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We determined the complete nucleotide sequence of the gypsy element present at the forked locus of
Drosophila melanogaster in the f’ allele. The gypsy element shares more homology with vertebrate retroviruses
than with the copia element of D. melanogaster or the Ty element of Saccharomyces cerevisiae, both in overall
organization and at the DNA sequence level. This transposable element is 7,469 base pairs long and encodes
three putative protein products. The long terminal repeats are 482 nucleotides long and contain transcription
initiation and termination signals; sequences homologous to the polypurine tract and tRNA primer binding site
of retroviruses are located adjacent to the long terminal repeats. The central region of the element contains
three different open reading frames. The second one encodes a putative protein which shows extensive amino
acid homology to retrovnral protems, including gag-specific protease, reverse transcriptase, and DNA

endonuclease.

The Drosophila melanogaster gypsy transposable element
is associated with spontaneous mutations whose phenotype
can be reversed by mutations at unlinked suppressor loci (9).
This element is transcribed in a temporal specific fashion,
giving rise to a major 6.5 kilobase RNA which accumulates
at highest levels in 2- to 3-day-old pupae (11). We recently
proposed (11, 12) that the mutational activity of the gypsy
element on suppressible genes is a direct consequence of the
transcriptional properties of this element. The mutagenic
effect of the transposable element on these loci is due to
transcriptional interference on the genes located nearby.

To understand the molecular basis of this phenomenon,
we investigated the DNA structure of the gypsy element.
Gypsy is a member of a class of structurally similar trans-
posable elements which contain long terminal repeats
(LTRs) 1, 5, 9). Other members of this family are the
copia-like elements of D. melanogaster (14), the Ty elements
of Saccharomyces cerevisiae (13), and vertebrate retrovirus
proviruses (20). In addition to the conservation in the
organization of the different transcription signals between
the LTRs of retroviruses and copialike elements, the latter
ones also contain nucleotide sequences homologous to the
tRNA primer binding site and purine-rich sequences, both
necessary for the initiation of DNA synthesis in a retrovirus
system (6, 16, 22). The organization of the protem-codmg
regions of these different elements nevertheless varies. A
typlcal vertebrate retrovirus consists of three genes, termed
gag, pol, and env, required for viral infection and replication
(see reference 20 for a review). The gag region encodes a
polyprotein which is cleaved giving rise to several small
proteins found in the core of the virus particle (3) and whose
exact function is not yet understood. The pol gene is
expressed as a gag-pol polyprotein which is the precursor of
the mature form of reverse transcriptase. The N-terminal
region of this protein product contains the DNA polymerase
and RNase H activiti€s of reverse transcriptase, whereas the
DNA endonuclease activity required for provirus integration
is located in the carboxy-terminal region (21). In addition,
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the amino-terminal region of this protein encodes a gag-
specific protease required for the cleavage of the gag poly-
protein (3). Finally, the third open reading frame, located at
the 3’ end of the retroviral genome, encodes the components
of the viral envelope (3, 20).

The copia element of D. melanogaster contains only one
open reading frame, whereas Ty has two distinct ones, both
elements encoding putative protein products homologous to
the reverse transcriptase and endonuclease activities of
retroviruses (2, 10). Other Drosophila copialike elements,
such as 17.6, are more similar to vertebrate retroviruses in
the organization of their coding potentials, with three dif-
ferent open reading frames, the second one encoding the
enzymatic activities (15, 19). Here we present evidence
which indicates that the gypsy element contains three dif-
ferent open reading frames and is structurally closer to the
Drosophila 17.6 element and vertebrate retroviruses than to
copia or Ty.

