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Abstract. We characterized an insertion mutant of the
baculovirus Cydia pomonellagranulovirus (CpGV),
which contained a transposable element of 3.2 kb. This
transposon, termed TCp3.2, has unusually long inverted
terminal repeats (ITRs) of 756 bp and encodes a defec-
tive gene for a putative transposase. Amino acid se-
quence comparison of the defective transposase gene re-
vealed a distant relationship to a putative transposon in
Caenorhabditis eleganswhich also shares some similar-
ity of the ITRs. Maximum parsimony analysis of the
predicted amino acid sequences of Tc1- and mariner-like
transposases available from the GenBank data base
grouped TCp3.2 within the superfamily of Tc1-like
transposons. DNA hybridization indicated that TCp3.2
originated from the genome ofCydia pomonella,which
is the natural host of CpGV, and is present in less than 10
copies in theC. pomonellagenome. The transposon
TCp3.2 most likely was inserted into the viral genome
during infection of host larvae. TCp3.2 and the recently
characterized Tc1-like transposon TC14.7 (Jehle et al.
1995), which was also found in a CpGV mutant, repre-
sent a new family of transposons found in baculovirus
genomes. The occasional horizontal escape of different
types of host transposons into baculovirus genomes

evokes the question about the possible role of baculovi-
ruses as an interspecies vector in the horizontal transmis-
sion of insect transposons.
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Introduction

Accumulating data on the phylogenetic distribution of
transposable elements revealed interspecific discontinu-
ity of many transposon families. From the presence of
closely related transposons in taxonomically distantly re-
lated hosts it was hypothesized that transposons are not
only vertically transmitted but that they also might be
horizontally transferred across taxonomic borders. Some
evidence for a horizontal transposon transfer has been
provided for P-elements ofDrosophila spec.(Daniels et
al. 1990; Hagemann et al. 1996), mariner (Maruyama
and Hartl 1991; Robertson 1993; Brunet et al. 1994),
Tc1-like elements (Robertson 1995), jockey (Mizrokhi
and Mazo 1990) or hobo elements (Calvi et al. 1991). A
horizontal transposon transfer, however, necessitates at
least an ecological relationship between the species con-
cerned. Shared parasites and pathogens have been sug-
gested as transposon vectors (Kidwell 1992; Houck et al.
1991), however, the molecular mechanisms involved in
such a horizontal transfer have not yet been elucidated.

A possible candidate acting as a vector of insect trans-
posons might be baculoviruses. Baculoviruses form a
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large group of dsDNA viruses which primarily infect
insect larvae (mainly Lepidoptera), but also occur on a
few Crustacea. A unique characteristic of baculoviruses
is that they spontaneously accommodate host transpos-
able elements into their genome (for review, see Fraser
1986; Friesen 1993; Jehle and Vlak 1996). To date, the
best characterized transposable element found inAu-
tographa californicanucleopolyhedrovirus (AcMNPV)
[Baculoviridae: Nucleopolyhedrovirus], is the class I ret-
rotransposon TED, a 7.5-kb Ty3-like retroelement,
which exhibits transcription and expression activities
even after insertion into the viral genome (Miller and
Miller 1982; Lerch and Friesen 1992). Beside this retro-
transposon, a number of class II transposons, which orig-
inated fromTrichoplusia ni or Spodoptera frugiperda
cells, were detected in mutants of AcMNPV andGalleria
melonella nucleopolyhedrovirus (GmMNPV). Most
of these are characterized by short inverted repeat se-
quences of 13–15 bp, the duplication of a TTAA tetra-
nucleotide target site and the lack of open reading
frames, which could encode for a functional transposase
gene (Carstens 1987; Cary et al. 1989; Wang et al. 1989;
Beames and Summers 1990; Schetter et al. 1990). The
only of these transposons, which was shown to be active
is IFP2 (Fraser et al. 1995). Most of these transposons
were detected when plaque morphology mutants of
AcMNPV and GmMNPV, which derived from serial
passages through cultured insect cells, were analysed.
These plaque morphology mutants contain significantly
less polyhedra per cell than do cells infected with wild-
type virus (Fraser et al. 1983).

