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Abstract: SEN Virus (SENV) is a newly discovered group of transmissible, hepatotropic, single-stranded, circular, non-enveloped DNA viruses that are 
distantly linked to the widely distributed Torque Teno Virus (TTV) family. This research aimed to use nucleotide sequencing to identify the genetic 
alterations of SEN-V and to investigate the similarities between isolates. Seven DNA samples of SENV, which were previously extracted from blood of post 
transfusion hepatitis, were used to identify the genetic variation of SEN-V by nucleotide sequencing. According to the current analysis results, specific 
primer pairs were used to detect SENV DNA sequences isolated from Iraqi patients with hepatitis; however, those specific primers can also detect two new 
variants of SENV that are closely related to the Torque Teno Virus. In addition, four SENV isolates showed several substitution mutations, and one of 
them revealed the replacement of Proline (P) at position 11 with Serine (S). Only one local isolate of SENV was 100% identical to the Iranian isolate 
(GenBank acc. no. GQ452051.1) from thalassemia. Key words: SEN-V, Sequencing, Phylogenetic tree.
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Introduction
In addition to well-known A to E hepatitis viruses, there is 

growing evidence that newer hepatitis viruses may exist and 
have a role in this disease1. The SEN virus (SENV) is a mem-
ber of a newly discovered family of hepatotropic, non-envelo-
ped, single-stranded (ss) DNA of negative polarity viruses that 
was reported as non-A to E hepatitis virus in 19992. SEN-V is 
a circular 3,900 nucleotides, possibly belonging to the Ane-
lloviridae family, including Torque Teno virus (TTV), TTV-like 
minivirus, SANBAN virus and SAN YONBAN virus. Among nine 
detected genotypes of SEN-V; genotypes D and H are more 
frequent in hepatitis cases3-5. SENV and TTV have related ge-
nomic structures; SENV's nucleotide sequence found two do-
minant, partially overlapping open reading frames (ORF1 and 
ORF2)6-9.

About 20% of hepatic infections are not associated with 
hepatitis viruses (A–E), which may be interpreted as other viru-
ses' involvement. Wide ranges of SENV infections are reported 
in individuals with liver disease. SENV is ubiquitous with dis-
tinct geographic variations. Epidemiological studies have evi-
denced wide ranges of SENV in other pathological conditions, 
such as autoimmune diseases, respiratory conditions, cancer, 
thalassemia patients and patients on maintenance hemodialy-
sis. In spite of several studies, the pathogenetic role of SENV 
has not yet been clarified10-13. The current study aims to detect 
the genetic changes in SEN-V and/or similarities between iso-
lates in hepatitis patients.  

Methods

Selection of samples
Seven (7) DNA samples of SENV, which were previously 

extracted from the blood of post-transfusion hepatitis, those 
DNA samples were used to identify the genetic alterations of 
SENV by Sanger nucleotide sequencing. Until used, these spe-
cimens were held in a deep freeze (-44°C).

Detection of SENV DNA
TThe samples were taken out of the freezer and thawed. 

For the isolation and purification of DNA from specimens, the 

Viral Nucleic Acid Extraction Kit II (Cat. #VR00, Geneaid, Tai-
wan) was used. The operation was carried out following the 
manufacturer's instructions. According to Karimi-Rastehkena-
ri et al.2, SENV DNA was determined using nested polymerase 
chain reaction (PCR) with SENV-specific primers. For amplifi-
cation, PCR fragment was chosen, which was expected to co-
ver 119 bp of the SENV. SENV was amplified for the first round 
with forwarding primer AI-1F (5’-TWCYCM AAC GACCAG CTA 
GAC CT-3'; W = A or T, Y = C or T, M = A or C) and reverse pri-
mer AI-1R (5’-GTT TGT GGTGAG CAG AAC GGA-3'), while for 
the second-round PCR amplification with specific forward and 
reverse primers H-1020F (5’-TTT GGC TGC ACC TTC TGG TT-
3') and H-1138R (5’-AGA AAT GAT GGG TGA GTG TTA GGG-
3'), respectively.

