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In this mini-review we present insight to the non-nuclear transposable elements and in silico analysis of miniature inverted
transposable elements (MITEs) in the grapevine mitochondrial genome. Here we report the identification of 17 truncated se-
quences in grapevine (Vitis vinifera L.) mitochondrial genome which expectedly belongs to the four ancient transposon fami-
lies (hAT, Tc1Mariner, Mutator and PIF/Harbinger). Some sequences with a high rate of homology in chloroplast and nuclear
genomes were also identified. Thus, it suggests the intercellular gene transfer between these three organelles. These partial
sequences showed a high level of similitude with full MITE sequences, and they were found in their inner region, supporting
their MITE origin. Further analysis revealed these sequences in other life kingdoms (including eubacteria and archaea), which
indicates their ancient origin. Further research showed that 13 out of the 17 sequences are conserved domains of the genes
where they are located, suggesting their contribution to gene evolution. Therefore, we suppose that more studies of nature,
origin and functional meaning of these sequences and their fusion with genes are necessary. In the light of our observations it

will be useful for further studies of V. vinifera genome organizing and systematics, as well as for other species.
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INTRODUCTION

Transposable elements (TEs), also well-known as
‘selfish genes’, are ubiquitous parts of DNA that can
move into new location of chromosomes and create its
copies. Originally, they were discovered by Barbara
McClintock more than half a century ago as structures
that are responsible for the pigmentation mutations in
maize (M cClintock, 1951). A further study revealed
more of their various roles in genetics, functions and
host genome evolution for different species. One of
the most demonstrative examples was displayed on
the grapevine cultivars Ruby Okuyama and Flame
Muscat (Kobayashi, 2004). The berry colour of
these cultivars was changed by movement of Gret!/
element and the alleles of VvimybAl gene were dis-
covered. Then, comparative analysis of grass genomes
demonstrated different roles of TEs in various genetic
content (Morgante etal., 2007). Another interest-
ing example was shown for rice; its genome contains
chimeric transposable elements called Pack-MULEs
(Jiang etal., 2004). Surprisingly, these TEs contain
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fragments derived from different cellular genes and
multiple chromosomal loci that are fused and form open
read frames. Moreover, some of them are active and
expressed in chimeric transcripts. Other Pack-MULE
resembling element was found in Glycine max L. and
it was called Tgm-Expressl (Zabala et al., 2005).
This TE contains several truncated cellular genes and,
significantly, causes mutation in Wp locus, which
consequently leads to pink phenotype.

There exist extensive reports on TEs in different
species (Kleckner, 1981; Daboussi, Capy,
2003; Wicker etal.,,2007;Bennetzen, Wang,
2014; Sotero-Caio etal, 2017). The TEs are
commonly divided into two major groups according
to their transposition mechanism, which can be RNA
(class I-TEs) or a DNA intermediate (class II-TEs).
Class I-TEs (also known as retrotransposons) is divided
into two subgroups: LTR-retrotransposons (which
have long terminal repeats and are subsequently di-
vided into autonomous and non-autonomous TEs) and
non-LTR. Autonomous LTR-retrotransposons encode
a capsid-like protein and reverse transcriptase (gag
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and pol genes), whereas non-autonomous do not.
Non-LTR elements are divided into two subgroups:
LINEs (long interspersed nuclear elements) and SINEs
(short interspersed nuclear elements). They encode
ORF1, gag-like protein and reverse transcriptase.
Lastly, summarizing the Class 2 of transposons, they
have terminal inverted repeats, encode a transposase
and have several target-site duplications which create
together a different length for each transposon family
(Feschotte etal., 2002).

Since the discovering of TEs, huge data have accu-
mulated leading to the formation of various databases
(Du etal., 2010; Chen et al., 2013; Bao et al.,
2015). In this regard, several works were dedicated
to the classification of TEs and explained how they
are organized in families as well as their mutual re-
lationships (Wicker et al., 2007; Kapitonov,
Jurka, 2008). Also, this data allowed conducting a
comparative analysis of structure and revealed a func-
tion relevance of TEs. Ultimately, the most important
findings were: (1) loss of TEs during the evolution of
species; (2) different distribution and content of TEs
in various species; (3) horizontal transfer of TEs; (4)
amplification and removal of TEs in plants are rapid
processes; (5) gene creation and diversity in plants
caused by transposon’s activity (for more detailed in-
formationsee Bennetzen, 2005; Velasco etal.,
2007;Carrier atal.,2012;Bennetzen, Wang,
2014;Di Genova etal.,2014;Chalopin etal.,
2015; Chuong etal., 2016).

