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Abstract

This study aims to build a virus-induced gene silencing (VIGS) system in 

Sinningia speciosa. Sinningia speciosa, Gesneriaceae, is an ornamental plant and 

became an emerging model for studying flower development. In wild, flowers of 

Sinningia speciosa are zygomorphic, but many of their domestic conterparts are 

actinomorphy. The zygomorphic wild type and actinomorphic peloria provide us an 

excellent opportunity to compare their flower development and explore functions of 

candidate genes in floral symmetric regulation. VIGS is a powerful tool for studying 

gene functions. We chose two viral systems: Tobacco rattle virus (TRV) and Cymbidium

mosaic virus (CymMV) to test their silencing ability on phytoene desaturase (PDS) in S.

speciosa. Our results showed that S. speciosa could be systemically infected by TRV, 

but no down-regulation of PDS observed; however, CymMV caused down-regulation of 

PDS in some S. speciosa individuals though they did not display expected 

photo-bleaching. Agrobacterium inoculation was also tested. However, Agrobacterium

showed poor infectivity to S. speciosa and Agrobacterium inoculation failed to help 

increase the VIGS efficiency. Concluding our results, the failure to induce VIGS by 

TRV in S. speciosa may be due to the poor infectivity. Besides optimizing the 

inoculation conditions, constructing new VIGS vectors from viruses that naturally

occurring in S. speciosa or virus clones with more infectivity by domestication is 
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preferred in the future. In addition, PDS of S. speciosa seems to be successfully 

down-regulated by CymMV, but the phenotype was not changed. To better confirm that 

gene silencing can be efficiently induced by CymMV in S. speciosa, more reporter 

genes should be tested. 

Keywords: Sinningia speciosa, virus-induced gene silencing, Tobacco rattle virus,

Cymbisium mosaic virus, phytoene desaturas, Agrobacterium inoculation 
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150 3200

(Weber and Skog, 2007; Moller et al., 

2009)

(Kuo, 2008; Chang, 2009a; Hsu, 2009)

(Wang and Cronk, 2003; Chang, 2009b)

(Nishii and Nagata, 2007)

(Sinningia speciosa (Lodd.) Hiern)

22~30

(Chautems et al., 2000) 1815

Gloxinia Gloxinia

speciosa 1825

Gloxinia (Citerne and Cronk, 1999)

(Hsu et al., 2009)

(Citerne et al., 2000)

( )
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(Citerne and Cronk, 1999)

F2 3 1

(Hsu et al., 

2009)

A B F2

C D
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(VIGS) 

(virus-induced gene silencing, VIGS)

(PTGS, post 

transcriptional gene silencing) (Burch-Smith et al., 2004)

mRNA mRNA VIGS

(McKinney, 1929)

1990 Jorgensen chalcone 

synthase (CHS)

42 % (Napoli et al., 

1990) CHS mRNA

(co-suppression)

(Vanderkrol et al., 1990; Lindbo et al., 1993)

mRNA

(Ratcliff et al., 1997) 1999 David Baulcombe PTGS

PTGS 25 bp RNA (Hamilton and 

Baulcombe, 1999) RNA

mRNA RNA (RNAi) (Fire et al., 1998)

PTGS RNAi (Voinnet et 

al., 2000) 1995 Kumagai

(Kumagai et al., 1995)

PTGS PTGS VIGS (Ruiz et al., 1998)

RNA RNA

Dicer RNA

RNA small interfering RNA 
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(siRNA) siRNA Argonaute (AGO) RNA induced silencing complex 

(RISC) RISC RNA

RNA RNA RNA 

RNA dependent RNA polymerase (RdRP) RNA

Dicer siRNA (secondary siRNA)

(Mlotshwa et al., 2002; Becker and Lange, 2010) PTGS

(silencing signal)

(Kalantidis et al., 2008; Becker and Lange, 

2010) VIGS

PTGS siRNA siRNA

mRNA mRNA

T-DNA VIGS

(Burch-Smith et al., 2004)

(Mlotshwa et al., 2002)

(Chen et al., 2004) VIGS

(Baulcombe, 1999; Lu et al., 2003a)

regeneration (Liu et al., 2004; Lu et al., 2007; Wege et al., 2007)

VIGS
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redundancy VIGS

redundancy

(Burch-Smith et al., 2004; Wang et al., 

2006) VIGS

(Lu et al., 2003b)

VIGS

VIGS (Burch-Smith et al., 2006; Cai et al., 

2006) (Baulcombe, 1999) (Liu et al., 2002a) (Nagamatsu et al., 

2007) (Chen et al., 2004) (Holzberg et al., 2002) (Lu 

et al., 2007) (Wege et al., 2007) (Gould and Kramer, 2007)

(Becker and Lange, 2010)

(Endress, 1999) 2009

VIGS 2010 TRV VIGS

(Preston and Hileman, 2010)

VIGS

VIGS Tobacco rattle virus (TRV) Cymbidium

mosaic virus (CymMV)

TRV Tobamoviruss ssRNA(+) bipartite TRV

(Brunt et al., 1996) VIGS
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(Burch-Smith et al., 2004; Godge et 

al., 2008) TRV VIGS

TRV 2001

VIGS VIGS (Ratcliff et al., 2001) 2002

Dinesh-Kumar clone TRV (Liu et al., 

2002b) TRV VIGS TRV

pTRV1 pTRV2 pTRV1 RNA RNA 

dependent RNA polymerase (RdRP) movement 

protein (MP) pTRV2 coat protein (CP)

multiple cloning site (Liu et al., 2002b) TRV

(Kuo, 2008) TRV

CymMV Potexvirus ssRNA(+) monopartite

(Brunt et al., 1996) CymMV

3’UTR poly A 5’UTR methyl G cap (Wong et al., 1997) 2007

CymMV VIGS (Lu et al., 2007)

CymMV

(Kuo, 2008) CymMV

Tobacco mosaic virus (TMV) VIGS TMV

(Zettler and Nagel, 1983) TMV

(Ratcliff et al., 2001; Chen et al., 2004)

TMV
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VIGS

phytoene desaturase (PDS) VIGS PDS

VIGS (Burch-Smith et al., 2006; Gould and 

Kramer, 2007) (Demmigadams and Adams, 

1992) PDS

(Kumagai et al., 1995; Gould and 

Kramer, 2007)

PDS PDS

(ABA inhibitor) fluridone

PDS fluridone

fluridone

(Bartels and Watson, 1978)

fluridone PDS

VIGS

(Hansen et al., 1994)

(Lu et al., 2003a; 

Burch-Smith et al., 2004) VIGS

(Becker and Lange, 2010)

(Agrobacterium transient expression analysis)

GUS aasay
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-glucuronidase(GUS)

GUS X-Gluc

(Jefferson et al., 1987)

Ti plasmid Ti plasmid

VIGS

(Kushikawa et al., 2001; Cai et al., 2006; Bhaskar et al., 2009)

acetosyringone

acetosyringone (Hansen et al., 

1994) Ti plasmid vir

T-DNA (Bolton et al., 1986) acetosyringone

acetosyringone

(Wang et al., 2006) acetosyringone

(Godwin et al., 1991) VIGS

acetosyringone 100 200 M 500 M

(Kushigawa et al., 2002) (Rao and Rao, 2007)

acetosyringone 800 M 200 M

GUS GUS

T-DNA

GUS
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VIGS

regeneration

VIGS

VIGS TRV

CymMV TMV

RNA RT-PCR

PDS RT-PCR

PDS

VIGS GUS assay

VIGS



10

”AVANTI”( )

”AVANTI” F1 SAKATA

”Tigrina” F2 ”Carangola X peloria” F2

F1 (Nicotiana 

benthamiana)

(peat moss) 30 /25 16

7~10 2~3

( ) 3

( )

TRV 22 CymMV TMV

28 /25 
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A ”AVANTI”

B

”Tigrina”

C ”Carangola” F2
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(a)RNA

RNA trizol 0.1~0.2 g

1 ml trizol 1.7 ml

4 13000 rpm 5

200 l 99 % chloroform 80 rpm 10

4 13000 rpm 15

500 l isopropanol -20 1~2

4 13000 rpm 15 75 % 1 ml

4 13000 rpm 5 100 % 500 l

4 13000 rpm 5 tip

60 5

DEPC 20 l 60 5 RNA

RNase

(b)RQ1 DNase

RNA RQ1 DNase (Promega) gDNA 16 l

RNA 2 l DNase buffer 2 l DNase 0.5 l RNaseOUT™ Recombinant 

RNase inhibitor (Invitrogen) PCR machine 37 30

2 l DNase inhibitor PCR machine 65  10

(c) (RT-PCR)

10 pg–5 g RNA 0.5 l oligo dT(18) (100 M) 0.2 l

(10 M) 1 l 10 mM dNTP Mix 0.5 l RNase Inhibitor 13

l 65 5 RNA 4 l 5X 
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First-Strand Buffer 1 l 0.1 M DTT 0.7 l of SuperScript™ III RT (200 units/ul) 

(Invitrogen) 0.3 l DEPC water 50 45 70 15

cDNA cDNA Prime Taq DNA polymerase 

( ) PCR PCR band

band nested PCR

(d)

100 l 1/3 5 l

10 42  heat shock 45 2 200 l LB

37 20 100 l LB

LB 40 l IPTG 40 l X-gal 37

12~16

(e) glycerol stock

1 ml 375 l 80 % glycerol stock

-80

(a) TRV

TRV pTRV1 (pYL192) pTRV2 (pYL156) ( ) (Liu et al., 2002b)
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TRV pTRV1 pTRV2 Multiple cloning site (MCS)

pTRV2

cDNA PCR

GENO Mini Purification Kit (Genomics)

pGEM-T Easy Vector (Promega) 1 g pTRV2 1 g pGEM-T

0.5 l fast EcoR1 (Fermantas) 3 l 10×fast green Buffer

30 l 37 45 80 5

pGEM-T

nanodrop pTRV2 0.5 l alkaline 

phosphatase (CIP, Biolabs) 5 l 10X NEB buffer 50 l 37 1

70 ng 100 ng 2 u T4 DNA Ligase 

(Fermantas) 2 l 10X ligation buffer 20 l 22 1

DH5 37 12

PCR TRV

PCR
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(b) CymMV

CymMV pCymMV (Lu et al., 2007) ( )

1 g pCymMV DNA 1 l SmaI (Fermantas) 2 l 10×Buffer 

Tango 20 l 30 1.5 65 20

GENO Mini Purification Kit (Genomics) CymMV

1 l

cDNA phusion taq PCR GENO Mini Purification 

Kit (Genomics) 30 ng SmaI pCymMV

2 l 10X ligation buffer 1 l T4 DNA ligase (Fermantas) 2 l

PEG 20 l 22 1 SmaI

30 1 TOP10 37 12

PCR CymMV

PCR

(c) TMV

TMV TMV-GFP (Shivprasad et al., 1999) ( )
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CymMV pCymMV

CymMV pCymMV

CymMV CP-F CymMV CP-R CymMV IN-F CymMV IN-R

pGEM-T

TMV

pCymMV
9383 bp

CyMV

CymMV CP-R

CymMV IN-F

CymMV IN-R
CymMV CP-F

CP promoter X2

CP

Sma I (8480)

Spe I (2948)

Spe I (9315)

Kpn I (5547)

