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Abstract

Very highly degenerate primers with short specific 3’
anchor sequences and 5 adaptors were used in con-
junction with nested specific primers to amplify large
numbers of unknown insertion junctions of the insect
retrotransposon Woof, using genomic DNA as tem-
plate for the polymerase chain reaction (PCR). This
technique, sometimes referred to as universal PCR, is
a powerful method for molecular characterization of
transposon insertions into genomes, and more gener-
ally for short-distance chromosome walking through
unknown DNA. Twenty-four unique insertion junctions
were cloned and sequenced from two strains of Tribo-
lium castaneum and one strain of T. freemani. Inspec-
tion of these sequences revealed that integration of the
Woot retrotransposon is cued by the insertion target
motif, GTAC, in both species.

Keywords: one-sided PCR, gypsy-class retro-
transposon, Tribolium castaneum.

Introduction

Gene transfer systems are being developed for a
growing number of economically important inverte-
brate species (e.g. Tamura et al.,, 1990; Handler &
O’Brochta, 1991; Presnail & Hoy, 1992, Carlson et al.,
1995). Methods used to obtain evidence of chromoso-
mal integration of foreign DNA include amplification of
internal vector sequences from host DNA by the poly-
merase chain reaction (PCR), in situ hybridization of
vector sequences to polytene chromosomes, Southern
hybridization analysis of host/vector insertion junc-
tions, and inverse PCR or genomic library screening
to molecularly characterize such junctions. Here we
describe the adaptation of a simple PCR-based method
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for rapid cloning of large numbers of unknown inser-
tion junctions of an insect retrotransposon from host
genomic DNA. Various forms of the general method,
termed ‘universal’ or ‘anchored’ PCR, have been
described previously (Sarkar et al., 1993; Rosenthal et
al., 1994).

Conventional PCR requires knowledge of the
sequence at both ends of a segment to be amplified.
More recent one-sided PCR approaches enable ampli-
fication of DNA fragments bounded on only one side by
known sequence, making it possible to perform short-
distance chromosome walks by PCR. Most published
techniques for one-sided PCR involve enzymatic clea-
vage of genomic DNA followed by the addition of
artificial primer binding regions to the ends of the
restriction fragments. These artificial regions are
either oligonucleotide cassettes, enzymatically
ligated onto the ends of the genomic restriction frag-
ments, or oligonucleotide tails added by enzymatic
synthesis (Jones & Winisforter, 1992; Lagerstrom et
al., 1991; Arnold & Hodgson, 1991; Ochman et al., 1993).
In the ‘Inverse PCR’ technique, the restriction frag-
ments are self-ligated to produce DNA circles. Specific
primers within the region of known sequence are
oriented in directions opposite to those of traditional
PCR, so that the unknown region of the DNA circle will
be amplified (Triglia et al., 1988; Ochman et al., 1988).

All the above methods for one-sided PCR suffer from
the same disadvantage: the need for enzymatic diges-
tion and modification of template DNA. Methods that
involve direct PCR using unmodified genomic DNA as
template have also been described. Parker et al. (1991)
used a single gene-specific primer in conjunction with
each of a series of random ‘walking’ primers. Although
the walking primers were nondegenerate, misanneal-
ing was frequent enough that they could function as
nonspecific primers. Sarkar ef al. (1993) used nested
gene-specific primers in conjunction with highly
degenerate walking primers with short specific
anchor sequences at their 3’ ends. The ‘universal’
PCR procedure described below is based on the
Sarkar method.

Wootis an active gypsy-class retrotransposon found
in Tribolium castaneum and several related Tribolium
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species (Beeman et al.,, 1996a). Most strains of T.
castaneum appear to harbour about twenty to thirty
copies per genome (Beeman et al., 1996a). The aim of
this research was to clone most or all Woot insertion
junctions from two unrelated strains of T. castaneumin
order to gain a better understanding of retrotrans-
poson mobility in Tribolium.

Results and Discussion

To date, eighteen unique insertion junctions have been
cloned and sequenced from two strains of T. casta-
neum, including one previously known and seventeen
found in the current work (Fig. 1). Thirteen insertion
junctions were found in both strains, whereas five have
so far been found in the A4/Ey strain but not in Tiw-1.
We did conventional PCR using specific primers
designed to amplify individual strain-specific insertion
junctions. For each of the five strain-specific inser-
tions, specific-junction PCR amplified the expected
fragment from the strain known to carry the insertion,
but not from the apparent empty strain.

