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ABSTRACT

Transposable elements (TEs), particularly, long terminal
repeat retrotransposons (LTR-RTs), are the most abun-
dant DNA components in all plant species that have been
investigated, and are largely responsible for plant genome
size variation. Although plant genomes have experi-
enced periodic proliferation and/or recent burst of LTR-
retrotransposons, the majority of LTR-RTs are inactivated
by DNA methylation and small RNA-mediated silencing
mechanisms, and/or were deleted/truncated by unequal
homologous recombination and illegitimate recombina-
tion, as suppression mechanisms that counteract genome
expansion caused by LTR-RT amplification. LTR-RT DNA
is generally enriched in pericentromeric regions of the
host genomes, which appears to be the outcomes of pref-
erential insertions of LTR-RTs in these regions and low
effectiveness of selection that purges LTR-RT DNA from
these regions relative to chromosomal arms. Potential
functions of various TEs in their host genomes remain
blurry; nevertheless, LTR-RTs have been recognized to
play important roles in maintaining chromatin structures
and centromere functions and regulation of gene expres-
sions in their host genomes.

KEYWORDS LTR-retrotransposons, recombination, evolu-
tion, epigenetic regulation, plants

INTRODUCTION

Transposable elements (TEs) are ubiquitous DNA components
in all eukaryotes, and were often considered as “selfish” or
“parasitic’ DNA sequences because of their continuous repro-
duction and potential disruption of regular host genes (Doolittle
and Sapienza, 1980; Orgel and Crick, 1980). Based on their
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structural features and the mechanisms by which they trans-
pose, TEs are generally grouped into two major classes, retro-
transposons or class | transposons, and DNA transposons or
class Il (Wicker et al., 2007). Retrotransposons transpose via
an RNA intermediate and through the “copy-and-paste” mech-
anism, while DNA transposons do not involve an RNA interme-
diate and employ the “cut-and-paste” transposition mechanism
(Finnegan, 1989; Wicker et al., 2007). Retrotransposons are
further divided into long terminal repeat retrotransposons (LTR-
RTs) and non-LTR retrotranposons including long interspersed
repetitive elements (LINEs) and short interspersed repetitive
elements (SINEs). The former are most abundant in higher
plants, while the latter make up the largest fraction of TEs
in vertebrates (Grandbastien, 1992; Kumar and Bennetzen,
1999). In the past decade, an increasing number of plant ge-
nomes have been completely or nearly completely sequenced,
providing unprecedented opportunities for identification and
characterization, and structural, functional and evolutional
analyses of LTR-RTs in the plant kingdom. Here, we review the
current knowledge gained from recent researches with respect
to the abundance and distribution of LTR-RTs, the molecular
mechanisms responsible for structural variation of LTR-RTs,
genomic features and evolutionary forces shaping the patterns
of distribution and structural variation of LTR-RTs, and potential
interplays between LTR-RTs and genes.

STRUCTURES, CHARACTERISTICS,
CLASSIFICATION, AND ORIGIN OF PLANT LTR-RTs

LTR-RTs are well characterized by their structural features and
characteristics (Kumar and Bennetzen 1999). In general, intact
LTR-RTs each contain two LTRs, which start with 5-TG-3', end
with 5'-CA-3’', and harbor promoter and terminator sequences.
Immediately downstream of the 5’ LTR and upstream of the 3'
LTR are primer binding site (PBS) and polypurine tract (PPT)
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Figure 1. The structures and characteristics of LTR retrotransposons. (A) Autonomous elements (B) Nonautonomous elements.
TSD, target site duplication; CP, capsid-like protein; PR, protease; INT, integrase; RT, reverse transcriptase; RH, RNAase-H; LARDs,
large retrotransposon derivatives; TRIMs, terminal-repeat retrotransposons in miniature. The initial transcription starts from the R region

within 5’ LTR, and terminates at the R region of 3' LTR.