Kpn I (6271)

Kpn I (8189)

Kpn I (8734)
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(a) TRV

in vivo

TRV 600

l 0.05 M (pH = 7.0) TRV

TRV pTRV1 pTRV2

(b) CymMV

in vitro transcription ( )

2~5 g pCymMV speI 37 1.5

2 l GENO Mini 

Purification Kit (Genomics) 30ul

6ul 2 l 10X reaction buffer 10 l 2X NTP/CAP MIX 2

l enzyme mix (mMESSAGE mMACHINE kit) 20ul

37  30 1 l GTP solution 37  30 

1 l GTP solution 37  2

RNA 1 : 5 0.05 M (pH = 7.0)

in vivo

CymMV 2 ml 

0.05 M (pH = 7.0) CymMV

(c) TMV

in vivo

TMV-GFP 10
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GFP 600 l

0.05 M (pH = 7.0) TMV

(d)

RNA in vivo

5~10 l

2~3

RNA RT-PCR

(e)GFP

    TMV-GFP

GFP GFP GFP

(a) GUS

LBA4404 GV2260 GV3101 C58C1

EHA105 GUS

pCAMBIA1301 GUSINT GFP

(b) --

glycerol stock 10 l 5 ml 50 mM Rifampicin LB

30 32 1 ml 100 ml LB
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14 (LBA4404 24 ) O.D.600

1.5~2.0 50 ml 4 4000 g 15

50 ml 4

4000 g 15 4~5

40 ml 10 % 15

25 ml 10 %

4 4000 g 15

400~500 l 10 % 40 l

1.5 ml -80

1

0.2~0.3 l (10 ng)

1.9 Kv 25 CF 100

1 ml LB 1.5 ml

37 1 200 l 28

(c) --

glycerol stock 10 l 5 ml 50mM Rifampicin LB

30 32 1 ml 100 ml LB

14 (LBA4404 24 ) O.D.550

0.5~0.8 5000 rpm 10 TE buffer

10 ml LB 250 l

1.5 ml -80



20

1/3 1~5 g 5

5 37 5

1 ml LB 28 2~4 200 l

LB agar 28

(Weigel and Glazebrook, 2002)

(d)

VIGS

 (Chen et al., 2004)

Kanamycin LB ( TRV TRV1 TRV2)

OD600 1.5~2.0 LB

(200 M acetosyringone( ) 10 mM MgCl2 10 mM MES in ddH2O)

OD600 = 0.7( TRV

OD600 = 4.0 CymMV OD600 = 2.0) (

TRV TRV1 TRV2 )

(syringe) (Chen et al., 2004; 

Wang et al., 2010)

(e)GUS  (Histochemical staining for GUS activity) 

(0.5 mM 0.5 mM 0.05 M 

Na-phosphate, pH = 7.0 0.3 % triton-X 1.25 mg/ml X-Gluc)

37 70 % 60
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fluridone  (ABA inhibitor)

0.033 g fluridone 95 % 100 ml 100 M

(Ober and Sharp, 1994)
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(a) TRV  

TRV ”AVANTI” 19

RNA TRV1-F TRV1-R RT-PCR TRV1

PYL156-F PYL156-R RT-PCR TRV2 Tuba-F Tuba-R

RT-PCR Tubulin

TRV1 TRV2 PCR ( 4) PCR

TRV1 TRV2 PCR

TRV ( ) TRV

( )
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TRV ”AVANTI” 19

RNA RT-PCR TRV1 TRV2 Tubulin

(control) PCR cycle Ss-TRV TRV ”AVANTI”

14 Ss-WT ”AVANTI” Nb-WT

Nb-TRV TRV n

TRV 19 RT-PCR TRV ”AVANTI”

A ”AVANTI” B
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(b) CymMV  

CymMV CymMV

CymMV CymMV

CymMV RNA

CymMV ”AVANTI”

15 RNA CymMV CP-F CymMV CP-R

RT-PCR CymMV 25 CymMV

CymMV PCR CymMV Ha-F

CymMV CP-R nested PCR 20 CymMV PCR

CymMV( )

CymMV RNA ”AVANTI” 15

RNA CymMV CP-F

CymMV CP-R RT-PCR PCR

CymMV nested PCR PCR

CymMV 2 PCR CymMV

CymMV( )

RNA ”AVANTI”

40 RNA CymMV CP-F CymMV CP-R RT-PCR

CymMV 2

CymMV CymMV Ha-F CymMV CP-R nested PCR

CymMV( )
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CymMV ”AVANTI”

RNA RT-PCR (A) (B)

CymMV CymMV-nested (nested PCR) Tubulin (control)

PCR cycle Ss-CymMV ”AVANTI”

Ss-WT ”AVANTI” Nb-CymMV CymMV

Nb-WT  n
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CymMV RNA ”AVANTI”

RNA RT-PCR (A) (B)

CymMV CymMV-nested (nested PCR) Tubulin (control)

PCR cycle Ss-CymMV ”AVANTI” Nb-CymMV

CymMV Ss-WT ”AVANTI”

Nb-WT n

CymMV RNA ”AVANTI”

40 RNA RT-PCR CymMV

CymMV-nested (nested PCR) Tubulin (control) PCR cycle

Ss-CymMV ”AVANTI” Nb-CymMV

Ss-WT ”AVANTI” Nb-WT
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CymMV

”Tigrina” ”Carangola X peloria” 15 CymMV CP-F CymMV 

CP-R RT-PCR CymMV ”Tigrina” PCR

”Carangola X peloria” PCR CymMV Ha-F

CymMV CP-R nested PCR ”Tigrina” PCR

”Carangola X peloria” PCR ( )

CymMV

( ) CymMV
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CymMV

RNA RT-PCR CymMV

CymMV-nested (nested PCR) Tubulin (control) PCR cycle

Tig-CymMV ”Tigrina” X2-CymMV ”Carangola X 

peloria” Nb-CymMV Tig-WT

“Tigrina” Nb-WT n

CymMV A B

CymMV
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(c) TMV  

TMV-GFP

( )

GFP ( ) RNA GFP-F GFP-R

RT-PCR GFP

( )

pTMV-GFP ”AVANTI” A

B ”AVANTI”
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TMV-GFP ”AVANTI” A

TMV-GFP ”AVANTI” B

TMV-GFP

C TMV-GFP

GFP

(data not shown)

TMV-GFP ”AVANTI”

RNA RT-PCR GFP Tubulin (control)

PCR cycle Ss-TMV ”AVANTI”

Nb-TMV n
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PDS

(a)

VIGS

(Liu and Page, 2008) VIGS

VIGS  (Burch-Smith et al., 2004;  

Bruun-Rasmussen et al., 2007)

PDS TRV PDS

PDS TRV PDS279( PDSYu-F

PDSYu-R PCR 279bp PDS ) PDS843 ( PDSHc-F

PDSHd-R PCR 843bp PDS ) pTRV2-NbPDS279

pTRV2-NbPDS843 pTRV2-SsPDS279 pTRV2-SsPDS843 pTRV2 (

) SsPDS279 NbPDS279 59 bp 14 bp SsPDS843

NbPDS843 143 bp 21 bp( )
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pTRV2 pTRV2-NbPDS843

pTRV2-SsPDS843 pTRV2-NbPDS279 pTRV2-SsPDS279
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PDS279

PDSHd-R

PDSHc-F

PDSYu-F

PDSYu-R

”AVANTI” (Ss) (Nb) PDS843 PDS279

PDSYu-F PDSYu-R PDSHc-F PDSHd-R

SsPDS843 NbPDS843 SsPDS843 NbPDS843
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25 TRV NbPDS843( PDS843 TRV) TRV

NbPDS279 TRV SsPDS843

TRV SsPDS279 ( )

PDS

TRV SsPDS843

TRV SsPDS279

SsPDS279 NbPDS279 78 % SsPDS843 NbPDS843 84 %

SsPDS279 NbPDS279

14 bp SsPDS843 NbPDS843 21 bp VIGS

23 (Thomas et al., 2001)

TRV SsPDS279 SsPDS843 NbPDS843

23 bp

VIGS

TRV

22 25 32 VIGS(Burch-Smith et al., 2004; Cai et al., 

2007) TRV (Cooper and Harrison, 

1973) 30 TRV TRV NbPDS843

( )

PDS843 PDS279

TRV 25

PDS843 PDS279 SsPDS843

TRV SsPDS843
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TRV PDS (A) 25 TRV

NbPDS843 TRV NbPDS279 TRV SsPDS843

TRV SsPDS279 (B) 30 TRV

NbPDS843 TRV NbPDS279 TRV SsPDS843

TRV SsPDS279
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(b) PDS

fluridone ”AVANTI”

( ) PDS

”AVANTI” fluridone (9dpi) (14dpi)

1 3 2 4

(c) TRV  

pTRV2-SsPDS843 GV2260

”AVANTI”

( ) RT-PCR 15 18 AVANTI 12

TRV1 TRV2+SsPDS843 80 %

TRV1 TRV2+SsPDS843 PCR

PCR ( )
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TRV SsPDS843 18 A

B ”AVANTI” ( ) C

”AVANTI”

TRV SsPDS843 18 ”AVANTI”

RNA RT-PCR TRV1 TRV2 Tubulin (control)

PCR cycle Ss-TRV SsPDS843 TRV SsPDS843 ”AVANTI”

14 1,5,7 TRV Nb-TRV 

SsPDS843 TRV SsPDS843 Ss-WT ”AVANTI”

Nb-WT n
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PDSHa-F PDSHb-R RT-PCR TRV VIGS PDS (

) TRV SsPDS843 PDS

( ) TRV SsPDS843 PDS

(Ss-TRVSsPDS8 1,5,7)

( ) RT-PCR TRV

PDS

40 RNA TRV

12 TRV 14

TRV2 TRV1 ( )

PDS
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TRV NbPDS279 TRV SsPDS843 18 RNA

RT-PCR PDS PDS (25 30 35 cycles)

Tubulin (control) PCR cycle Nb-TRV NbPDS279 TRV NbPDS279

Nb-TRV SsPDS843 TRV SsPDS843

Nb-WT n

TRV SsPDS843 18 ”AVANTI” RNA

RT-PCR PDS PDS (25 30 35 cycles) Tubulin 

(control) PCR cycle Ss-TRVSsPDS843

Ss-WT n
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TRV SsPDS843 ”AVANTI” 40

RNA RT-PCR TRV1 TRV2

Tubulin(control) PCR cycle Ss-TRV SsPDS843 TRV SsPDS843

”AVANTI” Ss-WT ”AVANTI”

n
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(d) CymMV  

pCymMVSsPDS843 ( ) KpnI SsPDS843

( )

pCymMV-SsPDS843

KpnI CymMV pCymMV

KpnI 6196 bp 1918 bp 724 bp 545 bp

multiple cloning cite 545 bp 9383 bp pCymMV

pCymMV-SsPDS843 KpnI 6196 bp 1918 bp 724 bp

1388 bp 545 bp PDS843 843bp

pCymMV-SsPDS843
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pCymMV-SsPDS843 RNA ”AVANTI”

RNA

RT-PCR 13 CymMV 12

nested PCR CymMV 9 RNA

nested PCR CymMV CymMV(

) PDSHa-F PDSHb-R RT-PCR PDS ( )

