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Molecular characterization of mariner-like elements in Bruchus pisorum and Bruchus
rufimanus (Coleoptera: Bruchidae)

Salma Djebbi', Wiem Ben Amara', Hanem Makni'?, Mohamed Makni' and Maha Mezghani-Khemakhem"*
! Unité de Recherche Génomique des Insectes Ravageurs des Cultures d’intérét agronomique (UR11ES10), Faculté des
Sciences de Tunis, Université de Tunis El Manar, 2092 El Manar, Tunis, Tunisia

2 Institut Supérieur de lAnimation pour la Jeunesse et la Culture (ISAJC), Université de Tunis, Bir El Bey, Tunisia

*Corresponding author: mahakm@planet.tn
Received: April 7, 2016; Revised: July 23, 2016; Accepted: July 26, 2016; Published online: November 9, 2016

Abstract: Mariner-like elements (MLEs) are Class-II transposons that are widely present in diverse organisms and encode
a D,D34D transposase motif. MLE sequences from two coleopteran species, Bruchus pisorum and B. rufimanus were
obtained using the terminal-inverted repeats (TIRs) of mariner elements belonging to the mauritiana subfamily as primer.
The characterized elements were between 1073 and 1302 bp in length and are likely to be inactive, based on the pres-
ence of multiple stop codons and/or frameshifts. A single consensus of MLE was detected in B. pisorum and was named
Bpmarl. This element exhibited several conserved amino acid blocks as well as the specific D,D(34)D signature. As for B.
rufimanus, two MLE consensuses, designated Brmarl and Brmar2, were isolated, both containing deletions overlapping
the internal region of the transposase. Structural and phylogenetic analysis of these sequences suggested a relatively recent
origin of Bpmarl versus a more ancient invasion of Brmarl and Brmar2 in their respective host genomes. Given that MLEs
are potential mediators of insect resistance and have been used as vectors to transfer genes into host genomes, the MLEs
characterized in this study will have valuable implications for selecting appropriate transposable elements in transgenesis.
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INTRODUCTION [4,5], MLEs were subsequently identified in a wide
range of animal [6] and plant genomes [7]. Currently,
MLEs are clustered into five subfamilies: cecropia, el-
egans/briggsae, irritans, mauritiana and mellifera/capi-
tata based on their phylogenetic relationships [8,9].
However, Rouault et al. [10] proposed a method based
on hierarchical clustering and average linkage to sort
935 MLE:s into 15 subfamilies, including the five major
subfamilies previously described.

Transposable elements (TEs) are mobile genetic el-
ements that have the ability to replicate and spread
in host genomes. This fluidity leads to modifications
of the gene structure and genome architecture [1].
Transposable elements have been traditionally classi-
fied into two classes, namely RNA-mediated (Class-I)
and DNA-mediated (Class-1I) elements, according to
their transposition mode [2].

Most MLEs were found to be inactive as a conse-
quence of the presence of stop codons and/or frame-
shifts within the coding region [11]. Even though
some identified MLEs were found to encode full-
length transposases in invertebrate and vertebrate
species, only a few showed enzyme activity following
genetic analysis for transposition [12]. To date, only
three MLEs have been found to be naturally active in
some insect species: MosI from Drosophila mauritiana
[13]; Famarl, isolated from the European earwig, For-

Mariner-like elements (MLEs) are Class-II trans-
posons with 28-30bp inverted terminal repeats flank-
ing a single open reading frame (ORF) coding for a
transposase of approximately 350 amino acids. The
MLESs transposase contains two highly conserved mo-
tifs, WVPHEL and YSPDLAP, separated by approxi-
mately 150 amino acids, as well as a specific D,D(34)D
signature motif [3]. Originally isolated from Drosoph-
ila mauritiana as an insertion in the white eye gene
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ficula auricularia [14] and Mboumar-9, identified in
the ant Messor bouvieri [15].

