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Abstract A new transposable element, Isis, is identi-
fied as a LTR retrotransposon in Drosophila buzzatii.
DNA sequence analysis shows that Isis contains three
long ORFs similar to gag, pol and env genes of retrovi-
ruses. The ORF1 exhibits sequence homology to matrix,
capsid and nucleocapsid gag proteins and ORF2
encodes a putative protease (PR), a reverse transcrip-
tase (RT), an Rnase H (RH) and an integrase (IN)
region. The analysis of a putative env product, encoded
by the env ORF3, shows a degenerated protein contain-
ing several stop codons. The molecular study of the
putative proteins coded by this new element shows strik-
ing similarities to both Ulysses and Osvaldo elements,
two LTR retrotransposons, present in D. virilis and
D. buzzatii, respectively. Comparisons of the predicted
Isis RT to several known retrotransposons show strong
phylogenetic relationships to gypsy-like elements, par-
ticulary to Ulysses retrotransposon. Studies of Isis chro-
mosomal distribution show a strong hybridization signal
in centromeric and pericentromeric regions, and a scat-
tered distribution along all chromosomal arms. The exis-
tence of insertional polymorphisms between different
strains and high molecular weight bands by Southern
blot suggests the existence of full-sized copies that have
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been active recently. The presence of euchromatic inser-
tion sites coincident between Isis and Osvaldo could
indicate preferential insertion sites of Osvaldo element
into Isis sequence or vice versa. Moreover, the presence
of Isis in different species of the buzzatii complex indi-
cates the ancient origin of this element.
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Introduction

Retrotransposons, or class I elements, are mobile ele-
ments that transpose through an RNA intermediate.
As a consequence of their replicative transposition
mechanism, they are generally present in higher num-
ber than transposable elements (TE) of other classes.
These TE retrotransposons represent the largest pro-
portion in Drosophila genome representing at least
15% (Kaminker et al. 2002). They also account for a
large fraction of other eukaryotic genomes; for exam-
ple, they represent more than 50% of the maize
genome (SanMiguel et al. 1996, 1998) and nearly half
(42%) of the human genome (IHGSC 2001).

The Drosophila buzzatii species belong to the D. repl-
eta group (Wasserman 1982) and shows a nonsatellite
repetitive DNA content (19-26% ) higher than that found
in D. melanogaster (Marin et al. 1992). Different TEs were
isolated in this species including elements of class I (Fran-
cino et al. 1993; Labrador and Fontdevila 1994; Pantazidis
etal 1999; Garcia Guerreiro and Fontdevila 2001) and
class IT (Caceres et al. 1999; Casals et al. 2005). The best-
characterized retrotransposon is the Osvaldo element, iso-
lated from a recent insertion site, that constitutes a new
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family of insect retroviruses not closely related to the
gypsy element (Pantazidis et al. 1999). In a previous study,
we identified an Osvaldo element inserted in the 2F4a
chromosomal site in different colonizer populations,
flanked by a putative repetitive sequence. Here, we have
sequenced and characterized this new repetitive and
unannotated sequence that we name Isis. Structural and
phylogenetic analyses show that Isis is a new retrotranspo-
son that belongs to the gypsy-like family and is phyloge-
netically close to the Ulysses retrotransposon of D. virilis.

Materials and methods
Drosophila stocks

Cal07]9 is an inbred line of D. buzzatii originated
from a population collected in Carboneras (Spain) in
1996 (Garcia Guerreiro and Fontdevila 2001) and
maintained by brother—sister matings.

63 42/7 F81 originated from D. buzzatii stock Bu42
(28/7) collected in Maimara (Argentina) and main-
tained by brother-sister matings during the initial 63
generations and thereafter by mass-culturing (Labra-
dor and Fontdevila 1994; Labrador et al. 1998). This
line is devoid of Osvaldo euchromatic insertions (Lab-
rador et al. 1998; Labrador and Fontdevila 1994).

Carboneras, Puebla del Rio, Cullera, Mazarrén and
Sanldcar are sets of D. buzzatii isofemale lines estab-
lished from the laboratory stocks derived from natural
populations collected at these localities in Spain. These
isofemale lines were maintained by brother—sister mat-
ings and numbered as shown in Table 2.

Berna and Castelli are D. buzzatii laboratory stocks
derived from natural populations collected in these
localities in Argentina in November 1995 and 2006,
respectively.

The other species of the D. buzzatii complex are as fol-
lows (the stock reference number is given in parentheses
in cases where strains were obtained from the National
Drosophila Services Resource Center): D. koepferae
from S. Luis, Argentina; D. serido from Rio Paraguassa,
Brazil (15081-1431.1); D. venezolana and D. martensis
from Guaca, Venezuela; D. uniseta from Salamanca,
Colombia; D. stalkeri from Saint Petersburg (15801-
1321.0); D. richardsoni from La Parguera, Puerto Rico
(15801-1421.0). We used also D. mulleri from Panuco,
Mexico (15081-1371.1), a species of the mulleri complex.

Isolation, cloning and DNA sequencing of Isis

Total genomic DNA was extracted according to Pifiol
etal. (1988) from Cal07J9 line. DNA was partially
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digested with Sau3A and treated with RNAse and alka-
line phosphatase according to Maniatis et al. (1982). A
quantity of 0.3 pg genomic DNA was then ligated with
1 pg of lambda DASH II arms predigested with BamHI.
Recombinant DNA was packaged using Gigapack III
XL extracts (Stratagene). This Cal(07J9 genomic library
was screened with an Osvaldo probe containing a 6.4 kb
EcoR1 Osvaldo fragment (Pantazidis etal. 1999)
inserted in the Bluescript KS+ plasmid. A positive clone
was selected that showed a repetitive in situ hybridiza-
tion pattern on the 63 42/7 F81 stock. Because of the
absence of euchromatic Osvaldo positions in this empty
stock, the hybridization patterns observed suggested the
presence of a repetitive element different but associated
with an Osvaldo high insertion frequency site located at
2F4a cytological position in the Cal07J9 line.

Different overlapping restriction fragments of the
clone were cloned in pBSK plasmid and then
sequenced. Sequencing was performed in one strand
by Sanger’s dideoxynucleotide chain-termination
method (Sanger et al. 1977) using the ABI Prism Big-
Dye Terminator Cycle Sequencing Ready Reaction Kit
(Applied Biosystems) with an automatic ALF
sequencer (Pharmacia Biotech, Piscataway, NJ, USA).

Sequences and phylogenetic analysis

Sequences were analyzed using BLAST programs to
search sequence similarities to DNA (BLASTN) or
proteins (BLASTP). Multiple sequences were aligned
by Clustal W program (Higgins et al. 1996). Align-
ments were edited using the Genedoc program (http:/
www.psc.edu/biomed/genedoc). ORFs were identified
in the sequences with the ORF Finder program (http:/
www.ncbi.nlm.gov/gorf/gorf.html). A phylogenetic tree
was constructed with the MEGA v.2.1 program
(Kumar et al. 2001) using the neighbor-joining method
(Saitou and Nei 1987). Multiple substitution sites were
taken into account in distance calculation using the
Poisson correction.