PDS

CymMV CymMV 13 PDS

5 7 8 PDS



43

CymMV SsPDS843 15 ”AVANTI”

RNA RT-PCR PDS CymMV

CymMV-nested (nested PCR) PDS (25 30 35 cycles) Tubulin (control)

PCR cycle Nb-CymMV SsPDS843 CymMV SsPDS843

Ss-CymMV SsPDS843 CymMV SsPDS843 ”AVANTI”

Ss-WT ”AVANTI” Nb-WT n
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pCAMBIA1301

”Tigrina” 510

”Tigrina” 20 GUS

3.9 % GUS GUS

A B C ( ) ( )

pCAMBIA1301 ”Tigrina”

GUS

level description 
A GUS 1/10
B GUS A
C GUS
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pCAMBIA1301 ”Tigrina”

GUS AS

(acetosyringone) GUS
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(a)

LBA4404 GV2260 GV3101 C58C1

LBA4404 73 ”Tigrina” 3 GUS

B C C 4.11 % GV2260 75 ”Tigrina”

6 GUS A A A A C C

8.00 % GV3101 72 ”Tigrina” 5 GUS

B B C C C 6.94 % C58C1 76 ”Tigrina”

5 GUS B B B B C 6.58 % (

) GV2260

EHA105 AVANTI 30 AVANTI

GUS GV2260 AVANTI 54

GV2260 ” Carangola X peloria” 32

GUS D

GUS ( )
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acetosyringone (AS) GUS assay

pCAMBIA1301 ”Tigrina”

GUS

GV2260 75 6 GUS 8.00 %

A A A A C C

GUS A B

-pCAMBIA1301



49

(b) AS

acetosyringone 0 200 400 600 800 M

200 400 M ”Tigrina”

GUS 0 M 600 M 800 M GUS ( )

200 400 M

200 M 148 ”Tigrina”

11 GUS A A B B C C C C C C C

7.43 % 400 M 270 ”Tigrina” 9 GUS

A A B B B B B B C 3.33 % ( )

AS 200 M

GUS
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acetosyringone GUS assay

pCAMBIA1301 acetosyringone inoculation buffer

”Tigrina” GUS

200 400 M

”Tigrina” GUS 0 M 600 M 800 M GUS

acetosyringone GUS assay AS 200 m

148 ”Tigrina” 11 GUS 7.43 %
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VIGS

GV2260 AS

200 M

(a) TRV 

pTRV1 pTRV2-SsPDS843 GV2260

AS 200 M 17 12

( )

RNA RT-PCR 12 TRV1 TRV2

PDS

TRV PDS ( )
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GV2260 TRV SsPDS843 17 A

B

RT-PCR GV2260 TRV SsPDS843 TRV

PDS TRV1 TRV2 PDS(25 30

35 cycles) Tubulin(control) PCR cycle Ss-TRV SsPDS843 TRV 

SsPDS843 Nb-TRV SsPDS843 TRV SsPDS843

Ss-WT Nb-WT n



53

TRV VIGS

VIGS (Constantin et al., 2004)

90 %

TRV 2~3 TRV

TRV

VIGS TRV SsPDS843 80 % TRV

TRV TRV

TRV PDS TRV SsPDS843

( TRV )

TRV SsPDS843 PDS

VIGS silencing suppressor

VIGS Silencing suppressor siRNA siRNA

RISC RISC mRNA (Di Serio et al., 2001; Cui 

and Zhou, 2005) TRV silencing suppressor suppressor (Ratcliff et 

al., 1999) TRV silencing suppressor VIGS

TRV

VIGS (Dr. , personal 

communication) RT-PCR TRV

( quantitative real-time PCR ELISA )
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TRV (Brunt, 1996)

(Noordam, 1956) TRV

TRV

VIGS TRV

TRV 40

TRV

TRV RNAi silencing

resistant gene 40

TRV

CymMV VIGS

CymMV

CymMV PCR

CymMV nested PCR CymMV

CymMV

20% PDS

CymMV

PDS

redundancy (Lu et al., 2003b)

(Xu et al., 2008)

redundancy CymMV ChlI CHS
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(Chen et al., 2004; Robertson, 2004)

CymMV PDS Cym

(Brunt, 1996)

CymMV (Navalinskiene et al., 2005) CymMV

CymMV

CymMV RT-PCR

pCymMV SsPDS nested RT-PCR

CymMV RNA

VIGS

(Ratcliff et al., 2001)

TRV SsPDS CymMV SsPDS

PDS

in vivo CymMV SsPDS CymMV NbPDS

CymMV VIGS

CymMV in

vivo

RNA

in vivo

TRV (Lu et al., 2003b)

in vivo

(Lu et 

al., 2003b) in vivo

RNA
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(coat protein)

TRV CymMV

TRV CymMV

RT-PCR 40

TRV CymMV

TRV CymMV

(Lu et al., 2007)

(Burch-Smith et al., 2006; Gould and Kramer, 

2007) TRV CymMV

VIGS

VIGS (Lu et al., 2003b)

VIGS

GUS assay GV2260

GV2260 C58

C58 GV3101 C58C1 (Li et al., 1992; 
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Rotino et al., 1992) C58

LBA4404 Ach5 EHA105 A281

(Li et al., 1992; Rotino et al., 1992) ( EHA105

”Tigrina” )

acetosyringone

(Chang and Chan, 1991; Chan et al., 1992)

acetosyringone acetosyringone 600 M

acetosyringone 200 M

400 M

(Kushikawa et al., 2002)

acetosyringone 200 M

GV2260 acetosyringone

200 M

GUS 10 %

TRV

TRV

(Agrobacterium tumefaciens)

Kohleria Episcia

Pereskia Chirita ( ) Saintpaulia

( ) Sinningia ( ) Tussacia (De Cleene and De Ley, 

1976) (Kuo, 2008)

GUS assay
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Ramonda myconi 21.4 % (Toth et al., 2006) (Saintpaulia ionantha)

60 % (Mercuri et al., 2000; Kushikawa et al., 2002)

31.1 % (Zhang et al., 2008) GUS assay

(Geier and Sangwan, 1996)

30 GUS assay

GUS assay

VIGS
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TRV VIGS CymMV

VIGS 20 %

VIGS

acetosyringone

VIGS (Xu et al., 2008)

(agrogrench) floral dipping

(Liu et al., 2002a; Burch-Smith et al., 2004; Ryu et al., 2004; Gould and Kramer, 

2007)

acetosyringone VIGS (Liu et al., 2002a; Gould and 

Kramer, 2007)

(data not shown)

(Ho et al., 2009)
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( )

(data not 

shown)

(Gould and Kramer, 2007)

(Wang et al., 2006; Bhaskar et al., 2009) (Burch-Smith et al., 

2004)(Porter, 1991) VIGS

OD600 10 2 0.7 (data not 

shown)

GV2260 acetosyringone 200 M

55 ”Tigrina” 4 GUS 32 ” Carangola X peloria”

GUS 55 ”AVANTI”

GUS ”Tigrina” ”AVANTI” ” Carangola X 

peloria CymMV CymMV ”Tigrina”
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”AVANTI” ”Carangola X peloria”

VIGS

VIGS

VIGS

Tomato spotted wilt virus (TSWV) Tomato ringspot virus (ToRSV) Dahlia ringspot 

virus (syn: Tobacco streak virus (Asjes et al., 1996)) (Zettler and Nagel, 1983)

Impatiens necrotic spot virus (INSV) (Daughtrey et al., 1997) Belladonna mottle 

virus Dulcamara mottle virus Tobacco necrosis virus (Brunt, 1996)

TSWV ToRSV INSV Tospovirus

VIGS TSWV

VIGS TSWV

(Cho et al., 1987; Brunt, 1996) TSWV N PTGS

TSWV VIGS TSWV

(  et al., 1997) clone Tospovirus

ssRNA(-) RNA RdRP

ssRNA(-) ssRNA(-)

RdRP

TSWV Tospovirus (Dr. , personal communication)

Tospovirus clone

VIGS

VIGS



62

TRV CymMV

(Cheng-Mayer

et al., 1991) TRV CymMV

clone clone

VIGS
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RT-PCR(Martin and MacNeill, 2004)GFPTTATTTGTATAGTTCATCCAGFP-R

RT-PCR(Martin and MacNeill, 2004)GFPATGAGTAAAGGAGAAGAACTGFP-F

Colony PCR(Lee et al., 1995)GUSGTTTACGCGTTGCTTCCGCCAGUS-R

Colony PCR(Lee et al., 1995)GUSGGTGGGAAAGCGCGTTACAAGGUS-F

RT-PCRCymMVCAGGTCGGCTAACTTGGGTGCymMV IN-R

RT-PCRCymMVTATCACTAACTGCCCCGATCCTCymMV IN-F

RT RT-PCR(Lu et al., 2007)CymMVAGTTTGGCGTTATTCAGTAGGCymMV CP-R

RT-PCR(Lu et al., 2007)CymMVGAAATAATCATGGGAGAGCCCymMV CP-F

RT RT-PCR(Hileman et al., 2005)TRV1GTAAAATCATTGATAACAACACAGACAAACTRV1-R

RT-PCR(Hileman et al., 2005)TRV1CTTGAAGAAGAAGACTTTCGAAGTCTCTRV1-F

RT RT-PCR(Hileman et al., 2005)TRV2CGAGAATGTCAATCTCGTAGGpYL156R

RT-PCR(Hileman et al., 2005)TRV2GGTCAAGGTACGTAGTAGAGpYL156F

Used forReferenceRegionSequence (5'-3')Primer

RTTTTTTTTTTTTTTTTTTTpoly T18

PDS843PDSGAGTTTTGACAACATGGTACTTCPDSHd-R

PDS843PDSACAATGAAATGCTTACTTGGCPDSHc-F

RT-PCRPDSGACAGCACCTTCCATTGAAGCPDSHb-R

RT-PCRPDSAAGGTAGCTGCATGGAAAGATGAPDSHa-F

PDS279(Kuo, 2008)PDSKGAARTATGGVATCTCTTTCCAPDSYu-R

PDS279(Kuo, 2008)PDSGATTTYTKCAGGAGAARCATGGPDSYu-F

RT-PCR(Chang, 2009a)TubulinAACTCTCCTTCCTCCATACCCTCACCtuba-R

RT-PCR(Chang, 2009a)TubulinAGGTCGGAAATGCWTGCTGGGAtuba-F

RT-PCR(Martin and MacNeill, 2004)GFPTTATTTGTATAGTTCATCCAGFP-R

RT-PCR(Martin and MacNeill, 2004)GFPATGAGTAAAGGAGAAGAACTGFP-F

Colony PCR(Lee et al., 1995)GUSGTTTACGCGTTGCTTCCGCCAGUS-R

Colony PCR(Lee et al., 1995)GUSGGTGGGAAAGCGCGTTACAAGGUS-F

RT-PCRCymMVCAGGTCGGCTAACTTGGGTGCymMV IN-R

RT-PCRCymMVTATCACTAACTGCCCCGATCCTCymMV IN-F

RT RT-PCR(Lu et al., 2007)CymMVAGTTTGGCGTTATTCAGTAGGCymMV CP-R

RT-PCR(Lu et al., 2007)CymMVGAAATAATCATGGGAGAGCCCymMV CP-F

RT RT-PCR(Hileman et al., 2005)TRV1GTAAAATCATTGATAACAACACAGACAAACTRV1-R

RT-PCR(Hileman et al., 2005)TRV1CTTGAAGAAGAAGACTTTCGAAGTCTCTRV1-F

RT RT-PCR(Hileman et al., 2005)TRV2CGAGAATGTCAATCTCGTAGGpYL156R

RT-PCR(Hileman et al., 2005)TRV2GGTCAAGGTACGTAGTAGAGpYL156F

Used forReferenceRegionSequence (5'-3')Primer
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pTRV1 ( 6791 bp) TRV1-F TRV1-R

