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Remnants of SIRE1 retrotransposons in human genome?
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Abstract. Evolution is unaimed changes in time that a genome is shaped by a collection of random mutations, recombination, inte-
grations, and reorganizations. Transposable elements (TEs) are mobile fragments representing a major portion of most eukaryotic genomes,
and are therefore considered as a key player in evolution. They are one of the main sources of genetic variability and have a large impact on
genome structure and stability in eukaryotes. In this study, the plant SIRE1 retrotransposon insertions were demonstrated in the human
genome by using barley SIRE1 interretrotransposon amplified polymorphism PCR (IRAP-PCR) primers. According to the IRAP-PCR
analysis, different distribution patterns were observed for 24 participants used in this study. The polymorphism ratios of SIRE1 were
calculated, and among all samples they were detected between 0 to 38%. Similarly, internal domains and LTR sequences of SIRE1 were
investigated by sequencing. Partial GAG, RT and ENV gene sequences were detected in the human genome by performing sequence and
bioinformatic analyses. According to the bioinformatic analysis, partial SIRE1 ENV sequences were interestingly detected in both human
and chimpanzee chromosome 1. Partial SIRE1 ENV sequences in chromosome 1 were also found to be associated with neuroblastoma
breakpoint family members’ (NBPFs) in humans. Polymorphic TE insertions in the human genome may be an essential source of natural
genetic variation with subtle effects on genome regulation, providing considerable source material for ongoing human evolution.
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Introduction

Evolution of life is unaimed hereditary changes relayed
through time (Dawkins 1974; Laland et al. 2015). The
genome is formed by a collection of random mutations,
recombination, integrations, and reorganizations that are
shaped by natural selection (Skern-Mauritzen and Mikkelsen
2021). Additionally, the success of species strictly relies on
the composition and functionality of their genome. Only a
small fraction of nuclear DNA represents a coding that on
the contrary the genome is mostly composed of repetitive
DNA and in particular of transposable elements (TEs). TEs,
or transposons, are found in almost all plants, animals and
even humans that can jump from site to site in the genome

during the life cycle of a cell. Some transposons encode the
enzymes which perform their excision (Lander et al. 2001;
de Koning et al. 2011). TEs have different shapes, lengths,
and different ways of mobilization. In the genomes, TEs are
normally nonrandomly distributed and considered as the
main drivers of genome evolution. Therefore, they have
diverse impacts on genome evolution such as promoting
genome size expansion influencing genome plasticity and
instability, also can generate new coding genes or regulatory
elements modulating gene and chromosomal rearrangements
and contribute to horizontal gene transfers (summarized by
Biscotti et al. 2019; Viviani et al. 2021).

TEs are generally classified into two main classes; class I:
retrotransposons use a ‘copy and paste’ mechanism for their
replication and expansion. Class II: DNA transposons use a
‘cut and paste’ mechanism (Rebollo et al. 2012).Buket Cakmak Guner and Elif Karlik contributed equally to this work.
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Interestingly, class I elements are mostly found in eukaryotic
lineages, but rarely in prokaryotes. However, class II ele-
ments are found in both prokaryotes and eukaryotes, sug-
gesting that progenitors of both classes were presumably
present in the common ancestor of all eukaryotes (Sotero-
Caio et al. 2017). Retroviruses are estimated to be inserted
into the mammalian lineages about 550 million years ago
(Hayward 2017). Older endogenous virus sequences may
still exist in human genome, but they cannot be recognized
according to the accumulation of mutations, including
deletions, insertions, or homologous recombination events
with large deletions (Moelling and Broecker 2019). Retro-
transposons are also subdivided into two categories; long
terminal repeat (LTR)-retrotransposons including human
endogenous retrovirus (HERVs) (Mills et al. 2007; Blom-
berg et al. 2009), and non-LTR retrotransposons including
long-interspersed elements (LINEs), short-interspersed ele-
ments (SINEs) and in humans, SINE-VNTR-Alu elements
(SVAs). Two-thirds of the human genome is composed of
more or less intact ERVs and related retrotransposons (de
Koning et al. 2011). LINEs are considered as the most
ancient elements known as autonomous retrotransposons
while SINEs and SVA elements are nonautonomous and
depend on LINE-1 machinery for retrotransposition (Zim-
merly and Semper 2015). Additionally, LINE is considered
to be responsible for most reverse transcription events,
including the retrotransposition of the nonautonomous
SINEs and the emergence of processed pseudogenes
(Esnault et al. 2000; Wei et al. 2001).