MATERIALS AND METHODS

DNA isolation and sequencing. Purification of plasmid
DNA, digestion with restriction enzymes, and labeling of
DNA fragments were done by standard procedures (7). The
sequence of the gypsy element was determined on both DNA
strands as described by Maxam and Gilbert (8). The analysis
of the protein sequence homologies among different retroviral
elements was performed with the Bionet computer facility
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FIG. 1. Restriction map of the gypsy element. The shaded areas
represent the LTRs of gypsy, and the central region of the element
is indicated by a thin line. The lower part of the figure indicates the
strategy used to obtain the DNA sequence of the gypsy element.
The symbols used to represent the restriction enzymes are A, Aval;
C, Clal; E, EcoRI; H, HindIll; N, Ncol; and X, Xbal.
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Et’uf\'cmmmmmcncsmcmrmmcmsmmrmmmgcmnmnmumcmwgmmmmmmnmm 130
BOBABTATTRCTTCACECTBCAMAATECTBABTCORCT TECCRACT TETRRCO0CECSATOMISCTCEAGORTAMC T TART TTTCHNMIBSTCTTCTACTCARTICMATCTTRTETCBMATA 260
MCCACARCTTBCTCCORCTCATTBCCETTMACATCATTGTTCTTATITACMTCMMTCRCTATCACCACMMICTMGTEATMTMCTMBSSOOCOMTCMBCCLTLIMCCTMICTCCATI - 390
mmcrmacmcrmmmmcrmmmrmrmwmmmmuﬂawmmcrmn 520
ACACACTTTBTCABBCBACMACABBBTAGTTANGTTABMMECATETAGTTTTACANBACACTTCTTTBACECANTCAAGAMATTTACSABTEAMMAAMAMAMMAMAAMET TETBTATCTEEC 630
CACGTAATAAGTBTECETTEATTTATTCACAAMMACATTECATATTTTCOBCAMETAAMTTTTGTTECATACCTTATCAMAATMETECTECATACTTTTTAGABMACCAMTMTTTTTTATT 780
BCATACCCBTTTTTMTARMATACATTBCATACCCTCTTTTAATAAMMAATATTBCATACTTTBACBAMCAMAT T TTCETTBCATACCCAATAMABATTATTATATTBCATACCCBTTTTTANTMAA 910
TACATTBCATACCCTCTTTTATAAMMAATATTECATACETTBACBAAACAAAT TTTCETTCATACCCATAAMBATTATTATATTECATACCTTTTCTTBCCATACCATTTABCCSATCMTTETEC 1040

TCE6CAACABTATATTTBTBETETBCCAACCAACAACCAATBABTTBBBCACATAACTACABAAABET TAABBTCEAATACEAAABLBABBATAGCTEBBABBABBABCAABTABBCCAABCATTABETC 1170
NETSer TrpAl aHi sAsnTyrArgLysVallysVal6luTyr6luBer6luAspSer TrpBluBluBluBlnVal Bl yBlnAlaLeuBlyA

BBCCBTTABATABTBCCACBETABATATTACCATBBACCCCAATCABATTCAABCTCTTATCBACAATBCTETCABACABBCATTBTCBCAACABCAATCCCAATTTCAGACACAACTCAATTCCCTABE 1300
rqProLeufspSerAlaThrValAsplleThrNetAspProAsnBini]eBlnAl aLeull vhspAsnAl aVal ArgBlnAl aLeuSer8lnB1nB1nBer61nPheBl nThrElnLeuAsnBerLeuAl

TBCBCBBETACABABT TTRCAGBTBBANBCACCECANATCAABATT TACEAMAAABTCTCTETTAACCCCBATBTTABBTBCBACATTCCCC TTBACATAATAMEBTCTBTACCABAGTTCTCCEBTACE 1430
aAlaArgVal BtnSerLeuBlnValGluAl aProBlnilelysIleTyr6luLysValBerVal AsnProAspVal ArgCyshsplleProleuspllelleLysBerVal ProBluPheSerBlyThr

CAABACBABTATBTBBCC TBBABACAATCBBCCATATACBLCTACBABCTCT TCAMCCATACAATBBCABCABTECCCATTATCABBCTETTBCCATATTAABBAATAAAATCCETBBCBCABCCEBBE 1560
B1nAspBluTyrValAlaTrpArgBlnSerAlalleTyrAl aTyr8luLeuPhelysProTyrAsnBlySerSerAlaHisTyr81nAlaValAlalleLeuArgAsnlys]leArgBl yAlaAl aBlyA

CTTTACTBETCTCCCACAATACBBTATTBAACTTCBATBCTATTTTBBCCABACTABACTBCACBTACTCEBACAAMACATCCTTACBCCTETTBABGCAABBATTGBAAATEETTABBCAABBABACCT 1690
laLeuLeuValSerHisAsnThrValLeuAsnPheAspAl alleLeudl afirgleuftspCys Thr Tyr SerAspLysThr SerLeufrgLeuLeufrgBl nBl yLeuBluletVal ArgBln61 yAspLe

ACCACTAATBCAATACTACBATBAAGT TBAAAABAABC TAACBCTTETCACTAACAAMATCETAATBACBCATEAACAABABBETECTBACCTECT TAACBL TBABBTCABAGCCBACECCCTBLATELT 1820
uProLmtslnTeryrmelwalSluLysLysLtherValThrMnLysllwnllletThrHMluslnﬁluelyMoMprLmhlnslwalkgﬂmmmnmml

TTTATTTCEB6BCTCAAAAABBLCCTCAGABCTBTBBTCT TCCCBECCCAACCAAARBACCTBLCATCTBCACTBBCT TTABCTABABAABCABABBCAAGCA uuumrsnmlmtm 1950
PhelllSQrGlyLmLyslyﬂlaLMrgMlVllVlll’h!Perlﬂlu?roLyM!pL!uProSlrlllLMllLNAlIkgBluAhBlnAhSlrlI!OlukMtMl

