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up to 18- to 32-fold as assessed by a HA test and 93- to 494-
fold as assessed by TCID 50  assay. Furthermore, treatment 
with siRNAs caused a 53–91% reduction in the viral genome 
copy number as assessed by real-time RT-PCR.  Conclusion:  
These results suggested that the four species of siRNAs can 
efficiently inhibit PHE-CoV genome replication and infec-
tious virus production.  Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 RNA interference (RNAi) is a mechanism for the in-
hibition of expression of specific genes by double-strand-
ed RNAs (dsRNAs)  [1] . Transfection of 21-nt small inter-
fering RNA (siRNA) molecules into mammalian cells
results in degradation of the target gene mRNA and
silencing of its expression  [2] . The application of RNAi 
has had a significant impact in probing gene function and 
now promises to provide new strategies in the develop-
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 Abstract 
  Objective:  The specific effect of RNA interference on the 
replication of porcine hemagglutinating encephalomyeli-
tis virus (PHE-CoV) was explored.  Methods:  Four species of 
small interfering RNA (siRNA), targeting different regions of 
the PHE-CoV spike glycoprotein and replicase polyprotein 
genes, were prepared by in vitro transcription. After trans-
fection of PK-15 cells with each of the siRNAs followed by 
infection with PHE-CoV, the cytopathic effect (CPE) was ex-
amined by phase-contrast microscope, and viral prolifera-
tion within cells was examined by indirect immunofluores-
cence microscopy, hemagglutination (HA) test, TCID 50  assay 
and real-time RT-PCR.  Results:  Examination of CPE demon-
strated that the four siRNAs were capable of protecting cells 
against PHE-CoV invasion with very high specificity and ef-
ficiency. At 48 h post-infection, only a few siRNA-treated cells 
were positive for viral antigen staining, whereas most un-
treated virus-infected cells were positive. Transfection with 
siRNAs also suppressed the production of infectious virus by 
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ment of novel therapeutics and antivirals. The versatility 
of RNAi makes this technology particularly attractive in 
the pursuit of antiviral therapies directed against viral 
diseases, including the many viral diseases of livestock, 
and has been successfully applied to inhibit replication of 
some human and other animal viruses, including HIV-1 
 [3–6] , hepatitis C virus  [7–9] , hepatitis B virus  [10] , polio-
virus  [11] , foot-and-mouth disease virus  [12] , transmis-
sible gastroenteritis virus (TGEV)  [13] , bovine viral diar-
rhea virus  [14] , porcine reproductive and respiratory syn-
drome virus  [15] , and   classical swine fever virus  [16, 17] , 
both in vitro   and in vivo.

  Porcine hemagglutinating encephalomyelitis virus 
(PHE-CoV) was first isolated in 1962 in Canada from 
suckling piglets with encephalomyelitis  [18, 19]  and can 
now be isolated from swine worldwide. Subclinical infec-
tions among swine are frequent  [20, 21] . PHE-CoV causes 
encephalomyelitis, vomiting or wasting disease in suck-
ling piglets. When piglets younger than 3 weeks are in-
fected with PHE-CoV, their mortality rate ranges from 20 
to 100%. Pigs older than 3 weeks show no obvious clinical 
signs  [22] . PHE-CoV is a member of the antigenic group 
II of coronaviruses, along with bovine coronavirus 
(BCV), human coronavirus (HCV) strain OC43, turkey 
coronavirus (TCV), and mouse hepatitis virus (MHV). 
Members of this group possess five structural proteins: 
nucleocapsid (N), membrane (M), small membrane (sM), 
spike (S) and hemagglutinin-esterase (HE). HE is associ-
ated with granular projections located near the base of 
the typical large bulbous peplomers and displays hemag-
glutinating (HA) activities  [23] . Open reading frames 
(ORFs) potentially encoding non-structural (ns) pro-
teins,   including replicase polyprotein (R), have been iden-
tified. The number and size of R genes differ between 
coronavirus species, and they are important for RNA rep-
lication and transcription  [24] . S possesses antigenic de-
terminants that trigger the immune response for the pro-
duction of antibodies that neutralize virus infectivity and 
inhibit HA activity  [25] . S is a large, multifunctional pro-
tein that forms large petal-shaped spikes on the surface 
of the virions, and plays a central role in the biology and 
pathogenesis of coronaviruses  [26] . The availability of
the complete genome sequence of PHE-CoV (GenBank 
accession No. NC_007732) enables the design of siRNA 
aimed at PHE-CoV. We designed specific siRNAs to tar-
get the   S and R genes, in order to test whether RNAi could 
selectively target PHE-CoV viral RNAs. This study pro-
vides not only an experimental basis for the development 
of a new anti-PHE-CoV strategy, but also a new approach 
for studying PHE-CoV infection and replication.

