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Abstract 

Rabbit hemorrhagic disease virus (RHDV) causes great losses and is 
life threatening to both wild and domestic rabbits. This work represents 
the first step toward production of transgenic rabbits resistant to RHDV 
by RNAi through the inhibition of expression of a part of the RHDV 
genome and the consequent inhibition of its multiplication. This part of 
RHDV genome is available under the accession EU003582.1 in NCBI 
from the nucleotide 372 to 392 (McIntosh et al., 2007). Chinese Hamster 
Ovary (CHO) cell line was transfected with a plasmid harboring the 
RHDV target in the DNA segment coding for luciferase (fusion protein) 
and co-transfected with another plasmid harboring a DNA sequence 
designed to code for a homologous double stranded RNA sequence of 21 
pb. This sequence acts as siRNA to inhibit the expression of the viral 
genomic part through RNAi. The series of co-transfection resulted in an 
inhibition level ranging from 82 to 87% of expression of the fusion 
protein and consequently of the RHDV target. These results are 
encouraging. However, further investigations are necessary to obtain 
more inhibition ex-vivo with validation in vivo using transgenic rabbits.  
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  ملخص

روس  بب في زفيس ب  الن د الأرن اع  (RHDV)عن ي قط ة ف ارة فادح ي خس ة وف التربي
روس    . الحيوانات البرية أيضا ذا الفي ة له يمثل هذا العمل الخطوة الأولى باتجاه إنتاج أرانب مقاوم

لة   زدوج السلس وزي م ووي الريب ض الن داخل الحم اهرة ت ى ظ ة عل ة مبني تخدام تقني باس
(RNAinterference)      ي لج ر الجين يط التعبي ة  من خلال تثب روس   زء من منظوم ة الفي الوراثي

اثره  و ع تك الي من اح   . بالت زء مت ذا الج رقم  ه ت ال ي ال  EU003582.1تح ن  NCBI ـف م
دة  ى  ٣٧٢النيوآليوتي ا   .(McIntosh et al., 2007) ٣٩٢وحت ي خلاي د ف ال بلازمي م إدخ ت

ذا ا  وي ه يني، يحت يض الفأرالص ن    مب زء م ى ج يفيريز عل ين اللوس داخل ج د ب ة لبلازمي منظوم
ى   ،)بروتين التحامي(الفيروس الوراثية  وتم آذلك في نفس الخلايا إدخال بلازميد آخر يحتوي عل

DNA   فر دف أن يش ذي  RNAمصمم به لة   ال وِّن سلس ه ليك ى نفس وي عل زدوج  RNAينط م
ول  لة بط ا م ٢١السلس داتزوج ل. ن النيوآليوتي ذه السلس ل ه ب siRNAك ة مصممة لتعم ط وتث

ر  RNA ـبواسطة ظاهرة تداخل ال  ذآور أعلاه   جزء للالتعبي ة      الم روس المتطابق ة الفي من منظوم
أظهرت النتائج تثبيطا للتعبير الجيني الفيروسي ممثلا . RNAi)( من حيث السلسلة النيوآليوتيدية

راءات  امي بق روتين الإلتح يفيريز(الب ين ي) اللوس ا ب راوح م ى  ٨٢ت ين  %٨٧إل ر للج ن التعبي م
ه  اج       .الالتحامي وبالتالي لذلك الجزء من منظومة الفيروس بداخل ا تحت ائج مشجعة إلا أنه ذه النت ه

م         ن ث ا وم تخدام خلاي يط باس ن التثب د م ى مزي ا وللحصول عل اث لإقراره ن الأبح د م ي مزي إل
  .معدلة وراثياً باستخدام أرانب

 
Introduction 

Rabbit Hemorrhagic Disease (RHD) is a highly contagious, severe 
acute viral illness. Typically, the disease presents with fever and sudden 
death (Marcato et al., 1991; Capucci et al., 1991). Rabbits will often 
develop a blood-tinged foamy nasal discharge, severe respiratory distress 
and/or convulsions preceding death. Mortality rates are high, ranging 
from 70% to 95% (reviewed by McIntosh, 2007). 

The RHDV genome is a ssRNA genome with no DNA stage. It is 
composed of 7447 nucleotides (McIntosh et al., 2007). The following 
proteins are coded by this genome: p16, p23, and p37 nonstructural 
proteins, VPg, a putative nonstructural protein of approximately 30 kDa, 
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a trypsin-like cysteine protease of 15 kDa, a putative RNA polymerase of 
58 kDa, the major capsid protein VP60 and a minor structural protein of 
10 kDa (Wirblich et al., 1996). 