ACECCAABBCCETABABBABCBABCECATTCBBBBECAAACEELAABABCCE TT TCCABBBBAABCCAAAT AMBAABAACABBBACAGBACABBAATCCCCACTTCACCAMCECCCCAMAATAACS
yrAlaLysAlaVal 81uBluArgAl aHi sSer81yAl aAsnBlyLysSerfrgPheBlnB] yLysProfsnLysBlu6luBln81yBInAspArghenProtii sPhaThrLysArgProlyshsnfsnBl

mmmmmmummgmmtmmnmmcmnmsmcsmnmmmmmrccrmtmmrmr 2210
yBInThrAsnLysAspThrBinAla8lnAlaPr ln'rdhtelwnmws-rhrkgqullnkgmrelumﬂyrllnmmwrmnlluhrlmlmeww

TCCTCABAACBCTCAACASBACCBABACBACAACBTCTBAATAACS TTBTCCAABABBLCCC TAMACAMAAGBACCCCAAMBAABABTATEARAARACASCANAGRCTBCABTCBABBAMTCBACABCE 2340
SirﬂlrﬂlMrgl!rﬂlrﬂlyPerMrgOergLMmMnVllVllSlnDlMllPrd.MlnLylMpProLylﬂlu!luTyrlhl.ylﬂlrM aLysAlaAlaValBluBlullefspBer

W}%TMMHTWT“TMW mg{r L.WMWTETMTGNTMMTE 2470
ul utyrhaia eufsn L
! WTOW!IBI«MWQ Ly ghm' elle8] wq{ 126l oﬂlrl.ﬂllyilﬂl.lulllhlmrMAhMll.ym»'lyr

ATTAGBCCCETAAMBEABC TEAAAATETAATBCCEBTCBLCABCCCTTTCTCEBTBABCTCAATACACEEC TCCACCBARATCAAACACAAATBCT TBATBAAAGTC TTCAAGCACATCTCCCCATTTT 2600
ll!kofro!mLysSluleuLylnmllhtProValMas.rProthmmhrIhHisslys"nrslulloLysmsLysCysuuMLywnfheLyluullos-momr

TTCTTTTEBATICTCTCAATOCET TCBACSCTATCATABBCTTEGACCTBTTAACACABSCCEBEETAMACTCAACCTTECAGABBACTCCTTAGAMTACCABBACATCECTBAMABCTTCATTATIT 2730
hlLluLmMpSlrLNﬁmMMMAllllillislyLmLMoﬂhrNMllﬁlWIILYILNMLNMlllmphrl.wsluTyrGlnﬁlylleﬁllllulnlumﬂyrﬂl

CABCTBCCCCABTBTAAATT TCACTBATBTAAACBATATTETTETACCTBAC TCCBT TAARARGEABT TCAABBACACAATAATAAGBABBAAGAAASCT TTCTCCACAACARATBAABCTCTTCLTTTT 2860
MCysProSorhlmn.mrmmmmIlwalVt!ProﬁsphranLysLyssquywmrmllmqul.ysl.ymmmmmrmomﬂlLNProHll

AACACCOCTETCACTBCCACAATTCEBACAGT TBACAATEAACCBEBTBTACTCAABAGCETACCCAACTCTTATGBBTETCTCCBACT TTBTBAACAACBAGETCAACAACTBCTBARABACGECATTA 2990
mmmvnn\rmmrlxengmrvnmmelunwmyrs.rmmatyrmmrmmnwm«mmvnmmeluvmywmmmnmlyxm

TCABBCCCTCAABB TCTCCCTATAACABCCCBACCTBBET TBTTBACAAAAABBBAACCBACECCT TCBRBAACCCAAMCANBABE TTBBTCATTBACTTCABBAABCTAAATBABAAAACTATTCCTBA 3120
1eArgProSer ArgSerProTyrAsnSerProThr TrpValVal AspLysLys8lyThrAspAl aPheBl yAsnProAsnLysArgLeuVal 11 sfispPhefirgLysLeuAsnBluLysThr 11eProks

CCBBTACCCBATBCCTABCATTCCCATBATTCTABCBAATCTOBECAABBCAANBT TCTTCACTACCC TTBATCTTAABTCABEBETATCATCAMYT TTACCTCECBBAACACBACCBCBABAAGACATCE 3250
phrgTyrProMetProSer 11eProNet 11eleufl aAsnLeuBl yLysAl aLysPhePheThr ThrLeuAspLeuLysSer Bl yTyrHis61nl1eTyrLeuAl aBluli sAspArgBluLysThr Ser

