@@ Agricultural Biotechnology Journal :

Shahid Bahonar Iranian
University of Kerman Biotechnology Society
Print ISSN: 2228-6705 Online ISSN: 2228-6500

Effect of P19 gene expression on transcription rate and production of
recombinant human tissue plasminogen (rtPA) in tobacco (nicotiana

benthamiana)

Yousef Sharafi

* PhD student of Plant Breeding, Department of Genetics and Plant Breeding, Faculty of

Agriculture, Tarbiat Modares University, Tehran, Iran, Email: y.sharafi@modares.ac.ir

Mokhtar Jalali Javaran
Professor of Molecular Genetics and Genetics Engineering, Department of Agricultural
Biotechnology, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran, Email:

m_jalali@modares.ac.ir

Mohammad Sadegh Sabet
Assistant Professor of Molecular Genetics and Genetics Engineering, Department of Genetics
and Plant Breeding, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran, Email:

ms.sabet@modares.ac.ir

Abstract

Objective

Tissue plasminogen activator is one of the most important drugs in the treatment of heart
disease. This drug is produced in the expression system as a recombinant protein that has
high production costs. Transient expression system is very suitable for protein expression
because of its high expression, high speed, low cost and no spatial effect. Post-
transcriptional silencing has been shown to affect expression levels. Therefore, the aim of
this study was to investigate the effect of simultaneous expression of P19 silencing
suppressor gene on transient expression of recombinant tissue plasminogen activator

(rtPA) at transcriptional and protein levels in Nicotiana benthamiana.
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Material and methods

To serve this purpose, the expression proportion of injected Agrobacterium tumefaciens
containing a binary vector pCAMBIA1304-rtPA with agrobacterium containing
pCAMBIA1304-P19 have been studied comparison with the expression level from
Agrobacterium containing only the binary vector pPCAMBIA1304-rtPA. Leaf samples
were prepared on 4, 7, and 10 day post-inoculation with Agrobacterium. Transcription
and then protein levels were calculated using the Real Time PCR and ELISA tests.

Results

The results of Real Time PCR test showed that rtPA transcript increased in the presence
of P19. Also, 4 days after plant inoculation, the highest transcript levels were obtained
from p19 and rtPA genes. ELISA results showed that the expression of rtPA protein in
the presence of P19 was 89 and 84 pg.g' leaf weight at the 7 and 10 day after
inoculation, respectively. This expression was 12 and 15% higher than of when

agrobacterium-containing pPCAMBIAL1304-rtPA vector alone was used, respectively.

Conclusion
The results showed that the use of transient expression method could be a suitable method
for rtPA protein production.
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a8l3 40 s P19 join 3 MPA (5 (aogis) oo 2o )3 ¥F i3l 51 Sl Real Time PCR g0l zols sgu b

Y ls ol ol pgr Sho)STL oS dls jl 59 slez cas3SLMPA 3 P19 (claj 5l sisy ol i 092
£S5 3PS 955we AY 9 A i & el I g o g o2 gy 3 P19 (5 joan S TIPA 555 ol ol a5 0l it

Doy i oy V0 9 VY lieedy cud iy ald b duslie 10 &S 25 Sy s
YL o 3 ol 4 (b @l g 0F (D95 055 2 09 P19 5,8 a0l (it gulis 3 IS (6 o5 ot

Al g

03 P98 0SS s JsSge sl oo ol cpsn Sy ST 1 5SSl

Oleibo (515 by Cunl aBldnugs claygdS > @b 3Bl o9 S e Jelge b jl e Bgpe (8 slocs)lon

