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Review Article

OVERVIEW AND APPLICATIONS OF RNA SILENCING
IN FRUIT CROPS

ABSTRACT

RNA silencing has recently gain momentum in the scientific world mainly due to its sequencing-specific
gene inactivation that is conserved in among various organism including animals and plants. In fruit
crops, various mechanism such as virus-induced gene silencing (VIGS), DNA methylation, Ribonucleic
acid interference (RNAIi) and Anti-sense mediated gene silencing has been reported. These epigenetic
regulatory mechanisms are highly useful in fruit crops as it suppresses or silences gene responsible for
undesirable morpho-agronomic characters.

Key words: Fruit crops, RNA silencing, Methylation, VIGS

1. INTRODUCTION

RNA silencing or gene silencing can be described as a molecular process involved in the down
regulation of specific genes and probably evolved as a genetic defense system against viruses and
invading nucleic acids (Brigneti et al., 1998; Voinnet et al., 2000; Waterhouse et al.,, 2001 and
Wassenegger, 2002) . Gene silencing defines the epigenetic regulation of a gene at the level of
transcription or translation to suppress gene expression. Gene silencing is similar to gene ‘knock-down’
but different from gene ‘knock-out’. When a gene is silenced, its expression is reduced or masked but in
the flower colour experiment in petunia, the silencing affected both the transgene and any endogenous
genes with a similar sequence i.e. there was co-ordinate suppression or co-suppression due to the
presence of homologous transgene. The resulting plant produced white flowers because neither the
transgene nor the endogenous gene was adequately effective to assist pigment production (Jorgensen,
1995).

Gene silencing can be executed at transcriptional gene silencing (TGS) and post-transcriptional
gene silencing (PTGS) (Gura, 2000). At present, there are many ways of RNA silencing reported in plants
such as RNA interference (RNAI) (Vaucheret et al., 2001; Hoffmann et al., 2006), virus-induced gene
silencing (VIGS) (Lu et al., 2003; Burch-Smith et al., 2004; Jaakola et al., 2010 and Chai et al., 2011),
DNA methylation (Trusov and Botella, 2006), antisense-mediated gene silencing (Pose et al., 2013) and
microRNA silencing (Bartel, 2004).

Gene silencing in fruit crops has recently gain momentum. Gene silencing work in fruit crops has
been reported in Citrus aurantifolia (Christ.) Swing (Dominguez et al., 2002 and Fagoaga et al., 2006),
Prunus sp. (Ravelonandro et al., 2000; Scorza et al., 2001; Hily et al., 2004; Di Nicola-Negri et al., 2005
and Zhang et al., 2006), Malus domestica Borkh (Ko et al., 1998; Viss et al., 2003; Dandekar et al., 2004;
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Broothaerts et al., 2004; Gilissen et al., 2005 and Teo et al., 2006), Juglans regia L. (Escobar et al.,
2002), strawberry (Hoffmann et al., 2006 and Chai et al., 2011), pineapple (Trusov and Botella, 2006) and
bilberry (Jaakola et al., 2010).

Grafting is a technique in which scions and rootstocks with different genomes are joined, has
been used in horticulture for thousands of years, and is commonly employed for crops like tomatoes,
cucurbits, and fruit trees (Melnyk and Meyerowitz, 2015). One compelling strategy would be to use
transgenic rootstocks expressing small RNAs to trigger RNA silencing in non-transgenic scions. Recently,
this approach was used to transmit virus resistance in Nicotiana benthamiana (Ali et al., 2013). This
strategy would most easily be applied to improve plants that are widely cultivated using grafting, such as
fruit trees (Gohlke and Mosher, 2015). Although transmission of RNA silencing was not observed in non-
transgenic scions in apple (Flachowsky et al., 2012), a more recent study in cherry trees demonstrates
that transgene-derived small RNAs can indeed be transported into non-transgenic scions (Zhao and
Song, 2014).

