Jilani and Ali
Journal of Genetic Engineering and Biotechnology
https://doi.org/10.1186/543141-022-00365-w

(2022) 20:73

Journal of Genetic Engineering
and Biotechnology

RESEARCH Open Access

Assessment of simple sequence repeats

=

Check for
updates

signature in hepatitis E virus (HEV) genomes

Md Gulam Jilani and Safdar Ali"

Abstract

at multiple levels.

Conclusions

Prevalence, Phylogenetic

Background: Hepatitis E virus (HEV) is small (27-34 nm diameter) non-enveloped with positive sense ssRNA
genome. Microsatellites or simple sequence repeats (SSR) are short tandem repeat sequences present across coding
and non-coding regions of both prokaryotes and eukaryotes. They are involved with genome function and evolution

Results: The complete genome sequences of 22 HEV genomes of the family Hepeviridae and genus Orthohepevirus
(21 species) and Piscihepevirus (1 species) were extracted from NCBI database (http://www.ncbi.nlm.nih.gov/). The
extraction of microsatellites was done using Imperfect Microsatellite Extractor (IMEx) in’Advance-Mode’ The aver-
age genome size of the studied HEV genomes was 7003nt and it ranged from 6649nt (HEV11) to 7310nt (HEV22).
The average GC content of the genomes was ~ 55%. A total of 519 SSRs and 21 cSSRS were extracted from the HEV
genomes with an average incidence of 24 per genome ranging from 14 (HEV13) to 34 (HEV19). The ¢SSR incidence
ranged from 0 (eight species) to 4 (HEV19). The genomes with no ¢SSR incidence had an SSR incidence range from
14 to 28.There were just four hexa-nucleotide repeat motifs and 5 penta-nucleotide repeat motifs observed. The
most prevalent mono-, di-, and tri-nucleotide repeat motifs were "C","GT/TG", and “GAC/CTG" respectively. The studied
genomes had a minimum of ~ 90% incident SSRs present in the coding regions. Viruses with same or similar hosts
are placed together on the phylogenetic tree implicating viral host being one of the driving forces for evolution.

Host range in viruses is being decided by multiple factors aided by the unique genome SSR signature and genomes
of varied compositions need to be analyzed to forge a widely acceptable rule for predicting the same.
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Background

Hepatitis E virus is a small (27-34 nm diameter) non-
enveloped positive sense, ssRNA virus. The size of the
genome is 6.4-7.2 kb. Hepatitis, a very common dis-
ease around the world is generally caused by Hepatitis E
(HEV) virus. Hepatitis E normally causes acute infection
but the infection can change into chronic in immunode-
ficient people [1].
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There are 8 different serotypes of HEV (serotype 1-8).
On the basis of epidemiology, there are two conclusive
HEV infections in human. HEV1 and HEV2 are predomi-
nantly found in developing countries and transmit from
one person to another by the fecal-oral route through
contaminated water. The property of spreading of HEV1
and HEV2 means that often sporadic cases can lead to
infection in large area if sanitation conditions are poor.
In developed countries, HEV3 and HEV4 proliferate
between animals including pigs, wild boars, and deer and
occasionally infect to human zoonotically [2]. Serotype of
HEV5 and HEV6 has been identified only in wild boars
whereas the camel is the host of HEV7 and HEVS8 [3].
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The incidence of sporadic HEV infections have increased
in developed country [4]. According to Rein et al. 2012,
HEV infected over 20 million people annually of which
around 70,000 people died due to acute hepatic disease
[5]. HEV demonstrated diverse physiological manifes-
tations like a spectrum of neurological symptoms and
infection, outgrowth of hepatic tissue, hematological
disease, kidney diseases, acute pancreatitis, myocardi-
tis, arthritis, and autoimmune thyroiditis [6]. HEV has
been isolated from neuronal cell, human placenta, breast
milk, and urine [7-10]. Thus, it is evident that a complet-
ing understanding of the HEV is required to combat the
problems associated with it.

Microsatellites or simple sequence repeats (SSR) are
short tandem repeat sequences and have been reported
across coding and non-coding regions of both prokary-
otes and eukaryotes. They are involved with genome
function and evolution at multiple levels. Present study
focusses on understanding the genomics of HEV through
various aspects of microsatellites: incidence, prevalence,
composition, and localization.