Figure 1 shows a manual-alignment of sequences of
the 3’ insertion junctions representing the eighteen
unique Woot insertion junctions identified to date from
T. castaneum strains A4/Ey and Tiw-1, as well as six
Woot junctions from the related species, T. freemani.
Inspection of these sequences reveals several fea-
tures: firstly, Woot shows a strong preference for
insertion directly adjacent to the four-base target motif
GTAC, and an absolute requirement for RTAY, where
R=purine and Y =pyrimidine. This target sequence is
known to have undergone direct duplication at either
end of the Wooftretrotransposon upon insertion in the
homeotic Abdominal mutation (Beeman et al., 1996a).
Such direct duplication of the target sequence is a
typical consequence of transposon insertion. G occurs
directly adjacent to the downstream LTR in nineteen
out of twenty-one insertions in the two species,
whereas the next two bases are invariably TA. C
occurs at position 4 in nineteen of the twenty-one
junctions. Secondly, Fig. 1 provides a glimpse at
species differences in Woot sequence between T.
castaneum and T. freemani. Woot elements from T.
castaneum terminate in ACA, whereas those from

T. freemani usually terminate in ATA. Furthermore, all
T. freemani elements have three small deletions near
the 3’ end of the 3' LTR. Other species differences in
Woot LTR sequence are indicated in the Fig. 1, and
consist of base substitutions. Thirdly, flanking
sequences beyond the four-base target sequence
show no consistent properties or motifs among the
twenty-four insertion junctions shown. The insertion
specificity is apparently conferred only by the four-
base target, and does not depend on adjacent
sequences.

Since the WootLTR primers can anneal in either the
upstream or downstream LTR, nontarget internal frag-
ments can also be amplified. Figure 2 shows the
sequences of four internal fragments derived by uni-
versal PCR, including an unusual arrangement of two
Woot LTR fragments in tandem (head-to-tail) orienta-
tion. This clone, designated A15(9) in Fig. 2, could
represent either a Woot insertion into another Woot
LTR (although the RTAY target sequence is absent), or
an internal Wootdeletion that starts 7 nt downstream of
the 5 LTR and extends through nt 1764 in the 3' LTR
(Beeman et al., 1996a).

PCR screening of several unrelated strains of T.
castaneum using junction-specific primer pairs
revealed a considerable degree of insertion site poly-
morphism (data not shown). We cloned and sequenced
both empty and occupied variants of two of these
insertion sites, A2 and A3 (refers to Fig. 1 nomencla-
ture), each of which contained an inserted Woot
element in the A4/Eystrain, but not in the Tiw-17 strain.
For both occupied variants, we cloned and sequenced
both the upstream and downstream junctions from the
A4/Ey strain. After sequence analysis of the empty
insertion sites derived from the Tiw-7 strain, specific
PCR primers were designed that spanned the insertion
sites. Using these primer pairs with A4/Ey DNA as as
template, we found that empty sites could be amplified,
cloned and sequenced from the A"/Eystrain. Thus, the
A%/Ey strain is dimorphic for the presence of Woot
insertions at both the A2 and AS3 sites. Since all ten
individuals from the A4/Eystrain tested by PCR carried
both empty and occupied junctions at the A3 site (data
not shown), itis possible either that mostindividuals in
this strain are somatic mosaics for the presence of this

Figure 1. Nucleotide sequences of twenty-four unique 3’ insertion junctions of Wootin Tribolium genomic DNA. The left-hand column lists names of individual
insertion junction clones. Aand T= A"/Eyand Tiw-1strains, respectively, of T. castaneum; F = T. freemani. The number following the strain abbreviation
designates individual junctions within each strain. The number in parentheses indicates the universal primer used to amplify a particular junction (refer to Table 1).
Aorig corresponds to the insertion junction of the original Wootelement (Beeman et al., 1996a). Insertion sites Aorig and A1-A4 (in boldface type) are apparently
unoccupied in the Tiw-1strain. Numbering of nucleotides was arbitrarily begun 147 residues upstream of the LTR terminus. Junction fragments include the 3-
terminal 147 nt of Woot, followed by flanking host sequence. Sequences were aligned manually, since computer-assisted alignments were unsatisfactory. Dashes
indicate gaps introduced to preserve the alignment. Nucleotides in boldface type indicate diagnostic Wootsequence differences between T. castaneumand T.
freemani. The GTAC motif boxed at nt 148—151 represents the insertion target directly flanking the 3’ terminus of the 3' LTR. GenBank accession numbers for the

twenty-four unique junction fragments are U47893-U47916.
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Retrotransposon insertion junctions in Tribolium