More recently, it was demonstrated that horizontal
escape of a host transposon into a baculovirus genome is
not restricted to cell culture systems but also occurs dur-
ing infection of host larvae. Jehle et al. (1995) co-
infected larvae of the false codling moth,Cryptophlebia
leucotreta,with C. leucotretagranulovirus (CrleGV) and
Cydia pomonellagranulovirus (CpGV) [both Baculovi-
ridae: genus Granulovirus]. Single CpGV andCrleGV
genotypes were then isolated using anin vivo cloning
procedure in the course of which larvae ofC. leucotreta
or C. pomonellawere infected with very low doses of the
progeny virus of the mixed infection. These experiments
resulted in several CpGV mutants carrying insertions be-
tween one and several kb. One of these insertions, des-
ignated TC14.7, was characterized to be a 4726-bp-long
transposable element containing 29-bp-long inverted ter-
minal repeat sequences. It was integrated at a TA di-
nucleotide into a noncoding region of the CpGV genome
(Jehle et al. 1995). TC14.7 contained a defective open
reading frame with striking homologies to members of
the Tc1-like transposons found inCaenorhabditisand
Drosophilaspecies, which belong to the recently estab-
lished superfamily of Tc1/mariner-like transposons
(Doak et al. 1994; Radice et al. 1994; Robertson 1995).

In this study we present the detailed characterization

and sequence analysis of the insertion of a further CpGV
mutant, which appeared to harbor a lepidopteran trans-
posable element with inverted terminal repeats of more
than 750 bp. This element also contains a transposase-
like open reading frame of the Tc1/mariner-type. Our
findings demonstrate the horizontal escape of Tc1/
mariner-like transposons from the genome of the host
into the baculovirus genome and supports the hypothesis
that baculoviruses might be involved in horizontal trans-
fer of insect transposons.

Materials and Methods

Virus and Larval Stocks

Viral DNA used in this study derived from differentin vivo cloned
genotypes ofCryptophlebia leucotretagranulovirus (CrleGV-CV3)
(described in Jehle et al. 1992) and fromCydia pomonellagranulovirus
(CpGV-M) (Tanada, 1964). The insertion mutant CpGV-MCp4 as well
as the other mutants (CpGV-MCp5, CpGV-MCp10, CrleGV-MC13)
were isolated from an infection experiment ofC. leucotretalarvae with
CpGV- and CrleGV-CV3 and a subsequentin vivo cloning procedure
in C. pomonellalarvae, which was previously described in Jehle et al.
(1995).

Cloning and Sequencing of the Insertion

A 5.7-kb BamHI/EcoRI fragment which encompassed the complete
insertion, termed TCp3.2, in the mutant CpGV-MCp4 was cloned into
vector pGem-Zf(+) using standard methods (Sambrook et al. 1989). For
nucleotide sequence determination, nested deletion clones were pre-
pared (Henikoff 1987) and sequenced as double-stranded plasmid tem-
plates using the dideoxy-chain termination method (Sanger et al. 1977).
Both strands of the plasmid DNAs were sequenced. The sequence data
were compiled and analyzed using the software packages of UWGCG
(Devereux et al. 1984) and PAUP v3.1.1 (Swofford 1991).

Southern Hybridization

For Southern hybridization, a cloned fragment, which derived from one
of the exonuclease clones was prepared and labelled with DIG-dUTP
(Boehringer Mannheim) using the random primer labelling protocol
(Feinberg und Vogelstein 1983). This fragment, which did not contain
any CpGV sequences, was used as a TCp3.2-specific probe and hy-
bridized to viral and larval genomic DNA, which was blotted to Nylon
membrane (Southern 1975). Viral and larval DNA were prepared ac-
cording to Jehle et al. (1992; 1995). Detection of DNA hybridization
was accomplished by using chemiluminescence methods.