In situ hybridization

Polytene chromosome squashes from salivary glands of
third-instar larvae were prepared as described in Lab-
rador et al. (1990) and were hybridized with digoxige-
nin labeled probes from Osvaldo and Isis. The Osvaldo
probe consisted of a 6.4 kb EcoRI central fragment of
the element. The Isis probe consisted of a 1.4 kb PCR
fragment which included envelope and integrase
regions. Prehybridization solutions and posthybridiza-
tion washes were done following the protocol of
Schmidt (1992) by Roche.
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PCR amplification

PCR reactions were carried out in a final volume of
50 pl, including 1x activity buffer (Ecogen), 1.6 mM
MgCl,, 0.2 mM of each dNTP (Roche), 0.4 uM primer
(Roche), template DNA (~10-20 ng), and 0.04 units of
Taq polymerase (Ecotaq from Ecogen) per microliter.
Amplifications were run in a MJ Research Inc. thermo-
cycler programmed as follows: 5 min of preliminary
denaturation at 94°C, 30 cycles of 45 s at 94°C (dena-
turation), 45 s at specific PCR annealing temperatures,
1.5 min at 72°C (extension) and a final extension for
10 min at 72°C. The amplified samples were then
stored at 4°C. Afterwards the PCR product was gel
purified with the Geneclean kit (Bio 101) and labeled
by random primer with digoxigenin-11 dUTP

Southern blot analysis

Approximately 2.5 pg of genomic DNA was cut either
by the enzyme Sall, which has no restriction sites
within the Isis sequence, or by the enzyme Xbal which
cuts this sequence in four sites and gives 0.8, 1.2 and
1.5-kb-long fragments and then DNAs were trans-
ferred to nylon positively charged membranes
(Roche). We used a dig-labeled DNA probe of 3.4 kb
(Fig. 1) including the pol-env region. Hybridization
was performed in a solution containing 5x SSC, 50%
of formamide, 0.1% of N-laurylsarcosine, 0.02% of
SDS and 5% of blocking reagent. Hybridization was
allowed for 12-16 h at 42°C and filters were washed
twice for 5 min in 2x SSC, 0.1% SSC and then twice in
0.1x SSC, 0.1% SDS for 15 min at 68°C. Interspecific
hybridization, with the same probe, was carried out at
37°C and the filters were washed under medium astrin-
gency conditions (2x SSC, 0.1% SDS 10 min, room
temperature and 0.5x SSC, 0.1% SDS 30 min, 50°C).

RNA isolation and RT-PCR amplification

Total RNA was isolated from five adult flies using
RNeasy mini kit from Qiagen and treated with DNase
I from DNA free kit (Ambion) to eliminate DNA
contamination. First-strand cDNAs were synthesized
with the Invitrogen Thermoscript RT-PCR system
using a specific reverse primer for Isis (isisl: 5" AAG
GCA TTT GAT GTG AGG TC 3’) located at the
end of the reverse transcriptase (RT) region of Isis.
Negative reactions without retrotranscriptase were
carried out to test for DNA contamination. For the
PCR reactions we used the reverse primer used for
cDNA synthesis plus the forward primer (solap: 5’
ATC AGT CCC TGG AGT TCA CC 3') designed at
the beginning of the RT coding region. These pairs of
primers amplify the corresponding band of 1.2 kb.
Parallel amplifications of a 0.4 kb fragment of the
housekeeping gene Gapdh were done, as controls of
cDNA synthesis and PCR amplification, using prim-
ers Gapdhl (5" ATG TCG AAG ATT GGT ATT
AAT GG 3’) and Gapdh2 (5’ GTT CGA CAC GAC
CTT CAT GT 3')

Results
Structural characteristics of Isis retrotransposon

The sequenced Isis retrotransposon is 5,570-bp long
and was isolated from a clone that did not contain the
3’ LTR sequence. Instead, an Osvaldo element is
inserted in Isis env-like region as represented in Fig. 1.
The Isis 5" LTR sequence is 742-bp long, begins and
ends with the nucleotides TGT and TACA, respec-
tively, and contains different transcription signals: a
putative TATA box (TATAA) located at position 48,

« ISIS (5570 pb) .

J———— ORF2

ORF3
—

Fig. 1 Structural organization and restriction map of an Isis ret-
rotransposon copy isolated from D. buzzatii. Black box repre-
sents 5" LTR. Gag and env-like ORFs are depicted by different
dotted rectangles and pol by a gray rectangle. Dotted lines repre-

sent 3" LTR of an Osvaldo insertion. Below are depicted the
restriction map of Isis and the Southern probe used. Abbrevia-
tions of restriction enzymes are as follows: X Xbal, K Kpnl
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GTAAACGCCCCCCCAAAGGGCCCCGGGGEGETTTTGGGGGGGGGCCGGTTTG
GCCCCCCCCTTCCACCCGGGTTTTTTTTTTTTTTTTTTTTGCEa%éggAG
AAGCCACACTTTAATTTATTTTATTGAAAAACTTGCCCATATAATTTCAA
AATATTGCGTATTCGACAGAGATCAGATAESAAEACTGAE?iX;CCTGGG

b
TAGTATTCTTTAATTAATTAAATAAAGGTAGAAAGCCATTAAGCAATACT
[<]

AGTTGATGTCGATACTACCTTAGATTAGCTATTGTCTGGAACTTCGGAGA

TATGCTGCATATGCATTCCCTTGCCGAATAGTA%GGTCTGTGGTTGTAGC
GATAGCCGATTATAAGCACCATCTAGATTTAGTTTCAATAGCCCAAAAAT
GAAAGAATTAGGAACAGTTATATGAATACTTCGGCTCTCTTCTACTATGC
CATGAATATAAAAACAAAATTAAGAAAAACCAATTCAGATTTATTATGCC
AGTCGTAAATACACCGCCTCACACCTCCTCTGCAGGTAGTGCAGGAAACA
AGTGCACTTTATGTGCGACTGAAATGGACGATACTTATCCTTGCTATTTA
TTTTCGTGCAAGCATATCTTTCACAAGAATTGCATGGTTAACAGAAAATA
TCGTCTGTTATACTTGCCAAACACCAATTGAGAGACAAAATATGAAGCTA
GTAGTAGGCAATTGCTCGCCTTCACGAAGGCTAGAGACAGCTCCGTCAGC
CGCTCCAGTAACTCGTCGAGTTACTACTAGAAACCTTGCCAAGTCCCTAG