2. APPLICATIONS IN FRUIT CROPS
2.1 VIRUS-INDUCED GENE SILENCING (VIGS)

Virus-induced gene silencing is a technology that employs an RNA-mediated antiviral defense
mechanism. When a plant virus infects a host cell, it stimulates an RNA-based defense that is targeted
against the viral genome (Ratcliff et al., 1995). This system involves processing of double-stranded RNA
(dsRNA) into short interfering RNA (siRNA) (Zamore, 2001). An RNAse complex is then steered by base
pairing of the siRNA so that it precisely targets single-stranded RNA (ssRNA) that is identical to the
dsRNA. VIGS can be defined as the silencing of endogenous plant genes initiated by recombinant viral
factors (Ruiz et al., 1998). It is designed to suppress gene expression and study gene function in plants
(Robertson, 2004).

Bilberry (Vaccinium myrtillus) is one of the incomparable sources of health promoting
phytochemicals such as anthocyanins, the ripe fruit typically contains 29 mg/g of dry weight (Latti et al.,
2008). In many fruits, these coloured compounds accumulate only in the skin but in bilberry, they occur
throughout the fruit flesh. A SQUAMOSA-class MADS box transcription factor, VMTDR4 is associated
with anthocyanin biosynthesis in bilberry (Jaakola et al., 2011). VmTDR4 is a bilberry homologue of the
tomato TDR4 and Arabidopsis FUL genes. By using VIGS, the expression of VmTDR4 was suppressed
resulting in substantial reduction in anthocyanin level in fully ripe bilberry fruits. Thus, it was found that
VmMTDRA4 plays a crucial role in the accumulation of anthocyanin during ripening in bilberry (Jaakola et al.,
2011). Therefore, application of VIGS in other anthocyanin generating fruits such as black currant (Ribes
nigrum), blackberry (Rubus fruticosus) and strawberry (Fragaria spp.) will be helpful to study anthocyanin-
related gene function in these plants (Jaakola et al., 2011).

The plant hormone abscisic acid (ABA) plays an important role in the regulation of non-climacteric

fruit ripening. Strawberry, a non-climacteric fruit do not exhibit a peak in respiration and ethylene
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production during ripening and the application of ethylene to green strawberry fruits does not affect the
rate of ripening (Knee et al., 1977; Given et al., 1988 and Abeles and Takeda, 1990). However, the ABA
content gradually accumulates and promotes fruit ripening during the later stage of strawberry fruit
development (Kano and Asahira, 1981; Manning, 1994; Perkins-Veazie, 1995 and Jiang and Joyce,
2003). The molecular or genetic evidence for this phenomenon is lacking. FaPYR1, a strawberry gene
homologous to the Arabidopsis ABA receptor gene PYR1, is associated with delayed ripening (Chai et al.,
2011). By using tobacco rattle virus (TRV) induced VIGS, the FaPYR1 gene can be silenced in strawberry
fruit (Chai et al., 2011). TRV-mediated VIGS is also a potential tool in studying tomato fruit development
and ripening (Fu et al., 2005).

For silencing the FaPYR1 gene in strawberry fruit development, a mixture of Agrobacterium strain
GV3101 cultures containing pTRV1 and pTRV2 carrying a 424 bp fragment of the FaPYR1 gene in a 1:1
ratio was syringe infiltrated into 2 weeks old BG (big green) fruits and control fruits were infiltrated only
with TRV alone (Fig. 1). Two weeks after infiltration, control fruits turned fully red while RNAi (Ribonucleic
acid interference) fruits produced various chimeric symptoms which were concomitant with variations in
the decrease of transcripts of FaPYR1. These findings showed that FaPYR1 plays an important role in

the regulation of strawberry fruit ripening (Chai et al., 2011).

2 weeks old BG fruits 2 weeks old BG fruits
(Treated) (Control)
pTRV2-FaPYRL1 gene TRV alone
in 1:1 ratio (syringe infiltrated)
(syringe infiltrated)

l 2 weeks after infiltration

Fig. 1: Silencing of FaPYR1 by VIGS.