B SaSs] solom @ bgiye pla jolyw 33 Spe (iselen OFIR 5 (igeles VOIY YNF Lo )3 HWHO) cashige Sk
O 535 ol ) AT Gls g (" Sitdgron ) sd 450 0diSdy 325 (slwg ls 51 olitl b ojg el (WHO 2018) ol
T GRS e «Seidsens ) gy pS B cul 4l b Olie & Glew il S (BU eesS e
sl p3Y (ol g 5 2980 IS (15 )0 B S Bl )3 (b Sl CBge (o)l Spg0 4y (5 A B o0
Kunamneni et ) 5,5 o ©y50 ooty bwgi (095 ) Jslone Sl @ (e sloaidya o 03,5 (o) 4325 6
ol Gl Opgots el 0 (b 2 29 wguime jliigyy 503l I g olatsl 5l awdl (al. 2008
RS S ety 4 i) JS5 e 3 oaiS L bele bawgi o )5 229 Ggiendl pU 4 Sl
Jlb g« 5lS g gl S gy 4 oo e Sloyd Bylas cas gkendl slaoaus J 51 .(Kunamneni et al. 2008)

5 Urokinase L awlis ,» (tPA) 8L isuewdl goauS b uBgpn g0 o)Ll 8L \jeimewdl oaiS

WS o U 1y asd oy ol L cplpls g 398 0 Juate cppmd 4 YU bl b g olas! jgboas Streptokinase

'World health organization; WHO
2 Thrombolytic
3 Fibrinolysis
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0Als Car (sl S el L (Masoumi Asl et al. 2010) i aub oyl lsS ) )by g wlie Jlb
LtPA b cansy omizon (Nabiabad et al. 2011) cé 3 oo cou)ly sloygs J IPA (S 5 e sile
€85 B a0 Bl LS )3 g ol s 4 Jlil o PA (] slesl a (bl g Lol sl (009381
Sep Mg g Jawe (Cucumis sativa L.,) L3 olS (latn pgij 4 tPA 5 cxen (GOOJani et al. 2013)
&5 By o5y ol PIPA 15 oo gaw Sl jolated; (Asgari et al. 2014) as 10k oo )ly (S ) oS iy
(Abdoli-Nasab et al. 2013) cul 4l Jisl 55 o 5e5 obS cundg s & tPA (155, (cosd olisS )3

Sly cwlie (203l S (o CBge plo olul cou)ly lals 3Sles L) 3 (SYob 4 4257 L o)yl
Goodin et al. 2002; Li et al. 2009; Zhou et al. 2009; Xu et al. ) &] o Clusds Sy ooy Mo
2 obsS ooy o o5 2ySles WU el I g wiedjyl Bgy Bl clacdl p» s clay; cdse ol (2012
POGUE €t ) 395 00 o3litul S 555 (B Mg ISl g (sl b (sl st CBgo ol el (LS (539iS0m

@y gy opl (Pogue et al. 2010) 395 0 Mg Hloj p50bgS )3 9 YU o > (pSgp bey opl  (al. 2010
XU €t ) wsboi baes 151 ot pizmen g 039 Ll BB 4l ples clacdl 1 g <l cuiS 4 s wodlw (picillasl

om0 beels A e JLE sl cou GblS 3 1) cuS e ey My ddeie oaiSagioe Jeles .(al. 2012
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29 ) Blg o Sge Ol s > B 9n Ol comsisy Il o OF (Sl JSie p ade jglates,
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5ol s (255 ) F5e 0F Ol 5 il (CsOrba et al. 2015) (TBSV) (5,342 55 o9l 4y (Sgiss
5 Jsjginw 30 pr Jb jeuld S laicdy &S ol ojglaiesis pSgn SO P19 55, (Omar 2013) cul sasaslis
wolaisle &yeods MIRNA 4 SIRNA (o JoSUge & Jlasl & B 4 (Park et al. 2004) 5l 1,8 atun )3 on
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Jsb 9> LBA4404 44 Agrobacterium tumefaciens o eyt cusy oSl (gyolas oaslish

ol 0,8 eolitul (el gt (( JoSge (S39dgm 09,5 (Slual S5 Slial) P19 5 005y pPCAMBIAL1304