Results

Genome features

The average genome size of the studied HEV genomes
was 7003nt and it ranged from 6649nt (HEV11) to
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7310nt (HEV22). The average GC content of the
genomes was ~ 55% with only one virus HEV22 belong-
ing to genus Piscihepevirus having GC content of less
than 50%. The various features of the studied genomes
have been summarized in Supplementary file 1.

Microsatellite incidence

A total of 519 SSRs and 21 cSSRS were extracted from
the HEV genomes with an average incidence of 24
per genome ranging from 14 (HEV13) to 34 (HEV19).
Interestingly, HEV19 representing Moose hepatitis E
virus (HEV 19) had not only the highest SSR incidence
but was also at the maximum level for several other
aspects like GC content (58.5%); sRA of 4.8; sRD of
44.5; cSSR incidence of 4;cRA of 0.57; cRD of 16.3; and
cSSR% of 23.5.

The genome size in relation to GC content and sum-
mary of incidence of SSRs and ¢SSRs along with RA and
RD for SSR and cSSR have been represented in Fig. 1.
Their details have been provided in Supplementary file
1. The cSSR incidence ranged from 0 (Eight species) to
4 (HEV19). The genomes with no ¢SSR incidence had
an SSR incidence range from 14 to 28.
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Fig. 1 Genome features and microsatellite incidence. A Incidence of SSR and cSSR. B Size of genome and GC content. C RA and RD of SSR. D RA
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Microsatellite composition

The microsatellite composition is defined by two aspects
namely tract size (number of repeats) and motif constitu-
tion (mono-, di-, tri). The diversity of microsatellites will
have another aspect: sequence of the repeat motif. There
were just four hexa-nucleotide repeat motifs and 5 penta-
nucleotide repeat motifs observed across all the studied
genomes whereas there were four species which lacked
tetra-nucleotide motifs (Supplementary file 3). The tract
size of the microsatellites has been shown in Fig. 2 and
their motif composition in Fig. 3 while the details are
provided in Supplementary file 2 and Supplementary file
3 respectively.

The tract size of mono- to tetra nucleotide repeats
revealed that the highest tract size being contributed by
tri-nucleotide repeats was observed in 11 species fol-
lowed by di-nucleotide repeats in 9 species and mono-
nucleotide repeats in 2 species. Individually, HEV22 had
the highest tract size of 128 bases from di-nucleotide
repeats followed by HEV19 with 114 from tri-nucleotide
repeats.

The prevalent motif composition of mono- to tri-nucle-
otide repeats have been shown in Figure 3 and reflected
the GC rich genome composition of studied viruses. The
most prevalent mono-nucleotide repeat was “C” com-
prising of around 62% (69 of 112) of the mono-nucleotide
SSRs. The other three motifs herein were almost equally
represented with G(14), A(16), and T(13) incidences.
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Similarly, for di- and tri-nucleotide repeats the most
prevalent motif was GT/TG and GAC/CTG respectively.

Thereafter, we investigated the possible correlation of
genome size and GC content on number of SSR and ¢SSR
incidence, RA, RD, of SSRs and c¢SSRs and cSSR% in SSR.
GC content of assessed HEV genomes had a positive and
strong correlation on ¢SSR incidence (r = 0.290267; p <
0.009679), cRA (r = 0.283470; p < 0.010746), cRD (r =
0.214411; p < 0.029992), and cSSR% (r = 0.294344; p <
0.009087) but GC content showed non-significant cor-
relation on SSR incidence (r = 0.001397; p = 0.868796),
sRA (r = 0.000290; p = 0.939940), and sRD (r =
0.009104; p = 0.672734). On the other hand, genome size
show non-significant correlation of SSR (r = 0.008163;
p = 0.689248), ¢SSR (r = 0.016400; p = 0.570061), SRA
(r = 0.003596; p = 0.790937), cRA (r = 0.010717; p =
0.646612), sRD (r = 0.000092; p = 0.966178), cRD (r =
0.003083; p = 0.806111), and ¢SSR% (r = 0.053724; p =
0.299303).

