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Potential applications of gene silencing or RNA interference (RNAi) to 
control disease and insect pests of date palm 

C. L. Niblett* and A. M. Bailey

Venganza, Inc., 840 Main Campus Drive, Raleigh, NC 27606 USA

Abstract
Gene silencing or RNA interference (RNAi), a recently-discovered regulatory and defense mechanism in plants, 
animals and other organisms, has great potential to control plant pests. A gene essential for survival or 
development of the plant pest is targeted, and an inverted repeat construct of the gene is transformed into 
susceptible host plants. Plant transcription produces a double-stranded RNA (dsRNA), which the plant 
recognizes as a foreign molecule. Dicer, the plant’s protective ribonuclease enzyme, hydrolyzes the dsRNA to 
small interfering RNAs (siRNAs). The feeding pest ingests the siRNAs, causing the pest’s RNAi mechanism to 
hydrolyze the messenger RNA of its own essential gene. This “silences” that essential gene in the pest, which 
either dies or is debilitated, and the transgenic plant is resistant to that pest. RNAi, having been shown to 
provide resistance against insects (Diabrotica, Helicoverpa), bacteria (Agrobacterium, Staphylococcus), 
nematodes (Heterodera, Meloidogyne) and parasitic plants (Orobanche, Striga, Triphysaria), should provide 
effective, durable resistance to red palm weevil (Rhynchophorus ferrugineus), Bayoud disease (Fusarium 
oxysporum f. sp. albedinis), Al-Wijam, and other serious pests of date palm.
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Introduction
Date palm (Phoenix dactylifera) has been a 

cultivated tree crop for at least 5,000 years 
(Johnson, 2011). It is a very important plant 
throughout the world, and is perhaps the most 
important plant in Saudi Arabia and throughout the 
Middle East. It has high socioeconomic importance, 
due not only to its food value, but also its capacity 
to provide many other products such as shelter, 
fiber, clothing, aesthetic beauty and furniture 
(Mousavi et al., 2009). It has high natural tolerance 
to very adverse growing conditions, including 
drought, salinity and high temperatures (Bakheet et 
al., 2008). In 2007 nearly 1.1 million ha of date 
palm were harvested, yielding 6.91 million tonnes. 
The major producers were Egypt (19%), Iran (15%) 
and Saudi Arabia (14%) (http://faostat.fao.org
2007).

Each year plant pests cause serious economic 
losses throughout the world in palm species, 
especially in date and coconut palms. In date palm 
up to 30% of production can be lost to pests and 

diseases (El-Juhany and Loutfy, 2010), including 
the red palm weevil, (RPW Rhynchophorus 
ferrugineus), the Bayoud disease (Fusarium 
oxysporum f. sp. albedinis) (Quenzar et al., 2001; 
Zaid et al., 2002) and phytoplasma diseases (Nixon, 
1954; Alhudaib et al., 2007; Harrison and Elliott.
2009). Depending on the level of infestation, the 
RPW can cause losses up to $130 million annually 
in the Middle East countries alone, and additional 
millions of dollars of losses on coconut and other 
palm species (Faleiro, 2006; El-Sabea et al., 2009). 
Because date palm is a long-lived plant and because 
it is genetically heterogeneous and difficult to 
propagate, it is essential to develop durable 
resistance against these important pests and to 
incorporate it into horticulturally desirable 
cultivars.

Recent advances in biotechnology, both in date 
palm and in new disease resistance strategies, 
provide encouraging opportunities for developing 
pest resistant date palms.  Tissue culture from 
somatic embryos of date palm has been advanced 
significantly, and large scale micro-propagation 
(Al-Khayri, 2010) is now possible.  In addition, 
transformation of embryonic date palm callus cells 
has been achieved (Mousavi et al., 2009; Saker et 
al., 2007) using biolistics (particle bombardment). 
Successful transformation was demonstrated both 
by β-glucuronidase (GUS) expression 
(histochemical staining) and direct detection by 
polymerase chain reaction (PCR). However, 
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transgenic plants have not yet been regenerated. 
Even greater success has been achieved in the oil 
palm (Elaeis guineensis), where stable 
transformation has been achieved both by biolistics 
and by Agrobacterium tumefaciens (Ismail et al., 
2010), and transgenic plants have been regenerated.