TTCTCBETBAATBETBETAAATACBAGT TTTBCCETCTACCETTCEBC TTBABAAATBCAABCABCAT TTTTCAAMBAGCCC TABACBATGTECT TAGABABCAAA TCOBBAABATATBTTACBTCTATE 3380
I’MS!erMmOlyslyl.yﬂyrllmwqul.ufrofhdlytmwulws«llMlnhrghlltmmhllmk,sluBlnlloDlyLyl!l!CysTerllTer

TAGATBACETCATAATTTTCTCTGAAAACBABTCCBACCATETCCBCCACATCEATACAGTACTAAAATGCCTEATCOATGCCAACATGAGABTANGCCAGBABAMMCTABAT TCTTTAAMBABABTBT 3510
alAspAspVal 11eI1ePheSerBlufsnBluBeraspHisVal Arghis]] eAspThrVal Leul ysCysLoull eAspAl aAsnietArgVal Ser8lnBl uLysTllrkﬁ.ﬂld.ylll uBerVa

ABAATACCTCBBCT TTATTETCABTAABBACBBAACTAAA TCCBATCCABABANBETBAABEBCCATTCAGBABTACCC TBAACCABACTBCETTTACAABBTTABBTCLT TCCTTBBTTTABCCABCTAC 3440
16luTyrLeuBlyPhelleVal Lympﬂlymrl.yshrhprroﬂluLywlll.yMlallﬂlnﬂuTerroIluPrM»CywalTyrl.ysVllms«PlMlyLMllsor‘lyr

TACABABTCT TCATCAAABACT TTBCTBCCATABCCCSCCLBATCACCBATATCCTAMAABBBBANAATEET G'I'MIMMTTCCTOTTPI"M TCAACECA 3770
Tyrkwlll’llillol.ysmn!hllﬁlllloﬁll'ﬂl’rnlllTberlMLlelyﬂlMlyMllMMM LysLysIleProvalBluPh OMIMHIMWA

ACBCBTTCCAAABACT BCBAMCATACTABCATCCEAGBATATCATACTCAAATACCCCBACT TTAMAABCCT TTTGACCTTACTACAGATBCTTCBBCAAGTBATATCEBTBCABTCCTATCCCABBA 3900
snAlaPheBlnfrgLeudrghsnlleloudl aBerBluspVal I1eLeulysTyrProAspPhelysLysProPheAspLeuThr ThrAspAl aSerAl aBerBlyIl e8] yAl avalLeuSerBlnBl

68BCABBCCAATCACCATBATATCBCETACCC TTAAACABCCCBABCABAACTACBCCACAAACBANABBBAAT TECTBBCEATTETATEEBCCCTABBTAAGT TECABAACTTCCTETATBEBCTCTABE 4030
uBlyArgProlleThrMet I1aSerArgThrLeulysS]nProBluslnsnTyrAl aThrAsn8luArgBluLeuLeudlalleVal TrpAl aLeuBlyLysLeuBlndsnPholeuTyr81yBerfrg
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BABATTAATATATTTACCBACCATCAACCCCTCACTTTCBCTBY TECCBACABBAACACBAATBCCAABATARAGAGE TBBARATCT TACATABACCABCATAATBCCAABBTTTTCTACAMCCTBEBCA 4160
6lulleAsnIlePheThr AspHisBlnProLeuThrPheAlaValAlaAspArgAsnThrAsnAl aLysI1elysArgTrpLysSer Tyr 11eAspBlnHi sAsnAl aLysVal PheTyrLysProbl yl.

ANBAMATTTCETBBCABACBCCCTCTCTABBCABAATCTBAATBCCT TACAAAMCBAACCCCAATCABACBCTBCBACCATTCACABTBABCTCTCCCTBACC TACACBBTCBABACAACABACAAACC 4290
mm-mmmmmnLuumgslnmmmnmumslummmm»snmmm aThr11eHisBerBluLeuSerLeuThr Tyr ThrVal 61uThr ThrAspLysPr

BTTAAATTBCTTCABBAACCAGATCATTCTEGABECABCACETTTTCCOCTCAAACBAANCCTEETECTCTTTCEAABCARATCTCBCCACTTAATCABCTTTACTBATARANBTTBACTATTAAARACA 4420
uwmcmmgmslnll|ll|meMlaMaArqPMProLmLquﬁnuuValmequyMﬁrgnmwlloSerPMthrAuI.yssmrpLuLNLysTM

CTTAAGGABE TBETAAACCC TBACBTCETBAACBCTATTCACTBCBACCTBCCCACTCTBBCAABC TTCCAACACBACCTCATTBCCCACTTTCCABCCACCCAATTTCETCACTBTAABAATBTCATET 4330
LeuLysBluValValAsnProAspValValAsnAl alleHi sCysAspLeuProThrLeuAl aberPhel uli sAspLeulleAl ali sPheProAl aThr61nPhefrgHisCysLysAsaValVall

