
Grapevine Algerian latent virus (GALV) is a member 
of the genus Tombusvirus in the Tombusviridae and 
infects not only woody perennial grapevine plant but 
also herbaceous Nicotiana benthamiana plant. In this 
study, we developed GALV-based gene expression 
and virus-induced gene silencing (VIGS) vectors in N. 
benthamiana. The GALV coat protein deletion vec-
tor, pGMG, was applied to express the reporter gene, 
green fluorescence protein (GFP), but the expression 
of GFP was not detected due to the necrotic cell death 
on the infiltrated leaves. The p19 silencing suppressor 
of GALV was engineered to inactivate its expression 
and GFP was successfully expressed with unrelated 
silencing suppressor, HC-Pro, from soybean mosaic 
virus. The pGMG vector was used to knock down 
magnesium chelatase (ChlH) gene in N. benthamaina 
and the silencing phenotype was clearly observed on 
systemic leaves. Altogether, the GALV-derived vector 
is expected to be an attractive tool for useful gene ex-
pression and VIGS vectors in grapevine as well as N. 
benthamiana.
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The development of recombinant DNA technologies and 
Agrobacterium-mediated transformation enabled expres-
sion of foreign genes in plants. Two main expression stra-
tegies have been utilized for expression of foreign gene 
products in plants: i) transient expression through either 
agroinfiltration or plant virus-based vector and ii) stable 
transgenic expression by insertion of foreign genes into 
the plant genome. Plant virus-based vector systems have 
been revealed to be more beneficial for relatively high 
level accumulation and rapid production of foreign pro-
teins than regeneration of transgenic plant (Dawson and 
Folimonova, 2013; Gleba et al., 2007; Hefferon, 2012; 
Pogue et al., 2002; Shamekova et al., 2014). Moreover, 
these plant virus vectors can be used for application on 
other susceptible plants without additional genetic trans-
formation of each host plants (Scholthof et al., 2002; Sea-
berg et al., 2012).

Plant virus-based vector systems can also be utilized to 
knock down expression of endogenous genes in plants. 
This virus-induced gene silencing (VIGS) technique has 
been widely used to elucidate gene function(s) in plants 
(Burch-Smith et al., 2004; Kurth et al., 2012; Muruganan-
tham et al., 2009). Even though many VIGS vectors have 
been developed in recent years, host range of these vec-
tors were mainly restricted in annual or herbaceous plants 
(Brigneti et al., 2004; Fofana et al., 2004; Holzberg et 
al., 2002; Kang et al., 2016; Kumagai et al., 1995; Liu et 
al., 2002). Here, we used grapevine Algerian latent virus 
(GALV) which can infects both perennial grape varieties 
and herbaceous Nicotiana benthamiana plants and tested 
its ability for VIGS vector.

GALV is a member of the genus Tombusvirus, family 
Tombusviridae and was first isolated in Italy from an Alge-

Note Open Access

Development of Virus-Induced Gene Expression and Silencing Vector Derived 
from Grapevine Algerian Latent Virus

Sang-Ho Park1†,‡, Hoseong Choi1†, Semin Kim1, Won Kyong Cho1,2, and Kook-Hyung Kim1,2*
1Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Sciences, Seoul National 
University, Seoul 08826, Korea
2Plant Genomics and Breeding Institute, Seoul National University, Seoul 08826, Korea

(Received on November 9, 2015; Revised on February 17, 2016; Accepted on March 21, 2016)

Plant Pathol. J. 32(4) : 371-376 (2016)
http://dx.doi.org/10.5423/PPJ.NT.11.2015.0237
pISSN 1598-2254   eISSN 2093-9280

©The Korean Society of Plant Pathology

The Plant Pathology Journal

†These authors contributed equally to this work.
‡Current affiliation: Southern Crop Protection and Food Re-
search Centre, Agriculture and Agri-Food Canada, London, 
ON, Canada
*Corresponding author.
Phone) +82-2-880-4677, FAX) +82-2-873-2317
E-mail) kookkim@snu.ac.kr
cc  This is an Open Access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, provided 
the original work is properly cited.