RNAi is a recently discovered mechanism for 
regulating gene expression. It functions in diverse
organisms including plants and fungi (Van West et 
al., 1999; Hammond and Keller. 2005; McDonald 
et al., 2005; Eamens et al., 2008), bacteria (Escobar 
et al., 2001; Hannon, 2003; Katiyar-Agarwal et al., 
2006; Yanagihara et al., 2006), insects (Baum et al.,
2007; Mao et al., 2007) nematodes, (Fire et al., 
1998; Huang et al., 2006; Sindhul et al., 2009), 
hydra (Matzke, and Matzke, 2004), humans 
(Hannon, 2003), parasitic plants (Tomilov  et al., 
2008; Aly et al., 2009), and plant viruses (Ahlquist, 
2002; Baulcombe, 2005; Dietzgen and Mitter, 
2006). It holds great promise to control human, 
plant and animal diseases (Matzke and Matzke, 
2004). RNAi is considered an ancient defense 
mechanism whereby the host organism recognizes 
as foreign a double-stranded RNA (dsRNA) 
molecule and hydrolyzes it with a ribonuclease 
named dicer. This hydrolysis produces small and 
specific RNA fragments of 21–28 nucleotides 
called small interfering RNAs (siRNAs). The 
siRNAs then combine with constituitive proteins to 
form the RNA-induced silencing complex (RISC). 
The RISC diffuses in the cell, and its resident 
siRNA hybridizes to the specific messenger RNAs 
(mRNAs) with sequences complementary to that of 
the siRNA. The new double-stranded region 
stimulates the hydrolysis of that mRNA by dicer to 
produce more siRNAs. This process is repeated 
each time the siRNA hybridizes to its 
complementary mRNA, effectively destroying and 
preventing that mRNA from being translated, thus 
“silencing” the expression of that specific gene 
(Eamens et al., 2008). 

Stimulated by these discoveries, Venganza, 
Inc. developed a new technology for plant disease 
control called host-mediated silencing of pest genes 
(HMSPG). Venganza has filed a patent on HMSPG 
(www.venganzainc.com), and has used HMSPG to
develop plants resistant to several fungal pathogens 
in addition to the oomycete Phytophthora species
shown in the figures below. The molecular 
approach is to target an essential gene of the pest by 
producing a DNA construct containing an inverted 
repeat of that essential gene. The susceptible host 
plant is transformed with the inverted repeat 
construct, and transcription in the plant produces a 
dsRNA with the sequence of the targeted and 

essential pest gene. The plant recognizes the 
dsRNA as a foreign molecule, and the plant’s 
protective dicer enzyme hydrolyzes the dsRNA into 
siRNAs. When the pest attacks the transgenic plant, 
it ingests those siRNAs, which then cause the RNAi 
mechanism within the pest to hydrolyze the mRNA 
of the pests’ own essential gene. Silencing the pest 
gene stops the infection because the pest dies or is 
no longer pathogenic (depending on the choice of 
the gene), and the transgenic plant is now resistant 
to that disease. Venganza first demonstrated 
HMSPG in tobacco using the cutinase gene from P. 
nicotianae, because cutinase is essential for 
pathogenicity in Phytophthora (Munoz and Bailey, 
1998). Interestingly, this essential gene sequence 
from P. nicotianae also was effective in conferring 
resistance against several related pathogenic fungi.

Materials and Methods
The materials and methods used in the 

following research are described in the Niblett 
patent application (Niblett, 2006), in the individual 
references cited, and in “Molecular Cloning: A 
Laboratory Manual” (Sambrook et al., 1989).

Results and Discussion
As shown in Figure 1, plant A, typical of those 

transformed with the cutinase gene construct 
(pVZA100), is resistant to P. nicotianae, whereas 
the untransformed or wild type plant B is 
susceptible. This resistance was effective against 
both Races 0 and 1 of P. nicotianae. Similar results 
have been obtained with other fungal pathogens on 
dicot and monocot hosts.

  

Figure 1. Resistance to P. nicotianae conferred to 
tobacco by transformation with pVZA100 (plant A), and 

a susceptible untransformed control plant (B).

