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Abstract The burdock element is known to be the 2.6-kb 
insertion into the same region of the cut locus in 12 independently 
obtained cf-lethal mutants. Here we have determined the 
complete sequences of this insertion and of the hot spot region. 
It was found that the burdock is a short retrotransposon with 
long terminal repeats and a single open reading frame (ORF). 
The polypeptide encoded by the burdock ORF contains two 
adjacent regions homologous to the gag and pol polyproteins of 
the gypsy mobile element. The burdock insertion interrupts the 
short ORF of the cut locus. The target site sequence of the 
burdock insertions is similar to the Drosophila topoisomerase II 
cleavage site. 
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1. Introduction 

Mobile genetic elements are an important component of 
eukaryotic genomes, encompassing several percent of the Dro-
sophila total DNA and account for up to 90% of the sponta-
neous mutations revealed by classical genetic methods. They 
can be classified according to their structure and presumed 
mechanism of transposition, and fall into two main classes: 
elements that transpose by reverse transcription of an RNA 
intermediate (retroposons), and elements that transpose di-
rectly from DNA to DNA. One of two types of retroposons 
are elements that resemble retroviruses in having long termi-
nal direct repeats (LTR) and open reading frames (ORF) with 
the potential to code for polypeptides similar to viral gag, pol 
and, in some cases, env proteins. In addition to the conserva-
tion in the organization of the coding region, these elements 
also contain nucleotide sequences homologous to the tRNA 
primer binding site and purine-rich sequences, both necessary 
for the initiation of DNA synthesis. A novel mobile element 
of Drosophila (burdock) was detected in the course of the 
molecular analysis of derivatives of the unstable strain c?MR2 

[1]. In 12 cZ-lethals that arose independently, the genomic 
Southern blot analysis revealed the insertion of a fragment 
of about 2.6 kb in length into the —116 region of the cut 
locus (Fig. lb). This fragment from the mutant strain 
cjMR2iKi w a s c i o n e c j Using in situ hybridisation and physical 
mapping this insertion was shown to be a novel mobile ele-
ment [2]. 

In the present study we have determined the nucleotide 
sequences of this mobile element and the region of its inser-
tion in the cut locus of Drosophila melanogaster. 
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2. Materials and methods 

2.1. Molecular cloning and restriction analysis 
EcoRI DNA fragments 1.57 and 4.0 kb in length were subcloned 

into pUC12. Some subfragments were recloned into M13 phages. 
Cloning and restriction analysis were performed as described earlier 
[1]. Plasmid DNA was amplified and isolated as described [3]. 

2.2. Isolation of DNA from phage Ml3 
Amplification and isolation of single-stranded DNA from phage 

M13 was carried out as described [4] with following modifications: 
phage from a plaque was inoculated by pricking into 2 ml of expo-
nential phase JM103 cell culture and grown for 3 h at 37°C; 0.1 ml of 
the obtained culture and 1 ml of JM103 cell culture were added to 9 ml 
of warm 2X YT medium and grown for 6 h at 37°C; the culture was 
centrifuged 3 times at 4000 rpm for 10 min; a solution of 3 M NaCl, 
25% PEG was added to the obtained supernatant (1:7 vol.), incubated 
for 15 min at room temperature, and centrifuged; the precipitate was 
dissolved in 1 ml of 0.1 M NaCl and centrifuged for 2 min; the 
supernatant was removed and the procedure of phage precipitation 
with the solution of 3 M NaCl, 25% PEG was repeated; the obtained 
precipitate was dissolved in 100 ul of TE (10 mM Tris-HCl, pH 8.0, 
1 mM EDTA) and, after 100 ul of NEST was added, the solution was 
purified with a 1:1 phenol/chloroform mixture, pH 8.0; DNA was 
precipitated with 2 vol. of ethanol in the presence of 1:10 vol. of 
3 M sodium acetate, pH 5.2; the obtained precipitate was washed 
3 times with 70% ethanol containing 0.1 M NaCl and dissolved in 
0.1 TE. To obtain the replicative form of the Ml3 phage DNA, we 
used the method of plasmid DNA isolation [3]. 

2.3. DNA sequencing 
DNA primary structure was determined on both strands by San-

ger's method [5]. 

3. Results 

A A, clone containing a copy of the mobile element and 
adjacent genome sequences was isolated by screening the ge-
nomic library from the strain ct

MR21K1. The burdock element is 
known to integrate into a 1.57 kb EcoRI fragment and to lack 
internal EcoRI sites (Fig. lb). Therefore, an approximately 
4 kb EcoRI fragment from the X clone containing burdock 
and adjacent regions of the locus was recloned into pUC12 
(p4.0). By a similar procedure a 1.57 kb EcoRI fragment 
lacking the mobile element (pi.57) was isolated from DNA 
of the wild-type strain (Oregon RC). Fig. lc demonstrates the 
physical maps of clones and burdock localisation obtained by 
restriction analysis and cross-hybridisation. 