MLEs’ mobility made them become potential tools
for transgenesis and mutagenesis in a wide variety
of organisms, including insects [12]. So far, several
species have been transformed using the functional
Mos1 element, and its ability to introduce genes has
been well elucidated in Aedes aegypti [16,17]. Mathur
et al. [18] have successfully transferred antipathogen
effector molecules into the salivary glands of Aedes
aegypti to block the dengue virus transmission using
a Mos1-derived vector.

All of these transformations were based on exog-
enous transposable elements because the presence of
endogenous elements related to those used in trans-
formation vectors raises the problem of the potential
cross-mobilization of the elements and the subsequent
effects on the stability of the transformed systems [19].

Bruchus pisorum and B. rufimanus are important
coleopteran storage insect pests that cause significant
losses in pea and faba bean, respectively [20,21]. In-
secticides have been commonly used to prevent grain
losses; however, larval feeding within seeds limits the
chemical insecticides’ effects. Moreover, this chemi-
cal control is not cost-effective and is associated with
concerns related to environmental pollution and food
safety, which increases the need for alternative control
approaches. One of the methods involves the use of
TEs to integrate sterility genes in males reared in the
laboratory before spreading them into natural popula-
tions to reduce their size [19]. Thus, the characteriza-
tion of TEs in the coleopteran genomes could be used
as a valuable biotechnological tool to promote such
genetic control methods.

To date, among Coleopteran insects, only mariner-
like elements belonging to the irritans subfamily have
been described in Agrilus planipennis and more re-
cently, partial MLEs were identified in Coprophanaeus
cyanescens, C. ensifer, Diabroctis mimas and Dichoto-
mius schiffleri (Coleoptera: Scarabaeidae) [12,22].

Given the importance of MosI element as a ge-
netic tool to transfer genes into host genomes, we were
interested in investigating the presence of mariner-like
elements of the mauritiana subfamily in B. pisorum
and B. rufimanus genomes. Results of the study shed
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light on the genome structure of these pests and pro-
vide insight into the potential use of MosI element to
control them.

MATERIALS AND METHODS
PCR amplification

Genomic DNA was extracted from two individual in-
sects of each Bruchus species using the Doyle & Doyle
protocol [23]. To authenticate the studied Bruchus spe-
cies, we sequenced their DNA barcode region (COI).
The COI mitochondrial DNA region was amplified for
all samples using the universal primers designed by Fol-
mer et al. [24], LCO-1490: 5'TTTCTACAAATCATA-
AAGATATTGG3' and HCO-2198 5 TGATTTTTT-
GGTCACCCTGAAGTTTA3’, and PCR conditions
described by Mezghani et al. [25]. The full-length MLEs
specific to the mauritiana subfamily were amplified
by the degenerate Mos1 primer 5 TAYCAGGRGTA-
CAAGTAKGRAA3’ described by Kharrat et al. [26].

Amplifications were performed in 25pl, using
25 ng of template DNA, 20 pMol of the degenerate
primer, 0.2 mM of each dNTP, 1.5-2.5 mM MgCl2
and 1 unit of Go Taq DNA Polymerase (Promega)
in the provided buffer (5X). PCRs were performed
using the following program: an initial denaturation
at 94°C for 2 min, followed by 35 cycles at94°C for
30 s, 48°C for 30 s and 72°C for 1 min. A final ex-
tension step was carried out at 72°C for 10 min. The
PCR products were separated on a 1% agarose gel,
stained with ethidium bromide and visualized under
UV light. PCR products were purified using spin col-
umns (Wizard PCR Preps, Promega) and cloned into
a pGEM-T Easy vector (Promega). Plasmids were ex-
tracted (Wizard Minipreps, Promega) and sequenced
in both directions using the primers T7 and SP6 on
an automated sequencer (ABI PRISM 3100 Genetic
Analyzer, Applied Biosystems).