Microsatellite distribution

The location of incident SSRs across genomes has been
represented in Fig. 4 and details in Supplementary file 3.
All the studied genomes had a minimum of ~90% inci-
dent SSRs present in the coding regions and ~ 3% in
non-coding regions of the genome (Fig. 4A). Seven spe-
cies HEV03, HEVS8, HEV9, HEV10, HEV11, HEV13,
and HEV20 had SSRs localized exclusively to the coding
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Fig. 3 Motif composition of mono-, di-, and tri-nucleotide Hepeviridae genomes

region of the studied genomes. The protein-specific local-
ization revealed almost 50% of the SSRs (257) to be pre-
sent in non-structural protein with polyprotein coming
in a distant second position with 74 SSRs (Fig. 4B).
Another approach to assess the distribution of SSRs
is to analyze the cSSRs which in turn is a reflection on
the clustering of SSRs. This is accomplished by analyzing
the ¢SSR incidence by varying dMAX. ¢SSR incidence
has been discussed before for AMAX of 10. The values
of dMAX can be varied from 10 to 50 in IMEx and the

corresponding ¢SSR incidences has been represented in
Fig. 5A with details mentioned in Supplementary file 4.
The increase in ¢SSR incidence is expected with increas-
ing dMAX and was observed herein as well. However, the
rate of increase is neither uniform nor follows any single
priority rule.

The second aspect about cSSRs worth elaborating is
c¢SSR% which represents the fraction of SSRs as part of
cSSR. A higher ¢SSR% would represent regions of the
genome with clustering of SSRs which can therein serve
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as hotspots of genome evolution. The observed cSSR%
for dAMAX of 10 has been shown in Fig. 5B and details
mentioned in Supplementary file 1. cSSR% ranged from 0
(8 genomes with no cSSR) to 23.53% (HEV19). Thus, the
uniqueness of the genome SSR signature is reiterated not
only in terms of incidence and composition as discussed
before but also in terms of localization and clustering.

Phylogenetic analysis

The only way to ascertain the role of SSRs in the evolu-
tion of viruses is to perform the phylogenetic analysis of
genomes in context of some specific aspect. The phylo-
genetic tree for the studied genomes has been shown in
Fig. 6. The host is one of the defining aspects of any virus
and as evidently in the figure, viruses with same or simi-
lar hosts are placed together on the tree implicating viral
host being one of the driving forces for evolution.

Discussion

An increase in SSR incidence if accompanied by an
increased cSSR would have suggested an incidence pat-
tern for the microsatellites. However, non-conformation
to any pattern is indicative of genome-specific SSR sig-
nature which is crucial for its evolution. The variation
in SSR incidence has multiple facets. Not only are there
genomes with 28 incident SSRs but no ¢SSR (HEV4 and
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HEV22) there is also HEV15 with 2 c¢SSRs for the same
number of SSRs. Further the other three genomes with
two cSSRs: HEV1, HEV7 and HEV14 have 23, 25, and 29
SSRs respectively. Thus, the SSRs are neither conform-
ing to any rule in occurrence nor in clustering across
studied genomes. We subsequently analyzed the diver-
sity in motif composition and tract size of the incident
microsatellites.

In terms of tract size, if we compare species with same
number of incident SSRs, the results are all the more
intriguing. HEV1, HEV3, HEV9, and HEV10 have same
number of 23 SSRs present in their genomes (Fig. 1, Sup-
plementary file 1). However, if we look at their respective
tract size distribution its highly variant. HEV1, HEV3,
and HEV10 have the maximum tract size from di-nucle-
otide repeats with 77 bases (11 SSRs), 72 bases (12 SSRs),
and 101 bases (16 SSRs) respectively whereas HEV9 has
maximum tract size of tri-nucleotide repeats with 85
bases. Contrastingly, all the above four genomes have
very low representation in terms of incidence as well as
repeat size for mono-nucleotide repeats.

The diversity in incidence and composition of micro-
satellites has been observed across viruses with varying
genome size, type, and GC content [11-14]. Thus, these
aspects represent the SSR signature for each genome
in an unique manner. Their role in genome evolution,
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regulation of gene expression and biomarkers for spe-
ciation has been elucidated but not yet fully understood.
The presence and variations of SSRs in HEV genomes
warrants for further analysis so we looked at their dis-
tribution across coding and non-coding regions in the
genomes.

The presence of SSRs predominantly in the cod-
ing region of HEV genomes illustrated two important
aspects. First, since the viral genome is mostly coding so
SSRs will also be expectedly mostly present in protein
coding areas of the genome. Secondly, since the SSRs are
associated with gene expression and viral evolution, their
localization in proteins becomes a pre-requisite which is
validated by the data.