2.2 DNA METHYLATION

DNA methylation is a major source of transcriptional gene silencing (TGS), blocking gene

expression (Waterhouse et al., 2001). In TGS, silenced transgenes coding regions and promoters are
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densely methylated (Kooter et al., 1999). It is also suggested that the increase in DNA methylation
induces formation of heterochromatin, which is associated to TGS (Ye and Signer, 1996; Wassenegger
and Pelissier, 1998 and Wassenegger, 2000). RNA-dependent DNA methylation stimulates protein
binding that recognizes methylated cytosine leading to chromatin remodeling (Alberts et al., 2002), thus
avoiding the binding of transcription factors (Kooter et al., 1999). In pineapple, flowering is one of the
most important processes in plant ontogeny. Several factors from environmental to chemical can trigger
flowering in pineapple. Due to the dependence of fruit ripening on flowering time and non-climacteric
nature of pineapple, synchronization of flowering of plants in the field is a critical importance for the
pineapple growers (Trusov and Botella, 2006). To synchronize flowering, growers generally select
planting material by size or weight (Reinhardt and Medina, 1992) and once plants reach maturity, treat
them with a number of flowering-inducing agents such as ethylene (Bartholomew, 1977 and Reid and
Wu, 1991). But still, a fraction of the crop (ranging from 5 % to 30 % and reaching up to 70 % under
certain conditions) manages to flower ahead of schedule, a phenomenon known as ‘natural flowering’ or
‘environmental induction’. This phenomenon is a highly undesirable characteristic of pineapples causing
interruption in harvest scheduling, market supply and increasing harvest costs (multiple harvest of the
same field) resulting in heavy harvest losses (Min and Bartholomew, 1996). A 1-amino-cyclopropane-1-
carboxylate synthase (ACC synthase) gene is responsible for triggering ‘natural flowering’ in pineapple
(Trusov and Botella, 2006). To silence ACACS2 gene, two transgenic pineapple lines is produced
containing co-suppression constructs designed to suppress the expression of the ACACS2 gene (Trusov
and Botella, 2006). Northern blot hybridization revealed that the ACACS2 gene is silenced in a number of
transgenic plants in both lines containing co-suppression construct. Southern blot hybridization cleared
the differences in the methylation status of a silenced versus non-silenced plants by the inability of a
methylation sensitive enzymes such as BstUI to digest within the ACACS2 DNA extracted from silenced
plants indicating that methylation is the cause of the observed co-suppression of the ACACS2 gene
(Trusov and Botella, 2006).

2.3 RIBONUCLEIC ACID INTERFERENCE (RNAI)

Ribonucleic acid interference (RNAI) of genes, initiated by dsRNA is an important tool to study
gene function (Waterhouse and Helliwell, 2003). The dsRNA is regarded by the Dicer enzyme, a member
of the RNase Il family of nuclease that specifically cleaves dsRNA (Bernstein, 2001). This enzyme
cleaves the dsRNA into shorter RNA duplexes of 21 to 28 nucleotides, which have 5 phosphate and 2-
nucleotide overhangs (Bernstein, 2001; Hamilton and Baulcombe, 1999; Elbashir et al., 2001 and Meister
and Tuschl, 2004). These short RNA duplexes are known as short interfering RNA (siRNA) (Baulcombe,
2004), which execute RNAi-mediated gene silencing. This technique of gene silencing is also used in
strawberry (Fragaria x ananassa cv. Elsanta) fruits to suppress ripening-related chalcone synthase (CHS)
gene (Hoffmann et al., 2006). The expression of the CHS gene in fruit tissue is developmentally regulated

and associated with fruit colouring (Aharoni and O’Connell, 2004). By using a construct (ihpRNA)
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containing the partial sense and corresponding antisense sequences of CHS separated by an intron
obtained from a strawberry quinine oxidoreductase gene (Hoffmann et al., 2006). This technique in
combination with metabolic profiling analysis will be useful for studying the function of unknown genes
during the development and ripening of strawberry fruit (Hoffmann et al., 2006). Hartl et al. (2016)
describe the downregulation and the spread of silencing of two endogenous strawberry genes Fragaria x
ananassa chalcone synthase (FaCHS; Lunkenbein et al., 2006) and F. x ananassa O-methyltransferase
(FaOMT; Wein et al., 2002) by ihp (inverted hairpin construct) constructs and transitive RNAIi vectors.
Another important application of RNAi-induced silencing is the production of seedless fruits or
parthenocarpic fruits in tomato by suppressing chalcone synthase (CHS) gene in the flavonoid
biosynthetic pathway (Schijlen et al., 2007). Post-transcriptional gene silencing is also exploited to confer

resistance to viruses in transgenic Mexican lime (Fagoaga et al., 2006) and Prunus sp. (Liu et al., 2007).