Genomic amplification
According to Khudair et al.11, DNA amplification reactions 

were carried out using nested traditional PCR. For the first and 
second round reactions, the cycling conditions were similar as 
follows: initial denaturation at 95°C for 5 minutes for 1 cycle, 
followed by of DNA amplification by sequentially heating for 
denaturation of DNA template at 95°C for 30 seconds, annea-
ling at 60°C for 45 seconds, and extension at 72°C for 45 se-
conds for 35 cycles, then final extension 72˚C for 5 minutes for 
1 cycle. The amplicons were electrophoresed in a 1 percent 
agarose gel for visualization. The band size was determined 
using an ultraviolet (UV) transilluminator and a direct compa-
rison to a 100 bp DNA marker. One band of 119 bp DNA was 
found in SENV DNA positive samples, as shown in figure (1). 
The amplified SENV DNA samples have a code number of (1, 
5, 68, 100, 122, 123, and 136). These seven samples were sent 
to Macrogen Company in South Korea and their corresponding 
primers for sequencing.

Analysis of sequences
The nucleotide sequence similarities between isolates and 

the documented reference sequence were determined in this 
study using the BLAST program (http://www.ncbi.nih.gov) and 
the BioEdit program. Nucleotide sequences were translated to a 
protein sequence using the online Expasy translate server. Using 
the NCBI-BLAST server, a specific comprehensive viral tree was 
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built, in which the observed viral variant was compared to their 
neighbor homologous viral sequences14. Then, using Clustal 
Omega for making multiple sequence alignments. In addition, 
FigTree (http://tree.bio.ed.ac.uk/software/figtree/) a program 
was used to graphically view phylogenetic trees, including the 
observed variant, as a polar cladogram. In the comprehensive 
tree, the viral sequences of each classified phylogenetic species 
group were colored accordingly.

Results

Sequencing of SENV local isolates
According to the sequencing company's instructions, 

seven SENV isolates' 119-bp PCR second round amplicons 
were commercially sequenced from both ends. Only specific 
chromatographs from ABI sequence files were studied fur-
ther, ensuring that the annotation and differences were not 
due to PCR or sequencing errors. The exact location and other 
aspects of the retrieved PCR fragment were established by 
comparing the observed DNA sequences of both local speci-
mens with the retrieved DNA sequences of SENV (GenBank 
acc.GQ452051.1).

The SENV sequences were highlighted in table (1); the 
grey-colored regions correspond to forward and reverse pri-
mers, respectively. The forward primer is positioned in the 
positive strand, while the position of the reverse primer was 
in the negative counterpart. The alignment results of all se-
quenced samples revealed the presence of seven mutations, in 
which substitution was observed, as shown in table (2). The se-
quencing chromatogram of the observed point mutation was 
documented in these amplicons, as shown in figure (2). The 
exact positions of observed mutation were listed in the NCBI 
reference sequences figure (3) to summarize all of the results 

obtained from the sequenced 119 bp fragment. Interestingly, 
The NCBI Blast server disclosed that there were noticeable 
differences between the previously sequenced samples (Var. 
Nos. 1, 5, 100, 123, and 136) and the (Var. No. 68 and 122), as 
shown in figure (4).

Discussion
Viral hepatitis is a worldwide disease that presents a seve-

re threat to human health. To date, five hepatitis viruses have 
been discovered, ranging from A to E, accounting for 80% to 
90% of hepatitis cases. However, none of the hepatitis viruses 
were found in the remaining 10% to 20% of cases with classic 
viral hepatitis symptoms, indicating that other viruses, such as 
SENV, are likely to play a role in the pathogenesis of non-A-E 
hepatitis3,13.

In this study, the total number of aligned nucleic acid se-
quences in the comprehensive phylogenetic tree figure (4), re-
gardless of viral variants, was 123 sequences including seven 
different local SENV isolates from viral hepatitis patients. in 
addition to both SENV and TTV sequences, this viral-specific 
phylogenetic tree consists of several viral species, namely 
TTV-like viruses, Spodoptera Litura Nucleopolyhedroviruses, 
enterobacter phages, Gallid herpes viruses, Canine distemper 
viruses, as well as uncultured viruses15,16. The comprehensive 
phylogenetic tree was found that observed viral variants en-
compassed two-variable phylogenetic positions; the first one 
is located in the SENV referring sequencing group, while the 
other group is located in the TTV referring sequencing coun-
terpart. The current study-based phylogenetic tree indicated 
that two main categories are originated from the presence 
of specific differences between the sequences of both viral 
groups.