LTR-retrotransposons are the autonomous elements con-
taining the gag and pol genes that encode a protease, reverse
transcriptase, RNAse H and integrase. Interestingly, retro-
transposons have distinct evolutionary histories. Some
researchers considered that exogenous retroviruses have
arisen from endogenous retrotransposons by the acquisition
of a cellular envelope gene (env) (Malik et al. 2000). Some
others claimed that LTR endogenous retroviruses seem to
evolve from ancient viral infections of the germline and are
maintained vertically. Endogenous retroviruses (ERVs)
encode Pro, Gag, Pol, and sometime Env-like proteins like
their exogenous cousins (Lander et al. 2001). Mammalian
retroviruses are divided into three classes (I±III), containing
many families with independent origins. Most of the LTR
retrotransposons (85%) are ‘fossils’ consisting only of LTRs
(Mager and Stoye 2015). TE activity, especially ERVs, has
reduced in the hominid lineage relative to other mammalian
lineages (Lander et al. 2001). Moreover, Alu, LINE-1, SVA
retrotransposons and ERVs, including human ERVs are
active mobile genetic elements in the human genome
(Kazazian et al. 1988; Batzer and Deininger 1991; Brouha
et al. 2003; Ostertag et al. 2003; Wildschutte et al. 2016;
Karlik et al. 2021). Although they were assumed as junk
DNA, later it was understood that these elements both could
shape the genomes and play substantial roles in the regula-
tion of human genes (Feschotte 2008; Rebollo et al. 2012;
Chuong et al. 2017), and were also associated with diseases

(Wang et al. 2017; Karlik et al. 2021; Mao et al. 2021).
Therefore, understanding the functions of TEs are required.
Most of the studies on mammalian TEs have been focussed
on human, mice, and chimpanzee ERVand LINE families of
TEs (Yohn et al. 2005; Marchetto et al. 2013; Mun et al.
2014).

Throughout the evolutionary history of primate TEs, some
TEs are conserved over multiple phylogenetic clades and
orders while others are restricted to particular lineages (Ward
et al. 2018). The transmission of DNA between organisms is
demonstrated to be not necessarily closely related to hori-
zontal transfer (Soucy et al. 2015). One type of horizontal
transfer among eukaryotes is widespread though, that of
TEs, however, the frequency, impact, and mechanisms
underlying these transfers have remained more obscure in
eukaryotes (Martin 2017). Recently, studies indicated that
chromosomal distribution of TEs in natural plant populations
were found to be closely related species, suggesting that a
processor of some TE clusters may be ancient and shared
between species (Wright et al. 2001; Altinkut et al. 2006).
One of the first cases reported in eukaryotes for horizontal
transfer of TEs was the P elements (Daniels et al. 1990). The
study demonstrated that P elements were distributed within a
subgenus of Drosophila, and are almost identical in D.
melanogaster and D. willistoni despite the[26 million years
of divergence separating the two species, indicating that TEs
can cross species barriers has deeply transformed our
understanding of both TE evolutionary dynamics and host
genome evolution (Daniels et al. 1990; Peccoud et al. 2018).