The subfragments of plasmids p4.0 and pi.57 were recloned 
into phages M13mpl0 and M13mpll for sequencing. 

In Fig. 2 the nucleotide and putative amino acid sequences 
of the mobile element are presented. It appeared that burdock 
is an unusually small retrotransposon 2569 bp in length. It 
possesses 275-bp-long terminal repeats (LTR) lacking se-
quence homology with any known LTRs. The burdock 
LTRs are flanked with short AgTTA-TAAtT inverted repeats 
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Fig. 1. a: Physical map of the cut locus [4], 1: EcoRI map of the cloned DNA segment from the Oregon R strain; the nature and localization 
of the classic cMnutants are indicated; the scale is in kb. 2: Locations of the known rf-mutations: viable (open bars) and lethal (gray bars) 
mutations caused by the gypsy insertions; hatched bars indicates cJ-lethals not associated with mobile elements [16]; solid bar indicates the site 
of burdock insertions [1] 3: Arrows indicate localization and direction of known transcripts in the locus [5,18,19]. b: Physical map of the bur-
dock insertion region of the strain ct

MR1K1 [1]. c: Restriction maps of p4.0 containing burdock and its insertion region and pi.57 containing 
only the same region of the cut locus. The burdock LTRs are indicated by solid bars; arrows correspond to ORFs; the direction of transcrip-
tion is shown in the locus and in the mobile element; R, EcoRI; H, Hindlll; S, Sail; B, BamHl. 

and carry two putative polyadenylation signals (at position 
226 and 241, Fig. 2). No sequence identical to any previously 
described for mobile elements RNA start site was found in the 
nucleotide sequence of the burdock LTR. There are the 
tRNALys binding site downstream from 5'-LTR sequence 
and the polypurine tract upstream of 3'-LTR sequence. 

Burdock has one ORF that could specify a protein of 238 
amino acids. A computer-assisted search among SWISSPROT 
database (release 34) using the GENEBEE program [6] re-
vealed the homology between the putative burdock polypep-
tide and the proteins encoded by gypsy retrotransposon [7]. 
Interestingly, 120-amino-acid residues 53-173 are homologous 
to the corresponding part of gypsy ORF1, whereas the neigh-
bouring 65 amino acids are homologous to the carboxyl end 
of ORF2 of this mobile element (Fig. 3). 

The insertion of the burdock element to the cut locus leads 
to duplication of the tetranucleotide TATA and interrupts the 
ORF encoding a polypeptide of 220 amino acids in length. 
Fig. 4 presents the nucleotide and putative amino acid sequen-
ces of the corresponding region of the cut locus. Data of the 
genomic blot analysis revealed that in all 12 cr-lethals resul-
tant from the burdock insertion transcription within mobile 
element is in the opposite direction of that within the cut 
locus. 

It was shown that the sequence surrounding the 'hot spot' 
of the burdock insertion is similar to the Drosophila topoiso-
merase II cleavage site. This region contains two overlapping 
consensus sequences recognised by topoisomerase II: penta-
decamer GTN(T/A)A(C/T)ATTNATNN(A/G) and the alter-
nating purine-pyrimidine sequence [8-10]. The integration site 
of the mobile element itself is incorporated into both consen-
sus sequences (Fig. 5). 

4. Discussion 

Molecular analysis of the given copy of the burdock retro-
transposon revealed a series of structural peculiarities in this 
novel mobile element. 

Some structural features, such as the inverted AgTTA-
TAAtT repeats flanking the LTRs, the tRNALys binding 
site, and the high degree of homology between the protein 
products (up to 76%) suggest a relationship between burdock 
and gypsy elements and possibly indicate their common ori-
gin. However, there is no sequence homology somewhere else 
except coding region and burdock contains an approximately 
1 kb non-coding sequence instead of ORF3 in gypsy that 
encodes the proteins of the viral envelope [11]. 

No promoter region identical to any of those previously 
described for mobile elements [12-15] was found in burdock 
LTR sequence. In addition, the absence of ACA(G/C) or 
CGTG tetranucleotide which is known as a downstream 
+30 element of retrotransposon promoters, suggest that the 
burdock possesses RNA start-site distinct from anyone de-
scribed, earlier. Therefore, we propose to study burdock tran-
scription and its promoter region. 

