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Fig3. Cloning of PVX P25 in pFGC5941 plasmid (antisense).
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Fig4. Confirmation of transgene presence in transgenic potato plants (DNA and PCR).
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Fig5. Confirmation of transgene expression (RNA and RT-PCR) in transgenic potato plants.
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Fig6. Resistance assay of potato transgenic plantsto PV X by ELISA and RT-PCR.
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Sua 1y Sl S wh g WidB Ol GBMIRNA I 59 & Cwl ol (astin .Sl
29 ( AELLIT Gl b9y ¢ S S5 g Ol . Wigd T 5 Ekal 31 milo g 0318 41
(S brgiilgn GBS (wloly 392903l b Cawl oi5 &l AL S w99 3390
(Bt eyl 50 . 5 518 Bud Ol SMIRNA dluiga Wilei o 3 BT S w9
SBUT 4 Sl e GWMIRNA Jlai! ool Kilosgdilon S b9y 3 ooliiw! b
g5 95 B 4 Jlail Ol MIR156 a0l b .cwlond gwy g TOLCV Cads g woud
mMiR166 9 MiR396 MiR168 MIR157 Bua 3550 « wg 9 uds 4igs .51 1) TOLCV
Jols BMIRNA 31 (653 095 tawgi TOLCV-AU i 4g5 45 I 30 35 o0 I $
=>19 b MIR156a 37w WMIRNA pld .5 58 0 5 Sus MiR403 9 MiR319 mMiR159
O3 4 MIRNA319C TOLCV-AU w99 3550 30 . N o0 Ci B w9 99 poi5 ouis™ s
O3 Nigd o b C3 3 CL G 03 4 o § 4 MIR4A03 9 MIR15IC 298 (oo fuaio V1
alise S oo 38 3 0T V2 03 9 MiR156h ¢ miR157a tawgi TOLCV-Ir 4igs” C1
Sis! a0 w0 1,8 MIR166i 9 MiIR396b mMiR168b oLy LMIRNA Gua 3550

Wl S S g8 93 B Lawgl LS § wkh bidle gl 5 ool Cwdd SMIRNA

S slasly
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IS SpeS Sy S Soles
el 52 K S S eAiSs g Julse (g
31 .(Moriones & Navas-Cadtillo, 2000) <.l Ole=
Hajimorad, et. al., ) ol sl ;> TYLCV 18 -Js
walie Gl s s 5 o ol 5l S0 Goles (1996
S e S is bl plad 53 (rems sbay 5 Lo
2l 52 S g cul il 5 xS 5ES
gl NTOLCV 65 Sl 5l agsm il p 55 JBla-
O Olazsh 5 Ol SOkl (S per S
Rl 5 ObS Ol wp (o580 Oy (06
03 o ol bt ledd 5158 0l sl bl
S oS iy gkl 53 o gt DIl s
Ol b (5 803 SLaLS ) e 01355158 45 VL
gt Soge ol s s S S sS Sl )
Behjatnia et. al. ) S il AlS s Jgae
sl ale g s e i e slad S (2011
Sy Sk sps p55 Aies agr Golew o
05 s Tomato leaf curl virus (TOLCV) 5 ax S
wi, 55, (CA 5 C3.C2 C1) 05 Llgm kS o S 1,
Als A ol sy 655 (V2 5 VD) 05 50 5 JoSa
odiS Jld sy C2 5 35 L ki s, CL
DR =SS Gl caw C3 el (gls p ans
M5 3 ses Solen b ks e 055, CA 55l
s V1S (o 5L e B Ohge 2 (e
Wl o 0> s (3 s Gt V2 s s
SpersS Sp S suns @Al 88
S p Shay ble ghad sl (e (TOLCV-AU)
Dry,et al., 1993) &S .« sbwl S5S 5 o))
e TOLOVAD  osps Slal €5 & b
Ll sbml KperS OLS s gpchds
.(Behjatniaet al, 2009)

dodsio

S 58 slaglolT (MIRNAS) asl.ol T S

Jsb A5 808 5 Yoo Y¥ -y a8 st s AiSUS 8 5 05500
5 gkl 53 S i LMIRNA OLLS 5 .
Jnet) s o 3l oy 5 oliy sla o mul 4 &b
5 sl glol,l G5l LmiRNA - (al.,2013
Stem-) (5 o Sl b (g3l slaadl> sla bl LS
(DICER-LIKEL (DCL1)) ,uls s, by (l0OP
RNA-) RISC .SkaS & i sMIRNA 55 o a5
Clgg, 45 eds et (induced silencing complex
d> e 5 5 gl ) Gus o JIg (transcript)
OF Oy Sl ale (solsp el 31 b ()l el
ols jasie (Llave et al., 2002; Bartel, 2004) 5,5 .
Sl Gl s s Ol 05301 SLMIRNA & col
S el sl Clsis e o 5 els 3 Gl
Olge 4 .(Jopling et al., 2005) L3 o w59 655
sy Sl MIRBO7 oS ol sl osls 0L (e
5 oesls L3 Oua 1kl s s 03 15 B2 Sy w5
oIns Sosre o5SB Ol mae LA
o 45 13 3425 55 SWMIRNA b ol b sy
4 aSMIR122 wile (lsd o gy =5 5 Ol il
Jate HCV) C ¢85 cls osps 5-UTR w>b
e A Gl a2 02 OsSE Ll s
Slis WS 5 sl sy ALl S
S LS GAMIRNA asits i o s
Lietal., ) Lleds oslinal din s 5 psi5 & Jlail &
Gy, 3 eslizad LoJle Olge o (2010
(LIS MIRNA 53 68 Col odd Jasiie Sle, il 4o
ons e & Jlail O miR319 5 miR159

