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1 | INTRODUCTION

Torque teno viruses (TTVs), a group of non-enveloped, circular

single-strand DNA viruses with 3.6- to 3.9-kb genome size, were first
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Abstract

Background: Torque teno viruses (TTVs) have been detected worldwide, from a wide
range of animals. Up to date, few studies focused on the prevalence of TTVs in gen-
eral and swine torque teno viruses (TTSuVs) in particular in Korean swine farms.
Objective: This study aimed to investigate the appearance of TTSuVs and TTVs in
sick pigs during the 2017-2018 period.

Materials and Methods: Molecular-based method using TTSuV1-, TTSuV2- and
TTV3-specific primers was used to screen for the viruses from either sera or pooled
internal organs of sick pigs. For genetic characterization, genomic sequences of TTVs
were sequenced by a primer walking method. Several bioinformatic tools have been
utilized to investigate the genomic organization and genetic relationship of TTVs.
Results: Two years of prevalence survey reveal that the prevalence of TTSuV2 is
about twice that of TTSuV1. Furthermore, we identified TTV of genogroup 3 in swine
pooled organ samples. The genome of two strains, M265_Korea_2017 and N119_
Korea_2018, are 3,817 bp in size; M265_2017 has three open reading frames (ORFs);
and N119_2018 strain has four ORFs. The complete genome nucleotide sequencing
of the two strains shows 98.4% homology, and the phylogenetic analysis of Open
reading frame (ORF)1 indicates that the strains are located close to TUPB strain sub-
group C of genogroup 3.

Conclusion: Our study provided the information of TTSuVs prevalence in swine farms
in Korea and highlighted the presence of TTV genogroup 3 strains in pigs.
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discovered in a Japanese patient in 1997 (Nishizawa et al., 1997).
According to the International Committee on Taxonomy of viruses
(ICTV), TTVs were assigned into Anelloviridae family including 14
genera (Walker et al., 2020). Of which, Alphatorquevirus, a genus
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mainly found in human and primates, can be divided into at least
seven different genogroups with great genetic diversity (Hsiao
et al., 2016; Mi et al., 2014; Ninomiya et al., 2008). Among them,
genogroup 3 was the most widely spreading (AbuOdeh et al., 2015;
Pinho-Nascimento et al., 2011).

Beside in humans, TTVs were found in a wide range of other
hosts such as primates, pigs, cats, and dogs. The TTVs of pig ori-
gin can be classified into two major groups: Torque teno sus virus
1 (TTSuV1, genus lotatorquevirus) and Torque teno sus virus 2
(TTSuV2, genus Kappatorquevirus), consisting of three subtypes (1a
to 1c) and seven subtypes (2a to 2 g), respectively (Li et al., 2013).
TTSuV1 was considered to cause clinical symptoms in gnotobiotic
pigs (Ellis et al., 2008; Krakowka et al., 2008).

Itis reported that TTVs common in human infection can be found
in pig's serum (Ssemadaali et al., 2016). The authors also provided ev-
idence about the possible infection of human cells by TTSuV1, which
raised the question of transmission of TTVs among humans and an-
imals. Recently, a study based on molecular analysis supported the
hypothesis of human to animal transmission event of TTVs (Sarairah
et al., 2020).

Up to date, few studies focused on the prevalence of TTSuVs and
other TTVs in Korean swine farms. Therefore, the aim of this study
is to investigate the appearance of TTSuVs and TTV genogroup 3 in
sick pigs from Korean domestic swine farms in South Korea during
the 2017-2018 period.

2 | MATERIALS AND METHODS

From January 2017 to December 2018, 470 clinical samples (sera, tis-
sues in lung, kidney, liver and lymph node; samples are pooled in each
group) from nine provinces of South Korea were sent to the lab for
diagnosis of respiratory viral diseases. The total DNA was extracted
using a viral DNA/RNA extraction kit (iINtRON Biotechnology Inc.,
Gyeonggi, South Korea) and was immediately used for amplification
or stored at -20°C.

Methods for detection of TTSuV1 and TTSuV2 were following
the previous studies (Li et al., 2013). We further investigated the
most widely spread Torque teno virus of genogroup 3 (TTV3) to
confirm cross species infection. Detection of TTV3 uses Al-1F and
Al-1R as mentioned below (Dencs et al., 2009). The polymerase
chain reaction (PCR) was performed using an i-StarMaster mix
PCR kit (INtRON Biotechnology Inc.). For genetic characterization,
we followed TTSuVs of the three strains (M117, N86 and N116),
completely sequenced by a primer walking method (Li et al., 2013).
The specific PCR products were purified by the gel extraction
method and further processed for TA cloning and transformation
(Kim et al., 2014). Putative ORFs of the obtained sequences were
predicted using ORFfinder tool (https://www.ncbi.nlm.nih.gov/
orffinder/) with the minimum length of 50 amino acids, and the
start codon was selected as ATG and alternative initiation codons
as suggested by Tanaka et al. (2001). Functional analyses of the
putative proteins were detected by BLAST (Johnson et al., 2008).