TAGACATAACCBACAARACBAACAGATCBAARTCETCACTECCBABCACAACCGCECTCACAGAGCCBCACAAGARAACAT TAMCAABTCCTTCBBBATTATTACTTTCCCAAATBEECAGTTTABE 4680
eufsplleThraspLysAsnBluBlnll eBlulleVal ThrAl aBl uli sAsaArgAl alisArgAl ahl aGlnBlusnileLys6lnValLeuArghspTyr TyrPheProlysNetBl yBerLeuAl

TAMBAAGTABTABCTAATTBTABBETCTECACCCAABCAAETATBACABECACCCEAAMAABCANGABCTCBOEBARACECCCATACCCABCTATACABBTBABATBBTBCATATTBACATATICTCA 4810
alysBluvValValAl adsnCysArgVal CysThrEnAl alysTyrAspArgHi sProLyslysBIn6luLeul yBluThrProlleProSer Tyr Thr6lyBluMetValHisI1eAspll ePheSer

ACCBACABBAABCTATTCCTBACETBTATTBACAAATTTTCTAAMTATBCAATABTBCAACCAGTEBTBTCTAGAACAATAGTEBACATCACAGCACCCCTETTGCABATCATTAACCTETTCCCCAATA 4940
ThraspArgLysLeuPheleuThrCysIlefsplLysPheSerLysTyrAlalleValBlnProValValSerArgThr11eValAspIleThrAl aProleuleubin]lelieAsaleuPheProfsnl

TCAAAACBSTCTATTETBACAATBABCCCBCAT T TAACTCABAAACTETCACCTCAATGCTCAABAACABCTTCOBCATTBACATABTAAATGLECCCCCACTCCACAGCTCATCCAATBECCANGTTEA 5070
lnl.ymr!lalTerylAuMnBluPermmmslumrmThrhrllltl.ml.yms«?hoslyllomnwllmmla?rol’rol.nmsSorIorhrmalyOInvusl

TTCCACABCACATTBBCABAAATCOCCABE TBCCTBAABT TBBACAAMAAAACAATBACACAGTABAACTAATCTTBABBECEACBATASARTATAACAAAACCTBCACTCABTTACTCEBTEAS 5200
uk;?hiﬁhwmwllﬁl||llQMMroCysLouLysLmMpLysLysl’hrmmeralSluLNll!LwAuMaThrll061uTernLysThrValmssmmlhrkgﬂu

ABACCAATTBABBTBATTCACCCABBBBCCCACBABCECTBCCTABAATCAABBCAABATTAGTAANBBCTCAGCAABACAGCATCEBAABAAACAACCCTTCCCBACAAARCCBCETBTTTEABEBTEE 3330
fArgProlle8luValValHisProBlyAlaHisBlurgCysLeuBlullelysAl aArgLeuValLysAl aBlnBlnAspSer 11 eBlyArgAsnAsnProSerargBlnfsnArgVal PheBluval®

BABAACBCBTETTTETAAMAACAACAABABETTAGBAATANBCTAACTCCACTATECACCBABCAAAAAGTECABECAGACT TEBBAACBTCTETTCTTATTAAGBEBAGBBTEBTCCACAMBBACAA 5460
ly!luknglPhlVllLyMuMngLMlyMnLysLuThrProl.NCleerlullnLywllOlnﬁlaupuuslyThrherlLmllll.y;llyﬁrwllv.lmuymu

CCTCAMBTABACAT TCCCTCTACAGTTABBTAGTAABTTATGTCAABBAAAMTCCBABCACTBTABTATCACCTTBTCTTTAATTTCCABBY TCACCCTCATBATBTTCATACCCTTGETAGTABCBAAT 3390
aleulys ¢ ThrPheProLeuBlnLeuBlyBerLysleuCys8lnB] yLys8er8luHisCysBer [1eThrLeuSerLeull eBerirgPhoThrLeuNETHatPhelleProLeuValValAl adsn

6CTCBBATCACCBACTTTTCOCATBCCAACTACATTCCTETBTTABATOBBBATETBCTEBTET TTBAACABCETBACCTC TTBAAACATTCBAGTAACCTTTCCBABTACBCTAGTATEATAGATEAM 5720
AlaArglleThrAspPheSerii sAl aAsnTyr 11eProVal LeuAspBl yAspValleuVal PheBluBlnfrgAspLeuleulysHi sSerBerAsaLeuSerBluTyrAl aBerMet 11 eAspBluT