PCR Analysis

The 58 region of the transposase genes of host copies of TCp3.2 was
amplified by employing the polymerase chain reaction. The amplifica-
tion was performed according to standard conditions using 1mg of
genomic DNA of C. pomonellaas template, the primers 58-
GAAGCATTTGCGATCTTAGTA, 58-GTAGTGAAATGCGTG-
CATGTT, and SuperTaq polymerase (HT Biotechnology). After am-
plification (30 cycles: 18 at 90°C, 18 at 50°C, 18 at 72°C), the PCR
products were phenolized, ethanol precipitated, and cloned intoEsch-
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erichia coli using the pGemT vector system (Promega). Eight trans-
formed colonies were randomly picked, and plasmid DNA was pre-
pared and sequenced using standard techniques.

Results

Identification and Sequence Analysis of the
Transposon TCp3.2

Recently, Jehle et al. (1995) reported on thein vivo iso-
lation of C. pomonellagranulovirus mutants which con-
tained genomic insertions of nonvirus origin. We char-
acterized one of these mutants (CpGV-MCp4) by
restriction mapping and found that a fragment of 3.2 kb
was inserted at about 28 map units of the CpGV restric-
tion map (Fig. 1). For a detailed analysis of this insertion,
a BamHI/EcoRI fragment covering this region was
cloned into E. coli and sequenced. In this region we
identified an insertion of 3239 bp with characteristics of
a transposable element: it carried inverted terminal re-
peats (ITRs) of 756 bp and contained a putative trans-
posase gene (Figs. 1 and 2). This element was named
TCp3.2.

The ITRs of TCp3.2 are 756 bp long and mismatched
in only seven positions. The ITRs are flanked by a TA
dinucleotide at both ends, as is typical for many members
of the Tc1/mariner transposon superfamily (Doak et al.
1994). Their length is reminiscent to the transposons Tc3
(ITRS: 462 nt), Tc6 (765 nt), Minos (255 nt), Quatzal
(236 nt), or Paris (242 nt), which all have rather atypical
long ITRs among the Tc1/mariner-like transposons,
whose ITRs generally count between 26 and 54 bp
(Dreyfus and Emmons 1991; Collins et al. 1989; Franz
and Savakis 1991; Radice et al. 1994).

The Origin of Transposon TCp3.2

Since the TCp3.2-carrying mutant CpGV-MCp4 was ob-
tained after a serial passage of CpGV andCrleGV, first
in C. leucotretalarvae and then inC. pomonellalarvae
(for detailed description of these experiments see Jehle et

al. 1995), the question arose as to what the origin of this
element is. This was determined by a comparative South-
ern hybridization of the transposon TCp3.2 to viral DNA
and genomic insect DNA, respectively. For this, a 1900-
bp fragment, which derived from an exonuclease III
treated sequencing subclone and did not contain any
CpGV-specific border sequences, was prepared, DIG-
labelled, and used as a hybridization probe. As shown in
Figure 3, this fragment only hybridized to the digests of
CpGV-MCp4 (as a positive control) as well as to the
HindIII digest of Cydia pomonellaDNA. It did not hy-
bridize to the DNAs of CrleGV and CpGV (the parental
virus genotypes used in the infection experiment, Jehle et
al. 1995), nor to DNA ofC. leucotreta(the other host
used in the infection experiments), nor to DNA of the
other virus mutants, which were isolated during the in-
fection experiments (Jehle et al. 1995). This result pro-
vided strong evidence that TCp3.2 originated from the
genome ofC. pomonella.When the TCp3.2-specific
probe was hybridized toC. pomonellaDNA digested
with EcoRI and NdeI, which both do not cut inside of
TCp3.2, only four to six hybridization signals were ob-
served. Each of these signals could be caused by single-
copy genes, suggesting that TCp3.2 is present in only a
few copies, presumably less than 10 in the genome ofC.
pomonella.