Figure 2 demonstrates that the molecular 
mechanism of the resistance is RNAi. Panel A 
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shows the effect of pVZA100 transformation on P. 
nicotianae. Lane 1 is a 35 nt marker and Lane 2
shows the intact 620 nt cutinase mRNA from a wild 
type culture. RNAs from four transformed cultures 
(A-D; lanes 3-6) contain 21-25 nt siRNAs that 
hybridized to the cutinase probe, demonstrating that 
the cutinase mRNA has been hydrolyzed in the 
transformed cultures. Furthermore, the P. 
nicotianae isolates containing the intact mRNA 
were pathogenic, whereas those transformed with 
pVZA100 and containing the siRNAs were 
nonpathogenic. Cultures of P. nicotianae re-
isolated from resistant transgenic tobacco plants 
showed the same siRNA profiles as those in Figure 
2 A-D. The nonpathogenic cultures of P. nicotianae
that had been transformed with pVZA100 or re-
isolated from resistant transgenic tobacco were 
transferred monthly on growth media for three 
years and never regained pathogenicity, indicating 
that the RNAi is long-lasting, if not permanent.

Figure 2. Hybridization of a of cutinase probe to PAGE-
separated RNA extracted from transgenic and wild-type 

cultures of P. nicotianae and tobacco plants.

Panel B of Figure 2 shows direct evidence for 
RNAi activity in tobacco plants transformed with 
pVZA100. Lane 1 is the 35 nt size marker. RNAs 
from wild type and pCAMBIA1201 control 
transformed plants (lanes 2 and 3) showed no 
hybridization because cutinase is a fungal gene, not 
present in plants. However, the four tobacco lines
transformed with pVZA100 (lines 4, 23, 26 and 27, 
and their T1 seed progeny; 41 etc.) all contained the 
cutinase siRNAs, and were resistant to P. nicotianae, 
as in Figure 1. These lines were randomly selected 
from about 50 individual transformation events. 

Figure 3 shows that the tobacco plants 
transformed with pVZA100 also were resistant to 
the blue mold disease caused by Peronospora 
tabacina. Peronospora and Phytophthora are 
related taxonomically as members of the same 

Order (Peronosporales), but they are in different 
families (Peronospora = Peronosporaceae and 
Phytophthora = Pythiaceae). Therefore the 
pVZA100 construct also confers broad resistance to 
a distantly related fungal pathogen. Figures 4 and 5
provide additional evidence that HMSPG confers a 
broad type of resistance. In Figure 4 the cutinase 
gene from P. nicotianae (pVZA100) provides 
resistance against P. sojae, in soybean. This 
resistance was effective against all seven races of P.
sojae tested. 

Figure 3. Resistance to tobacco Blue Mold (Peronospora 
tabacina) conferred by transformation with pVZA100
(plant B). Plant A is an untransformed control plant.

Figure 4. Resistance to P. sojae in soybean plants by 
transformation with pZA 100.

In Figure 5, pVZA100 (Row 2) confers  
resistance against P. infestans in potato as 
compared with Row 1, which contains wild type 
plants and those transformed with pCAMBIA1201
alone). Rows 3 and 4 show resistance in potato 
plants transformed with pVZA300 and pVZA400, 
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which contain the elicitin and ribosomal RNA 
(rRNA) genes, respectively, from P. infestans. 
Note that the level of resistance conferred against 
P. infestans by pVZA100 is not as high as with 
pVZA300 and pVZA400. This may reflect the 
lower sequence identity (82%) between the cutinase 
gene of P. nicotianae and that of P. infestans. The 
resistance conferred by pVZA100, 300 and 400 was 
effective against both mating types A1 and A2 of P. 
infestans. The pVZA300 construct used here 
contains a gene from both P. infestans and a plant 
insect pest, indicating that a construct containing 
two genes remains functional and is effective 
against its target gene in P. infestans. We have 
recently used "gene stacking" on a single construct 
to confer resistance to three different fungal 
pathogens.

Figure 5. Resistance to late blight (P. infestans mating 
type A2) conferred to potato by transformation with 
pVZA100 (Row 2), pVZA300 (Row 3) or pVZA400

(Row 4), compared to wild type plants, and those 
transformed with pCAMBIA 1201 (Row 1). 

HMSPG and similar strategies are widely 
applicable to a broad spectrum of plant pests. For 
example, inverted repeats of genes from multiple 
plant viruses were used to obtain resistance to four 
different viruses (Dietzgen and Mitter, 2006). 
HMSPG also is effective against insects, 
nematodes, parasitic plants, and bacteria, which is 
the capability we propose to implement here against 
the pests of palm. Corn plants transformed with a 
construct containing an inverted repeat from a 
vacuolar ATPase gene from Western corn 
rootworm showed significant reduction in damage 
from this insect (Baum et al., 2007), and cotton 
plants were protected from the cotton bollworm 
when transformed with an inverted repeat from a 

bollworm cytochrome P450 gene (Mao et al., 
2007). 