of ~20-25 base pairs, which are markedly conserved among
widespread species (Fig. 1) (Wicker and Keller, 2007). These
motifs, together with the promoter and terminator sequences,
are cis-regulatory elements essential for the initiation of tran-
scription and replication of an LTR-RT. Between the PBS and
PTT sites in typical LTR-RTs are the coding regions that en-
code proteins, such as GAG, protease (PR), integrase (IN),
reverse transcriptase (RT) and RNase H (RH), which are
thought to be responsible for retrotransposition and integration
of LTR-RTs into their host genomes as retroviruses behave
(Fig. 1). Some LTR-RTs in plants (Du et al., 2010a) were found
to carry an env-like gene (Song et al., 1994; Laten et al., 1998;
Wright and Voytas, 1998; Wilhelm and Wilhelm, 2001; Wright
and Voytas, 2002; Laten et al., 2003), which, commonly found
in retrovirus, encodes a transmembrane coiled-coil protein that
sponsors retroviral infection. These elements are often referred
as putative plant endogenous retroviruses (Laten et al., 1998;
Wright and Voytas, 1998, 2002), although the infection of a
plant by a retrovirus has not been evidenced. Additional open
reading frames (ORFs) were occasionally observed in some
LTR-RTs (Ohtsubo et al., 1999; Steinbauerova et al., 2011),
but why they exist and what function they serve, if any, are un-
known.

LTR-RTs in plants are generally classified into different
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superfamilies, lineages, and families. According to sequence
similarity and the order of internal ORFs, LTR-RTs in plants are
mainly divided into Ty1/copia (INT-RT-RH) and Ty3/gypsy (RT-
RH-INT) superfamilies (Fig. 1). The former contains LTR-RTs
that are generally defined into six evolutionary lineages (Bianca,
TAR, Angela, Ale, lvana and Maximus) (Wicker and Keller,
2007), while the latter contains LTR-RTs generally defined into
five evolutionary lineages (Tekay, Reina, CRM, Athila and Tat)
(Wang and Liu, 2008; Du et al., 2010a). These lineages are
shared between monocots and eudicots, and thus assumingly
to have been formed prior to the split of monocots and eudicots
approximately 140—150 million years ago (Chaw et al., 2004).
Based on the degrees of sequence similarity, LTR-RTs within
individual lineages are generally classified into different families
(Wicker et al., 2007). Hundreds or tens of LTR-RT families ex-
ist in a plant genome, although only a few proliferated to high
copy numbers.

Despite the discovery of the env-like gene in some families
belonging to two Gypsy lineages (Tat and Athila) and one Co-
pia lineage (Maximus) in several plant species (Laten et al.,
1998; Wright and Voytas, 1998, 2002; Laten et al., 2003; Du
et al., 2010a), the origin of this gene remains to be a mystery.
Ty3/gypsy elements were found to be more closely related to
retroviruses than Ty1/copia (Wright and Voytas, 1998). A re-
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cent study demonstrated that the env-like gene identified in the
Copia lineage was probably derived from the Gypsy lineage
through inter-element recombination, suggesting that the env-
like gene in both the Gypsy and Copia lineages may share a
single ancient origin (Du et al., 2010a).

In contrast to LTR-RTs with well-characterized internal
ORFs (often defined as autonomous elements) that encodes
essential proteins necessary for their retrotransposition ac-
tivities, LTR-RT families with highly degraded protein coding
sequences or without any coding sequences (often defined as
nonautonomous elements) have been found in several plants.
Different from many truncated LTR-RTs, which seem to have
lost capability of amplification, these nonautonomous elements
are thought to be able to utilize the retrotransposition machin-
ery provided by their autonomous partners to proliferate, and
in some cases, to very high copy numbers (Fig. 1) (Jiang et al.,
2002a, b; Kalendar et al., 2004; Kejnovsky et al., 2006; Du et
al., 2010b) (Fig. 1).

While no direct evidence for the autonomous and nonau-
tonomous LTR-RT partnerships have been found, indirect evi-
dence derived from sequence comparison suggests the exist-
ence of such partnerships, e.g., between autonomous element
RIRE2 and nonautonomous element Dasheng in rice (Jiang
et al., 2002a, b); between autonomous element Retand-1 and
nonautonomous element Retand-2 in Silene latifolia (Kalendar
et al., 2004; Kejnovsky et al., 2006); and between autono-
mous element SARE and nonautonomous element SNRE in
soybean (Du et al., 2010b). Some nonautonomous elements
are large retrotransposon derivatives (LARDs) with several
kilo-base pairs of internal sequences between two LTRs of
individual elements (Kalendar et al., 2004), while others are
terminal-repeat retrotransposons in miniature (TRIMs) with a
few hundred base pairs of internal sequences (Fig. 1) (Witte et
al., 2001; Yang et al., 2007; Gao et al, 2012). Despite the lack
of direct evidence for the origin of non-autonomous elements, it
is believed that they were derived from their respective autono-
mous partners (Jiang et al., 2002b; Kejnovsky et al., 2006; Du
et al., 2010b). A recent study suggests that such partnerships
can be enhanced and maintained by homogenization of LTR
sequences between autonomous and nonautonomous part-
ners by LTR swapping, perhaps through RNA template switch
(Sabot and Schulman, 2007), during the reverse transcription
process (Du et al., 2010b).