2.4 ANISENSE-MEDIATED GENE SILENCING

Antisense-mediated gene silencing refers to the post-transcriptional silencing of genes using
small sequence specific (antisense) molecules that through complementary base pairing suppress
translation or direct degradation of specific target mMRNAs. This technique of gene silencing is a
convenient alternative to reduce gene expression to different levels and to silence multigene families
(Kuhlmann et al., 2006). Antisense technology is used in some fruit crops such as strawberry (Posé et al.,
2013) and apple (Atkinson et al., 2012) to extend the post-harvest shelf life and to increase fruit firmness.
Antisense-mediated down-regulation of polygalacturonase (PG) gene, FaPG1, in strawberry resulted in
reduce fruit softening and extended post-harvest shelf life which is attributed to a reduced cell wall
disassembly due to FaPGl silencing (Posé et al., 2013). FaPG1 silencing significantly reduced
strawberry fruit softening without affecting other ripening-related traits such as colour, weight, or soluble
solids (Quesada et al., 2009). The increase firmness of transgenic antisense FaPG1 strawberry fruits are
predominantly due to decrease in pectin solubilization (Quesada et al., 2009) and depolymerization that

correlates with more tightly attached cell wall bound pectins (Posé et al., 2013).

3. CONCLUSION

RNA silencing is a unique, powerful and yet simple molecular mechanisms to down regulate or
suppress gene. This article demonstrates the use of gene silencing technique to study gene-related
functions such as pigment production in bilberry and counter undesirable gene-related characteristics of
fruit crops such as asynchronous flowering in pineapple. Gene silencing can be used to know the
functions of unknown genes. Recently, the work on gene silencing has gained momentum but this
mechanism is yet to be fully utilized in fruit crops to know its full potential effect in regulating genes

responsible for susceptibility to various biotic and abiotic stresses.

REFERENCES



172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207

Abeles FB, Takeda F. Cellulase activity and ethylene in ripening strawberry and apple fruits. Sci. Hort.
1990; 42: 269-275.

Aharoni A, O’Connell AP. Gene expression analysis of strawberry achene and receptacle maturation
using DNA microarrays. J. Exp. Bot. 2002; 53: 2073-2087.

Alberts B, Johnson A, Lewis J, Raff M, Roberts K, Walter P. Molecular Biology of the Cell. 4" ed., Garland
Science, New York: 2002.

Ali EM, Kobayashi K, Yamaoka N, Ishikawa M, Nishiguchi M. Graft transmission of RNA silencing to non-
transgenic scions for conferring virus resistance in tobacco. PLoS One. 2013; 8: e63257.

Atkinson RG et al. Down-regulation of POLYGALACTURONASE1 alters firmness, tensile strength and
water loss in apple (Malus x domestica) fruit. BMC Plant Biol. 2012; 12: 129-142.

Bartel DP. Micrornas: genomics, biogenesis, mechanism and function. Cell. 2004; 116: 281-297.

Bartholomew DP. Inflorescence development of pineapple (Ananas comosus L. Merr.) induced to flower
with ethephon. Bot. Gaz. 1977; 138: 312-320.

Baulcombe DC. RNA silencing in plants. Nature. 2004; 431: 356-363.

Bernstein E, Caudy AA, Hammond SM, Hannon GJ. Role for a bidentate ribonuclease in the initiation
step of RNA interference. Nature. 2001; 409: 363-366.

Brigneti G, Voinnet O, Li W, Ji L, Ding S, Baulcombe DC. Viral pathogenicity determinants are
suppressors of transgene silencing in Nicotiana benthamiana. The EMBO journal. 1998;
17: 6739-6746.

Broothaerts W, Keulemans J, Van Nerum |. Self fertile apple resulting from S-RNase gene silencing. Plant
Cell Rep. 2004; 22: 497-501.

Burch-Smith TM, Anderson JC, Martin GB, Kumar SPD. Applications and advantages of virus induced
gene silencing for gene function studies in plants. Plant J. 2004; 39: 734-746.