L& 5 |, Tomato leaf curl New Delhi virus

.(Nagvi et al., 2011) s> L;Jﬁ 4.>-j§
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S 3 sk

s ey SBMIRNA ¢ KL 2

FF 2 Gl el Jome 0 e e e
52 a2l el 4 0B oS wlis JI5 g Sl Ciis
VLl sl 5 a1 (6550 Ol Pl 5 Al an § L
L e e 5 o e i bl el S
53 odd et Olesis sl (Nagvi et al, 2011)
Sl Jlail Sler Sl s (V) 35 7 5 s LlsSle 5
3R e85 5 S S GMIRNA o a5 1S 5 Y
5> seed region «>U s g wlis Slas (V) cua
(") MRNA JI55 5" Ll 51 Y-A slaas dS 5 Jous
S ol oseed region 4>l el Jlal & i
55 lilodd S oo, ST b ol Ol bl glaus 1S 5
Nagvi et al., Meyersa et al., 2008; ) . 4 S L
(2011
S SparS SLMRNA/MIRNA* - _Ls, Cgx
055 JaSo g 5l Sl sl Sty 4 Jlast OIS
LSL ails 1y ToLCV-Ir 5 ToLCV-Au sla g s
A5 3 58 45, ol ((CL, C2, C3and C4)

e qUl5 el bay (Kper S sl MIRNA
5 TOLCV-Ir 5 TOLCV-AU (slamsps o5 b 0
Lyls 1, T (ORFS) saiSaS o5
RNA i35l o5 sla a3l s 5| Jool s
Ol alS GLMIRNA o by e il s8 ulal s hybrid
S S SLMIRNA I e sleas § oS sl
9 3 &K e eiSuS Sl p55 & Jlail LUl
5V dsla) &Lsls |, TOLCV-Ir 5 TOLCV-AU s, 5

¢35 LMIRNA Suicdr ¢l 5l 255 550 Ol (Y

sleds, Sl elaad boadlas ol s

Jdlasl 4 536 &S K a8 SLMIRNA ( S  5iil 5

op A gy i 5 LAS A5 5 e

M5 3 ekd wie GLMIRNA Jlas| 25 . Lledd
el 0 Eom i Sl e 5 (5D

L o9y 9 dlge

RNA hybrid ew, s 5 swsps saS

B8 5 lOIT L s plndl | shien
5 (GenBank accession NC_003896)ToLCV-Au e 55
osliz! (Genbank accession AY297924) ToLCV-Ir
Sy Lds Sdees sbel o TOLCV-Au i
S J>,3 Dryetal, 1993) 355 o S5sS 5 523
Behjatniaet al, ) wl i TOLCV-Ir;l 26 odle
Cald Aoy VY L sy 3 pl e 55 s (2009
Soles GLMIRNA L 5 Ll5 o 45 cpl by b
25 5 s Ol
CLMIRNA  Ll: S sar S GLmIRNA - Jig
G 8 SLmMIRNA G liaa 5 ol o
miRBase sl b 5l Llotd aul a3l sla iy,

(release21,  http://www.mirbase.org/)

R
Lol s S5 a8 5 sm0s ek pime la tassy
sslizal U (Zhang et al., 2008; Valiollahi et al., 2014)
RNA hybrid Slsle 5l
(bibiserv.techfak.unibiel efel d.de/rnahybrid/submissio
b Spaer S sLmRNA/MIRNA* - (n.html
TOLCV- sls s 5 o565 & Jlail Ol s 5 FHNP.

Ay » TOLCV-IT 5 Au
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‘JJ; )\J_; dda S)40 miR166 E) miR396 miR168 j:" 3 UPIRS (fj J‘)S BE miRNA JLAJ‘ J’”’ COrI RS
o Jlal Ol ToLCV-Au (s 48 a5 Jb=js ol oals QLAY 5V Juls ys Jlg alis ) Ol
sl |, miR403 , miR319 miR159 GBMRNA 5l 5, o b ol s o

55 b oas casr Ul MR1S6 ales L;‘f“-"}f

4.>j§ 45 L u”h:ﬁﬂ gdijbjw JJ‘J b kfﬂjﬁ} 4.7;
MiR157 L.y Llg o TJOLCVAr g,y et

Ll 1 ol easSs 15 s TOLCV-AU o5 05 o554 dlal Lllg as (S5 axr S SLMIRNA s JI5 -V Jgu
Table 1. Tomato miRNA sequences binding to ToLCV-Au genome and its encoded Open Reading Frames (ORFS).