AMPLIFICATION, ELIMINATION, DISTRIBUTION AND
ORGANIZATION OF PLANT LTR-RTs

LTR-RTs have been found to be the most abundant DNA
components in all plant genomes that have been sequenced
(The Arabidopsis Genome Initiative, 2000; International Rice
Genome Sequencing Project, 2005; Paterson et al., 2009;
Schnable et al., 2009; The International Brachypodium Initia-
tive, 2010; Schmutz et al., 2010). However, the scales and
timeframes of activity for amplification of LTR-RTs vary dramat-
ically among lineages, species, and families (Du et al., 2010a).
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This variation is largely responsible for genome size variation
and genomic differentiation among related species. For ex-
ample, Arabidopsis shows constantly low activities for LTR-RT
proliferation from ancient to recent times relative to other plant
species investigated, which, at least partially, explains why and
how Arabidopsis maintains such a small genome (The Arabi-
dopsis Genome Initiative, 2000; Du et al., 2010a). In contrast
to Arabidopsis, many other plants have undergone extensive
and periodic amplifications of LTR-RTs. In maize, the five larg-
est LTR-RT families account for ~80% of maize retrotranspo-
sons, most of which are amplified in the past several million
years (SanMiguel et al., 1996, 1998; Schnable et al., 2009). In
Oryza australiensis, a wild relative of rice (O. sativa), bursts of
three LTR-RT families within the last three million years have
doubled its genome size (Piegu et al. 2006). A recent study re-
vealed a high level of insertion polymorphisms of several LTR-
RT families between the cultivated soybean (Glycine max)
and its wild progenitor species G. soja, suggesting very recent
amplification activities of these families (Tian et al., 2012). A
substantial number of independent amplifications and inser-
tions of LTR-RTs were also observed in two subspecies of rice,
Japonica and indlica, and in different inbred lines of maize (Wang
and Dooner, 2006; Dooner and He, 2008). These observations
demonstrated the dynamics and plasticity of the plant genom-
es mediated by LTR-RT proliferation along evolutionary time.

Mechanisms that counteract plant genome expansions
were also described (Bennetzen et al., 2005; Hawkins et al.,
2009). One is thought to be unequal homologous recombina-
tion (UR), which often occurs between two LTRs of an intact
element that removes its internal portion and one recombined
LTR to form a solo LTR (Devos et al., 2002; Ma et al., 2004).
Although UR can also occur between two linked LTR-RTs to
remove their interval and one recombined LTR, or to remove
their interval and one recombined element, the frequencies of
such recombination were very low (Devos et al., 2002; Ma et
al., 2004). Therefore, the ratios of solo LTRs to intact elements
are usually used to evaluate and compare the relative rates of
UR among different genomes, although the timeframes within
which LTR-RTs amplified vary among species. Another mecha-
nism for LTR-RT DNA removal is termed illegitimate recombi-
nation (IR), which eliminates TE sequences by generating and
accumulating small deletions without requirement of homolo-
gous sequences (Devos et al., 2002; Ma et al., 2004; Vite and
Bennetzen, 2006).

The extent of UR and IR in removing LTR-RT sequences
seems to differ among species (Bennetzen et al., 2005; Vitte
and Bennetzen 2006). For example, UR was found to be a
predominant mechanism, which removed about five times
more LTR-RT DNA from the rice genome than IR did (Ma et
al., 2004). By contrast, IR was extremely active in Arabidopsis,
eliminating at least fivefold more LTR-RT DNA from the Arabi-
dopsis genome than UR did (Devos et al., 2002). Regardless
of relative extent of UR and IR, the processes of LTR-RT DNA
removal appear to be remarkably effective and efficient, given
the fact that the majority of intact LTR-RTs identified in most
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plants were found to be amplified within the past several mil-
lion years (Paterson et al., 2009; Schnable et al., 2009; The
International Brachypodium Initiative, 2010; Du et al., 2010a).
Because LTR-RTs were amplified over evolutionary time, the
scarceness of aged intact elements in most plants would be in-
terpreted as the outcome of rapid elimination of DNA sequenc-
es from aged elements. It was estimated, the average half-life
of LTR-RTs in rice is approximately 3—4 million years (Ma et al.,
2004; Bennetzen et al., 2005).