RNAi was first discovered in the petunia plant (Napoli et al., 1993). 
Later on, RNAi was found to be involved in the regulation of several 
genes that control the plant's shape in Arabidpsis (Palatnik et al., 2003). 
RNAi was also described for the worm Caenorhabditis elegans (Lee et 
al. 1993). 

Plants harboring only short sequences of the viral RNA genome 
produced tolerance or resistance against the corresponding viruses (Stram 
and Kuzntzova, 2006). Short fragments of plant gene sequences were 
introduced into plant viruses which were used to infect plants. The 
expression of the targeted plant gene was suppressed after infection of 
plants with the modified viruses (Metzlaff et al., 1997) 

The causative agent of the RNAi was identified to be the double 
stranded RNA. Although the full mechanism is not yet fully elucidated, 
the ribonuclease enzyme appropriately called Dicer interacts with the 
dsRNA and cleaves it into short double stranded RNA molecules of 21 to 
23 bp. The structural basis for double-stranded RNA processing by Dicer 
is described by Macrae et al., 2006. The short ds fragments resulting 
from Dicer action are called small interfering RNAs (siRNAs). These ds 
siRNAs are split off into single stranded RNA molecules (ssRNA). The 
resulting ssRNA molecules are integrated into a complex of multiproteins 
called the RNA-induced silencing complex (RISC), which cleaves the 
mRNA (Lodish et al., 2004). In Caenorhabditis elegans, which is widely 
used in the RNAi research (Dzitoyeva et al., 2003), an effective RNAi 
response requires the production of secondary siRNAs by RNA-directed 
RNA polymerases (RdRPs). The RdRPs perform unprimed RNA 
synthesis (Sijen et al., 2007). The nature of the populations of siRNA 
molecules involved in RNAi was investigated in details by Pak and Fire, 
2007. RNAi has a systemic and generally a heritable effect in plants as 
well as in C. elegans. RNAi takes place in plants via the movement of 
siRNAs through plasmodesmata (Lodish et al., 2004). 
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In bacteria, genes that control mRNA abundance or translation by 
binding to matching mRNA molecules were identified, but are not 
considered to be siRNAs or miRNA's because the Dicer enzyme is not 
involved (Morita et al., 2006). 

The first application of RNAi to reach clinical trials is in the 
treatment of macular degeneration. RNAi has also been shown effective 
in the complete reversal of induced liver failure in mouse models (Zender 
et al., 2003) and in silencing of hepatitis A virus infection (Kusov et al., 
2006). A retrovirus-based system to stably silence hepatitis B virus genes 
by RNA interference is described by Jia, 2006. Encouraging results were 
obtained for the inhibition of propagation of influenza virus (Li, 2005) 
and for inhibition of Measles virus multiplication in cell culture (Hu, 
2005). RNAi could also be used to silence the expression of some of the 
genes required for infection by the majority of primary HIV-1 isolates 
(Lee, et al., 2003). Experimental cancer therapy by siRNAs can open a 
treatment horizon in the future (Tong, 2005). The therapeutic potential of 
RNAi for neurological disorders makes it promising (Sah, 2006). 
 
Objective of this Study 

The need for an efficient prevention against RHDV is of vital 
importance for rabbits in domestication and the wild. Although an 
efficient vaccine (a recombinant protein to be injected into the young 
rabbits) was prepared by INRA (France) to protect against infection with 
RHDV, its use is, however, problematic and restricted to domestic 
animals. Considering all the reported results of the RNAi phenomenon, it 
was appealing to think about protecting rabbits against this disease using 
RNAi. In this paper, RNAi will be assayed for inhibiting the expression 
of a part of the genome of RHDV with the horizon of creating transgenic 
rabbits resistant to RHDV. An RNAi special construct will, therefore, be 
used to suppress the expression of a part of the RHDV viral genome 
(inserted in luciferase as a fusion protein) through the co-transfection 
both constructs in the CHO cell line, and then assaying for the luciferase 
activity as an indicator of the suppression level by RNAi. 
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Methodology 

Design of the RHDV RNAi seq (RNAi construct) 