Sequence analysis

Mitochondrial COI sequences were submitted to
Barcode of Life Data system version 3.0 BOLD to as-
sign species names, then deposited in GenBank un-
der accession numbers: KU982562-KU982565. For
mariner-like elements, the homology analysis was
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Table 1: Similarity index among the nucleotide sequences of the MLEs identified in two Bruchus species calculated using Bioedit software.
Clones Bpmarl.1-Bpmarl.6 were obtained from B. pisorum and Brmarl.1-Brmarl.6 were identified in B. rufimanus

Clones Bpmarl.2 | Bpmarl.3 | Bpmarl.4 | Bpmarl.5 | Bpmarl.6 | Brmarl.1 | Brmarl.2 | Brmarl.3 | Brmarl.4 | Brmarl.5 | Brmarl.6
Bpmarl.1 0.993 0.993 0.992 0.942 0.990 0.794 0.792 0.794 0.702 0.704 0.702
Bpmarl.2 0.993 0.990 0.943 0.990 0.793 0.793 0.793 0.701 0.701 0.702
Bpmarl.3 0.990 0.941 0.990 0.792 0.792 0.790 0.701 0.700 0.700
Bpmarl.4 0.942 0.990 0.793 0.792 0.792 0.700 0.702 0.702
Bpmarl.5 0.940 0.800 0.798 0.800 0.712 0.713 0.714
Bpmarl.6 0.790 0.790 0.789 0.700 0.701 0.701
Brmarl.1 0.992 0.991 0.662 0.665 0.666
Brmarl.2 0.994 0.664 0.663 0.664
Brmarl.3 0.661 0.665 0.665
Brmarl.4 0.992 0.993
Brmarl.5 0.993
Brmarl.6

performed using BLASTX in the NCBI server (www.
ncbi.nlm.gov/cgibin/BLAST). The similarity index
among nucleotide sequences was calculated with
Bioedit [27]. Nucleotide sequences were translated
into their presumed amino acid sequences by ExPASy
(http://web.expasy.org/translate/), and HTH motifs
within them were identified using the GYM 2.0 pro-
gram [28]. Sequence alignments were performed us-
ing GeneDoc and a phylogenetic tree was constructed
using MEGA software version 7.0.14 based on the ML
method [29]. Bootstrap values for the branches were
obtained with 1000 replications. The identified MLE
sequences were deposited in the DNA Data Bank of
Japan (DDBJ:http://www.ddbj.nig.ac.jp/) under ac-
cession numbers LC144637-LC144648.

RESULTS
Taxonomic identification of Bruchussamples

Each Bruchus sample was clearly identified at the spe-
cies level aseither B. pisorum or B. rufimanus, using
the BOLD identification engine, with a maximum
identity of 96-99% based on the COI sequence.

Amplification of full-length MLEs in
Bruchuspisorumand B. rufimanus

PCR products between 1000 and 1300 bp were ob-
tained from the two Bruchus species and three clones
were sequenced from each individual. MLEs of B.
pisorum were named Bpmarl.1-Bpmarl.6 and those

of B. rufimanus were named Brmarl.1-Brmarl.6, fol-
lowing the nomenclature of Robertson and Asplund
[30]. All elements had a total length ranging between
1073 and 1302bp.

MLE sequence analysis

To investigate the characteristics of the mariner elements
in both Bruchus species, MLE nucleotide sequences ob-
tained from all of the Bruchus clones were aligned and
the similarity index was estimated (Table 1).

The results showed that MLE sequences obtained
from B. pisorum were similar at both the intra- and
interindividual levels, with identities higher than 94%
(Table 1). Due to this high similarity, a single consen-
sus sequence of 1302 bp, named Bpmarl, was con-
structed. However, MLE sequences generated from B.
rufimanus differed according to the individuals from
which they were derived, with a similarity index rang-
ing from 66.1% to 99.4% (Table 1). Two consensus
sequences, named Brmarl and Brmar2 of 1221bp and
1073bp, respectively, were constructed.

Database searches in GenBank using BLASTX re-
vealed that the three consensus sequences best matched
the black garden ant Lasius niger mariner element, Ln-
marl. Bpmarl shared 70% amino acid identity with
Lnmarl (KMQ85296.1), while Brmarl and Brmar2
shared only 40% and 67% identity, respectively.