CACABAMCTETCCBABTCCTTTCCCCACTCACATATBCETAABTTBCTAGABBTCBATACTBACCATCTTABAACCT TBTTBTCCATTCTCAAAGTCCACCATABBATAGCTABBABTCTABATTTCTT 3830
hrB1aLysLeuBerB1uSerPheProli sSeriti setArgLysLeul euBluVal AspThrAspHi sLeuArgThrLeuLeuBerValLeuLysValHi sHishrglleAl adrgBerLeubspPhele

ABBTACABCCTTAANBETTETEBCEBBTACTCCCBATBCCACBBACCTCT TTAAAATTAABATCACABABBCCCAACTABTABAATCTAATTCCABBCABATABCTATAAMCTCCBAAMCCCABAAACAE 5960
uBlyThrAlaLeulysValVal Al a81 yThrProAspAl aThrAspLeuPhelysilelysIleThr81ufl aBlnLeuVal 61uSer AsnSerArgBlnlleAlall eAsnBer6luThr6inLyséln

ATAMATAABT TAACTGACACCATCAATAAGBTBATCAATBCCCETAAMBBCBACT TEGTTBACACTCCACACTTATATBAABCACTACTAGCAAGAA TABBATBCTETCTACABAMTTCARAATTTAA 6110
I1eAsnLysLeuThrAspThr 11 efisnlysVal 11eAsnAl afrglysBl yAspLeuVal AspThr ProHisLeuTyr 61uAl aleul euAl adrghsnArgietLeuBer ThrBlulle6lnAsnieul

TTCTCACTATTACT TTBBTCAAATCAAACATTATAAATCCCACAATTCTTBATCATBCCBACT TBAAGCCTCTTETABAACABBATACCCCAATTETCABCTTAATAGAABCATCTAAGATCABBRTCCT 6240
leLeuThrI1eThrLouValLysSerAsallel] sAsnProThr 11 eLeuftspHi sAl aAspLeulysProl euVal 1uBl naspThrProlleVal BerLeull e6luAl aBerLysIleArgValle

CCAGTCCBABAATABCATTCATATTTTAATTECCTATCCTABABTCANBT TCABTTBCAABAAABTCBCCBTCTACCCTETATCTCACCAACACACCATCTTECBCCTCBACBAABACACTTTOBCCEAA 6370
nlnwslumwllemslllLulloAlal’errokgValLysﬁoSerCysLysLywalAllVallerromserHisSlnllisThrlmnArQLumauAumanmaGlu

TGCBAACATBACACCTTTBCEETCACCEBATBCACABACACCACACACTTCACSTTCTBCEABCEETCTCBBCEBCEAAACTTBCETECELTCACTCCATBCTOBAACECTBCTCAATBCCACACTCANG 6300
wuldﬂmpmmeﬁhmTbrSlyCys‘l‘vMplemmiﬂoanMCysSlqus«kgkgsluerywalkgSeermMlaelyMMlMlaBlnCytﬂisThrBlnP

CCABCCAC TTBCBABAA TAMCCCCETABATBATBBCET TBTGAT TATCAACGAABCCBCABCTC T6ATOECABCCCCBAAACAC TEATABABBBAACC TACCTBBTAACCTTCBABCE 5430
rmmmwllllMWilmmﬂyvnmllolhﬁuelunmmamwllhrﬂirmelySerProlluThrLluthlullyTereruVlllhernk

AACBBCAACCATCAACBBCTCTBAAT TCEBTAATC TAAGBAAACAC TANBCAABCASCCABBCATCETBCBTTCACCACTACTTAACATCBTCBBCCACBACCCTBTBCTCABTATACCTCTBCTACAC 6760
9ThrAlaThr 11 eAsnBl yBer6l uPheVal AsnLouArgLysThrLeuSerLysB1nProBlylleVal ArgSerProleuLeuAsnll eVal 61 yHisAspProValLeuSer I1eProLeuleullis

CBBATEABTAMCBAMACC TACATTCCATCCAAMACC TTATEBATBACETBBAATCTBAABBC TCBCCCABACTCTGRTTCETEBCTERTBTEATCCTAMCTTCBABCTTBATTBBCTCTCTCBCCCTTT 4890
mmsommummmsurnmmnmmmmmmuursmlmrrrwomrrmwnm?molvm.mm%exymumym.mm.nr

ATCTBECATTAABEABAABACBAGCC TCTABBAABATACABCBCACCATCBATACTTTCAACATBACCBABBACBBTCATAAACT TACAACTAACAATBTATTBCTTCBTAGCA 7020
erMlll.uk'kWW'ﬁllhrkgOllllQllnkql‘llrll!ﬁu‘l’llrMmMTerlMlp.lymlLy.L u alValAsnAsn &