  Materials and Methods 

 Cell Culture, Virus Propagation, Titration and Sera 
 Prior to being infected with the HEV-67N strain (PHE-CoV) 

 [18] , the pig kidney cell line PK-15 was maintained in MEM sup-
plemented with 10% fetal bovine serum and antibiotics (100  � g/
ml streptomycin and 100 U/ml penicillin) in a 37°, 5% CO 2  incu-
bator overnight. When 70% of the virus-infected cells showed cy-
topathic effects (CPE), the cultures were collected, subjected to 
three freeze-thaw cycles, serially diluted 10-fold from 10 –1  to 10 –8 , 
and added to PK-15 cells in 96-well plates. After 3 days of infec-
tion, the viral 50% tissue culture infectious dose (TCID 50 ) was 
calculated using the Reed and Muench method  [27, 28] . TCID 50  
assays were performed in triplicate 96-well plates with eight rep-
licates per dilution. Positive anti-PHE-CoV serum and negative 
control serum were prepared as described previously  [29] .

  PHE-CoV siRNA Preparation 
 Based on recent research  [2]  and the successful experience of 

Ambion Corporation’s researchers  [4] , using GenBank sequences 
(GenBank accession No. AY078417, NC_007732) for HEV-67N 
and VW527, the conservative areas were selected and Ambion’s 
siRNA target design online tool was utilized to choose four se-
quences for targeting S and R mRNA. BLASTN searches were 
conducted on all sequences to ensure gene specificity. Two se-
quences, SR1 and SR2, were chosen as siRNA for R and two se-
quences, SS1 and SS2, were chosen for S. The reverse sequence of 
SR1 was used as a negative siRNA control (scramble siRNA). Five 
siRNA molecules were synthesized with the Silencer TM  siRNA 
construction kit (Ambion) according to the manufacturer’s pro-
tocol. For each sequence, oligo DNA was synthesized by Shanghai 
Sangon Biological Engineering Technology & Services Co. Ltd. 
The sequences are shown in table 1.

     Cell Culture and Transfection 
  PK-15 cells were seeded in 24-well plates at 10 4  cells/well, and 

incubated for 24 h at 37° in a 5% CO 2  atmosphere. When cells were 
60–70% confluent, siRNA was introduced using Lipofectamine 
2000 transfection reagent (Invitrogen, Carlsbad, Calif., USA) ac-
cording to the manufacturer’s protocol. Briefly, 1  � l of transfec-
tion reagent and 0.5  � g siRNA was added to each well and incu-
bated for 6 h. The cells were then washed with MEM and further 
cultured for 16 h in MEM supplemented with 2% fetal bovine se-
rum prior to viral infection. The siRNA-treated cells were infect-
ed with 400 TCID 50  (10 4.37 ) of PHE-CoV, and the infection was 
allowed to proceed for the indicated time points. CPE were evalu-
ated under an inverted fluorescence/phase-contrast microscopy 
(Nikon) at different time points post-infection and infected cells 
were visualized by indirect immunofluorescence assay (IFA) at
48 h post-infection. Culture supernatants and PHE-CoV-infected 
PK-15 cells were collected. Infectious virus production was deter-
mined by the hemagglutination (HA) test and the TCID 50  assay. 
The copy number of PHE-CoV genomic RNA was determined by 
real-time RT-PCR.

  Hemagglutination Assay 
 The HA titers of infectious virus production in 24-well plates 

were determined by the HA test, as described previously  [30] . 
Chicken red blood cells, diluted 1:   200 in physiological saline, 
were added in volumes of 0.5 ml to equal volumes of 2-fold antigen 



 Inhibition of PHE-CoV Replication by 
siRNA 

Intervirology 2012;55:53–61 55

dilutions in plastic agglutination trays. Each sample was tested in 
duplicate. Results were read by the settling pattern method after 
1 h at room temperature. The presence of HA was read as a posi-
tive test result for PHE-CoV, whereas the absence of HA was read 
as a negative test result.