1 * * * * * * 70
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCAAAAAAAGAAAACAAAAGTAAAATTCAAG-TT
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCAAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCGAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGGGTATCAATTAACTAGACGAGCCAAACCATTT-AAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCGAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCGAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TCAATTAACTAGACGAGCCAAACCATTTCGAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCAAAAAAGGAAAACAAAAGTAAAATTCAAGATT
GCGTATCAATTAACTAGACGAGCCAAACCATTTCGAAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTC-AAAAAAGAAAACAAAAGTAAAATTCAAGATT
TGTAGCGGATCAATTAACTAGACGAGCCAAACCATTTCGAAAAAAGAAA-GAAAAGTAAAATTCAAGATT
TGTAGCGGATCAATTAACTAGACGAGCCAAATCATTTAAAAAAAAACA--CATAAGTAAAATTCAAAATT
TGTAGCGGATCAATTAACTAGACGAGCCAAATCATTTCAAAAAAAAA---CAAAAGTAAAATTCAAGATC
TGTAGCGGATCAATTAACTAGACGAGCCAAATCATTTCGAATAAAA--—--CAAAAGTAAAATTCAAGCTT

TGTAGCGGATCAATTAACTAGACGAACCAAATCATTTCAAAAAAA-———— CAAAAGTAAAATTCAAGATT
TTAACTAGACGAGCCAAATCATTTCAAAAAAA-———— CAAAAGTAAAATTCAAGNTT
GGATCAATTAACTAGACGAGCCAAATCATTTCGAAAAAA-———— CAAAAGTAAAATTTAAGATT
TGTAGCGGATCAATTAACTAGACGAACCAAATCATTTCAAAAAAA-———— CAAAAGTAAAATTCAAGATT
TTAGAGACTCAATTAACTAGACGAGCCAAATCATTTCAAAAAT-——-—— CAAAAGCAAAATTCAAGATT
GAGACTCAATTAACTAGACGAGCAAAATCAATTCGAAAAT--—-—- CAAAAACAAAATTCAAGATT
TTTAGAGACTCAATTAACTAGACGAGCCAAATCATTTCGAAAAT-——--— CAAAAACAAAATTCAAGATT
TTTAGAGACTCAATTAACTAGACGAGCCAAATCATTTCGAAAAT-———-— CAAAAACAAAATTCAAGATT
TTTAGAGACTCAATTAACTAGACGAGCCAAATCATTTCGAAAAT————-— CAAAAACAAAATTCAAGATT
TTTAGAGACTCAATTAACTAGACGAGCCAAATTATTTCGAGAAT--—--—- CAAAAGCAAAATTCAAGATT
* * * * * * 140

AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCGCAGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACAGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGNTCAACCATCATCAATCACGGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATCAATTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCG-TCAACCATCATCAATCACAGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCA-CCATCATCAATCACGGTCT
AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCG-TCAACCATCATCAATCACGGTCT
AATTAAATAAAACAATTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAA----TTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATAAATTAAA-TAAGTTGTAGATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATAAATTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATAAATTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATAAATTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATAAATTAAA-TAAGTTGTAACTCATTTAAACATCGATCAACCATCATCAATCACGGTCT
AATTAAATAAATAAATTAAA-TAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACGGTCT

AATTAAATAAATAAATT-———-————~ GTAAATAAGTTAAACATCAATCAACCTTT---AATCACGGTCT
AATTAAATAAATAAATT-————————- GTAAATAAGTTAAACATCAATCAACCTTT---AATCACGGCCT
AATTAAATAAGTAAATT-———=————~ GTAAATAAGTTAAACATCAATCAACCTTT---AATCACGGTCT
AATTAAATAAATAAATT-——-——————- GTAAATAAGTTAAACATCAACCAACCTTT---AATCACGGTCT
AATTAAATAAATAAATT-—--—————— GTAAATAAGTTAAACATCAATCAACCTTT---AATCACGGTCT
AATTAAATAAATAAATT-—-———-———— GTAAATAAGTTAAA--TCAATCAACCTTT---AATCACGGTCT