LTR
CATTAGCCGAAGCAAATAATACATCTAGTGTAEZkGAAGCTCCGCCTTTG

AATGCTAGTTCAGCGTTAGKT'G%IégéTCAGAGTCCGAG
R V R V R V
TCAAGCTGAAGCCGCGCGCCCAGACCACTAGAGGAAGACCCAGAGCCACT
K L K P R A QTTTURGTU RPRAT
CGAGCATTTCGTGGCTCGAATCCTCAAAGATCACAACAGGTGGATTATAA
R A F R G S NP QU RS Q Q V D Y N
CGTAATTCAGAACATGATAGAAGGAACTGTTACTAGAATTATGTCGTCAT
vV I Q N M I EG TV TR TIMMS S L
TAGCAATAAACAATCGCCCTTCACTCAGCGAACCTATGCCGGTACCGAAT
A I NNURUPGSUL S EZ PMTPV P N
ATGCGCGATTCCCCTTCAATAGGTGCCTGCTCCTTGAATAGTCGGAGGAC
M R DS P S I GACSTILNTGSTZ RTE RT
CGTGGACATTATGCAAAAGTGGGGAGTTCATTTTGATGGTTCGTCAGAGG
V D I M Q KW GV HPFDG S S E G
GTTTAGGTGTTAATGAATTTATTTATCGAGTTAAATCATTAACAGATGAG
L G VN ETF I Y RV K S L T D E
ACTCTAGAAAGCGATTTTGCAGGTATGTGCAAGAATATTTTCGTGTTGTT
T L E S DF A GMOCIE KNI F V L F
TAGTGGAAAAGCTCGATCATGGTATTGGAGATACCACAAGCAAGTTGATC
S G K AR S WY WUR Y HZEKQ V D R
GCATTATTTGGTCAGACCTCTGTTCATCCCTTCGACAACAATATGACGAC
I I w S DL OC S S LROQO QY DD
TATAGGTCAAATTTTATGAACATGGAGATGATCAGAGCTCGCAAGCAAAA
Y R S N F M N MEMTITZ RA AT RIK Q K
AACTGGAGAGTCCTTCTCATCTTTTTATGAGGCTGTAGCCTCTCTCATAG
T 6 E S F S S F Y EAUV A S L I D
ATAAGTCTTCTCTCAAAGTGGAGGAAGAAGAGCTCATGGAAATTTTAAAG
K S S L K V EEEETLMTE I L K
AATAACTTACTTCCTGAAACGCGAGAGAAGTTATTATATCAGCCAGTCCA
N N L L P ETTU RTET KTLTL Y Q P V H
TTCTGTAGGACATCTGCGTCTCTTAGTACAAATGAGCGAAAATTTGTCTT
s Vv G HL RL L V QMG STENTL S Y
ATGAAACTAGCTGTCGTCTTAATCAGGCGAAGTCTAAGCAAGTAGTACAA
E T S CRULN QA ATZ K S K Q V V Q
CGTAGGCAAGTTTATTCTGTAGAAGAAACCGTTGATGATGCGGAAGACGA
R R QV Y S VETETVDTDA ATE D E

ORF2
ACCAGTGGATGTAGAACTCGCAGCCATACGCGCCTCACE;EAAAAACTAC
pP Vv DV EL AA I RA S HE K L R
K N Y

Fig. 2 Isis plus strand nucleotide sequence and predicted amino
acid sequence. The nucleotide sequences corresponding to the
TATA box, CAAT box, polyadenilation site and frameshift se-
quence are in bold, underlined and indicated as a, b, ¢, d and e,
respectively. Open box indicates the putative minus DNA strand
primer-binding site (PBS). Asterisks designate termination co-
dons in ORF1 and ORF2 and stop codons in ORF3

a CCAAT box at position 88 followed 36-bp dow-
stream by the AATAAA polyadenylation site (Fig. 2).
Putative termination signals of RNA synthesis, similar
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GTTGTTGGAATTGCGAAGGAAGAGGACATATTTGGGAGAACTGTCTGTCT
¢ w N C E G R G H I W EN C L S
v v G I A K E E D I F G R T V C L
ORF1+
GAACGTCGCATTTTCTGCTACGGTTGTTGACAGCCTACTGTCAAAATTGT

E R R I F C Y G C *

N V A F S ATV V D S L L S K L F
TTGCAGAAACAGTCGGAAAACCGGCACAAGACATCCGTCAACAACCGGAT
A E T V G K P A Q DI R Q Q P D
GCCCCAAAAAATGTAGAACCCAATTTTATAGAAGAAGATAAAGTCGAGAT
A P Q NV E PN F I E E D K V E M
GCCAACATTGCACTCAAATACTCCTTCAATTCGTCTTCGTCCCTACGAAG
p T L H S N T P S I R L R P Y E E
AACGTTTACAAAATTATATATCGGTCCGAAATCGAATATTTCACGATATT
R L ¢ N ¥ I S V R N R I F H D I
CCACCTGCTCTTAGCAAACGGACTCAAAGATTGAAAACATACTATACAGA
P P A L S K R T Q R L K T Y Y T E
GATTAAGAAGAACAGACATTTGCAAATATCTACAATTTTTAATAATGCAA
I K K N R HL Q I s T™ I F N N A T
CTGACCTTCGTAGTTATGCTCAAGTTTCGTTCCTGAATTATACAGAATTT
b L R s Y A Q VS F L N Y T E F
GGTCTATTAGACACTGGAGCAAATATCAGCTGTATAGGTTCGAAATTAGC
G L L. b T™OGANDNT S C I G S K L A
AACAAACGATTTCTCAAAATTGCCAGAGTTTAAGCAAATAAAATCCAAAG
T N D F s K L P E F K Q I K S K A
CAAAAACAGCTGGAGGGGAAAGTCAAGCCATTGTTGGATTCCTAGATATT
K TA G G E S Q A I VvV G F L D I
GAAATGACTTATAATTCTGTTAAAAAACCCATTAAATTATATATAATTCC
E M T Y N S V K K P I K L Y I I P
AAGTCTAAATCAGAATCTTATCTTAGGACACGACTTCTGGAAAATTTTTC
S L N Q N L I L G H D F W K I F Q
AACTTGCACCAAATATAATAGGTTCTCTAGATGCATCTTGTATAAATAGC
L A p N I I G S L DA S C I N S
AAGTCACCTAGCGATGATGCCTATCCTTTGACCAAAACAGAGATTCAACA
K s p s D DAY P L T K TE I Q Q
ATTAGAGGTAGTTAAAGCACTATTTCCAAATGCGTCACATAGTTTAGGTC
L E VvV K AL F P N A S H S L G R
GTACGAGCCTTATAGAACACCATATAGATATCGGAGACTCTAAACCAGTG
T s L I E H H I D I G D S K P V
AAACAAAGATTTTATCCAGTCAGTCCGGCAGTAGAAAAGCTTCTATATGA
K Q R F Y P V S P A V E K L L Y E
AGAAATTGATCGCATGCTTCAGTTAGATGTTATCGAACCTTCGATCAGTC
E I b R ML QL DV I E P S I S P
CCTGGAGTTCACCAATGCGCCTTGTAATGAAACCGAATAAAGTACGATTA
w s sS P MR L V M K P N K V R L
TGCTTAGATGCACGTAGGCTCAACGATGCTACGAAAAAGGATGCGTATCC
c L b ARIRILNUDA ATI KK DAY P
TTTACCTAGCATCGAAGGCATATTCTCTCGATTGCCTAAAGCAAATCTCA
L p S I E G I F s R L P K A N L I
TTTCCAAATTAGATTTAAAAGATGCTTTTTGGCAAATTAAACTCACTGAG
s K L D L K DA F W Q I K L T E
GAGTCGAAACAGTTAACAGCATTCACAGTCCCAGGTCGCCCCCTATACCA
E S K Q L. T A F TV P G R P L Y Q
ATTTAAGGTTATGCCCTTTGGGTTGTGTAATGCTCCCTCCACTATGTGTC
F K v M P F G L CNAUP S T M C R
GTCTGATGGATAAATTAATTCCCCCAGATCTTAGACATTGTGTTTTCGGA
L m b K L I P P DL R HC V F G
TATTTAGACGACCTGTGTGTAGTGTCAGAAGACTTTCCGTCCCATCTAGC
Yy L. D b L ¢V VvV S EDVF P S H L A
GATTTTAGTTCGCCTCGCAGATCAGTTTCGACAAGCGAATCTGACATTAA
I LV R L A D Q F R Q A N L T L N