  Indirect IFA 
 To study the inhibitory effects of RNAi on PHE-CoV replica-

tion, the level of viral antigen produced in PK-15 cell was exam-
ined by IFA using anti-PHE-CoV serum after siRNA transfection 
and viral infection at 48 h post-PHE-CoV infection. Infected cells 
were visualized by an indirect IFA as has been described previ-
ously  [16] . Cells were washed 3 times with PBS and incubated with 
FITC-conjugated rabbit anti-pig IgG (Sigma; 1:   60) for 1 h. After 
washing, cells were photographed and examined with a Zeiss
Axioskop 40 fluorescence microscope.

  Determination of Virus Genome Copy 
 Using GenBank sequences (GenBank accession No. AY078417, 

NC_007732) for HEV-67N and VW527, the conservative areas 
were selected and primers were designed for PHE-CoV using Prim-
er Express 2.0 software. Three primers were synthesized ( JiKang, 
Shanghai, China) for quantification of the PHE-CoV  genome in 
real-time PCR: 5 � -AGCGATGAGGCTATTCCGAC TA-3 �  (NFP 
primer), 5 � -TTGCCAGAATTGGCTCTACTACG-3 �  (NRP prim-
er), and 5 � -FTTC-CGCCAGGCACGGTACTCCCP-3 �  (TaqMan 
probe). The target region of real-time RT-PCR was nucleotides 
29344–29569 of the N protein gene of PHE-CoV. PHE-CoV-infect-
ed PK-15 cells, as well as culture supernatants, were collected 48 h 
after viral infection. Total RNA (100 ng) was extracted and puri-

fied using TRIzol LS Reagent (Invitrogen). PCR was used to am-
plify the N gene with NFP and NRP primers under conditions of 
94° for 3 min, then 40 cycles of 94° for 30 s, 60° for 30 s, and 72° for 
60 s, with a final extension at 72° for 7 min. The PCR product was 
gel-purified using the Agarose Gel DNA Extraction Kit (Roche) 
and then cloned into pGEM-18T vector (Promega Corp., Madison, 
Wisc., USA). The resulting plasmid, pT-N, with the correct se-
quence confirmed by direct sequencing, was selected as a quantita-
tive standard for the determination of the viral RNA copy number. 
Real-time PCR was performed with the ABI Prism �  7000 Sequence 
Detection System using a QuantiTect TM  Prob PCR Kit (Qiagen, 
Hilden, Germany) under the conditions of 95° for 3 min, followed 
by 40 cycles of denaturation at 95° for 30 s, annealing, and exten-
sion at 60° for 30 s. The quantitative standard curve for the deter-
mination of PHE-CoV genome copy number was created by real-
time PCR of standard plasmid pT-N preparations at serial dilutions 
of 10 3 , 10 4 , 10 5 , 10 6  and 10 7  copies/ � l. The specificity of the real-
time PCR was confirmed by sequencing of the product.

  Results 

 In vitro Transcription of siRNAs     
  For in vitro transcription of siRNAs, see  figure 1 . 

   CPE Analysis 
  To study PHE-CoV-induced CPE ( fig. 2 ), PK-15 cells 

were infected with PHE-CoV at 400 TCID 50  (10 4.37 ) in 24-

Table 1.  Sequences of template deoxynucleotides for siRNAs used for target genes

Gene targets Sequences Position

T7 promoter 5�-TAATACGACTCACTATAGGAGACAGG-3�

SR1 5�-GCAAATACTCTGACTATAA-3� 12361–12379
Sense 5�-AATTATAGTCAGAGTATTTGCCCTGTCTC-3�
Antisense 5�-AAGCAAATACTCTGACTATAACCTGTCTC-3�

SR2 5�-GCACAAGTTCTTAGTGAAA-3� 15282–15300
Sense 5�-AATTTCACTAAGAACTTGTGCCCTGTCTC-3�
Antisense 5�-AAGCACAAGTTCTTAGTGAAACCTGTCTC-3�

SS1 5�-TACACTATGTGTGAATACC-3� 23910–23928
Sense 5�-AAGGTATTCACACATAGTGTACCTGTCTC-3�
Antisense 5�-AATACACTATGTGTGAATACCCCTGTCTC-3�

SS2 5�-TTTCTGTGGTAATGGTAAT-3� 26789–26807
Sense 5�-AAATTACCATTACCACAGAAACCTGTCTC-3�
Antisense 5�-AATTTCTGTGGTAATGGTAATCCTGTCTC-3�

Scramble siRNA 5�-ACATAAACCTATCAGTAGT-3�
Sense 5�-AAACTACTGATAGGTTTATGTCCTGTCTC-3�
Antisense 5�-AAACATAAACCTATCAGTAGTCCTGTCTC-3�

T he 8 nucleotide underlined sequences of template deoxynucleotides for each siRNA are complemented with those of the T7 pro-
moter primer.