The phylogenetic tree was assessed with possible cor-
relation between host and localization of mono-nucle-
otide repeats to specific genome regions. Previously, we
have reported the existence of mono-nucleotide repeats
exclusively to the A/T region of the genome for human
and related hosts [15]. The same has also been observed
in Rhabdoviridae and Coronaviridae (data not shown).
The present data set doesn’t conform to the said pat-
tern wherein three species with birds as host exhibited
exclusivity of mono-nucleotide SSRs to G/C region of the
genome. This may be attributed to the higher GC con-
tent of the presently studied genomes. This indicates that
host range is definitely decided by multiple factors and
genomes of varied compositions need to be analyzed to
forge a widely acceptable rule.

Conclusions

The HEV genomes have unique SSR signature with no
observable pattern in incidence, composition or localiza-
tion. However, these variations are the key to their evo-
lution as indicated by clustering of species with similar
hosts on the phylogenetic tree. The SSR map for all viral
genomes is the key to understanding and predicting viral
evolution.

Methods

Genome sequences

The complete genome sequences of 22 HEV genomes
of the family Hepeviridae and genus Orthohepevirus (21
species) and Piscihepevirus (1 species) were extracted
from NCBI database (http://www.ncbi.nlm.nih.gov/).
A summary of the studied species (genome type, classi-
fication, abbreviations, host) and genome features (size,
GC%) have been mentioned in Supplementary file 1. The
hosts information was extracted from Virus-Host Data-
base from the given link (https://www.genome.jp/virus
hostdb/note.html).
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Microsatellite extraction and analysis

The extraction of microsatellites was done using Imper-
fect Microsatellite Extractor (IMEx) which yields
mono- to hexa-nucleotide repeat motifs. The ‘Advance-
Mode’ of IMEx with the previously established param-
eters was used. Minimum repeat size allowed was 6
(mono-), 3 (di-), 3 (tri-), 3 (tetra-), 3 (penta-), and 3
(hexa-) [16, 17].

Imperfect microsatellites were allowed and com-
pound microsatellites (cSSR) defined by two or
more SSRs separated by a distance of < dMAX were
extracted at varying dMAX from 10 to 50 at intervals
of 10. Other parameters were set to the defaults. The
extracted microsatellites were saved in Microsoft Office
Excel 2019 and used for further analysis which included
relative abundance (RA) and relative density (RD) for
SSRs and ¢SSRs (sRA and sRD/cRA and cRD respec-
tively); cSSR%; motif composition; tract size; localiza-
tion on the genome and others. RA is defined as the
number of microsatellites present per kb of the genome
whereas RD is the number of bases present as SSR per
kb of the genome. cSSR% represents the number of
SSRs present as a part of cSSR expressed as percentage.

Phylogenetic analysis

Alignment and phylogenetic reconstructions were per-
formed using the function “build” of ETE3 v3.1.1 [18]
as implemented on the GenomeNet (https://www.
genome.jp/tools/ete/). Alignment was performed with
MAFFT v6.861b with the default options [19]. The
resulting alignment was cleaned using the gappyout
algorithm of trimAl vl.4.rev6 [20]. Best nucleotide
model was selected using ML tree inference among
JC, K80, TrNef, TPM1, TPM2, TPM3,TIM1ef, TIM2ef,
TIM3ef, TVMef, SYM,F81, HKY, TrN, TPMIuf,
TPM2uf, TPM3uf,TIM1, TIM2, TIM3, TVM and GTR
models using pmodeltest v1.4. ML tree was inferred
using RAXxML v8.1.20 ran with model GTRGAMMA
and default parameters [21]. Branch supports were
computed out of 100 bootstrapped trees.

Correlation analysis

Correlation analysis was conducted to determine if
genome size and GC content impact SSR incidence
features. The simple correlation calculations were per-
formed using Microsoft Office Excel 2016.

Abbreviations

¢SSR: Compound SSR; HEV: Hepatitis E virus; IMEx: Imperfect microsatellite
extractor; RA: Relative abundance; RD: Relative density; SSR: Simple sequence
repeats.


http://www.ncbi.nlm.nih.gov/
https://www.genome.jp/virushostdb/note.html
https://www.genome.jp/virushostdb/note.html
https://www.genome.jp/tools/ete/
https://www.genome.jp/tools/ete/

Jilani and Ali Journal of Genetic Engineering and Biotechnology

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/543141-022-00365-w.