Despite the great variation in LTR-RT content and abun-
dance across the plant kingdom, overall LTR-RTs tend to be
organized in nested patterns (SanMiguel et al., 1996), and are
preferentially accumulated in pericentromeric regions of most
species investigated (International Rice Genome Sequencing
Project, 2005; Paterson et al., 2009; Schnable et al., 2009;
Schmutz et al., 2010). One group of LTR-RTs that show an
extreme distribution pattern are centromeric-specific retrotrans-
posons (CRs), such as CRRs in rice (Cheng et al., 2002) and
CRMs in maize (Zhong et al., 2002). These elements were
found to be preferentially enriched in the core centromeric
regions of centromeres and appear to be the major compo-
nents of functional centromeres (Cheng et al., 2002; Zhong et
al., 2002; Nagaki et al., 2004). Nevertheless, LTR-RT families
preferentially distributed in gene-rich chromosomal arms, but
poorly represented around pericentromeric and/or centromeric
regions were also observed (Meyers et al., 2001; Tian et al.,
2009; Du et al., 2010a), indicating specific properties of indi-
vidual families.

FACTORS SHAPING THE GENOMIC LANDSCAPE
OF LTR-RTs

The biased accumulation of LTR-RT DNA in pericentromeric
regions relative to chromosomal arms in plants was often inter-
preted as the outcome of preferential insertions of LTR-RTs in
the former than in the latter regions (International Rice Genome
Sequencing Project, 2005; Paterson et al., 2009; Schnable et
al., 2009; Schmutz et al., 2010). However, such a pattern can
also be arguably explained solely by selection against LTR-
RT insertions in the latter regions than in the former regions. A
recent analysis of LTR-RT insertion polymorphisms among 31
re-sequenced wild and cultivated soybean genomes revealed
consistent patterns of the non-reference LTR-RT insertions
(which were thought to have recently occurred during varietal
diversification) and the accumulated LTR-RTs in the soybean
reference genome. By contrast, the distribution patterns of the
non-reference DNA TE insertions and the accumulated DNA
TEs in the reference genome were significantly different, sug-
gesting that the distribution patterns of TEs were shaped by
both insertional preferences and purifying selection that purged
TE sequences from the host genomes, although the intensities
of selection against LTR-RT and DNA TE insertions appear to
be different due to their distinct insertional preferences for two
contrasting chromatin environments (Du et al., 2012; Tian et al.
2012).
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Indeed, the biased accumulation of LTR-RTs in pericentro-
meric regions of the plant genomes is expected regardless of
their insertional preferences. Firstly, pericentromeric regions
are generally gene-poor regions, in which LTR-RT insertions
would cause less frequent deleterious mutations than those
inserted in chromosomal arms. Secondly, genetic recombina-
tion in pericentromeric regions are often severely or completely
suppressed and thus purifying selection against LTR-RT inser-
tions in these regions would be inefficient or less efficient than
in chromosomal arms (Rizzon et al., 2002; Gaut et al., 2007;
Tian et al., 2009, 2012). Even the recombination-suppressed
pericentromeric regions were excluded, such associations of
local genetic recombination (GR) rates with the abundance of
LTR-RT DNA and gene densities along chromosomes were
still detected in both rice and soybean (Tian et al., 2009; Du et
al., 2010a; Tian et al., 2012). Furthermore, the ratios of solo
LTRs to intact elements were found to positively correlate with
both GR rates and gene densities across the entire genome
of rice (Tian et al., 2009). These findings suggest that local
genomic features such as genetic recombination and gene
densities play important roles in shaping the genomic land-
scape of LTR-RTs in these two, and probably, many other plant
genomes yet to be investigated. On the other hand, the biased
accumulation and uneven distribution of LTR-RTs may also re-
shape some genomic and epigenomic features such as local
GR, DNA methylation, and histone modification (Lippman et
al., 2004).