 Lan   /Lu   /Zhao   /He   /Chen   /Wang   /Song   /Gao   Intervirology 2012;55:53–61 56

well plates. At 12 h after infection, cells were examined 
with by phase-contrast microscopy every 4 h. The virus-
infected cells exhibited obvious morphological changes 
starting from the brim of wells at 56 h post-infection. 
About 72 h after viral infection, whole cells began to fall 
into pieces and lost their adhesion to the plate. PK-15 cells 
were transfected with four separate siRNA prior to being 
infected with PHE-CoV. At 56 h after viral infection, im-
ages of cells were captured. Analysis of cell morphology 
indicated that the negative control (scramble siRNA) had 
no inhibitory effect on PHE-CoV-induced CPE compared 
with the mock control. Non-infected cells stuck tightly to 
the plate and remained in good condition throughout the 
experiment. In contrast, the four species of siRNA, SR1, 
SR2, SS1, and SS2, effectively blocked CPE in the cell cul-
tures until 96–120 h (data not shown) ( fig. 2 ).

   Examination of siRNA Effect by IFA 
  To study the inhibitory effects of RNAi on PHE-CoV 

replication, the level of viral antigen produced in PK-15 
cell was examined by IFA using anti-PHE-CoV serum 
after siRNA transfection and viral infection. At 48 h post-
PHE-CoV infection, most PK-15 cells that had been 
mock-transfected or that had received scramble siRNA 
exhibited bright green fluorescence in the cytoplasm, in-
dicating that these cells were virus-producing ( fig. 3 a, b). 
By contrast, only a few cells in wells receiving SR1, SR2, 
SS1, or SS2 transfection displayed green fluorescence, in-
dicating that most of these cells were effectively protected 
by the siRNA, and resisted viral infection ( fig. 3 d–g).

   Examination of siRNA Effect by HA Test and 
Infectious Virus Assay 
  Culture supernatants and PHE-CoV-infected PK-15 

cells were collected. The HA titer was determined to ex-
amine the effect of siRNA on production of viable virus 

in 24-well plates. The results ( fig. 4 ) showed that in con-
trol cells transfected with scramble siRNA, the PHE-
CoV HA titer reached 32 at 48 h post-infection, similar 
to that observed in mock-transfected cells. In contrast, 
titers at 48 h post-infection were 1, 1, 1.75, and 1 for cells 
transfected with SR1, SR2, SS1, and SS2 respectively, 
cor responding to 32-, 32-, 18-, and 32-fold reductions by 
comparison with scramble siRNA-transfected cells. The 
TCID 50  assay was performed to examine the effect of
siRNA on the production of viable virus, and the re-
sults ( fig. 5 ) showed that in control cells transfected with 
scramble siRNA PHE-CoV titers reached 10 4.25  TCID 50 /
ml at 48 h post-infection, similar to that obtained from 
mock transfection. In contrast, titers at 48 h post-infec-
tion were 10 2.10 , 10 1.56 , 10 2.28 , and 10 2.24  ml –1  for cells 
transfected with SR1, SR2, SS1, and SS2, respectively, 
corresponding to 141-, 494-, 93-, and 102-fold reduc-
tions in comparison to scramble siRNA-transfected 
cells.

   Examination of siRNA Effect by RT-PCR 
  To quantify the effect of siRNA on viral replication at 

48 h post-viral infection, the viral genome copy number 
was determined by real-time PCR, using the serially di-
luted plasmid pT-N as a standard. The  R  2  value of the 
standard curve was 0.99 and the average amplification 
efficiency  E  was 0.993. Sequencing showed that the frag-
ment amplified was the expected part of PHE-CoV gene, 
thereby demonstrating the specificity and reliability of 
the analysis. As shown in  figure 6 , the copy number of the 
viral genome per nanogram of total RNA calculated from 
the standard curve was 7.62  !  10 4  copies/ng of viral ge-
nome in the total RNA from scramble siRNA-treated 
cells, whereas there were 2.11  !  10 4 , 8.03  !  10 3 , 3.65  !  
10 4 , and 3.11  !  10 4  copies/ng of the viral genome in total 
RNA from cells treated with SR1, SR2, SS1, and SS2, re-
spectively. These values correspond to reductions of 73, 
91, 53 and 61%, respectively.

