[ Downloaded from gebgj.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1399.9.2.2.7 ]

oilw 3 eI LPVY Sl caw Y (w9529 4 Cwglio Sl
e (w98 OF GBI (& Sl

Induction of Resistance to Potato Virus Y (PVY) Using Hairpin

Construct of Coat Protein

§ LN v Y . #y L
005 Loy Kot den G gmge gl O 8 Al e i) e

Hassan Rahnamal”, Marzie Ghanbari?, Amir Mousavi®, Saeed Soheilivand?, Reza

Pourrahim*

Olpl S «83uUS s 5 (hisel Sl Olasle Ol nl (53,5158 (55455 oy ol g3 =)
Ol Dl 5 pske dorly oDl 55T o2l ¢ Sl pole 553 s el s =Y
O €Sl Ty 5 KB s o ol 55y ((550LES (65855 g 0S5y -

O (83538 s 5 risal Slidios Olojla 528 (S 5alS Sliiond 4o 8

1-Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural Research
Education and Extension Organization (AREEOQ), Karaj, Iran
2-PhD student, Science and Research Branch, Islamic Azad University, Tehran, Iran
3-National Institute of Genetic Engineering and Biotechnology, Tehran, Iran
4-Iranian Research Institute of Plant Protection, Agricultural Research Education and
Extension Organization (AREEO), Iran

hrahnama@abrii.ac.ir : s S oy (DL J stme ook 5 3

QAUD/Y 25y fe sl = AA/T/YF 223l )3 5 50)

NS 0 9319 595 O1359LS” 4 (Sl SOlaB! SOl BV &7 ege SBG W I (S
03900 womil (PVY) (guniaw Y (929 39890 Jgpaom cuds” § 3 les ool Sl g
OBL wdgi Slwly 58 Guue S 3! O5gil S (A6 Cwglio dlml (Sl 9 5Ly T ool
Skml &l 05 (Pl 95 3 B9 (nl 98 Cwl 00945 w99 4 PIlie SIS
3 ad F g RNAI 3 oile &5 31 jataio oyl (Sly .l ol o0liiw! PVY ade » Cuwglio
4 g 1,71 1 coliwl b oile b soliwl PVY pgii (CP) ibgs cmiigp ide
28 ol gl (Sadilugs woyd Lab 0818 SISl  Jwodmw oLS & 9 9 0 Kl (Sladigeiy
B 1B b3l 2oge T 9 Ay Sl e O Fgiud ITUie B9l (LRS! e
ol Slo pms 09031 S ol b 4idu 15 OBLS 15 O Ol (wip 9 Lo FSly
Ol W39y 4t 31 5 o 1336 SBLE o33 Y gl wlul » b owy» RT-PCR g (PCR)
21208 w3l OBLT Cwglio md Hgkaie 4 ey OUIT & Y CU&T 53 35 CP O3
Ao 33 AT gus 45 31 Ol dhol> s .od F D yge (Srmecw ) Og03T PVY  FaglT

s p9lio PVY (55901 4 Cd S 51 5 (G i SOLS”

sty i § S gunkigo
e \> ISSN 2588-5073
9 #SJI ISSN 2588-5081
A Gl 9 3wl ¥ osled A 098
-1+ ¢ dxao
DOR: 20.1001.1.25885073.1399.9.2.2.7

Genetic Engineering and Biosafety
Journal
Volume 9, Number 2
2021

ouuS>

S glasly

b G R
05 Sh el
P

(3 d Cuaslie
PVY
RNAI


http://gebsj.ir/article-1-345-fa.html
https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.2.7
http://gebsj.ir/article-1-345-en.html

[ Downloaded from gebgj.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1399.9.2.2.7 ]

gots o Y s gy Coaglie sl

Q\)Liujw)

5,5 agb el sl s 1y 0515 5 RNA gy,
il by Ol @RS b OTALD) 0L 5 ool
S5, 35 rons 4 Suslie sl Sz 3 0F el
eS8 e ey 05 5l eslized L (BNYVV) i S5,
Jol OLS s Cuglas sbml 4 G8se s (CP) iy
X 508 omdsn oS5 Slabd 5l eslinal oomes A
@ Coglie sbwl 4 e RNAI o3l )5 (PVX) ey o
SB) ol sk s il el 53 PVX s
(Y0 O 5 Slss,

