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ABSTRACT. Mobile elements are widely present in eukaryotic
genomes. They are repeated DNA segments that are able to move
from one locus to another within the genome. They are divided into
two main categories, depending on their mechanism of transposition,
involving RNA (class I) or DNA (class II) molecules. The mariner-like
elements are class II transposons. They encode their own transposase,
which is necessary and sufficient for transposition in the absence of
host factors. They are flanked by a short inverted terminal repeat and
a TA dinucleotide target site, which is duplicated upon insertion. The
transposase consists of two domains, an N-terminal inverted terminal
repeat binding domain and a C-terminal catalytic domain. We identified
a transposable element with molecular characteristics of a mariner-like
element in Atta sexdens rubropilosa genome. Identification started from
a PCR with degenerate primers and queen genomic DNA templates, with
which it was possible to amplify a fragment with mariner transposable-
element homology. Phylogenetic analysis demonstrated that this
element belongs to the mauritiana subfamily of mariner-like elements
and it was named Asmarl. We found that Asmarl is homologous to a
transposon described from another ant, Messor bouvieri. The predicted
transposase sequence demonstrated that Asmarl has a truncated
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transposase ORF. This study is part of a molecular characterization of
mobile elements in the Atta spp genome. Our finding of mariner-like
elements in all castes of this ant could be useful to help understand the
dynamics of mariner-like element distribution in the Hymenoptera.

Key words: Transposable element; Mariner-like element;
Leaf-cutter ant; Atta sexdens rubropilosa

INTRODUCTION

Mobile elements are present in all organisms in multiple copies; they have occupied
different genomes for millions of years. There is an important division of classes involving
these elements, which consider mainly the transposition mechanism. Class I elements transpose
via an RNA intermediate, while Class II elements transpose via a cut and paste mechanism.

Class II elements are important tool for genetic transformation in many different or-
ganisms. A special transposable element widely used for transformation is the mariner ele-
ment (Jacobson et al., 1986; Berghammer et al., 1999; Coates et al., 2000; Moreira et al.,
2000). This element possesses common characteristics, such as: inverted terminal repeat (ITR)
sequence at the extremities; ITR sites flanked by TA nucleotides, duplication of two base pairs
in the insertion site (direct repeats); catalytic domain, which contains the D,D(34)D catalytic
triad and the transposase domain; DNA-binding domain, which contains the nuclear localiza-
tion signal and the helix-turn-helix motif, and finally a short size of about 1300 bp.

The mariner elements were first identified in Drosophila melanogaster, but are exten-
sively distributed in nature, and can be found in a wide variety of insects and other arthropods.
Mariner family members have also been identified in several organisms such as nematodes,
marine species, fungi, plants, and mammals, including humans (Robertson, 1993; Capy et al.,
1996; Jarvik and Lark, 1998; Leroy et al., 2003; Mandrioli, 2003; Halaimia-Toumi, et al., 2004).

Currently, these elements are members of a large transposon family, known as mariner
and mariner-like elements (MLEs) (Lampe et al., 1996). There are over 13 subfamilies known
of mariner elements, which typically contain approximately 40-56% identity in nucleotide and
23-45% identity in amino acids between the subfamilies and 25-100% identity in amino acids
with a particular subfamily. The phylogenetic history of the mariner element family is known
for extensive horizontal transfer between species, some separated by great phylogenetic dis-
tances (Robertson and Zumpano, 1997; Robertson and Martos, 1997; Lampe et al., 2003).