* * * * * 210

CACTACASUWNSTTAAAGAAAAGTAGATGTGCCTGAA

CACTACASGNNSTATTATTTATTTAAATTGTATTATAAGCATCACGCTACAGCCAAAAAATGCTTTTTAAA
CACTACARYNSITGATTCTTTTATTGATTTTGGAAACAGTGACCGCTGAGATGTCACTAATCGAACGATTG
CACTACARANNSGCAAGGATGGACAAAAGTTTTCATAAAAAATATAGAGCTGTGGATTAATAGGAAGGTAGT
CACTAC CATTGGACAGCTTACGTAAAACGTGGGCGAGAAGCTATATATTTTGATAGTCATAGTA
CACTAC TACATACATACATATTATAATACATAAACATTATAATACAATAACTACAATACAAATT
CACTACAESUVNMTAAAGACGGCGATTTATCAGACTCTTAACAATTTCACTTGTAACTCCATCAAGACCTGT
CACTACARINSCTTGATAACTTAGT TGGGAAAATCGTCGGAAATGCTATCCGTTAGGGCCGGATAGCCTC
CACTACASUWNMC TGTCGAACGCGTCGTCCGGGACGTGGACACCGTTTGCTTCTGCCTGAGTAAGGGGCTA
CACTACAGUWNMTTGTTCGCTATCGGTCTCGTGGTCATATTTAGCCTTAGATGGAGTTTACCACCCACTTA

CACTACASUWNSCGAGGTTGAAATTAACGGGCAGGACGATGGTAATCGAGATCGAGCAGTACTTTTTAAGC
CACTACASIRNSCTTCACGCTTAGAGAATGGGTGCTTAATTTGGTTTCCAATCTATCAAACTCATGTAACT

CACTACAEUWNNTTATCTCCGCCGGTATAATTTCTTCCGCCCACGACTCACAAACCATAGGTATAGTTGTG
CACTGC TATTTGCTTACCTGAAAATATTACCTGTCCAGAAAATACATAAAAAAAACAATCAACAAT
CACTAC ATCAAACATGCACCTAATTTTTTTCCACATGATTTTTGCACT

CACTAT CTTTTTGTGGATGAGTGAAATTTGGAAGGGATCTTTCCAACCTGCCAATGGGCAGCTG
CACTAT ATTTCAAATTCGTTATTTATCAGTAACCTTAATACATAGATTTTTTTACAATTTTTAC
CACTAT CAAGCACATGTTTCCATCCATGGGTTATCCCAGTTGCCATGCATACTAAAGCACTTTT
CACTAT TAAGTCTGGGTCGGGCTTCAGAAGGGACCGGAGTGTTACGAGAAAGCAACAACTTTGG
CACTAT CTGCACTTGTTATACACGCGTTAATACATTATATGTACTTCAAGAACGCCTATGGCGA

TATTAGCTGTTTCAAAACTATAAAAACCGCCAACGTCGCATTTTCTCTTAAAATCACC

© 1997 Blackwell Science Ltd, /nsect Molecular Biology 6: 83—-88

85



86 R. W. Beeman and D. M. Stauth

1 * * * * * * 70
Woot TGTAGCGTATCAATTAACTAGACGAGCCAAACCATTTCAAAAARAAGAAAACAAAAGTAAAATTCAAG-TT
T5(3) TGTAGCGAATCAATTAACTAGACGAGCCAAATCATTTCGAAAAAAAAA--CAAAAGTAAAATTCAAGAGT
Al4(4) TGTAGCGTATCAATTAACTAAACGAGCCAAACCATTTCGAGAAAAGAAAACAAAAGTAAAATTCAAGATT
F7(2) AACTAGACGAGCCAAATCAATTCGAAAAT—————- CAAAAACAAAATTCAAGATT
Al15(9) GCGTATCAATTAACTAGACGAGCCAAACCATTTC-AAAAAAGAAAACAAAAGTAAAATTCAAGATT