miRNA AG Binding position on Target-miR hybrid
(kcal/mal) Virus genome
target 5° C AAG us3
. GCUUAUULU  UUUUUUGUCG
m R156a -23.3 89 COAGUGAG  AGAAGACAGU
m RNA 3" CA 5'
target 5 A G AC A3
. UGGAGUUCUCU CAA  UUUAAU
mRL59¢  -26.0 2463 ACCUCGAGGGA GUU AGGUUA
m RNA 3 A 5'
target 5 U c3
. GGGA  UCCUUUAGUCCA
m R319c -27.7 151 UCCU  GOGAAGUCAGGU
m RNA 3 CGA ubs'
target 5 U c 3
GGGA UCC UUUAGUCCA
m R319c -25.2 151 UCCU AGG AAGUCACGU
m RNA 3 CG A ubs'
target 5 A CccC c 3
. Veeel UGUGCGUGAAI
i R403 229.1 1454 Y uc

GCUCAA ACACGCACUUAG
m RNA 3 AW 5'
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Table 2. Tomato miRNA sequences binding to ToLCV-Ir genome and its encoded Open Reading Frames (ORFs).

miRNA AG Binding position on Target-miR hybrid
(kcal/mol) Virus genome
target 5° C AAG us3
. GCUUAUUU UUUUUUGUCG
m R156a -23.3 89 CCAGUGAG  AGAAGACAGU
mRNA 3' CA 5'
target 5 A AA 3
. GQUGC CUCU UCUUU GQUUAG
m R157a -22.6 2528 CACG GAGA AGAAG CAGUU
m RNA 3 A ) A 5'
target 5 A AA 3
. GQUGC CUC UUCUUU GQUUAG
m R156h -22.6 2528 CACG GAG AAGAAG CAGUU
m RNA 3 A A A 5'
target 5° C GU G Ugd
. CCUGAU U CCCAAG GA
m R168b -27.8 485 GOGCUA A GGGUUC CU
mRNA 3 CA GC G 5'
target 5' A G 3
UCAAG AAGCUG GGAA
m R396b -24.7 940 AGUUC UUCGAC CCuU
m RNA 3" UUCA U A 5'
target 5 A C A 3
m R166i -25.7 591 GEGGAAUIGG GLLUIGA CC

CUCCUUACU CGGACU GG
m RNA 3 ) A CUY5

um|RNA CJ[;-J L;“J‘I’)lg)")ﬂ}f"f)g \)ubﬂﬂ eLS fﬁj 4.: \) ‘_SJJ.‘M}; éurmRNA JL.G."" &u\ J&J

RIS V2 dj S S u.a.>=.:..o st A U,ZJJJ_B\ rLaJ .J@JL;A ol ToLCV-Ir _}TOLCV-AU LSL“'L)""JJ:’J

Gda 3yge Ciltie (sla e 3 Ll e 58 TOLCVAIF
(miR166i s MiR396b MiR168b) s ,.5 I 5 LamiRNA

b g 05 opl oS 58 el odas 0Lzl oyl
L s it s & V2 05 .ol LmIRNA
Cas 5 0391 33 p55 OAS s Jsis (S o IS
by pasis 5 Obse olS 2 55 sns S >
s GSan o B mans Slete U
odd S5 S Gl 28 4 oy b LS sl e o
S Ll ons sboSsn e 3 S

(2w en ol el QLB pde o0

p55 ediSAS ~lg L miR1SEa  LeMIRNA
TOLCV-AU s s 5y50 53 Ligd o Sk b s s
s S &S 343 o Jeate VI 05 4 MIRNA319C
s A W Gap s 5 LS W aS, il
5CL s 05 & 5 5 . MiR403 s MiR159C 5,05 iz

g o Jhate Als A sy 2SS 3 S C3
MiR156h 5 MiIR157a L. 5 TOLCV-Ir ¢ &5 CL o5
A5 CLOS e 8 a5 b oS e Ul e
ooy 4 05 ol ! odss (28 TOLCVHIT s s
b maly osdll Hsba Wlg o il sLamIRNA
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Sl sy o5 4ol b Lilg o oS S paxr S
Jaze Gl glacigs, 5 TOLCV-Ir 5 ToLCV-Au
s glaes S48 ol Ol s S o e sl
TOLCV o5 ps <oslite €55 53 4 Ol > MIRNA
a3 s $5A onb gk st e Jane
Negmsns o555 a dlal glp (K55 ax S SLmiRNA
TOLCV- ,s miR168b ; TOLCV-Au ;s miR403 al.>
52 Sl S ol ) oS el s ol e T
Rl 3 el e tdy GLSL 5 031 GalS 3 b
Al sylse 3 =YY keal/mol Jsles 13T (65
W3 olisas JIy o WMIRNA Jlasl 5 eas b