15 o3lizol IPA 55 65l &luwas (5)y PCAMBIAL304 4 pMV (gl J3b ) adllae

¥ g 0'-UTR asb (5L can OYA Joba) CAMV35S il of) anlb Jols 5 ojle Il (IPA G5 85w

O sLolls 5 (b can WY Jgbay) TKDEL Jlg (5k cain VAFY Jsbay) IPA 5 CDSY (9555 oLS Prlb
Snapgen version 1l sy 5l esliel b Soden HUS 55 ojle slinl (53,5 13wl 5l e (@l Y JSGE) gr oou 3]
S a4 MPA 55 ojle e o 9V JS35) 05 pls! benthamiana o8, 5555 olS wlol p (5995 a5 4.1.9
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1 Untranslated region; UTR
2 Coding sequences; CDS
3 Lys-Asp-Glu-Leu aminoacids; KDEL
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195 :SP «Cowpea virus ;I UTR ¥' 4 0' 4l :5" and 3" UTR (5,15 s adund bl elian saidd
3 6,148 wilis g3 (KDEL rtPA 45 CDS tPA (39555 LS comdlgil oS ailis awiy
to Pl oy Lol g IPA 5 CDS gols pPCAMBIAL304 J5U 4l (o comwdl gl oS
& Cwuglo o5 HYOR (pmlbolls @ Cwglio (5 :KanNR liw lbes 5 saiad aoils :NOS
o algsl ws JUSKew pACAMV35S PBR322 J5U (gjlwasilod LT anli 1Ori (s log SKud
J36 4 (z 595Y 92! 101aC ¢j95Y (492! y9095 PIAC «y3 909 Jlail a4l :CAP CaMV35S

w9 P 5y ol e 9 P19 45 CDS 59l pPCAMBIAL304

Figure 1- Schematic overview of the vector pPCAMBIAL1304 containing the rtPA and p19
gene constructs. (a): map of rtPA construct with the restriction enzyme sites: CaMV35S:
CaMV 35S promoter of the cabbage mosaic virus with duplicated transcriptional
enhancer, 5 'and 3' UTR: 5 'and 3" UTR region of Cowpea virus, SP: plant codon
optimized leader sequence of the endoplasmic reticulum of tobacco, rtPA: CDS of rtPA
gene, KDEL.: Endoplasmic reticulum retention signal, (b): map of pCAMBIA1304 vector
containing the CDS of rtPA gene with the restriction enzyme sites: NOS: nopaline
synthase gene terminator, KanR: kanamycin resistance gene, HygR: hygromycin
resistance gene, Ori: pBR322 origin of replication, pACaMV35S: CaMV 3'UTR (polyA
signal), Plac: lacZ promoter, Olac: operon of lactose; (c): map of pPCAMBIA1304 vector
containing the CDS of P19 gene with the restriction enzyme sites.

51 edlazl b rnPA O ul&b 9 $LS dl}b‘_;”y'du' g L ItPA O cuolio L;lzzs)f)’&j :bblﬁﬁm‘b)go du;)ui
ItPA Sy s Gl (owyp Cas odlaiwldyge dLm)f)‘Lé] ol yornay Lzzs)f)‘kj Slasuin L5108 slLhb OI|g07 38l

ool 00 &)1V o> ;5 GAPDH 4 P19

9 <95 Sl igy b ItPA - 55 o5l sobs PMV J3L: Sl JBU 4o IPA 55 o3lw g 5lwailuos

b gty jl e dhols sla J86 .cdl sl DHS5a &4 E. cOli ¢ :SL o (Sambrook & Russell 2001) skl
Sl B Lol e g wad ol i ItPA S5 o5l bl 93 5> oadagas ECO9LI g ECORI iy woil ¢
J3b o T4 8 ol by MPA 55 ojle Jlal LSl Sy b damesl e L PCAMBIAL304
Gsw E. cOli g5k & Jlasl Jsao .05 Jols PCAMBIA1304-tPA sl 4 15 z,» PCAMBIA1304
clagls (Sambrook & Russel 2001) ws osls JUs) g oselyd dxane & yguods manlS” 35,18 51 o3lisl L o5 DH5a
Cono B43)5 Sbal 5 lolis (0 MP/MI) uoboblS Kgn 51 gols bl \LB laso 5 b ySh el

@l dyen wimen o MPA 5 olas] ol )S5lel I oslil L PCR (a3l oy (iSly 5l eoliwl b (gjlodilues

! Luria-Bertani; LB
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I ey B ClustalW W 3l pp 5 eliel L MPA 55 ojle Js b obJly

