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ABSTRACT

We describe a new method for gene dis-
covery and analysis, CD-tagging, that puts
specific molecular tags on a gene, its tran-
script and its protein product. The method
has been successfully tested in two organ-
isms, the haploid unicellular alga Chlamy-
domonas reinhardtii and the metazoan Dro-
sophila melanogaster. The method utilizes a
specially designed DNA molecule, the CD-
cassette, that contains splice acceptor and
donor sites surrounding a short open read-
ing frame. Insertion of the CD-cassette into
an intron in a target gene introduces a new
exon, represented by the open reading
frame of the CD-cassette, surrounded by
two functional hybrid introns.  As a result
(i) the gene is tagged by a specific nu-
cleotide sequence, (ii) the mRNA is tagged
by a specific nucleotide sequence and (iii)
the protein is tagged by a specific peptide
sequence. Because these tags are unique,
specific nucleotide or antibody probes can
be used to obtain and/or analyze the gene,
transcript or protein.  As a gene discovery
technology, CD-tagging has two unique ad-
vantages: 1) Genes can be identified
through a primary screen at the protein lev-
el, and so the very process by which a gene
is identified provides specific empirical in-
formation about its biological function. 2)
The cassette arms, which are spliced out of
the transcript of the target gene, are avail-
able to carry a wide variety of DNA se-
quences, such as genes encoding drug resis-
tance that can be used to select for the
presence of the CD-cassette in the genome.

INTRODUCTION

A fundamental concern in genetics
and molecular biology is establishing
the correspondence between gene and
protein. Thus, when a new gene is dis-
covered it is usually desirable to identi-
fy the protein or proteins it encodes;
conversely, when a new protein is iden-
tified it is usually desirable to identify
the gene that encodes it. In this commu-
nication we describe a new molecular-
genetic method that adds specific tags
to a gene, mRNA and protein in a sin-
gle recombinational event, and we use
the method to tag cloned genes from
Chlamydomonas reinhardtii and Dro-
sophila melanogaster. With this meth-
od, establishing the correspondence be-
tween gene and protein in gene
discovery is dramatically simplified, in-
deed obviated, by the fact that the gene
and the gene product are discovered si-
multaneously. We call the method
“CD-tagging” because it tags each of
the three classes of molecule (DNA,
RNA and protein) referred to in the
central dogma of molecular biology.

CD-tagging employs a specially de-
signed DNA molecule that we call a
CD-cassette. Within the cassette is an
open reading frame flanked by consen-
sus sites for RNA splicing. As shown in
Figure 1, when the CD-cassette is intro-
duced into an intron in a target gene,
the result is two chimeric introns sur-
rounding a new “guest exon”. When
the tagged gene is transcribed, spliced
and translated, a protein containing a
“guest peptide” insert will be produced.
If the guest peptide includes an epitope
recognized by an existing antibody, as
in the examples presented in this paper,
the result will be an epitope-tagged pro-
tein. For CD-tagging to work as depict-
ed in Figure 1, the chimeric introns sur-
rounding the guest exon must be

functional. On the basis of numerous
cases in the literature in which introns
with 5′ splice sites from one source and
3′ splice sites from another were ob-
served to function appropriately (3,9,
11,14), we expected that in most cases
the chimeric introns generated by CD-
tagging would be functional as well. In
this report we show, by tagging known
introns in known genes, that our expec-
tation was met.

MATERIALS AND METHODS

Strains and Culture Conditions

Chlamydomonas strains CC1861
(arg-7 mt-) and CC1032 (pf14- mt+)
were obtained from the Chlamy-
domonas Genetics Center, Duke Uni-
versity. An arg7- pf14- strain was con-
structed by standard genetic methods
(15). Cells were grown on HSA medi-
um (15) supplemented, when appropri-
ate, with 0.005%–0.01% arginine.
Drosophila cell culture followed stan-
dard methods (7).