Alignment of the consensus sequences with the
naturally active Mos1 element of Drosophila mauri-
tiana (X78906) are shown in Fig. 1. The consensus se-
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ITR-5'
Mos1 TACCAGGTGTACAAGTAGGGAATGTCGGTTCGAACATATA -G ATGTCTCGCAAACGTAAATATTTATCGATTGTCATAAAAC 81
Bpmarl «...——C...AA.TG....C..TGATTCTCTAGCCGAACTAT.CA.T.A.T...AA. ... ... G.CTG.GCC.TT. 92
BrmarZ2 «...~—C...AA.TG....C..TGATTCGCTATCCAAACTAT.C..TCA.T...AA..... G. G.C.G.GCC.TT. 92
Brmarl A..--C....A.TG....C...GATTCGCTAGCCAAACTAT.C.GTCA.T...AA..... G. ..C.A.CCC.TT. 91
Met
Mos1 TTTGACCTTGTGAAGTGTCAACCTTGACTGTCGAACCACCA TAGTTTGGCGCGAATTGAGCGTCATAATTGTTTACTCTCAGTGCAGTCAACATGTC 178
Bpmarl ..CAGTA.CAGC.TC....... AA.A.T.TGTTT..A.A..ATCA...C.CATA.A A.AA.G.GG..T...T.G... CALLALL L. 180
Brmar2 G..TTTA.CAAC.TC...... -AA.A.TC.GTA..TA.A..ATCA..A..CATA..T.-C.TA.AA.G..G..T...T. CALLALL L. 180
Brmarl ...ATTA.CAAC.TC....... AA.A.TCAGTTT.TA.A..ATCC..... CATA.A A.A.TG.GC..T...T.G... CALLALL L. 179
Mos1 GAGTTTCGTGCCGAATAAAGAGCAAACGCGGACAGTATTAATTTTCTGTTTTCATTTGAAGAARAACAGCTGCGGAATCGCACCGAATGCTTGTTGAAGCC 278
Bpmarl ..A...T..... T.CA..CT.CG.TTT....... TC.C.TC....T....AC..A..A. ... C..A..... A..T...T....... (SR T 280
Brmar2 ..A...T..... T.CA..CTGCG.T.T....... TC.oo.Guvvinnnnn AC..A..iiiennnn. G..CA.A..... A..T...T....... G....TT 280
Brmarl A.A.G.T..... T.CA..CT.CG.T.T....... TC...G..G...vot AC..A..iiinnnnn C..C..A..... A..T...T....... G...T.T 279
Mos1 TTTGGCGAACAAGTACCAACTGTGAAAACGTGTGAACGGTGGTTTCAACGCTTCARAAGTGGTGATTTTGACGTCGACGACAAAGAGCACGGAARACCGC 378
Bpmarl .ACA....G..T..TATTTGCAAA.C.CA...CT.TGAA...... A.TAAA T..GA.AA.TG....A.GT....GG..A. 380
Brmar2 .AC.A...G..T.GT.TT.G.AAA.C.CA..TCT.TGAA...... A.TAA TA.TAGAA..G...CA.GT..... G..A. 377
Brmarl T..G.GARA.TG....A.GT..... G..A. 327
HTH motif
Mos1 CAAARAGGTACGAAGACGCCGAACTGCAAGCATTATTGGATGAAGACGATGCTCARACGC AAAAACAACTCGCAGAGCAGTTGGAA GTAAGTCAACAA 476
Bpmarl «...G.AA.TT..... T...... T.AG. .o Ao, TCCATGC..... Ao, G..T...... GC....A.T...G.TA...... 478
Brmar2 .G..G . 382
Brmarl A...T.AA.TT..... T...o... T.A.eeiia.. ) TTCGTG...... AA..... A....Tooo... GCC...A..G..T.CA...... 427