In the present article, we briefly review currently
available information on nuclear, chloroplast and
mitochondrial TEs in grapevine (Vitis vinifera L.).
Additionally, we present some initial results dealing
with the in silico identification of MITE sequences
(a type of class-II TEs) in the grapevine mitochon-
drial genome. Then, we searched for their presence
in chloroplast and nuclear genomes, for suggesting
likely transfer-insertion events in the evolutionary
process of this important crop.

TEs in grapevine nuclear genome

TEs are ubiquitous in the plant kingdom, being sug-
gested to be the most common genetic elements contrib-
uting to plant nuclear genome organization and evolution
(Feschotte etal.,2002). TEs are the single largest
component of the genome of most plant species, like
seen in Arabidopsis (The Arabidopsis Genome
Initiative,2000),rice(International Rice
Genome Sequencing Project, 2005), and,
more recently, coffee (Denoeud et al., 2014) and
poplar genomes (Pinosio etal., 2016). Regarding
grapevine, the sequencing of the highly homozygous
PN40024 genotype revealed that 41.4% of its ge-
nome is composed of TEs (Jaillon etal.,2007) and
its comparison with Sultanina genome revealed that
TEs corresponded to approximately 80% of the total
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amount of its repetitive sequences (Di Genova et
al., 2014). This fraction might have contributed to the
generation of new genotypes and (to some extent) new
phenotypes during grapevine evolution (Carrier et
al., 2012). Indeed, the insertion of different TEs in
the promoter of different grapevine genes (like Gret/,
Hatvinel-rrm and Mila-flb TEs in VvmybAl, VvTFLIA,
and VvPI genes, respectively) has been reported to
be the main factor causing somatic variations that
affect relevant quality traits like berry colour, flower-
ing date, crop yield, size and compactness of grape
clusters (Kobayashi, 2004; Fernandez et al.,
2010, 2013, 2014).

As mentioned previously, TEs can be divided into
two main classes according to their transposition in-
termediate: RNA (class I TEs, or retrotransposons) or
DNA (class II TEs, or DNA transposons). Different
subclasses, orders, superfamilies and families have been
further described for these two classes (Wicker et
al., 2007), and diverse in-depth genome-wide analyses
have provided a detailed overview of some TE groups in
grapevine (Benjak etal.,2008,2009; Moisy etal.,
2008; Wang etal.,2013). One of the most abundant
class II TEs are the Miniature Inverted Transposable
Elements (MITEs) family, which groups a set of TEs
characterized by their small size (usually, less than
600 bp) and the presence of terminal inverted repeats
(Feschotte etal.,, 2002). They are frequently found
in plants within or close to genes, suggesting their great
potential to modify gene expression (and occasionally
phenotype) upon mobilization (Guermonprez et
al.,2012; Vitte etal.,2014). Representatives of four
‘cut-and-paste’ grapevine transposon superfamilies
have been previously described, and potential MITE
sequences related to the CACTA, hAT and PIF su-
perfamilies were reported by Benjak et al. (2008).
Following this work, some subfamilies were identified,
and their relative abundance and close association to
genes indicate their potential impact on gene evolution
(Benjak etal., 2009).

TEs in grapevine chloroplast genome

One of the first steps in detecting TEs in chloro-
plast genomes made Thompson etal. (1981) and
Ohyama et al. (1983). Later, the research teams
of Sugita and Kolodner indicated inverted repeats
as possible candidates for TEs of plant’s chloroplast
DNA(Kolodner, Tewari,1979;Sugita etal.,
1984; Milligan etal., 1989). Thus, only transposon-
mediated fossils without functional meaning were found
by Zhou etal. (1988), Reboud, Zeyl (1994)
and Fortune et al. (2008) before 1995, when two
DNA clements called ‘Wendi’ were explored by Fan
etal. (1995). A year later, in 1996, the first monocot’s
chloroplast TE was proposed by Prina (1996). But,
unfortunately, there were still no efforts to detect TEs
in the Vitaceae chloroplast genome.
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Table 1. Truncated MITE sequences identified in Vitis vinifera L. mitochondrial genome

MITE b ;;f;geﬁ]) MITE family C;‘éig‘gﬁﬂ gzi‘;:;‘fg Gene ID?