The Transposase Gene of TCp3.2 Is Defective

Within TCp3.2, we identified three open reading frames
(Fig. 2, ORF1-3). Data base comparison using the pro-
grams BLAST and FASTA revealed significant similari-
ties of the predicted amino acid sequence of ORF2 and
ORF3 to the transposase genes of the IS630-Tc1/mariner
transposon superfamily (Fig. 4). The observed similari-
ties included the recently characterized ‘‘D,D35E’’ motif
consisting of three highly conserved glutamic acid (D)
and aspartic acid (E) residues (Doak et al. 1994). How-
ever, the distance between the second glutamic acid resi-
due and the aspartic acid residue of the D,D35E motif
counts 43 amino acid residues and, hence, it slightly
exceeds the ‘‘35-amino-acid-rule.’’ Interestingly, both

Fig. 1. Restriction map of mutant
CpGV-MCp4 containing the TCp3.2
transposon. The inverted terminal repeats
(ITR) and the transposase pseudogene are
indicated byarrows.The sequence used as
hybridization probe for analyzing the origin
of TCp3.2 is indicated as a black bar
(compare Fig. 3). kb4 kilo base pairs,
m.u. 4 map unit.
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Fig. 2. Nucleotide and amino acid sequence of transposon TCp3.2.
The suggested TA insertion sites are underlined. The inverted repeat
sequences of TCp3.2 are boldface and the mismatching nucleotides are
indicated by superior. Three open reading frames (ORF1–ORF3) are
indicated and translated into the amino acid sequence. The putative

4-bp insertion at position 1153–1156 is underlined, and the invariant
splicing borders of the suggested intron are double underlined. The
location of the primers (position 885–995 and 1313–1333) used for the
PCR of genomic DNA are underlined.
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the TCp3.2 transposase and the related Tc108 trans-
posase (see below) did not contain a glutamic acid resi-
due (E) but a further aspartic acid residue (D) in the
D,D35E motif as it is typical for many mariner elements
(Fig. 4).

The 38 end of ORF1 (which covers the N-terminus of
the predicted transposase gene) overlaps with the 58 end
of ORF2 in a stretch of 5 nt (Fig. 2). In this region, a
frame shift mutation between ORF1 and ORF2 may have
occurred suggesting that the putative transposase gene of
TCp3.2 is defective. ORF2 and ORF3 are separated by
an intron of 178 nucleotides with the invariant splicing
borders (GT . . . AG). Apparently, the transposase of
TCp3.2 is encoded by two exons, exon-1 consisting of
ORF1 and ORF2, and exon-2 consisting of ORF3.

Location of the Frame-Shift Mutation in TCp3.2

The overlap between ORF1 and ORF2 and the very lim-
ited homology of the N-termini of the Tc1/mariner-like
transposases did not allow a precise prediction of the site
of the supposed frame shift mutation within exon-1.
Therefore, we analyzed the sequences of further TCp3.2
transposon copies from the hostC. pomonellaby em-
ploying the polymerase chain reaction (PCR). DNA frag-
ments of about 450 nt (corresponding to nucleotide po-
sition 885–1333 in Fig. 2) were amplified from genomic
DNA of C. pomonellausing two primers that covered the
58 end of exon-1. The fragments were cloned inE. coli

using the pGemT vector, and the inserts were sequenced.
The sequence alignment and the resulting consensus of
eight randomly picked and sequenced clones is shown in
Figure 5. Only the sequence of clone TCp02 was iden-
tical to TCp3.2. The other clones showed heterogeneity
at various nucleotide positions, which might be caused
by genetic heterogeneity among the different transposon
copies in theC. pomonellagenome. More notably, all
other clones missed 3–4 nt, which are located within the
overlap of ORF1 and ORF2 (Figs. 2 and 5). The con-
sensus of the sequenced PCR clones suggest a 4-bp in-
sertion within exon-1 of the TCp3.2 transposase gene. A
conceptual deletion of these 4 bp from the sequence of
TCp3.2 results in a continuous exon1, whereby ORF1
and ORF2 are in frame.

