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Amplification and Sequencing of Full-Length HEV
Genomes

Total RNA was subjected to RT-PCR for amplification
of the nearly full-length 7kb sequence of the HEV genome.
The RNA was reverse-transcribed with PrimeScript Reverse
Transcriptase (TaKaRa Biomedicals, Shiga, Japan) and
subjected to a first round of amplification using PrimeSTAR
GXL DNA Polymerase (TaKaRa Biomedicals). The primers
used for reverse transcription, the first round of PCR, and
any second round of PCR are indicated in Fig. (1). Nearly
full-length cDNA of G3;p, G3gp and G3ys could be generated
in the first round. That of G4;p was generated in the second
round. The 5’-end sequence was determined by an RNA
ligase-mediated rapid amplification of cDNA ends (RLM-
RACE) technique with the First Choice RLM-RACE kit
{Ambion, Austin, TX). RNA was treated with calf intestinal
alkaline phosphatase followed by tobacco acid
pyrophosphatase, and then ligated to an RNA adaptor
supplied in the kit. RT-PCR was pertormed with an OneStep
RT-PCR Kit (QIAGEN, Hilden, Germany). The second
round of PCR was performed using Hot Start Taq DNA
Polymerase (QLAGEN). The primers for these PCRs are also
shown in Fig. (1). The 3’-end sequence was determined with
a 3°-Full RACE Core Set (TaKaRa Biomedicals) according
to the directions. Primers for 3’-end amplification are shown
in Fig. (1). The 5’-terminal and 3’-terminal PCR products
were ligated with pT7Blue (Novagen, San Diego, CA) and
cloned into E. coli DH5a(TOYOBO, Osaka, Japan).

The cDNAs of nearly full length were sequenced directly
using the BigDye Terminator verl.l cycle sequencing kit
(Applied Biosystems, Foster City, CA) on an ABI PRISM
3100-Avant Genetic Analyzer (Applied Biosystems). The
cloned 5’-end and 3’-end cDNAs were also sequenced using
this kit.

Sequence Analysis of PCR Products

The amplification products were extracted trom agarose
gels using a QIAEX™I Gel Extraction Kit (QIAGEN). Both
strands of the products were sequenced using the BigDye
Terminator Cycle Sequencing Ready Reaction Kit (PE
Applied Biosystems), Sequence analysis was performed
using Genetyx version 7.0 (Genetyx, Tokyo, Japan).
Sequence alignments were generated by CLUSTAL W
(version 1.8) [12]. A phylogenetic tree was constructed by
the neighbor-joining method, as described previously [13],
based on the entire nucleotide sequence of the HEV genome.
Bootstrap values were determined on 1,000 re-samplings of
the data sets [14]. The final tree was obtained using the Tree
View program (version 1.6.6) [15].

Sequence Comparison

The individual sequences after alignments were
compared at the nucleotide level using the “Average
Difference of All pairwise comparisons” mode in the
DitferencePlot (http://www.gen-info.osaka-u.ac.jp/~uhmin/
study/differencePlot/index html) with a window size of 30
and 6 slides. Similarly, amino acid sequences were compared
using a window size of 1 and 1 slide. Briefly, the “Average
Difference of all pairwise comparisons™ calculates match
rates of each window for all possible sequence pairs, and
then calculates the average match rate of all the pairs for
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each window. Finally, a DifferencePlot displays the average
match rate as two types of graph (A. Yamashita and T.
Yasunaga, Personal Communication).

RESULTS

Full-Length Sequencing of Four Representative HEVs
Derived from Swine Fecal Samples in Japan

A ftotal of 320 fecal samples were collected from 32
commercial tarms in Japan. Among them, the 159 HEV
positive samples were subjected to genotyping by RT-PCR
with primers at ORF2 followed by sequencing [11]. All the
HEV sequences, except for several unclassified types, were
classified into four clusters, G3Jp, G3sp, G3US and G4Jp.
Therefore, we selected a representative sample from each of
the clusters: swIR-P5 (G3jp), swIB-E10 (G3gp), swIB-M8
(G3us) and swIB-H7 (G‘4 Jp),

The original fecal samples used for genotyping were also
used for partial purification of these four HEVs. Extracted
nucleic acid samples were used to sequence the products of
RT-PCR (Fig. 1). The full-length sequences showed
heterogeneous populations, i.e., swIB-E10 having nucleotide
variation at 17 sites; swJR-P5 and swIB-H7 having
nucleotide variation at 1 site; and swIB-M8 with no variation
(data not shown). Therefore, we selected the predominant
nucleotide sequences. Sequence accession numbers are
shown in Fig. (2).