RHDV RNAi seq (RNAi construct) was constructed in two steps 
using pBS/U6 (figure 1). In the first step, the pair of oligos 
RHDV1a/RHDV1b (ggcattgaacaaggttatccca and ccgtaacttgttccaatagggttcga 
respectively) was used followed by the pair of oligos RHDV2a/RHDV2b 
(agcttgggataaccttgttcaatgccctttttg and accctattggaacaagttacgggaaaaacttaa). 
RHDV1a/RHDV1b are designed to have (upon annealing) a blunt end on 
one extremity and a HindIII compatible end on the other extremity. 
RHDV2a/RHDV2b are designed to have (upon annealing) a HindIII 
compatible on one end and a blunt end on the other extremity. After 
cloning the mentioned two pairs of oligos, the double stranded DNA 
fragment cloned downstream U6 promoter called hence for RHDV RNAi 
seq (RNAi construct) should code (upon transcription) for a single 
stranded RNA molecule. This RNA molecule is designed to fold upon 
itself to form the following 21 double stranded RNA molecule  

ggcauugaacaagguuauccc 

ccguaacuuguuccaauaggg 

This double stranded RNA molecule is homologous to a part of the 
RHDV genome that was cloned in pcDNAMLC. This part is available 
under the accession EU003582.1 in NCBI (McIntosh et al., 2007) from 
the nucleotide 372 to 392 (the entire RHDV genomic sequence is 
composed of 7447 nucleotides). This part is a component of an expressed 
sequence coding for a polyprotein (McIntosh et al., 2007) which is 
available in NCBI (protein_id ABV56618.1). For simplicity, this part of 
the RHDV genome will be named RHDV target throughout this paper. 
RHDV target was chosen on the basis of the possibility of use of RHDV 
RNAi seq (RNAi construct) to create transgenic rabbits (in future 
investigations). Therefore, in order to avoid possible silencing of 
essential rabbit endogenous genes, a search on BLAST was performed to 
avoid common sequences with the rabbit genome. The chosen RHDV 
target fills this requirement. 
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Cloning of the RHDV RNAi seq (RNAi Construct) in pBS/U6 plasmid 

A pair of oligos RHDV1a/RHDV1b (ggcattgaacaaggttatccca and 
ccgtaacttgttccaatagggttcga respectively) were annealed and cloned in the 
plasmid pBS/U6 down stream of the promoter U6. The pBS/U6 plasmid 
was supplied by Prof. L. M. Houdebine, INRA, France (figure 1). 
Cloning was accomplished by cutting pBS/U6 with the restriction 
enzyme ApaI (Biolabs) at RT overnight, and then removing the 3' 
overhang and filling the 5’ overhangs using T4 DNA polymerase 
(Biolabs) to form a blunt end (Tobor S. and Struhl K., 1989). Then the 
processed pBS/U6 was digested with HindIII (Biolabs) for 3 hrs at 37°C 
and then purified by phenol/chloroform twice, and then the cut plasmid 
was precipitated by Na acetate and ethanol (Sambrook et al., 1989). The 
pair of RNA oligos (RHDV1a/RHDV1b) was boiled in water for 5 
minutes then was left to anneal at RT for 30 minutes. Upon annealing 
this pair of oligos gives a double stranded DNA molecules possessing a 
blunt end and a HindIII cohesive end. This annealed fragment was 
inserted downstream of the U6 promoter in the prepared pBS/U6 plasmid 
in a 1 to 30 vector to insert ratio. A rapid ligation kit supplied by Roche 
Applied Science was used according to the manufacturer's instructions. 
In a second step, RHDV2a/RHDV2b were left to anneal. They are 
designed to have HindIII and EcoRI ends upon annealing. The annealed 
fragment was cloned (in the same manner) down stream of the first 
annealed sequence after digesting the plasmid harboring it with HindIII 
and EcoRI (figure 1). Transformation was performed into the competent 
cells DH5α. 
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pBS/U6 plasmid used to clone 
the RHDV RNAi seq (RNAi Construct)

pBS/U6
(3.2 kb)

BamHI
XbaI
KpnI

U6 promoter

ApaI XhoI SalI HindIII EcoRV EcoRI PstI SmaI BamHI XbaI NotI

  

Figure (1):  pBS/U6 plasmid used to clone the RHDV RNAi seq (RNAi 
Construct). 