MT-01 SQ123090308 hAT - +(3, 16) VIT_03s0110g00200 (intron); VIT 16s0022g00160(exon)
MT-02 SQ161007872 Mariner - + (1, Un) intergenic region/s

MT-03 SQ181097200 Mariner 4 +(18) intergenic region/s

MT-04 SQ182098594 Mutator + +(12) VIT_12s0055g00520 (exon); VIT 12s0055g00530 (exon)
MT-05 SQ183115307 hAT 4+ +(1,9) | YITO1s001 lg"ﬁi‘ﬁf&;‘s‘gggﬁgggg ?Zggg)zgm 30 (exon);
MT-06 S5Q202041669 Mutator + + (10, 12) intergenic region/s

MT-07 SQ205090478 PIF/Harbinger 4 +(7,10, 16) | VIT_07s0129g00790 (exon); VIT_16s0013g00330 (exon)
MT-08 SQ205100655 PIF/Harbinger - +(3,12) VITG?%i? ;lsgggg;gg 4(;’3‘221125"“);

MT-09 SQ265152084 PIF/Harbinger +* + (11, 13) VIT 1150052g01680 (exon); VIT 135001902630 (exon)
MT-10 SQ302142638 Mutator + + (6, 8) VIT_06s0004g07410 (exon)

MT-11 SQ372011074 Mutator 4 + (Un) intergenic region/s

MT-12 SQ385086057 PIF/Harbinger + +(11) intergenic region/s

MT-13 SQ393043634 hAT + +(5) VIT_0550029g01200 (intron)

MT-14 SQ395060092 PIF/Harbinger - + (Un) intergenic region/s

MT-15 SQ442012989 Mutator - - ni.

MT-16 SQ452094622 Mutator + +(7) VIT_07s0031g03000 (exon)

MT-17 SQ465051794 PIF/Harbinger - - ni.

I+/— = presence and/or absence, 2number of chromosome is in brackets; data obtained from EnsemblPlants and VTCdb: ViTis Co-expression

Database; n.i. = not identified, Un = Unplaced contig

AccordingtoJansen etal. (2006) the grapevine
chloroplast genome extents 161 kbp, it includes several
inverted repeats of 26 kbp; a similar rearrangement
to that was found in other angiosperms and up to 20
different inverted repeats were found. In the light of
our future findings, notably one 39-bp repeat was
found three times, whereas one time in intergenic
spacer. To our knowledge, no studies have detailedly
identified TEs in the grapevine chloroplast genome
so far, whereas in other species some of them have
already been dealt with (Bendich, 2013).

TEs in grapevine mitochondrial genome

Insights to the TEs identification in mitochondrion
were done for different species. For example, one of
the first TE fragments was found in the mitochondrial
genome of Arabidopsis thaliana L. and recognized as
retrotransposon’s remnants (Knoop et al., 1996).
Then 21 gypsy-like retrotransposon sequences were
identified in the sugar beet (Kubo et al., 2000) and
19 TE fragments in the rice mitochondrion (Notsu
et al., 2002). Overall, according to Goremykin et
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al. (2012) sequences of TEs, reported for mitochon-
drial genomes, vary from 0.1 to 6.4% (also reviewed
by Kubo, Mikami, 2007).

V. vinifera mitochondrial genome was described
in detail by Goremykin etal. (2008). It was char-
acterized as a 780 kbp long structure that contains 38
genes and 30 fragments from the chloroplast genome,
suggesting a rampant gene transfer between these
two organelles. On the other hand, several evidences
indicate that intracellular gene transfer (IGT) between
the three DNA-containing organelles might have oc-
curred during the evolution of flowering plants, more
specifically during the determination of the different
cell organelles(Nugent, Palmer,1991;Adams
etal.,1999;Huang,2005;Rousseau-Gueutin
et al., 2013). In this regard, the high similarity be-
tween individual TE sequences found in the nuclear
and mitochondrial genomes of 4. thaliana has been
indicated as an example of TE transfer between these
two organelles (Knoop etal., 1996).

Considering that V. vinifera has one of the larg-
est mitochondrial genomes described so far, and that
its large size is mainly due to the expansion of the
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spacer regions (around 90% of mitochondrial genome)
(Goremykin etal., 2008), grapevine is a nice tar-
get for the in-depth analysis of mitochondrial TEs
(mtTEs) and for the analysis of IGT between nuclear,
chloroplast and mitochondrial genomes.