Comparison of Full-Length Sequences within Each
Genotype and Cluster

Full-length genomic sequences of HEVs belonging to Gl
®=5), G2 (n=1), G3 (n=23) and G4 (n=13) that were
available in the GenBank database were used for the
comparison. Consistent with our previous analysis using
sequences for part of ORF2 [11], a phylogenetic tree of the
tull-length genomic sequences showed that our HEV
samples are located within the four individual clusters, G3p,
G3sp, G3ys and G4 (F1g 2)

Next, we estimated the variation at the nucleotide and
amino acid levels, with all the sequences used for the
phylogenetic analysis (Fig. 3A). The variation was estimated
by comparing sequences every 30 nucleotides window as
well as every amino acid. The regions highly conserved
(>90% identity) among G3 and G4 at the nucleotide level
were located around ORF3. This result indicates that
although the HEV sequences belonging to G3 formed
independent sub-clusters, significant parts remained highly
conserved at the nucleotide level. In contrast, the variable
regions (<60% and 60-74% identity) were concentrated in
the ORF1 V region in both genotypes. Although most of the
regions were conserved at the amino acid level, the V region
of ORF1 was highly variable in both G3 and G4. Further, the
variation within clusters at the nucleotide level was
examined using individual HEV isolates based on the full-
length sequences used for Fig. (2) (Fig. 3B). The results
clearly showed for all four clusters that although the V
region of ORF1 was variable, all the other regions were
fairly well conserved. Comparisons among individual
clusters revealed that the highly conserved regions spread
over the full-length sequence were smaller in G3;p. Thus, the
individual isolates in a cluster showed some variation.
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Fig. (1). Location and direction of the primers used for the sequence analysis of full-length HEV genomes. A) The primers for RT-PCR
amplify nearly all of G35, G3sp and G3ys. B) G4;p was subjected to nested RT-PCR. For the 5°- and 3’-ends, the analysis was performed as
described in Materials and Methods. C) Nucleotide sequences of primers and nucleotide positions are shown. The numbers in parentheses are
the nucleotide positions of swJ570 (Accession No. 073912).
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Fig. (2). Phylogenetic tree with full-length sequences of the four HEVs, together with reference HEVs. The name and accession number of
individual isolates belonging to G1 to G4 are shown. The four representative HEV's in this study are boxed. The number on each branch is a

bootstrap value from 1,000 re-samplings.

Comparison of Full-Length Sequences Across Clusters
and Genotypes

Next, we tried a similar approach across the three clusters
within G3 at the nucleotide level (Fig. 4A). Comparisons of
swIB-P5 (G3pp) vs swIB-E10 (G3gp), sWIB-E10 (G3gp) vs
swIB-M8 (G3ys), and swIB-P5 (G3;p) vs swiB-M8 (G3yg),
revealed a clear distribution of variable and conserved
regions over the entire sequence. Interestingly, highly
conserved regions (identity in >90%) were more frequent
between G3;p and G3yg than the other combinations. In
contrast, variable regions (<60% and 60-74% identity) were
identified in the V region of ORF1, but significantly smaller
between G3;p and G3ys. These results indicate that G3yp and
G3ys are more closely related than the other strains.

Further, we applied a similar approach to the cross-
genotype variation between G3 and G4 (Fig. 4B). As
expected, positions of highly conserved and variable regions
were consistent with those of the previous combinations
shown above. However, for all three combinations [swJB-H7

(G45p) vs swIB-P5 (G3jp), swiB-H7 (G4;p) vs swIB-E10
(G3sp), and swIB-H7 (G4ypp) vs sw-IB-M8 (G3ys)), the
highly conserved regions (identity in >90%) were
significantly narrower, whereas the variable regions were
apparently wider, throughout the genomic sequence,
compared with the above comparisons within genotypes
(Fig. 3A), within clusters (Fig. 3B), and between clusters
(Fig. 4A).

As summarized in Table 1, comparison of the full-length
sequences showed similar results, i.¢., G3jp is very similar to
G3ys, somewhat difterent to G3sp, and very ditferent to G4;p
at the nucleotide level. This tendency was also cbserved at
the amino acid level in ORF1 and ORF3. However, for
ORF2, G3;p was very similar to G4;p as well as G3ys and
G3sp.