Chai Y, Jia H, Li C, Dong Q, Shen Y. FaPYR1 is involved in strawberry fruit ripening. J. Exp. Bot. 2011;
62: 5079-5089.

Dandeka, AM, Teo G, Defilippi BG, Uratsu SL, Passey AJ, Kader AA, Stow JR, Colgan RJ, James DJ.
Effect of down-regulation of ethylene biosynthesis on fruit flavor complex in apple fruit.
Transgenic Res. 2004; 13: 373-384.

Di Nicola-Negri E, Brunetti A, Tavazza M, llardi V. Hairpin RNA-mediated silencing of plum pox virus p1
and Hc-pro genes for efficient and predictable resistance to the virus. Transgenic Res.
2005; 14: 989-994.

Dominguez A, Fagoaga C, Navarro L, Moreno P, Pefia L. Regeneration of transgenic citrus plants under
non selective conditions results in high-frequency recovery of plants with silenced
transgenes. Mol. Genet. Genomics. 2002; 267: 544-556.

Elbashir SM, Lendeckel W, Tuschl T. RNA interference is mediated by 21 and 22 nt RNAs. Genes Dev.
2001; 15: 188-200.



208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

Escobar MA, Leslie CA, McGranahan GH, Dandekar AM. Silencing crown gall disease in walnut (Julgans
regia L.). Plant Sci. 2002; 163: 591-597.

Fagoaga C, Lépez C, De Mendoza AH, Moreno P, Navarro L, Flores R, Pefia L. Post-transcriptional gene
silencing of the p23 silencing suppressor of citrus tristeza virus confers resistance to the
virus in transgenic Mexican lime. Plant Mol. Biol. 2006; 60: 153-165.

Flachowsky H, Trankner C, Szankowski I, Waidmann S, Hanke MV, Treutter D, Fischer TC. RNA-
mediated gene silencing signals are not graft transmissible from the rootstock to the
scion in greenhouse grown apple plants Malus sp. Int. J. Mol. Sci. 2012; 13: 9992-10009.

Fu DQ, Zhu BZ, Zhu HL, Jiang WB, Luo YB. Virus-induced gene silencing in tomato fruit. Plant J. 2005;
43: 299-308.

Gilissen LJWJ, Bolhaar STH, Matos CI, et al. Silencing of the major apple allergen Mal 1 by using RNA
interference approach. J. Allergy Clin. Immunol. 2005; 115: 364-369.

Given NK, Venis MA, Grierson D. Hormonal regulation of ripening in the strawberry, a non-climacteric
fruit. Planta. 1988; 174: 402-406.

Gohlke J, Mosher RA. Exploiting mobile RNA silencing for crop improvement. Am. J. Bot. 2015; 102 (9):
1399 — 1400.

Gura T. A silence that speaks volumes. Nature. 2000; 404: 804-808.

Hamilton AJ, Baulcombe DC. A species of small antisense RNA in post transcriptional gene silencing in
plants. Science. 1999; 286: 950-952.

Hartl K, Kalinowski G, Hoffmann T, Preuss A, Schwab W. RNAi-mediated endogene silencing in
strawberry fruit: detection of primary and secondary siRNAs by deep sequencing. Doi:
10.1111/pbi.12664. 2016.

Hily JM, Scorza R, Malinowski T, Zawadzka B, Ravelonandro M. Stability of gene silencing-based
resistance to plum pox virus in transgenic plum (Prunus domestica L.) under field
conditions. Transgenic Res. 2004; 13: 427-436.

Hoffmann T, Kalinowski G, Schwab W. RNAi-induced silencing of gene expression in strawberry fruit
(Fragaria x ananassa) by agroinfiltration: a rapid assay for gene function analysis. Plant
J. 2006; 48: 818-826.

Jaakola L, Poole M, Jones MO et al. A SQUAMOSA MADS box gene Involved in the regulation of
anthocyanin accumulation in bilberry fruits. Plant Physiol. 2010; 153: 1619-1629.

Jiang Y, Joyce DC. ABA effects on ethylene production, PAL activity, anthocyanin and phenolic contents
of strawberry fruit. Plant Growth Regul. 2003; 39: 171-174.