* * * * * * 140
Woot AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCGCAGTCT
T5(3) AATTAAATAAATAAATTAAA-TAAGTTGTAAATCATTTAAACATCGNTCAACCATCATCAATCACGGTCT
Al4(4) AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACAGTCT
F7(2) AATTAAATAAATAAATT-————————— GTAAATAAGTTAAACATCAATCAACCTTT---AATCACGGTCT
A15(9) AATTAAATAAATCAATTAAAATAAGTTGTAAATCATTTAAACATCGATCAACCATCATCAATCACAGTCT

* * * * * * 210
Woot TTTTTATTGGTGCCGTGACCAGGATTCAAAGTCATAAAGTGTCATTTCCGA
T5(3) - XSATACTACA--TTTATTTTTGGTGCCGTGACCAGGATTCAAAGTCATAAAGTGTCATTTCCGA
Al4 (4) TTTTTATTGGTGCCGTGACCAGGATTCAAAGTCATAAAGTGTCATTTCCGA
F7(2) CACTIVW-GACAGACAAAAAAAATTTTTGGTGCCGTGACCAGGATTCAAAGTCATAAAGTGTCATTTCCGA
Al15(9)

Figure 2. Nucleotide sequences of four internal (nontarget) Wootfragments amplified by universal PCR, compared to that of the original Wootcopy (Beeman et al.,
1996a). See Fig. 1legend for explanation of clone designations, numbering, dashes and boldface type. The ACA motif boxed at nt 145-147 represents the 3 terminus
of the LTR. The sequences immediately downstream correspond to the start of the Wootretrotransposon body, which contains the coding regions. The single
exception is A15(9), which contains a WootLTR inserted into the middle of (or in tandem with a fragment of) another WootLTR in direct (head-to-tail) orientation.
The ‘host’ LTR is italicized and angled to emphasize lack of homology to internal Wootbody sequences.

insertion, or that the insertion is present as a balanced
lethal. In contrast, the Tiw-17strain appears to be devoid
of Woot insertions at these sites, since junction frag-
ments could not be amplified by PCR using junction-
specific primers and Tiw-7 DNA as template. Compar-
ison of sequences confirmed that the four-base target
sequence had undergone direct duplication at either
end of the Woot insertion at both A2 and A3 (Fig. 3).
Such target duplications are typical of insertion foot-
prints for both retrotransposons and DNA transposons.

A2 insertion site

5' jnct AGTGCACCGCCTCGACCAAATCTATGCTCAANEWNITGTGA

We estimate that roughly half the total number of
Woot junctions present in the A4/Ey strain have been
cloned. This estimate is based on direct counts of
junction fragments resolved by field inversion gel
electrophoresis (FIGE) and visualized by Southern
hybridization analysis (Beeman et al, 1996; M. S.
Thomson, personal communication).

Universal PCR is a simple and effective general
method for short-distance chromosome walking,
applicable to either multiple- or single-copy sequences

TGATCGCGGTATTTA

empty site AGTGCACCGCCTCGACCAAATCTATGCTCAAANITGATTCTTTTATTGATTTTGGA

3'" Jjnct

A3 insertion site

C
5' jnct CTTTTACAAAAATGGCAGGAAAGTTGGAATACENGTGTGATGATCG

TCAATCACGGT

CTCACTACA Y NMTGATTCTTTTATTGATTTTGGA

GGTATTTA

empty site CTTTTACAAAAATGGCAGGAAAGTTGGAATACEWNSGAAGGATGGACAAAAGTTTT

3' jnct
TCAATCA

CGGTCTCACTACAAEACGAAGGATGGACAAAAGTTTT

Figure 3. Nucleotide sequences of upstream and downstream insertion junctions, and the corresponding empty insertion site, for two sites exhibiting dimorphism
for the presence of a Wootinsertion. The A2 and A3 sites correspond to those shown in Fig. 2. Junction fragments were derived by universal PCR amplification from
the A“/Eystrain, whereas empty-site fragments were derived from both the A4/Eyand Tiw-1strains (sequences were identical in the two strains). Host (non-Woot)
sequences are indicated by normal font style, whereas WootLTR sequences are italicized and angled to emphasize lack of homology to flanking host sequence at

the corresponding empty site. The insertion target is boxed. Note that the target sequence is reiterated on both sides of the Wootinsertion, indicative of duplication
atthe time of insertion.