Inverted repeats of nematode parasitism genes 
also have been effective in controlling both root 
knot (Huang et al., 2006) and cyst nematodes 
(Sindhul et al., 2009). Working with the parasitic 
plant Triphysaria versicolor, a species of 
broomrape, (Tomilov et al., 2008) demonstrated 
that lettuce plants containing an inverted repeat of 
the GUS gene could silence an active GUS gene in 
the T. versicolor when it fed on the lettuce. 
Furthermore, feeding that same “silenced” T. 
versicolor on lettuce expressing the GUS gene, 
silenced the GUS gene in lettuce. This 
demonstrated that the “silencing principle” (siRNA) 
moves back and forth between lettuce and T. 
versicolor. Using Orobanche aegyptiaca, another 
species of broomrape, Aly et al. (2009) 
demonstrated that tomato plants transformed with an 
inverted repeat of the mannose 6-phosphate reductase 
gene of O. aegyptiaca showed a 58% greater mortality 
of the broomrape tubercles that developed on the 
transgenic tomatoes. 

With bacteria, siRNAs have been effective in vivo 
and in vitro against the coagulase enzyme of the human 
pathogen Staphylococcus aureus (Yanagihara et al., 
2006), and the crown gall disease of plants caused 
by Agrobacterium tumefaciens was controlled in 
tobacco, Arabidopsis and tomato plants 
transformed with inverted repeats of the A. 
tumefaciens genes iaaM and ipt, which encode 
precursors for auxin and cytokinin biosynthesis 
(Escobar et al., 2001).

Because HMSPG is effective against bacteria 
there is reason to be optimistic that it will be 
effective against phytoplasmas. Because 
phytoplasmas cannot be cultured we performed a 
preliminary experiment to test the efficacy of 
HMSPG against Xanthomonas campestris pv. 
campestris (Xcc), a serious bacterial pathogen of 
cabbage and other vegetables. We used the in vitro
incubation assay that we developed for fungi 
(Bailey and Niblett, 2010) to identify candidate 
genes for HMSPG. With fungi, spores or mycelium 
are incubated in the dsRNAs and siRNAs, and 
viability is measured by colony formation or 
infectivity. Here we prepared dsRNAs from the 
Xcc 23S rRNA and enolase as candidate genes. The 
bacteria were incubated directly in the dsRNAs or 
in siRNAs prepared from the dsRNAs by digestion 
with ribonuclease III and then plated on YDC 
medium to measure viability by colony formation. 
The control dsRNA and siRNAs were prepared 
from the β-glucuronidase (GUS) gene of
Escherichia coli.  Our data (not shown) indicates 
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that Xcc dsRNAs and siRNAs reduced colony 
formation by 24 to 55%, as compared to about 10%
reduction in the controls treated with GUS ds- or 
siRNAs. Similar reductions in viability were 
obtained with candidate fungal genes that 
subsequently provided strong resistance in 
transgenic plants. Therefore, as demonstrated with 
fungi, both the 23S rRNA and enolase genes have 
high potential for conferring resistance to Xcc in 
planta, and likely to other bacterial and 
phytoplasma pathogens.

Advantages of RNAi and HMSPG 
A major concern voiced against transgenic 

plants is the possible expression of a protein that 
might cause an allergic response in consumers. 
Therefore, a major asset of our RNAi strategy is 
that no protein is expressed. We further ensure this 
in our construct design by avoiding both 5’ terminal 
and internal ATG initiation codons and by inserting 
one or more stop codons in all six possible reading 
frames. Potential off-target effects on host plant 
genes or other species are minimized by designing 
constructs to produce siRNAs with a maximum of 
15 contiguous base pairs of identity to known 
coding sequences. This is a conservative strategy, 
given that an upper limit of 18 contiguous base 
pairs is generally considered adequate to avoid off-
target effects (Xu et al., 2006). 

Using conventional breeding techniques it may 
be difficult or impossible to achieve disease 
resistance in an important crop species when genes 
for resistance to a particular pest do not exist or that 
crop is difficult or very time-consuming to breed 
for resistance because of sterility, ploidy 
differences or incompatibilities (e.g. date palm, 
bananas, potatoes, etc.). Also, when plant resistance 
genes are identified and transferred into desirable 
varieties, that resistance may not be durable 
because of the presence of diverse genotypes of the 
pest, or because the pest may mutate and rapidly 
“defeat” that resistance gene. 