Phylogenetic Inference of Transposon TCp3.2

The phylogenetic relationship of transposon TCp3.2 to
other Tc1/mariner-like transposons was analyzed by
maximum parsimony analysis of the aligned sequences
of Fig. 4 using PAUP v3.1.1 (Swofford 1991). We re-
frained from including the N-termini of the transposases
into our analyses, since the N-terminal part of Tc1/
mariner transposases are uncertain to align due to their
great divergence and, hence, they are of doubtful value
for phylogenetic inference (Robertson 1995). A single
most parsimonious tree was obtained by performing the
heuristic search algorithm of PAUP, employing random
addition of sequences and TBR branch swapping. The
sequence of transposon ‘impala’ ofFusarium oxysporum
was included for outgroup rooting and 100 bootstrap
replications were done in order to analyze the support of
the data on the tree topology.

The most parsimonious tree shows a clear distinction
into two subtrees each containing the Tc1 and mariner
transposon families, respectively (Fig. 6). TCp3.2 splits
off as a branch within the Tc1-like transposons. How-
ever, the topology of this most parsimonious tree is only
well supported by bootstrap analysis for the branching
between the Tc1 and the mariner families (99% bootstrap
value), as well as for the branching among the mariner
families itself. On the other hand, bootstrap analysis us-
ing the 50% majority-rule (Swofford 1991) was not able
to resolve the tree branching within the Tc1-subtree in-
dicating a low robustness of the branching topology
among these transposons. Only the sister grouping of
TCp3.2 and Tc108, as well as the S element ofDro-
sophila melanogasterand transposon Paris ofD. virilis
are reasonably supported by bootstrap values of 38% and
100%, respectively. Apparently, TCp3.2 is most closely
related to a Tc1-like element of the free-living nematode
C. elegans,which we termed Tc108 (indicating the Gen-
Bank ID1086846 of the amino acid sequence). This el-
ement was sequenced upon the nematode sequencing
project and is located onC. eleganscosmid T14G12.

Fig. 3. Southern hybridization of the biotinylated TCp3.2-specific
probe to(A) EcoRI digests of prepared DNA of MCp4 (lane 1, positive
control), CpGV (lane 2), CrleGV (lane 3), MCp5 (lane 6), MC13 (lane
7), MCp10 (lane 8) (each 1mg DNA), andHindIII digests of genomic
DNA of C. pomonella(lane 4), andC. leucotreta(lane 5) (each 10mg
DNA). (B) Southern hybridization of the biotinylated TCp3.2-specific
probe toEcoRI (lane 1) andNdeI (lane 2) digests of genomic DNA of
C. pomonella.
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Fig. 4. Alignment of the C-terminal part of the predicted amino acid
sequences of different Tc1- and mariner-like transposases: Tc108 (Cae-
norhabditis elegans,U41268), Hb1 (Drosophila melanogaster,
X01748), S element (D. melanogaster,U33469), Paris, (Drosophila
virilis, Z49253), Bari (D. melanogaster,X67681), Tss1-1 (Salmo salar,
L12206), TC14.7 (CpGV, X79733), Uhu (Drosophila heteroneura,
X63028), Quatzal (Anopheles albimanus,L76231), Minos (Drosophila
hydei, Z29098), Tes1 (Eptatretus stouti,B46189), Tc1 (C. elegans,
Z70783), Tc3 (C. elegans,U41105), MLE (Hyalophora cecropia,
L10444) Dm-mariner (Drosophila mauritiana,M14653), Ce-mariner

(Caenorhabditis elegans,Z50874), Desmar1 (Mayetiola destructor,
U24436), Dt-mariner (Dugesia tigrina,X71979), Cp-mariner (Crysop-
erla plorabunda,U11650), Hsmar2 (Homo sapiens,U49974), Hsmar1
(H. sapiens,U52077), Impala (Fusarium oxysporum, S75106). The
alignment starts at amino acid 155 (nucleotide position 1620 in Fig. 2)
in respect to the TCp3.2 transposase. The ‘‘D,D35E’’ motif is indicated
above. The alignment was generated using PILEUP and was manually
adjusted. The shading was performed by GENEDOC software at shad-
ing levels (95%, 70%, and 50% amino acid similarity). Stop codons or
frame shift mutations were denoted by ‘‘Z.’’