ATAAAACATTTCAATCCTTTGAACGCGGTAGAACGTGCTAATTGGATTTTGGT
GAGAACGCGGTAGAACGTACTTATCACCTACAGTTTTATTTTGTTTTTCTTTTT
GGTTTAATCTATCCAGCTTAGTACCGAGTGGGGGAAAGTGACTGGTGTGCCT
AAAACCTTTTCTTTGATACTTTGTAAAAATACATACAGATACAATGGCGAACG
GTAACTTCAAGTTGTCTCAATTGCTCAATGTGGACGAGATGTCTGCTGAGCA
GAGGAGTCATTTCTTTGACTTGATGCTGACTAAACCTGATTGTGAGATCGGGC
AAATGATGCAAAGAGTTGTTGTTGATAAAGTCGATGACATGATTAGAGAAAG
AAAGACTAAAGATCCAGTGATTGTTCATGAAGTTCTTTCTCAGAAGGAACAG
AACAAGTTAATGGAAATTTATCCTGAATTCAATATCGTGTTTAAAGACGACAA
AAACATGGTTCATGGGTTTGCGGCTGCTGAGCGAAAACTACAAGCTTTATTG
CTTTTAGATAGAGTTCCTGCTCTGCAAGAGGTGGATGACATCGGTGGTCAATG
GTCGTTTTGGGTAACTAGAGGTGAGAAAAGGATTCATTCCTGTTGTCCAAAT
CTAGATATTCGGGATGATCAGAGAGAAATTTCTCGACAGATATTTCTTACTGCT
ATTGGTGATCAAGCTAGAAGTGGTAAGAGACAGATGTCGGAGAATGAGCTGT
GGATGTATGACCAATTTCGTAAAAATATTGCTGCGCCTAACGCGGTTAGGTGC
AATAATACATATCACGGTTGTACATGTAGGGGTTTTTCTGATGGTAAGAAGAA
AGGCGCGCAGTATGCGATAGCTCTTCACAGCCTGTATGACTTCAAGTTGAAA
GACTTGATGGCTACTATGGTTGAGAAGAAAACTAAAGTGGGTCATGCTGCTA
TGCTTTTTGCTCCTGAAAGTATGTTAGTGGACGAAGGTCCATTACCTTCTGTT
GACGGTTACTACATGAAGAAGAACGGGAAGATCTATTTCGGTTTTGAGAAAG
ATCCTTCCTTTTCTTACATTCATGACTGGGAAGAGTACAAGAAGTATCTACTG
GGGAAGCCAGTGAGTTACCAAGGGAATGTGTTCTACTTCGAACCGTGGCAG
GTGAGAGGAGACACGATGCTTTTTTCGATCTACAGGATAGCTGGAGTTCCGA
GGAGGTCTCTATCATCGCAAGAGTACTACCGAAGAATATATATCAGTAGATGG
GAAAACATGGTTGTTGTCCCAATTTTCGATCTGGTCGAATCAACGCGAGAGT
TGGTCAAGAAAGACCTGTTTGTAGAGAAACAATTCATGGACAAGTGTTTGGA
TTACATAGCTAGGTTATCTGACCAGCAGCTGACCATAAGCAATGTTAAATCATA
TTTGAGTTCAAATAATTGGGTCTTATTCATAAACGGGGCGGCCGTGAAGAAC
AAGCAAAGTGTAGATTCTCGAGATTTACAGTTGTTGGCTCAAACTTTGCTAGT
GAAGGAACAAGTGGCGAGACCTGTCATGAGGGAGTTGCGTGAAGCAATTCT
GACTGAGACGAAACCTATCACGTCATTGACTGATGTGCTGGGTTTAATATCAA
GAAAAATGTGGAAGCAGTTTGCTAACAAGATCGCAGTCGGCGGATTCGTTGG
CATGGTTGGTACTCTAATTGGATTCTATCCAAAGAAGGTACTAACCTGGGCGA
AGGACACACCAAATGGTCCAGAACTATGTTACGAGAACTCGCACAAAACCA
AGGTGATAGTATTTCTGAGTGTTGTGTATGCCATTGGAGGAATCACGCTTATG
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CGTCGAGACATCCGAGATGGACTGGTGAAAAAACTATGTGATATGTTTGATAT
CAAACGGGGGGCCCATGTCTTAGACGTTGAGAATCCGTGCCGCTATTATGATA
TCAACGATTTCTTTAGCAGTCTGTATTCGGCATCTGAGTCCGGTGAGACCGTT
TTACCAGATTTATCCGAGGTAAAAGCCAAGTCTGATAAGTTATTGCAGCAGAA
GAAAGAAATCGCTGACGAGTTTCTAAGTGCAAAATTCTCTAACTATTCTGGC
AGTTCGGTGAGAACTTCTCCACCATCGGTGGTCGGTTCATCTCGAAGCGGAC
TGGGTCTGTTGTTGGAAGACAGTAACGTGCTGACCCAAGCTAGAGTTGGAGT
TTCAAGAAAGGTAGCCGATGAGGAGATCATGGAGCAGTTTCTGAGTGGTCTT
ATTGACACTGAAGCAGAAATTGACGAGGTTGTTCCAGCCTTTTCAGCTGAAT
GTGAAAGAGGGGAAACAAGCGGTACAAAGGTGTTGTGTAACCTTTTAACGC
CACCAGGATTTGAGAACGTGTTGCCAGCTGTCAAACCTTTGGTCAGCAAAG
GAAAAACGGTCAAACGTGTCGATTACTTCCAAGTGATGGGAGGTGAGAGATT
ACCAAAAAGGCCGGTTGTCAGTGGAGACGATTCTGTGGACGCTAGAAGAGA
GTTTCTGTACTACTTAGATGCGGAGAGAGTCGCTCAAAATGATGAAATTATGT
CTCTGTATCGTGACTATTCGAGAGGAGTTATTCGAACTGGAGGTCAGAATTAC
CCGCACGGACTGGGAGTGTGGGATGTGGAGATGAAGAACTGGTGCATACGT
CCAGTGGTCACTGAACATGCTTATGTGTCCAACCCAGACAAACGTATGGATG
ATTGGTCGGGATACTTAGAAGTGGCTGTTTGGGAACGAGGTATGTTGGTCAA
CGACTTCGCGGTCGAAAGGATGAGTGATTATGTCATAGTTTGCGATCAGACGT
ATCTTTGCAATAACAGGTTGATCTTGGACAATTTAAGTGCCCTGGATCTAGGA
CCAGTTAACTGTTCTTTTGAATTAGTTGACGGTGTACCTGGTTGTGGTAAGTC
GACAATGATTGTCAACTCAGCTAATCCTTGTGTCGATGTGGTTCTCTCTACTG
GGAGAGCAGCAACCGACGACTTGATCGAGAGATTCGCGAGCAAAGGTTTTC
CATGCAAATTGAAAAGGAGAGTGAAGACGGTTGATTCTTTTTTGATGCATTG
TGTTGATGGTTCTTTAACCGGAGACGTGTTGCATTTCGATGAAGCTCTCATGG
CCCATGCTGGTATGGTGTACTTTTGCGCTCAGATAGCTGGTGCTAAACGATGT
ATCTGTCAAGGAGATCAGAATCAAATTTCTTTCAAGCCTAGGGTATCTCAAGT
TGATTTGAGGTTTTCTAGTCTGGTCGGAAAGTTTGACATTGTTACAGAAAAA
AGAGAAACTTACAGAAGTCCAGCAGATGTGGCTGCCGTATTGAACAAGTACT
ATACTGGAGATGTCAGAACACATAACGCGACTGCTAATTCGATGACGGTGAG
GAAGATTGTGTCTAAAGAACAGGTTTCTTTGAAGCCTGGTGCTCAGTACATA
ACTTTCCTTCAGTCTGAGAAGAAGGAGTTGGTAAATTTGTTGGCATTGAGGA
AAGTGGCAGCTAAAGTGAGTACAGTACACGAGTCGCAAGGAGAGACATTCA
AAGATGTAGTCCTAGTCAGGACGAAACCTACGGATGACTCAATCGCTAGAGG
TCGGGAGTACTTAATCGTGGCGTTGTCGCGTCACACACAATCACTTGTGTATG
AAACTGTGAAAGAGGACGATGTAAGCAAAGAGATCAGGGAAAGTGCCGCGC
TTACGAAGGCGGCTTTGGCAAGATTTTTTGTTACTGAGACCGTCTTATGACGG
TTTCGGTCTAGGTTTGATGTTTTTAGACATCATGAAGGGCCTTGCGCCGTTCC
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AGATTCAGGTACGATTACGGACTTGGAGATGTGGTACGACGCTTTGTTTCCGG
GAAATTCGTTAAGAGACTCAAGCCTAGACGGGTATTTGGTGGCAACGACTGA
TTGCAATTTGCGATTAGACAATGTTACGATCAAAAGTGGAAACTGGAAAGAC
AAGTTTGCTGAAAAAGAAACGTTTCTGAAACCGGTTATTCGTACTGCTATGC
CTGACAAAAGGAAGACTACTCAGTTGGAGAGTTTGTTAGCGTTGCAGAAAA
GGAACCAAGCGGCACCCGATCTACAAGAAAATGTGCACGCAACAGTTCTAAT
CGAAGAGACGATGAAGAAGTTGAAATCTGTTGTCTACGATGTGGGAAAAATT
CGGGCTGATCCTATTGTCAATAGAGCTCAAATGGAGAGATGGTGGAGAAATC
AAAGCACAGCGGTACAGGCTAAGGTAGTAGCAGATGTGAGAGAGTTACATG
AAATAGACTATTCGTCTTACATGTTTATGATCAAATCTGACGTGAAACCTAAG
ACTGATTTAACACCGCAATTTGAATACTCCGCTCTACAGACTGTTGTGTATCA
CGAGAAGTTGATCAACTCGTTGTTCGGTCCAATTTTCAAAGAAATTAATGAA
CGCAAGTTGGATGCTATGCAACCACATTTTGTGTTCAACACGAGAATGACATC
GAGTGATTTAAACGATCGAGTGAAGTTCTTAAATACGGAAGCGGCTTACGAC
TTTGTTGAGATAGACATGTCTAAATTCGACAAGTCGGCAAATCGCTTCCATTT
ACAACTGCAGCTGGAGATTTACAGGTTATTTGGGCTAGATGAGTGGGCGGCC
TTCCTTTGGGAGGTGTCGCACACTCAAACTACTGTGAGAGATATTCAAAATG
GTATGATGGCGCATATTTGGTACCAACAAAAGAGTGGAGATGCTGATACTTAT
AATGCAAATTCAGATAGAACACTGTGTGCACTCTTGTCTGAATTACCATTGGA
GAAAGCAGTCATGGTTACATATGGAGGAGATGACTCACTGATTGCGTTTCCTA
GAGGAACGCAGTTTGTTGATCCGTGTCCAAAGTTGGCTACTAAGTGGAATTT
CGAGTGCAAGATTTTTAAGTACGATGTCCCAATGTTTTGTGGGAAGTTCTTGC
TTAAGACGTCATCGTGTTACGAGTTCGTGCCAGATCCGGTAAAAGTTCTGAC
GAAGTTGGGGAAAAAGAGTATAAAGGATGTGCAACATTTAGCCGAGATCTAC
ATCTCGCTGAATGATTCCAATAGAGCTCTTGGGAACTACATGGTGGTATCCAA
ACTGTCCGAGTCTGTTTCAGACCGGTATTTGTACAAAGGTGATTCTGTTCATG
CGCTTTGTGCGCTATGGAAGCATATTAAGAGTTTTACAGCTCTGTGTACATTAT
TCCGAGACGAAAACGATAAGGAATTGAACCCGGCTAAGGTTGATTGGAAGA
AGGCACAGAGAGCTGTGTCAAACTTTTACGACTGGTAATATGGAAGACAAGT
CATTGGTCACCTTGAAGAAGAAGACTTTCGAAGTCTC(TRV1-F)AAAATTCTCA
AATCTAGGGGCCATTGAATTGTTTGTGGACGGTAGGAGGAAGAGACCGAAGT
ATTTTCACAGAAGAAGAGAAACTGTCCTAAATCATGTTGGTGGGAAGAAGA
GTGAACACAAGTTAGACGTTTTTGACCAAAGGGATTACAAAATGATTAAATC
TTACGCGTTTCTAAAGATAGTAGGTGTACAACTAGTTGTAACATCACATCTAC
CTGCAGATACGCCTGGGTTCATTCAAATCGATCTGTTGGATTCGAGACTTACT
GAGAAAAGAAAGAGAGGAAAGACTATTCAGAGATTCAAAGCTCGAGCTTGC
GATAACTGTTCAGTTGCGCAGTACAAGGTTGAATACAGTATTTCCACACAGG
AGAACGTACTTGATGTCTGGAAGGTGGGTTGTATTTCTGAGGGCGTTCCGGT
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CTGTGACGGTACATACCCTTTCAGTATCGAAGTGTCGCTAATATGGGTTGCTA
CTGATTCGACTAGGCGCCTCAATGTGGAAGAACTGAACAGTTCGGATTACAT
TGAAGGCGATTTTACCGATCAAGAGGTTTTCGGTGAGTTCATGTCTTTGAAAC
AAGTGGAGATGAAGACGATTGAGGCGAAGTACGATGGTCCTTACAGACCAG
CTACTACTAGACCTAAGTCATTATTGTCAAGTGAAGATGTTAAGAGAGCGTCT
AATAAGAAAAACTCGTCTTAATGCATAAAGAAATTTATTGTCAATATGACGTG
TGTACTCAAGGGTTGTGTGAATGAAGTCACTGTTCTTGGTCACGAGACGTGT
AGTATCGGTCATGCTAACAAATTGCGAAAGCAAGTTGCTGACATGGTTGGTG
TCACACGTAGGTGTGCGGAAAATAATTGTGGATGGTTTGTCTGTGTTGTTATC
AATGATTTTAC(TRV1-R)TTTTGATGTGTATAATTGTTGTGGCCGTAGTCACCTT
GAAAAGTGTCGTAAACGTGTTGAAACAAGAAATCGAGAAATTTGGAAACAA
ATTCGACGAAATCAAGCTGAAAACATGTCTGCGACAGCTAAAAAGTCTCATA
ATTCGAAGACCTCTAAGAAGAAATTCAAAGAGGACAGAGAATTTGGGACAC
CAAAAAGATTTTTAAGAGATGATGTTCCTTTCGGGATTGATCGTTTGTTTGCT
TTTTGATTTTATTTTATATTGTTATCTGTTTCTGTGTATAGACTGTTTGAGATTG
GCGCTTGGCCGACTCATTGTCTTACCATAGGGGAACGGACTTTGTTTGTGTTG
TTATTTTATTTGTATTTTATTAAAATTCTCAATGATCTGAAAAGGCCTCGAGGCT
AAGAGATTATTGGGGGGTGAGTAAGTACTTTTAAAGTGATGATGGTTACAAA
GGCAAAAGGGGTAAAACCCCTCGCCTACGTAAGCGTTATTACGCCC 
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pTRV2 ( 9663 bp) PYL156-F PYL156-R