Can MITE-related sequences be identified in the
grapevine mitochondrial genome?

To prove the presence of MITE sequences in the
grapevine mitochondrial genome, the MITE-related
sequences of the P-MITE database (Chen et al.,
2013) were used as templates of a comparison anal-
ysis. V. vinifera mitochondrial genome sequence
(GenBank code: NC 012119.1) was BLASTed in
the P-MITE database (Chen et al., 2013) to de-
tect homologous MITE sequences with: (I) P-MITE
BLAST e-value < 0.001; (II) identity of candidate
sequence and full MITE sequence > 80%; (III) loca-
tion of candidate sequences (Supplementary Online
Material 1); and (IV) location of candidate sequences
in predicted gene sequences. We selected 17 can-
didate mitochondrial genome regions (Table 1 and
Supplementary Online Materials 1 and 2) associated
with four MITE families (Table 1). These 17 selected
regions were BLASTed in NCBI (Altschul etal.,
1990), NCBI-CD (Marchler-Bauer, Bryant,
2004), Chloroplast Genome Database (Cui, 2006),
EnsemblPlants (Kersey etal., 2016), Grape Genome
Browser (Jaillon etal., 2007) to identify homologue
sequences. Identified sequences were aligned using

2 MT-11 Mustator
{F MT-16 Mulator

3 MT-10 Mutator

AMT-06 Mutator
MT-04 Migator
MT-15 Mutator
MT-13 haT

MT-01 hAT

MT05 haT

MT-02 Te1 Marings
MT-03 Tc1 Mariner
MT-17 FiFHaebanger

w0 MT-12 PIFHarbinger
MT-14 PIFHarbinger
a7 MT-07 FIFHaebangper

MT-0% FiFHarbingsr
47
2

MT-9 PiFHarbinger

Fig. 1. Neighbour-joining phylogenetic tree of truncated MITE se-
quences (MT-01 to MT-17). Numbers at the nodes indicate bootstrap
values (2000 replications)
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Clustal Omega (Goujon et al., 2010) to establish
homology. The average length of 17 sequences was
192 bp, although a high degree of variation was seen,
detecting homolog fragments from 337 to just 58 bp
long (MT-09 and MT-10, respectively). The length of
the P-MITE sequence actually covered by the fragment
detected in the grapevine mitochondrial genome was
also highly variable, covering from 9.1% (for MT-09)
to 60.5% (for MT-14) of the original sequence. We
did not find any relationship between sequence length
and value of obtained coverage. Sequences (MT-01
to MT-17) were then compared in detail with their
corresponding homolog from the P-MITE database
(Table 1). Interestingly, such mitochondrial sequences
were identified as truncated (incomplete) instead of
full, since in all cases the truncated sequence was
aligned in the inner region of the full MITE sequence
(Supplementary Online Material 1), and in none of the
cases we found the 5” and 3’ regions of the original
sequence. Analogously, in a work aimed to evaluate
the similarity between retrotransposon sequences in
the nuclear and mitochondrial genomes of 4. thaliana,
Knoop etal. (1996) suggested that the presence of
incomplete retrotransposon sequences can be a result
of degeneration of formerly complete sequences, or in-
complete reverse transcription/amplification processes.
Previous works propose that these MITE families (hAT,
Tc1Mariner, Mutator and PIF/Harbinger) are some of
the most ancient ones, and probably they originated
before the separation of life kingdoms (Rubin et
al., 2001; Kapitonov, Jurka, 2004; Wicker
et al., 2007). Therefore, we observed the presence
of most of the sequences (MT-1, MT-2, MT-3, MT-4,
MT-5, MT-7, MT-8, MT-9, MT-11, MT-12, MT-13 and
MT-16) in ancient bacterial genomes and two of them
(MT-2 and MT-12) in archaeal genomes. According
to these results and the fact that some of them were
located in the coding region of some nuclear and, con-
sequently, mitochondrial genes (Table 1), we suggest
that the detected TEs might have played an important
role during the evolution process, being recruited as
structural parts of hosting genes. This fact has already
been indicated for different species (Robertson,
2002; Cordaux etal., 2006; Feschotte, 2008),
but, to the best of our knowledge, it has not been
previously reported for grapevine organelles genomes.