Another retrotransposon is Sireviruses, an ancient retro-
transposon among Tyl/copia elements in plants, and has a
unique genome structure (Gao et al. 2003; Bousios et al.
2010, 2012). Sequence studies of Sireviruses demonstrated
that highly conserved sequence motifs have been found
within the extremely divergent noncoding domains known to
participate in the life cycle of LTR retrotransposons (Bousios
et al. 2010). Sireviruses are named as the SIRE1 element
after it was identified in soybean. Two notable features of
Sireviruses differentiate it from the other Ty1/copia genera is
that they consist of an env-like gene after pol and, encode a
significantly larger Gag protein (Peterson-Burch and Voytas
2002; Havecker et al. 2005). Each copy of SIRE1 is*11 kb,
making SIRE1 one of the largest retrotransposons in soy-
bean, additionally, SIRE1 is present and active in other plant
species, including barley, rice, maize, wheat, legumes, beets,
bananas, and agaves (Laten and Morris 1993; McCarthy
et al. 2002; Holligan et al. 2006; Weber et al. 2010; Hřibova
et al. 2010; Bousios et al. 2012; Cakmak et al. 2015).

To determine the activity of a retrotransposon, there are
many retrotransposons-based molecular marker techniques
developed (Gozukirmizi et al. 2015; 2016), thus one of the
most used techniques is interretrotransposon amplified
polymorphism (IRAP) molecular marker technique. In this
technique, two flanked retrotransposons or solo LTR are
amplified by special IRAP primers. According to the
absence or presence of the PCR product and the absence of
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amplification indicates lack of the retrotransposon at a
specific region, the polymorphism rates are calculated,
commonly used to study the genetic diversity in plants and
even humans (Kalendar et al. 1999; Schulman and Kalendar
2005; Guliyev et al. 2013; Yuzbasioglu et al. 2016; Cakmak
et al. 2017; Cakmak-Guner et al. 2018; Karlik et al. 2021).
In recent years, there are many reports to demonstrate the
analysis of SIRE1 element, especially in plants (Martı́n Sanz
et al. 2007; Du et al. 2010; Bousios et al. 2012; Cakmak
et al. 2015). Recently, researchers demonstrated that SIRE1
and BARE-1 are active retroelements in horse and sheep
genomes and they have shown polymorphism among indi-
viduals (Elkina et al. 2015). Additionally, our research group
also investigated the transferability of the barley retrotrans-
poson Sukkula primers for human genome (Cakmak et al.
2017). Thus, our research group detected Sukkula insertion
polymorphisms of the participants used in the study.
Therefore, the aim of this study was the determine the SIRE1
elements in human genome. Polymorphism rates among
human genome belonging to different ages were analysed by
IRAP method. Additionally, we performed sequence analy-
sis of LTR sequences and internal domains (GAG, ENV and
RT) of SIRE1 element. Our findings indicated that remnants
of SIRE1 may possibly be in the human genome.

Materials and methods

Samples

In this study, we obtained genomic DNA samples from Dr
Kaniye Sahin from the Department of Molecular Biology
and Genetics, Istanbul University. Genomic DNAs were
extracted with DNA extraction kit (Roche Diagnostics
GmbH, Mannheim, Germany). This study was carried out
according to the ethical standards. The quality of the
samples were detected with Spectrophotometric and elec-
trophoretic analyses. A total of 24 DNA samples (12
females and 12 males) within the age range of 10–79 years
(table 1) were used in the study. Individuals who partici-
pated in this study were not related to each other and did
not have any diseases.

IRAP analysis

The primer sequence used for IRAP was 50-CAGTTATG-
CAAGTGGGATCAGCA-30 as obtained from Chesnay et al.
(2007). PCR reaction was carried out by using 29 Sapphire
enzyme mix (Takara, RR350A). Concentration and quantity
of PCR components were modified from our previous
studies associated with this work (Cakmak et al. 2017;
Cakmak-Guner et al. 2018). In addition, PCR conditions
were also modified from the same previous works. The
reaction was carried out with 30 cycles. Initial denaturation
and denaturation temperature were 94�C; annealing

temperature was 51�C and extension and final extension
temperature were 72�C. PCR products run 2% agarose gel
electrophoresis in 19 TBE buffer at 150 V for 120 min.
Band sizes of amplicons were determined with GeneRulerTM

100-bp plus marker (SM0321, Fermentas) and gel was
photographed on a UV transilluminator.