Additional file 1: Supplementary file 1. Genomes features and
extracted microsatellites of HEV in the study

Additional file 2: Supplementary file 2. SSR incidence, tract size, com-
position and location in HEV genomes

Additional file 3: Supplementary file 3. SSRs extracted from HEV
genomes

Additional file 4: Supplementary file 4. cSSRs and varying dMAX in HEV
genomes

Acknowledgements
The authors thank the Department of Biological Sciences, Aliah University,
Kolkata, India, for all the financial and infrastructural support provided.

Authors’ contributions

MGJ: data curation, formal analysis, validation, and methodology. SA: concep-
tualization, supervision, validation, and writing—original draft, review, and
editing. The authors read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included in this published
article [and its supplementary information files]

Studies involving plants must include a statement specifying the local,
national or international guidelines and legislation and the required or appro-
priate permissions and/or licences for the study.

Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 9 January 2022 Accepted: 9 May 2022
Published online: 17 May 2022

References

1. Dalton HR, Kamar N, Baylis SA, Moradpour D, Wedemeyer H, Negro F
(2018) EASL clinical practice guidelines on hepatitis E virus infection. J
Hepatol 68:1256-1271. https://doi.org/10.1016/jjhep.2018.03.005

2. Dalton HR, Hunter JG, Bendall RP (2013) Hepatitis E. Curr Opin Infect Dis
26:471-478. https://doi.org/10.1097/01.qc0.0000433308.83029.97

3. Sridhar S, Teng J, Chiu T-H, Lau S, Woo P (2017) Hepatitis E virus geno-
types and evolution: emergence of camel hepatitis E variants. Int J Mol
Sci 18:869. https://doi.org/10.3390/ijms18040869

4. Dalton HR, Webb GW, Norton BC, Woolson KL (2016) Hepatitis E virus:
time to change the textbooks. Dig Dis 34:308-316. https://doi.org/10.
1159/000444468

5. Rein DB, Stevens GA, Theaker J, Wittenborn JS, Wiersma ST (2012) The
global burden of hepatitis E virus genotypes 1 and 2 in 2005. Hepatology
55:988-997. https://doi.org/10.1002/hep.25505

6. Kamar N, Marion O, Abravanel F, Izopet J, Dalton HR (2016) Extrahepatic
manifestations of hepatitis E virus. Liver Int 36:467-472. https://doi.org/
10.1111/1iv.13037

(2022) 20:73

Page 8 of 8

7. Bose PD, Das BC, Hazam RK, Kumar A, Medhi S, Kar P (2014) Evidence of
extrahepatic replication of hepatitis E virus in human placenta. J Gen Virol
95:1266-1271. https;//doi.org/10.1099/vir.0.063602-0

8. Rivero-Juarez A, Frias M, Rodriguez-Cano D, Cuenca-Lépez F, Rivero A
(2016) Isolation of hepatitis E virus from breast milk during acute infec-
tion: table 1. Clin Infect Dis 62:1464.2-1464.1464. https://doi.org/10.1093/
cid/ciw186

9. Pischke S, Hartl J, Pas SD, Lohse AW, Jacobs BC, Van der Eijk AA (2017)
Hepatitis E virus: infection beyond the liver? J Hepatol 66:1082-1095.
https://doi.org/10.1016/j.jhep.2016.11.016

10. Geng Y, Zhao C, Huang W, Harrison TJ, Zhang H, Geng K et al (2016)
Detection and assessment of infectivity of hepatitis E virus in urine. J
Hepatol 64:37-43. https://doi.org/10.1016/jjhep.2015.08.034

11. Alam CM, Singh AK; Sharfuddin C, Ali S (2013) In-silico analysis of simple
and imperfect microsatellites in diverse tobamovirus genomes. Gene
530:193-200. https://doi.org/10.1016/j.gene.2013.08.046

12. Alam CM, Singh AK, Sharfuddin C, Ali S (2014) In- silico exploration of
thirty alphavirus genomes for analysis of the simple sequence repeats.
Meta Gene 2:694-705. https://doi.org/10.1016/jmgene.2014.09.005