The selected sequences were subjected to phyloge-
netic analysis (Fig. 1) with MEGA7 software (Kumar
et al., 2016). Results indicated the presence of two
main clusters, each one with two clear sub-clusters.
The first main cluster is composed of the sequences
of the Mutator and hAT families, whereas the second
one is composed by those of the Mariner and PIF/
Harbinger families, which is in general agreement
with previous works (Wicker etal., 2007; Yuan,
Wessler,2011;Santos etal.,2016). Nonetheless,
and accordingto Wicker etal. (2007), Mutator fam-
ily should be placed between hAT and PIF/Harbinger
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families, but in our cluster analysis it was on one of the
edges of the tree. It has been indicated that different
incongruences may appear during the construction of
phylogenetic trees, attributed to artifacts during tree
reconstruction procedures, an insufficient number of
characters and/or gene paralogy (Goremykin et
al., 2012). Further analyses revealed that truncated
MITEs of Mutator family were distributed in a low
number of living kingdoms (species), whereas other
MITE families were widely distributed. Particularly
MT-02 and MT-12 were found in archaeal genomes.
If we compare the distribution of hAT and Mutator
families, we can see that 3 of 6 Mutator sequences
were found in plants genomes only (other sequences
of Mutator were found in bacterial and plants genomes
only), whereas hAT family is presented in every king-
dom except for archaea.

BLAST search with other kingdoms revealed that
sequences MT-02 and MT-03 (Mariner) were found
in organisms like Candidatus Thalassoarchaea L. and
Thiomicrospira crunogena L. and some endosymbionts
(Trabutina mannipara L. and Buchnera aphidicola L.)
(data not shown). Similarly, some sequences identi-
fied as hAT members were found in different bacterial
genomes: MT-01 in Candidatus Pelagibacter L. (one
of the smallest self-replicating one-cell organisms
(Giovannoni, 2005) and in Wolbachia sp., and
MT-05 in the genome of Acaryochloris marina L.
Additionally, MT-4, MT-11 and MT-13 were recognized
as parts of different transformation vectors. Together
these findings add supplementary evidence for a likely
ancient nature of these truncated transposons.

Lastly, we searched for conserved domains in 17 se-
quences using the NCBI CD-search tool (Supplementary
Online Material 3). As a result, 13 sequences (MT-01,
MT-03, MT-04, MT-05, MT-07, MT-08, MT-09, MT-
10, MT-11, MT-13, MT-14, MT-16 and MT-17) were
identified as conserved domains. All of these sequences
(except for MT-14) were recognized as conserved
domains of homologue genes from mitochondrial,
chloroplast and nuclear genomes in grapevine and
other species’ genomes. Interestingly, MT-14 (previ-
ously identified as a Harbinger family member) was
identified as a conserved domain of a gene coding
for a Ribonuclease H-like superfamily. As previously
indicated, MT-14 belongs to the Harbinger family and
transposases are related to retroviral integrases (Rice,
Baker, 2001; Majorek et al., 2014), which can be
considered as another evidence of ancient nature of
these sequences.

Are homologous MITEs in grapevine mitochondrial,
nuclear and chloroplast genomes a case of IGT?

A significant relationship between lateral gene
transfer (LGT) and gene translocation has been sug-
gested because translocated genes have a higher prob-
ability to be truncated (Hao, Golding, 2009). To

SCIENTIA AGRICULTURAE BOHEMICA, 50, 2019 (4): 219-227

evaluate if the identified sequences are the result of
intracellular gene transfer (IGT) between organelles,
they were used as templates to detect homologous
sequences in the nuclear and chloroplast grapevine
genomes (Table 1). Results indicate that 11 and 15
out of 17 mitochondrial sequences were found in the
grapevine chloroplast and nuclear genomes, respec-
tively. In this regard, we found homologous sequences
for MT-03, MT-04, MT-05, MT-06, MT-07, MT-09,
MT-10, MT-11, MT-12, MT-13 and MT-16 in the three
grapevine genomes, which might suggest gene transfer
between these three organelles.