Many of these transposable elements belonging to the mariner family are non-func-
tional; they accumulated some kind of mutations during evolution and thus transcribe in-
active proteins. The number of MLEs per genome can vary tremendously from species to
species (Hartl et al., 1997). Several species that had characterized parcial or full-length ele-
ments showed inactive MLEs, with multiple stop codons, deletions or frameshifts. They were
observed in the genomes of insects: Rhynchosciara americana (Rezende-Teixeira et al., 2008,
2010), Messor bouvieri (Palomeque et al., 2006), Musca domestica (Yoshiyama et al., 2000),
Hessian fly (Russell and Shukle, 1997), Bombyx mori (Robertson and Asplund, 1996; Rob-
ertson and Walden, 2003; Kumaresan and Mathavan, 2004), Bactrocera tryoni (Green and
Frommer, 2001), Ochlerotatus atropalpus (Zakharkin et al., 2004), in Lepidoptera: Antheraea
mylitta (Prasad and Nagaraju, 2003), Mamestra brassicae (Mandrioli, 2003), in nematode:
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Meloidogyne chitwoodi (Leroy et al., 2003), and several other species. The prevalence of
inactive copies of mariner elements in many genomes suggests that the vertical inactivation
by mutation had an important, probably dominant, role in the evolution dynamic of mariner
elements (Lohe et al., 1995).

The present study characterized a transposable element of mariner element family in
the leaf-cutter ant genome, Atta sexdens rubropilosa. This insect social behavior and responses
to pesticides have been well studied, but there is little data on other aspects of its biology. Recent
data comparing the morphology and cytoskeleton organization of the salivary glands (the post-
pharyngeal, hypopharyngeal, mandibular, and thoracic salivary gland) of different castes show
a lack of molecular markers in this system (do Amaral and Machado-Santelli, 2008). It was the
starting point for molecular characterization of mobile elements, which nowadays are considered
important molecular markers. As observed in many invertebrates the element identified presented
defective open reading frame (ORF), stop codons within the ORF and imperfect ITR sequences.
However, the study of this element in this system can provide important information on the evo-
lution and function of mobile elements, which always appear to collaborate with a variety of
biological functions (revised by Khurana and Theurkaf, 2010; George et al., 2010).

MATERIAL AND METHODS
Animals

Ants of A. 5. rubropilosa were collected at the Universidade de Sdo Paulo campus, in
the Brazilian State of Sdo Paulo, and the wild ants bred in the laboratory.

Nucleic acid

Genomic DNA was extracted from an A4. s. rubropilosa queen ant, added to 300 pL
TMD (10 mM Tris-Cl, pH 8, 5 mM EDTA, and 0.3 M NaCl), and homogenized. This was
then mixed with 12 uL 20% SDS and incubated at 65°C for 1 h in the presence of proteinase
K (100 pg/mL), followed by one extraction with phenol:chloroform. DNA was precipitated in
ethanol, washed with 70% ethanol, dried and dissolved in TE buffer (10 mM Tris-HCI, pH 8,
and 1 mM EDTA). DNA was quantified in a NanoDrop ND1000 Spectrophotometer.

PCR, inverse PCR and DNA sequencing

PCR amplifications were made with degenerated primer to amplify the Asmarl
element internal regions (pmarlR: 5-TTTGCACAACAAGTTCAATTT-3' and pmarlF:
S-TTTCTGGCAATTTACGGAT-3"). Primers were designed for inverse PCR (iAsmarlR:
5-TCCAATTAAAGCAGAAAATCAA-3'", iAsmarlF: 5-TGGTGGGACTAAAAGGATCT-3")
based on the internal sequences of Asmarl. The protocol of DNA circularization was described
in Rezende-Teixeira et al. (2010). The PCR amplifications were performed using Platinum
Taq DNA polymerase (Invitrogen Life Technologies) according to manufacturer instructions.
Cycle conditions were 94°C for 2 min, 35 cycles of 94°C for 30 s; 55°C for 30 s; 72°C for 2
min and a final extension at 72°C for 7 min. The PCR products were cloned in pGemT-easy
vector (Promega). Clones were sequenced using the BigDye terminator (PerkinElmer) and run

Genetics and Molecular Research 11 (2): 1475-1485 (2012) ©FUNPEC-RP www.funpecrp.com.br



P. Rezende-Teixeira et al. 1478

on an ABI-3100 sequencer (PerkinElmer), using T7 and SP6 primers. The nucleotide sequences
were analyzed in a Linux workstation with Phred, Phrap Crosmatch and Consed 17 programs
(Ewing and Green, 1998; Ewing et al., 1998; Gordon et al., 1998). The BLAST analyses were
done in the non-redundant GenBank database (Wheeler et al., 2000). The MLE sequences of 4.
s. rubropilosa were deposited in the GenBank database and have the following accession No.:
A. s. rubropilosa Asmarl (JET17775).