WI LEY-| 25

Sequence alignment was applied by MAFFT using default options
(Katoh & Standley, 2013).

For phylogenetic study, the best nucleotide substitution model
and the complete genome sequence model were selected automat-
ically by specifying the “m TEST’ option in IQ-TREE version 1.3.8
(Nguyen et al., 2014). In this study, the best plot model (GTR + G4)
was used for phylogenetic analysis. For genotyping, we collected
from the TTSuVs reference sequences (Li et al., 2013) and the TTVs

reference sequences (Hsiao et al., 2016).

3 | RESULTS

In this study, pigs showing signs of respiratory problems (n = 470)
were collected on the detection rates of TTSuVs in 2017 and 2018;
the positive rates of TTSuV1 were 17% (47/280), 15% (28/190) in
2017 and 2018, and for TTSuV2, they were 34% (95/280) and 39%
(73/190)in 2017 and 2018, respectively. In total, positive rates of 16%
(75/470) and 36% (168/470) were detected for TTSuV1 and TTSuV2.
Co-infection of both groups (TTSuV1 and TTSuV2) was 8% (38/470)
of the total sample. Among the positive samples, three strains (M117,
N86 and N116) were registered in GenBank with accession numbers
MK452763-MK452765. Regarding the genetic relationship within the
complete genome references in TTSuVs, two strains of M117 and N86
belonged to 1b and 1c of TTSuV1, and the other N116 strain is lo-
cated in subtype 2b (Figure S1). From the collected samples (n = 470),
we further investigated the most widely spread TTV3 genogroup to
confirm cross species infection. Interestingly, the results detected
only two field strains (M265_Korea_2017, MK452766; and N119_
Korea_2018, MK452767) for which the PCR amplicon band site is 350
bps. In the sequencing blast results, the strains of M265 and N199
were shown 96% and 94% homology with TUPB (AF247137) strain.
For genetic characterization, the two strains (M265_Korea_2017 and
N119_Korea_2018) were completely sequenced by using a primer
walking method (Biagini et al., 2000).

Focusing on the TTV 3 strains, we found that each M265 and
N119 strains has a 3,817 full-length genome and the M265 has three
ORFs (ORF1, ORF2 and ORF3) while the N119 strain has four ORFs
(ORF1, ORF2, ORF 2-2 and ORF 3) (Figure 1a,b). The strains showed
full-length G+C contents of 50.79% and 50.87%. ORF1, ORF2 and
ORF3 sequences encoded 760, 156 and 98 aa. ORF2-2 was also
found in N119, encoding 163 aa.

The complete genome sequences of each strain have 98.4%
homology. In the ORF1, the two strains showed 98.2% similarity in
nucleotide and 95.4% in amino acid, and ORF 2 showed 95.9% and
92.3%, and ORF3 showed 98.9% and 98% homology, respectively.
As inferred based on the ORF1 alignment with previous phyloge-
netic tree study within TTVs, the M265 and N119 strains belong
to genogroup 3 of subgroup 3c, which are close to the TUPB strain
(Figure 1c).

Further analysis indicated that the putative ORF1 of both
two TTV genogroup 3 strains contained (1) the Arginine-rich re-

gion located at N-terminate and (2) three conserved motifs of
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FIGURE 1 Predicted genome map of
Torque teno viruses (TTVs) of M265 (a)
and N119 (b) strains. Each strain including
ORF frame site with arrow sign. The
phylogenetic tree (c) is constructed using
the maximum likelihood trees of TTVs
ORF1 genomes with bootstrap 1,000,
automatically best fitting model selected
by IQ-TREE. The M265 and N199 (in

this study) strains were highlighted with
red colour, and the posterior supported
values were represented in the node bar.
The SANBAN, SAa-01 and SENVG grey
colours are representative for showing
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replicate-associated protein including motif 1 (FSL), motif 3 (YxxK)
and motif 4 (GxGK: P-loop) (Figure 2a,b). Similarly, the conserved
motif (WX, HX,CXCX;H) of ORF2-TTV was observed in M265 strain
while an aa change H—=>Q in the first histidine of the motif was found
in N119 (Figure 2c). Of the putative ORF3, a serine-rich domain was
found in the C-terminate of both strains (Figure 2d).