Major events of eukaryotic evolution were caused by
their endosymbiosis with mitochondrion and plastids,
and during this evolution process, horizontal gene trans-
fer was a common natural phenomenon (Campbell,
2000; Koonin etal.,2001;Zhaxybayeva,2006;
Keeling, Palmer, 2008). According to our
findings, some of grapevine truncated TE sequences
identified here are present in various bacteria and
cyanobacteria genomes, too (data not shown), and
some of them were also found in three grapevine
DNA-containing organelles (Table 1). It was sug-
gested that ancient events of horizontal gene transfer
happened between single-cell organisms and in the
early stages of evolution (Brown, 2003), and this
was reported also for grapevine (Goremykin etal.,
2008; Bock, 2010). BLAST of TE sequences with
grapevine mitochondrial genome revealed that some
of them were located in coding regions (Table 1). To
identify IGT between chloroplast and mitochondrial
genomes we took GeneBank codes of chloroplast
genes to find homologous sequences in grapevine mi-
tochondrial genome. Most of the chloroplast sequences
showed a high similarity with mitochondrial genome.
In the case of MT-9, MT-10 and MT-12, only partial
sequences were observed, but with a high homology
level. This fact may suggest gene truncation by IGT
processes, as shown previously (Hao, Golding,
2009), reinforcing the evidence of IGT in grapevine.

Location of sequences identified in the grapevine nuclear
genome

Lastly, we searched for the physical location of
these truncated sequences in the annotated nuclear
genes, using the structural and functional data of the
grapevine genome (12x) (Grimplet et al., 2012),
based on the genes identified in PN40024 (Jaillon et
al., 2007). According to this analysis, nine truncated
sequences were found in annotated genes, whereas
six of them in intergenic regions.

MT-1, MT-4, MT-5, MT-7, MT-8, MT-9, MT-10,
MT-13 and MT-16 were found in annotated genes of
grapevine nuclear genome and in homologous genes
of mitochondrial and chloroplast genomes (except
for MT-13, found in non-homologous genes) of dif-
ferent species, which adds additional evidence for
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IGT process. Some TEs were identified in the exonic
region of the gene they code for, potentially modifying
the protein primary structure (Table 1). On the other
hand, only one of these sequences (MT-13) was ex-
clusively found in a gene intron. MT-13 (identified as
a conserved domain; Supplementary Online Material
3) was identified as an intron of a gene coding for a
methionyl-tRNA synthetase, which contains at least
three conserved domains (Cusack etal., 1991). The
location of these nine truncated TEs, their likely ef-
fect on protein structure and/or gene expression and
their identification as conserved domains, highlight
their possible role in gene structure and evolution.
Interestingly, two sequences (MT-1 and MT-8) were
observed in different regions of two copies of the
same gene, suggesting a different role in both cop-
ies. As an example, MT-8 was found in one exon
of the cytochrome oxidase gene in chromosome
12 (VIT 12s0028g02450) and as an exon and an
intron in the cytochrome oxidase gene on chromo-
some 3 (VIT _03s0110g00190). The analysis of these
sequences with the cytochrome oxidase gene from
Tetrastigma diepenhorstii L. revealed high homol-
ogy (above 90%), but only with the truncated gene
sequence from mitochondrial genome. On the other
hand, six truncated TEs (MT-02, MT-03, MT-06,
MT-11, MT-12 and MT-14) were found in intergenic
regions.

CONCLUSION

Most of the literature focuses on the analysis of
grapevine nuclear TEs, while the studies on chloroplast
and mitochondrial transposable elements are inexten-
sive. Here, we identified 17 sequences in the grape-
vine (V. vinifera) mitochondrial genome as truncated
(incomplete) MITEs, which were adequately grouped
in four clusters according to their structure. Some of
them were also found in the chloroplast and nuclear
genomes, suggesting the existence of intracellular gene
transfer. In addition, some of these sequences were
identified as highly conserved domains in the coding
and non-coding regions of different genes, suggesting
their likely role in gene structure and/or expression.
Some of these truncated MITEs were also identified in
the genomes of species of diverse kingdoms (includ-
ing some algae, archaea and bacteria), suggesting that
these TE sequences might have appeared before the
separation of life kingdoms. Our results indicate that
sections from ancient transposons could be recruited
to host genomes in early evolution stages and today
we can observe them as highly conserved functional
gene sequences.

Future works might aid in the understanding of (1)
the mutual evolution of TEs and host genomes; (2) the
intracellular (as well as horizontal) gene transfer, and
(3) the prediction of possibly chimeric or/and fused
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genes. In this regard, grapevine is presented as an
interesting model for this type of analysis.
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