RESULTS AND DISCUSSION

To amplify mariner-like transposable elements in the A. s. rubropilosa genome the
primers initially used were designed to amplify mariner elements of Rhynchosciara diptera
(Rezende-Teixeira et al., 2010). Given the high identity observed between these elements, the
primers functioned perfectly, and the ORF internal region of a mariner-like family element
was amplified, as expected (pmarlR: 5'-TTTGCACAACAAGTTCAATTT-3" and pmarlF:
S-TTTCTGGCAATTTACGGAT-3"). To perform all PCRs queen ant DNA of 4. s. rubropilosa
was used.

Since the ORF internal region was known, a new primer pair was drawn from the ampli-
fied sequence of A. s. rubropilosa. These primers point to the ends of the transposon to carry out an
inverse PCR to provide data of the complete sequence, flanking regions and target site.

The amplified sequence of element in A. s. rubropilosa was named Asmarl, and the
consensus element is 1267 nucleotides in length and has the typical structure of an MLE; how-
ever, the ITRs are imperfect (Figure 1). An ATG starts at nucleotide 162, one defective ORF
of 1035 bp encoding a putative transposase with 345 amino acid protein and 5 internal stop
codons. The translation start site, which has been described in some full-length mariner ele-
ments, is located in a non-canonical Kozak’s box (PuXXATGPu), which was also observed in
the element Asmarl of A. s. rubropilosa. The last position of the subject contains a pyrimidine
nucleotide (thymidine) in the place of one purine.

The D,D(34)D signature-sequence, which is also a characteristic of mariner elements,
defines the second functional domain of the transposase, which is the catalytic domain (129
amino acids in 4. s. rubropilosa). This domain is responsible for site-specific cleavage and
junction in the transposition process (van Luenen et al., 1994; Craig, 1995). The active site of
this domain is defined by three amino acid motifs, consisting of two aspartic acid (D) residues
separated by 94 amino acids, followed by another aspartic acid residue separated by 34 amino
acids (Robertson, 1993; Doak et al., 1994). The D,D(34)D catalytic triad that makes up the
active site serves as a binding domain for the divalent cation (Mg*") required for catalysis
(Prasad et al., 2003). The motif D,D(34)D was identified in the Asmarl transposase of A. s.
rubropilosa with 81 residues, which were 100% aligned.

It was noted that some sequences (WVPHEL, DEKW, H/QDNAP, HPPYSPDLAPSD),
highly conserved in the MLE family (Robertson, 1993; Prasad and Nagaraju, 2003), are also
present in the Asmarl element, but some amino acids appear altered. The sequences found in
A. s. rubropilosa are: WVPMNL, DEMW, HDNAR, and HPPYSPDVAPSD. The underlined
amino acids are shifts found in Asmarl. These sequences correspond to regions of aspartic acid
residues that comprise the D,D(34)D catalytic triad and two motifs (WVPHEL and YSPDLAP),
typical of mariner transposases described by Robertson (1993).

