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Abstract

Background: Short interspersed nuclear elements (SINEs) belong to non-long terminal repeat (non-LTR)
retrotransposons, which can mobilize dependent on the help of counterpart long interspersed nuclear elements
(LINEs). Although 234 SINEs have been identified so far, only 23 are from insect species (SINEbase: http://sines.eimb.
ru/).

Results: Here, five SINEs were identified from the genome of Plutella xylostella, among which PxSE1, PxSE2 and
PxSE3 were tRNA-derived SINEs, PxSE4 and PxSE5 were 5S RNA-derived SINEs. A total of 18 related SINEs were
further identified in 13 lepidopteran insects and a baculovirus. The 3′-tail of PxSE5 shares highly identity with that of
LINE retrotransposon, PxLINE1. The analysis of relative age distribution profiles revealed that PxSE1 is a relatively
young retrotransposon in the genome of P. xylostella and was generated by recent explosive amplification.
Integration pattern analysis showed that SINEs in P. xylostella prefer to insert into or accumulate in introns and
regions 5 kb downstream of genes. In particular, the PxSE1-like element, SlNPVSE1, in Spodoptera litura
nucleopolyhedrovirus II genome is highly identical to SfSE1 in Spodoptera frugiperda, SlittSE1 in Spodoptera littoralis,
and SlituSE1 in Spodoptera litura, suggesting the occurrence of horizontal transfer.

Conclusions: Lepidopteran insect genomes harbor a diversity of SINEs. The retrotransposition activity and copy
number of these SINEs varies considerably between host lineages and SINE lineages. Host-parasite interactions
facilitate the horizontal transfer of SINE between baculovirus and its lepidopteran hosts.
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Background
Short interspersed nuclear elements (SINEs) are Class I
transposable elements (TEs) that propagate by a copy-
and-paste mechanism [1, 2]. SINEs are evolutionarily de-
rived from endogenous RNA polymerase III (Pol III)
transcripts [3]. While mammalian SINEs, such as B1 and
Alu, are originated from 7SL RNAs, other eukaryotes
primarily harbor tRNA-like SINEs [4], and SINEs origi-
nated from 5S rRNA have been found in zebrafish, fruit
bats, and springhare [5, 6]. Recently, SINEs derived from
small nuclear RNA (snRNA) (SINEU) and the 3′-end of
the large ribosomal subunit (LSU or 28S rDNA)
(SINE28) have been identified in avian, crocodilian and
mammalian genomes, respectively [7–9]. The character-
istic features of SINEs include a 5′ terminal RNA-
related region which contains an internal Pol III
promoter, a central region, and a 3′-tail that is of vari-
able length and recognized by the reverse transcriptase
(RT) of autonomous partner long nuclear interspersed
element (LINE) during retrotransposition [3]. The SINEs
promoters originated from tRNA and 7SL RNA com-
prise box A and B motif, whereas 5S rRNA-derived SINE
promoters have three boxes such as A, IE and C [10].
As non-autonomous retrotransposon, the replication

rate and survival of a SINE is dependent on the partner
LINE activity, and its genomic copy number varies
greatly between families and host species. For example,
as high as 1 million copies of Alu elements have been
identified in the human genome [11], whereas only two
copies of ZmSINE3 were detected in Zea mays [12]. On
the other hand, the number of SINE families within a
genome is also highly variable, ranging from a single
SINE family in the Vitaceae to 22 SINE families in the
Amaranthaceae [13]. Interestingly, unlike LINEs, the dis-
tribution of a SINE family is generally restricted to a cer-
tain taxonomic group such as orders/families [3, 4, 14],
suggesting that SINEs are one of the major genetic
elements that determine a clade-specific genomic
composition.
Transposable elements play an important role in the

epigenetic regulation of the genome and generation of
genomic novelty. A growing body of evidence has re-
cently accumulated indicating that SINEs have a deep
impact on genome organization and gene structure by
generating regulatory elements for gene expression [15,
16], exon skipping and alternative splicing [17], alterna-
tive polyadenylation signals [18, 19], and even functional
RNA genes [20, 21]. For example, an Alu SINE inserted
into human pluripotency-associated transcript 5
(HPAT5) regulated related microRNAs through its let-7
binding site, which is essential for inner cell mass forma-
tion during early embryonic development [22].
While SINEs have been well characterized in human