Variation in the Sequences for the Primers and Probes
Used for Detection of the HEV Genome by RT-PCR

The comparison among the four clusters in G3 and G4
showed that the overlapping region of ORF2 and ORF3 was
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Fig. (3). Conservation within genotypes and clusters. A) A total of 23 isolates belonging to G3, including three HEVs from this study, and a
total of 13 isolates belonging to G4 including one HEV from this study, were used. For the sequence comparison, the average rate of
conservation (%) every 30 nucleotides or every amino acid was calculated and values are shown with different colors. B) Ten isolates
including swJR-P5 in the G3p cluster, 4 isolates including swIB-E10 in the G3sp cluster, 6 isolates including swJB-M8 in the G3ys cluster
and 7 isolates including swJB-H7 in the G4;p cluster were used.



16 The Open Veterinary Science Journal, 2010, Volume 4 Urayama et al.

0 1 2 3 4 = 6 7 7.3
ORF? t e : . ORF3
I G A
) V ‘ Capsid ORF2
A. Between clusters in G3
swJB-P5 (G3,,) vs swIB-E10 (G3,,) Nucleotide
swJB-E10 (G3,) vs swIB-M8 (G3,,) Nucleotide

stB PS (G3 JP) Vs st B- M8 (G3US)

R

B. Between genotypes

stB-H7 (G4Jl,) vs stB PS5 (G3 J],) Nucleotide
stB-H7 (G4 P) Vs stB-ElO (G3S,,) Nucleotide

1

B > 0% 90~75% [] 60~74% [ <60%

Fig. (4). Conservation across clusters in G3 and between G3 and G4 at the nucleic acid level. Two of the four isolates in this study, G3p,
G3sp, G3ys and G4p, were compared. Sequences with different conservation rates are shown in different colors, as in Fig. (3).
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Tablel. Homology of Individual ORF Sequences of Four

HEV Isolates

% Identity in Nucleotides; Full-Length

swJR-P5 swJB-M8 swJB-E10
(G3») (G3us) (G3=)
swJB-MS8 (G3ys) 87.4
swJB-E16 (G3g) 81.7 813
swJB-H7 (G4x) 75.6 774 75.5
% Identity in Amino Acids; ORF1
swJR-PS swJB-M8 swJB-E10
(G3:) (G3us) (G3w)
swJB-MS (G3us) 96.8
swJB-E10 (G3g) 93.9 936
swIB-H7 (G4y) 85.7 853 85.7
% Identity in Amino Acids; ORF2
swJR-PS swJB-M8 swJB-E10
(G3p) (G3us) (G3)
swJB-M8 (G3y5) 98.5
swIB-E10 (G3g) 97.4 973
swIB-H7 (Gdx) 91.8 91.5 9221
% Identity in Amine Acids; ORF3
swJR-PS swJB-MS8 swJB-E10
G3w) (G3us) (G3w)
swJB-M8 (G3us) 96.5
swiB-E10 (G3g) 93.8 920
swJB-H7 (G45) 825 833 825

highly conserved. This makes the region a potential target
for detecting HEV RNA by RT-PCR. Theretore, we next
focused on the appropriateness for this region as a target for
detecting HEV RNA. Several groups have performed
amplification in the overlapping region of ORF2 and ORF3
[16-19]. We quantified the amount of HEV RNA according
to the method of Jothikumar et al. [17]. Sequences from the
GenBank database were used for the examination: 72
sequences from animals including pigs and 107 sequences
from humans at HE86 and HE87; and 72 sequences from
animals including pigs and the same 107 sequences from
humans at FHESS, as shown in Table 2. HE86, FHE88 and
HES87 correspond to JVHEVF, JVHEVP and JVHEVR,
respectively, in Jothikumar ef al. [17]. Some 96.3%, 94.4%
and 96.3% of the human-derived HEV sequences were
conserved in HE86, FHE88 and HE87, respectively. Slightly
less conservation, except for the region at HE87, was
observed in the sequences from animals: 91.7%, 88.9% and
97.2% in HE86, FHE88 and HE87, respectively.
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DISCUSSION

The transmission of HEV to humans in Japan is mostly
feod-borne [1-5]. Full-length sequences of four HEVs in fecal
samples from pig farms in Japan were analyzed in this study.
The four representatives were located in independent clusters
in a phylogenetic tree constructed with these sequences
together with full-length reference sequences from the
GenBank database: G3Jp, G3sp, G3us and G4Jp covered most
of the HEVs distributed among swine as well as humans in
Japan. A comparison of these four sequences with the
reference sequences revealed highly conserved regions that
overlap between ORF2 and ORF3, as well as variable regions
in the ORF1 V region. Positions of the variable as well as
conserved regions were virtually conserved across clusters and
genotypes, as well as within clusters and genotypes.