Tc108 is clearly distinct from otherC. elegansTc1 or
Tc3 elements because of its internal transposase se-
quence, inverted terminal repeats, and represents a new
family of Tc1-like elements inC. elegans.Interestingly,
the lepidopteran transposon TC14.7, which was also iso-
lated from a CpGV mutant but originated fromC. leu-
cotretaappears to be less related to TCp3.2 than Tc108.

When the sequences of the ITRs of the various trans-
posons are compared, it is striking that irrespective of the

different lengths of the ITRs of Tc108 and TCp3.2, the
most terminal 7 bp are identical and are more similar to
each other than the terminal sequences of any of the other
transposons (Fig. 7). The homology between the trans-
posase genes of TCp3.2 and Tc108 is apparently also
reflected in the conservation of the most terminal se-
quences of the ITRs.

Discussion

We identified a novel transposable element, termed
TCp3.2, which is present in the genome of CpGV.
TCp3.2 has ITR structures of 756 bp and contains a
Tc1/mariner-like transposase pseudogene. The most ter-
minal sequence of the ITRs consists of sequence 58-TA
CAG . . . -38. This can be interpreted as a possible du-
plication of a transposition target site TA and the trans-
poson borders CAG, as it is typical for many Tc1- and
mariner-like transposons (Fig. 2, Fig. 7) (Radice et al.
1994; Robertson 1995). The putative transposase gene of
TCp3.2 is defective because of a frame shift mutation
near the 58 end. This frame shift was confirmed by PCR
analysis which showed that this mutated form is present
in at least one of the copies in the genome of the CpGV
hostC. pomonella.Apparently, this mutated copy is al-
ready present in the host genome, suggesting that this
frame shift mutation was not acquired upon the transpo-
sition into the viral genome. Hence, it is likely that the
transposition of the defective TCp3.2 copy into the
CpGV genome was mediated by an active transposase.

Functional studies of the transposase genes of Tc1 and
Tc3 showed that the N-terminus of their transposases
Tc1A and Tc3A, respectively, is involved in the specific
recognition of ITRs of the transposons, whereas the more
conserved C-terminal DDE motif of Tc1A is involved in
endonuclease and phosphoryl transfer activity of this en-
zyme (Vos et al. 1993; Vos and Plasterk 1994; van Lu-
enen et al. 1993; Colloms et al. 1994). The heterogeneity
of the N-termini of these transposases might be ex-
plained by its specific binding function to the corre-
sponding inverted repeats, which beside the highly con-
served terminal 5-TA CAG . . . TG . . . CAA-3 motif
(Fig. 7) do not share further homologies among the Tc1/
mariner-like transposons. This is supported by our find-
ing that transposon Tc108 ofC. elegans,to which the
transposase gene is most closely related to that of
TCp3.2, also has the most similar terminal ITR sequence
with seven identical nucleotides.

In Southern hybridization, TCp3.2 hybridized to
preparations of genomic DNA of the hostC. pomonella
but not to DNA preparations of wild-type viruses of
CpGV or CrleGV. This finding clearly indicates that
TCp3.2 originated from the host genome, where it is
present at a low copy number as deduced from the very
few hybridization signals. This finding is remarkable

Fig. 5. Alignment of eight randomly cloned and sequenced PCR
fragments (TCp01u–TCp08u) of genomic DNA ofC. pomonellawith
the sequence of the viral TCp3.2 copy. The nucleotide positions in
respect to the TCp3.2 sequence are given above, the consensus se-
quence is given below. Differing nucleotide positions are in boldface.

Fig. 6. Most parsimonious tree of the aligned transposase amino acid
sequences obtained from the alignment of Figure 5 by heuristic search
with random sequence addition (10 replicates) using PAUP v3.1.1
(Swofford 1991). The tree was constructed using ‘‘Impala’’ as an out-
group. Numbers above the lines are the numbers of changes between
the node and the species.
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since another CpGV mutant (MCp5) isolated in the
course of the same experiment also contained a Tc1-like
transposon, TC14.7 (Jehle et al. 1995). TC14.7 and
TCp3.2 are completely different in size, ITR, and trans-
posase sequence. Even more notable, TC14.7 originated
from the lepidopteran host,C. leucotreta, in which
CpGV was also passaged during the infection experi-
ment.