The mechanism of transposition of this copy of the element 
remains unclear because of the absence of domains coding for 
RNAse H, reverse transcriptase, protease, and integrase in the 
burdock coding region. The character of homology between 
burdock and gypsy suggests that this burdock sequence re-
sulted from the deletion of the approximately 3.7 kb fragment 
in the 1085-1095 region which, like the corresponding gypsy 
region, codes for the domains required for transposition. 
Therefore, it seems probable that a complete burdock copy, 
containing all sequences needed for transposition and capable 



N.A. Ponomarenko et al.lFEBS Letters 413 (1997) 7-10 

AGTrAACACAATCACAAAACACCCGAAATATAGTCGTAAGCCTCAAGTGCTTTTCCCATCTATAGATCGAGCTTTACCTATAAG 

GAACTGTAACTTGTTAAGCTTTAGAGATAAGAACTCTTGCTATACTTAAGTTAGTCGATTTTGGAAGATTAGAAGCGTCGGTCA 

TCGCCACGTACTTACTATTCGTCTCATTAAGTGCAGACCGCGCAAGCCTATTGTAATTAATAAACTTACGCTAATAAATATATG 

GAAAATCTACTAAAATGATAATTGGCGCCCAAACGGATATAAAAACCTACGATAACTGAATAATTATAAATAAATAACAAAAGG 

AGGATCCGGAGACAAAACCAGCGGCTTTGGCTAATTAACTCTAACCTAAGAAATAAAAATTTCGTGATTACATAAAATATAATA 

TTAATTACTAAGACCATCTACCTTAAAATTGTTTGTTAATCACTATTATTATATTGTAAGTATAACGCTTATTGAACGAATTAA 

AAATATTATTATTATTATTATATTATAACCTATGCAAAGAGTATTGATAATAAAAATACATGAGTGACAGTGATAACCTTTTAG 

84 

168 

252 

336 

420 

504 

M D N 

ACAACCTAGTGTCAAGCTTAAATAAATGGTCAGCGCACCAGGCAAGTAGGCAAAACAGTGCAGAAAAAAATAATAAGTGATCAG 67 2 
D N L V S S L N K W S A H Q A S R Q N S A E K N N K S S 34 

ATAATTGGTGGTCAAAAACAAAGACAACTAGCGAAATGGAATTTGAAGCTCAGTTAAAAGCGATCGTAGAGAGTGCTGTTGCCG 756 
D N W W S K T K T T S E M E F E A Q ^ L J C A „I - Y — E _ S __A_V A 60 

GTGCGCTCGCAGTCCAAAAACAATCATTTGAAAAGCAATTGCAGCAGATGAATGAGCGAATCGGGAAATTAACAGTGAACACCC 
G A L A V Q_ K _ Q S F E K Q L Q E M H E R I G K L T V N T 

CAGAGGTGGAAACTTATGTAGATGCTGAAATTAGACCAGGTGTTGTCTGTAGCGAGCCTCTAGATATACTTAAATCTCTGCCAG 924 
112 

ATTTTGATGGCAAAAGTGAAACATATGTGTCGTGGAGAAAAGCGGCTCATGTCGCTTTTAAAGTTTTCAAAGATTACGAGGGAA 
D F D G K S E T Y V S W R K A A H Y A F K V F K D Y E G 

GTTCAACATTTTACCAAGCTCTTGGTATTATGCGAAATAAAATAAAAGGTCCAGCGAATACAGTATTGGCTTCTTTTAAAAAAC 
S S T_ F Y Q A L G I M R N K I K G P A N T V L A S F K K 

AGCTAAGAAGAGAAAATGTAACAAGACGAGACAGAACCTTTGAGGTGGGAGAAACCGTCATGGTAAAACAAAACAATCGCTTGG 
Q L R R E N V ? R R D R T F E V G E T V M V K Q N N R L 

GAAATAAACTAACCCCACGGTATAGGGAAGAACTAATCGAAGCAGACCTCGGGACAACGGTCCTCATAAAAGGGAGGGTCGTTC 
G...N...K ...L... T... P ..R Y R E E....L...J....E....A...D.... V 