Synthesis of the CD-1 DNA

The CD-1 DNA was constructed by
the Midland Certified Reagent Compa-
ny (Midland, TX, USA) through the
chemical synthesis of four overlapping
polynucleotides that were annealed and
inserted into the XbaI site of pUC118
to produce plasmid pJJ225. The nu-
cleotide sequence of the entire CD-1
insert in pJJ225 was confirmed by
dideoxy sequencing. 

Construction of CD-Tagged Genes

To tag the Chlamydomonas reinhar-
dtii pf14 gene in intron 3, the 279-bp
NsiI fragment from pJJ225 was ligated
into the unique NsiI site in plasmid
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pKE-RS3, and ampicillin-resistant
transformants of E. coli DH5α were se-
lected on LB ampicillin plates. Plasmid
minipreps were prepared from individ-
ual colonies, digested with ClaI and
HpaI, and analyzed by agarose gel
electrophoresis to determine the pres-
ence and orientation of the CD-1 insert.
A plasmid with a single CD-1 insert
oriented in the same direction as the
pf14 gene was retained and named
pRS031-1. A plasmid with a tandem
pair of CD-DNA inserts oriented in the
same direction as the pf14 gene was re-
tained and named pRS031-2.

To add the npt1 gene to the insert in
intron 3, pRS031-1 was linearized at
the unique XhoI site within the CD-cas-
sette, and the 1252bp SalI fragment
from the npt1-containing plasmid pUC-
4K (Pharmacia Biotech, Piscataway,
NJ, USA) was inserted into the site to
produce plasmid pRS031-3, which was
selected on the basis of resistance to 25
µg/mL kanamycin in E. coli. 

To tag pf14 in intron 1, the 203-bp
EspI fragment from pJJ225 was ligated
into the unique EspI site in plasmid
pKE-RS3, and ampicillin-resistant
transformants of E. coli DH5α were se-
lected on LB ampicillin plates. Plasmid
minipreps were prepared from individ-
ual colonies, digested with ClaI and
HpaI and analyzed by agarose gel elec-
trophoresis to determine the presence
and orientation of the CD-1 insert. A
plasmid with a single CD-1 insert ori-
ented in the same direction as the pf14
gene was retained and named pRS011-
1. A plasmid with a two tandem CD-
DNA inserts oriented in the same direc-
tion as the pf14 gene was retained and
named pRS011-2.

To tag the Ultrabithorax (Ubx) gene
of Drosophila melanogaster, the 285-
bp XbaI fragment from pJJ225 was in-
serted into the XbaI site within intron 3
of the Ubx minigene in plasmid pUM-
G101 (27) to produce plasmid pUM-
G101-CD1, which contains a single
copy of the CD-1 cassette oriented in
the same direction as Ubx. The Ubx
minigene in pUMG101 contains all
four exons and internally shortened
introns, but lacks the promoter and up-
stream regulatory elements; it is insert-
ed in the Drosophila germ line transfor-
mation vector pUAST (2), which
provides transcriptional control by a

promoter that is activated by the S.
cerevisiae GAL4 gene product. 

Transformation of Chlamydomonas

arg-7 and arg7- pf14- strains were
co-transformed with the plasmids
pARG7.8 and pKE-RS3 or their CD-
tagged derivitives using silicon carbide
whiskers (8). Arg+ transformants were
selected by plating on arginine-free
HSA medium (15); colonies were
picked into 3 mL HSA medium and as-
sayed for motility by light microscopy.
Cotransformation frequencies of arg7-

pf14-, as determined by the fraction of
Arg+ transformants that were motile,
ranged from 15 to 60 percent. Cotrans-
formants of the pf14+ recipient were
identified on the basis of the presence
of the CD-tagged gene product as as-
sayed by immunofluorescence.