Fig. 2 continued

to the TTGT consensus sequence (Temin 1981; Christy
et al. 1985), are also found at positions 161 and 190.
Downstream to the putative 5 LTR end, we find a
PBS-like sequence (GGCGCACAGTCG) in which 10
nucleotides are homologous to the Drosophila mela-
nogaster tRNAS" gene. The central part of Isis com-
prises three ORFs corresponding to the gag, pol and
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ATACAGCCAAAAGTCACTTTTGCGTCACAAGCATTAACTATCTGGGTTAT
T A K S H F C V T S I N Y L G Y
GTCATTGGAAGCGGAGGTATTAGCCCAGATCCATCAAAAGTATCTTGTAT
v 1iG S G G I s p D P S K V § C I
CGTTAATTGGCCACCGCCCAAGAACTTGAAGCAAGTACGAGGATTTCTCG
vV N w P P P K N L K Q V R G F L G
GTGTTTGTGGTTGGTACAGACGTTTTATTCACAACTTTGCCGATCTAACG
v ¢ G WY R RVF I HNVF A DL T
TGCCCAATTACCGATGTCCTTTCCACGAAGACTAAATTTGTATGGTCCCC
c p I TDV L S T K T K F V W S P
CGAAGCACAGAATGCCATGGATAAGTTGAAGCAAGTATTAACTACTGCTC
E A Q NA M D KL K Q V L T T A P
CAATTTTAACCAATCCCGATTTTAGTAAGAAATTTTATCTTCACTGCGAT
I L.T N P D F S K K F Y L H C D
GCCAGCGATTTTGGTATTGGGGCAGTGTTAGTACAGCTATCGGACACGAA
A S D F G I GA V L V Q L s D T N
TGATGAAAAGCCAATTGCGTTCATGTCAAAAAAATTAAGTCGCTCTCAAC
D E K P I A F M S K KL S R S Q R
GCAATTATAGCGTTACCGAGCGTGAGTGTCTCGCAGTCATACTAGCAAT
N Yy s v T EURECUL A V I L A I
CGAGAAATTCAGATGCTATTTAGAACTTCAGGAGTTTGAAGTGGTTACTG
E K F R ¢C Y L E L Q E F E V V T D
ATCATTCTAGCTTGCTATGGCTTAAGCGGCAGCAGAATATTTCTGGTAGA
H s S L L w L K R Q O N I S G R
TTGGCTCGCTGGATTTTTCGCTTACAGCAGTTTAAATTTACTTTTAGCCA
L AR W I F R L Q Q F K F T F S H
TCGAAAAGGAAAAGATCATGTAGTCCCAGATGCATTATCAAGATTAAGCG
R K G K D HV VvV P DAUL S R L S E
AAAATGAAATTTTAGAGCTTGATATGAATCCGATAATAGACCTCACATCA
N E I L E L DM N P I I DL T S
AATGCCTTTTTGGAAGATTCTTATTTAGAACTAGTAAGAAAGTATTCCCA
N A F L E D S Y L E L V R K Y S 0Q
GCAAAAGTCTAGATTCCCAGATCTCAAATTGATTGGAAACTTTTTATACA
Q K S R F P DL KL I G N F L Y I
TTCGTACAGAGCATGCACAGGGTCAGCAAGAGCAAGAAAAACTATCTTGG
R T E H A Q G Q Q E Q E K L S W
AAATTATGGGTCCCCGAAAGCCTTCGAACAAGTGTTTTAAAACAAGCTCA
K L w Vv P E S L R T s V L K Q A H
TAATAGTTGTACTTCAGCCCATGCCGGAATGCATAAAACTATAGAGAAAT
N s ¢ T s A H A G M HK T I E K L
TACGTAGACATCTCTTTTGGCCAGGTTTAGCTAAAGATGTGAGAGATTAT
R R H L F w P G L A K D V R D Y
ATCCGCTCGTGCGATACTTGCAAAGAAAACAAAGCCCCTAATTATACGTT
I R s ¢ b T™CI K EDN K A P N Y T L
AAAACCCCCAATGGGTGATCATGTTCCTTCATATAGACCATTCCAACGAC
K Pp P M G D H V P S Y R P F Q R L
TTTATATTGACCTTCTTGGACCATACCCTCGTAGTAAACAAGGTCATATC
y I D L L G P Y P R S K Q G H I
GGATTGCTTATAGTATTGGACCATTTTAGCAAATACCATTGGTTGTGTCC
G L L I v L D HF S K Y H WL C P
ATTAAAACAGTTCACGGCAGCCAAAATTCAAGAATATTTGCTAAAACATA
L K Q F T A A K I Q E Y L L K H I
TTTTTCATAGTTTCGGGGTCCCTAAAACTATCATTAGTGATAATGGAACT
F H S F G v P K T I I S D N G T
CAGTTCAAATCTAAAGAATTTAACGCCTGGTTAACAGCGTTAGGCATTAA
Q F K S K E F N A W L T A L G I K
ACACGTATATACTGCCCTTTACTCACCGCAGAGTAATGCGGCCGAACGTG
H Vv Yy T™ A L Y S P Q S N A A E R V
TAAACCGTTCATTGTTAGCAGCGATTCGATCATATTTGCAAAACGATCAG
N R S L L AA I R S Y L Q N D Q
ACTGACTGGGATGTGCATTTAACAAGCATTTCTTGTGCGTTACGCTCAGG
T b w DV HL TS I s C AL R S G