Our phylogenetic analyses of the transposase gene
using most parsimony methods suggested that TCp3.2 is
a member of the Tc1-subtree of the Tc1/mariner trans-
poson superfamily (Fig. 6). It appeared to be most
closely related to a transposon of the nematodeC. el-
egans,which we termed Tc108. This relationship is rea-
sonably supported by bootstrapping as well as by se-
quence similarity of the ITRs (Figs. 6, 7). Tc108 differs
from other Tc1 elements by size, transposase, and ITR
sequence and appears to be a further family of Tc1-like
elements in theC. elegansgenome. Among the numer-
ous Tc1 sequences only this unique Tc108 sequence was
found, so far, in the nematode suggesting that within its
genome the copy number of Tc108 might be much lower
than that of Tc1.

Bootstrap analysis of the Tc1/mariner superfamily re-
sulted in a clear distinction of two subtrees, Tc1-, and
mariner-like transposons. It also well supported the lo-
cation of TCp3.2 within the Tc1 subtree. Whereas the
topology of the mariner subtree is robust, the Tc1 subtree
is only poorly resolved. Only the bifurcation of TCp3.2
and Tc108, on the one hand, and S element and Paris
were reasonably supported. Radice et al. (1994) and
Robertson (1995) already noticed the difficulties of a
reliable resolution of the phylogeny of Tc1-like elements
by most parsimony analysis. Possible reasons for this
might be that Tc1-like elements are much more diverse
than mariner transposons. This apparent heterogeneity is
not only due to the use of inactive and possibly highly

mutated transposase sequences of Tc1-like transposons
in the phylogenetic analyses. It is also expressed by the
variability of transposon lengths (1.6–4.7 kb), the vari-
ability of ITR lengths (30–several 100 bp), as well as by
the presence or absence of introns within the transposase
genes. Compared to this heterogeneous puzzle mariner
transposons appear to be structurally much more homog-
enous and less prone to variability.

A number of different insect transposons have been
found in baculovirus genomes so far, but they all were
generated in cell culture systems. The physiological cir-
cumstances and the frequency of transposition have
never been determined. The novel Tc1/mariner-like
transposon TCp3.2 may have escaped from the host into
the CpGV genome during the infection of host larvae.
Together with TC14.7, it belongs to a new family of host
transposons found in baculovirus genomes. Its capture
during a single round of virus replication suggests that
horizontal transmission of insect transposons into bacu-
loviruses is an occasional event which is not restricted to
a specific type of transposons. Although the question
whether baculoviruses are able to shuttle host trans-
posons still remains to be experimentally proven, there
are some specific characteristics of the biology of bacu-
loviruses that conform with this potential role. First,
baculoviruses have a large dsDNA genome of 80–230
kb, which is able to accommodate additional sequences
without interfering with viral functions. Its frequent use
as an expression vector for foreign proteins underscores
this role (King and Possee 1992). For example, the
CpGV mutant harboring the transposon TCp3.2 did not
show any differences in the median lethal dose compared
to wild type CpGV (Jehle et al. 1995). Second, baculo-
virus DNA replication takes place in the host nucleus
(Granados and Williams 1986), where there is a good
chance to pick up transposable elements from the host
genome or deliver transposons into the host genome.

Fig. 7. Alignment of the most 58
sequences of the inverted terminal
repeats of different Tc1/mariner-like
transposons. The consensus is indicated
below. Note the similarity of the
terminal nucleotides of TCp3.2 and
Tc108.
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Third, baculoviruses have been shown that during an
abortive infection of a nonsusceptible host, transcription
and expression of at least a few viral genes can occur
(McClintock et al. 1986; Carbonell et al. 1985; Carbonell
and Miller 1987). It is also conceivable that during such
an abortive infection of a host by a transposon-carrying
virus, the transposon is mobilized and transferred into the
new host genome.
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