  Discussion 

 Porcine hemagglutinating encephalomyelitis (PHE) is 
an infectious disease that mainly affects pigs younger 
than 3 weeks. Even if an infected pig survives the disease-
associated immunopathology or the toxicity of the drug 
treatment, PHE can acutely affect its growth. Increasing 
research attention has been focused on PHE because
infection rates have increased in some countries  [31–34] . 
PHE is caused by PHE-CoV, a virus that has only one 

1 2 3 4 5

21 bp

  Fig. 1.  Purity and integrity of the siRNAs transcribed in vitro:
(1) SR1, (2) SR2, (3) SS1, (4) SS2, and (5) scramble siRNA. 
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  Fig. 2.  Effect of siRNAs on PHE-CoV-induced CPE in PK-15 cells. PK-15 cells were transfected with different siRNAs and then in-
fected with PHE-CoV at 400 TCID 50 . Images in the middle and brim of the same well, respectively, are shown.  a–d  Untreated cells 
infected with virus at 400 TCID 50  in 24-well plates were observed at 24, 48, 56, and 72 h post-infection, respectively.  e–i  Cells were 
transfected with SR1, SS1, SR2, SS2 and scramble siRNA, respectively, and CPE was examined 56 h post-infection. Cell images were 
captured at the conclusion of the study. The experiment was performed in triplicate and repeated 3 times. 
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  Fig. 3.  Protective effect of siRNA against PHE-CoV infection. The viral infection in PK-15 cells was examined by indirect immuno-
fluorescence:    a  mock transfection (stained with PHE-CoV-positive serum);  b  scramble siRNA transfection;  c  mock transfection 
(stained with PHE-CoV-negative serum);  d  SR1 transfection;  e  SR2 transfection;  f  SS1 transfection, and  g  SS2 transfection.     
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known strain and is the only known CoV that is neuro-
tropic in pigs  [25, 35, 36] . The virus spreads via peripheral 
nerves to the CNS, its main propagation site  [37] . Nerve 
cells are the primary target for viral replication. Because 
the regeneration capacity of nerve cells is weak, once these 
cells are damaged, pathology will remain even if the virus 
is eliminated. The study of PHE-CoV replication and the 
control or inhibition of this infection is of great signifi-
cance because, currently, no effective preventative mea-
sures or cures for this disease exist. Recently, the replica-
tion of various viruses, including many coronaviruses, 
have been shown to be effectively inhibited in vitro or

in vivo by knockdown with 21- to 25-base-pair (bp),
sequence-homology-driven siRNAs  [26, 38–40] . siRNA 
therapy can inhibit different levels of viral function, in-
cluding transcription and translation  [41] . Very effective 
and rapid silencing of a target gene can be achieved using 
in vitro transcribed siRNAs transfected into mammalian 
cells  [16] . In the present study, we designed four 21-bp
siRNA molecules against the PHE-CoV S and R genes, 
prepared these siRNAs by in vitro transcription, and test-
ed the efficiency of RNAi on viral replication by assessing 
CPE, IFA, HA, TCID 50  and RT- qPCR. Our results dem-
onstrate that these four siRNAs were highly capable of 
inhibiting viral RNA genome replication.

  PHE-CoV is a member of the Coronaviridae family, 
whose gene expression involves a series of complex tran-
scriptional, translational, and post-translational regula-
tory mechanisms  [42] . After receptor-mediated entry, the 
replicase polyprotein, encoded by ORFs, 1a and 1b, which 
comprise approximately two-thirds of the genome (be-
ginning from the 5 �  end), is the first viral protein to be 
translated. The translation of the replicase polyprotein 
involves ribosomal frameshifting to the –1 frame imme-
diately upstream of the ORF 1a translation termination 
codon (GenBank accession No. NC_007732)  [43] . Many 
studies have shown that siRNAs that target the R gene can 
efficiently inhibit viral replication  [13] . In addition, simi-
lar to other coronaviruses spike proteins, the PHE-CoV 
spike glycoprotein contains two non-covalently associ-
ated functional subunits, S1 and S2 (GenBank accession 
No. AY078417, NC_007732). It is thought that the bind-
ing of the S1 subunit to its cellular receptor induces con-
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  Fig. 5.  Inhibition of virus production in siRNA-treated cells. 
TCID 50  values are the means of three repeat titrations at the time 
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formational changes in S2, which leads to the fusion be-
tween viral and cellular membranes and, thus, viral entry 
 [44] . Variations in S proteins between strains of corona-
viruses are responsible for differences in host range and 
tissue tropism  [45] . Based on this knowledge, we chose 
the S and R genes as the RNAi targets, and our results 
demonstrate that these two key genes are important for 
PHE-CoV replication.