multiple cloning site

ATAAAACATTGCACCTATGGTGTTGCCCTGGCTGGGGTATGTCAGTGATCGCA
GTAGAATGTACTAATTGACAAGTTGGAGAATACGGTAGAACGTCCTTATCCAA
CACAGCCTTTATCCCTCTCCCTGACGAGGTTTTTGTCAGTGTAATATTTCTTTT
TGAACTATCCAGCTTAGTACCGTACGGGAAAGTGACTGGTGTGCTTATCTTTG
AAATGTTACTTTGGGTTTCGGTTCTTTAGGTTAGTAAGAAAGCACTTGTCTTC
TCATACAAAGGAAAACCTGAGACGTATCGCTTACGAAAGTAGCAATGAAAGA
AAGGTGGTGGTTTTAATCGCTACCGCAAAAACGATGGGGTCGTTTTAATTAAC
TTCTCCTACGCAAGCGTCTAAACGGACGTTGGGGTTTTGCTAGTTTCTTTAGA
GAAAACTAGCTAAGTCTTTAATGTTATCATTAGAGATGGCATAAATATAATACT
TGTGTCTGCTGATAAGATCATTTTAATTTGGACGATTAGACTTGTTGAACTACA
GGTTACTGAATCACTTGCGCTAATCAACATGGGAGATATGTACGATGAATCAT
TTGACAAGTCGGGCGGTCCTGCTGACTTGATGGACGATTCTTGGGTGGAATC
AGTTTCGTGGAAAGATCTGTTGAAGAAGTTACACAGCATAAAATTTGCACTA
CAGTCTGGTAGAGATGAGATCACTGGGTTACTAGCGGCACTGAATAGACAGT
GTCCTTATTCACCATATGAGCAGTTTCCAGATAAGAAGGTGTATTTCCTTTTAG
ACTCACGGGCTAACAGTGCTCTTGGTGTGATTCAGAACGCTTCAGCGTTCAA
GAGACGAGCTGATGAGAAGAATGCAGTGGCGGGTGTTACAAATATTCCTGCG
AATCCAAACACAACGGTTACGACGAACCAAGGGAGTACTACTACTACCAAG
GCGAACACTGGCTCGACTTTGGAAGAAGACTTGTACACTTATTACAAATTCG
ATGATGCCTCTACAGCTTTCCACAAATCTCTAACTTCGTTAGAGAACATGGAG
TTGAAGAGTTATTACCGAAGGAACTTTGAGAAAGTATTCGGGATTAAGTTTG
GTGGAGCAGCTGCTAGTTCATCTGCACCGCCTCCAGCGAGTGGAGGTCCGAT
ACGTCCTAATCCCTAGGGATTTAAGGACGTGAACTCTGTTGAGATCTCTGTGA
AATTCAGAGGGTGGGTGATACCATATTCACTGATGCCATTAGCGACATCTAAA
TAGGGCTAATTGTGACTAATTTGAGGGAATTTCCTTTACCATTGACGTCAGTG
TCGTTGGTAGCATTTGAGTTTCGCAATGCACGAATTACTTAGGAAGTGGCTTG
ACGACACTAATGTGTTATTGTTAGATAATGGTTTGGTGGTCAAGGTACGTAGTA
GAG(PYL156F)TCCCACATATTCGCACGTATGAAGTAATTGGAAAGTTGTCAGT
TTTTGATAATTCACTGGGAGATGATACGCTGTTTGAGGGAAAAGTAGAGAAC
GTATTTGTTTTTATGTTCAGGCGGTTCTTGTGTGTCAACAAAGATGGACATTG
TTACTCAAGGAAGCACGATGAGCTTTATTATTACGGACGAGTGGACTTAGATT
CTGTGAGTAAGGTTACCGAATTCTCTAGAAGGCCTCCATGGGGATCCGGT
ACCGAGCTCACGCGTCTCGAGGCCCGGGCATGTCCCGAAGACATTAAACT
ACGGTTCTTTAAGTAGATCCGTGTCTGAAGTTTTAGGTTCAATTTAAACCTAC
GAGATTGACATTCTCG(PYL156R)ACTGATCTTGATTGATCGGTAAGTCTTTTG
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TAATTTAATTTTCTTTTTGATTTTATTTTAAATTGTTATCTGTTTCTGTGTATAGA
CTGTTTGAGATCGGCGTTTGGCCGACTCATTGTCTTACCATAGGGGAACGGA
CTTTGTTTGTGTTGTTATTTTATTTGTATTTTATTAAAATTCTCAACGATCTGAA
AAAGCCTCGCGGCTAAGAGATTGTTGGGGGGTGAGTAAGTACTTTTAAAGTG
ATGATGGTTACAAAGGCAAAAGGGGTAAAACCCCTCGCCTACGTAAGCGTTA
TTACGCCCGTCTGTACTTATATCAGTACACTGACGAGTCCCTAAAGGACGAAA
CGGGAGAACGCTAGCCACCACCACCACCACCACGTGTGAATTACAGGTGAC
CAGCTCGAATTTCCCCGATCGTTCAAACATTTGGCAATAAAGTTTCTTAAGAT
TGAATCCTGTTGCCGGTCTTGCGATGATTATCATATAATTTCTGTTGAATTACG
TTAAGCATGTAATAATTAACATGTAATGCATGACGTTATTTATGAGATGGGTTT
TTATGATTAGAGTCCCGCAATTATACATTTAATACGCGATAGAAAACAAAATAT
AGCGCGCAAACTAGGATAAATTATCGCGCGCGGTGTCATCTATGTTACTAGAT
CGGGAATTAAACTATCAGTGTTTGACAGGATATATTGGCGGGTAAACCTAAGA
GAAAAGAGCGTTTATTAGAATAACGGATATTTAAAAGGGCGTGAAAAGGTTT
ATCCGTTCGTCCATTTGTATGTGCATGCCAACCACAGGGTTCCCCTCGGGATC
AAAGTACTTTGATCCAACCCCTCCGCTGCTATAGTGCAGTCGGCTTCTGACGT
TCAGTGCAGCCGTCTTCTGAAAACGACATGTCGCACAAGTCCTAAGTTACGC
GACAGGCTGCCGCCCTGCCCTTTTCCTGGCGTTTTCTTGTCGCGTGTTTTAGT
CGCATAAAGTAGAATACTTGCGACTAGAACCGGAGACATTACGCCATGAACA
AGAGCGCCGCCGCTGGCCTGCTGGGCTATGCCCGCGTCAGCACCGACGACC
AGGACTTGACCAACCAACGGGCCGAACTGCACGCGGCCGGCTGCACCAAGC
TGTTTTCCGAGAAGATCACCGGCACCAGGCGCGACCGCCCGGAGCTGGCCA
GGATGCTTGACCACCTACGCCCTGGCGACGTTGTGACAGTGACCAGGCTAGA
CCGCCTGGCCCGCAGCACCCGCGACCTACTGGACATTGCCGAGCGCATCCAG
GAGGCCGGCGCGGGCCTGCGTAGCCTGGCAGAGCCGTGGGCCGACACCACC
ACGCCGGCCGGCCGCATGGTGTTGACCGTGTTCGCCGGCATTGCCGAGTTCG
AGCGTTCCCTAATCATCGACCGCACCCGGAGCGGGCGCGAGGCCGCCAAGG
CCCGAGGCGTGAAGTTTGGCCCCCGCCCTACCCTCACCCCGGCACAGATCGC
GCACGCCCGCGAGCTGATCGACCAGGAAGGCCGCACCGTGAAAGAGGCGG
CTGCACTGCTTGGCGTGCATCGCTCGACCCTGTACCGCGCACTTGAGCGCAG
CGAGGAAGTGACGCCCACCGAGGCCAGGCGGCGCGGTGCCTTCCGTGAGGA
CGCATTGACCGAGGCCGACGCCCTGGCGGCCGCCGAGAATGAACGCCAAGA
GGAACAAGCATGAAACCGCACCAGGACGGCCAGGACGAACCGTTTTTCATT
ACCGAAGAGATCGAGGCGGAGATGATCGCGGCCGGGTACGTGTTCGAGCCG
CCCGCGCACGTCTCAACCGTGCGGCTGCATGAAATCCTGGCCGGTTTGTCTG
ATGCCAAGCTGGCGGCCTGGCCGGCCAGCTTGGCCGCTGAAGAAACCGAGC
GCCGCCGTCTAAAAAGGTGATGTGTATTTGAGTAAAACAGCTTGCGTCATGC
GGTCGCTGCGTATATGATGCGATGAGTAAATAAACAAATACGCAAGGGGAAC
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GCATGAAGGTTATCGCTGTACTTAACCAGAAAGGCGGGTCAGGCAAGACGA
CCATCGCAACCCATCTAGCCCGCGCCCTGCAACTCGCCGGGGCCGATGTTCT
GTTAGTCGATTCCGATCCCCAGGGCAGTGCCCGCGATTGGGCGGCCGTGCGG
GAAGATCAACCGCTAACCGTTGTCGGCATCGACCGCCCGACGATTGACCGCG
ACGTGAAGGCCATCGGCCGGCGCGACTTCGTAGTGATCGACGGAGCGCCCC
AGGCGGCGGACTTGGCTGTGTCCGCGATCAAGGCAGCCGACTTCGTGCTGAT
TCCGGTGCAGCCAAGCCCTTACGACATATGGGCCACCGCCGACCTGGTGGAG
CTGGTTAAGCAGCGCATTGAGGTCACGGATGGAAGGCTACAAGCGGCCTTTG
TCGTGTCGCGGGCGATCAAAGGCACGCGCATCGGCGGTGAGGTTGCCGAGG
CGCTGGCCGGGTACGAGCTGCCCATTCTTGAGTCCCGTATCACGCAGCGCGT
GAGCTACCCAGGCACTGCCGCCGCCGGCACAACCGTTCTTGAATCAGAACCC
GAGGGCGACGCTGCCCGCGAGGTCCAGGCGCTGGCCGCTGAAATTAAATCA
AAACTCATTTGAGTTAATGAGGTAAAGAGAAAATGAGCAAAAGCACAAACA
CGCTAAGTGCCGGCCGTCCGAGCGCACGCAGCAGCAAGGCTGCAACGTTGG
CCAGCCTGGCAGACACGCCAGCCATGAAGCGGGTCAACTTTCAGTTGCCGG
CGGAGGATCACACCAAGCTGAAGATGTACGCGGTACGCCAAGGCAAGACCA
TTACCGAGCTGCTATCTGAATACATCGCGCAGCTACCAGAGTAAATGAGCAAA
TGAATAAATGAGTAGATGAATTTTAGCGGCTAAAGGAGGCGGCATGGAAAAT
CAAGAACAACCAGGCACCGACGCCGTGGAATGCCCCATGTGTGGAGGAACG
GGCGGTTGGCCAGGCGTAAGCGGCTGGGTTGTCTGCCGGCCCTGCAATGGC
ACTGGAACCCCCAAGCCCGAGGAATCGGCGTGACGGTCGCAAACCATCCGG