43,8 4ol https://www.ebi.ac.uk/Tools/msa/clustalo/

GAPDH o P19 atPA b5 o 3l 9 COlONY PCR yg051 4 03liiusls g0 1,551 -) Jous

Table 1- Primers used in Colony PCR assay and relative expression of rtPA, P19 and
GAPDH genes

e o —
&5 W;Jjjj Z oo B Sl gl

wenl] C (1 (5'—3) Jg Primer
bt KT o )
'T'es)t (b edz) C) (%) Pr(i)m)er Sequence (5' — 3") Name
Name Amplicon Tm Length
Size (bp) (°C) (base)
Sl
Wb 535476 21 CAGGAAACAGCTATGACCATG Fom; o PCAMF
RIS Primer
Jsb s 1724 )f)'l:ﬂ
L 57.3 50 20 TCTTGAGCGCACCTAGAAGA R:\fr);e K2SR
Primer
Sl
- 573 50 20 TGCTGGATTCTTTCTGCTGC <) K2SF
O905] Forward
Real 215 Primer
Time Skl
PCR 573 50 20 TCTTGAGCGCACCTAGAAGA Rglz:r);e K2SR
Primer
Sl
- 59.5435 23 TCGTTCAAGTCTCCAAGAAGACA _ = GAPDHF
o0 Forward
Real 181 Primer
Time Skl
PCR 59.141.7 24 TCATCTCCCATGACCATAGTAAGT Rglz:r);e GAPDHR
Primer
Sel
. 58.641.7 24 ACCAGATCGGATGTACCTATAGTA _ <% P19F
09! Forward
Real 166 Primer
Time Skl
PCR 585417 24 GGGCATCCTCTTGATACATTACTT Ré:/zefr);e P19R
Primer

5ylubil bgy b A tumefacient ¢ :sL, «, PCAMBIAL304-rtPA 56 Uil segs j&5bg,ST 8wyl 5

LB cuss b ;3 55 ojlo sybs cou,ly o oo .85 & yeo (Sambrook & Russell, 2001) skl 9 wigd

YV Y
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500


https://www.ebi.ac.uk/Tools/msa/clustalo/

SR Y,

(Y928 yLwali oF olod VY 295) (5559LiS (559093 gur Ao

YA 'C slos o (0 MG/MI) ppuslog S s (Vo - MYMI) eealiyy (0 MPMI) sloblS slacSssus 51 sl
Job ogls pesySle,ST 5l s apl olanl Skl 5 Colony PCR  (claygesl 5l oolisl b g cuss
A5 ool PCR 581y j5 die aalis olgieas PCAMBIA1304

S b eSSl ioge oS 4 pCAMBIALI0A-TPA J5U (gols g2 SLg,S1 JLi!
slod 1 aalog Kb g Cpmmmolis ) ¢pmmnloblS slacSKgn 1 (g9ls LB golo oS laxe ;> PCAMBIAL304-rtPA
25 545 0l gy Be v e § olid b aBBy VD dedy Sosts il b uiS e 08 S sl VA Sae 4y YA C
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Pgl olfiwd g aops VBT 5 eslil b ord glsel RNA oS’ g codS e85 plonl (il <8 05)
A5 bl osb oyl <8 58 RNA gl el e 5l oolizl L CDNA célu .cd,5 )43 b5, 5,50 (EPOCH, USA)
S y5) DNasel w51 556 cou YV °C clos ;5 ¥+ MIN Saedy snizl sl RNA DNA (o Syl Gl (ol
dge5 o 4 EDTA jla- MM CDNA el 281y s DNasel ol o905 Jid e cs cd,5 )5 (Fermentas
als] ladiges jl pliS 2 & Random Hexamer «/6 MM o .5 (55455 #0 °C (glos 3 Y+ MIN Gty 5 bl
)RT w3l (0 X)RT 3L Jols CDNA calo LiSly slipl i ool 5,8 50 °C Jlasl glod p3 Y+ MIN Goteds
5 ¥V °C 5 min &0 °C ;5 )+ MiN :lod 5 loj 5> cui s g oddadlsl by Jug 4 (Y« MM)ANTP 4 (V-u.pl?
BIO-) Jlogey olfiwd dluwgas 9 QRT-PCR L P19 4 MPA (clay; olo sk 8,5 )5 V- °C 5 V- min
CDNA «x/vo pl nuclease free _l o pl Sybrgreen Jols Ve Pl oo )5 281y .05 (6505161 (RAD USA