SIRE1-LTR analysis

In addition to IRAP analysis, primers of SIRE1-LTR
sequences were obtained from Laten et al. (2003). Forward
primer was 50-TGGAAGGTTGTAAACAGTGGC-30 and
reverse primer was 50-ATATTTTCGGGCAGATG-30. Total
PCR reaction volume was 20 lL and final concentration of
PCR components were as follow: 19 buffer, 2.5 mmol/L
MgCl2, 0.2 mmol/L dNTP mixture, 0.5 lM/lL of each
primer, 0.05 U/lL Dream Taq PCR Enzyme Mix (EP0702,
Thermo Scientific) and 4 ng/lL genomic DNA. PCR reac-
tion was performed with 30 cycles. Initial denaturation (30 s)
and denaturation temperature were 94�C (3 min); annealing
temperature was 52�C (30 s) and extension (2 min) and final
extension temperature were 72�C (10 min). PCR products
were mixed 69 loading buffer and run in 2% agarose gel
electrophoresis for 100 min in 19 TBE buffer. Band sizes of
amplicons were determined with GeneRulerTM 100 bp plus
marker (SM0321, Fermentas) and the gel was photographed
on a UV transilluminator.

Polymorphism determination

The polymorphism rates were determined based on the
Jaccard similarity coefficient (Jaccard 1908). Moreover,
band profiles were also analysed by GelJ v.2.0 to construct
the phylogenetic tree. In addition to Jaccard’s coefficient,

Table 1. Participant’s information.

Sample
numbers*

Age range
(years)

Sample
numbers*

Age range
(years)

1 10–19 13 40–49
2 10–19 14 40–49
3 10–19 15 40–49
4 10–19 16 40–49
5 10–19 17 60–69
6 20–29 18 60–69
7 20–29 19 60–69
8 20–29 20 60–69
9 20–29 21 70–79
10 20–29 22 70–79
11 20–29 23 70–79
12 20–29 24 70–79

*Total 24 (12 females and 12 males) samples within the age range
of 10–79 years numbered randomly in order.
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samples were clustered based on the band distances with the
unweighted pair-group method with arithmetic mean
(UPGMA) clustering method to measure of dissimilarity,
thus avoiding characterizing the dissimilarity by extreme
values (minimum and maximum) between the considered
genotypes (Cruz et al. 2014; Heras et al. 2015).

Internal domain analysis

SIRE1 GAG, ENV, and RT internal domains were also
investigated in DNA samples using suitable primers (Laten
et al. 2003) (in table 2, primer 1–2 for ENV, 3–4 for GAG
and 5–6 for RT domain). PCR components and PCR con-
ditions were the same as SIRE1-LTR analysis. Annealing at
different temperatures for GAG, ENV, and RT analyses are
indicated in table 2.

Sequencing and bioinformatic analysis

The Sanger sequencing was performed using the primers
used for internal domain analysis indicated in table 2.
Afterwards, the retrieved sequences were used as a query
and subjected to homology search with the available human
genome at Ensembl database, additionally, the retrieved
sequences were also used as a query and subjected to
homology search with the available primate’s genomes at
Ensembl database using BLASTN tool (Altschul et al.
1990). Nucleotide multiple sequence alignment was per-
formed using the Muscle algorithm (Edgar 2004). MEGA 7
was used to calculate phylogeny reconstruction based on the
maximum-likelihood (ML) model (Felsenstein 1981),
including the following parameters: nucleotide, Tamura–Nei
model (Tamura and Nei 1993); data subset to use, complete
deletion; bootstrap analysis with 1.000 replicates. Tree
inference options: nearest-neighbour-interchange (NNI);
codon usage: 1st?2nd?3rd?noncoding (Kumar et al.
2016). The procedures followed were in accordance with the
current ethical standards.