ATAAAGATAATCTACGCTAGGTTTAGTATTTCTTTTCCTTTTGTGACCATCGCCAAGTTAGCAAAATACAAACGTGAAATCTGA 
H K D N L R 

ACACTAGTAAAAGAGTTTGCAAACATTTTTCAATTAAATATTTGTCAAATCCTTCTTATTTAATCTTTAAACATTTTGTATTAT 

TTCCGCTTCATCCTCTTTAGAAAATTTTAAAGGTATGTGATGAAATGCTAGACCCGAATGATTTGAAAACTTAAAGTCCACGCA 

ACCACAAATATTTCCTGAAACTACCATAGAAAATAAATGCATTACCAAAACGGCATAATAACAGTATAGCGCACTCACTCTAAT 

TAGATTTCAAATTCCCGATTAAAAAAAAAATAAAACACTAATGTAGCAATACCCTGCCTGATTCTGTCAACTAAATAGGAAAAT 

CAAGACTTGCAATCAATAAGCGGTTTACTACATACTTTAATATCAAAAATATCTGAATGAACTTTATTATAAAATTATAAGTGT 

TATACTTAATTATTGTCAAAACTTTAGTATTAAAACTGTAACTACCTCTTAAGTAGATGAGAAGAGTAGAAGAGGGAATTAAGA 

TCTATCAACGTAGTATCTGCTAAAGACGTAAAGATGCGGCAACTATTTCTGCGCCTGGGTACTGAAACGACGAACTGAATAATA 

TCTGCCATCAGACGCCAACCAGAGTGCGTTCAACACATACGTTTTGATGGTCAACTAGTTCAACCAACATCAGCATCATCGTCG 

TCAACAAGTCGACGGTTACAATAAAGATTTTTTCCAAGTTCGCTACGATCATCTCCAGAACCTTGTTGCGAACCCATGACATGG 

AGAATCAGCAGCATTTACGAACTTCTCGGATCATCCAGACACGCAGAGCTGCCTTCCCTTCGATGGTTTAACGCAGTACCAGGT 

TGGCAGTATGGGAACTTAGTGCACAACCAATGTTACGCGTAAGATCCGCTTTCAAATAGATTTGCCAATTGTAAAAAGTCTGTG 

GACAGCCTTCGTCTTBGAAGGGGAGGAGTTAACACAATCACAAAACACCCGAAATATAGTCGTAAGCCTCAAGTGCTTTTCCCA 

TCTATAGATCGAGCTTTACCTATAAGGAACTGTAACITGTTAAGCTTTAGAGATAAGAACTCTTGCTATACTTAAGTTAGTCGA 

TTTTGGAAGATTAGAAGCGTCGGTCATCGCCACGTACTTACTATTCGTCTCATTAAGTGCAGACCGCGCAAGCCTATTGTAATI 

AATAAACTTACGCTAATAAATATATGGAAAATCTACTAAAATGATAATT 

1092 
164 

1176 
190 

1260 
216 

1344 
238 

1428 

1512 

1596 

1680 

1764 

1848 

1932 

2016 

2100 

2184 

2268 

2352 

2436 

2520 

2569 

Fig. 2. Nucleotide and amino acid sequences of burdock element. LTRs are shown in boldface. The arrows indicate the starting and ending nu-
cleotides of the LTRs; the tRNA binding site is underlined twice; the polypurine tract is included in the dashed frame; polyadenylation signals 
are underlined. The amino acid region homologous to gypsy ORFl is underlined and dotted line indicates that homologous to gypsy ORFL 

of ensuring integration of the deleted variant, is present in the 
genome. Studying the other burdock copies of the Drosophila 
genome will allow us to solve this issue. 

The burdock insertion interrupts the ORF that codes for a 
putative polypeptide of 220-amino-acid residues in the tran-
scribed region of the cut locus. Since this sequence does not 
contain the methionine codon at the origin, it is likely to be a 
exon within the longer transcription unit. It is of interest that 

mutations ct81/1 and ctL~18 [16] resulted from the gypsy inser-
tion into the same 0.35 kb Hindlll-SaK fragment of the cut 
locus are viable. The direction of transcription in mobile ele-
ment is the same as in the locus. Thus, the lethal phenotype 
that arises due to the insertion of burdock apparently emerged 
as a result of insertion in a defined orientation. 

It was found that the sequence around the hot spot of the 
burdock insertion corresponds to the topoisomerase II cleav-
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Fig. 3. Alignment of the amino acid sequences encoded by burdock ORF and gypsy ORFl (a) and ORF2 (b). Identical (I) and similar (*) resi-
dues are shown in boldface and framed according to [20]. 
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GAATTCTTACCCCGCACACTCCAGTCTCCATACAGAGATGGATCATGATTGCAACAATGATGACGTTGAACTGCTCTCCGATTC 84 