4 | DISCUSSION

It was reported that TTSuV infections existed in many countries
around the world (McKeown et al., 2004). In our study, the preva-
lence rate of TTSuVs in Korea during 2017-2018 was 44% (the posi-
tive rates of TTSuV1 and TTSuV2 were 16% and 36%, respectively,
and the co-infection of both type of TTSuVs was approximately 8%).
The prevalence of TTSuVs in Korea in this study was equivalent to
the positive rate of one in Thailand (McKeown et al., 2004). However,
the detection rate of TTSuV1 and/or TTSuV2 in this study was

lower compared with reports in other countries (Blois et al., 2014;
Lietal., 2013; Sibila et al., 2009) and even that of Korea before 2004
(McKeown et al., 2004).

In this study, we focused our investigation of sick pigs in the po-
tential appearance of TTVs genogroup 3. As a result, two out of 470
samples were TTV genogroup 3 positive. Sequence comparison and
phylogeny analysis indicated that the two strains share 98.4% se-
quence homology and belonged to the subgroup 3c. Interestingly,
genome organization prediction of N119 strain revealed an addi-
tional ORF2-2 besides the common ORFs 1-3 found in Anelloviridae
family (Biagini et al., 2012).

In this study, the TTVs genogroup 3 detected in pigs were pre-
dicted to contain the three common ORFs observed in other TTVs.
Of the ORF1, the N-terminated region was featured by the Arginine-
rich region (Figure 2a) which is similar to capsid proteins of circovi-
ruses (Mou et al., 2019). Furthermore, three replication-associated
motifs were also observed (Figure 2b). The presented motifs in ORF1

in TTVs were previously reported elsewhere (Tanaka et al., 2001).
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FRT51452.1_HD20a_ORF
AY823969.1_3h_ORF!
AF345526.1_TCHN-A, ORF
ABU9608.1_CHT1_ORF
ABOSTS26.1_CHB5-_ORFY
AB025046.2_SANBAN_ ORF
ABOBOS97.1_Sa-01_ORFS
AY025830.1_SENVG_ORF!
MA52766 o5 _ORFY
) MKSCTET_N19_ORF

Motif IV

(b) Motif | motiri () (P-loop)

FSL YxxK FGxGK
FRT51492.1_HD208 ORF1  'ETFSLKVLY FQYHTKTD NFGRGKWI
AY823989.1_30_ORF1 ETFSLRVLF FQYHTKKD TFGRGKWI
AF345526.1 TCHN-A ORFT  'ETFSLRVLY FQYHTKTD NFGQGKWI
ABO496081_CHTI_ORF!  TQFTLRILY LDWCSKED NFGLGRMP
AB037926.1_CH65-1_ORFI  TTENLRALY YQYHTKTD YFGMGKWY
AB0259462_SANBAN ORFT " TSFSLKVLF FQYNTKAD NFGDGKWI
1B060597.1_SAa01_ORFI  TTWSLKVCH FQYSTKMT TFGNGKMP
0258301 SENVG_ORFt I TISLQVLY FQYLTKPT LFGQGKMP
MK452766_M265_ORF1 ETFSLKGVY FQYLSKKG NFGIGKLP
MK452767_N119_ORF1 ETFSLKGVF FQYLSKKG NFGIGKLP

(d)

-+« - MIAWWG - WRRRW- WRPKRRWRWRRARRRRR - -
« - MAWWG - WRRRWEWRPRWRRRRRWTRRRRR - -

- -MAFWW- WRRRRRARWRRRAAARRWRRRRP - -

FR751492.1_HD20a_ORF2
AY823989.1_3h_ORF2
AF345526.1_TCHN-A_ORF2
AB049608.1_CH71_ORF2
AB037926.1_CH65-1_ORF2
AB025946.2_SANBAN_ORF2
AB060597.1_SAa-01_ORF2
AX025830.1_SENVG_ORF2
MK452766_M265_ORF2
MK452767_N119_ORF2

Lysine/Agrinine rich region

Agrinine rich region

-VPARRPRRAFRRYRTRT- VRRRRRGRRRGYRRR YRLRR YARRRFRRKK I VL TQWN
-VPARRPRRPVRRHRKRYRVRRRRWGRRY TRRERLRLR- - - RRRRRRKK [ VL TQWN

-« -MAFWW- WRRRRRARWRRRAAARRWRRRRP - - - - - - - RRRRAARRAGRRRRVRRRRGRWRRAHRRWRRRR- - - GRRRHKRKL | IRQWQ
----- MPWG - WARRWRRRPRRWRRWRRWGRRR TRWGLR TRRARAAVRRRRRGRVRRRARGGRR YA YRRRFRRR - - - - RARRRKK [ VL TQWN
- - MAWGWWR - RWRRWP ARRWRRRRRRRP LRRRRA - -
- - MAWRWWWQRRRRWWPRRRRRWRR - - - LRRRRP -
-+« - MIAWNGRWRRRRRWGWWRRRERRRLLPRRRR -
MAKKLRGWG - WRPRPRWRRWRRRRSRLPRRRVKP - -
MAKKIRGWG - WRPRPRWRRKRRRRSRQTRRRAKP -