Results and discussions

Display of SIRE1 polymorphisms in participants

TEs are mobile DNA fragments that can move from one
place to another on their host chromosomes or genome or
pass to another genome of the organism which is referred as
the horizontal transfer of the genetic material. Especially,
retrotransposons were found in almost every species, playing
an important role in both prokaryotic and eukaryotic evo-
lutions (Schaack et al. 2010). In this study, we aimed to find
the possible remnants of plant LTR retrotransposon, SIRE1
element, in the human genome. The study demonstrated that
SIRE1 primers can also be transferred to the human TE
studies according to amplification of internal domains and
LTR sequences of SIRE1 (see figures 1–6). To evaluate
SIRE1 presence, we performed IRAP-PCR analysis, the
results showed that SIRE1 primers were worked out in the
human genome (see in figure 1). We observed two main
clusters as a result of GelJ analysis (figure 2). The first group
consisted of six subjects (no: 1, 11, 12, 22, 23, 24), the other
17 subjects were found in the second group. We also eval-
uated monomorphic and polymorphic bands among samples
to calculate polymorphism percentages. Three hundred and
twenty-three monomorphic and 61 polymorphic scorable
bands were determined ranging from 400 to 2000 bp. Absent
(-) or present (?) bands are shown in table 3. There were
0–38% polymorphism ratios among all samples. We also
obtained % 0–38 polymorphism among females (12
females) and % 0–31 in males (12 males). In addition, dif-
ferences between males and females were also found to be
0–38% (table 4). We had five different groups in terms of the
average range, including 24 subjects. Two subjects of each
group were selected for SIRE1 LTR analysis (subject no: 1,
2, 11, 12, 14, 15, 17, 18, 21 and 23). Band profiles of IRAP-
PCR among samples were the same, ranging from 250 to
2000 bp (figure 3), while the SIRE1 LTR analysis results
were observed between 500 and 2000 bp. Based on the LTR
band profiles analysis, two subjects of each group were
randomly selected for internal domain analysis (subject no:
1, 2, 11, 12, 14, 15, 17, 18, 21 and 23). Band profiles among
samples are shown in figures 4, 5, 6. Also, we observed
different sequences sizes for all internal domains. We
observed RT sequences nearly between 300 and 2000 bp;
and GAG sequences nearly between 150 and 2000 bp and
ENV sequences nearly between 500 and 3000 bp.

It has been a long time that the origin of retrotransposons
is being discussed, that retrotransposons are the remnants of
ancient retroviral germline infections. In time, these inser-
tions are considered as evolutionarily fixed in the genome.
Approximately 450.000 HERVs consists of 8% of the
human genome, containing hallmark retroviral elements like
the gag, pol, env genes and LTRs that act as promoters
(Lander et al. 2001). This structure is similar to the retro-
transposons that SIRE1 also comprises gag, pol, env-like

Table 2. Primer sequences used in this study.

Name Sequence (50–30) (�C)

1 SIRE-ENV/F ACATTGTCTCGACACAGGG
2 SIRE-30LTR/R ATATTTTCGGGCAGATG 52
3 SIRE-50LTR/F TGGAAGGTTGTAAACAGTGGC
4 SIRE-GAG/R AGTCGAAAGGGATGTTCCG 52
5 SIRE-RT/F GAGGCACTGACTGATGAGTTC

6 SIRE-RT/R TTCTTTGCATACTTGCTTTGTGAG 47
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Figure 1. SIRE1 IRAP-PCR results of participants. NC, negative control; M, 1-kb marker and lane numbers represent the total 24 (12
females and 12 males) samples numbered in order according to table 1.