Jorgensen RA. Co-suppression, flower color patterns, and metastable gene expression states. Science.
1995; 268: 686-691.

Kano Y, Asahira T. Roles of cytokinin and abscisic acid in the maturing of strawberry fruits. J. JPN. Soc.
Hortic. Sci. 1981; 50: 31-36.



244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280

Knee M, Sargent J A, Osborne DJ. Cell wall metabolism in developing strawberry fruits. J. Exp. Bot. 1977;
28: 377-396.

Ko K, Brown SK, Norelli JL, Aldwinckle HS. Alterations in npt Il and gus expression following
micropropagation of transgenic M7 apple rootstock lines. J. Am. Soc. Hortic. Sci. 1998;
123: 11-18.

Kooter JM, Matzke MA, Meyer P. Listening to the silent genes: transgene silencing, gene regulation and
pathogen control. Trends Plant Sci. 1999; 4: 340-347.

Kuhimann M, Popova B, Nellen W. RNA interference and antisense-mediated gene silencing in
Dictyostelium. Methods Mol. Biol. 2006; 346: 211-226.

Latti A, Riihinen K, Kainulainen P. Analysis of anthocyanin variation in wild populations of bilberry
(Vaccinium myrtillus L.) in Finland. J Agric Food Chem. 2008; 56: 190-196.

Liu Z, Scorza R, Hily JM, Scott SW, James D. Engineering resistance to multiple Prunus fruit viruses
through expression of chimeric hairpins. J. Am. Soc. Hortic. Sci. 2007; 132: 407-414.

Lu R, Martin-Hernandez AM, Peart JR, Malcuit |, Baulcombe DC. Virus-induced gene silencing in plants.
Plant Methods. 2003; 30: 296-303.

Lunkenbein S, Coiner H, De Vos CH, Schaart JG, Boone MJ, Krens FA, Schwab W, Salentijn E.
Molecular characterization of a stable antisense chalcone synthase phenotype in
strawberry (Fragaria x ananassa). J. Agric. Food Chem. 2006; 54: 2145-2153.

Manning K. Changes in gene expression during strawberry fruit ripening and their regulation by auxin.
Planta. 1994; 94: 62-68.

Meister G, Tuschl T. Mechanisms of gene silencing by double-stranded RNA. Nature. 2004; 431: 343-
349.

Melnyk CW, Meyerowitz EM. Plant grafting. Curr. Biol. 2015; 25: 183-188.

Min XJ, Bartholomew DP. Effect of plant growth regulators on ethylene production, 1-aminocyclopropane-
1-carboxylic acid oxidase activity, and initiation of inflorescence development of
pineapple. J. Plant Growth Regul. 1996; 15: 121-128.

Perkins-Veazie P. Growth and ripening of strawberry fruit. Hortic. Rev. 1995; 17: 267-297.

Posé S, Paniagua C, Cifuentes M, Blanco-Portales R, Quesada MA, Mercado JA. Insights into the effects
of polygalacturonase FaPG1 gene silencing on pectin matrix disassembly, enhanced
tissue integrity and firmness in ripe strawberry fruits. J. Exp. Bot. 2013; 64: 3803—-3815.

Quesada MA et al. Antisense down regulation of the FaPG1 gene reveals an unexpected central role for
polygalacturonase in strawberry fruit softening. Plant Physiol. 2009; 150: 1022-1032.

Ratcliff FG, MacFarlane SA, Baulcombe DC. Gene silencing without DNA: RNA-mediated cross
protection between viruses. Plant Cell. 1999; 11: 1207-1215.

Ravelonandro M, Scorza R, Callahan A, Levy L, Jacquet C, Monsion M, Damsteegt V. The use of
transgenic fruit trees as a resistance strategy for virus epidemics: the plum pox (Sharka)
model. Virus Res. 2000; 71: 63-69.



281
282
283
284
285
286
287
288
289
290
2901
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

Reid MS, Wu MJ. Ethylene in flower development and senescence. In: Mattoo AK, Suttle JC editor. The
Plant Hormone Ethylene, CRC Press Inc., Boca Raton: 1991.