© 1997 Blackwell Science Ltd, /Insect Molecular Biology 6: 83—-88
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(internal fragment)
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Amplification target
(junction fragment)

: :

SLTR | __3LmR_i
: =>> - >> <
SP-1 SP-2 ) . SP-1 SP-2 . .
i (non-targetsites)  Universal primer ; Universal primer
H (non-target site) H
:\ l:\ J

Y Y
Woot Retrotransposon Unknown host sequence

adjacent to Woot insertion

Figure 4. Amplification of unknown insertion junction fragments for a known retrotransposon by universal PCR. SP-1and SP-2 indicate nested Woot-specific
primers complementary to a region near the 3’ end of the retrotransposon, and with their 3’ ends facing downstream. The various DNA species in the highly
degenerate universal primer mixture anneal at many places throughout the genome, but priming within 1 kb downstream of the WootLTR can lead to amplification
of the indicated target junction fragment. The internal nontarget amplicon is a result of the presence of the sequence identity of the LTRs. This amplicon derives
from universal primer priming internally within the Wootelement, and specific primer priming in the 5 LTR.

in either small or large genomes (this work; Sarkar et
al., 1993). The method appears to offer an easy alter-
native tothe more cumbersome inverse PCR approach.
As shown in this work, it is the method of choice for
molecular characterization of transposon insertions
into genomes. It would appear to be ideally suited for
molecular confirmation of putative transformant lines
in gene transfer experiments, either in cultured cells or
in vivo. We have used the method to clone pantropic
retroviral insertion junctions in mosquito cultured cell
chromosomes (Matsubara et al., 1996).

Experimental procedures

The A"/Ey and Tiw-1 strains of T. castaneum are described in
Beeman et al. (1996a, b). The former is derived from a strain
collected in Georgia (USA) in 1980, and the latter was collected
in the village of Puranpur in the Bareilly District of Uttar
Pradesh, India, in 1988. The T. freemani strain was obtained
from A. Sokoloff, and has been described by Nakakita et al.
(1981). Genomic DNA was prepared as described (Brown et al.,
1990).

The universal PCR procedure was modified from that
described by Sarkar et al. (1993) (Fig. 4). These authors used
the method for short-distance chromosome walking in the
coagulation factor IX gene in several mammalian species. We
designed outwardly facing, nested primers based on sequence

near the 3’ terminus of the long terminal repeat (LTR) of the
Woot retrotransposon. The downstream insertion junctions
were targeted in this work, since the 5" end of the LTR is less
suitable for primer design. The nested, Woot LTR (forward)
primers were (1) 5-ATAAGAGTGACTTCGTACATC-3" and (2)
5-AAACAACACAACGTAGGTAAG-3, terminating 180 and 158
nucleotides (nt), respectively, upstream of the 3 terminus (SP-1
and SP-2 in Fig. 4). The universal (reverse) primers each
consisted of three regions: A 3’ anchor sequence (4-6 nt), a
fully degenerate region (8-10 nt) and a 5’ linker (18-20 nt) (Fig.
4). The universal primers anneal at many sites throughout the
genome, including sites internal to Woot. Since retroelements
terminate on both ends with LTRs in direct orientation, anneal-
ing of the LTR primers to the upstream LTR can lead to
amplification of nontarget internal fragments, as shown in Fig.
4.Table 1lists the universal primers that amplified one or more
Wootinsertion junctions or internal fragments, as confirmed by
cloning and DNA sequence analysis.

Two rounds of nested PCR were done. Round 1 used Woot
LTR primer 1 (0.1 pmol/ul) and one of the universal primers (1.0
pmol/ul), 10-1000 ng of genomic DNA as template, 1.5 mm
MgCl,, 200 um dNTPs, 1 x Promega Taq pol buffer and c. 0.5
units Taq pol in a total volume of 25 ul. The thermocycler
program was 30 cycles of 1 min at 94°C, 2 min at 50°C, and 3 min
at 72°C, followed by a 10 min final extension at 72°C. For round
2 we used 1 ul of round 1 PCR product as template, 1 pmol/ul
each of WootLTR primer 2 and a linker primer corresponding
to the 5" portion of the universal primer used in round 1. Linkers
were the T7 phage promoter sequence for universal primers 1—

Primer Sequence (5'-3')

Junctions*

Table 1. Universal primers used to successfully
amplify 3" Wootinsertion junctions.