.(Perez-Quintero et al., 2010) <ol sl 5158

Cl(Rep)

miR403

Sle o s B s oS JwEl Uls s
3oss rlply sl el cs SH s Sk
SIS 05 (pl o 2ls ats 53 Olgs & Cs (3
Al g |y ol S 5 5l s esls 1 s |
iS5 3l @ g L oSS sl WL
ls MRNA I (¢ i 3l G 3550 TOLCV-IT g0 S
3550 S5 5 2,5 o )13 TOLCV-AU &5 ansli

TOLCV- lamsny p55 4 K par 5 (sLmiRNA
g pp oo @] aiSAS >Ig 5 TOLCV-IT 5 Au
RNA hybrid s, 5l eslizel U Gaédso cpl 3
smiRNA/miRNA*  (Kriger& Rehmsmeier, 2006)

miR157a iR156

: miR156a

miR156h e
\x"‘-fl-ﬁr - ‘

miR168b

"4

miR1661

Ci(Rep) TolCV-Ir

SO0 ol sl esls oLz (0)TOLCV-Ir 5 @) TOLCV-Au 5 Gy S S SO bu s LMIRNA Jlasl o -\ K2
2l (€) 0F JoSe 155 5 V) ms s ool I8 S smis s s SlaDS Jowe sdins OLES s sla

Figl. The position of miRNAs binding sitesis shown by small arrows on the genome of ToLCV-Au (left) and
ToLCV-Ir (right). Thick arrows indicate the Open Reading Frames (ORFs) on the virion- (V) or complementary- (C)

sense strands.
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(Cucumber mosaic virus) ;L SKilise s 9 5520 55,
3 o153k o AGOL 05 5 Shas 53 alstlle Gy b Sl 53,8 oS
Azevedo et al., 2010 ; Giner et al., ) Lss 0 O 50l
(2010

Sokisls3l Olss 4 C4 5 C2 0f 55 TOLCV-AU 5,4,
Dogra et al., 2009; Selth et al., ) Wleas 5,18 sl
Ly oy opl ey wal e L Ll . 45 (2004
OF o553 & Olpe cile GLMIRNA Jlasl Ol 39
53 fse 05 TOLCVAIT i £55 55500 hled 4 s
ol ime 5 glulid Sy 0 dsls e 51 Sls5L
Ol ahes 4 05 el e dilssl Do g ams L OIS Ll
ol s SLMIRNA & il Sas TOLCV i 4658
50 SrA osbal eans psS S ad |y OB
L 5 Ceua

Ol o LT 558 asiie bl 5L 350 6k lllas
o orsns prd L00 osdls ssb 4 a5 Olbje LLMIRNA
S 4 s Sodl 4 ol o ks S e
O el aliplasl L 5 Sl 4 Wl Bl e SRl 58
S Sl ol el (Jls Olgeay b ade s ny bu s
Ol &S MIR319 5 MIR1SY (sls MIRNA > 0Ly o
SN a8 OlS js (yls 1, TOLCV-Au 55 4 Jlail
=531 Tomato leaf curl New Delhi Virus . .5 4 o541
5 esb el ine o (Nagvi et al.,, 2010) b .-
s MIR159 MIR156 Ol il 51 Sk 58 Y18 0K
035 TOLCV-AU « o331 S5 4>,8 0llS 5 miR403
sl

on oins GBS SIS e S sl Ol i
Sl 3 G Ol sla MRNA 51 Solise slaes S Lo 5 ol
Sl Joddl oS b sl 5L g min sbaiasy LS
ol Jlasl sla il 55 5 TOLCV slaws S L s MIRNA il
SUl a0 s w3 sl 5 s s Ll g5, SOl

e MIRNASMIRNASY iy a8 555 0 sl ool ol
S s s 5 psi b el Sl 0L 5o 0dd
il 5o a8 0blS 451, TOLCV-Ir 5 ToLCV-Au
xS jshiea o gme GLMIRNA el e 5,08 il
S oasl Al ol G Wi 3 s
(VanVuetal, 2013) &5 5l 3 Cbua

Ol pesdle syls L TOLCV 4,8 55 a4 Jlasl O 55 MiR156
Ja.wj; Ju\).?j TJOLCV-Ir w}ﬂ)&.&:ﬂ}bﬁé&lw
5 MIR396 MiR168 mMiR157 lsls MIRNA (¢ iy slass
oolS a,ls 1, miRA03 s miR319 MiR159 4 Jlasl O
u_:«lé: V.:...».:...-t B b N ‘_QLQJ:.L Lhm'RNA UJ«‘ LY C,-w‘ ol
5 Mir319) S, s 5 A, (Mir319 5 mir396) oL ;.
(Palatniket al., 1S o 3L (MIrl68) olS s 5 (Mirl66
sl 4> .2003; Carla Schommer & Palatnik, 2012)
Joles ams col (s TOLCV-AU €5 w5 A e
..L;)‘)