EPIGENETIC SILENCING AND REACTIVATION OF
LTR-RTs

In addition to UR and IR that have eliminated a large amount
of LTR-RT DNA or generated numerous “dead” (non-functional)
copies of LTR-RTs, epigenetic mechanisms, such as DNA
methylation, histone modification and small RNA interfering,
play important roles in LTR-RT silencing (Kasschau et al.,
2007; Nobuta et al., 2007; Ziberman et al., 2007). Cytosine
methylation is generally associated with histone modifications
and heterochromatinization, leading to the suppression of
transcription and inactivation of transposition (Lippman et al.,
2004). It is particularly intriguing that this epigenetic feature ap-
pears to be heritable during DNA replication (Kinoshita et al.,
2004; Slotkin et al., 2005; Dowen et al., 2012) and thus impor-
tant for maintenance of LTR-RT silencing.

Genome-wide profiling and comparison of DNA methyla-
tion and transcriptome between the wild type Arabidopsis, and
ddm1 (decrease in DNA methylation) and met7 (cytosine DNA
methyltransferase) mutants revealed a correlation between
cytosine methylation and transcriptional activity of transposons
(Vongs et al., 1993; Soppe et al., 2000; Miura et al., 2001;
Kankel et al., 2003; Kinoshita et al., 2004, 2007). Despite the
lack of direct evidence, it is reasonable to deduce that the in-
crease of the transcriptional levels of LTR-RTs would facilitate
the amplification activities of some elements with capacity of
retrotransposition.
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Figure 2. Potential sense-antisense transcripts and small RNAs generated by LTR retrotransposons. (A) An LTR retrotransposon
inserts into a gene in reverse orientation. (B) An LTR retrotransposon inserts into another LTR retrotransposon in opposite orientation. (C)
A nonautonomous element inserts into an LTR retrotransposon in opposite orientation. Transcript proceeds through this element, produc-
ing antisense transcript with its homologous elements outside of the same family. (D) The transcript readout from 3’ LTR to the adjacent
gene with opposite orientation. (E) An LTR retrotransposon captures gene fragment from reverse orientation. Transcript proceeds through

this region, producing antisense transcript with its host gene outside.

Although little is known regarding how the de novo DNA
methylation is initiated and maintained, more and more stud-
ies suggest that RNA-directed DNA methylation (RdDM) is
involved in retrotransposon silencing (Cao and Jacobsen,
2002; Hamilton et al., 2002; Huettel et al., 2007; Matzke et al.,
2007). lt is likely that, during RdDM, double-stranded RNAs
(dsRNAs) are processed to produce ~21-24 nt small interfer-
ing RNA (siRNAs), which direct de-novo methylation of original
genomic locations and trigger epigenetic silencing (Aufsatz et
al., 2002). Profiling of small RNAs in the plant genomes has
demonstrated that LTR-RTs are one of the major sources to
generate small RNAs (Lu et al., 2005; Nosaka et al., 2012). As
illustrated in Fig. 2, antisense transcripts of LTR-RTs may be
produced when they are cis-regulated by promoters from their
genes or TEs arranged in reverse transcriptional orientations in
their flanking regions, and subsequently, dsRNAs and siRNAs
can be generated from the sense and antisense transcripts
to induce silencing of the LTR-RTs generating the antisense
transcripts and other elements sharing sequence similari-
ties in siRNA target sites (Lisch 2009; Lisch and Bennetzen,
2011). Analysis of a tobacco LTR-RT element Tnt1 transferred
into Arabidopsis, suggests that silencing of this element
was achieved in a copy number-dependent manner (Perez-
Hormaeche et al., 2008). However, what a certain number of
copies are reached and/or under what certain circumstances
silencing would occur remains largely unknown.

While the majority of LTR-RTs are silenced, some elements
can be reactivated under specific conditions including tissue
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culture, low temperature, wounding, biotic and analogue sig-
nal molecular elicitors (Hirochika, 1993, 1996; Takeda et al.,
1999; Hashida et al., 2003; Cheng et al., 2006). Such a kind
of LTR-RTs include two well characterized elements—the
tobacco Tto7 and the rice Tos77, both of which are silenced
in normal growth conditions, but can be reactivated by tissue
culture (Hirochike, 1993; Hirochika et al., 1996). Further stud-
ies indicate that the reactivation of these elements is associ-
ated with demethylation of these elements. For example, in the
homozygous ddm1 background, the silent Tto7 could regain
transcriptional and transpositional activation (Hirochika et al.,
2000). Functional analysis of LTR sequences indicated that the
13-bp motif is a cis-regulatory element involved in the reactiva-
tion process (Takeda et al., 1999; Sugimoto et al., 2000). It was
reported that polyploidization events can also result in massive
genome-wide methylation alternations at early generations
of newly synthesize polyploids, which may be responsible for
observed reactivation of TEs (Kraitshtein et al., 2010). The as-
sociation of TE transcription and transposition activities with
TE demethylation seems to be unarguable, but the trade-off
between them remains unclear.