W V P HE L
Mos1 GCAGTTTCCAATCGCTTGCGAGAGATGGGAAAGATTCAGAAGGTCGGTAGATGGGTGCCACATGAGTTGAACGAGAGGCAGATGGAGAGGCGCA AAAAC 575

Bpmarl A.GA.......... A..A..T.CC....... G..... TA..ATG.A.A.AG..... Teveveenn A....CT..A...... CAA..ACACA.A..... C. 577
Brmar2 . 382
Brmarl AL T A....AT.TC.vvvvun.. T...TTA..AT AGAL. ... Teeeenenn. A....CT..A..A..CCAA..A.AC..G.G...C. 525
NLS bipartite T GDE KW NLS monopartite
Mos1 ACATGCGAAATTTTGCTTTCACGATACAAAAGGAAGTCGTTTTTGCATCGTATCGTTACTGGAGATGAAAAATGGATCTTTTTTGTTAATCCTAAACGTA 675
Bpmarl IT..Teeen .. C....CG.C..Govnunn. A..A....A.. ...t A C..C..... [CI T.A...C.AG..... Cooan. A. 677
Brmar2 CC....CG.GR.uuunnn. AA..A..A.A...A...G.A....uunnn.. CCitienne e T.A..... AG....TA....TA. 470
Brmarl T..T.. ... GC..... G.CA.G........ A....AA.A ALGLL.Gaaa . T...Coviviinnnn. A..T.A...CCAGG..T.C..... A. 625
Mos1 AAAAGTCATACGTTGATCCTGGACAACCGGCCAC ATCGACTGCTCGACCGAATCGCTTTGGCAAGAAGACGATGCTCTGTGTTTGGTG 763
Bpmarl ..... G....TA....C..CA.T...... T.A..ATCAAGGTCTAT...... C..AAA...A...o... CA.A...T. . At TC. . 777
Brmar2 ..... A....T..... C..C..T..... R C..AAA. .. Ao C.AA...... C.A..... Gowvennn C.. 558
Brmarl ..... G AT . A.G. ittt ittt tenannnns C..AAA.G.A. ... CA.A..... ... 2 TC. . 696
Mos1 GGATCAGAGCGGTGTCAT TTACTATGAGCTCTTGAAACCCGGCGAAACGGTGAATACGGCACGCTACCAACAACAATTGATCAATTTGAACCGTGCGCT 862
Bpmarl C..... AC.T..... T..... GA..... C..TC...o... G..Teunnn.. T.C.GGTAA. ...ttt iiennn G..o... GG.vvvvv v it C..TT. 876
Brmar2 ...... AC...... CT...C.GG..... A..TC....... Acoeenn.. AA..T...GGT.AG. ... G...GCAG..A....... A.ATT. 657
Brmarl ...... AC....... T..C..GA..... C..TC...o... A.AT....AA..T.C.GGT.GG.A....... Gowwnnn GC.G.ovvvvnnn A...TT. 796
H D N A
Mos1 TCAGAGAARACGACCGGAATATCAAARAAGACAACACAGGGTCATTTTTCTCCATGACAACGCTCCATCACATA-CGGCAAGAGCGGTTCGCGACACGTT 961
Bpmarl GAGCCA...... T..A..G...... GCT..G....... AA..G.ovvvna. TG. v v v vt T..A.T..... G.C.GAA...A.CA.AC...G..ATT.G. 975
Brmar2 G.GCCA...... T..A.C....... GCT..G..ouunn. AA..Givevnnn GTG....... T C.GAA...A.CA.AC...G..ATTAG. 756
Brmarl G.GCCA......... A....... G..CT..G...n. AA..G-..... T.TT....A..T.TA......... CAAAAA..A.CA.AC...G..ATT.G. 895