Figure 2. SIRE1 UPGMA results (GelJ v.2.0 analysis). Lane numbers represent the total 24 (12 females and 12 males) samples numbered
in order according to table 1.
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genes (Cakmak et al. 2015). Additionally, studies exhibited
that the same retrotransposons are mostly found in the dif-
ferent species and probably occurred as a result of horizontal
gene transfer mechanism. The transfer of new genes from
different species is especially important for prokaryotic
evolution. A few cases have also been reported that hori-
zontal gene transfer mechanism play substantial roles in

eukaryotic evolution (reviewed in Gozukirmizi et al. 2015).
SIRE1 may have integrated into the human genome as a
retrovirus in time due to the similarities between ERVs and
SIRE1. However, identifying horizontal gene transfer events
faces some difficulties, including the variable quality of
available genome sequences and limitations of analytical
procedures. One of the main types of horizontal transfer
cases is the amplification of TEs by transposition in the
receiving genome (Peccoud et al. 2018). For the last two
decades, the cases that crossed species boundaries by both

Figure 3. SIRE1 LTR results. Lane numbers represent the total 24
(12 females and 12 males) samples numbered in order according to
table 1.

Table 3. Absent (-) and present (?) bands of SIRE1.

Samples* ? - Samples* ? -

1 12 4 13 16 0
2 12 4 14 16 0
3 12 4 15 16 0
4 10 6 16 14 2
5 12 4 17 14 2
6 14 2 18 12 4
7 15 1 19 12 4
8 16 0 20 12 4
9 16 0 21 12 4
10 14 2 22 12 4
11 14 2 23 12 4
12 16 0 24 12 4

?, Monomorphic; -, polymorphic bands number.
*Total 24 (12 females and 12 males) samples numbered in order.

Table 4. SIRE1 polymorphism percentages (%).

Sample numbers*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

1 –
2 0 –
3 0 0 –
4 17 17 17 –
5 0 0 0 17 –
6 14 14 14 29 14 –
7 20 20 20 22 20 7 –
8 25 25 25 38** 25 13 6 –
9 25 25 25 38** 25 13 6 0 –
10 14 14 14 29 14 0 7 13 13 –
11 14 14 14 29 14 0 7 13 13 0 –
12 25 25 25 38** 25 13 6 0 0 13 13 –
13 25 25 25 38** 25 13 6 0 0 13 13 0 –
14 25 25 25 38** 25 13 6 0 0 13 13 0 0 –
15 25 25 25 38** 25 13 6 0 0 13 13 0 0 0 –
16 14 14 14 29 14 0 7 13 13 0 0 13 13 13 13 –
17 14 14 14 29 14 0 7 13 13 0 0 13 13 13 13 0 –
18 0 0 0 17 0 14 20 25 25 14 14 25 25 25 25 14 14 –
19 0 0 0 17 0 14 20 25 25 14 14 25 25 25 25 14 14 0 –
20 8 8 8 25 8 21 27 31 31 21 21 31 31 31 31 21 21 8 8 –
21 8 8 8 25 8 21 27 31 31 21 21 31 31 31 31 21 21 8 8 0 –
22 8 8 8 25 8 21 27 31 31 21 21 31 31 31 31 21 21 8 8 0 0 –
23 8 8 8 25 8 21 27 31 31 21 21 31 31 31 31 21 21 8 8 0 0 0 –
24 8 8 8 25 8 21 27 31 31 21 21 31 31 31 31 21 21 8 8 0 0 0 0 –

*Total 24 (12 females and 12 males) samples numbered in order.
**Percentages (%) have been calculated using Jaccard similarity coefficient. Numbers marked with dark indicated highest percentages (%).
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RNA-mediated and DNA-mediated elements have been
reported on many occasions, totally 218 convincing cases of
horizontal transfer of TEs with 103, 97, and 14 cases
affecting DNA transposons, LTR retrotransposons, and non-
LTR retrotransposons, respectively (Schaack et al. 2010).
However, studies of plant-based transposons in animal
genomes are rare. To date, there was one known study that
investigates plant-specific BARE-1 and SIRE1 retrotrans-
posons in the genome of farm animals (Elkina et al. 2015).
Cakmak et al. (2017) identified another plant-specific
retrotransposon Sukkula in the human genome. They found
the polymorphism rates as 8–100% among all samples. Most
researchers stated that horizontal transfer not only clarifies
the continuousness of the TEs over the evolutionary times
despite host defense mechanisms against TEs, but it may
also explain that horizontal transfer may contribute to the

composition and evolution of eukaryote genomes (Schaack
et al. 2010; Wallau et al. 2012; Ivancevic et al. 2013).