ALTERNATION AND REGULATION OF GENE
EXPRESSION BY LTR-RTs

In general, insertions of LTR-RTs in untranslated regions
(UTRs) or coding sequences (CDS) of the host genes can
block the expression of these genes or produce premature
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products or proteins that distinct from the regular forms. In-
deed, most transcriptionally active LTR-RTs, such as Tnt1 and
Tos17, were discovered based on their phenotypic changes
caused by their insertions into genes and subsequently used
for generation of gene knockout mutant resources for func-
tional genomics studies (Hirochika et al., 1996; Hirochika
2001; Miyao et al., 2003; Tadege et al., 2008). In addition to
insertions within UTRs and CDS, some LTR-RTSs, particu-
larly transcriptionally or transpositionally active ones, have
great potential to alter the expression of their flanking genes
(Fig. 2D). This is because LTRs contain all requisite signals
such as enhancers, promoters for regulation of gene expres-
sion. One example is the LTR-RT Wis2-1A, which transcribes
at a very high level in newly synthesized wheat amphiploids
and drives the readout synthesis of new transcripts from ad-
jacent sequences including the antisense or sense strands of
known genes (Kashkush et al., 2002, 2003; Kashkush and Kh-
asdan, 2007). These readouts could trigger the generation of
double-stranded RNAs and eventually small RNAs to regulate
corresponding genes (Fig. 2D). Furthermore, as illustrated in
Fig. 2E, many plant LTR-RTs harbor genes or gene fragments
(Jin and Bennetzen, 1994; Du et al., 2006; Wang et al., 2006).
Upon the transcription of these fragments, sense or antisense
transcripts can be generated and used to produce small RNAs
to regulate corresponding genes (Jiang et al., 2004; Kawasaki
and Nitasaka, 2004; Hanada et al., 2009).

Theoretically, LTR insertions within intronic sequences can
be removed by splicing, but sometimes, in particular, insertions
of large LTR-RT elements may lead to inaccurate recognition
of the intron-exon boundaries by spliceosome and thus yield
novel or non-sense products (Varagona et al., 1992; Marillon-
net and Wessler, 1997). While the functional roles of LTR-RTs
are still under debate, several studies have demonstrated that
LTR-RT sequences may contribute to plant fitness by providing
new regulatory components and properties to genes (White
et al.,, 1994; Naito et al., 2009). Such elements are generally
adjacent to the genes and provide cis-regulatory functions. For
example, an LTR-RT Hopscotch in maize was found to act as
the enhancer of a gene associated with a domestication trait
(White et al., 1994; Bejerano et al., 2006). Nevertheless, a re-
cent study in Arabidopsis reveals that heavily methylated TEs
may have deleterious effects on their adjacent genes, perhaps
by suppressing their expression (Hollister and Gaut, 2009).

CONCLUDING REMARKS AND PERSPECTIVES

LTR-RTs are the major constituents of the plant genomes
and largely responsible for genome size variation, genome
differentiation, and perhaps speciation. Despite the periodic
amplification or recent burst of LTR-RTs as observed in a num-
ber of plant genomes, most elements are transcriptionally and
transpositionally inactivated by DNA methylation and histone
modification, and in all plants examined, a large proportion of
LTR-RT DNA has been removed from the host genomes pri-
marily though intra-element homologous recombination and
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illegitimate recombination along evolutionary time. In addition
to preferential integration, local genetic recombination appears
to have played a major role, behind purifying selection, in
shaping the removal, accumulation, and distribution of LTR-RT
DNA.

While the contribution of LTR-RTs to genomic plasticity
has been well understood, their origin, expression, insertional
specificity, evolutionary fate, and potential impact on genetic
and epigenetic gene regulation remain largely unclear. With the
continuing accumulation of plant genome sequencing and re-
sequencing data, it is expected that additional active LTR-RTs
will be identified, which will facilitate future studies to address
these questions.
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