Comparisons between clusters revealed higher genetic
similarity between G3p and G35, which were slightly more
distant from G3gp. We also found that the regions highly
conserved among G3 and G4 occur within smaller areas in
the overlapping region of ORF2 and ORF3. In addition, not
only V but also P regions of ORF1 were highly variable.
Interestingly, the ORF1 P region is unlikely to code for a
papain-like protease [20], because only a part of the HEV
sequence can encode the protease (see the sequences listed
by their accession numbers in Fig. 2).

Finally, we examined how efficiently the primer and
probe sets could amplify HEV RNA. The G3g and G3yg
HEVs arrived in Japan through the importation of pigs from
the United Kingdom [21] and United States [8], respectively.
G3sp and G3ys, in addition to G3;p and G4yp, are currently
distributed in pigs and humans in Japan. These HEV clusters
were highly conserved at the amino acid level, but highly
variable at the nucleotide level. Therefore, a sensitive
method of detecting the genome is urgently needed. Several
groups have used primer and probe sets at similar sites [17-
19]. The results suggest that most of the sequences from
GenBank (>88%) that were derived from humans and
animals would be amplified with the primers HES86
(JVHEVF)/HE87 (JVHEVP) and probe FHE88 (JVHEVR).
G3ys differs by one nucleotide trom the other three isolates
in the region of the probe. The sequence of probe FHE100
for G3ys was found in only 0.9% and 2.8% of the sequences
from humans and animals, respectively. Based on our
experience with the detection of G3yg, FHEI00 was
necessary for the detection of G3ys, because FHEB8 was
more than 10-times less sensitive than FHE100. Thus, most
of the heterogeneous genomic sequences among HEVs in
humans in Japan would be covered by these primer and
probe sets, although this needs to be confirmed with
experimental analyses. These four HEVs could be useful as a
standard for heterogeneous HEV genomic sequences.
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Table2. Nucleotide Variation in Regions Used for Primer and Probe Sets to Detect the HEV Genome with High Sensitivity

Sense Primer
. . Nucleotide Position 5286 -5303 of swJ570 Sequence | Appearance .
Virus Origin (AB073912) Number Ratio (%) Primer Name
Swine, Wild boar, Deer and others, GGT GGT TTC TGG GGT GAC 66 917% HE86 (JVHEVF)
including of unknown origin B iee e e e eas 6 8.3%
GGT GGT TTC TGG GGT GAC 103 96.3 % HES86 (JVHEVF)
Human Aed vin vnn ian e e 3 2.8%
P U 1 0.9%
Probe
" .. Nucleotide Position 5309 —5326 of swJ570 Sequence | Appearance
Virus Origin (AB073912) Number Ratio (%) Probe Name
TGA TTC TCA GCC CTT CGC 64 88.9 % FHESS (JVHEVP)
B 2 2.8% FHE100
T 2 28%
Swine, Wild boar, Deer and others,
including of unknown origin - T.- 1 14 %
Al el .. 1 1.4%
B o 1 14%
Cov Cuv vee vee eve wan 1 14%
TGA TTC TCA GCC CTT CGC 101 94.4% FHES8 (JVHEVP)
B 1 0.9% FHE100
o Aee aie s 1 0.9%
Human S 1 0.9%
P o P 1 0.9%
Yo hit e aee aaa Y =T /C 1 0.9%
. 1 09%
Anti-Sense Primer
N .. Nucleotide Position 5338 -5355 of swJ570 Sequence | Appearance .
Virus Origin (AB073912) Number | Ratio(%) | [rimer Name
TTC ATC CAA CCA ACC CCT 70 97.2% HES87 (JVHEVR)
Swine, Wild boar, Deer and others, including
ofunlcnownorigin cee 10 o1 oan 1 1.4%
Co it ee e e e 1 1.4%
TTC ATC CAA CCA ACC CCT 103 96.3 % HE87(JVHEVR)
Human | ... ... e e e T ... 3 28%
...... R | 1 0.9%
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