Articles can be freely viewed online at www.ppjonline.org.



Park et al.

rian vine (Gallitelli et al., 1989). GALV has subsequently 
been detected from water samples in agricultural areas, 
Gypsophila paniculata, nipplefruit, and Limonium sinu-
atum (Cannizzaro et al., 1990; Fuchs et al., 1994; Fujinaga 
et al., 2009; Kim et al., 2012; Koenig et al., 2004; Ohki 
et al., 2006; Yi et al., 1992). Grapevine plants infected by 
GALV show different symptoms such as chlorotic spots 
around the veins, mild vein clearing or mottling, malfor-
mations or curling of the leaf, and dark green blistering on 
the leaves in different genotypes (Lovato et al., 2014). 

The grape is one of the earliest domesticated fruit crops 
and the world’s most valuable horticultural crop for the 
production of wine and table grapes (Myles et al., 2011). 
With the importance of grapevines, virus-based vectors 
could provide diverse opportunities and novel possibili-

ties as biotechnological tools for plant improvement or 
disease protection. There have been only two virus-based 
vector systems for grapevine plants including grapevine 
virus A (GVA) and grapevine leafroll-associated virus-2 
(GLRaV-2) (Haviv et al., 2006; Kurth et al., 2012; Muru-
ganantham et al., 2009). Diverse virus-derived vector 
system is required for grape varieties because stability 
and effectiveness of virus-based vectors depends on both 
plant traits and virus vectors. In this study, we constructed 
a GAVL coat protein (CP)-replacement vector system and 
used to express the foreign gene and knock down the en-
dogenous gene in the model plant N. benthamiana. 

We previously constructed the CP deletion infectious 
clone of GALV, pGMG (Fig. 1) and confirmed systemic 
infection in N. benthamiana (Kim et al., 2012). To evalu-

Table 1. Oligonucleotides used in this study

Oligonucleotides Sequences (5′ → 3′)*

GFP-5-MluI 
GFP-3-MluI
GALV-5-KpnI
GALV-3-KpnI
GALV-sense-157 
GALV-antisense-157 
ChlH-5-MluI 
ChlH-3-MluI

CGACGCGTCATCATCATCATCATCATGTGAGC
CGACGCGTCTTGTACAGCTCGTCCATGCC
GGGGTACCCTCGAGAGATCTTAGTGCATGCCATGCAAGAAAGGGG
GGGGTACCGGGCTGCATTTCTGAAT
GAGTGAGGATTAGGATCATCC
GGATGATCCTAATCCTCACTC
CGACGCGTAGCCAGAAGACC
CGACGCGTTGCCAACACCAG