Screening for the recombinant colonies was also accomplished in 
two steps using Southern blotting on Hybond N+ membranes 
(Amersham) following the digestion of the bacterial plasmid DNA with 
BamHI, and hybridization with a probe of RHDV1b 
(ccgtaacttgttccaatagg) to screen for the pBS/U6 harboring the first 
annealed fragment (RHDV1a/RHDV1b) and the probe of RHDV2a 
(agcttgggataaccttgttcaatgccctttttg) to screen for the recombinant plasmid 
harboring the second annealed fragment (RHDV2a/RHDV2b) (figure 1). 
The pre-hybridization took 3 hrs at 50°C and hybridization was 
performed over 72 hrs at 50°C. The first screening gave results shown in 
figure 2-a. The A42 clone was taken for the second cloning and screening 
gave results shown in figure 2-b where α3 gives a promising signal. α3 
was, therefore, sequenced and proved to contain both pairs of oligos 
(RHDV1a/RHDV1b upstream of the pair of oligos RHDV2a/RHDV2b). 
α3 was therefore the suitable recombinant and was kept for the 
subsequent RNAi work. The resultant double stranded RNA molecule of 
21 bp coded by α3 was designed to be compatible with a target sequence 
in the genome of RHDV cloned in the vector pcDNAMLC supplied by 
Prof. L. M. Houdebine, INRA, France (Figure 3). 
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Figure (2): (a) This Southern blotting autoradiogram was used to 
determine the plasmid pBS/U6 harboring the first annealed DNA 
fragment (RHDV1a/RHDV1b). Plasmids were digested with BamHI (see 
figure 1) according to the manufacture’s instructions (NEB), the gel was 
transferred on Hybond N+ membranes (Amersham) and hybridized with 
a probe of RHDV1b (ccgtaacttgttccaatagg). The positive clones give 
signals on the band of approximately 390 bp. These clones are A41, A42 
and A43. Smart is the molecular size ladder used 

(b) This autoradiogram of Southern blotting was used to determine 
the recombinant plasmid issued in figure 2-a harboring the second 
annealed DNA fragment (RHDV2a/RHDV2b). The plasmid was digested 
with BssHII and SacI (see figure 1) according to the manufacture’s 
instructions (NEB). The gel was transferred on Hybond N+ membranes 
(Amersham) and hybridized with a probe of RHDV2b. The positive 
clones give signals on the band of approximately 150 bp. Clone α3 seems 
to be promising. 
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pcDNAMLC
(7604 bp)

L  u  c  i  f  e  r  a  s e    Ge n  e

486 bp of RHDV genome

EcoRI

EcoRI

 

Figure (3): pcDNAMLC vector harboring 486 bp of the RHDV target. 
This RHDV fragment starts at the nucleotide position 79 and ends at the 
nucleotide position 564 in the sequence available under the accession 
EU003582.1, NCBI (McIntosh et al., 2007). This fragment from the viral 
genome was cloned in the restriction site of EcoRI in the luciferase gene 
of which expression was maintained (fusion protein). pcDNAMLC 
vector was kindly provided by Prof. L. M. Houdebine, INRA, France. 
The gene luciferase starts 6 nucleotides before the fragment of RHDV 
and ends 249 nucleotides after it. 
 
Labeling 

The labeling was performed through transfer of 32P from ATP (3rd 
position) to the 5’ end of RHDV1b sequence using T4 kinase for 
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screening for pBS/U6 harboring the annealed DNA fragment 
RHDV1a/RHDV1b. RHDV2b was labeled in the same manner for 
screening of the latter plasmid harboring the annealed DNA fragment 
RHDV2a/RHDV2b. 3 μl of 32P (10 m Ci/ml) purchased from 
AmershamTR were mixed with 6 pmol of RHDV1b or RHDV2b, 1μl of 
kinase buffer 10X and 10 units of kinase (Eurogentec) in a final volume 
of 10 μl (complemented with distilled water). Reaction was conducted at 
37ºC during 30 min then kinase was inactivated by incubating the 
reaction tube at 65ºC/5 min.  

Transfection and Assaying for Luciferase Activity 

The RHDV viral part cloned in luciferase gene (fusion protein) was 
co-transfected with the RNAi construct in CHO cells. The decrease in the 
expression of the fusion protein (luciferase) reflects the inhibitory effect 
of the RNAi construct ex-vivo (in CHO cells). 

TKLuc plasmid was used in experiments as a reference of strong 
activity of the luciferase reporter gene. Basic TKluc reporter vector was 
constructed as follows: A BamHI-XbaI fragment, containing the Herpes 
Simplex Virus (HSV) Thymidine Kinase (TK) promoter, was obtained 
from pT109luc plasmid (Nordeen, 1988) and inserted into pGL2basic 
luciferase reporter vector (Promega), cleaved with BglII-XbaI (Figure 4) 
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Figure (4): TKLuc plasmid: A BamHI-XbaI fragment, containing the 
Herpes Simplex Virus (HSV) Thymidine Kinase (TK) promoter, was 
inserted into pGL2basic luciferase reporter vector (Promega), cleaved 
with BglII-XbaI (BamHI cut end is compatible with Bgl II cut one). 