  In this study, knowledge of the kinetics of PHE-CoV 
replication in cultured cells was critical for determining 
the sampling points to estimate the siRNA effect in cells. 
Hence, the replication kinetics of PHE-CoV in PK-15 
cells were studied by CPE, HA and TCID 50  assays prior 
to siRNA transfection, and viral proliferation was shown 
to peak at 48–72 h post-infection (data not shown). Based 
on this information, the cell cultures for IFA, viral titra-
tion and RNA extraction were harvested at 48 h post-
infection. The result of CPE analysis showed that virus-
produced CPE was not observed at 56 h post-infection in 
cells treated with SR1, SR2, SS1, or SS2. To further exam-
ine the level of viral inhibition, we tested the viral titers 
in infected cells by TCID 50 , and showed that siRNAs 
caused an approximately 93- to 494-fold decrease in virus 
yield. Additionally, further analysis confirmed that the 
efficient inhibition of viral replication in this study was 
due to viral RNA degradation. We designed a pair of 
primers specific to the N gene of PHE-CoV and showed 
by real-time PCR that approximately 53–91% less viral 
RNA existed in the cells transfected with the siRNA com-
pared to the control cells, which verified that the suppres-
sion of infection occurred at the RNA level. In fact, be-
cause the pair of primers designed for amplifying a region 
within the N gene could amplify the same regions within 
the PHE-CoV RNA genome and subgenomic mRNAs 
(except the shortest one) simultaneously, the reduction in 
viral RNAs suggests that not only the viral genome RNA 
itself but also all of the transcripts required for viral 
structural protein expression decreased  [13] .

  Viruses are prone to errors during replication and 
continually produce mutated viral proteins that can es-
cape attack by siRNAs  [46] . In vitro transcribed SS1 and 
SS2 siRNAs were effective in reducing viral replication; 
however, the S1 subunit of the spike glycoprotein is not
an essential structural protein and is prone to high muta-
tion rates as the virus evolves in host populations  [47] . To 
ensure that SS1 and SS2 could be used in a wide range of 
virus strains, we evaluated the cross-inhibitory capabili-
ties of these siRNAs by conducting multiple alignments 
of S gene sequences from PHE-CoV strains based on their 
availability in GenBank. Our results showed that SS1 and 

SS2 could cover 67% (4/6) and 100% (6/6) of PHE-CoV 
strains, respectively (data not shown), indicating that
additional studies should be conducted to search for
siRNAs with the widest cross-inhibitory effects on a 
range of PHE-CoV strains.

  The successful use of siRNAs as therapeutic or protec-
tive agents in the wild is limited, particularly for natural 
infection, because sequence data will not be available be-
fore successful isolation of a virus  [17] . To circumvent this 
problem, the replicase genes of PHE-CoV, which are 
highly conserved among different strains, were targeted 
by SR1 and SR2  [13] . Our results demonstrated that both 
siRNAs could block viral replication with very high ef-
ficiency. Our study was performed utilizing infection 
with the HEV-67N strain, whose sequence is not avail-
able in GenBank; however, our study implies that the se-
quence identity of SR1, SR2 and the HEV-67N strain 
should be 100% because RNAi is highly sequence-specif-
ic and requires 100% identity for clearance of virus from 
cell culture between the target and targeting sequences 
 [11, 17, 48] . Application of only one siRNA that is 100% 
identical to the sequence from the infecting virus or more 
than one siRNA sequence targeting different conserved 
regions of the gene are ways to overcome the lack of 
knowledge of the target sequence. However, additional 
studies should be performed to confirm this hypothesis 
both in vitro and in vivo.

  In conclusion, our results indicate that PHE-CoV, like 
other ssRNA viruses, is susceptible to degradation via 
the RNAi pathway. This method may not completely in-
hibit viral growth but merits further animal studies to 
define its therapeutic potential. Additionally, siRNAs 
could potentially be delivered to animals via transgenes 
to eradicate animal viral infections  [49] . Based on the 
present data and the advantages of siRNA technology, 
we propose that a combination of siRNAs targeting the 
S and R genes may be used as a tool to study PHE-CoV 
replication, antiviral therapy in transgenic animals in 
future studies.
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