GRPARRYRRRRTVRTRRRRWGRRRYRRCWRRRTYVRKE - - RARKKKKRL | LROWQ

-RRPVRRRRRRATVR- - RRRWRGRRGRRTYTRRAVRRR- - - - - RRPKKKLVLTQWS
-AAAGR-RRRRYTVR-RRR-RGGAFADGATDADCTLEK: - - - - TQTQEKACTDSME

AVRGLGSRSKPRVR-RRRTRRRRVYKRGWRRRRYIRR- - - - - ARRKKKLVL TQWN

- AASCLCRRSKPKVR-RRRTRRRRVYKRCGWRRRRYIRR- - - - - ARRKTKLVL TQWN

Conserved motif
Wx7)HX 3CxCx5)H

SRWYEAVRGSHDAFCGCSDPILHLS
RQWFECCYRAHGAFCGCGNF ILHLS
LCWYRSVRESHDAFCGCRDPVFHLS
RNWYESCFRSHAAMCGCGNF IDHLN
RNWFESCFRSHAAFCGCGNF IGHLN
RNWYEACFRAHAGSCGCGNFIAHIN
RNWLQACDQSHATFCGCGDF ILHLT
RNLYEAWYRTHAACCGCGDIVGHFN
QQWFES ILRSHHSFCGCGDPVLHFT
QQWFES ILRSQHSFCGCGDPVLHFT

Serine rich region

FR751492.1_HD20a_ORF3
AY823989.1_3h_ORF3

QKAPQVHRPKDPVSGQ-KRVRRRR-SPRRRTRRRRRGSSSS - - ESSESSEHSSSNSSTSRSNSPRPRRIST
KKASQVHRPKGSASGQETRPRRRRGRSPRRRKRRRRGSSSSSSESSESSSSSKSSSSVSQSPSPKPRRVST
QKATYLPRPKDHDSGK-KRTARRR-RSPRRGRRRRRGSSSS - - ESSESSESSTSNSSNSPYNSPRPKRTST

AF345526.1_TCHN-A_ORF3
AB049608.1_CH71_ORF3
AB037926.1_CH65-1_ORF3
AB025946.2_SANBAN_ORF3
AB060597.1_SAa-01_ORF3
AX025830.1_SENVG_ORF3
MK452766_M265_ORF3
MK452767_N119_ORF3

RESTPVKKRKKRERAKPRKKKPKR - -
SSSDASQKVQETTRHLLQRKLAEQ- -
PKKAHIQRKK- - - -GR-KPLQKSR- -

KKTSQVHKRQRPSRKKTQKRS TKK - -
SKKTRLQGKEKRHSSKKRKKQNSS - -
SKKTRLQGKEKRHSSKKRKKQKSS - -

----- WSSNSSSSASSDSNSDASP IKSFKSKKGTPYPPRPWYSR-
----- RQLRRQLEFMAVQLAKTQQGLHLNPLLLSCQPKTGF- - - -
----- RRRRQYSSSS - -DDSESSGSSSSSSNSSPEKCSKRKRVST
KKKTSLYRKKEGARPQ-KKPRTRR-APRKARRS YSSGSSGSSQSSSRSSSDSDTNSDSSSKKSSKRKRVST
----- RRYRSSSSSS----SSSSNSSDSSSESSGCSSPKPRAIRT
----- KRHKYSSSSS--GTSRSSSQSSTSSNSSCSNSSRPNPICI
----- KRHKYSSSSS--GTSRSSSQSSTSSNSSCSNSSRPNPICI

FIGURE 2 Functional domains of the putative ORF1 (a,b); ORF2 (c); and ORF3 (d). Torque teno viruses (TTVs) strains M265 and N119
(arrows) were predicted to contain several conserved regions (highlighted as light blue) and motifs (indicated as dash boxes). The well-
conserved amino acid in each motifs are highlighted; ‘x’ was any amino acid

Previous study suggested that ORF1 might encode a bifunctional
structural protein: the N-terminus played a role as capsid while the
function of the C-terminus might be a co-response to the replica-
tion (Kakkola et al., 2008). Of the remaining ORFs, putative ORF2
of M265 contained the well-observed motifs of Wx Hx;CxCx;H
in TTVs while a cluster of Leucine rich regions followed by Serine
rich regions in C-terminus were observed in the present strains.
These features are highly conserved in other Anelloviruses (Vibin
et al., 2020). As far as our knowledge, this is the first time the strains
belonging to Alphaternovirus were detected and studied.

In conclusion, the present study provided information of TTSuVs
prevalent in swine farms in Korea. Our results also highlight the

presence of TTV genogroup 3 strains in pig.
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