S5 s p g ialesl ads s oolitl (S5 sals o3 olgicas GAPDH 5 jl 590 +/0 pl S5k (8- ng.pl?) «/va pl
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Uoge 5 oy tPA JUgls L adgl (ool 5T 5l oolizwl b (Engvall & Perlmann 1971) qiiue e oo, 4
(USA SC2030) Goat anti Rabbit IJGHRP conjugate « b (ob 51 5 (), Ken 5 sty bowg sriilgs)
IS 4w, 4 (BioTek, USA) ELISA-Reader ol5ws buwg yiogl Y0+ 5 ()9 ol olie 85 &g
odlildyg0 IPA 115595 (gilu oS ly (Alteplase) los tPA clacs, il osliwwl b 3kl (goxie .05 (5550l
o 2235 s HOHIT s MPA (359 lie & Qo (lise (igmeySy dolas 1 olitol b g 285 1,58
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223)5 dpslone g el 5l 55 00)d s (B e 3 TPA (1 ol (e

rtPA 9y ‘_’)I)’f,n
X 100

S onan Ol
3y90 sl g1 1yal ), aw b (olas Mol )b B 53 o yeiSs &gty inle] 10315 Juloe gy 325
V¥) Sy ety loj 5 (PLO Loy IPA 5 P19 L ol o MPA slas 53 53) 0 gli ojlu £55 55515 g3 Jolis anllias
5 plosl SAS version 9.1 ljéla s 5l esliwl b (adolesl (slaodly Julowi g 40355 39 o(pg2 S bg,ST b el 51 dm 59, V-
dglio 85 )8 oy 3)50 BgiyankBg S ealsS (ygel 1 ookl b bedls 3 Jloys ¢ uil)ly 4o sl ) i3

A ploul P < 0.01 paws 45 g LSDT o size gl JBlus 901 51 o3kl b lnosls (1S5ke

! Housekeeping gene
2 Cycle threshold (Cy)
3 Enzyme-linked immunosorbent assay; ELISA
4 Least significant difference; LSD
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PCAMBIAL304-MPA 5y ¢ cély Jlis] pg Sk 51 4 PCAMBIALI04-IPA il woles 5 (F JSi5)
o5 e S5 (0 JS8) 08 b eobass] sl S5l ) odlizal b g Colony PCR (ygail 35k 51 o sl iS5
B JS3) 352 poa L 51 & PCAMBIALZ04-TPA Jb 5850 JUisl j) (S (gjb cin WYE

oy plos iS5 aS oy Glis gd (mie 3T ) sselcussay ol 1 iy g 3 P19 ¢ IPA 5 ol
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bl GMET Gy FIPA 55 ol e oid el (slacSys catlyyy ooy x 0ad geil ojlo g5 blie I & ol
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N o 5oy ¥ PLO (5 e )3 (IN) TIPA (f (s Gl cnyien 45 0> (L5 5 lesd SlS 5 (360 dnlie
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ol s (38 JU8 s Ylaisl Buaa 05 ol (e il 51 o sy QI L (5 JS3) 48 Jols g SThg S
PIPA 05 (s oo (e P19 (05 j9in 53 o8 3 (lis (560 duliie gulis ad 057 obS” (o el 81 (i 9 0lS
S9b P2 Sl ST 5l s & Sloj 4 s 203 AV ¥ XY 5 4 po yiShg ST L LS dls 51 g jgy Ve 9V F

MPA 05 i ol 2 P19 05 oo 51 (8 JS8) cdl Laldl s odlizel ili cq> PCAMBIAL304-tPA
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039 S M wadiosly iy PCAMBIAL304 J56 :)-£ wudis o3> b, PCAMBIAL304
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Figure 2- Digestion of a) the pPCAMBIA1304 vector with EcoRI and Eco91l enzymes: A:
The undigested pCAMBIA1304vector, 1-4: Product of enzymatic digestion reaction, M:
1kb standard GeneRuler (Ampliqon) Ladder and 2) B: the pMV vector with EcoRI and
Eco91l enzymes: A: The undigested pMV vector, 1-4: Product of enzymatic digestion
reaction, M: 1kb standard GeneRuler (Ampligon) Ladder.