ore et 4 S ASRNA 5 58 L (Yer8) Oles 5 s
S5 PVY sy CP) idg 85 05 JIs 3 ks
'SpUNta’ pwe s ol o35 L3 PVY 4 caglie sl w
Coslis Jool= ol 5 0LS (Missiou et al. 2004) L
ol PVYN™N 5 PVYO PVYN) PVY 55 a4 oYL
L PVY o Conslie sl aie) L5 (s3date (sla I8 0050
3,505 525 RNAT o3 5 5 S5 codige o 2s, 5l eslizal
Smith et ) Wleds GalS 53 PVY & Cnslio sbol 5 3550 oS
[Maki-Valkama et al. 2000 Valkama et al., 2000 <al. 2000
Gaba et al., 2010; Ganbari- Di Nicola-Negri et al. 2005
Sl i ~15 Ol L J =) .(Jahromi et al., 2015
RNAI Jlstla 3 PVY, PVX, PVS sy 65 4 iy
g5 ae ol Bl o ) e OIS Llanidly Oliioe
L oeomes (Hameed et al, 2017) aola eslds s
2> @IF) 5585w g0 sla,sSb g5l sl
oS Cwslie RNAI slaosle 51 eslizel b iejowm OlalS
) celasl A58 PVY sy i s e icaw
.(Miroshnichenko et al., 2020

iy 5 ol b Sude sloslod gl b
o Ceglie sl ol Slslp o slaasl (CRISPR/Cas9
.Borrelli et al., 2018) coul odsl 54> o OGS ;5 o oy 15
sl cbli= Gble « sls SgRNA > b L Jle Ol ge o
Oliies (S o (5,5 a |, (P3, CI, Nib, CP aile) o s
G opsle esime sl S5 Ghlas ey b Ll s
(Zhang etal., 2019) wolas slowl 1y s g g 5 omews ab

aalis O35 Ils e 4y (Solanum tuberosum L) s 5
S Olge Vb Sas 5 55l s 5 el (ol s
gl b Ol il mke Lis s plIe mle g Sege )
A 05 eSS YaTAYY 5 Shes QLS VoY iS5
P LSS s e VL W Ly S
FAOSTAT, ) Ll s sled w0 W 55 asjcmw oBasu)
o oehds Ol ¥l &S e ool I S (2013
i Y e ps Golew LS o 35l S iam d s
s dl s a4 a olew ! ol Ul ol (PVY)
s .(Valkonen, 2007) ol ol [isl58 740=Vr 0 OIS
e ol Sl b WS 558 s JSke sl e ol
Sose wuyr Joli oS lawysa &S Sl sy 3l ol
Eolpe b LaladS (Bl oS glas 5 Sl (e
bl el el plabd ol 35 5 danl Sy
fu)\ﬁ S slis GL;.« Eye ) f”“ﬁ“’-‘jslf‘gri‘ﬁt% 205 ol pan
Ll oo eyl 5 Nuﬂ <,u,l sl S 0 PO (e i
s sl B s 53 eispl Al Sius s Sl
RNA ) Sadslee RNA iy, L 05 st sl
oxlisal g5l 51 SMSUs <8, g (interference: RNAI
3 sl sl 5l Se e b rss cnl 03 s e
5 e Dlakas glls S5 esle b L (PTGS) w5
o S suns 25 e85 O R b alie e
R OlF e XS e 25 4 Sl D s
(Gabaetal., 2010) 5> S J xS 5 il usis, C@ﬁ B
4 Coslie sbl boadaily 5o (godaze la fags Laly opl s
LOYAL) OLer 5 o ol ol el s s
g ohm GeSsn 05 eolal gl ST (5SS
Loy K55 ol dlaan ) goniae ¥ s s S5,
5 PBINLY 5 Jel> S 4 CaMV 35S iy Sl eslizad
Jsl 0y 5 0lS 4 Agrobacterium tumefaciens i oslizu|

35 (RT-PCR) 0ls S, (uls, Cliigs, Osell sl

1YAQ by 9 50l /Y 0 Lot [ b 059 [ o § (oos] § Sl (ol


https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.2.7
http://gebsj.ir/article-1-345-en.html

[ Downloaded from gebgj.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1399.9.2.2.7 ]

Q\)MJL«IJA)

s o Y s Ceeslie sl

350 03 dadiselny SIS e b Olges 1al55k g (Sl S
LS sl e SL ST Gl S S e
55 bar 55 5 CP (s il 5ltle Lol- PCAMRNAICP
5 oemtlbbl s 5T sl mbe LB laee ) s Yo
00 05806 S o (S 5o o S e 00 plUS a5 el
a3 YA los 3 aelS Ll Cls Gl o) pons (5 5 s
ODeoo 45 by b aids 5 Lo Yoo S 5 ol S sl
Oredlsms e A5 SIE e A B 4 68
Sa Sle agds g3 e Yrer 3 agds Ve Ol St
il wle 53 68U s, 5 Ad Bl sy, s S
Vdswle oy ¥ 55,8 s D558 O3 MS Las (51>)
3,5 o PH 078 1 (0550 o sl SV 505 Koo Vet 5 o
ools JWEl s S o W s Sl b sed
S e s il 4E35 )0 Se el elel (8L L G A
33 e sl Ll lams 4 ol ss addgad iy el Ll
Jie 23k 5 bl e &0 e 5 (3 Ll 5 L 5,
RN