Lipofectamine reagent purchased from Invitrogen Life Technologies 
was used for the co-transfection experiments according to the 
manufacturer's recommendations with minor modifications. The complex 
DNA-Lipofectamine in Calf Fetal (CFS) and Penicillin, Streptomycin 
and Gentamycine (PSG) free medium was added to 95% confluent 
Chinese Hamster Ovary (CHO) cultures. The cultures were incubated at 
37°C for 19 hrs, then 12 ml of full medium with CFS (10%) and PSG 
(Penicillin (100 units/ml), Streptomycin (100 µg/ml) and Glutamine (2 
mM) were added per 60 mm Petri dish. Collection and lyses of cultures 
were performed 46 hrs after the beginning of transfection, cells of each 
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Petri dish were collected in 100 µl of lysis buffer (glycyl glycerine 25 
mM, EDTA 1 mM, MgSO4 8 mM, Triton 1%, glycerol 15% and DTT 1 
mM added extemporarily) and immediately 10 µl of lysed cells were 
added to 45 µl of luciferase substrate and inserted immediately into the 
luminometer. Readings of luciferase were taken, they reflect the capacity 
of the RNAi construct to inactivate RHDV target harbored in the 
luciferase gene (fusion protein construct). 

Two series of co-transfection experiments were conducted in order to 
evaluate the capacity of the designed dsRNA (RNAi construct) molecules 
in inhibiting the expression of luciferase (fusion protein); each co-
transfection was composed of 3 replicates. The target sequence plasmid 
(pcDNAMLC) was co-transfected with the RHDV RNAi seq (RNAi 
Construct) in the CHO cell line. 
 
Statistical Analysis 

Error limits cited and error bars plotted represent simple standard 
deviations of the mean. Usually, numerical results are only accurate 
enough to specify the least significant digit. When comparing different 
samples, results were considered to be statistically different when P<0.05 
(Student’s t-test for unpaired samples). 
 
Results and Discussion 

The first series of experiments was performed to evaluate the 
capacity of the designed dsRNA molecules to inhibit the expression of 
luciferase. The target sequence, a part of the genome of RHDV was 
inserted in the luciferase expression sequence in the plasmid 
pcDNAMLC. Luciferase maintained, however, its expression as a fusion 
protein. The experiment was to investigate the capacity of RNAi 
produced by the dsRNA to inhibit the expression of luciferase and 
consequently the expression of RHDV target. The co-transfection 
experiments gave results in the form of the activity of luciferase (Fig. 5). 

Bars in figure 5 (and also in figure 6) show the readings of luciferase 
activity. These readings reflect the capacity of the RNAi construct to 



Bilal Ghareeb ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  157 

 An - Najah Univ.  J.  Res. (N. Sc.) Vol. 22, 2008 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

inactivate the luciferase gene harboring part of the RHDV genome 
(RHDV target). The exact values can be retrieved from the figure using 
PrismTM package. 

Upon co-transfection of α3 with pcDNAMLC (harboring the RHDV 
target sequence for RNAi seq), a clear inhibitory effect of 82% on the 
expression of luciferase (as a fusion protein) was demonstrated (left bar). 
This inhibitory effect is in comparison with the virgin plasmid (pBS/U6) 
and therefore is specific (figure 5). 

To demonstrate furthermore the specificity based on homology 
between the RNAi contructs and their target gene to be inhibited, we can 
see that U6β (which harbors a sequence RNAi for another virus, the 
Aujesky virus) has no inhibitory effect on pcDNAMLC. The expression 
level of cotransfection of pcDNAMLC+ U6β is similar to pcDNAMLC+ 
pBS/U6 which is the initial plasmid harboring no RNAi constructs. 
Therefore, it seems that only the homologous RNAi constructs have a 
specific inhibitory effect on the expression of luciferase gene. Taken 
together, the RNAi construct designed in this study (α3) has strong and 
specific inhibitory effect on the expression of the corresponding 
homologous target sequence (figure 5). The expression of luciferase was 
specifically inhibited and not vulnerable to a non-homologous RNAi 
construct (U6β). For inhibition of expression, homology seems, 
therefore, to be essential between the target and the RNAi construct. 

TKLuc is known to have a very strong expression level of luciferase. 
It was co-transfected with pBS/U6 (left bar) and also co-transfected with 
α3 which is pBS/U6 harboring the RHDV RNAi sequence (next bar). For 
clarity, the luciferase readings were divided by 10. Figure 5 demonstrates 
that α3 has no clear inhibitory effect on the expression of luciferase in 
TKLuc compared with pBS/U6. In other words, the very high level of 
expression of TKLuc was not clearly influenced by α3 compared with the 
initial plasmid (pBS/U6). So, there was no clear effect of the RHDV 
RNAi seq on luciferase expression when there is no homology between 
the two sequences. 
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Figure (5): Readings of luciferase activities in the CHO lysates after 
cotransfection of the shown pairs of plasmids. α3 (RHDV RNAi seq or 
RNAi Construct) has a clear specific inhibitor effect of 82 % on the 
expression of luciferase gene harboring the target homologous sequence.  