L)js..l.a UPI RS 9 A LUL)J:«‘ éLhmlRNA P )_}‘*5-7' BL
f‘d‘J%ijJéjQM)%ijjoMﬂigj
oan o hI5L Sla S Ol &5 55 a8 ey Al e
J;-‘]a S JJG cQj @}4[} R D JA‘)P U'i‘ J;-UJ E)
Olsms MRNA L 55 05 b el 08 e o 5 OLLS 55 wlad
Wil axles Slaesns 2ln 02 e S S S
gl e b ablis Cg> (Danielson & Pezacki, 2013)
Sl sz 3 sl sl 5 ALS Gle sy pled L3 O3
Vira ) dj JZ)A[;- LSLAe..L»)‘J)L db\.’bbﬂi E) \:)\]*:"'
Sl a4l oSS (suppressors of RNA silencing (VSRS)
> 3 .(Ding, and Voinnet, 2007; Li, & Ding, 2006)
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= 5 sk

SO P GT T g T (w929 S § Wl Sadigs

&bw

Azevedo, J., Garcia, D., Pontier, D., Ohnesorge, S., Yu,
A., Garcia, S., Braun, L., Bergdoll, M., Hakimi,
M.A., Lagrange, T. and Voinnet, O. 2010.
Argonaute quenching and global changes in Dicer
homeostasis caused by a pathogenencoded GW repeat
protein. Genes & Development 24:904-915.

Bartel D. P. 2004. MicroRNAs: Genomics, Biogenesis,
Mechanism, and Function. Cell116: 281-297.

Behjatnia, S. A. A., lzadpanah, K. and Afsharifar, A.
2011. The status of geminivirus species in Iran. First
Iranian Plant Virologist symposium, Shiraz, Iran. (In
Farsi with English abstract)

BehjatniaSa. A., Eini O., Rasulpour R. 2009.
Pathogenecity demonstration, transferring and host
range of Tomato leaf curl Iranian virusinfectous
clone. Plant Pathology 1: 47-59.

Carla Schommer E. G. B., Silvana V. Spinelli, Palatnik
a. J. F. 2012. Role of MicroRNA miR319 in Plant
Development. and Stress Responses Signaling and
Communication in Plant.(Sunkar, R., ed.). Springer:
29-47.

Danielson, D. C. and Pezacki, J. P. 2013. Studying the
RNA silencing pathway with the p19 protein. FEBS
Letters 587: 1198-1205.

Ding, S. and Voinnet, O. 2007. Antivira immunity
directed by small RNAs. Cell 130: 413-426.

Dogra S., Eini O., Rezaian M., Randles J. 2009. A novel
shaggy-like kinase interacts with the Tomato leaf curl
virus pathogenicity determinant C4 protein. Plant
Molecular Biology 71: 25-38

Dry I. B., Rigden J. E., Krake L. R., Mullineaux Ph. M.,
Rezaian M. A. 1993. Nucleotide sequence and
genome organization of Tomato leaf curl geminivirus.
Journal of Genera Virology 74: 147 151.

Giner, A., Lakatos, L., Garcia-Chapa, M., Jose Lopez-
Moya, J. and Burgyan, J. 2010. Vira protein inhibits
RISC activity by Argonaute binding through
conserved WG/GW motifs. PLOS Pathogens 6:
€1000996.

Hajimorad, M. R., KheyrPour, A., Alavi, V.,
Ahoonmanesh, A., Bahar, M., Rezaian, M. A. and
Gronenborn, B. 1996. Identification of whitefly
transmitted tomato yellow leaf curl geminivirus from
Iran and a survey of its distribution with molecular
probes. Plant Pathology 45: 418-425.

Jin D., Wang Y., Zhao Y., Chen M. 2013. MicroRNAs
and Their Cross-Taks in Plant Development. Journal
of Genetics and Genomics 40: 161-170.

Jopling C. L., Yi M., Lancaster A. M., Lemon S. M.,
Sarnow P. 2005. Modulation of hepatitis C virus
RNA abundance by a liver-specific microRNA.
Science 309: 1577-1581.

Kruger J. and Rehmsmeier M. 2006. RNAhybrid:
microRNA target prediction easy, fast and flexible
Nucleic Acids Research 34: 451-454.

Li, F. and Ding, S. 2006. Virus counterdefense: diverse
strategies for evading the RNA-silencing immunity.
Annua Review of Microbiology. 60: 503-531.

Llave C., Xie Z., Kasschau K. D., Carrington J. C. 2002.
Cleavage of Scarecrow-like mRNA Targets Directed
by a Class of ArabidopsismiRNA. Science 297: 2053-
2056.

Meyersa B. C., Axtellb M. J., Bartelc B., Barteld D. P.,
Baulcombee D., Bowmanf J. L., 2008. Criteria for
Annotation of Plant MicroRNAs. The Plant Cell 20:
3186-3190.

Moriones E, Navas-Castillo J. 2000. Tomato yellow leaf
curl virus, an emerging virus complex causing
epidemics worldwide. Virus Research 71: 123-34.

Naqgvi A. R., Choudhury N. R., Mukherjee S. K., Haq
Q. M. R. 2011. In silico analysis reveals that several
tomato microRNA/microRNA= sequences exhibit
propensity to bind to tomato leaf curl virus (ToLCV)
associated genomes and most of their encoded open
reading frames (ORFs). Plant Physiology and
Biochemistry 49: 13-17.