Ol op FebsS 5o Vb LIS L e s 4 0 Il 5ot 4
Beaujean et al., ) !534 zh s el Jerdlsmes 4 R
5,4 (Banerjee et al., 2006  Visser et al., 1998 (1998
bl s AS Gl () o) w5 5 alis
ossel Jir s @R) Wlisnls o515 sl s Joli
(NAA 5 GA3 24-D) oz, s b S5 s (BAP)
Sl b By opsambio Lol aslin 51 (Y Jsd) Ln g
Sl i .28 8 18 eslanal 5,50 0F Jil Gaa b 51,8
5k b s el e 4w 5 Gae Ver) Wsain, 0 s
Sl gladlag oseh Sl LA IS e
350 5 S ol g ol s alisk ey Jsb o Jlez]
SPSS 1 3le 5 5l eslizal b Jols (slaosls 25,5 S5 sl
A S 15 bl o 5 4 3y5e oSSl 0sa5T S 4
b 4 €gai s 3l Gl 1 e ol 1550 glaazalS
S S g 0 (N dsd) LS Jame pliad
Al Uit SldS 5 OIS @ ol Slsady (laasals

o Caglie sl OSGl p)p Sole s el 5 e
05 bl ol Sl elial b pwienw olS 3 PVY

GUIRS g s 05 A Ol edd (b (6 e Blan)

la Sy g 3l g

3 oS Slaied0 s, OLST LS lases 5 AL 54
Ad 4 Ol sislaS 5P pSsm oKiasy Sl Ul
G Sl 3 a5 5 LSO slaisein, oS
s M 4 (Murashige and Skoog, 1962) MS 4| .S ke
318 ol a3 Y Sles Ll 3 s pH 0V 5L a3 T
Ay (S teery Cud L) gLy, cel VN (55 0543
OlalS wia ¢ Y CldS Gl e s iSO cela
Sladad . S 3 eslinal 340 Wl 4 S s
S aigeizy Sl s e e VB E Jsb e Sl isain,
23 550 dw Do o (gl Bl e e e 00 oy 5 sl b
53 el () Jads) Lad clS e S sl L
VU ous opss s LS mluas s YE-TY les L as, SGUI
Broe Cad L) Lde owp il s g o csle

Ldd S (S

Sle 5l SR cnl 53 ity JB6 5 0 g Sy ST 4 g
ol b PVY w Culis bl Gda LRNAI 05 3 50l
ole cul 53 s eslizad (1YAQ) O 5 Ly g oy
Jsb 4 (CP) PVY iis 55, oSS Jlg 5l oo
S b s 3 G ST 5 e 5o Sl i YT
ohs Shendl BL S Ls Gl i YAY) O xal ankss
Lo 50 ankd e A3 o3ls 13 (PGSAL252) RNAI
05 s PCAMBIA3300 deeudly 3 5 sl a2 Pstl o il
LSS el s leOlees bar sl KL
Sambrook ) 53 5 slezl is, L AGLL o s szspjﬁ\
bar o5 s> dwedy ) as Jize (and Russell, 2001
3 iy (PAT) Slal 5 et o 5 i 51 2SS

() JSK) Al s (CaMV 358) S Sl se s s 5L

anmirremiosotrree N



https://dor.isc.ac/dor/20.1001.1.25885073.1399.9.2.2.7
http://gebsj.ir/article-1-345-en.html

[ Downloaded from gebgj.ir on 2025-12-08 ]

[ DOR: 20.1001.1.25885073.1399.9.2.2.7 ]

Q‘)L{aﬁ}“)

s o Y s Ceslie sl

rﬁ,:SLqul&QSA{ﬂjw‘;ﬁg)ljsjg;é\.,g;,isﬁuml:)}»éu\;,is.@m—\ Jad>

Table 1. Culture media used in tissue culture and Agrobacterium mediated transformation of potato plants.

Plant growth regulators (mg/l) Antibiotic (mg/l) Selection agent (mg/I)

Media BAP 2,4-D NAA Cefotaxime PPT
Callus induction 2 2 - -
Rooting - - 0.02 250 15
Propagation - - - 100 -

Lo Olpe a PH 0V 5 alS ST 23 53 0 SV 5L 2 55 p S ¥ L (Murashige and Skoog, 1962) MS b Laswe slac by s 5 el dadas ples s

Culture medias contain MS based culture medium containing 30 g/l sucrose, 7 g/l plant agar and pH 5.7. .2 sslizulal
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CaMV35s :3>(} ,
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6uﬂ»fzi Xhol  Spel BamHI Ascl Ncol Pstl (OCS3') ke w551 stiasoll (Spacer) SPS o5zl PVY CP L 51 5 i axlas (3X) CaMV 35S

u‘")’

Figure 1: T-DNA construct of pPCAMRNAICP. RB, LB, Right and Left border, respectively; bar, Phosphinotricin acetyl transferase gene;
CaMV35s, Cauliflower mosaic virus (CaMV) promoter; CP, sense and antisense of PVY coat protein; Spacer, SPS; Intron; OCS3’, Octopine
synthase terminator; Xhol; Spel, BamHI, Ascl, Ncol, Pstl, restriction enzymes.