These results were confirmed by another series of experiments, each 
composed of 3 replicates of co-transfections (Fig. 6) with an additional 
plasmid, pcDNAMLC3. The later plasmid possesses a strong expression 
level of luciferase. It was co-transfected with pBS/U6 as well as with α3 
which is pBS/U6 harboring the RHDV RNAi sequence (on left). α3 has 
no clear inhibitory effect on the expression of luciferase in comparison 
with the initial plasmid pBS/U6. But as the right bars in figure 6 show, 
α3 leads to a decrease of 87% in the activity of luciferase (fusion protein 



Bilal Ghareeb ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  159 

 An - Najah Univ.  J.  Res. (N. Sc.) Vol. 22, 2008 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

construct) harboring an RHDV fragment of genome identical to the 
RNAi construct in α3 (pcDNAMLC) in comparison with pBS/U6 which 
is the initial plasmid. This demonstrates a strong inhibitory effect of 
RHDV RNAi seq. on the expression of luciferase gene harboring a 
matching sequence of RNAi seq.  

As noted, U6β harbors a sequence of RNAi for another virus 
(Aujesky virus). When the expression profiles of pcDNAMLC+U6β and 
pcDNAMLC+ α3 are compared, we see that α3 has a clear inhibitory 
effect on the expression of luciferase gene harboring the homologous 
RHDV target (figure 6). It is clear from the middle bar in figure 6 that the 
U6β RNAi construct again has no effect on the expression of the 
luciferase gene which does not harbor any target homologous sequence. 
The effect is similar to the initial plasmid (pBS/U6). 

Results obtained in figures 5 and 6 demonstrate a specific inhibition 
which is conditioned by complementarity between the target and the 
RNAi construct. They open promising horizons for an efficient genetic 
combat against the rabbit hemorrhagic disease virus (RHDV). 
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Figure (6): Luciferase activities in the CHO lysates after co-transfection 
of the shown pairs of plasmids. α3 (RHDV RNAi seq or RNAi 
Construct) has a clear specific inhibitor effect (87%) on the expression of 
luciferase gene harboring the target homologous sequence. The inhibition 
is conditioned by homology between the RNAi construct and the target 
sequence (see Results and Discussion). The luciferase readings were so 
strong that they were divided by 50 for clarity. 
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In this study, a variation of expression inhibition (from 82 to 87%) 
by RNAi was demonstrated. In other studies, variation in RNAi 
inhibition of gene expression is also encountered. For example, using 
RNAi, fgf8 gene expression inhibition varied from 0 to 100% 
(Hernandez-Hernandez, 2001). 

It has been demonstrated by many groups that RNA interference, 

induced by transfection of small interfering RNA (siRNA) duplexes, can 
protect cells against a viral challenge in culture, this protection is, as in 
this study, transient. However, it was demonstrated that lentivirus 
expression vectors can stably express siRNAs at levels sufficient to block 
viral replication. These vectors stably express siRNAs specific for HIV-1 
Tat transcription factor or specific for a cellular coreceptor (CCR5) that is 
required for infection by the majority of primary HIV-1 isolates (Lee et 
al., 2003). 

Finally, techniques based on the powerful phenomenon of RNAi can 
be extrapolated for other application in health and agriculture in the 
future (e.g. it could be applied on other viral diseases and other animal, 
human and plant pathogens).  
 
Conclusions 

In this study an RNAi construct was used to inhibit the expression of 
the RHDV target. Inhibition varied between 82 and 87% and was specific 
and conditioned by homology between the RNAi construct and the target 
gene to be inhibited. The importance of this research is clear from an 
applied as well as fundamental point of view. It provides the basis for 
further investigations aiming to create transgenic rabbit resistant to the 
infection by RHDV. The technique of RNAi is sometimes referred to as a 
"knockdown" since RNAi may not totally abolish expression of the gene, 
to distinguish it from "knockout" procedures where a complete 
elimination of expression is obtained by knocking out or removal of the 
corresponding DNA fragment (Zhao, 2005). Nevertheless, the RNAi 
technique has a strong potential to help understanding the function of 
genes through specific silencing of genes under demand.  
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Perspectives 

This study represents a basis for an efficient combat against RHDV 
in rabbits. Further investigations will be valuable for confirming results 
in CHO and other types of cells. In another study, it was shown that 21-
nucleotide siRNA duplexes specifically suppress expression of 
endogenous and heterologous genes in different mammalian cell lines, 
including human embryonic kidney and HeLa cells (Elbashir, 2001). 
Other RNAi constructs targeting other viral parts of RHDV can give 
more inhibition. The most efficient RNAi construct could be used 
ultimately in transgenic animals to obtain genetically resistant rabbits 
against RHDV. Viral genomic data are available and can be used to 
achieve such perspectives (McIntosh et al., 2007).  
 