Y S P D L A P S D

Mos1 GGAAACACTCAATTGGGAAGTGCTTCCGCATGCGGCTTACTCACCAGACCTGGCCCCATCCGATTACCACCTATTCGCTTCGATGGGACACGCACTCGCT 1061
Bpmarl A..TT.GTATGG....A...CC..G..C......... C.T.GG..C...T....T..... 2 T.G.CT..AA.A......... T.G..T..A 1075
Brmar2 A..TT.GTA.CGA....... CC..G.AC...ovvnnn. T.o... [ L AA..... T..T.G..T.. A i iiiiiinnnn G..T..A 856
Brmarl A..TCGGTA.GG........ CC..GT.Covvvvnvnnnn T.T...C...T....T..... A...C..T..T.G..T..A.Teveu.n.. A..G..T..A 995
Mos1 GAGCAGCGCTTCGAT  TCTTACGAAAGTGTGAAAAAATGGCTCGATGAATGGTTCGCCGCARAAGACGATGAGTTCTACTGGCGTGGAATC CACAAAT 1158
Bpmarl ....... A.... e TTO.ALAL T T ee et 1172
Brmar2 ....... A.... To AALLT. T 943
Brmarl ..T..A.A.... ....GT.T..AA..T..TC..A.... 1095
Polyadenylation signal
Mos1 TGCCCGAGAGATGGGAARAAATGTGTAGCTAGCGACGGCAAATACTTTGAATAAATGATTTTTTCTTTTTCCACAAAATTTAACGTGTTTTTTGATTTARA 1258
Bpmarl A..BA.RA......iinn. G.A.A...T...T..T..TCT....v.... G.TTAA..G.A.AA.CG..TTCG.GC.A.A...... C.A...T. GC... 1271
Brmar2 ....R.GA....A. A .. T.TT..TC.ov v v ienen G.TTAA..G.A.AA.CG..TTCG..C.A.A........ A...T. GG... 1042
Brmarl .A..A..A.C...AATG.... " t.ei.uo.. TA ..TC..... Covnnn GCTTAA..G.A.AA..G..TTCG..C.A.A........ A...T. GC... 1190
ITR-3'
Mos1 AAAAACGACATTTCATACTTGTACACCTGATA 1290
Bpmarl ....TTCCTG..C..vvvuveunnn (©sc00000 1303
Brmar2 ....=TCCAG..C.C.............. G.. 1073
Brmarl ....=TACAG......eeeeeeunennns G.. 1221

Fig. 1. Nucleotide sequence alignment of Bpmarl, Brmarl and Brmar2 from Bruchus pisorum and B. rufimanus, respectively, with the
MosI element of Drosophila mauritiana (X78906).
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Fig. 2. Schematic diagram showing the Mos1 element of Dro-
sophila mauritiana (X78906); Bpmarl from B. pisorum and the
Brmarl and Brmar2 transposons from B. rufimanus. Boxes rep-
resent canonical motifs of mariner transposase. Black triangles
represent ITRs. MSS and MSN are start motifs, YFE and YLE are
terminal motifs, A — Deletion, Ins — Insertion.

quence of the 28-bp inverted terminal repeats (ITRs)
of Bruchus elements were similar to those of the MosI
element. The Brmarl 5’-1TR was the most similar to
Mos1, exhibiting twenty-five exact matches. Lampe
et al. [31] deduced the conservation of two motifs
at positions 3-8 and 14-18 along the ITR sequence.
These motifs are SAGGT(C/T/G)(T/G) 3’ and 5°(T/A)
A(A/G)(A/G)(T/G), exhibiting two highly conserved
positions, 5 and 15, respectively. In comparison with
the MosI element, those motifs implicated in the
protein-ITR interaction were found to be slightly
modified in Bpmarl (three mismatches) but highly
conserved in BrmarI (a unique mismatch) and identi-
cal in Brmar2 (no mismatch) (Fig.1).

Putative MLE transposases deduced from con-
sensus sequences showed that they are nonfunctional
because they contain multiple stop codons and frame-
shifts. The obtained hypothetical transposases were
aligned with the MosI element to highlight their simi-
larities (Fig. 2), and a schematic diagram of whole
mariner elements was constructed (Fig. 2 A-D).

In comparison with MosI (Fig. 2A), the Bpmarl
element showed an insertion of 12bp and therefore,
corresponds to a mutated transposase of 346 amino
acid residues that exhibit many canonical motifs, sev-
eral of which are highly conserved, such as the helix-
turn-helix (HTH) and the WVPHEL. The signature
sequence D,D(34)D, typical of MLEs, was also identi-
fied in Bpmarl. The first D was included in the motif

357

“TGDE”; the second D in “DDNA;” slightly modified
from the canonical “HDNA” motif; and the third D in
“HWPDLAPSD,” which is modified from the canoni-
cal motif YSPDLAPSD (Fig. 2B).