P PLO 5 (s ple i a5 b L5 s (2855118 adllas 550 55 P19 ()5 s gl i ooy >

olS zdli 1V 5V cisdS L P19 1f s olo cizmen b Jols +/OA (1 Siko b pgy iSlg ST L olS el 51w g, ¥
JS) (P < 0.01) cily ials' o)l sine yobods gl | g 9y ¥ 2 G 00> ¥R 9 FF (f50a iy pa Sg ST L
5 St (Simpod (izan 39 P19 g TIPA (cla 1 ol (liee )0 ailiie g (L g, 51 (S Y 9 5 slaoged @l (¥

A5 odmline IPA 15 e UL; 3 P19 Oy o UL.» o N4 L‘ﬁl)_;
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3 e3liiw! L Colony PCR (<)) pPCAMBIAL304 J56 ,3 rPA 5 ojlw gono g, i -Y JSU
83,5 auh, 5B ol :¥-Y (PMV J5U) Cudio aalds 1C* ¢ hio sl :C .K2SR g PCAMF (sla 5511
() 5 Ampligon <5, 1 Kb JsSlge (359 NS M commlabls’ Sige (1 5l LB buoma (55,
9 ECORI gWas 351 b (0 oY g ol 0313 iy JBU 1) .pCAMBIAL304-rtPA J5U Lcou 31 o 2

Ampligon <8 i 1 kb J9dg0 (39 ,55U5G :M (Ec091l

Figure 3- Verification of the correct insertion of the rtPA construct into the
pCAMBIA1304 (a) Colony PCR vector using PCAMF and K2SR primers. C™: negative
control, C*: positive control (pMV vector), 2-1: colonies grown on LB medium containing
kanamycin antibiotic, M: 1kb standard GeneRuler (Ampligqon) Ladder, and (b) Digestion
of pCAMBIA1304-rtPA vector, 1: The undigested pCAMBIA1304 vector and 2: Product
of enzymatic digestion reaction, M: 1kb standard GeneRuler (Ampliqon) Ladder.
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Figure 4- Alignment of sequencing results with the sequences of the rtPA construct using

K2SF

CTTCTOTTIGT TAGAACCOGTTTGCCTTCCTCOTGCTGATCT TCAACTTCCTGATTGGACCG
CT T TGTTIGT TAGAACCGT TTGCCTTCCTCOTGOTGATCOCTTCAACTTCCOTGATTGGACCG

AATGCGAACT T TCTGOT TATGGTAAGCATGAAGCTCTTTICTCCTTITTTAT TCTGALAAGAC
AATGCGAACT T TCTGGT TATGOTAAGCATGAAGCTCTTITCTCCTTITITTATTCTGALAGAC

TTAAGGAAGCTCATGT TAGACT T TATCCTTCTTCTAGGTGCACCTCTCAACATCTTCTTA
TTAAGGAAGCTCATGT TAGACT T TATCCTTICT TCTAGGTGCACCTCTCAACATCTTCTTA

ATAGAACCGT TACCGATAATATGCTTTGCGCTGGTGATACTAGATCAGGTGGTCCTCAAG
ATAGAACCOTTACCGATAATATGCTTTGCOCTGGTGATACTAGATCAGGTGGTCCTCAAG

CTAATCTTCATGATGC TTGCCAAGGTGATTCTGGTGGTCCTCTTGTTTGCCTTAATGATG
CTAATCTTCATGATGCTTGCCAAGGTGATTCTGGTGGTCCTCTTGTTTGCCTTAATGATG