Acknowledgments 

I am grateful for the Consulate General of France in Jerusalem for 
funding this research. Many thanks are addressed also to Dr. Dominique 
Thépot and Prof. Louis-Marie Houdebine from INRA (France) for their 
many advices during the technical work. Many thanks are addressed also 
to Dr. Graham Stott for his kind revision of English in this paper as well 
as to Dr. Abbas Al-Masri for his kind revision of the Arabic abstract. 
 
References 

- Capucci, L. Scicluna, M. T. & Lavazza, A. (1991). "Diagnosis of 
viral haemorrhagic disease of rabbits and the European brown hare 
syndrome". Rev Sci Tech. (10). 347-370. 

- Dzitoyeva, S. Dimitrijevic, N. & Manev, H. (2003). "γ-aminobutyric 
acid B receptor 1 mediates behavior-impairing actions of alcohol in 
Drosophila: adult RNA interference and pharmacological evidence". 
Proc Natl Acad Sci. 100(9). 5485-90. 

- Elbashir, S. M. Harborth, J. Lendeckel, W. Yalcin, A. Weber, K. & 
Tuschl, T. (2001). "Duplexes of 21-nucleotide RNAs mediate RNA 
interference in cultured mammalian cells". Nature. 24; 411 (6836): 
428-9.  



Bilal Ghareeb ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  163 

 An - Najah Univ.  J.  Res. (N. Sc.) Vol. 22, 2008 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

- Fortunato, A. & Fraser, A. G. (2005). "Uncover genetic interactions 
in Caenorhabditis elegans by RNA interference". Bioscience 
Reports. 25 (5-6). 299-307 

- Hernandez-Hernandez, V. Fernandez, J. cardona, A. Romero, R. & 
Bueno, D. (2001). "Selective inhibition of gene expression by RNAi 
in chick embryos in ovo". Int. J Dev. Biol. 45(S1). S99-S100. 

- Hu, L. Wang, Z. Hu, C. Liu, X. Yao, L. Li, W. & Qi, Y. (2005). 
"Inhibition of Measles virus multiplication in cell culture by RNA 
interference". Acta Virologica. 49(4). 227-34.  

- Jia, F. Zhang, Y. Z. & Liu, C. M. (2006). "A retrovirus-based system 
to stably silence hepatitis B virus genes by RNA interference". 
Biotechnol Lett. 28(20). 1679-85. 

- Kusov, Y. Kanda, T. Palmenberg, A. Sgro, J.-Y. & Gauss-Muller, V. 
(2006). "Silencing of hepatitis A virus infection by small interfering 
RNAs". J Virol. 80(11). 5599-610. 

- Lee, M.-T. M. Coburn, G. A. McClure, M. O. & Cullen, B. R. 

(2003). "Inhibition of Human Immunodeficiency Virus Type 1 
Replication in Primary Macrophages by Using Tat- or CCR5-
Specific Small Interfering RNAs Expressed from a Lentivirus 
Vector". Journal of Virology, 77(22). 11964-11972. 

- Lee, R. C. Feinbaum, R. L. & Ambros, V. (1993). "The C. elegans 
heterochronic gene lin-4 encodes small RNAs with antisense 
complementarity to lin-14". Cell. 75(5). 843-54. 

- Li, Y. C. Kong, L. H. Cheng, B. Z. & Li, K. S. (2005). "Construction 
of influenza virus siRNA expression vectors and their inhibitory 
effects on multiplication of influenza virus". Avian Dis. 49(4). 562-
73. 

- Lodish, H. Berk, A. Matsudaira, P. Kaiser, C. A. Krieger, M. Scott, 
M. P. Zipurksy, S. L. & Darnell, J. (2004). Molecular Cell Biology. 
5th ed. WH Freeman: New York, NY. 