Fig. 2 continued

env retroviral genes, and encodes putative proteins
whose amino acid sequences are depicted in Fig. 2.
ORFs 1 and 2 are 999- and 3,436-bp long, respectively,
and are out of phase by +1. Their overlapping region
includes the sequence GAACT, involved in putative
frame-shifting events (Yuki et al. 1986). The 355-bp
ORF3 fragment is truncated by an inserted Osvaldo

TCTGCATCAATCGTTAAACTGTTCACCATATCGAGCACTTTTTGGACTCG
L H 9 S L N C S P Y R AL F G L D
ATATGATAACGCACGGATCGGACTATATACTATTGAAAGACTTACATTTG
M I T H G S DY I L L K D L H L
CTTGAAGAGCCAATAATACCGATTTCTCGATCAGATAACCTTGCTCTATT
L E E P I I P I S R S DN L A L L
GAGAAAAGACATTCAGAAAAATATCCGACGAGCTTACGAACGAAACTCAG
R K b I 9 K N I R RAY E R N S G
GCCAATATAATTTGAGAACGAAACCAGTAACCTTCAAGGAAGGACAGGAA
Q Y N L, R T K P V T F K E G Q E
GTTTTTCGAAGAAATTTTGCGTTAAGCAAATTTTCTCAAAATATTAATGC
vV F R R N F A L S K F S Q N I N A
CAAACTAGGGCCTCAGTTCTTAAAAAGCCGAATTAAGAAAAAACTAGGAA
K L G P Q F L K S R I K K K L G N
ACTGTTATTATTTATTGGAGAACCTGCAAGGCAAAGAAATAGGCACGTAT
¢c Yy vy L L ENL Q G K E I G T Y

ORF27
CATGCCAAAGATATACGGAGCTAATTCCCGCTAATATTCTGCCTAACGTG
H A K D I R S *
GTATATTATCGGGTGGTGTAATGGTCGCAGAAATTCATTCATAGGCGTAC

CGATTATTATGGgg%TGATCGTAATAAAGCGGGAACAAAACAAAAACAAA
M A L I v I K R E Q N K N K
ACATAGAAAGCTTAGTGAGCTTTGAGGTTGCGAAGCTTACGCAGCAGAAT
T * K A * * A L R L R S L R S R M
GCATTTTAGAATGCATCAAAAGTTTAGGCGGGTGCAGCGAAAGCTTGCTG
H F R M H Q K F R R V Q R K L A V
TCGCGCATGGTAGCAGCAGATCGAGGCTTAGCTGTGCTTATTCAGCAGCT
A H G S S R S R L s C A Y S A A
ACAAGACCTGAGTGCAGCCAACTTTAGGTGCAATAAAAGATGAGCTTTGC
T R P E C S Q L * VvV Q * K M S F A
TTTTCGCCGAAAGATATAAAAGCACCCAAGCAGCAAGAGCACGATCTTCT
F R R K I * K H P S S K S T I F F
TTCCACGTTCACGCTGCCATATATTAATAATTTATTAATATATGATTCCC
P R S R CH I L I I Y * Y M I P
TAGGAATTAAAGG
* E L K

Fig. 2 continued

element. Moreover, Isis retrotransposon seems to be
related to the gypsy-like elements because of the pres-
ence of an env-like gene and the order of the different
protein domains is the same as in Metaviridae (PR-RT-
RH-IN)

Coding region of Isis

Isis ORF1 is located in the same position as other ret-
roviral genes and encodes a putative gag protein of 331
amino acids. This translational product shows
sequence homology to matrix (MA), capsid (C) and
nucleocapsid (NC) gag proteins of the retrotransposon
Osvaldo from D. buzzatii and Ulysses from D. virilis
(Fig. 3). However, the amino acid sequence differences
make alignments difficult and the best alignments were
obtained when sequences of the gag region were con-
sidered separately. Alignments of Isis to Osvaldo and
Ulysses separately gave identities about 20% (data not
shown). Moreover, a zinc-finger motif (CX,CX,HX,C)
was detected in the Isis NC region as observed in
Osvaldo retrotransposon and some retroviruses.

Isis ORF2 is apparently complete and includes
sequences encoding a putative protease (PR), a RT, an
RNase H (RH) and an integrase (IN). The potential PR
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cA

Ma
ISIS : RVRVEQYKLINPRAQINTRGRPRATHAFRGENEQIHSQQVDYNVIQNMIEGTVTRIMSELIAIN : 61
ULYSSES : RELGTIN--NRIJHEER - - - -\YFQEIEHS TVIZAA4PRIZGIAHRAEY SPVYADAGIIRN : 55
OSVALDO : E LS HGIRZSNSJHDVPT\YIVGNDQYEED|ENAAGISLP - - - AAREQQTIHQOGH : 58

ISIS : RPELSEPPPVPNMRESPEIGACSLNSFHRTVD IeTaEcTHEEEEGLGHN EERFNKEATD : 122
ULYSSES : PNNRHFRWYEDFIRADBIFQP NFRETAYMKIMp NS TAgelr DAMN S YDA I T FSOR = 116
OSVALDO : TSEPQPEMRTEIGPS--5 EMPK\AT- - - - HYREQYNFPoleis) - - kPs- JAEQY=EAD- : 109
ISIS TLESDFAGCKN I FgAFEEHNIsIRFFTR Y HFO - - 7R I IfJs Dif|c SEFAREOMDDFARENFMNY : 181
ULYSSES : QCPWKE 3201, L. /TG RARINW Y HUAYR HISR VDS QI RHA[FLDRIIRGJ{QIEHE : 174
OSVALDO : TJGLDLDLPHAMPEMY- KieMEL Ky Wii- - - - BRIGTFVREFOEFYFAEDYLEDEK : 165
ISIS = B« TcEsEs sEvEA| DESSLKJEEE - - - BVE LWEFREKEL -fHor : 238
ULYSSES : LORIE 0 A SiG VD DMHHUR QA ALIF QIS - - - FIRIA#R RG- K} - -MAKMIY : 228
OSVALDO : D RIZE M VDIHPEK I UV EMO - - - - Ay G PejHYK - WY SESiSpYED - - - -MRAPAR : 217
I1SIs : VH- - -ENcHT- - L@vEYsENEs YEES CRLNFAKSHoVVQEofy ST VERA - -BDEEV : 292
ULYSSES : AMDVLRYD QECH- 3/ERHUGHRER TGYLPSRCPQGTPIAYHENEIV PPHLT - - T -j5P : 285
OSVALDO : PYQFQ MK - - MADEFEEMEDRERLRRLQ - - [J- PARTROUA - W83f7) - - BEIGHEEMLR : 270
N
C C C
ISIS : DVELARNURABHEKLE- - - {SiNeafe:- € IWEN[LSERRIFCHGC- - - - - - - - - - - - - - - - ;332
ULYSSES : GELEERFVRWRNSSE-41-RETDIEAR - - - - - - - - - - ---------——----mmmmm oo : 308
OSVALDO : ---RGRWEEY---Pf-41JSI0E- gITEVRTVAELQSGNDQRJPQSRGEREQCQTAPRH-- : 318