However, mariner elements of B. rufimanus were
found to carry many deletions along their trans-
posases (Supplementary Fig. S1). The Brmarl element
displayed a transposase of 317 amino acids with only
two conserved aspartic acid residues of the D,D(34)D
motif. The first retained D was identified in the IGDE
motif, which is altered from the canonical “TGDE,
while the second D was missing due to mutations in
the canonical “HDNA” motif. The third D was in the
slightly modified YLPDLAPSD motif (Fig. 2C).

In silico translation of Brmar2 generated a
271 amino acid transposase lacking the HTH and
WVPHEL motifs due to an internal deletion span-
ning these regions. Only two conserved aspartic acid
residues of the “D,D(34)D” motif were identified. The
first retained D was identified in the TADE motif and
the second D in the “DDNA” motif. The third D was
missing due a mutation in the YSPDLAPSD motif,
which is replaced by YSPDLAPSN (Fig. 2D).

Phylogenetic analyses

To investigate the phylogenetic relationships
among Bruchus MLE consensus sequences and known
full-length mariner elements, we used some of the
published sequences representative of the five major
MLEs subfamilies from GeneBank: mauritiana, ce-
cropia, mellifera, capitata and irritans, as described
by Robertson and MacLeod [8]. As expected, the
phylogram constructed with the maximum likelihood
method based on nucleotide sequences revealed five
clades grouping the mariner transposase. The Bruchus
MLE sequences were reliably assigned to the mauritia-
na subfamily with a bootstrap support of 99% (Fig. 3).

DISCUSSION

The present study is the first report of MLEs belong-
ing to the mauritiana subfamily in monophagous co-
leopteran grain pests, B. pisorum and B. rufimanus.
Using PCR followed by sequencing, we have identified
two MLE consensuses, Brmarl and Brmar2, in the B.
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Fig. 3. Molecular phylogenetic analysis by the maximum likeli-
hood method between Bruchus MLEs and other mariner elements
based on the nucleotide sequences using Tcl as the outgroup.
The numbers on the nodes of the phylogram indicate bootstrap
support (1000 replications). The accession numbers of the used
elements are: X78906 (Mos1: Drosophila mauritiana), M14653.1
(Dmmarl: Drosophila mauritiana), AF035567.1 (Dtemarl: Dro-
sophila teissieri), AF037060.1 (Dsmarl: Drosophila simulans),
LBMMO01014153.1 (Lnmarl: Lasisus niger), HE577149.1 (Tnigmar:
Tapinoma nigerrimum) AF373028.1 (Mdmar: Musca domestica),
KC767725.1, KC767721.1 (Oamarl, Oamar2: Oryctes agamem-
non) from the mauritiana subfamily, X71979.1 (Gtmarl: Girardia
tigrina), AB006464.1 (Aamarl: Attacus atlas) D88671.1 (Bmmar I:
Bombyx mori) from the cecropia subfamily, AY155492.1 (Famarl:
Forficula auricularia) and U40493.1 (Ccmarl: Ceratitis capitata)
AY155490.1 (Ammarl: Apis mellifera) from the mellifera sub-
family, ZC132.1 (Cemarl: Caenorhabditis elegans), DQ138248.1
(Avmarl: Adineta vaga), Y39A3A.1 (Cemar2: Caenorhabditis
elegans) from the elegans subfamily, U11646.1 (Damar14: Dro-
sophila ananassae), U11649.1 (Mpmarl:Mantispa pulchella clone
) and GQ398105.1 (Agmarl: Agrilus planipennis) from the irritans
subfamily. Tc1-like element sequences from Drosophila melanogas-
ter (Tc1Dm: S60466) were used as the out-group to root the tree.
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rufimanus genome and a single consensus element,
Bpmarl, in B. pisorum.

Analysis of these three MLEs revealed, like most
other mariner elements, that they are defective copies
containing deletions, insertions, multiple stop codons
and frameshifts throughout the sequences [11]. This
indicates that they have accumulated mutations dur-
ing the process of vertical transmission [32].