Uni-1 TAATACGACTCACTATAGGGNNNNNNNNNNCTAT
Uni-2 TAATACGACTCACTATAGGGNNNNNNNNNAGTGC
Uni-3 ATTAACCCTCACTAAAGGGNNNNNNNNGAATTC
Uni-4 GGGTTTTCCCAGTCACGACNNNNNNNNAGTACT A14
Uni-5 GGGTTTTCCCAGTCACGACNNNNNNNNAAGCTT
Uni-7 GGGTTTTCCCAGTCACGACNNNNNNNNGGATCC F4

Uni-8 GGGTTTTCCCAGTCACGACNNNNNNNNNNCTAG A7-8

Uni-9 GGGTTTTCCCAGTCACGACNNNNNNNNNCCTAC A15

A1, A6, T2-3, F1-3
A2-3, A10, A12-13, T1, T4, F7
A4, A11,T5, F6

A5, A9, F5

Nomenclature of clones refers to Figs 1 and 2.
*Includes nontarget internal Woot fragments (see Fig. 2).

© 1997 Blackwell Science Ltd, /nsect Molecular Biology 6: 83—-88
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2, T3 for universal primer 3, and the M13 ‘—40’ primer
sequence for universal primers 4-5 and 7-9 (Table 1). Other
conditions and temperature programme were the same as
described for round 1.

Round 2 PCR products were resolved on low-melt 1.5%
agarose gels. Amplified bands were individually excised, and
the DNA eluted using Promega Wizard PCR columns. Eluted
DNA was ligated into the InVitrogen TA cloning vector and
cloned according to the manufacturer’s specifications. Cloned
inserts from single colonies were sized by direct PCR analysis
of ‘toothpicked’ cells using Woot primer 2 and a vector primer.
A colony was touched with the tip of a sterile toothpick, which
was then briefly swirled in the PCR reaction cocktail.

As the study progressed we wanted to avoid wasting effort
analysing new clones representing previously isolated junc-
tions. Thus, we developed a ‘multi-PCR’ approach, in which
toothpicked clones could be tested for the presence of internal
fragments and any of up to thirteen unique junctions in a single
PCR reaction. A single Woot LTR-specific forward primer was
combined with an internal Woot reverse primer and thirteen
junction-specific reverse primers representing thirteen unique
junctions. These primers were selected to be mutually compa-
tible using the Amplify software package developed by William
Engels at the University of Wisconsin, Madison. This multi-
PCR mixture was tested on individual standard clones repre-
senting an internal Woot fragment and each of the thirteen
unique junctions. Clones scored as negative based on multi-
PCR analysis were sequenced to identify new junctions.
Plasmid DNA was isolated according to standard procedures
(Sambrook et al., 1989) and sequenced on the sense strand
(refers to Woof), using the Promega Femtomole™ cycle
sequencing kit and LTR primer 2 as sequencing primer.
Preliminary DNA sequence analysis was done using the
AssemblyLign software package (IBI), while final alignments
were done by hand.

Empty insertion sites were amplified from the Tiw-7 strain
using nested, specific reverse primers in conjunction with a
universal forward primer. The specific primers were comple-
mentary to regions just downstream of 3 Woot insertion
junctions in the A"/Eystrain. To amplify empty site A2 we used
specific primers 5-CGTCAATGGTGATTGCTGTTAG-3 and 5-
TGATTTTGGCGAGGAGTC-3' (nested) in conjunction with the
universal primer designated ‘Uni-2’ (see below). To amplify
empty site A3 we used specific primers 5-ACGTGGTGGT-
CAACGCCTAC-3 and 5-TCAACGCCTACTACCTTCC-3
(nested), also in conjunction with Uni-2 (see below). Upstream
junctions were cloned after specific PCR amplification using a
(reverse) internal Woot-specific primer and a (forward)
upstream junction-specific primer. The former was 5'-
CACATGGCCTTTCGACCACC-3, complementary to nt 229-
248 of the WootLTR (Beeman et al., 1996a), and the latter was
based on sequence upstream of the empty junction sites (5-
GCCTCGACCAAATCTATG-3' for junction A2, and 5-
GGCTCTACTGGTTATCGCAG-3 for junction A3).
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