Fig. 3 Multiple sequence alignment of the putative gag products:
matrix (MA), capsid (CA) and nucleocapsid (NC) of Isis, Ulysses
(Evgen’ev et al. 1992) and Osvaldo (Pantazidis et al. 1999) retro-
transposons. The positions at which Isis shares identical or chem-
ically equivalent amino acids with one or both sequences are in

region was detected by the presence of the DT A amino
acid sequence found in other retrotransposons and retro-
viruses (Abe et al. 2000). Multiple sequence alignments
of the RT amino acid sequences of Isis with Osvaldo and
other gypsy-related elements plus copia and Tyl are
shown in Fig.4. The seven domains identified in RT
sequences (Xiong and Eickbush 1990) are present in Isis
as detected using CLUSTAL W program alignments
modified manually with the help of the GENEDOC pro-
gram. Sequence identities and similarities are given in
Table 1, showing the maximal identity (46%) and simi-
larity (61%) with Ulysses. The third putative protein
coded by the pol gene shows the conserved DAS and
GAVL motifs described in RH sequences of retrotrans-
posable elements (Abe et al. 1998). The integrase amino
acid sequence, shown in Fig. 5, presents the HHCC and
DD35E motifs, characteristic of some retrotransposons
and retroviruses (Khan et al. 1990; Capy et al. 1996).

The Isis ORF3 looks like a degenerated env gene,
which includes the glycosylation site (NKT) conform-
ing to the consensus sequence Asn-Xaa-Ser/Thr, typi-
cal of env proteins. Moreover, the putative
degenerated translated product is homologous to a
short sequence of the HIV 1 envelope protein (data
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gray and black, respectively. Just upstream of the CCHC box
there are 41 amino acid of Osvaldo and Ulysses that cannot be
aligned to Isis. Open boxes indicate the characteristic zinc-finger
motif

not shown) and shows homologies to trans-membrane
polypeptides of Osvaldo env domain (Fig. 6).

Phylogenetic relationships to other retrotransposons

To analyze the phylogenetic relationships between Isis
and other retroelements, we performed a multiple
alignment of RT sequences from different LTR retro-
transposons as shown in Fig. 4. The neighbor-joining
method (Saitou and Nei 1987) implemented in the
MEGA v.2.1 program (Kumar et al. 2001) was used to
construct the phylogenetic tree. The tree in Fig. 7 is
rooted using a non-LTR retrotransposon (jockey) as
outgroup to compare different LTR elements. The
phylogenetic tree is strongly supported by the branch-
ing that separates Tyl-copia from Ty3-gypsy group.
Another well-supported branching separates Kabuki
from the remaining Ty3-gypsy-like retrotransposons in
which Isis is included. Isis clearly clusters to Ulysses
retrotransposon and its location is stable regardless of
whether RT or IN sequences are considered (not
shown). In all cases, Isis appears more closely related
to micropia and Osvaldo than to other gypsy-related
retrotransposons, but nodes are not robust.
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Fig. 4 Multiple sequence

alignment of reverse tran-
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atii (Pantazidis et al. 1999); OSVALDO  :
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. . de
ter (Yuki et al. 1986), Kabuki
. RT4
from B. mori (Abe et al. Il - \
. ISIs : QLTAFTVPGR------ PLYQFKVMPFECNAPS TMCRLMDKL I PPDLRHC - - - - - - - - - ;109
2000), copia from D. melanog- ULYSSES : EQGVYGVYCTRR- - - - PLYQFRHMPF CNaAQH - EAHDKVIPANLRSN---------- . 123
aster (Mount and Rubin OSVALDO : PLTAFTVPGK------ GLFQWKVMPFEHSMPATIIORAL -D- -QVIGPDMMPH - - - - - - - . 127
1985); jockey from D. mela- MICROPIA : EYTAF---------=--————-- VPDEIKNPSVORTVINALGDLANSF - - — - - - - - - - ;114
> Prii . ) GYPSY : EKTSFSVNGGK------- YEFCRLPFEMRNASS IJORALDDVLREQTGKT -~ - -~~~ ;131
nogaster (Priimaegi et al. 17.6 : SKTAFSTKHGH------- YEYLRMPEEMKNAPAT{ORCMNDT LRPLLNKH - - - - - -~ : 130
1988) and Ty] from S. cerevi- 412 : DITSFSTSNGS------- YRFTRLPF, KIgPNS ORMMTIAFSGIEPSQ---------- ;131
. KABUKI  : EKTAIITPFG-L------ FEFPKMTFEURNAPQTIQRFMNNTVLHGLEF - - - - - - - - - - - ;124
siae (Bocke et al. 1988) COPIA : MRLPQGISCNSDNVCKLN- - - - KATY[&IMKQMARC/FEVFEQALKECEFVNSSVDRCIYIL : 151
JOCKEY  : KAKRLFP------------------ PQUYLVVKS|§LEERTFHVSVDGYKSSTIKPIAAGVP : 161
Tyl : TRPPPHLGMNDKLI -~ === === =mm=mmmmmm oo oo == RLKKSLYGLKQSGANWY : 121

RTS ‘

1S1s EEDFPSHLAILVRLADQ : 137
ULYSSES DFPTHLKYLELVAEC : 151
OSVALDO  : 4 YT GRTRQEHMDNLREVFRR : 155
MICROPIA : EPTKELALERLKTVLNV : 142
GYPSY N4BB A MF S ENESDHVRHIDTVLKC @ 159
17.6 CLVEAMSAYFSTSLDEHLQSLGLVFEK : 158
412 MUY YT GCSEKHMLKNLTEVFGK @ 159
KABUKT EESPTQHNEHLRIVFER : 152
COPIA BGDMTR- - - - -~ ----- : 178
JOCKEY MANTAMI IIKSKSTLAATSGLQEYL : 221
Tyl  : ETIKSYLIQQCGMEEVRGWSCVFKN---SQVTICLIGFMSViRFEKN -~ -~~~ ------ ;164
5 DD 6
ISIS  : F------ROANLTLNTABSHF--------------------- 164
ULYSSES : L------RNANLTIGMASKF--------------------- 178
OSVALDO : L------RAANLRINIDCDF--------------------- 182
MICROPIA : L------TKAGFTFNLAMCSF--------------------- 169
GYPSY  : L------IDANMRVSQENTRF--------------------- 186
17.6 & L------AKANLKLQLDISCEF--------------------- 185
412 : C------REYNLKLHPEJNCSF--------------————--- 186
KABUKI ~ : F------NSYGITINLDJSCCF--------------------- 1 179
COPIA : MNNFKRYLMENFRMTDLNEIKHF IGIRIEMQEDKI YLSQSAMYKKIH : 225
JOCKEY  : DAFQQWAENWNVRINAENCANVTFANRTGSCPGVSLNGRLIRHHOAYK| : 275
Tyl : LNSNKRIIELKMQYDTKIINLGESD-------- 202

Distribution of Isis in the genome of D. buzzatii
and closely related species, and transcriptional activity

To estimate the mean insertion site number of Isis
along chromosomes, we hybridized different isofemale
lines of D. buzzatii by in situ hybridization using an Isis
probe. Isis shows a strong hybridization signal in cen-
tromeric and pericentromeric regions of all chromosomes,
and some euchromatic insertions in chromosomal
arms, as shown in Table 2. The mean euchromatic
insertion site number per genome (3.7) is higher than

that observed for Osvaldo (2.1) in the same lines and
some chromosomal insertion sites are coincident for
both elements. Insertions of the Isis element are also
present in the line devoid of Osvaldo euchromatic cop-
ies (63 42/7), suggesting that an Osvaldo sequence is
not always required for Isis insertion.