CCCGGTACAAATCGGCGCGGCGCTGGGTGATGACCTGGTGGAGAAGTTGAA
GGCCGCGCAGGCCGCCCAGCGGCAACGCATCGAGGCAGAAGCACGCCCCG
GTGAATCGTGGCAAGCGGCCGCTGATCGAATCCGCAAAGAATCCCGGCAAC
CGCCGGCAGCCGGTGCGCCGTCGATTAGGAAGCCGCCCAAGGGCGACGAGC
AACCAGATTTTTTCGTTCCGATGCTCTATGACGTGGGCACCCGCGATAGTCGC
AGCATCATGGACGTGGCCGTTTTCCGTCTGTCGAAGCGTGACCGACGAGCTG
GCGAGGTGATCCGCTACGAGCTTCCAGACGGGCACGTAGAGGTTTCCGCAG
GGCCGGCCGGCATGGCCAGTGTGTGGGATTACGACCTGGTACTGATGGCGGT
TTCCCATCTAACCGAATCCATGAACCGATACCGGGAAGGGAAGGGAGACAA
GCCCGGCCGCGTGTTCCGTCCACACGTTGCGGACGTACTCAAGTTCTGCCGG
CGAGCCGATGGCGGAAAGCAGAAAGACGACCTGGTAGAAACCTGCATTCGG
TTAAACACCACGCACGTTGCCATGCAGCGTACGAAGAAGGCCAAGAACGGC
CGCCTGGTGACGGTATCCGAGGGTGAAGCCTTGATTAGCCGCTACAAGATCG
TAAAGAGCGAAACCGGGCGGCCGGAGTACATCGAGATCGAGCTAGCTGATT
GGATGTACCGCGAGATCACAGAAGGCAAGAACCCGGACGTGCTGACGGTTC
ACCCCGATTACTTTTTGATCGATCCCGGCATCGGCCGTTTTCTCTACCGCCTG
GCACGCCGCGCCGCAGGCAAGGCAGAAGCCAGATGGTTGTTCAAGACGATC
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TACGAACGCAGTGGCAGCGCCGGAGAGTTCAAGAAGTTCTGTTTCACCGTG
CGCAAGCTGATCGGGTCAAATGACCTGCCGGAGTACGATTTGAAGGAGGAG
GCGGGGCAGGCTGGCCCGATCCTAGTCATGCGCTACCGCAACCTGATCGAGG
GCGAAGCATCCGCCGGTTCCTAATGTACGGAGCAGATGCTAGGGCAAATTGC
CCTAGCAGGGGAAAAAGGTCGAAAAGGTCTCTTTCCTGTGGATAGCACGTAC
ATTGGGAACCCAAAGCCGTACATTGGGAACCGGAACCCGTACATTGGGAACC
CAAAGCCGTACATTGGGAACCGGTCACACATGTAAGTGACTGATATAAAAGA
GAAAAAAGGCGATTTTTCCGCCTAAAACTCTTTAAAACTTATTAAAACTCTTA
AAACCCGCCTGGCCTGTGCATAACTGTCTGGCCAGCGCACAGCCGAAGAGC
TGCAAAAAGCGCCTACCCTTCGGTCGCTGCGCTCCCTACGCCCCGCCGCTTC
GCGTCGGCCTATCGCGGCCGCTGGCCGCTCAAAAATGGCTGGCCTACGGCCA
GGCAATCTACCAGGGCGCGGACAAGCCGCGCCGTCGCCACTCGACCGCCGG
CGCCCACATCAAGGCACCCTGCCTCGCGCGTTTCGGTGATGACGGTGAAAAC
CTCTGACACATGCAGCTCCCGGAGACGGTCACAGCTTGTCTGTAAGCGGATG
CCGGGAGCAGACAAGCCCGTCAGGGCGCGTCAGCGGGTGTTGGCGGGTGTC
GGGGCGCAGCCATGACCCAGTCACGTAGCGATAGCGGAGTGTATACTGGCTT
AACTATGCGGCATCAGAGCAGATTGTACTGAGAGTGCACCATATGCGGTGTG
AAATACCGCACAGATGCGTAAGGAGAAAATACCGCATCAGGCGCTCTTCCGC
TTCCTCGCTCACTGACTCGCTGCGCTCGGTCGTTCGGCTGCGGCGAGCGGTA
TCAGCTCACTCAAAGGCGGTAATACGGTTATCCACAGAATCAGGGGATAACG
CAGGAAAGAACATGTGAGCAAAAGGCCAGCAAAAGGCCAGGAACCGTAAA
AAGGCCGCGTTGCTGGCGTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATC
ACAAAAATCGACGCTCAAGTCAGAGGTGGCGAAACCCGACAGGACTATAAA
GATACCAGGCGTTTCCCCCTGGAAGCTCCCTCGTGCGCTCTCCTGTTCCGACC
CTGCCGCTTACCGGATACCTGTCCGCCTTTCTCCCTTCGGGAAGCGTGGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTTCGCTCCA
AGCTGGGCTGTGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATC
CGGTAACTATCGTCTTGAGTCCAACCCGGTAAGACACGACTTATCGCCACTG
GCAGCAGCCACTGGTAACAGGATTAGCAGAGCGAGGTATGTAGGCGGTGCTA
CAGAGTTCTTGAAGTGGTGGCCTAACTACGGCTACACTAGAAGGACAGTATT
TGGTATCTGCGCTCTGCTGAAGCCAGTTACCTTCGGAAAAAGAGTTGGTAGC
TCTTGATCCGGCAAACAAACCACCGCTGGTAGCGGTGGTTTTTTTGTTTGCA
AGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGATCCTTTGATCTT
TTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACGTTAAGGGATTTTG
GTCATGCATTCTAGGTACTAAAACAATTCATCCAGTAAAATATAATATTTTATTT
TCTCCCAATCAGGCTTGATCCCCAGTAAGTCAAAAAATAGCTCGACATACTGT
TCTTCCCCGATATCCTCCCTGATCGACCGGACGCAGAAGGCAATGTCATACCA
CTTGTCCGCCCTGCCGCTTCTCCCAAGATCAATAAAGCCACTTACTTTGCCAT
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CTTTCACAAAGATGTTGCTGTCTCCCAGGTCGCCGTGGGAAAAGACAAGTTC
CTCTTCGGGCTTTTCCGTCTTTAAAAAATCATACAGCTCGCGCGGATCTTTAA
ATGGAGTGTCTTCTTCCCAGTTTTCGCAATCCACATCGGCCAGATCGTTATTC
AGTAAGTAATCCAATTCGGCTAAGCGGCTGTCTAAGCTATTCGTATAGGGACA
ATCCGATATGTCGATGGAGTGAAAGAGCCTGATGCACTCCGCATACAGCTCGA
TAATCTTTTCAGGGCTTTGTTCATCTTCATACTCTTCCGAGCAAAGGACGCCA
TCGGCCTCACTCATGAGCAGATTGCTCCAGCCATCATGCCGTTCAAAGTGCA
GGACCTTTGGAACAGGCAGCTTTCCTTCCAGCCATAGCATCATGTCCTTTTCC
CGTTCCACATCATAGGTGGTCCCTTTATACCGGCTGTCCGTCATTTTTAAATAT
AGGTTTTCATTTTCTCCCACCAGCTTATATACCTTAGCAGGAGACATTCCTTCC
GTATCTTTTACGCAGCGGTATTTTTCGATCAGTTTTTTCAATTCCGGTGATATTC
TCATTTTAGCCATTTATTATTTCCTTCCTCTTTTCTACAGTATTTAAAGATACCC
CAAGAAGCTAATTATAACAAGACGAACTCCAATTCACTGTTCCTTGCATTCTA
AAACCTTAAATACCAGAAAACAGCTTTTTCAAAGTTGTTTTCAAAGTTGGCG
TATAACATAGTATCGACGGAGCCGATTTTGAAACCGCGGTGATCACAGGCAG
CAACGCTCTGTCATCGTTACAATCAACATGCTACCCTCCGCGAGATCATCCGT
GTTTCAAACCCGGCAGCTTAGTTGCCGTTCTTCCGAATAGCATCGGTAACATG
AGCAAAGTCTGCCGCCTTACAACGGCTCTCCCGCTGACGCCGTCCCGGACTG
ATGGGCTGCCTGTATCGAGTGGTGATTTTGTGCCGAGCTGCCGGTCGGGGAG
CTGTTGGCTGGCTGGTGGCAGGATATATTGTGGTGTAAACAAATTGACGCTTA
GACAACTTAATAACACATTGCGGACGTTTTTAATGTACTGAATTAACGCCGAA
TTAATTCCTAGGCCACCATGTTGGGCCCGGCGCGCCAAGCTTGCATGCCTGC
AGGTCAACATGGTGGAGCACGACACTCTCGTCTACTCCAAGAATATCAAAGA
TACAGTCTCAGAAGACCAGAGGGCTATTGAGACTTTTCAACAAAGGGTAATA
TCGGGAAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTCATCGAAAG
GACAGTAGAAAAGGAAGATGGCTTCTACAAATGCCATCATTGCGATAAAGGA
AAGGCTATCGTTCAAGATGCCTCTACCGACAGTGGTCCCAAAGATGGACCCC
CACCCACGAGGAACATCGTGGAAAAAGAAGACGTTCCAACCACGTCTTCAA
AGCAAGTGGATTGATGTGATGGTCAACATGGTGGAGCACGACACTCTCGTCT
ACTCCAAGAATATCAAAGATACAGTCTCAGAAGACCAGAGGGCTATTGAGAC
TTTTCAACAAAGGGTAATATCGGGAAACCTCCTCGGATTCCATTGCCCAGCTA
TCTGTCACTTCATCGAAAGGACAGTAGAAAAGGAAGATGGCTTCTACAAATG
CCATCATTGCGATAAAGGAAAGGCTATCGTTCAAGATGCCTCTACCGACAGTG
GTCCCAAAGATGGACCCCCACCCACGAGGAACATCGTGGAAAAAGAAGACG
TTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATATCTCCACTGACGTA
AGGGATGACGCACAATCCCACTATCCTTCGCAAGACCCTTCCTCTATATAAGG
AAGTTCATTTCATTTGGAGAGG 
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pCymMV ( 9683 bp) CymMVCP-F