The ITRs are short sequences of about 28 bp flanking the mobile element, responsible
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TA TTETEAGTACAAATTAATTCGETC CETTT CTLE CTGTT GTGAATSGTT
CATAGTGACAGCTGATTTTGGCGATT TCAGA AAGE TTARA CATC TACTAL
TAATATTCAGTT TATATCACT TTGAS TTTCA TACA RAARACCTTGATTTTT
ACTETGTTTCARATETCGAAT TTTET GTTAR CTTA GCAGCATTT GACGAGE
M 5§ N F ¥V L T * g H L R D
TTTTGATTTTCTGCTTTAATT GGARG ARRAG TGCE GCTGARGCC CATCGR
1A ol o N . ¢ k- kS A -A-F A H R
ATGCTTGTCGARAGTTTATGETAACAC TEGOTC CARC TGGTAAATCATETAG
M T S GRS ST MG MO M s PO WG RS RS a0 iR
GEAATGETTTCGACCTTTCARGGATE AGATT TCAG CGTTGRAAGACARGCC
F W F BB P K D F T 9 A L E T 8 I
TCGCTCTGEACAGCCARARRR TTCCOG AAGAC ARAG AATTGAGACATTACT
AL D o0 KT OPBRST R ONOW B O
CEAAGAAGATCAGAGTCARACGCARMG AGGAG CTTGE CAGRATCAT TEEGEA
moR,.OHE 8§ &2 4EH W3 B e A &R T I ® D
TAACTCAAGCCGTATCT GTACGATTE AGAGC CATG AAGTCATGEGARTGR
N 8 8 B. I € T FE E 82 H E ¥MEc M I
TTGAGAAACRAGGAAATTGEGTGCOT ATGAR CTTA AACCGAGAGACTTTG
F & @ 6 H W ¥ P M K L N & E T T
AMAGGCGATTTTTCACT TGCGAACAS TTGAT TOAR AGATAACAGAGAARD
E &GP F 8 I, & N 8 % F % D N BE E E
GETTTTTTGCAT CGEAT TETGAGACE AGATG TGGA TATTC TACGACRATC
¥ F e B S Oh e Sl el W w0 B oD NG P
CCARGAAGARARAATACTACGCTALS COTGA TCAR TCGTTGCCATCGATC
K K KR K ¥ ¥ A K P D @ 8 L P 8 I
TCARCATCARCACCEARCATT CATEA TTCAR AGAT CATGCTTTETATCTG
LI - TR P I Gl (R Rl S e Gl o il |
GTGGGACTARARGGATCTTGT TTACT ATGAG CTGC TGARA CCTEGLGAT T
¥ D * K. ¥ L. v ¥ ¥ E . T K. P € D =
COATTACGEECEGATCGGTATC GGCTA CAATT GATT CGTTTGAGT CETGTA
T nE D RO SR BE QR R B 1S B W
TTECAAGAARAA TGECCGGAATACEA GCARA CGACA TGTGATTTT GCAGCR
T, @ B K W P BE ¥ E & B H ¥ T I O B
TEACAATGOTCEGACCCCATEGT TGCGARAGTG GTCA AGACATACT TEGGARR
o WA B, B OH WA K W W ® Dy E
COTTGAAATGGGARAGTCCTAC CCCAT CCGCC GTAT TCTCCAGACGTTGCT
LT R R E ¥ TP BB P ¥ 5 @D WA
COCTCTGACTAT CACTTGTTT CGATC RATGG CACE CGGTC TGO TEGACCA
P8 DT B L P OB 5 ¥ A H & L& D
GCACTTCCEGTT TTETGARGRAAGTARRARAT TGGA TCGATTCGT GEATAG
H PR P &% # I B: N W'D D SwW F &
COTCARAAGATGACCAGTGTT TTCEA CGCGE CGATT CGTACGCTACCCGRAL
oYY e W S P Re R EIE  §R OCRG M W B R
AGATGGGAGALRAGTAGTGGCCAGCGA TGGAC AATA CTTTGAATCATALA T
B W E E VY AR 8 D & H ¥ P E g =
GTATAACCAGTTTTTTacARATTTCEAATTT CGGAARL AL CGGCGEGAAGC
AAAGCTTETACACCATE

Figure 1. Nucleotide sequence and conceptual translation of the consensus Asmar! element inserted at a duplicated
TA dinucleotide site. The inverted terminal repeats (ITRs) and the positions of two conserved motifs described by
Robertson (1993) are underlined. The aspartic acids (D) of the D,D(34)D catalytic triad are in red underlined and
the catalytic domain in blue.
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for the binding of transposase protein in the transposition mechanism. The binding domain of
the ITR sequence of the Mos1 mariner transposase was defined by Augé-Gouillou et al. (2001)
analyzing the interaction between the transposase and the ITR sequence. The transposase of
MLEs specifically bind as a dimer in the inverted terminal repeat sequence of transposon that
encodes it. Two binding motifs were localized in the ITR sequence (Bigot et al., 2005). These
motifs are involved in the binding of mariner transposase in ITR. The ITR sequence found
for Asmarl is imperfect 5'-TTGTGAGTACAAATTAATTCGGTCCGTT-3". Thus, in the 4. s.
rubropilosa the transposase is probably non-functional, not only due to stop codons within the
OREF, but also imperfect ITR sequences.