GGAATTAGAATCAGAATCAGAATCAGAATCACTACAGTGCCAAAGGAATGACCACCGCTCAACCGATTGCCGTACCTCTCCGGG 168 

TGTCATATAATAATCGTCTGTATTTCCTTGATCAATTGTATGTCGTCGCTTCTTGCTAGATrGCTTCTTTCTTAACACCTTACT 252 

GCGACCCATTTTCCGTATTTCCGTATGTGTCTTTTAACTGTTGATAGTATATTAATATCTGAGGTTGTAATTGTACTGTCGGAA 336 

ATTTTAAAATGGAGTGAAGTCTGCAACArCAAACTGACAGGTTTCTCAAAACAAAAAATCTGTACCATAATTTGTATCTTACTG 420 

TACATTACATGTACCTTATGTTCCATAAGCGTTTTCGTCAAAAATAGGGCCTACCGAATACCCCGAAATCGATTAGTGCGGGCC 504 

AACAAGTCGATAAGATCATAGAGGAGTTATAGGTCTTGCATATTAGCTGGAAGCTCTTCTCCGAAGAGATCGATTGTGTGTGGC 588 

TTCCATTGAAAATTGGCTACCGACCACACCATATGGGGCAAAACTAGATCATAGTATCCATTTAATGCGTGTAGATCGAAGGGC 672 

TAAGATAGCCGACAGTTAGTTGGAGAACCTTTCAGTTAGTGGGTTAAGCTTAAAGGCGACAATCTCGTGCACCCGAAACCCGCT 756 

ACAAAAACGCGGAAAAAACGTATTAAATACAAATTTCCTGGTAATAAAACAGAGAGACAACTCTGGCCACTGGCTGCCAAAATA 840 
D R E T T L A T G C Q N 12 

AAGAAATAAATCTTAACGCCCAGAGGGTCAGAGAAAGAGAGAGAGAGAGAGAGAGAGAGAGAGAAAGACAGCGAATCGGAATCG 924 
K E I N L N A Q R V R E R E R E R E R E R E R Q R I G I 38 
GAGTGACTAACGTATCGCCGCTGCTTCCAGCCTTTATTGTTACTTTTGTGTATATATTCTTGTATCAGCGTGTAAATCTCGCTC 1008 
G V T N V S P L L P A F I V T F V Y I F L Y Q R V N L A 64 
ACACACCAGATGAAATACGGAGAGTCGGCCGAAAACCGAACTCAAGTCGACAGAATTTTTATTGGAAATCTGTACGCAGAAATA 1092 
H T P D E I R R V G R K P N S S R Q N F Y W K S V R R N 90 
GTCATCATCCCATTCCAACCCCGTCCATCCCCATCGTCGTCATAATGATCTTTGGATTCGGATTCGTATTCGGATTCGGATTCA 1176 
S H H P I P T P S I P I V V I M I F G F G F V F G F G F 116 
GCCGCATCTrCATCTGCCGCCTGATCTTTTTCTTGTTTCTGATGCCTCAGATGCATATCGCAGTTCGCGCTGGCAATAAAAATA 1260 
S R I F I C R L I F F L F L M P Q M H I A V R A G N L N 142 
TATATGAGCTGTTGATGACTGCATATAAAAACAGGATGGAATGCTATTGTTGCTCGACTATCGAGTACCCGTTAGTCAGAGAAA 1344 
I Y E L L M T A Y K N R M E C Y C C S T I B Y P L V R E 168 
ATTTTTTTAAAAGTGTGGACGGGAGAGGCATGCTAAGTATCGAATCTGATCAAGAATATAATTATTTAATATGGTCAGAAAGGC 1428 
N F F K S V D G R G M L S I E S D Q E Y N Y L I W S R R 194 
TTAATTCCACATCTTACTTTGTTTTTCAGCCAATCTAGTATACCCTTTTACTTCACGTGCAACGGGTATAATTATACGAAACTG 1512 
L K S T S Y F V F Q P I 220 
CCAGTGAACAAACCCTCGGATATACTGTGATATATGCGTGCCGATGCAGTTGACTCCGGGACCAAAGTCAAGGAATTC 1590 

Fig. 4. Nucleotide and amino acid sequences of burdock insertion region of the cut locus. The duplicated sequence is shown in boldface. 

CCTTTATTGTTACTTTTGTGTATATATTCTTGTATCAGCGTGTAAA 

Fig. 5. Nucleotide sequence of the cut locus corresponding to the 
topoisomerase II cleavage site. TOPOII consensus is framed; alter-
nating purine-pyrimidine sequence is underlined. The duplicated se-
quence is shown in boldface; arrows indicate two equally possible 
variants (a and b) of DNA breakage during burdock integration. 

age site. Earlier, similar sequences were found near the site of 
integration of human immunodeficiency virus (HIV) [17]. If 
topoisomerase II could modify a chromosome conformation, 
we suppose that it may be involved in the integration of ret-
roelements into some genomic regions. 
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