Naqvi A., Hag Q., Mukherjee, S. 2010. MicroRNA
profiling of tomato leaf curl new delhi virus (tolcndv)
infected tomato leaves indicates that deregulation of
mir159/319 and mir172 might be linked with leaf curl
disease. Virology Journal 7: 281.

Palatnik J. F., Allen E., Wu X., Schommer C., Schwab
R., Carrington J. C., et al. 2003. Control of leaf
morphogenesis by microRNAs. Nature 425:; 257-263.

Perez-Quintero A., Neme R., Zapata A., Lopez C. 2010.
Plant microRNAs and their role in defense against
viruses: a bioinformatics approach. BMC Plant
Biology 10: 138.

Selth L. A., Randles J. W., Rezaian M. 2004. Host
responses to transient expression of individual genes
encoded by Tomato leaf curl virus. Molecular Plant-
Microbe Interactions Journa 17: 27-33.

Valiollahi E., Farsi M., Fevereiro P., Kakhki A. M.
2014. Bioinformatic characterization and expression
analysis of miRNAs in Solanum lycopersicum. Plant
Omics Journal 7: 108-116.

Van Vu T., Roy Choudhury N., Mukherjee S. K. 2013.
Transgenic tomato plants expressing artificia
microRNAs for silencing the pre-coat and coat
proteins of a begomovirus, Tomato leaf curl New
Delhi virus, show tolerance to virus infection. Virus
Research 172: 35- 45.

Zhang J., Zeng R., Chen J., Liu X, Liao Q. 2008.
Identification of conserved microRNAs and their
targets from Solanum lycopersicum Mill. Gene 423: 1




099 oL 4 B Cuilid gy g (b (35 HT o5 JEI

Transformation of Hepatitis B Virus surface antigen (HBsAQ)
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Figure 1. T-DNA Region of pPCAMBIA 1304 containing HBSAg gene.
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Figure 2- Confirmation of Cloning of HBsAg Gene in A.
tumefaciens by Colony PCR Technique. L: GeneRuler™ 100 bp
DNA Ladder (Fermentase), Lane 1-3: Transformed Colonies.
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Figure 3- Regeneration of tobacco explants following co-culture with Agrobacterium. a: callus formation, b: shoot formation (2 weeks old),
c: root formation (4-6 weeks old), d: transgenic plantlets, e: plants were transfered to soil.
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Figure 4- PCR and RT-PCR analysis of transgenic tobacco plants. a PCR, b: RT-PCR. L: ™ 100 bp DNA Ladder (Fermentase), 1: Positive
Control ()CAMBIA-HBsAQ), 2-4: transgenic plants, 5: untransformed plant (negative control).
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Table 1- Determination of physicochemical properties of proteins by Expasy’s Protparam server.

W s NA MW pl PR NR  Gravy Al I
NP_640650.1 157 1785 7.82 24 23 -0.334 89.49 35.17
NP_638186.1 257 2739 791 36 35 -0450 84.94 37.21
NP_640912.1 154 171135 951 22 19 -0.39 93.44 22,59
NP_640497.1 402 43.84 534 45 55 -0.181 87.19 26.53
NP_641576.1 199 2141 915 35 32 -0.987 48.34 23.24
NP_643454.1 152 1743 544 19 22  -0.245 84.08 44.47
NP_641190.1 212 2373 7.79 20 19  -0.505 86.93 42.70
NP_644577.1 222 2406 588 24 28 -0.245 100.41 35.33
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S ol SO e le AL S 5L L s Gravy (e U L acal laded slas NR
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Table 2- Locdlization of cellular location of proteins
by Cell-PLoc 2.0

P ol 5
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s, NP_641576.1
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Table 3. Prediction of ligand binding sitein proteins by COACH server.
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C-score of prediction Binding Residues
") 05 FF FY 7V AES8 NP_640650.1
A Ve SA SV ST OV OF DO OF IV X AT SIS 5
/oY VOF 40 AF @) VY K4 X A NP_638186.1
Yins Ve £4 ST OF F4 XD TV X YO SS 5 NP_640912.1
o OY O BV FF FF AY 0 S SS 5
/40 AF AT AT Y AN AN V0V VEOT AT D) O FA NADH NP_640497.1
TVA YVA (TVS TVE QYWY TVY (YY) (TEQ (YYS (YYO O FY ¥
iy YAD YAY IV TFF TFY (FYF N F) AEW
oYY VEE 04 OV 00 AT AT S NP_641576.1
\F I AFY AT AYY YO S
N T Ar V8 VA WY O I I YA YA Phenacyl NP_643454.1
coenzyme A
4 VY FA OV FADH2 NP_641190.1
/4 V0% 00 AOF AFA AFD AF) A AA AV 40 SIS 5l NP_644577.1

ool VG 55 e G35 3L SOn 5 S ar 84S ABL Wl o) B v (eode (s Oliabsl s s
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NP_6401576.1 E NP_640497.1 D NP_640912.1 .C .NP_638186.1 .B NP_640650.1 A Phyre2 ;5 . 3l eslinal b a5y 4 66 Sl e -\ K3