Evolutionary analysis of SIRE1 and other different species

Over half of primate genomes are composed of TEs (Jurka
2000; de Koning et al. 2011). Comparison sequence simi-
larity between the human and chimpanzee genomes
demonstrated that most of the TEs are present in both spe-
cies (Chimpanzee Sequencing and Analysis Consortium
2005; Ramsay et al. 2017). There was strong evidence in the
recent studies indicating chromosomal distributions are an
ongoing intrapopulation activity of both hAT and CACTA
TE families (Wright et al. 2001; Altinkut et al. 2006). Thus,
we intended to find out the intraspecific and interspecific

Figure 4. RT domain results. Lane numbers represent the total 24 (12 females and 12 males) samples numbered in order according to
table 1.

Figure 5. Gag domain results. Lane numbers represent the total 24 (12 females and 12 malse) samples numbered in order according to
table 1.
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similarities/differences in patterns of SIRE1 TE that we have
previously identified the soybean SIRE1 sequences in barley,
and concluded that SIRE1 was active (Cakmak et al. 2015).
In this study, we used SIRE1 TEs primers, which were
designed according to barley SIRE1 sequence analysis
(Cakmak et al. 2015), to demonstrate the SIRE1 polymor-
phism among human genome, thus we were able to analyse
and calculate the SIRE1 polymorphism, additionally, to be
able to re-sequence the partial SIRE1 sequences from human
genome. The sequence analysis demonstrated that the partial
SIRE1 LTR and GAG sequences were found to be located in
human chromosomes 4, 9, 20 and 22 for LTRs and chro-
mosome 8 for GAG.

TEs adapted different strategies to ensure their evolu-
tionary survival. While LINEs and SINEs rely almost
exclusively upon vertical transmission within the host gen-
ome, DNA transposons depend on relatively frequent hori-
zontal transfer (Malik et al. 2000). LTR retrotransposons use
both strategies, with some being long-term active residents
of the human genome (such as members of the ERV family)
and others having only short residence times (Lander et al.
2001). SIRE1 may have integrated into the human genome
over 550 million years as a retrovirus in time. Some
researchers point out that infection and integration are
unique events occurring at a fast pace (Wolf and Koonin
2013; Moelling and Broecker 2019). However, accumulation
of point mutations and homologous recombination events
may lead to gene loss or gene reductions. Recent studies
demonstrated that repetitive sequences in the human genome
contributed to human genome evolution by becoming
functional elements, such as protein coding regions and
binding sites for transcriptional regulators (Sorek et al. 2002;
Bejerano et al. 2006; Kojima 2018). These repeats are
shared with the genomes of many other mammals, verte-
brates, and amniotes that nearly all TE families are shared
between chimpanzees and humans with an exception, which

is the ERV family PtERV1, is present in the genomes of
chimpanzees and gorillas but not in humans (Yohn et al.
2005; Kojima 2018). However, the evolutionary history of
TEs in a variety of eukaryote lineages the ERVs of verte-
brates can be readily affiliated with TEs and, like them, are
capable of spreading vertically and horizontally (Belshaw
et al. 2004; Zhuo and Feschotte 2015). In this study, we also
found that partial SIRE1 sequences are shared between
human and chimpanzee according to bioinformatic analysis.
Additionally, we demonstrated that these partial SIRE1 ENV
sequences are shared with the genomes of other primates.
However, the partial SIRE1 ENV sequences are mostly
concentrated in human chromosome 1 which is the largest
human chromosome (Murphy et al. 2003). Additionally,
partial SIRE1 ENVs were also shown to be placed in human
chromosomes 2, 4, 6, 7, 9, 11, 13 and sex chromosome X.
According to chimpanzee BLAST results, partial SIRE1
GAG also located in chimpanzee chromosome 8, although
partial SIRE1 LTRs located in chimpanzee chromosomes 4,
7, 9 and 20. Similarly, partial SIRE1 ENVs were found to be
mostly concentrated in chimpanzee chromosome 1. How-
ever as distinct from human, partial SIRE1 ENVs were
located in chimpanzee chromosomes 11, 12, 13, 22 and sex
chromosome X. Both human and chimpanzee partial SIRE1
ENVs sequences in chromosome 1 were found to be asso-
ciated with neuroblastoma breakpoint family members’
(NBPFs) etc. NBPF3 for chimpanzee and NBPF8, NBPF10,
NBPF14, NBPF19, NBPF20 and NBPF26 for human (fig-
ure 7). Interestingly, the shared chromosomes were different
between human and chimpanzee for the partial SIRE1 LTR
and ENV sequences in this study. Nearly all studies have
focussed on human TE-derived sequences associated with
regulatory elements. Thus, studies indicated they are rem-
nants of proportionally ancient insertion events and no
longer capable of transposition (Wang and Jordan 2018). In
our study, we also observed SIRE1 retrotransposon