*Underlined sequences represent restriction enzyme sites.
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Fig. 1. Schematic diagrams of the grapevine Algerian latent virus (GALV)-derived vectors used in this study. (A) The GALV CP-
deletion clone, pGMG, was adopted from Kim et al. (2012). (B) The reporter gene, green fluorescence protein (GFP), was inserted to 
pGMG resulting in pGFG. (C) Site-directed mutagenesis was used to create the premature stop of the p19 coding region. The asterisk (*) 
indicates the stop codon (UAG). (D) The reporter gene, magnesium chelatase (ChlH), was introduced into pGMG in the sense (+) or an-
tisense (–) orientations. LB, a left border of T-DNA; RB, a right border of T-DNA; Rz, a cis-cleaving ribozyme sequence; NOSt, a NOS 
terminator; sg1, subgenomic RNA1; sg2, subgenomic RNA2; MCS, multicloning site; GFP, green fluorescence protein.
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ate the GALV clone as an expression vector, a green fluo-
rescence protein (GFP) sequence was used as a reporter 
gene which is expressed from the subgenomic promoter, 
and Agrobacterium-mediated gene delivery system was 
utilized for inoculation of N. benthamiana plants. A PCR 
product (GFP; about 700 bp) was amplified from pPZP-
GFP (Powers et al., 2008) by using specific primers, GFP-
5-MluI and GFP-3-MluI (Table 1). The PCR product was 
digested by MluI and inserted into pGMG resulting in 
pGFG (Fig. 1). Typical GALV systemic symptoms were 
observed from both pGMG and pGFG-inoculated plants 
as shown previously (Kim et al., 2012). However, severe 
necrosis was induced on the inoculated leaves of pGMG 
and pGFG at 7 days post-infiltration (dpi) and the green 
fluorescence was not detected on the infiltrated leaves (Fig. 
2). In other tombusviruses, the p19 protein of tomato 
bushy stunt virus (TBSV) and cymbidium ringspot virus 
is a symptom determinant and responsible for eliciting 
the severe systemic necrosis on N. benthamiana (Dalmay 
et al., 1993; Scholthof et al., 1995). To avoid the necrotic 
cell death of infiltrated leaves, mutation of the p19 coding 
region, which results in the premature stop of p19, was 
introduced into pGFG, pGFG19m, as described previ-
ously (Fig. 1) (Kim et al., 2012). The amino acid, Ile (iso-
leucine), at position 157 from the start codon of p24 was 
changed to a stop-codon by changing ATC to ATT result-
ing in inactivation of p19 without disruption of the amino 
acid sequence of p24. Briefly, the region of p19/p24 was 

amplified by PCR using GALV-5-KpnI and GALV-3-Kp-
nI primers (Table 1), and the PCR product was cloned 
into pGEM-T Easy vector (Promega, Madison, WI, USA). 
This plasmid was used for site-directed mutagenesis and 
PCR was performed with the primers, GALV-sense-157 
and GALV-antisense-157 (Table 1). The amplified product 
was treated with DpnI restriction enzyme (Roche Applied 
Science, Mannheim, Germany) to remove the template 
plasmid before the bacterial transformation of the DpnI-
treated PCR mixture. The mutated sequence was con-
firmed by sequencing. As we expected, the green fluores-
cence was observed when pGFG19m was introduced to 
leaves (Fig. 2). However, the expression level of GFP was 
substantially low in the pGFG19m-infiltrated leaves and 
the fluorescence was abolished at 10 dpi (Fig. 3). This 
result suggests that wild type p19 inhibits the VIGS and 
cause severe necrosis, and therefore the GFP transgene 
was silenced by VIGS in the absence of P19 expression. 
To determine whether the significant attenuation of GFP 
expression is associated with RNA silencing and unrelated 
silencing suppressor can restore the GFP expression, HC-
Pro from soybean mosaic virus, was co-infiltrated with 
pGFG19m. The result showed that the GFP expression of 
pGFG19m in the presence of HC-Pro was significantly 
increased when compared to that of pGFG19m at both 6 
and 10 dpi (Fig. 3), demonstrating that the attenuation of 
GFP expression in pGFG19m infection is caused by RNA 

Fig. 2. Observation of expression of green fluorescence protein 
in Nicotiana benthamiana infected by pGFG at 7 dpi. Green 
fluorescence was observed in whole plants (A) using an ultra-
violet (UV) lamp and the infiltrated leaves (B) by a confocal 
microscope (× 200).
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Fig. 3. Effect of silencing suppressors on expression of a for-
eign gene in the grapevine Algerian latent virus-based vectors. 
Green fluorescence protein expression was visualized upon 
either pGFG19m only (A) or co-infiltration of pGFG19m and 
HC-Pro (B) at 6 and 10 dpi.
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silencing. To test the stability of the foreign gene, viruses 
in plant sap were passaged three times from plant to plant 
by mechanical sap-inoculation. Total RNAs were pre-
pared from each individual plant and analyzed for stable 
GFP gene insertion in the viral genome by RT-PCR using 
primers spanning the p92 and p24 cistrons. A unique band 
with the predicted size was observed for viral GALV-GFP 
from plants inoculated with progeny viruses through se-
rial passages (data not shown). Taken together, we devel-
oped two kinds of the GALV-based virus vectors, pGMG 
and pGMGm19, which could apply onto herbaceous or 
grapevine plants and pGMGm19 can be used for expres-
sion of a transgene in N. benthamiana expressing HC-Pro 
in trans. 