HMSPG has now been demonstrated to be 
effective against all fungi for which it has been 
tested. Evidence for Oomycetes is presented above.  
From ongoing projects we have evidence in 
transgenic monocots and dicots for resistance to a 
Basidiomycete and three species of Ascomycetes, 
while others have shown RNAi activity in the 
ascomycetes Fusarium graminearum (Gibberella 
zeae) and Aspergillus flavus (McDonald et al.
(2005), Nowara et al. (2010) and Yin et al. (2011)
have recently shown it to be effective against the 
obligate parasites Blumeria and Puccinia, 
respectively. As noted above, HMSPG also is 

effective against insect, bacterial and nematode 
pests.  

Durability of RNAi-Derived Resistance or 
HMSPG  

Venganza and others have demonstrated that 
sequence identity to the target gene must be about 
70-80% to provide high level resistance (Fig. 5). 
Therefore, it would require mutations altering 20-
30% of an essential gene sequence for a pest to 
overcome or develop resistance to HMSPG. Such 
mutation in an essential gene would likely be lethal 
to the pest. Furthermore, even if a pest does mutate 
sufficiently to overcome the action of a single 
siRNA, the many other siRNAs also produced from 
that same essential gene construct (Ho et al., 2006) 
will be present to hydrolyze the mRNA transcript 
of that essential gene at many additional sites, and 
only a single hydrolysis is necessary to cause the 
desired silencing of that essential gene.  Hence, this 
form of resistance is recalcitrant to mutation and
should provide durable resistance to all mating 
types, races, strains, biovars and pathovars of the 
important pests of date palm that we have 
described. Our recent discovery of near identity 
among the sequences of essential genes in fungal 
pathogens from the US and Africa strongly 
supports this concept.

Because of their interest in HMSPG, the 
National Agricultural Research Organization of 
Uganda negotiated a contract with Venganza, Inc. 
in 2009 to identify candidate genes potentially 
effective for the control of Fusarium oxysporum 
cubense (FOC) and Mycosphaerella fijiensis (MF), 
which cause Fusarium wilt and black sigatoka, 
respectively, in bananas. Using our in vitro assay 
we identified candidate genes for conferring 
resistance to these pathogens.  Genes known to be 
essential for fungal survival were selected. Because 
the FOC genome has not been sequenced, the 
sequenced genome of the closely related Fusarium 
graminearum (Gibberella zeae = GZ) was used to 
identify sequences for PCR oligonucleotide primers 
to amplify gene segments from genomic DNA of 
FOC and MF, which like GZ are both ascomysetes. 
The well-annotated genomic sequence of 
Neurospora crassa, another ascomycete, and 
accessible through the National Center for 
Biotechnology Information (NCBI), also was used 
for comparison, as were the expressed sequence 
tags (ESTs) for FOC and MF available through 
NCBI. PCR primers were designed for 14 FOC and 
12 MF candidate genes, and the amplicons obtained 
in all 26 cases from genomic DNA of both 
Ugandan and Florida isolates of FOC and MF. The 
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dsRNAs transcribed from the gene segments were 
effective against both Ugandan and Florida isolates 
of FOC and MF. Sequencing of the cloned 
amplicons from both Ugandan and Florida isolates 
of FOC and MF revealed that the nucleotide 
sequences of the same essential genes were 
essentially identical, demonstrating the highest 
possible level of conservation among these 
essential genes, and therefore the broad 
applicability of HMSPG to disease control on both 
continents, and probably worldwide.

Conclusions
HMSPG now provides to agriculture and plant 

breeders an entirely new and unique source of 
genes for pest resistance - the essential genes of the 
pests themselves. Using HMSPG to develop 
resistant plant varieties is potentially much more 
rapid than conventional breeding. HMSPG inserts 
specific genes for resistance into proven and 
accepted plant varieties with no phenotypic 
changes. Several genes may be stacked on a single 
or on multiple constructs, thereby conferring 
durable resistance to several pests with a single 
transformation event. This benefits plant breeders 
because transgenes are inherited as single dominant 
genes. Where sequences of essential genes are not 
available for a particular pest, we have 
demonstrated that sequences of closely related pests 
can be used to prepare PCR primers and those 
amplicons sequenced to confirm the gene’s identity. 
Therefore, we conclude that HMSPG should be 
tested immediately and could provide durable 
resistance to serious pests affecting date palm.
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