NP_644577.1 H NP_641190.1 .G NP_643454.1 F

Fig 1- Prediction of three-dimensional proteins by Phyre 2 server. A. NP_640650.1, B. NP_638186.1, C. NP_640912.1, D. NP_640497.1, E. NP_6401576.1,

F. NP_643454.1, G. NP_641190.1, H. NP_644577.1.
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Table 1- Primer sequences used to examine the gene expression of APX1, CAT1 and ACT for gRT-PCR

Primer Name Primer sequences
CATF GCGACCAAGGATCTTTACGA
CATR CAACACCAATCGACCAACTG
APX F CATTAGGGAGCAGTTTCCC
APX R CTCTGGCTTGTCCTCTCTGC
ACT F ATGCCTATGTTGGTGACGAG
ACT R CTCTGGAGCCACACGAAGT
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Figure 1- Effects of different salinity levels on germination percentage (A), germination rate (B), radicle length (C) and plumule length (D)

of two tomato cultivars.
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Table 1- Number and frequency of genotypes and Hardy-Weinberg equation results in Golestan Province Camels
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Table 2- Last square means of milk production and its composition (Mean+SE) in genotypes of kappa-casein
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ABSTRACT

iruses are the main causes of potato yield loss. Potato X Potexvirus (PVX) is

one of the most important potato viruses and the use of resistant varieties is the

principa way to control it. In this study, we tried to produce potato plants

resistant to this virus using an RNA silencing technique. To this end, a hairpin
construct of P25 of PVX was made in pFGC5941 under control of the CaMV 35S
promoter with two consecutive cloning steps. The P25 protein is a suppressor of RNA
Silencing in vira host plants. The recombinant vector was transferred into
Agrobacterium tumefaciens LBA4404 strain. Leaf and internode pieces of potato (Agria
variety) were transformed by Agrobacterium. Following induction of callus, shoot and
root, regenerated transgenic plants were selected and micro-propagated. Molecular
analysis by PCR on DNA of plants and by RT-PCR on their RNA confirmed the
presence and the expression of the transgene. Transgenic plants were propagated and
then inoculated mechanically by PV X in the greenhouse. ELISA results using PV X -coat
protein antibody showed resistance of two transgenic lines to PVX. Molecular
confirmation of these potato lines was performed using PV X coat protein primers by RT-
PCR on plant RNAs. The results of this research have led to the production of two
independent lines of potato that are resistant to PVX and future work will involve
analysis of resistance in field conditions and the production of their mini-tuber.
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ABSTRACT

eminiviruses are one of the main constraints in tomato production worldwide.

Tomato leaf curl virus (TOLCV) is a geminivirus (family geminiviridae) that

produces various symptoms in plants including leaf curling, yellowing and

stunting. MicroRNAs are endogenous small RNAs which play akey role in both
plants and animal defense and development. Certain animal viruses were found to be
targeted by host miRNA which prevent their establishments. In plants, on the other hand,
there is no experimental evidence for such an effect on plant viruses. However, based on
in silico analysis, viral plants also could be targeted by host miRNAs. Here, we
investigated if different sets of tomato miRNAs could potentially bind to a mild and
severe species of ToOLCV using in silico analysis. We found that tomato miRNAs
including mirl56 bind to both strains of ToLCV. The mild strain, ToLCV-Ir, was found
to be targeted by mirl57, 168, 396 and 166 while the severe strain, ToLCV-Au, was
targeted by other groups of miRNASs including mir159, mir319 and mir403. The possible
role of the identified miRNASs in production of mild and severe symptoms by both
strains is discussed. All sequences except miR156a target the coding regions of the virus.
In ToLCV-Au miRNA319c binds to the V1 gene, which encodes the precoat protein and
which is involved in symptom expression and virus movement. miR159¢c and miR403
bind to the C1 and C3 genes, respectively, that are involved in virus replication. The C1
ORF of ToLCV-Ir can be targeted by both miRNAs miR157a and miR156h. The V2
gene can be targeted by three miRNAs (miR168b, miR396b and miR1661) at different
sites. This suggests the potential importance of regulation of this particular ORF by
mMiRNAS. The possible role of the identified miRNASs in production of mild and severe
symptoms by both strainsis discussed.
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ABSTRACT

epatitis B virus (HBV) infection is one of the most widespread viral infections

of humans. An effective way to treat and prevent the disease is vaccination.