As the GALV-based vector effectively elicits RNA 
silencing in N. benthamiana, we decided to investigate 
the ability of GALV-based vector as a gene silencing vec-
tor. In other tombusvirus, CP replacement TBSV vectors 
were developed to knock down two endogenous genes, 
magnesium chelatase (ChlH) and phytoene desaturase 

(PDS) even though no silencing phenotype for PDS was 
observed (Pignatta et al., 2007). Total RNAs were ex-
tracted from N. benthamiana and cDNA was synthesized 
by using ChlH-3-MluI (Table 1). About 230 bp PCR frag-
ment of ChlH was amplified with primers, ChlH-5-MluI 
and ChlH-3-MluI (Table 1), and the PCR product was 
inserted into the pGMG vector in the sense orientation 
resulting in pGChlH(+). The pGChlH(+) was inoculated 
in N. benthamiana and examined the silencing phenotype. 
At 12 to 14 dpi, chlorosis on newly leaves was observed 
(Fig. 4B). As expected, mRNA accumulation for ChlH 
gene was significantly lower in the leaves inoculated with 
pGChlH(+) than in that inoculated with mock (Fig. 4C, D). 
This result indicates that the ChlH gene was successfully 
silenced in N. benthamiana plants.

The development of a useful virus-based vector for ex-
pressing foreign genes and silencing endogenous genes 
is considered to be a valuable tool on the production of 
either useful genes or resistance genes and the study of 
gene function in the important crop. Until not so long 

Fig. 4. Silencing the magnesium chelatase (ChlH) gene in Nicotiana benthamiana plants by pGChlH(+). Photographs show mock 
plants (A) and plants infiltrated by the silencing vector (B). The photobleached phenotype was observed in systemic leaves of N. ben-
thamiana plants infected by both pGChlH(+) at 21 dpi (B). (C, D) Semi-quantitative and real-time PCR validations of the expression 
level of ChlH mRNA. Significantly down-regulated ChlH gene in pGChlH(+) inoculated plants at 21 dpi was observed.
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ago, virus-based vectors are mainly applicable to annual 
plants. In grapevine as one of long-lived perennial crops, 
however, only two virus-derived vectors including GVA 
and GLRaV-2 were developed as mentioned above. GVA 
is a member of the genus Vitivirus, family Flexiviridae 
and was engineered to express the reporter gene beta-glu-
cu ronidase (GUS) and the CP gene of citrus tristeza virus 
in inoculated N. benthamiana plants (Haviv et al., 2006). 
The GVA vector also was used to silence the endogenous 
gene in N. benthamiana and Vitis vinifera cv. Prime 
plantlets (Muruganantham et al., 2009). The vector suc-
cessfully expressed the reporter genes in N. benthamiana 
plants and silenced the PDS gene in both N. benthamiana 
and V. vinifera plantlets (Haviv et al., 2006; Muruganan-
tham et al., 2009). However, this vector was not stable 
and the inserted sequence was removed from the genome 
(Haviv et al., 2006). Another GLRaV-2-based vector was 
utilized to express GFP and knock down the PDS and the 
magnesium-protoporphyrin IX chelatase (Chl1) genes in 
V. vinifera plants (Kurth et al., 2012). The vector had the 
genetic capacity to hold inserts of at least ~2 kb in size and 
the durability to accommodate the intact inserted cassettes 
for more than a year (Kurth et al., 2012).

As tombusviruses are well-studied plant viruses in the 
model plants such as Nicotiana species and have a wide 
host range, the development of tombusvirus-based vector 
for grapevine is expected to be a powerful tool for analy-
sis of gene functions and delivery of resistance gene for 
pathogen control. To our best of knowledge, the GALV-
based vector is the only tombusvirus-derived expression 
and VIGS vector for grapevine. 
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