCAGTCAC-3’

ACC-f 5'-CTATAGCTGGGGTCAATGACAACG-3'

ACC-r 5'-GTCGACAGAAGAATGATCGCGAAC-3'

VirG-f 5'-ATGATTGTACATCCTTCACG-3'

VirG-r 5-“TGCTGTTTTTATCAGTTGAG-3'

Chit42 F3 5'-GCCTACGCCGATTATCAGAAGC-3'

Chit42 R3 5'-CGCCTCCGTTGATATAAGCC-3'

) P iy sl PGMPC o3l el gl ($51Kal pGDEC 45 s Sl o3l ol 3

axkad A% 03l pGDEC (g o5l 5l o( o dald Ol pe S sn i J S s (a8 LS 05 s S
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Fig.2 a: The PCR analysis of putative transgenic
canola plants. 589 bp fragments were amplified by
nested PCR using a combination of Chit42F3 and
Chit42R3 primers and the DNA of different putative
transgenic plants as template; Lanel-8: transgenic
canola lines, Lane 9: DNA ladder mix, Lane 10: non-
transgenic canola as WT, Lane 11: Plasmid pBISM2.
b:  Southern blot analysis of transgenic plants.
Canola DNA was digested with Hindlll,
electrophoresed and hybridized with the digoxigenin-
labelled 589 bp partial internal fragment of the
chimeric chitinase gene as a probe. The number of
bands reflects the number of transgene insertions. M:
DNA ladder mix, wt: non-transgenic, Lanes 3-8:
transgenic canola lines. Molecular weight DNA
markers are shown on the left
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Fig.3 Results of chitinase activity of the synthetic promoters in canola plants exposed to 50 pM methyl jasmonate
(a) or 2 mM salicylic acid (b). Leaf discs incubated at 22°C for 24 h after exposure to the elicitors. Each value
represents the mean (+ standard error) of three independent experiments. Mean with the same letter are not
significantly different by Duncan grouping at (P<0.05). Control: leaf discs treated with water. Production of 1

pmole of colorful product per hour was considered as one unit of activity (U). P <0.01
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Fig.4 The growth inhibition of Sclerotinia sclerotiorum by crude extracts of stable transgenic and non-transgenic
plants following MJ and SA elicitors treatment. Each value represents the mean (+ standard error) of three
independent experiments. Mean with the same letter are not significantly different by Duncan grouping at
(P<0.05).
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Fig. 5. The growth inhibition of Rhizoctonia solani by crude extracts of stable transgenic and non-transgenic
plants following MJ and SA elicitors treatment. Each value represents the mean of three independent
experiments. Mean with the same letter are not significantly different by Duncan grouping at (P<0.05).
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extracts of transgenic canola induced by methyl
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Fig. 7. Morphological changes induced in Rhizoctonia solani hyphae after exposure to crude protein extract. (a)
Control hyphae exposed to induced pGMPC11 crude extract showing a regularly septate mycelium. (b)
Mycelium of Rhizoctonia solani, 6h after addition of the induced pGDEC19 crude extract. Cell wall lysis was

observed (as indicated by arrows)
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