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of Genetics, University of Cambridge, Downing Street,
Cambridge CB2 3EH, England. An easy and direct
method for sequencing of high molecular weight cloned
DNA.

Abstract: This report describes a novel

technique for direct sequencing of high molecular

weight DNA clones. Drosophila PI genomic DNA
template is first digested with a restriction enzyme. The
restriction digestion mix is then used directly for DNA
sequencing. Using this method, we have successfully
located the positions of two introns in a Drosophila

gene, drongo.
Introduction: Genomic DNA sequence contains much regulatory information (e.g., promoters, enhancers)

which are essential for gene expression. It also differs from complementar DNA (cDNA) sequence by the presence of
introns, the splicing pattern of which can vary between tissues. Because of the importance of genomic sequence in gene
regulation, it is useful to be able to sequence genomic DNA at specific locations.

Recently, Drosophila genomic DNA has been cloned using the PI system (Smoller et al., 1991), and a complete
P I genomic framework map is now being constrcted (Berkeley Drosophila Genome Project, personal communication).
The average insert size of a PI genomic clone is between 75 and 100 kb system (Smoller et al., 1991), some 20 times
larger than tyical clones in purpose-designed sequencing vectors. It is therefore of use to be able to sequence such large
clones directly without the time-consuming step of subcloning.

Materials and Methods: A single colony of bacteriophage P I clone DS08554 was used to inoculate 500 ml of
LB medium containing 25 Ilg/ml kanamycin and 1 mM IPTG. Purification of PI genomic DNA was performed using the
QIAGEN plasmid maxi kit (Qiagen). Five micrograms of DS08554 PI genomic DNA were digested with EcoRI
(Promega) (Sambrook et al., 1989). The amount of genomic DNA used for restriction digestion depends on the size of
the final restriction fragment template. The predicted sizes of template fragments used from DS08554 for the first and
second intron/exon boundary determination were 1 kb and 5 kb, respectively (Schneuwly et a!., i 989) implying template
quantities of approximately 60 ng and 300 ng accordingly. After restriction digestion, DNA was used directly as a
sequencing template without further purification. Sequencing reactions were performed using an ABI PRISM Dye
Terminator Cycle Sequencing Ready Reaction Kit (Perkin Elmer) and oligonucleotides which had been synthesized using
an ABI 391 synthesizer. Cycle sequencing reactions were carried out using a PREMTM thermocycler and the conditions
were as follows: 10 seconds at 96°C, 5 seconds at 50°C, 4 minutes at 60°C for 25 cycles. Sequences were then

determined on an Applied Biosystems 373 ABI sequencer. Raw sequence output was analyzed using SeqEd™ version
1..0.3-software.-Sequencing-l"eactions-weF€-p€r-formed-in-dupliGate-and-no-ambiguities-or-.eonfleting-base-assignments--
were found in the first 200 base pairs of sequence, demonstrating that DNA sequences obtained were reliable and

reproducible.
Results and Discussion: PI clone DS08554 (2) contains a gene called drongo (Harris, 1994) which lies in a

region for which an extensive restriction map is available (Schneuwly et al., 1989). In an attempt to obtain genomic
sequence from the drongo locus, DS08554 was digested with EcoRI. The digestion mix was then used for sequencing
without further purification. Standard DNA sequencing reactions were performed according to the manufacturer's
instrctions (Perkin Elmer). By comparing the genomic sequence obtained from the DS08554 genomic digest with the
drongo cDNA sequence, we have mapped the positions of two introns in drongo (Figure 1). No signal was detected from
undigested PI genomic DNA template, suggesting that restriction digestion of PI template is crucial for this technique
(data not shown). Reproducible results were also observed using this technique on PI and cosmid templates from a
completely different genomic region (Samantha Loh, personal communication).

This method can also be potentially employed to sequence any cloned large DNA molecules (e.g., PI genomic
clones from any of the model organism genome projects in which they are used). When such clones exist, this technique

Figure 1 (see next page). a.) Genomic map of the drongo locus. The positions of the first and second intron and DNA
sequencing primers are shown. The three exons are shown as shaded boxes joined by two introns. Vertical lines show the
positions of sequencing primers, arrowheads show their 5' - 3' directions.

b.) Sequences of the 5' and 3' splice junctions of both introns. Exon sequences are shown in upper cases; intron
sequences in lower cases; splice junctions are underlined.

c.) Chromatogram showing the 5' splice junction of the second intron of drongo using EcoRl digested DS08554 PI
DNA template.
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is much simpler and faster than the RAGE method which requires restriction digestion and polyadenylation of uncloned
genomic DNA and multiple rounds ofPCR (Cormack and Somssich, 1997).
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We have used the S65T green fluorescent
protein (GFP; Chalfie et a!., 1994; Heim et al., 1995)
as a vital reporter to introduce a dominant inocuous
marker onto the balancers of the three major

chromosomes of D. melanogaster.
Construction: The drosomycin promoter

contained in pJM802 (Ferrand on et al., 1998) was replaced by the distal actin 5C promoter as an EcoRI-NheI fragment
originating from pPac (Krasnow et al., 1989) in which an Nhel linker was inserted into the poly linker. The P element

mediated transformation plasmid derived from pCaSpeR contained the actin 5C promoter, followed by the S65T version
of the GFP and the drosomycin terminator. The nucleotide sequence of the transformation vector is available upon
request. Transgenic fly lines were established as described (Driever et al., 1990). One of the P element insertions

obtained was remobilized using Delta(2-3) source of transposase. Insertions in FM7 (FM7i; Heitzler, 1997), CyO, and
TM3 balancer chromosomes were selected. The following stocks were sent to the Bloomington stock center:

FM7i-pAct-GFP:
C(l)DX, f/FM7, y(93j),sc(8),w,oc,ptg,B,P(w+mc act::GFP = pActGFP)

CyO-pAct-GFP:
w; In(2LR)noc(4L),Sco(rv9R),b / In(2LR)0,Cy,dp(lvI),pr,cn(I),P(w+mc act::GFP = pActGFP)

TM3-pAct-GFP:
w; Sb(l) / In(3LR)TM3,ri,pP,sep,I(3)89Aa,bx34e,Ser,P(w+mc act::GFP = pActGFP)
Expression Pattern: Since their cuticle is transparent, third instar larvae carring the marked balancers are easy

to score under the fluorescent dissecting microscope. The main GFP expression pattern consists of a strong fluorescence
in the salivary duct, the copper cells, the proventriculus and the visceral musculature of the midgut. A weaker signal can
be detected in imaginal disks. In first instar larvae, the fluorescence appears to be restricted to the midgut (Burn et a!.,
1989).

Adult fles carring GFP balancers can be recognized by a deep pseudopupil type of expression in the eye, a
mild fluorescence in the proboscis and a strong signal in the abdomen. Upon dissection, it appears that the abdominal
fluorescence is due to:

- GFP expression in the reproductive tract of the male;
- GFP expression in ovaries (yolk of mature stages and musculature of the ovary sheath) and in the seminal

receptacle in females.
In many animals, the visceral musculature of the midgut is also fluorescent.

In the embryo, there is a strong maternal contribution which masks the zygotic expression until about stage 15 of
development, when a weak signal can be detected in the midgut, as in first instar larvae. In the absence of this maternal
contribution, the expression of GFP can first be detected around 12 h after laying.

Selected pictures showing these expression patterns can be viewed at htt://ibmc.u-
strasbg.fr/upr9022/GreenBalancers.html

In conclusion, these "green balancers" constitute a highly useful tool to score living larvae, pupae, and adult
fles, especially when working with mutations on the second chromosome.
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