Since production of conventional HBV vaccines is very expensive, use of

transgenic plants as an alternative bioreactor has recently become of interest to
many researchers. In this study, the HBsAg gene has been transferred to pepper plants
(Nicotiana tabacum) through the leaf disk technique. The recombinant plant expression
vector, pPCAMBIA containing HBsAg was cloned into E. coli strain JM 107 and was then
introduced into Agrobacterium tumefaciens strain LBA4404. Y oung tobacco leaves were
used as explants and co-cultivated with A. tumefaciens. The transformants were
regenerated on selection medium containing 1mgl* BAP, 0/1mgl®™ NAA, 500 mgl*
cephotaxim and 15 mg.l™* hygromycin. After the growth of plantlets (about 15 cm),
genomic DNA was extracted from putatively regenerated plants by the CTAB method.
The presence of HBsAg gene in transgenic plants was detected using PCR analysis.
Finally expression of HBSAg gene was tested via RT-PCR analysis.
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ABSTRACT

n previous work we showed that a purified extract of the proteome of bacterium Xcc

that was able to induce ethylene production on Arabidopsis. Among the

approximately 60 different putative proteins in the extract, eight were identified as

conserved hypothetical proteins. The aim of this study is to use different
bioinformatics tools to characterize these proteins. All of the investigated proteins ranged
in size between 17.11 and 43.84 kilo Datons with Protein NP_640497.1 being the
largest. Calculated isoelectric points (pl) for proteins varied between 5.34 and 9.5. The
type of protein families and domains of proteins was determined by conserved domain
database (CDD-Blast) and Interpro. Among the investigated proteins, proteins
NP_640912.1 had a HTH domain (Helix-turn-Helix); the centra part of protein
NP_640497 contained an Enoyl reductase domain; protein NP_641576.1 contained two
calcium binding motifs (EF-hand, calcium binding motif); and protein NP_643454.1
contained a 4-hydroxybenzoyl-CoA thiesterase motif from the Hot dog superfamily.
COACH server was used for predication of ligand binding sites of proteins and their
three dimensiona structure was modeled by Phyre 2 server. Results from this research
can be used for better understanding of Xcc and also identification of proteins with
elicitor activity from this bacterium.
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ABSTRACT

atharanthus roseus is a medicinal plant containing very important alkaloids such

as Vincristine and Vinblastin that are used to treat a variety of cancers. Due to

the importance of the plasticity genes such as rolC in the biosynthesis of

alkaloids, this study we investigated possible improvement of rooting and root
induction in C. roseus using the rolC gene. To this end, the seeds of this plant were
superficially sterilized and cultured in in vitro conditions. The leaf explants of these in
vitro plants were inoculated by Agrobacterium tumefaciens carrying pBl121-rolC
plasmid (rolC under control of the CaMV 35S promoter). The inoculated explants were
cultured in five different media with or without hormones for rooting. After nine days,
the first roots appeared in leaf explants on the MS medium without hormones and
containing cefotaxime antibiotic. Two lines had very rapid rooting and the roots
branched quickly. Molecular analysis by PCR using rolC specific primers confirmed the
presence of the rolC gene in the transgenic plants. Results showed that the rolC gene
could be used to induce rooting in the medicinal plants and that the rolC gene is also
more successful in induction of hairy roots than various different combinations of plant
hormones.
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ABSTRACT

nvironmental stresses are considered among the most important factors limiting

agricultura production. Tomato, an important agricultural product, is sensitive to

high salinity levels in soil. During salinity stress, several physiological

phenomena occur in plants, including oxidative damage to cellular components
due to "reactive oxygen species’ or ROS production. Plants produce antioxidant enzymes
such as catdlase, ascorbate peroxidase and superoxide dismutase to counter the
destructive effects of ROS. This study was carried out to evaluate the rate of germination
and the expression of CAT1 and APX1 genes in two tomato cultivars, caljN3 and
superstrain B. To evaluate the rate and the percentage of the germination, the seeds were
cultured on filter paper in a completely randomized design with three replications and
the rate and percentage of germination, radicle length and plumule length were measured
after 15 days. To perform the molecular study, total RNA was extracted from plants
grown in control conditions and under salinity stress. The results demonstrated that by
increasing the salinity, reductions in germination percentage, germination rate, radicle
length and plumule length were observed in both CaljN3 and Superstrain B cultivars,
although the CaljN3 cultivar showed the lowest decrease. Interestingly, upon increasing
the stress level, the rates of expression of the CAT1 and APX1 genes in the caljN3
cultivar were nearly twice and 10 times, respectively, higher than for the Superstrain B
cultivar. These results could be one of the reasons for the superior growth and salt stress
tolerance of caljN3 cultivar compared to SuperstrainB cultivar.
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ABSTRACT

his study was aimed to determine the kappa-casein gene polymorphism and its

relationship with some milk traits in a population of camels in the Golestan

province. Blood samples were collected from100 camel dromedaries in Bandar

Turkman, AgQaa and Gonbad cities. DNA was extracted using the optimized
salt method and then a pair of specific primers was used to produce a 488 bp fragment.
Genotypes were determined by PCR-RFLP method followed by treatment with ALU1
restriction enzyme. To investigate the association of Kappa casein gene polymorphism
with milk production and composition (fat, protein, lactose and solids non-fat milk), the
GLM procedure of SAS software was used. Three genotype patterns including AA, AB
and BB were observed with the frequencies of 0.18, 0.27 and 0.55, respectively. The
effect of kappa-casein gene polymorphism on milk production and composition was not
significant. Based on current results, the analysis of kappa casein gene polymorphism
cannot be used for improving milk yield and composition of camels in Turkman
population.
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