CymMVCP-R SmaI

TATAGTGAGTCGTATTACAATTCACTGGCCGTCGTTTTACAACGTCGTGACTG
GGAAAACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTC
GCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCAACAGT
TGCGCAGCCTGAATGGCGAATGGACGCGCCCTGTAGCGGCGCATTAAGCGCG
GCGGGTGTGGTGGTTACGCGCAGCGTGACCGCTACACTTGCCAGCGCCCTAG
CGCCCGCTCCTTTCGCTTTCTTCCCTTCCTTTCTCGCCACGTTCGCCGGCTTTC
CCCGTCAAGCTCTAAATCGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTA
CGGCACCTCGACCCCAAAAAACTTGATTAGGGTGATGGTTCACGTAGTGGGC
CATCGCCCTGATAGACGGTTTTTCGCCCTTTGACGTTGGAGTCCACGTTCTTT
AATAGTGGACTCTTGTTCCAAACTGGAACAACACTCAACCCTATCTCGGTCTA
TTCTTTTGATTTATAAGGGATTTTGCCGATTTCGGCCTATTGGTTAAAAAATGA
GCTGATTTAACAAAAATTTAACGCGAATTTTAACAAAATATTAACGCTTACAA
TTTCCTGATGCGGTATTTTCTCCTTACGCATCTGTGCGGTATTTCACACCGCAT
CAGGTGGCACTTTTCGGGGAAATGTGCGCGGAACCCCTATTTGTTTATTTTTC
TAAATACATTCAAATATGTATCCGCTCATGAGACAATAACCCTGATAAATGCTT
CAATAATATTGAAAAAGGAAGAGTATGAGTATTCAACATTTCCGTGTCGCCCT
TATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTTTTTGCTCACCCAGAAACGCT
GGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGCACGAGTGGGTTACATC
GAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCGCCCCGAAGAAC
GTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGTATTATCCC
GTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCAGAA
TGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATG
ACAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGG
CCAACTTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTT
GCACAACATGGGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTG
AATGAAGCCATACCAAACGACGAGCGTGACACCACGATGCCTGTAGCAATGG
CAACAACGTTGCGCAAACTATTAACTGGCGAACTACTTACTCTAGCTTCCCG
GCAACAATTAATAGACTGGATGGAGGCGGATAAAGTTGCAGGACCACTTCTG
CGCTCGGCCCTTCCGGCTGGCTGGTTTATTGCTGATAAATCTGGAGCCGGTGA
GCGTGGGTCTCGCGGTATCATTGCAGCACTGGGGCCAGATGGTAAGCCCTCC
CGTATCGTAGTTATCTACACGACGGGGAGTCAGGCAACTATGGATGAACGAA
ATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCATTGGTAACTGTCA
GACCAAGTTTACTCATATATACTTTAGATTGATTTAAAACTTCATTTTTAATTTA
AAAGGATCTAGGTGAAGATCCTTTTTGATAATCTCATGACCAAAATCCCTTAA
CGTGAGTTTTCGTTCCACTGAGCGTCAGACCCCGTAGAAAAGATCAAAGGAT
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CTTCTTGAGATCCTTTTTTTCTGCGCGTAATCTGCTGCTTGCAAACAAAAAAA
CCACCGCTACCAGCGGTGGTTTGTTTGCCGGATCAAGAGCTACCAACTCTTT
TTCCGAAGGTAACTGGCTTCAGCAGAGCGCAGATACCAAATACTGTTCTTCT
AGTGTAGCCGTAGTTAGGCCACCACTTCAAGAACTCTGTAGCACCGCCTACA
TACCTCGCTCTGCTAATCCTGTTACCAGTGGCTGCTGCCAGTGGCGATAAGTC
GTGTCTTACCGGGTTGGACTCAAGACGATAGTTACCGGATAAGGCGCAGCGG
TCGGGCTGAACGGGGGGTTCGTGCACACAGCCCAGCTTGGAGCGAACGACC
TACACCGAACTGAGATACCTACAGCGTGAGCTATGAGAAAGCGCCACGCTTC
CCGAAGGGAGAAAGGCGGACAGGTATCCGGTAAGCGGCAGGGTCGGAACA
GGAGAGCGCACGAGGGAGCTTCCAGGGGGAAACGCCTGGTATCTTTATAGTC
CTGTCGGGTTTCGCCACCTCTGACTTGAGCGTCGATTTTTGTGATGCTCGTCA
GGGGGGCGGAGCCTATGGAAAAACGCCAGCAACGCGGCCTTTTTACGGTTC
CTGGCCTTTTGCTGGCCTTTTGCTCACATGTTCTTTCCTGCGTTATCCCCTGAT
TCTGTGGATAACCGTATTACCGCCTTTGAGTGAGCTGATACCGCTCGCCGCAG
CCGAACGACCGAGCGCAGCGAGTCAGTGAGCGAGGAAGCGGAAGAGCGCC
CAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATGCAGCTGG
CACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCGCAACGCAATTAAT
GTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATGCTTCCGGC
TCGTATGTTGTGTGGAATTGTGAGCGGATAACAATTTCACACAGGAAACAGC
TATGACCATGATTACGCCAAGCTATTTAGGTGACACTATAGAATACTCAAGCTA
TGCATCCAACGCGTTGGGAGCTCTCCCATATGGTCGACCTGCAGGCGGCCGC
GAATTCACTAGTGATTGCCAATTAACCCTCACTAAAGGAAAACCAAACCTCA
CGTCTAATCCGCTATCCGAGCGAAATAGCAGCCCCAGCATAGGCAATATCGCG
CTCCATGGCCCGAGTACGTGACACCCTTGACAGGCTCCGTGATCCGTCGGTC
CTTACCTCAATTAACGAGGAAGCCCACCGACATATCCGCCCTGTCCTTGCCTC
GGCACTCGTAAACTGCCCTTACGCGTTGACCGAGGAAGAGGCCGACTGTCTC
GAAAATCTCGGCGTGACAGTCAATCCCTTCGCCATCCAAACGCATACACATG
CTGCAGCAAAAACTGTTGAAAATCGCATGTTGGAAATTGTTGGCACCCACCT
TCCTAAAGAACCCTCCACCTTCATATTCCTTAAGCGGAGCAAGCTTCGCTACC
TACGACGCGCCGCCAACAACAAAGACATATTTCAAAACCAACACATTGAGCC
TAAAGACTTATTGCGTTACGATGACGAGTCTTGTGAAGCAATGCCAGAATGCT
CCACAAGCACAGCCTACATCAGCGATGCTCTCCATTTCTTGAGCTACGCTCAG
CTTGGGAAAATATTCCAGGATTCTCCCAAGCTAAAAATTCTGCTGGCAACCCT
GGTCCTCCCCGTGGAAGCCCTCCATAGGCACCCATCTCTTTACCCTGCCATCT
ACACTTTGAACTACCATAAAGATGGCTTTGAATATATACCCGGCAATCACGCC
GGAGGTGCTTACTTCCACGAGTACTCCACTCTGCAGTGGTTGACTCTCGGAA
AACTAATTATCAACGATCCTTTGAAAGTAAAGAAACCCCTTACTCTTACTGTA
CAGCTAATAGAAAGTCTAGGGGCTAACCATCTTTTACTTATCACCCGAGGGGA
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TCTTCGCACACCCAAACTGCGGACATTCGCTAAAGATACCCATGTTCTACTAC
CACAAATATTCCATCCTAAGGGTATGAATGCGAACAAACCATTGTCCAAACGT
AGAGCTATGCAGTTGTGGCTCTACGCCAAATCTGTTAAAGAGGTGAGCGAAC
GGGATCTTTATGCTAAGGTGAGGCAATTGATCCCGACTTCTGAGTTAGACCTT
TTTGACCCTGTGGAGGTGACCCATTTGGTCAATTACTTACTATTCATCAGTCA
CCTTTCCTCCGTATCTTCGTATGACGACATCTTGTCGTCTAATATCTTCCAACA
TTTCACCATTCCAATCAAGAACAAGATACGGGAATTGGTCCAGCTATTCACCG
GAGCGGACCAATTTAATCAACTGCTCAAAGCTCTCGACTGGCAAACATTTTC
GTACTCTATGCCAGTAGAGACCATCCATACACGTGCGGCCAATTATCAAGTCG
CTAAAACGCTTCGCATGTGCAGAGACCTACCATGCGATGAATATGATCGTGTA
AAGGATGTCCTCAAACAGCTCCCTGACGGAGTGACGTTGTTTGAGGAAAAC
GATAAGCAAGATCCCTCAAGCTCTGAAACCGAGGACTCTGAGGATGACACTG
ACTCCGTCGACTTCAACCTTCCCCCCACTCATGACTTGCCCCCAAACTTTGAT
CCTCTAGACAAGGGCAAGTCCATTATCGTTGACACCGACAACCCCTCAACTT