ACTAABTABCTTTBTATBAACAATBC TBACBCBCCABAAT TBBBTTCAACBCTCCACBCBANGAATECCTABCABCEBAANBCTEACACT TCCTACCBEGABTATTECTTCACBCTBCAABAAATECTEA 7130

wmnmnnmmmnmmmrmnunnmmmrcncmrmnmrcrmmﬁ:cmnmmmmmrm 1280

GlYCAT'I'OTTmlTTTM:MTCAMTCETQTmTﬂ'l’lg%l’WTMMTWTWTMWTWTWOTCTMTM 7410

MWTCTMTACTMTMTMCTCTMTM‘IW"MMMTT' 1469

FIG. 2. Nucleotide sequence of gypsy. The gypsy element located at the forked locus in the f' allele was cloned as previously reported
(11). This complete element was sequenced by the procedure of Maxam and Gilbert (8) and the strategy depicted in Fig. 1. The arrows indicate
the starting and ending nucleotides of the LTRs. The different sequences implicated in the transcription and replication of the element are
shaded. The CAT box, the Hogness box, the tRNA binding site, the polypurine tract, and the polyadenylation signal have been respectively

designated a, b, c, d, and e. Also indicated is the amino acid sequence of the putative gene products encoded by the three different open
reading frames located in the central portion of the element.
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(IntelliGenetics, Inc., Palo Alto, Calif.) and the SEARCH and
ALIGN programs.

RESULTS AND DISCUSSION

General features of the gypsy transposable element. The
gypsy element whose sequence is reported in this manu-
script was isolated from the forked locus of D. melanogaster
in the £ allele (11). The restriction map of this element and
the neighboring sequences of the flocus is shown in Fig. 1.
The complete sequence of this particular copy of the gypsy
element was determined by the sequencing protocol of
Maxam and Gilbert (8), following the strategy indicated in
the lower part of Fig. 1. This sequence information is shown
in Fig. 2. The gypsy element has a total length of 7,469 base
pairs (bp) and contains two LTRs 482 bp long. The central
part of the element contains three different open reading
frames which encode putative proteins whose amino acid
sequence is shown in Fig. 2.

Structure of the LTRs. The nucleotide sequence of the
LTRs of the gypsy elements responsible for the mutant
phenotype in the alleles sc!, bx’, and bx’**e was determined
previously by Freund and Meselson (5). The LTRs of these
three different insertions were found to be identical and 482
bp long. In addition, Bayev et al. (1) determined the se-
quence of the LTRs from two different copies of the gypsy
element located at undetermined places in the wild-type
Oregon R genome. These LTRs were found to be 479 bp
long. In the case of the gypsy element located in the forked
locus in fI, the LTRs are identical and 482 bp long. The
sequence we obtained differs from that of Bayev et al. (1) by
the addition of three nucleotides at positions 163 (A), 165
(T), and 170 (T), and it differs from that of Freund and
Meselson (5) by the deletion of one C at position 67 and the
addition of another C at position 102. The observed changes
do not affect any of the transcription regulatory sequences of
the LTRs. This low divergency rate among different copies
of the same transposable element has also been observed in
the case of the copia element (10).

The locations on the LTRs of various transcription sig-
nals, such as the CAT and TATA boxes and the polyaden-
ylation sequence, are also shown in Fig. 2. Freund and
Meselson (5) proposed that the sequence TATATAA, lo-
cated at the 3’ end of the LTR, could play the role of the
Hogness box for initiation of transcription. Because this
sequence is located 3’ to the polyadenylation signal, the
RNA synthesized would not contain all the information
necessary to make a new full copy of the transposable
element by reverse transcriptase. In agreement with what is
generally the case in retroviruses, in which the TATA box is
located 20 to 50 bp upstream of the polyadenylation signal
(19), we propose that the sequence AATATT (Fig. 2). serves
as the transcription initiation signal for gypsy expression.
This sequence is similar to the Hogness box of other
retroviruses and retroviruslike elements (20) and is located
30 bp upstream from the polyadenylation signal. In addition,
a sequence homologous to the CAT box is present 23 bp
usptream of the sequence AATATT in a position similar to
that found in other retroviral elements. We do not yet have
direct experimental evidence indicating that the sequence
AATATT serves as a signal for initiation of transcription,
but its location with respect to the different components of
the LTR suggests that this might be the case.

Other conserved sequences present in retroviral elements
and necessary for the completion of their life cycle are also
found in the gypsy element. Immediately 3’ of the left LTR
there is a sequence similar to the tRNA binding site of other
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retroviruses (Fig. 2) which is involved in the synthesis of the
first strand of viral DNA (20). This sequence has a strong
homology with Drosophila tRNAs (tRNAYS). In addition,
the region located immediately 5’ to the second LTR con-
tains a 10-bp purine-rich tract similar to the sequence highly
conserved among retroviruses which appears to serve as
primer for the synthesis of plus-strand DNA (20).