 ”…… RNAi Inhibition of Rabbit Hemorrhagic Disease“ ــــــــــــــــــــــــــــــــــــــــــــــــ 164

An - Najah Univ.  J.  Res. (N. Sc.) Vol. 22, 2008 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ 

- Macrae, I. J. Zhou, K. Li, F. Repic, A. Brooks, A. N. Cande, W. Z. 
Adams, P. D. & Doudna, J. A. (2006). "Structural basis for double-
stranded RNA processing by Dicer". Science, 13 January. 311 
(5758). 195-8. 

- Marcato, P. S. Benazzi, C. Vecchi, G. Galeotti, M. Della Salda, L. 
Sarli, G. & Lucidi, P. (1991)."Clinical and pathological features of 
viral haemorrhagic disease of rabbits and the European brown hare 
syndrome". Rev Sci Tech. (10). 371-392. 

- McIntosh, M. T. Behan, S. C. Mohamed, F. M. Lu, Z. Moran, K. E. 
Burrage, T. G. Neilan, J. G. Ward, G. B. Botti, G. Capucci, L. & 
Metwally, S. A. (2007). "A pandemic strain of calicivirus threatens 
rabbit industries in the Americas". Virol. J. 4(1). 96-109 

- Metzlaff, M. O'Dell, M. Cluster, P. Flavell, R. (1997). "RNA-
mediated RNA degradation and chalcone synthase A silencing in 
petunia". Cell.(88). 845–854  

- Morita, T. Mochizuki, Y. Aiba, H. (2006). "Translational repression 
is sufficient for gene silencing by bacterial small noncoding RNAs in 
the absence of mRNA destruction". Proc Natl Acad Sci. 103(13). 
4858-63 

- Napoli, C. Lemieux, C. & Jorgensen, R. (1990). "Introduction of a 
chalcone synthase gene into Petunia results in reversible co-
suppression of homologous genes in trans". Plant Cell. (2). 279-289 

- Nordeen, S. K. (1988). "Luciferase receptor gene vectors for analysis 
of promoters and enhancers". BioTechniques. (6). 454-457 

- Pak, J. & Fire, A. (2007). "Distinct populations of primary and 
secondary effectors during RNAi in C. elegans". Science. Jan 12; 
315 (5809). 241-244 

- Palatnik, J. F.  Allen, E. Wu, X. Schommer, C. Schwab, R. 
Carrington, J. C. & Weigel, D. (2003). "Control of leaf 
morphogenesis by microRNAs". Nature. 425 (6955). 257-63. 



Bilal Ghareeb ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  165 

 An - Najah Univ.  J.  Res. (N. Sc.) Vol. 22, 2008 ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ

- Sah, D. (2006). "Therapeutic potential of RNA interference for 
neurological disorders". Life Sci. 79(19). 1773–80. 

- Sambrook, J. Fritsch, E. F. Maniatis, T. (1989). Molecular Cloning: 
A laboratory manual. 2nd edition, pp. 5.44-5.47, Cold Spring Harbor 
Laboratory, Cold Spring Harbor 

- Sijen, T. Steiner, F. A. Thijssen, K. L. & Plasterk, R. H. (2007). 
"Secondary siRNAs result from unprimed RNA synthesis and form a 
distinct class". Science, Jan 12; 315(5809). 244-7. 

- Stram, Y. & Kuzntzova, L. (2006). "Inhibition of viruses by RNA 
interference". Virus Genes. 32(3). 299-306. 

- Tobor, S. & Struhl, K. (1989) in Current Protocols in Molecular 
Biology. Ausubel F. M. et al., eds pp 3.5.10-3.5.12, John Willey & 
Sons, New York. 

- Tong, A. W.m Zhang, Y. & A.m Nemunaitis; J. (2005). "Small 
interfering RNA for experimental cancer therapy". Curr Opin Mol 
Ther 7(2). 114-24. 

- Wirblich, C. Thiel, H. J. Meyers, G. (1996) "Genetic map of the 
calicivirus rabbit hemorrhagic disease virus as deduced from in vitro 
translation studies". J. Virology, Nov; 70 (11). 7974-83. 

- Zender, L. Hutker, S. Liedtke, C. Tillmann, H. L. Zender, S. Mundt, 
B. Waltemathe, M. Gosling, T. Flemming, P. Malek, N. P. 
Trautwein, C. Manns, M. P. Kuhnel, F. & Kubicka, S. (2003). 
"Caspase 8 small interfering RNA prevents acute liver failure in 
mice". Proc Natl Acad Sci USA, 100 (13). 7797-7802. 

- Zhao, W. Leigh Fanning, M. & Lane, T. (2005) "Efficient RNAi-
mediated gene family knockdown via set cover optimization". 
Artificial Intelligence in Medicine. (31). 61-73. 