13. Mashhhood Alam C, Igbal A, Tripathi D, Sharfuddin C, Ali S (2017) Micro-
satellite diversity and complexity in eighteen staphylococcus phage
genomes. Gene Cell Tissue. https:.//doi.org/10.5812/gct.14543 In Press

14. Mashhood Alam C, Sharfuddin C, Ali S (2015) Analysis of simple and
imperfect microsatellites in ebolavirus species and other genomes of
filoviridae family. Gene Cell Tissue 2. https://doi.org/10.17795/gct-26204

15. Laskar R, Jilani MG, Ali S (2021) Implications of genome simple sequence
repeats signature in 98 Polyomaviridae species. 3. Biotech 11:35. https://
doi.org/10.1007/513205-020-02583-w

16. Mudunuri SB, Nagarajaram HA (2007) IMEx: imperfect microsatellite
extractor. Bioinformatics 23:1181-1187. https://doi.org/10.1093/bioin
formatics/btm097

17. Alam CM, Igbal A, Sharma A, Schulman AH, Ali S (2019) Microsatellite
diversity, complexity, and host range of mycobacteriophage genomes
of the siphoviridae family. Front Genet 10:207. https://doi.org/10.3389/
fgene.2019.00207

18. Huerta-Cepas J, Serra F, Bork P (2016) ETE 3: reconstruction, analysis, and
visualization of phylogenomic data. Mol Biol Evol 33:1635-1638. https://
doi.org/10.1093/molbev/msw046

19. Katoh K, Standley DM (2013) MAFFT multiple sequence alignment soft-
ware version 7:improvements in performance and usability. Mol Biol Evol
30:772-780. https://doi.org/10.1093/molbev/mst010

20. Capella-Gutierrez S, Silla-Martinez JM, Gabaldon T (2009) trimAl: a tool
for automated alignment trimming in large-scale phylogenetic analyses.
Bioinformatics 25:1972-1973. https://doi.org/10.1093/bioinformatics/
btp348

21. Stamatakis A (2014) RAXML version 8: a tool for phylogenetic analysis and
post-analysis of large phylogenies. Bioinformatics 30:1312-1313. https://
doi.org/10.1093/bioinformatics/btu033

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1186/s43141-022-00365-w
https://doi.org/10.1186/s43141-022-00365-w
https://doi.org/10.1016/j.jhep.2018.03.005
https://doi.org/10.1097/01.qco.0000433308.83029.97
https://doi.org/10.3390/ijms18040869
https://doi.org/10.1159/000444468
https://doi.org/10.1159/000444468
https://doi.org/10.1002/hep.25505
https://doi.org/10.1111/liv.13037
https://doi.org/10.1111/liv.13037
https://doi.org/10.1099/vir.0.063602-0
https://doi.org/10.1093/cid/ciw186
https://doi.org/10.1093/cid/ciw186
https://doi.org/10.1016/j.jhep.2016.11.016
https://doi.org/10.1016/j.jhep.2015.08.034
https://doi.org/10.1016/j.gene.2013.08.046
https://doi.org/10.1016/j.mgene.2014.09.005
https://doi.org/10.5812/gct.14543
https://doi.org/10.17795/gct-26204
https://doi.org/10.1007/s13205-020-02583-w
https://doi.org/10.1007/s13205-020-02583-w
https://doi.org/10.1093/bioinformatics/btm097
https://doi.org/10.1093/bioinformatics/btm097
https://doi.org/10.3389/fgene.2019.00207
https://doi.org/10.3389/fgene.2019.00207
https://doi.org/10.1093/molbev/msw046
https://doi.org/10.1093/molbev/msw046
https://doi.org/10.1093/molbev/mst010
https://doi.org/10.1093/bioinformatics/btp348
https://doi.org/10.1093/bioinformatics/btp348
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.1093/bioinformatics/btu033

	Assessment of simple sequence repeats signature in hepatitis E virus (HEV) genomes
	Abstract 
	Background: 
	Results: 

	Background
	Results
	Genome features
	Microsatellite incidence
	Microsatellite composition
	Microsatellite distribution
	Phylogenetic analysis

	Discussion
	Conclusions
	Methods
	Genome sequences
	Microsatellite extraction and analysis
	Phylogenetic analysis
	Correlation analysis

	Acknowledgements
	References