Reinhardt D, Medina VM. Growth and fruit quality of Perola and Smooth Cayenne pineapple cultivars.
Pesq. Agropec. Bras. 1992; 27: 435-447.

Robertson D. VIGS vectors for gene silencing: many targets, many tools. Annu. Rev. Plant Biol. 2004; 55:
495-519.

Ruiz MT, Voinnet O, Baulcombe DC. Initiation and maintenance of virus-induced gene silencing. Plant
Cell. 1998; 10: 937-946.

Schijlen EGWM et al. RNA interference silencing of chalcone synthase, the first step in the flavonoid
biosynthesis pathway, leads to parthenocarpic tomato fruits. Plant Physiol. 2007; 144:
1520-1530.

Scorza R, Callahn A, Levy L, Damsteegt V, Webb K, Ravelonandro M. Post-transcriptional gene silencing
In plum pox virus resistant European plum containing the plum pox potyvirus coat protein
gene. Transgenic Res. 2001; 10: 201-209.

Teo G, Suziki Y, Uratsu SL, Lampien B, Ormonde N, Hu WK, Dejong TM, Dandekar AM. Silencing leaf
sorbitol synthesis alters long distance portioning and apple fruit quality. Proc. Natl. Acad.
Sci. USA. 2006; 103: 18842-18847.

Trusov Y, Botella, JR. Silencing of the ACC synthase gene ACACS2 causes delayed flowering in
pineapple [Ananas comosus (L.) Merr.]. J. Exp. Bot. 2006; 57: 3953-3960.

Vaucheret H, Béclin C, Fagard M. Post-transcriptional gene silencing in plants. J. Cell Sci. 2001; 114:
3083-3091.

Viss WJ, Pitrak J, Humann J, Cook M, Driver J, Ream W. Crown-gall-resistant transgenic apple trees that
silence Agrobacterium tumefaciens oncogenes. Mol. Breed. 2003; 12: 283-295.

Voinnet O, Lederer C, Baulcombe DC. Viral movement protein prevents spread of the gene silencing
signal in Nicotiana benthamiana. Cell. 2000; 103: 157-167.

Wassenegger M, Pelissier T. A model for RNA-mediated gene silencing in higher plants. Plant Mol. Biol.
1998; 37: 349-362.

Wassenegger M. Gene silencing. Int. Rev. Cytol. 2002; 219: 61-113.

Wassenegger M. RNA-directed DNA methylation. Plant Mol. Biol. 2000; 43: 203-220.

Waterhouse P, Helliwell CA. Exploring plant genomes by RNA-induced gene silencing. Nat. Rev. 2003; 4:
29-38.

Waterhouse PM, Wang MB, Lough T. Gene silencing as an adaptative defense against viruses. Nature.
2001; 411: 834- 842.

Waterhouse PM, Wang MB, Lough T. Gene silencing as an adaptative defense against viruses. Nature.
2001; 411: 834-842.

Wein M, Lavid N, Lunkenbein S, Lewinsohn E, Schwab W, Kaldenhoff R. Isolation, cloning and

expression of a multifunctional O-methyltransferase capable of forming 2,5-dimethyl-4-



318
319
320
321
322
323
324
325
326
327
328
329

methoxy-3(2H)-furanone, one of the key aroma compounds in strawberry fruits. Plant J.
2002; 31: 755-765.

Ye F, Signer ER. RIGS (repeat-induced gene silencing) in Arabidopsis is transcriptional and alters
chromatin configuration. Proc. Natl. Acad. Sci. USA. 1996; 93: 10881-10886.

Zamore PD. RNA interference: listening to the sound of silence. Nat. Struct. Biol. 2001; 8: 746-750.

Zhang SC, Tian LM, Svircev A, Brown DCW, Sibbald S, Schneider KE, Barszcz ES, Malutan T, Wen R,
Sanfacon H. Engineering resistance to plum pox virus (ppv) through the expression of
ppv-specific hairpin RNAs in transgenic plants. Can. J. Plant Pathol. 2006; 28: 263-270.

Zhao D, Song G. Rootstock to scion transfer of transgene derived small interfering RNAs and their effect
on virus resistance in non transgenic sweet cherry. Plant Biotech. J. 2014; 12: 1319-
1328.