The Bpmarl mariner element identified in the B.
pisorum genome exhibited low levels of sequence di-
vergence between the clones, suggesting a more recent
origin of the corresponding mariner element copies in
the B. pisorum genome. In contrast, the Brmarl and
Brmar2 elements showed high nucleotide sequence di-
versity, suggesting that either they have inhabited the
B. rufimanus genome for a long time, or two distinct
MLE lineages have invaded the B. rufimanus genome
and evolved differently.

Moreover, both mariner elements showed internal
deletions in the 5’ region that contains the coding re-
gion of the MLEs. Such deletions have been observed
in several elements belonging to IS630-Tc1-mariner
[26,33,34]. Hua-Van. et al. [33] suggested that the
low polymorphism in the region containing the two
functional domains (DDD and NLS) could be due to
the existence of selective pressures on these crucial
domains, which might be explained by the recent ac-
tivity of the corresponding elements.

Different mechanisms could generate deletions in
MLEs, such as slippage during replication or ectopic
recombination [35]. The origin of deletions might also
be related to an active regulatory mechanism that is
involved in the inactivation of full-length MLE cop-
ies [36] or to the transposition mechanisms of Class-1I
elements. In fact, MLEs transpose by a cut-and-paste
model, which requires the repair of the gap left by the
excision [37]. When the host DNA repair machinery is
not efficient, internal deletions could appear [35]. In-
deed, many other Class-II elements have shown internal
deletions as a consequence of element transposition,
such as the piggyBac-like elements of Aphis gossypii
[38] and the P and hobo elements of D. melanogaster
[39]. Plasmid-based mobility assays using MosI have
been carried out in several insects, such as Aedes aegypti,
Drosophila melanogaster, Lucilia cuprina and Bactrocera
tryoni [40,41]. Green et al. [42] reported lower frequen-
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cy of transposition events in B. tryoni compared to D.
melanogaster, which was explained by the presence of
endogenous MLE copies in the B. tryoni genome that
interfered, even in their defective form, with the activ-
ity of the exogenous MosI transposase along with the
associated regulatory system. Indeed, the presence of
endogenously similar MLEs might affect the efficiency
of the transgenesis causing instability of the transposase-
mediated insertions that resulted from cross-mobili-
zation events. Moreover, the authors concluded that
both recombination between different MLEs and the
potential for cross-mobilization could be influenced by
the level of similarity between regions of the encoded
transposases and the nucleotide sequence of the ele-
ments [42]. In addition, Bigot et al. [9] demonstrated
the presence of motifs within the ITRs of MLEs that
interact with the transposase. In this study, comparison
of Bruchus MLE I'TRs with those of MosI showed the
conservation of these motifs implicated in transposase
fixation. Therefore, the presence of these endogenous
MLEs similar to MosI elements may interfere with the
efficiency of the transgenesis vector system.

To summarize, when considering germline trans-
formation vector technology to control the impact of
these serious storage insect pests on legume crops,
factors regulating or repressing transposable elements
within their corresponding host genome need to be
investigated. In the present study, we identified mari-
ner elements of the mauritiana subfamily in B. piso-
rum and B. rufimanus. The presence of these endog-
enous elements might interfere with the efficiency of
the transformation system based on MosI. Therefore,
the discovery of additional transposon-based vectors
and engineered elements may advance the conception
of highly effective systems to conduct transgenesis
within these two storage insect pests.
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Supplementary Data

Supplementary Fig.S1. Alignment of the in silico translation
of the consensus Bpmarl transposase sequences of Bruchus
pisorum and Brmarl and Brmar2 of B. rufimanus with the
Mosl element of Drosophila mauritiana (X78906). (-) indi-
cates gaps introduced to maintain the alignment; (*) indicates
stop codons. Black and gray boxes are for identical and simi-
lar amino acids.

Fig. S1. can be assessed from: http://serbiosoc.org.rs/sup/
Suppl.Fig.S1.docx
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