A comparison of the terminal repeats showed that there is a high degree of conserva-
tion among the sequences of different species. The Asmarl ITR sequence shares extensive
identity with the inverted repeats of mauritiana subfamily members (Figure 2). High identity
(64%) is observed between Asmarl from A. s. rubropilosa and Snvmarl from the fire ant Sole-
nopsis invicta (Krieger and Ross, 2003). This is evidence of the relationship of these mariner
elements within A. s. rubropilosa as well as its relationship to mariner elements found in other
taxa. Besides, it is possible to observe that Asmarl ITR shares 57-27% identity with different
subfamilies.

Frermron o L T P 0. ...0....30 % Identity Subfami 1y
Asmarl TTGTGAGTACAAATTAAT TCGGTCCGTT e
Ramarl TTGGEGTGTACAACT TAATTCCT T CCGTT 82
Ramar: TTAGGTGTACAAATAAGTTTCTTCCGTT T2 mauritiana
Sinvmari TTAGGTGT TAAACTTAAT TCCTGCCGET 64
Mos1 TCAGGTGTACAAGTATGAAATGTCGGTT 54
Desmarl TTGGGTGTACAACT TAAAAACCGGAATT a7
Ammarl TTGGGTTGGCAACTAAGTAAT TGOGGATTT 43 mellifera
Bmmarl CAGGTGTGTAAATATGAAACCGGAATT 32 mori
Hamarl TTAGGTCCTTACATATGAAAT TAGCGTT a7 cecropia
Camarl TCAGGTTGTCCCATTTGT TTT TGCACTA 36 elegans
Himarl ACAGGTTGGCTGATAAGTCCCCGGTCTGA 27 irritans

Figure 2. Comparison and % identity of inverted terminal repeats (ITR) sequences among Asmarl from Atta
sexdens rubropilosa and other elements. The elements represented are Ramar! and Ramar2 from Rhynchosciara
americana, Sinvmarl from Solenopsis invicta, Mosl from Drosophila mauritiana, Desmarl from Mayetiola
destructor, Ammarl from Apis mellifera, Hcmarl from Hyalophora cecropia, Cemarl from Caenorhabditis
elegans, Himarl from Haematobia irritans, Bmmarl from Bombyx mori.

Figure 3 shows a comparison among ITR sequences of Asmarl, Ramarl and Ramar?2.
These ITR sequences share a high identity (82-72%), including six continuous nucleotides
(5'-GTACAA) in the 5'-extremity and the six late nucleotides (TCCGTT-3') of the sequence.

However, the presence of an imperfect ITR sequence, generated from mutations may
have been the starting point for the inactivation of this element in 4. s. rubropilosa. Asmarl, no
longer able to undergo transposition, may have accumulated new mutations, creating a totally
defective element. Some studies show important characteristics about the ITR sequences, such
as conservation of a palindrome sequence and mirror motifs (Bigot et al., 2005), and a pos-
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sible function, initially proposed by Pietrokrovski and Henikoft (1997) and later confirmed by
Augé-Gouillou et al. (2001), where the ITR sequence could be a region involved in the mariner
transposase binding by HTH motif present in the N-terminal, although the conservation and
evolution of ITR sequences in the mariner elements represent a puzzle to be solved.

Figure 3. Comparison of inverted terminal repeat (ITR) sequences among Asmar! from Atta sexdens rubropilosa
and Ramarl and Ramar2 from Rhynchosciara americana. The logo was drawn in weblogo.berkeley.edu.

A TA dinucleotide immediately flanks the ITR sequence, as is typical for mariner in-
sertion events. This finding suggests that the Asmarl element has a transposition mechanism
similar to other mariner elements. The TA dinucleotide represents the target site of the ele-
ment, which would then be duplicated upon insertion in the genome.