[23], other mammals [24] and plants [25], and currently

about 200 SINE families/subfamilies are identified in
various clades in Metazoa, as reported in Repbase [26]
and in SINEBase [2], information on insect SINEs is still
limited [27–33]. Recent improvements in both genome
sequencing and assembly methodologies have led to in-
creasing high-quality insect genome assemblies, which
provides the opportunity to identify novel SINEs. How-
ever, due to their minimal sequence feature, the lack of
coding capacity, and high sequence heterogeneity, anno-
tations of SINE are often incomplete or missing. Here,
we described three tRNA-derived SINE families and two
5S rRNA-derived SINE families in the diamondback
moth (DBM), Plutella xylostella (L.), which is one of the
most damaging insect pests of cruciferous vegetables
around the world. We investigated the structures and in-
sertion regions of these SINEs. The distribution of these
SINEs in other lepidopteran insect species was also
surveyed.

Results
Novel tRNA-derived SINE retrotransposons, PxSE1, PxSE2
and PxSE3, in P. xylostella
A novel tRNA-derived SINE, PxSE1, was identified by
homology search in DBM genome database (Add-
itional file 1: Figure S1). A total of 68 full length copies
homologous to PxSE1 were used to reconstruct the con-
sensus sequence of PxSE1 (Accession numbers:
MW068006-MW068073). The PxSE1 is 263 bp long, in-
cludes GT dinucleotide repeats at 3′-tail and a 72-bp
tRNA-related region at the 5′-end with 64% identity to
72-bp tRNAArg of Drosophila melanogaster, which con-
tains box A and box B of the RNA Pol III promoter
(Figs. 1 and 2a, Additional file 2: Figure S2). The bound-
ary of PxSE1 was further defined by the alignment of a
PxSE1 element and its empty site sequence (Add-
itional file 3: Figure S3). Using the PxSE1 as the query, a
total of 6208 copies were identified in DBM genome
(Table 1). The average divergence is 0.035 in all PxSE1
copies (Table 1), indicating a recent invasion time.
Using PxSE1 as query, two additional tRNA-derived

SINEs, PxSE2 and PxSE3, were identified by database
searches. The consensus sequences of PxSE2 and PxSE3
were reconstructed using the same methods as described
above (Accession numbers: MW068074-MW068156,
Additional file 2: Figure S2 and Additional file 3: Figure
S3). The PxSE2 is 263 bp long, includes a 143 bp 3′-end
sequence, which is different from PxSE1, but has 67.5%
identity with BmSE. The 72-bp tRNA-related region of
PxSE2 is 93.4% identical to PxSE1 (Figs. 1 and 2a). Inter-
estingly, PxSE2 has a 44 bp conserved central domain
with 93.2% identity to PxSE1 (Fig. 2a). The PxSE3 is 339
bp long, includes a 72-bp tRNA-related region with
66.5% identity to tRNAArg of D. melanogaster, and has
79.3% identity with the 222 bp sequence at 5′-end of
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SINE2-1_Pxu from Papilio xuthus [34] (Figs. 1 and 2b).
The copy numbers of PxSE2 and PxSE3 were 5056 and
5158 in DBM genome, respectively (Table 1). The aver-
age divergence of PxSE2 and PxSE3 were 0.071 and
0.089, respectively (Table 1).