CCACGGCACCTGCCGTCACTTTTGCTGCCGGTATCAACTCCTCAGCCTCCAC
AAATATTTCATTTGGAAGCTTCACACCTGAGGCTGAGGCCACCCCCCCTCCTC
CCATGGAAAAGTTACCATGGGATCTTTGGATTCCCCTACTGGAACAACATGGC
TTTAAAGGAAAGAGTAAGCTGTACAAGCCCACGGGTGAACTAATCTGCCCCA
TAACTGAAATCAAAACAGTTCCCCACTGCCCCTTTCCCGATAAAGTCCCGGA
TGGTTGTGTGCTTGCGCTCAAATCTATTAAGCGTTTCGCCACAAAAATGACTA
TGCTCAGTTCTCGAGCCTCCGCCTACACTTCTGACATTAAGAATAGTAGGACT
GGAAAGCTCCTACCCGCCATGAACATGCCCTGGAAAGCCTCTCTCGCCTATG
TCACTCAACATGGTGATAGAGAAATTCCTGGCGTCGTGATCCATGGCGCCGG
TGGCTGTGGCAAATCTTATGCCATCCAAAAATGGTTGAGAAGCTGCTCTGATC
CTTGCGCAGCTACTGTGGTATGCCCAACTCTAGAACTACGTAATGACTGGCTC
AATAAGATCGGAAGCTACGAACAAACGAATATCAAAACTTTCGAGAAAGCTT
TAATTCAGCCAGTCAACAACGTAGTTATCTTTGATGATTACACCAAGCTACCC
CCTGGGTACATCGAGACCATGGTGTACCATCACCACAACCTCGACCTGATCAT
ATTAACTGGGGATCCTATGCAGAGTGCCTACCATGAAACTAACAGAGATGCCT
ACATCTCTTTAATACCTGATGCCTCTGCCATCTTTAGTGAGTACTGTGAGTTCA
ACATCAACGCCACCCACCGTAATGTAGCCGAACTCGCTTGCCTCCTCGGCGT
CTATTCTGAACGCCAAGGCAAACTCACTGTTTCCTTCAGCGCAGCCCCACTT
TCTAAAGGTAAAGTACCCATTCTGGTACCCTCTAGAATGAAGCAAGAGGCTT
TTGCTGATGTCGGCAACCGTTGCATGACTTATGCCGGTTGCCAGGGTCTCACT
GCCCCTAAAATCCAAATTTTGATAGACAACCACACTACGTTCTGCTCCGAACA
AACATTATACACTTGTCTATCACGAGCTGTGGACCAAATCCACTTCATTAACA
CTGGTCCCAACTCACAGGCTTTCTGGACCAAATTAGAATCCACGCCGTACCT
AAAAGCTTTCCTCGATAATTACCGTGAGGAACAAACTGAACGGCTAACATCT
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ACCGCCCCAGAGCCTGAAGTCCGTGAGCCAGCAGCCCCAAAAACGCATATC
CCTGTCGAAAATACATCTGGCTTACGTATTTCTGCACTTGACCTGCCGGAAAA
GCACTCTCGCGAGATTTTCAACAAGGCGCATGGCTTTTCCAATGCTATTCAGG
GAGATGGCGTTGCTCCCATGTTCCAGCATCAACAGGCAAAGGACGAAACCCT
TTTCAAGGCTACCATAGATGCTAGACTCTCTATAACACATCCTAATGAAAACA
AAAGAGAGTTTGCCATGAAGAAAGATACTGGGGACGTCCTTTTTATCAATTA
CAAAGCTATAATGAATCTACCTCATGAGCCTGTTCCTTTCGAACCTCGTCTCT
GGAACATCTGCAAAGCTGAAGTGCAGAACACATACCTAGCCAAACCCATTGC
AAATCTCATCAATGGTACCTTAAGGCAATCACCCGATTTTCCAGCCAATAAAA
TAGCCTTATTCCTGAAATCGCAATGGGTAAAGAAAATTGAGAAAATTGGAGC
CATACCAGTTAAACCTGGACAGACTATTGCATCATTTATGCAAGAGACTGTTA
TGCTGTATGGCACCATGGCACGCTACCTCCGTAAGATGCGGCAAAGATTTCA
ACCCGCACATATATTTATCAATTGTGAAAAGACTCCGGAGGACTTCAACAAAT
TCGTACTTGAACACTGGTCCAACAAGCAGGTTGCCCATACTAACGATTTTACT
GCTTTTGACCAGTCACAAGATGCTGCCATGCTCCAATTTGAAGTTATCAAAGC
TAGGTACTTCAATATCCCCGAGGATGTTATAGAAGGATACATCCAAATTAAGC
TCACTGCTGAAATCTTCCTCGGGACACTTTCCATCATGCGCCTATCTGGTGAA
GGGCCAACCTTCGACGCCAATACTGAATGCTCTATTGCCTACAACGCCACCA
GATACCATATTAATGAAGACGTCACACAAGTATACGCCGGTGACGACATGGCT
ATGGACCATGTGTGCCCTGAGAAGAAGAGCTTCAAAGCTTTGGAAAAGAAA
CTAAAATTGACCTCAAAACCTCTCTATCCAAAGCAAAAACCTGGAGACTGGG
CCGATTTCTGCGGCTGGACTATAACGCCTTATGGCATCATCAAGAATCCTAAG
AAACTTGATGCATGCCTACAATTGCACACCCAACTGGGCGATGCCGATAAAG
TCGCTAGGTCATATGCACTCGACGCCAAATATGCTTATGATCTGGGCGATCGC
ATTCATGAGGTTCTGAATGTTGATGAAATGACCAGCCACTTCAATGTTATAAG
ACAGTTGCACAAACTGCATCAACAAGATGTACTGGTCCCACCTGAGACTACC
GTAGCCACAGCGGTAAAGTCTCAACCTGACGTGGAGGATCTGTGGCTCCGTG
CGCTTAGCTTCCCTGACTGGACGGACCGCGCCCAACTTTTAAAACGGGGTTA
ATTTTGATGGAGCTAGCGTACTTAGTTAGATTACTAGAGCACAATAAATTCGA
GCGCACCAATCTGCCCCTTTCCTCACCCTTAGTTGTACACGGAATTGCTGGCA
GTGGAAAATCCACCATCCTCACAACTTTCTATCACCATTACCCGGCTCACCCC
ATCTTCTCACACAGTCCCACATTGCTTGACCCTAGCAACCGCATATACCAACA
GTGCATCACTACTGATTCTGTGCCAGACGGTGCTATCGTAGACGAGTACAATT
ACAAAGCGCTCGACTACTCTCACTGTCTAGCCCTCTTCGGTGATCCACTCCA
ACTTCCACATTCACTTCAACCCCACTACTACTCTAGTCGCACCCACCGCTACG
GTCCCAAGCTCACCAGCCTACTCAACGACCTCTTCCACCTTTCTATCACTTCT
CTTGCCCCCGTTGACAGCCTTGATTACGCTGATCCTTTTGCTGTCGACCCCTC
TGGATTTACCATTGCTGACGAGGAAGTGTACCACTTCGTCTCTCAGCAGGTTC
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CTGGCACTTTGTTGCCGCTCGATACTGTAGGCTTAGAATATTCTAGTGTTAGCT
TTTATTGCAGTGATCTCCGACGCTGTGTCGTACTAAGGCCACTCAGCACCTTC
ATCGCTCTCACCCGCGCCAAGGGCAACCTCATTATCTTCGATTTCAATGCCAG
GTCTAGTTCCACCACCTGACCACTCCAAATCACTCTTCGTCCTTGCTATTGGT
ATAACTGTGGTCTCCGCATTATTTGTGCTAAAGTCCCACACTTTTCCGATTGCA
GGCGACAATATTCACCGCTTCCCCTCCGGCGGCCAATATAAAGACGGTACTAA
GCAGATAAACTACTGTCCGCCTACTCATGCTAGGTACCCGAAATATCCTGACT
ACAAGTGGCTTGCCGCTACCGCCGCCATCGTCATCCCTCTCTGCCTATATATTT
CCTACCATCCTGGCAATAATATTCGCCGTATTTGCCCTTGTTGCAATACATATC
ACCACCCCTGAGCCCTTCTGTACCATACACATAGACGGGGCGTCTATTACTAT
CACTAACTGCCCCGATCCTGCAGCTATATTAAATAAAGTAGCCATAGGCCCCT
GGCGAGGGTTAAGTTACCACAATAATTTGAAATAATCAGGGGAGAGCCCACT
CCAACTCCCGGGAATAAAGTAGCCATAGGCCCCTGGCGAGGGTTAAGTTAC
CACAATAATTTGAAATAATCATGGGAGAGCC(CymMVCP-F)CACTCCAACTGG
GAGCTGCCACTTACTCCGCTGCCGACCCCACTTCTGCACCCAAGTTAGCCGA
CCTGGCTGCCATTAAGTACTCACCTGTTACCTCCTCCATCGCCACACCCGAAG
AAATCAAGGCCATAACCCAATTGTGGGTTAACAACCTTGGCCTCCCCGCCGA
CACAGTAGGTACCGCGGCCATTGACCTGGCCCGCGCCTACGCTGACGTCGGG
GCGTCCAAGAGTGCTACCCTGCTCGGTTTCTGCCCTACGAAACCTGATGTCC
GTCGCGCCGCTCTTGCCGCGCAGATCTTCGTGGCCAACGTCACCCCCCGCCA
GTTTTGCGCTTACTACGCAAAAGTGGTGTGGAATTTGATGCTGGCCACTAAC
GATCCGCCCGCCAACTGGGCCAAGGCTGGTTTCCAGGAGGATACCCGGTTTG
CCGCCTTTGACTTTTTCGATGCCGTCGATTCCACTGCCGCGCTGGAGCCTGCT
GAATGGCAGCGCCGCCCTACTGACCGTGAACGTGCTGCGCACTCAATCGGGA
AGTACGGCGCCCTTGCCCGTCAGCGTATCCAAAACGGCAACCTCATCACCAA
CATTGCCGAGGTCACCAAGGGCCATTTTGGCTCCACCAACACTCTTTATGCTC
TGCCTGCACCCCCTACTGAATAACGCCAAACT(CymMVCP-R)TAATAAGGCGT
GTGGTTTTTTAAAGTTTGTTTCCACTACTGGCATAATAAGTTTAGCCAGATAAA
TAAAAAAAAAAAAAAAAAAAAAAAAACTAGTGCGTATCGAATTCCCGCGGC
CGCCATGGCGGCCGGGAGCATGCGACGTCGGGCCCAATTCGCCC 