GTAGAATGACCCTTGTTGGTATTATTTCTTGGGGTCTTGGTTGCGGTCAA, GATGTTC
GTAGAATGACCCTTGT TGGTATTATTTCTTGGGGTCTTIGGTTGCGGTCAA GATGTTC

CTGGTGT T TATACCAAAGT TACT AAT TATC T TGAT TGGAT TAGAGATAATATGAGACCTC
CTGGTGT T TATACCARAAGT TACTAATTATCTTGATTGGAT TAGAGATAATATGAGACCTC

T CAGGAA A ATCT T TAT T T TCAACATCATCATCATCATCATAGATCTGGTGGTGGTTCTG
TECAGGAAAATCT TTAT T T TCAACATCATCATCATCATCATAGATCTGGTGGTGGTTCTG

GTGGTGGTTCTGGTGGTGGTTCTCCTAGGGTTGGTGTTCCTGGTOGTTGGTGTTCCTGGTG
CTGGTGOTTCTGOG TG TGO TTCTCCTAGGG T TGGTGTTICCTGGTGTTGGTGTTCCTGGTG

TTGGTOTTCCTOGTGT TGO TGTTCCTOGTOTTIGOTGTTICCTGGTGTTGGTGTTCCTGGTG
TTGGTGTTICCTGGTGT TAGTGTTCCTGG TG TGGTGTTCCTGGTGYTAGGTGTTCCTGGTG

TTGGTGTTCCTGOTGT TGGTGTTCCTGGTGT TGGTGTTCCTGGTGT TGGTGT TCLTGGGT
TTGGTGTTICCTGGTGT TGGTGTTICCTGGTGTTGGTGTTICCTGGTGTITGGTGTTCCTGGTG

ClustalW online software.
M

®

10000 b&

3000 bp
; '20'00'5;;

1500 b
1000 b

1500 bg

Gl CuiS bymo (g9, p1 A8l w092 55Uy ST sla gl Colony PCR (yge3l -0 JSW
Jj &9y K2SR g PCAMF ool ! sl S5l b cymunslog ySud o Commmmnoliy y coymmn LU (5L g0

Wy s FgiS :V-0 (PCAMBIAL304-rtPA J5U) Cuie sl :1C* o Wl :C .oy Y ;3,81

kanamycin, rifampicin and hygromycin antibiotics with specific primers of PCAMF and
K2SR on 1% agarose gel. C": negative control, C*: positive control (p)CAMBIA1304-rtPA
vector), 1-5: Grown colonies, M: 1kb standard GeneRuler (Ampligon) Ladder.
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Table 2 - Analysis of expression variance of rtPA gene at the level of transcription and

translation
M.S. Sluye pwSike df eolil as S.O.V. tlyuss gl
MPA G55 ol MPA 13 ol
rtPA protein expression  rtPA gene expression
233.69* 0.285¢ 2 il 5l e 59
day post-inoculation
367.07# 0.354* 1 Szl ojle go3
gene construct
258/38** 0.305* 2 Sl o5l g5 % il 5| uy s,
gene constructx day post-
inoculation
47.85 0.07 12 error il glas
0.9 ®P19 yoas EP19L
0.8
07 g
33 0.6
ié 0.5 c
3 04
X
T 03
0.2
0.1
0 2y
4 7
Tl 3 e 39,

BU ol 0925881 bl Gl gmp BB gy, 2 TIPA o o ple T JSS
P19 45 je> pas g yea> 45 (N. benthamiana) ;9995 oLS ;5 pPCAMBIAL304-rtPA

Figure 6- Relative expression of rtPA gene at day post-inoculation with agrobacterium
containing pCAMBIA1304-rtPA vector in tobacco (N. benthamiana) in the presence and

absence of p19 gene.
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Figure 7- Relative expression of pl9 gene at day post-inoculation with agrobacterium
containing pPCAMBIA1304-rtPA and pCAMBIA1304-P19 in tobacco (N. benthamiana).
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Figure 8- Expression of rtPA protein at day post-inoculation with agrobacterium
containing pCAMBIA1304-rtPA vector in tobacco (N. benthamiana) in the presence and
absence of P19 gene.
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