Transfection of Drosophila Tissue
Culture Cells

Drosophila Schneider Line 2 (SL2)
cells were maintained in Schneider
medium (Life Technologies) supple-
mented with 14% fetal calf serum and
100 units/mL each penicillin and strep-
tomycin. SL2 cells were co-transfected
with CaPO4 co-precipitates of pUMG-
101-CD1 and pAKG1 following stan-
dard protocols (7,18). pAKG1 (27) car-
ries the yeast GAL4 coding region

under control of the Drosophila actin-
5C promoter, thus providing a constitu-
tive source of GAL4 protein to activate
expression of the CD-tagged Ubx mini-
gene in pUMG101-CD1.

Isolation of Drosophila Germline
Transformants

pUMG101-CD1 DNA was co-in-
jected into w-/w- Drosophila embryos
along with the P-element transposase-
expressing plasmid pπ25.7, using stan-
dard methods (23). Germ-line transfor-
mants showing stable expression of the
white gene from pUMG101-CD1 were
identified among the progeny of the in-
jected animals on the basis of their pig-
mented eyes.

Immunofluorescence Microscopy

Chlamydomonas cells were attached
to polyethylenimine-coated wells in
Teflon®-coated glass slides (Carlson
Scientific, Peotine, IL, USA). The
slides were incubated in 1% Nonidet
P-40 in NB minus Ca++ for 1.5 h prior
to immunostaining. Washes, blocking
reactions and treatment with fluore-
scein-labeled secondary antibody (Cap-
pel, Durham, NC, USA) were as previ-
ously described (31). Primary antibody
incubations were overnight at room
temperature. Anti-HA mouse monoclo-
nal antibody 12CA5 (Boehringer
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Figure 1. CD-tagging: the basic concept. The letters B, A and D represent branch, acceptor and donor
sites, respectively, for RNA splicing.



Research Reports

Mannheim, Mannheim, Germany) was
used at 2.5 µg/mL, and anti-RSP3 rab-
bit antibody (29) was used at a dilution
of 1:400.

Immunoblotting

Chlamydomonas axonemes were
prepared from 300 mL liquid cultures
grown in HSA medium (15), solubi-
lized in sodium dodecyl sulfate (SDS)
sample buffer, and separated by SDS
gel electrophoresis on 10% polyacry-
lamide gels. Transfected Drosophila
SL2 cells were processed for electro-
phoretic separation of proteins on 10%
SDS-polyacrylamide gels as described
by Gavis and Hogness (12). Proteins
were electrophoretically transferred to
nitrocellulose, probed with anti-RSP3
antibody (1:3000) or with 12CA5 (2.5
µg/mL) and visualized with alkaline
phosphatase-labeled secondary anti-
body (Bio-Rad, Herculese, CA, USA).

Immunostaining of Drosophila
Embryos

Collection, fixation, devitelliniza-
tion and immunohistochemical staining
of Drosophila embryos using HRP-
conjugated anti-mouse secondary anti-
body were performed as described pre-
viously (1). Primary antibodies were
either monoclonal 12CA5, against the
HA epitope in the CD tag, or mono-
clonal 5C.2B (19), against an epitope
C-terminal to the UBX homeodomain.
Stained embryos were examined and
photographed under Differential Inter-
ference Contrast optics using a Nikon
Microphot-FXA microscope (Bay-
shore, NY, USA).

RESULTS

CD-Tagging the pf14 Gene of
Chlamydomonas reinhardtii

Figure 2 shows the sequence and
structure of the CD-1 cassette. The
guest exon in the CD-1 cassette is 54
nucleotides (nt) in length and encodes
18 amino acids.  To test the CD-tagging
approach in the unicellular biflagellate
green alga Chlamydomonas reinhardtii,
CD-1 DNA was inserted in vitro into
pf14, a three-intron gene that encodes
the flagellar radial-spoke protein RSP3
(6,29). Five plasmids carrying tagged
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Figure 2. CD-1 cassette. (a)  Structure of the CD-1 cassette. (b) Nucleotide sequence of the CD-1 cas-
sette. Nucleotides 1–45 and 242–291 (lower-case letters) are polylinker sequences. Nucleotides 46–116
are derived from the 3′ end of intron 2 of the α1 tubulin gene of Chlamydomonas reinhardtii (26). The se-
quence has been modified to include consensus splice branch and acceptor sites, shown in italics. Nu-
cleotides 118–172 (underlined) is the guest exon. It contains no stop codon in any reading frame. The
consensus splice donor site is italicized. Nucleotides 173–241 are derived from intron 2 of the α2 tubulin
gene of Chlamydomonas reinhardtii (26). (c) The amino acids encoded in the CD-1 guest exon. The un-
derlined sequence is the HA epitope recognized by monoclonal antibody 12CA5. The sequence encoding
the HA epitope was designed so that it would not contain a stop codon in any reading frame.