Distribution of PxSE1, PxSE2 and PxSE3 in other species
BLAST searches were performed to detect PxSE1, PxSE2
and PxSE3 sequences in insect species other than P.
xylostella. In total, homologous sequences of PxSE1,
PxSE2 and PxSE3 were identified in five, two and seven
Lepidoptera insects, respectively (Accession numbers:
MW068230-MW069451, Additional file 2: Figure S2),
among which MsSE2 in Manduca sexta showed the
highest copy numbers of 16,157, whereas only 533
copies of CsSE1 were detected in the genome of Chilo
suppressalis (Table 1). The consensus sequences of these
elements vary in size from 252 bp to 333 bp and have
different 3′-tails. Differently, the consensus sequences of
EpSE1 did not contain poly(A), poly(T) or simple se-
quence repeats at 3′-end. The average divergence varied
from 0.035 to 0.13 (Table 1). Although PxSE2- and
PxSE3-like elements were not identified in non-insect
species, a PxSE1-like element, SlNPVSE1, was detected
in Spodoptera litura nucleopolyhedrovirus II
(EU780426.1: 30485–30735), which was located within
ORF27 encoding an unknown protein.
Multiple sequence alignment of the consensus se-

quences showed that the evolutionary divergence var-
ied from 0.003 to 0.436. The highest identity (99.7%)
was observed between PmSE1 in Papilio machaon
and PzSE1 in Papilio zelicaon, whereas MsSE1 in M.
sexta and CfSE1 in Choristoneura fumiferana showed
the highest evolutionary divergence (0.436) (Add-
itional file 4: Figure S4).

Two 5S rRNA-derived SINEs, PxSE4 and PxSE5, in P.
xylostella and related species
Using HaSE3 as a query [33], BLAST searches revealed
two 5S rRNA-derived SINEs, PxSE4 and PxSE5, in DBM
(Accession numbers: MW068157-MW068229, Figs. 1
and 2c). The boundary of PxSE4 and PxSE5 was further
defined by the alignment of single PxSE element and its
empty site sequence (Additional file 2: Figure S2 and
Figure S3). PxSE4 and PxSE5 are both 389 bp in length
and shared high identity of 250 bp sequence at 5′-end
but are different at the 3′-end. The promoter regions of
PxSE4 and PxSE5 include the specific A box, IE and C
boxes, and shared about 63% identity with 5S rRNA of
Bombyx mori, indicating that they are 5S rRNA-derived
SINEs (Fig. 2c). The copy numbers and average diver-
gence of PxSE4 and PxSE5 were 4415 and 1952, 0.078
and 0.132, respectively (Table 1).
Interestingly, we found a LINE element PxLINE1.1

(NW_011952036.1: 552486–555,713) with its 43-bp 3′-
end being 84% identical to that of PxSE5 (Fig. 2). Thus,
this region was designated as 3′-LINE-related region
(Fig. 1). The PxLINE1.1 element was 3228 bp long,
flanked by 13 bp target site duplications (TSDs), encoded
L1_EN (Endonuclease domain of the non-LTR retro-
transposon LINE-1) and RT domain, and was terminated
by ATGT tetranucleotide repeats in the short 3′ un-
translated region (3′ UTR) (Fig. 3). Additional eight cop-
ies were found to be 96.1 to 99.7% identical to
PxLINE1.1 in P. xylostella. Specifically, one copy
(AHIO01028576.1:13049_14357) from WGS was
inserted as a 1686 bp fragment, which shared 71.8%
identity with mariner-8_BM from B. mori [35] (Table 2
and Additional file 5: Figure S5). Sequences sharing 63
to 82% identity with the 1580 bp fragments at the 3′-end
of PxLINE1.1 were also found in the other 7 lepidop-
teran insect genomes (Additional file 6: Figure S6).

Fig. 1 The schematic representation of structure of PxSE1, PxSE2, PxSE3, PxSE4 and PxSE5 in P. xylostella. The A, B, IE and C in tRNAArg or 5S rRNA
region represent A box, B box, intermediate element and C box, respectively.The PxSE1, PxSE2 and PxSE3 are tRNA-derived SINEs, PxSE4 and PxSE5
are 5S rRNA-derived SINEs
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