Southern blot analyses were performed to find out
whether full-sized Isis copies are present in the genome.
When Xbal enzyme was used (Fig. 8a) and the filter
hybridized with the 3.4-kb probe, the 1.5-kb expected
band was observed in all stocks. The other two bands
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Table 1 Comparison of the amino acid sequence of the RT
domain of Isis with other retrotransposons

Retrotransposon Identity® Similarity®
(%) (%)

Ulysses 46 61
Osvaldo 39 55
Micropia 34 48

Gypsy 32 54

17.6 32 54

412 30 50

Kabuki 31 46

Copia 4 9

& Percent of identical amino acids
b Percent of biochemically equivalent amino acids

were not detected because they present no homology
(0.8-kb band) or only 300-bp (1.2-kb band) homology
with the used probe (Fig. 1). The 1.2-kb band, even if it
has a little homology, is not detected perhaps due to the
severe astringency washes used after the hybridization
process. Digestions with Sa/l (Fig. 8b) gave high molec-
ular weight bands representing probably full-length
copies in all strains excepted in Castelli and Berna,
where an extra 4.8-kb band corresponding probably to
noncanonical elements was observed.

Southern blot of different species of the buzzatii
complex (Fig. 9) showed the presence of Isis in all spe-

Fig. 5 Multiple sequence

cies analyzed. Moreover, the two expected bands (1.5
and 1.2kb) revealed after digestion with Xbal were
present in all species excepted in D. mulleri where a
smear was observed and D. richardsoni (1.2-kb band).
It is necessary to note that in this case the 1.2-kb band
is observed in general because of the medium severity
washes used after the hybridization process. Intensity
differences could depend on the copy number of Isis
elements with a canonical structure and the smear
could be a result of the existence of elements, highly
heterogeneous, located at different chromosomal sites.

To test whether Isis elements were transcribed in
D. buzzatii, we performed RT-PCR with primers of
the RT region (see Materials and methods). A product
of the expected size (1.2 kb) was observed in the three
RNA samples (Fig. 10) as well as in the genomic DNA
used as positive control. Negative control (without RT)
yielded no product, excluding the existence of DNA
contamination in RNA samples.

Discussion

In this paper we describe a new Isis retrotransposon iso-
lated from the 2F4a site of high insertion frequency of
Osvaldo retrotransposon in a population of D. buzzatii.
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Fig. 6 Sequence alignment of Isis and Osvaldo env products.
Black shaded amino acid represent common or chemically equiv-
alent positions. Numbers below sequences are biochemically sim-
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ilar amino acids: 2 E, Q; 4 K, R; 6 L, I, V, M. Open box indicates
a putative glycosilation site of env gene. Asterisks represent stop
codons
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Fig. 7 Neighbor-joining tree based in reverse transcriptase sequence similarity, bootstrap values for 1,000 replicates are indicated at

each node

Isis has structural characteristics of gypsy-like elements,
with an ORF3 corresponding to a degenerated env-gene
showing eight stop codons. The fact that the putative
protein encoded by this ORF presents a glycosylation
site, several homologies to Osvaldo env protein and the
IVIKLREQYKNKT env sequence of HIV 1 suggests
that it corresponds to an ancient, degenerated env gene.
No evident homologies were found between this Isis
and env regions of other retrotransposons; most proba-
bly because the amino acid sequence conservation of its
env region is too low (Doolittle et al. 1989; McClure
1991, 1992). It is indeed known that this gene region is
the target of high selection pressures that promote a
high variability (Hirsch and Curran 1990).

ORFs 1 and 2 encode the gag and pol proteins neces-
sary to transposition and viral particle formation. Align-
ments of all conserved protein regions relate the Isis
element to the gypsy-like group, which includes ele-
ments like Ulysses of D. virilis, Osvaldo of D. buzzatii
and gypsy and 17.6 of D. melanogaster. Suprisingly, Isis
shows gag sequence homology to Ulysses (Evgen’ev
et al. 1992) and Osvaldo (Pantazidis et al. 1999) despite

the low conservation of this region between close retro-
viruses and retrotransposons (Evgen’ev et al. 1992). In
addition, the gag sequence has a perfect zinc-finger
motif, or CCHC box (Covey 1986), characteristic of all
retroviruses, except the spumaviruses (Vogt 1997), and
some retrotransposons among them Osvaldo (Pantazi-
dis et al. 1999). These motifs have a role in binding pro-
teins to nucleic acids and interact between gag
monomers (Vincent et al. 1994; Rein et al. 1998; Gore-
lick etal. 1999). However, in some gypsy-like retro-
transposons as gypsy, 297, ZAM, tom and 17.6, these
motifs are absent and are in some cases substituted by
basic amino acids (Leblanc et al. 1997).

Isis element encodes a putative RT that includes the
classical seven conserved domains (Xiong and Eick-
bush 1990). Phylogenetic analysis of this region assigns
this retrotransposon to the gypsy-like class, close to
Ulysses of D. virilis. Since Ulysses lacks the third ORF
found in Isis, this new element can be considered as a
new retrovirus of D. buzzatii different from Osvaldo.
Isis differs also from Osvaldo and Ulysses in that it has
sequences homologous to tRNAS" Jocated 26 bp
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Table 2 Chromosomal insertion profile of Isis and Osvaldo retrotransposons in different D. buzzatii lines

Population Puebla del Rio
Line 2 3 6 10
Probe Isis Osvaldo Isis Osvaldo Isis Osvaldo Isis Osvaldo
Chromosomes
2 F4d - F4d - Fld - F4d -
3 Clb - - - Cda - Clb -
4 C2g, F4b C2g, F4b C2g, F4b C2g, F4b C2g C2g C2g, F4b C2g, F4b
5 - C2c - - - - - -
Cullera Sanlicar
1 6 4 9
Isis Osvaldo Isis Osvaldo Isis Osvaldo Isis Osvaldo
2 Fda Fda Fda Fda Eo6f, F1d - F1d, F4a -
3 F4b Fif F4b Fif - - - -
4 _ _ _ _ _ _ _ _
5 Adb, G1d Adb Adb, G1d Adb - - - -
Mazarrén 63 42/7 Cal07J9 Adeje
9 10
Isis Osvaldo Isis Osvaldo Isis Osvaldo Isis Osvaldo
2 E5a, G2¢ E5SA F1d - F1d, F4a, E4a F1d, F4a, D5a, (E4a) F1d, F4a G2, F4a
3 E2f, F1f - - - - F2b, B5f - -
4 - - F2b - C2g C2g, E1b - -
5 - - - - Bla Adb, (B1f), (C2a) - -

Coincident sites of Osvaldo and Isis are in bold. In parenthesis are represented the polymorphic sites

downstream of the 5’ LTR end instead of sequences
homologous to the tRNAMS that exist in Osvaldo and
Ulysses and are implicated in the synthesis of the viral
DNA minus strand. tRNAS" is used too as a primer in
other insect gypsy-like elements as Tirant (Caiiizares
et al. 2000), ZAM (Leblanc et al. 1997), 297 (Inouye
et al. 1986), tom (Tanda et al. 1994), 17.6 (Saigo et al.
1984) and TED (Friesen and Nissen 1990).

