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SUMMARY. Potato is the third most important crop in the world but is very 
sensitive to pathogens. Viruses are pathogens which affect potato productivity 
causing important losses in the annual production. Consequently, potato is one 
of the main targets for genetic improvement by gene transfer and other 
biotechnological tools. RNA interference (RNAi) has recently been identified 
as a natural mechanism for regulation of gene expression and also as a natural 
antiviral defense mechanism. RNAi is a promising approach adopted to develop 
virus-resistant plants. The present paper gives an update of different approaches of 
using RNAi to obtain virus resistant potato plants. 
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Introduction 
Potato (Solanum tuberosum) the third most important crop in the world 

after rice and wheat (Birch et al., 2012), is very sensitive to disease and pests. 
Viruses are one of the main pathogens of potato and represent a serious problem, 
not only because of effects determinate by primary infection, but also because 
potato crop is vegetatively propagated and this is a good way to transmit viruses 
through the tubers to other generations (Bushra et al., 2012). The most important 
economically potato viruses are represented by PVY (Potato Virus Y), PVX (Potato 
Virus X), PVM (Potato Virus M) and PLRV (Potato Leafroll Virus).  

Potato Virus Y is transmitted by aphides and has a high genetic variability, 
a significant number of strains being described so far: PVYO, PVYC, PVYZ, PVYN 
(Tribodet et al., 2005). The recently identified strains, PVYNTN (N-tuber-necrosis) 
and PVYN-W (N-Wilga), induce Potato Tuber Necrotic Ringspot Disease (PTNRD) 
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(Blanco-Urgoiti et al., 1998; Visser et al., 2012). Potato Virus X is a common limiter 
of potato productivity around the globe, producing a severe mosaic and dwarf 
plants (Shafique et al., 2013). 

It is known that plants have both passive (cell wall) and active mechanisms 
of defense against viruses. The active defense mechanisms are represented by 
hypersensitive response (HR) and extreme resistance (ER) during which the cells 
located near the virus infection die (Goldbach et al., 2003) due to the presence of 
naturally produced secondary metabolites (terpenes, phenolic compounds, ethylene, 
salicylic acid, jasmonic acid) which are toxic (Van Etten et al., 2001; Mazid et al., 
2011). More than that, plants have resistance genes (R genes), which are recognizing 
the specific avirulence genes (avr) from infecting virus (Bushra et al., 2013). R 
proteins (guards) are related with host cellular proteins (guardees), which are targets 
for avirulence proteins of the pathogen. During the infections, the avirulece proteins 
produce modifications to the guardee, and alter the interaction between the guard 
and guardee. In this situation, the guard initiates a signaling cascade that leads to 
defense (Soosaar et al., 2005). 

In the last decades a new defense system was detected in plants, which is 
known as post-transcriptional gene silencing (PTGS) or RNA interference (RNAi). 
The term RNAi was created by Fire and Mello to describe a mechanism of gene-
silencing based on dsRNA (Fire et al., 1998).  

RNAi is a natural defense system evolved against parasites (viruses) and 
mobile genetic elements or transposons. This system recognize and degrade the 
double-strand RNA (dsRNA) (Kryldakov et al., 2011) and in plants act as a RNA 
virus resistance mechanism (Anandalakshmi et al., 1998; Brigneti et al., 1998; 
Joseph et al., 2012; Kasschau et al., 1998). 

 
Mechanism of RNAi 
 

RNAi is a defense pathway in which the target RNA molecules are degraded 
at mRNA level based on homology. In this way the translation of target RNA is 
prevented. In plants two different functionally RNAs: micro RNA (miRNA) and small 
interfering RNA (siRNA) were characterized. miRNAs are small dsRNA genome 
coded, which have a double stranded region and a loop region which is single stranded. 
miRNA is involved in regulation of gene expression (Bartel, 2004) and can induce 
RNA silencing if it is introduced in the cell as artificial miRNA (Duan et al., 2012). 
siRNA i.e. small interfering RNA molecules are obtained from long dsRNA through 
RNAi, being involved in defense mechanisms (Lacellier et al., 2004).  

RNAi act in plants as a defense system which is directed against viruses 
(Wang et al., 2012). During the viral attack, long dsRNA are obtained from viral RNAs 
through replication. These long dsRNA are substrates for a cytosolic endonuclease 
termed Dicer. Dicer recognizes dsRNA and cleaves them into duplex siRNA. The 
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siRNA duplex contain guide strand (complementary with target mRNA) and passenger 
strand. The guide strand goes into RNA-induced silencing complex (RISC) and then 
the viral mRNA is degraded (Bushra et al., 2013) (Fig. 1). RISC is made up of Dicer 
(endonuclease enzyme), accessory protein (ARGONAUTE), RNA binding protein (PDR) 
and transacting RNA-binding protein (TRBP) (Schwarz et al., 2003). 

 

 
Figure 1. The mechanism of RNAi: Long double-stranded RNA is cleaved by Dicer 

endonuclease into siRNA duplex in an ATP-dependent way. The siRNAs are uptaken by 
RNA-induced silencing complex (RISC), which is activated by removing the passenger 

strand of the siRNA duplex. The guide strand (complementary with target mRNA)  
help RISC to recognize the mRNA target which is degraded. 
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RNAi mediated resistance in plants 
 

Multiple approaches have been attempted to initiate the process of viral 
gene silencing. Initially, it was realized by separately expressing sense and antisense 
genes of viral origin in plants. The first attempt to obtain virus resistant potato 
plants through RNAi technology was made with Potato virus Y (PVY), where the 
complete immunity to the virus was reported after both sense and antisense transcripts 
of the viral helper-component proteinase (HC-Pro) gene, which was simultaneously 
expressed (Waterhouse et al., 1998). 