Insertion site of the gypsy element. Freund and Meselson
reported previously that the gypsy element shows a se-
quence specificity at the insertion point in the Drosophila
genome. In all three mutations sc’, bx°, and bx**e, the gypsy
element inserts at the sequence TACA*TA, in which *
denotes the insertion site (5). To determine the recognition
sequence for gypsy insertion in the f/ mutation, we se-
quenced both the surrounding region of the forked locus,
located outside the gypsy element in £, and the correspond-
ing wild-type sequences from a Canton S strain (11). From
the comparison of the mutant and wild-type sequences (data
not shown), we determined that the recognition sequence for
gypsy insertion in this particular case is TATA*TA. This is
also the insertion site for one of the gypsy elements charac-
terized by Bayev et al. (1). Because the sequence TACATA
is present in the forked locus a few nucleotides upstream of
the insertion site of the gypsy element (data not shown), it
seems that this particular sequence might not be required for
the insertion of the transposable element and that the con-
sensus sequence for gypsy insertion is TA(C/T)A*TA. This
sequence is similar to that reported by Ikenaga and Saigo for
the insertion of the 17.6 element (6). As a consequence of the
insertion of the gypsy element, there is a 4-bp duplication at
the insertion site.

Gypsy encodes putative gene products homologous to retro-
viral proteins. The central region of the gypsy element
contains three different open reading frames (Fig. 2) orga-
nized in a fashion similar to those of the Drosophila 17.6
transposable element (19) and vertebrate retroviruses (20).
Using the ALIGN program of the Bionet computer facility,
we did not detect any significant homology between putative
proteins encoded by the first and third open reading frames
(designated ORF1 and ORF3, respectively) and gene prod-
ucts encoded by retroviruses or other transposable ele-
ments. These two open reading frames presumably encode
gene products respectively similar to the gag and env
proteins which are expected to be different among various
retroviruses. The second open reading frame, however,
encodes a putative protein (ORF2) highly homologous to
proteins typically encoded by retroviruses. It is interesting
to note that the putative gene products ORF2 and ORF3 are
encoded in the same reading frame and separated by only
one translation termination codon (Fig. 2). Thus, a 1-bp
change in this codon will yield a gypsy element in which the
ORF2 and ORF3 gene products are translated as a single
polypeptide. To check whether the existence of this termi-
nation codon is a general structural characteristic of the
gypsy element or a particular property of the gypsy located
in the forked locus in the f' allele, we have also sequenced
the corresponding DNA region of a different gypsy element
responsible for the mutant phenotype of y? (12). This gypsy
element is organized in the same fashion as that in the f
mutant, suggesting that gypsy encodes three different puta-
tive gene products, the second and third ones being sepa-
rated only by a protein termination codon.

The amino acid sequence in three different regions of the
putative gypsy ORF2-encoded protein is shown in Fig. 3.
These regions are respectively homologous to the retroviral
gag-specific protease (Fig. 3A), the reverse transcriptase
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X <X =S

and + indicates that similar amino acids are present

at that position. Chemically similar amino acids are grouped as follows (17): A, S, T, P, and G; N, D, E, and Q; H, R, and K; M, L, I, and

V;F,Y,and W.

’

FIG. 3. Alignment of the amino acid sequences of the protease (A), reverse transcriptase (B), and endonuclease (C) activities encoded by
the gypsy and other retroviral elements. The positions at which four or more of the sequences share identical or chemically similar amino acids

are shaded. The symbol * indicates that the position is occupied by identical residues

Moloney murine leukemia virus (18), and

the Drosophila 17.6 (15) and copia (10) elements. The
trated in specific regions of the protein, and it is apparent

homology among these different gene products is concen-

mosaic virus (4),

(Fig. 3B), and the endonuclease activity required for

provirus integration (Fig. 3C). Also shown in Fig. 3 is a
comparison of the amino acid sequence of the ORF2 gypsy

gene product with homologous proteins from cauliflower
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that the gypsy-encoded protein contains the same or a
conserved amino acid at those locations in the protein where
the sequence has been shown to be invariant among many
retroviruses and retroviral elements (19). These locations are
indicated in the figure by the symbol * if the different
proteins contain the same amino acid at that position or + if
there is a conservative change. By comparing the various
sequences represented in Fig. 3 at those specific locations,
we concluded that the gypsy element is evolutionarily closer
to the 17.6 element and vertebrate retroviruses than to the
Drosophila copia element.
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