The first viral group is just derivatives of the main SENV 
referring sequences. This sort of difference belongs to the ob-

Figure 1. Agarose gel electrophoresis of PCR products second round. Line 1: 100 bp ladder. Lines 2,5,6 and 8 SENV-H  positive 
119 bp. Lines 3,4,7,9 and 10 negative samples.

Table 1. The position and length of the PCR amplicon used to amplify SENV virus. The amplified sequence was extended from 
1 into 119 of the NCBI reference DNA sequence (GenBank acc. no. GQ452051.1). The grey-colored regions refer to forward and 
reverse primers, respectively.
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Table 2. The observed single-nucleotide polymorphism (SNP) pattern in comparison to the NCBI referring sequences of the 
SEN virus (GenBank acc. no.GQ452051.1).

Figure 2. The DNA chromatogram sequence of local isolates of SEN virus. The locations of the observed substitution muta-
tions were highlighted. The symbol ">" denotes a substitution mutation.

Figure 3. The DNA sequences of the observed local viral isolates were aligned with the corresponding reference sequences of 
the SEN virus. The substitution mutations were highlighted in the PCR products according to their positions. The NCBI referring 
sequence is denoted by the symbol "ref.seq." The colored arrows indicate substitution mutations that have been found.
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Figure 4. The comprehensive phylogenetic tree of local viral isolates from SENV (Nos. 1, 5, 100, 123, 136, 68 and 122.( The 
black color denotes viral forms that have been sequenced, while the other colors denote viral species that have been deposited 
with the NCBI. The SENV positions of Var. Nos. 1, 5, 100, 123, and 136 are indicated by blue colored arrows, while the Var. Nos. 
Red-colored arrows indicate 68 and 122. All of the numbers mentioned above referred to each referencing species' Genbank 
accession number. The number "3.0" at the bottom of the tree denotes the degree of scale range among the species classified 
by the comprehensive tree.  
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served DNA variations that were revealed in five sequenced 
viral samples. The Var. No. 1 was exerted only one variation 
from the SENV referring sequence (g.66T>C). In addition, 
the situation is the same in Var. No.100 that showed transi-
tion replacement of pyrimidine base with another pyrimidine 
(g.31C>T) which led to replacement of Proline (P) at position 
11 with Serine (S). Whereas Var. Nos. 5 and 136 have exerted 
more variations (g.21C>T, g.36A>G, g.54G>A, g.72C>A, and g.
87G>A), as shown in table (2). Thus, both Var. No. 5 and Var. No. 
136 were occupied a distinctive position in the tree. Such po-
sition was however located within SENV phylogenetic regions, 
as shown in figure (4).

The both local Var. Nos. 68 and 122 were distant from the 
SENV phylogenetic position. In contrast they showed similarity 
to Torque Teno virus (acc. no. TK163918.1). The current finding 
was that two samples No. 68 and 122 deviated from the ex-
pected SENV sequenced samples into the unexpected Torque 
Teno viruses. This is perhaps due to several reasons; SEN and 
TTV have many in common sequences as they share many 
homologies. The genomic sequences of SENV are relatively 
similar to TTV, and both are classified within the Anelloviridae 
family3. Add to that, both SENV and TTV are single-stranded 
non-enveloped DNA viruses of 3,900 nucleotides2,17-20. The ex-
traordinary diversity data obtained from the present study fo-
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llows other reports that notified such a particular interconnec-
tion between SENV and TTV7,21. In addition, The high genomic 
homology seen between these two SENV isolates and several 
TTV isolates could point to SENV's evolutionary history con-
cerning TTV1. According to one study, some of the TTV-rela-
ted isolates can be pathogenic15. Through specifically designed 
primers pairs were utilized in this study to detect SENV DNA 
sequences, it's probably that such specific primers may detect 
the closely related TTV sequences instead22.

Conclusions
This study showed that several silent point mutations had 

been found in SENV ORF1 region. However, only one mutation 
in isolate No.100 led to the replacement of Proline with Serine. 
The present phylogenetic tree provided a clue about the identi-
ty of these local isolates, and a more extensive scale screening 
study is required for more information about the pattern of rela-
tedness between SENV sequences and their TTV counterparts 
in different diseases in our region.
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