 

 

Figure 2. Inhibition of translation through the hairpin RNA mechanism: The hairpin RNA 
precursor, obtained through transcription of expression vector, is digested by Dicer resulting 

miRNA. The miRNA are up taken by RNA-induced silencing complex (RISC), would bind to 
the 3'untraslated region (UTR) of the target mRNA and then will block translation. 
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Hairpin RNA (hp RNA) 
 

RNA silencing has been adopted to generate virus-resistant plants through 
expression of virus-derived hairpin RNAs (Fig. 2). The hairpin RNA construct contains 
inverted repeated sequences which are separated by another sequence termed spacer. 
The spacer region is used to stabilize the transgene construct (Surekha et al., 2013).  

Because of the high sequence specificity of RNA silencing, this technology 
has been limited to the targeting of single viruses. To achieve simultaneous targeting of 
multiple viruses or plant genes a chimeric cassette was used. So it was developed a 
method to construct chimeric hairpin RNA rapidly and efficiently. This method splices 
two DNA fragments from viruses using Overlap Extension PCR (OE-PCR); then this 
chimeric sequence was assembled with an intron sequence to generate an intron-
containing hairpin RNA construct (Yan et al., 2010). 

Similar approach was developed in potato plants using a hairpin RNA 
construct corresponding to a conserved region of the cp (coat protein) gene of PVY 
(Missiou et al., 2004). Some genetic transformation methods including protein and 
RNA-mediated approaches (Prins, 2003) or virus-induced gene silencing (Lu et al., 
2003; Godge et al., 2007) were also used to induce virus resistance in plants 
(Baulcombe 1999). 

 
Intron hairpin RNA (ihp RNA) 
 

The ihp RNA transgene is similar to the hairpin transgene except that the 
spacer region is an intron sequence because it increases the efficiency of silencing. 
Ihp RNAs are considered to be produced more easily and remain more stable by 
using a selection marker and thus provides an alternative to the use of noncoding 
spacers (Surekha, et al., 2013). The selection marker is a gene conferring suitable 
traits, especially antibiotic resistance, for artificial selection of transgenic plants. In 
different studies the virus resistance in susceptible plants have been induced by 
transferring primarily virus-derived genes which are including viral coat protein 
(Reddy et al., 2010) or using a construct intron-containing hairpin RNA (Yan et al., 
2009). Besides these, in some experiments potato resistant to PVY were generated 
by using an environmentally safe construct which did not use a marker gene for 
antibiotic resistance to select the transgenic plants. Therefore the isopentenyl 
transferase gene (ipt) present on the Ti plasmid of Agrobacterium mutant strain was 
used as a phenotypic selection marker. A marker-free binary vector with a hairpin 
construct derived from the coat protein gene of PVYNTN strain was then used for 
transformation (Bukovinszki et al., 2007). In other reports, the transgenic, marker-
free potato was produced using a two-step protocol. In the first step was aimed to 
improve the transformation methods applied to different cultivars of potato, 
through the transfer and expression of reporter gene gfp (green fluorescent protein) 
and marker gene nptII (neomycin phosphotransferase) (Rakosy-Tican et al., 2006). 
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In the second step, the potato cultivars (Baltica and Désirée) which have the best 
response to transformation process from the first step, were transformed for PVY 
resistance using A. tumefaciens C58C1 pGV2260 with the hairpin construct pRGG 
YCPiPCY (35SCaMV enhancer and promoter, two repeated inverted PVY-CP 
sequences separated by an intron and pA nos terminator) (Fig. 3). The transgenic lines 
proved to integrate the hairpin construct with high efficiency. In this case maximum 
50% of the regenerated plants, analyzed at molecular level by using gene specific 
primers, were proved to integrate the construct (Rakosy-Tican et al., 2010).  

 

 
 

Figure 3. Schematic representation of the marker free PVY CP hairpin construct used to 
obtain transgenic potato resistant to PVY: BL = left border and BR= right border of T-DNA; 

35S Enhancer = enhancer of 35S CaMV; P = promoter 35S CaMV; Y-CP = coat protein 
gene of PVY; I = intron; pA nos = poliadenilated nopaline synthase terminator; the arrows 

indicate antisense sequences that form hairpin structure; Sac = restriction site for the 
enzyme SacI (with authors permission Rakosy-Tican et al., 2010). 

 
Conclusions 
 
RNA interference (RNAi) is becoming an important tool for silencing the 

gene expression for potato crop improvement. Nevertheless, even if RNAi stability 
in plants is critical, the new constructs obtain by intron hairpin RNA construct 
provide an opportunity to develop new strategy to obtain plants resistant to viruses. 

The RNAi is an interesting method which could be further exploited to analyze 
the function of target genes and regulation of gene expression for crop improvement. 

The intron hairpin RNA can be considered an eco-friendly technology, 
because it eliminates even some risks related with the use of marker gene for antibiotic 
resistance, to select the transgenic plants. This risk refers to the possibility of the 
transfer of antibiotic resistance genes from plants to bacteria. But using a marker-free 
construct, this risk is eliminated. This strategy was also developed for a better 
acceptance of transgenic plants by consumers, particularly in Europe. 
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