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Repetitive elements in the genome of Siberian larch
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Abstract — Repetitive elements (REs) are both the problem
for assembling whole genome nucleotide sequence reads and the
enormous uncharted research field [1]. Besides, REs can be part
of proteins that play important role in plant immunity [2].
Conifers are among ancient representatives of plants. They are
keystone species in boreal ecosystems that greatly affect global
climate. There are a great number of REs in the conifer genomes
[3], and most of them are still not characterized. Their role in
species evolution and gene regulation is still largely unknown.
The main goals of this research were de novo discovery and
classification of REs in the genome of Siberian larch (Larix
sibirica Ledeb.), and analysis of amino acid repeats in proteins
expressed in different tissues and a role that they play in
response to pathogens, especially, leucine-rich repeats (LRRs).
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Introduction

Repetitive elements (REs) or repeats are sequences that
occur multiple times in genome. They can be divided into two
broad distinct groups — tandem and interspersed repeats,
respectively. Tandem repeats are relatively short nucleotide
motifs repeated consecutively one after another in a head to
tail orientation. Interspersed repeats are mainly results of
transposable element or transposon activity, and they are
usually nonadjacent and interspersed throughout the host
genome [1].

Active transposons and other mobile elements can move
and change their location in genome, and some of them, such
as class I transposable elements or retrotransposons can create
a new copy of itself before insertion [1], [4]. The activity of
transposable elements is usually suppressed by a host defense
mechanism, but they can be activated by stress factors. The
coding genome regions are better protected from insertion of
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new repeat copies. Most of the new copies can be inserted into
already existing genome repeats. Moreover, repeats
themselves are very prone to mutation accumulation. These
two factors lead to the formation of the so-called ‘genomic
dark matter’. It is difficult to identify these genome regions,
but they contribute significantly to the content of plant
genomes [5]-[7].

Some repeats are used by organisms for their particular
needs. For example, many plant proteins associated with
disease resistance, and which function is to recognize
pathogen molecules, have domain containing leucine rich-
repeats (LRRs). The number of leucine in the LRR regions
and number of the LRR regions can vary both within and
between species, which provides the specificity of pathogen
molecules recognition. Thus, LRRs play a very important role
in plant immunity [2].

Conifer genomes have gigantic lengths, which is not due
to genome-wide duplication events. It was suggested that the
main cause of the increased genome sizes is the propagation
of repetitive DNA sequences [3]. Thus, it is very difficult to
study conifer genomes. Nevertheless, a technological
breakthrough in sequencing and assembly of genomes made it
possible to analyze the genomes of some conifers (see [8] for
review). Siberian larch has also a huge genome of ~12 Gbp,
although it is smaller than in other conifers [9]. About 80% of
this genome consists of REs. Here we provide data on the
preliminary analysis of the larch repeatome, including LRRs.

Methods and Algorithms

RepeatModeler was used for de novo discovery of REs
[10], [11]. This program is widely used in the analysis of
repeats in the large genomes. TEclass was used for
classification of found repeats [12]. LRRs were found using



HMMER package with Hidden Markov Models (HMMs) for
some LRR families from Pfam database [13], [14].

Results

In total, 1908 repeat families with a total number of 75945
iterations were discovered and the majority of them (1424 or
75%) were not classified by RepeatModeler based on the blast
results. TEclass managed to classify 94% of 1908 found
families, but 41% of 484 families already classified by
RepeatModeler were redefined entirely differently.
RepeatModeler is based on de novo repetition detection
programs — RepeatScout and RECON. Since RepeatScout
does not use all scaffolds or contigs for the analysis, but only
a randomly selected part of them, we decided to analyse 2869
scaffolds from a larch assembly longer than 100 Kbp. Their
total length was 360 Mbp, which corresponds to 3% of the
total length of the entire assembly. LRRs also were detected
in the transcriptomes of larch tissues (autumn buds, shoots,
sprouts, needles, and cambium). The presence of these LRRs
was approximately the same in all tissues and no more than
2%. LRRs in larch bud were compared with LRRs in the
transcriptome of the Sitka spruce bud, and the number of
LRRs in the spruce transcriptome was less than in the larch
transcriptome (0.5% vs 0.9%, respectively).

Conclusion

REs were identified in the Siberian larch genome, and their
preliminary analysis was performed. This study can help us
better understand organization of large genomes, such as
conifer genomes.

LRRs and resistance genes in transcriptomes of different
tissues of Siberian larch were identified and analyzed. These
sequences are associated with immune response of plants to
biotic stress. Their study will also help us better understand
genetic mechanisms of disease resistance in larch and other
plants.
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