Lsbole o35 omdcaw 2135 Gl eslinal 3550 41l Jeddly grws 4w =Y Jdr
Table 2. Three basal protocol used for potato regeneration

.hgm C}a ..\.."":) oS v.:h..? c.a

M1 Z.R (0.8 mg/1) + GA3 (2 mg /1) Beaujean et al., 1998
M2 BAP (2.25 mg/1) + GA3 (5 mg/1) Visser et al., 1998
M3 Z.R (2.2 mg/1) + GA3 (0.15 mg/1) + NAA (0.02 mg/1) Banerjee et al., 2006

ZR= Zeatin riboside: GA3= Gibberellic acid:BAP= 6-Benzyulamino-purine 2,4-D= 2,4-Dichlorophenoxy

(Housekeeping gene) _l=ls J =5 olse « Tubulin o5 s spacer b ozl a3 CP 0

e B 5 s axda DA 0 oliantl gla ST Y Jsa
Table 3. Specific primers for CP, SPS, bar gene and Tubulin as an internal control (Housekeeping gene).

ST gl

ok g S5 4 A S5 J g

CP PVY (sense)

CP PVY (antisense)

SPS

bar

Tubulin

Coat protein 5'- CCATGGAGTCAAACCCGAACAAAGGAAAAG -3'

5'- GGCGCGCCAATGCACCAAACCATAAGCCCATG -3'
5'- ACTAGTAGTCAAACCCGAACAAAGGAAAAG -3'
5'- GGATCCAATGCACCAAACCATAAGCCCATG -3'
5'-GGTGACCATGGGGCGCGCCCAATCGATGATTTTAAAT-3'
5'-CGCGAGGTCACCACTAGTTAATTAAGCTGAGG-3'
5'-CTCGGAGTCAAATCTCGGTGACGGG-3'
5'-CGAGTCTACCATGAGCCCAGAACG-3'
5-GCTTTCAACACCTTCCTTCAG-3'

5'-GGGGCGTAGGAGGAAAGC-3'
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Table 3. Comparation of regeneration (%) and transformation (%) of potato plants in three different media
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M1 30°¢ 33 14¢
M2 350 328 22°
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Figure 2: PCR analysis of putative transgenic potato plants using specific primers CP (A) and bar (B). M, molecular ladder; W, water (as

negative control), 1-9, putative transgenic plants.
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Figure 3: Semi- quantitative RT-PCR analysis of SPS intron. Electrophoresis of RT-PCR products of the transgenic potato plants (1-8) (A);

RT-PCR products of tubulin gene as control (B)

ELISA ;.51 s PCR Qyﬂwwwl,ﬂ!jN L PVY weis cou s é 5 coul 5 0blS a8l -0 Jgde

Table 5. Reaction of transgenic and non-transgenic plants to PVYN based on Signs, PCR and ELISA analysis.

Response to PVY  Total transgenic  Positive PCR Mean of ELISA value
inoculation (strain plants bar CP Inoculated upper leaves
N) leaves
Transformed _ _ _
Number % % % 14dpi 21dpi  35dpi
plants

Resistance 29 80 40 38 0.19 020 0.24
Recovered 17 6 15 14 0.78 030 0.35
Susceptible 44 12 38 38 0.85 092 099
Control Susceptible - - - - 1.11 135 1.23
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Abstract

Potato virus Y (PVY) is one of the most damaging viruses of potato plants which infects most cultivars and
causes a significant decrease in yield products quality and also economical losses annually. Recently, the
application of pathogen derived resistance mechanisms has opened new horizons for the development of
virus-resistant transgenic plants. This research was carried out to study RNA silencing to engineered potato
plants that are resistant to potato virus Y (PVY). RNAI construct was designed from coat protein (CP)
segment of PVY. Potato explants were transformed by Agrobacterium tumefaciens AGL1 with
pCAMRNAICP containing bar selectable gene. The rate of regenerated plants was evaluated in the selected
medium containing the herbicide phosphinotricin after growth and propagation. Transgenic plants and their
gene expression were investigated using polymerase chain reaction (PCR) and RT-PCR. Results showed that
42 percent of regenerated plants were transformed. The expression of CP hairpin construct was determined by
RT-PCR analysis in most of the lines. PVY resistance bioassay showed that 82 percent of transgenic potato
plants were resistance to PVY.
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