The absence of stop codons in gag and pol regions of
Isis suggests that the described Isis copy could have
been active in a recent past. The structure of this copy
is truncated by an Osvaldo insertion in the env region.
This insertion probably inactivates the element
because the PPT region, important for the synthesis of
the plus strand of DNA, and the putative 3" LTR are
separated by the Osvaldo insertion. However, Isis pre-
sents insertion sites scattered over the chromosomes at
a location that differs between laboratory lines from
different geographical regions. This distribution sug-
gests that Isis has been active recently and Southern
blot analysis favor the idea of the presence of full-sized
elements in the genome.

Isis seems to co-occur with Osvaldo at the same
cytological site because 6 out of the 18 Isis different
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positions of Table 2 coincide with Osvaldo sites. By in
situ hybridization, it is impossible to detect whether
Osvaldo and Isis are inserted adjacent in the remaining
five sites, not sequenced in this work, but it is not
impossible. It is known that some retrotransposons
insert inside others in maize (SanMiguel et al. 1996)
and B. mori (Abe et al. 2000). We cannot discard the
possibility that Isis sequence particularities could be
attractive to Osvaldo insertion. Retrotransposon inser-
tion preferential sites have indeed been reported for
various elements. For example, Penelope tends to
insert in sites where other Penelope copies are already
present in D. virilis and D. lummei (Evgen’ev et al.
2000), Zam and Idefix within the white locus of the
Revl strain of D. melanogaster (Conte et al. 2000), and
nomad in the TANA host sequence (Whalen and Gri-
gliatti 1998). On the other hand, analysis of the 5' LTR
flanking sequence of Isis shows microsatellite repeti-
tive DNA as shown in retrotransposons of plants
(Ramsay et al. 1999), humans (Nadir et al. 1996) and
Drosophila (Kolesnikov et al. 1996). The mechanisms
by which these elements select insertion sites with such
fidelity are unknown and some authors argue that it is
given by the integrase.
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Fig. 8 Southern blot analysis
of genomic DNA from differ-
ent D. buzzatii strains hybrid-
ized with a 3.4-kb probe
including Isis positions from
2,124 t0 5,528 (Fig. 1). a
Southern blot after digestion
with Xbal. b Southern blot af-
ter digestion with Sa/l. Lanes:
1 Adeje-10, 2 Cal07J9, 3 Cas-
telli, 4 Berna, 5 63 42/7
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Fig. 9 Southern blot analysis of genomic DNA from species of
the D. buzzatii complex digested with Xbal and probed with the
3.4-kb probe (described in Fig. 8). Lanes: D. buzzatii (D. bu), D.
serido (D. se), D. koepferae (D. ko), D. venezolana (D. ve), D. un-
iseta (D. un), D. martensis (D. ma), D. starmeri (D. st), D. richard-
soni (D. ri), D. mulleri (D. mu)

In our case, where Isis and Osvaldo are inserted
together at chromosomal site 2F4a, we have two possi-
ble hypotheses to explain the Isis insertion mechanism.
First we consider that Isis is an old element because of
the presence of stop codons in the env region. Even if
this region has low sequence conservation, we cannot
exclude, however, that some insertions or deletions
could have been undetected in the other domains
because we do not have a canonical Isis sequence to be
compared. Moreover, it seems that the Osvaldo ele-
ment could be inserted in the env region of Isis, even if
the boundary sequences are not included in the ana-

1.2kb Isis

0.4kb Gapdh

Fig. 10 RT-PCR carried out with total RNA from adult flies.
Two sets of identical reactions differing only by the addition
(RT+) or omission (RT—) of reverse transcriptase are presented.
Lane G shows the results of amplification of genomic DNA and
lanes 2, 5 and 3 show, respectively, amplification of RNA from D.
buzzatii strains Cal07J9, 63 42/7 and Castelli. The housekeeping
gene Gapdh was used as positive control of RNA amplification in
the same Drosophila strains

lyzed clone because adjacently we found a 3’ Osvaldo
LTR. Our previous analysis of this Osvaldo insertion
showed that it is an old degenerated copy containing
insertions, deletions and stop codons. If this hypothesis
is correct, Isis insertion could be older than the
Osvaldo one because its insertion occurred before. The
second hypothesis considers that Isis insertion
occurred independently, followed by an ectopic recom-
bination with the Osvaldo element inserted in the
genome. Ectopic recombination was proposed as a
mechanism for tandem element and composite ele-
ment formation (Ke and Voytas 1997, Mugnier et al.
2005), although the mechanisms by which tandem ele-
ments arise in Drosophila are not known.

Data presented here suggest that Isis could be an
element that has been active recently in D. buzzatii.
We have several lines of evidence: the existence of

@ Springer
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polymorphic sites between different laboratory strains,
the presence of high molecular weight bands by South-
ern blot when the DNA was digested with Sall (6.2-kb
bands are the minimum size expected for complete Isis
elements) and finally the detection of Isis transcripts by
RT-PCR.

Isis clearly hybridizes in the nine species tested in this
work. This result could indicate that this element is an
ancient component of the buzzatii complex and it has
had a long history in this group of species. Moreover,
the two expected bands revealed with the probe, after
digestion with Xbal, were observed in all species of this
complex excepted D. mulleri (mulleri complex). These
results show that the element structure was quite con-
served during the evolution. Moreover, the fact that
other bands were shared between different species
could suggest either the existence of old sites antedating
speciation and retained in these species, or the associa-
tion of Isis to heterochromatic regions in tandem. High
degree of band conservation is not rare in retrotranspo-
sons and was reported for elements as Osvaldo (Labra-
dor and Fontdevila 1994) and Ulysses (Zelentsova et al.
1999), two elements closely related with Isis.

In general, results of Isis element presented in this
paper are encouraging; however, more work must be
done to determine its transcriptional levels in different
tissues, the distribution out of the buzzatii complex and
why Osvaldo element seems to have Isis as an insertion
target sequence.
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