A phylogenetic tree based on transposase sequences was constructed to compare and
investigate the phylogenetic distribution and evolutionary status of the known full-length
mariners. The alignment was generated by the use of ClustalX with default parameters and the
tree was elaborated by neighbor joining algorithm and constructed with the TreeView 1.6.6
software (Saitou and Nei, 1987; Page, 1996). The protein sequences used were downloaded
from GenBank and the accession Nos. are: A. s. rubropilosa Asmarl (JE717775), R. americana
Ramarl (DQ784570), R. americana Ramar2 (DQ784571), D. erecta Demarl (U08094), Apis
mellifera Ammar1 (U19902), Ceratitis capitata Ccmarl (AAB17945), Caenorhabditis elegans
Cemarl (NP_497296), C. elegans Cemar2 (NP_497120), Mayetiola destructor Desmarl
(AAA66077), D. mauritiana Mosl (AAA28678), Haematobia irritans Himarl (U11645),
Chrysoperla plorabunda Cpmarl (AAA28265), Mantispa pulchella Mpmarl (U11649),
Homo sapiens Hsmar2 (AAC52011), O. atropalpus Atmarl (AAL16723), Hyalophora
cecropia Hcmarl (M63844). A Bmmarl sequence from B. mori (AAB47739) was used as an
out-group (Shao and Tu, 2001). The tree obtained was classified into six subfamilies based on
their branching pattern (Figure 4). The grouping of Asmarl within the mauritiana subfamily
of mariner elements was strongly supported in bootstrap analysis and amino acid identity and
similarity with its sister clade.

Figure 5 shows an alignment of Asmarl (Genbank accession No. JF717775) consen-
sus with the Ramarl element of R. americana (Genbank accession No. DQ784570), Mboumar
element of M. bouvieri (Genbank accession No. AJ781769.1) and Desmarl element of M.
destructor (Genbank accession No. AAA66077). The Asmarl and Mboumar consensus trans-
posase sequences share 44% amino acid identity and 58% conservative replacements, while
Desmarl transposase shares 45 and 60% amino acid identity and conservative replacements.

Genetics and Molecular Research 11 (2): 1475-1485 (2012) ©FUNPEC-RP www.funpecrp.com.br



P. Rezende-Teixeira et al.

1482

The Ramarl element appears to be the closest mariner to Asmarl with 46 and 62% amino acid
identity and conservative replacements, respectively.

Mayefola destm ctor Desmart

Rhyncho sciara amer cana Ramart

Drosophila maurtiana Most

Rhynchosd ara americana Ramar 2

Atta sexdens rubropioss Asmart

Drosophila erecta 0 em arf

Apis mellifera Ammart

Cerafitis capitsta Comart

|— Caenorhabdifs elegans Cem arf

Caenorhab ditis gegans Cemar2

—— Haematobia initans Him art

_ Chrysoperia plorsbunda Cpmard

Mantispa pul chel laMpmart

1000
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— 954
995
M2
872
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1000

Homo sapiens Hsmari

Ochlerotaius atropal pus Atmart

&M

Hyalophora cecropia Homart

Bombwx mori Bmmar

o1

Figure 4. Phylogenetic relationship among the consensus Asmarl and other mariner elements based on their
transposase amino acid sequences, using Bmmarl as outgroup.
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Asmari MEHF WL T- -— QHLRD- -F OF LL LEES ARRAH FMLT EV G HT AP TGES CREWFRRFEDEL 57 LETS LALD SQFT PETEMDL 75
Ramari ME SFVAN- -KHHLR EV LI FCFHWEES AREAH CHLV EV G DS AP SEFF CREWE GRE KRS CDFS VEDE ERPCOFFEFEDE-EL 77
Mosi B SFWF - -KEQTR TV LI FCFH LEETAAESH BV EAFG EOVF TVEE CEFWFORF S FD VD IK EHGE PFER. TEDA-EL 77
Desmari FERFENWRERFHLEEVLL GIFFARETAAESHELLVEVTGEHAL AKTD CF EWFQREFES GFD TEDKERFGOFEKFEDE-EL 75