Figure 6. Env domain results. Lane numbers represent t the total 24 (12 females and 12 males) samples numbered in order according to
table 1.
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polymorphism events in different individuals. After fixation
of SIRE1 into human genome, point mutations, duplication,
and homologous recombination events led to this polymor-
phism in time.

Gene families essentially emerge by two main gene
duplication mechanisms, unequal crossing-over and retro-
transposition (Lynch 2007). Tandem repeats are created by
the first mechanism. However, second mechanism is the

Figure 7. Display of sequence alignment of human NBPF genes and the sequenced human SIRE1 sequence.
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insertion of an intronless cDNA (Eirı́n-López et al. 2012)
which is highly similar to retrotransposition mechanism used
by retrotransposons. NBPF is a gene family with a compli-
cated genomic organization, expanding during recent pri-
mate evolution. Moreover, they are brain associated genes,
suggesting at least one of them may supress the development
of neuroblastoma and probably of other tumour types
(Vandepoele et al. 2005, 2008, 2009; Gregory et al. 2006;
Popesco et al. 2006; Vandepoele and van Roy 2007; Diskin
et al. 2009). Previous bioinformatics studies have reported
NBPF have tandem repeats in these genes, which is also
called NBPF repeats, based on diverging; 1.5–1.6-kb repeat
units (Altschul et al. 1990; Benson 1999; Vandepoele et al.
2005; Gregory et al. 2006; Gelfand et al. 2007; Warburton
et al. 2008). The copy number of these genes in human is
determined to be variable (Tuzun et al. 2005; Redon et al.
2006). However, a remarkable reduction of NBPF copy
number was demonstrated in other primates, additionally, the
NBPF copies are absent in mouse (Vandepoele et al.
2005, 2009; Popesco et al. 2006). According to our
sequencing and bioinformatic analysis, both human and
chimpanzee partial SIRE1 ENVs sequences in chromosome
1 were found to be related to NBPF members’ etc. NBPF3
for chimpanzee and NBPF8, NBPF10, NBPF14, NBPF19,
NBPF20 and NBPF26 for human (figure 7), indicating
SIRE1 ENVs sequences may be associated with these NBPF
copies and recent primate evolution.

Conclusion

Viruses may contribute to the evolution of life since 550
million years ago (Hayward 2017). Viruses can be admitted
as drivers of evolution today, while they are mostly con-
sidered as pathogens (Villarreal and Witzany 2010; Moelling
and Broecker 2019). However, origin of retrotransposons is
estimated that retrotransposons are the remnants of ancient
retroviruses (Lander et al. 2001). Understanding their long-
term impacts of integration and fixation of TEs is substantial
to the evolution of eukaryotic genomes. Based on the
polymorphism and bioinformatics studies, our study was
only able to demonstrate the plant SIRE1 retroelement
sequences—SIRE1 LTR, RT, GAG and ENV domains—in
the human genome. However, polymorphic human TE
insertion variants contain a substantial source of natural
genetic variation with subtle effects on genome regulation
and human health, providing considerable source material
for ongoing human evolution.
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