Asmari TEFR.SE SAF GACE ITGED -HESE ICT IESHE W1 IERD T RTHL HRET LEGEF = LANS FED- HEEKVEC- --IGLOE 150
Famari ET LLEQDSID TOTE LAKS LEVTOOAT SER LE ARG IORD GV FYELEEFDVEFRFCMEE LLER HERFE SELHRIVTCIE 157
Mosi CA LLDE INAQ TOERD LAFD LEWS COAT SHE LR ErE IQEY AW FHELHERQHEFREN TCEL LLERYERE SELHRIVTCGIE 157
Desmari EALLIEDCOD TOEE LAES LEVT QDAT SER LK ARGY IDFD GTWT AHELEFFDVERRFCIERLLORHEFE SFLSRII TGOE 155

Asmari M IE YD HPEE KR ARFD QS LPS I ST STFPHI HDSK IMLE Tl ~-FDLTMYELLEPGDSITCORYE LOLI FLER VIO ERWF 2
Famari KL IHYD HFER ER.5f VEFG Q- -PGT ST SKFHI HEAK WILE Tl CEGL IHYE LLEPED TINGDE YR OOWI FLED AVAERRF 2
Mosi KW IFEV SPFER EE ST VDFRG Q- -PAT STARFPHE FGEE THLC WD OS5 GF TNYELLERGE TVHT AR ODLI HLHMR ALORERF 2
Desmari EWITTDHSER EESY VERG G- -PAKSTFESHL HEGAK WHLE TWnD QRGT LMYELLEPGOTITGDLYRE TOLI FLEDALAERRF 2

[ER I L U
=1 N

Asmari EYEQFH --VI LOHD KARF HVAEWVET ¥ LETL EWEV LFHF FY 5P DFAF SDYHLFRSMAHG LA DOHF RECE ETEH WIDEWIA 307
Famari O ATRHES IT FHHD HARF HARTFQVENY LENS WEL LVHFP FY 5P DLAP SDYHLFRSMOMALS GIFF TSEDGIES WLHEFLA 315
Mozl EYERQHREVI FLHDHAFS HTARAVED T LETL HWEV LPHAAY 5P DLAP SDYH LFASHMGHA LA BQRF DSYE STEKWLDEWER 315
Desmari EYAKFHGVI FHHDHARF HTALFVENTY LENS GWEV LFHF Fr SF DLAF SDVHLFRSFMOHD LA FFF TSEQGIFKWLDSF LA 317

Asmari SKYVICFRRGVRTL FERWERWWASDGOYFES 338

Famari SKDEFF FHDG IRKL FERWERWWASDGOYE -— 344
Mosi AKIDEF TWRG IHEL FERWERCVASDGE Y LE- 345
Desmari AEPAFF FEFG IHEL SERWERVIASDGOYFE- 347

Figure 5. Alignment of the conceptual translation of the consensus Asmarl transposase sequence with those of
Rhynchosciara americana Ramarl, Messor bouvieri Mboumar and Mayetiola destructor Desmarl elements.

Concluding remarks

Leaf-cutter ant colonies of Atta spp are responsible for the largest herbivory impacts in
most habitats of the New World tropics (Wilson, 1980). They may account for the destruction
of'up to 17% of the total leaf production in tropical rainforests (Begon, 1996). The present study
provides the first evidence of a full-length mariner element in the 4. s. rubropilosa genome.
This transposable element, although non-functional, shows the presence of the mariner element
family in the A. s. rubropilosa genome. The high identity among these elements of different
model systems led to the amplification of the Asmarl element. Thus, it is possible to relate this
fact with the hypothesis of horizontal transfer, which provides that the mariner transposable el-
ements would be inherited from related species, although similarity has already been observed
between mariner elements of distant species. These results serve as a step toward understanding
the dynamics of MLE distribution in Atta sexdens rubropilosa. Further studies will be impor-
tant to better characterize the mobile elements in the different castes and to establish its possible
association with some relevant cellular function.
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