Figure 3. Expected splicing patterns for the five pf14 constructs. The regions shown extend from the
start codon to the termination codon. Open boxes represent the four pf14 exons. Filled boxes represent
guest exons.  (A) Untagged gene. (B) Single tag in intron 1. (C) Double tag in intron 1. (D) Single tag in
intron 3. (E) Double tag in intron 3. (F) Single tag with npt1 insert in intron 3. 
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pf14 genes were constructed, two with
single CD-1 insertions in intron 1 or 3,
two with tandem insertions in intron 1
or 3 and one with a single CD-1 inser-
tion in intron 3 within which a com-
plete E. coli npt1 (kanamycin resis-
tance) gene was inserted upstream of
the guest exon. The structures and pre-
dicted splicing patterns for these five
constructs are shown in Figure 3. In the
reading frame determined by intron 1, a
Class 0 intron (25) that interrupts the
coding sequence between codons, the
CD-1 cassette is predicted to introduce
the guest peptide VEELGTPTTSPTT-
PRRSQ into the gene product; and in
the reading frame determined by intron
3, a Class 1 intron that interrupts the
coding sequence between the first and
second nucleotides of a GGT codon, it
is predicted to introduce the guest pep-
tide GRARYPYDVPDYATKISG. The
latter sequence contains within it the 9-
amino acid HA epitope YPYDVPDYA
recognized by monoclonal antibody
12CA5 (10).

Chlamydomonas strains carrying
each of the five constructs were ob-
tained by transformation (8). Such

transformants carry ectopic copies of
the transforming DNA in their ge-
nomes, and so each carries both the
transgene and the pf14 gene that was
resident in the recipient.  Transformants
were obtained in two genetic back-
grounds: one with a wild-type pf14
gene and one with a pf14 ochre muta-
tion that renders the flagella immotile.
All transformants, including the five in
the mutant background, had fully
motile flagella, indicating that each of

the tagged genes encodes a functional
product. As demonstrated in Figure 4,
Western blot analysis of the transfor-
mants’ flagella, probed with polyclonal
antibody raised against gel-purified
RSP3, showed that the singly tagged
genes encode RSP3 species about 2
kDa larger than the untagged protein
(89 kDa vs. 87 kDa) and that the dou-
bly tagged genes encode RSP3 species
about 4 kD larger than the untagged
protein (91 kDa vs. 87 kDa). These
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Figure  4. Immunoblots of flagella from singly
and doubly tagged transformants of the pf14
ochre mutant.  Transformants were: Lane 1, un-
tagged pKE2-RSP3; lane 2, intron 1 single-tag
construct pRS011-1; lane 3, intron 1 double-tag
construct pRS011-2; lane 4, untagged pKE2-
RSP3; lane 5, intron 3 single-tag construct
pRS03-1; lane 6, intron 3 double-tag construct
pRS031-2. Based on the mobility of the molecu-
lar weight standards β-galactosidase (116 kDa),
fructose-6-phosphate kinase (85 kDa) and gluta-
mate dehydrogenase (56 kDa), the apparent mol-
ecular weight of the untagged RSP3 was approxi-
mately 87 kDa; this agrees well with the
previously published value (29).

Figure 5. Indirect immunofluorescence micrographs of Chlamydomonas cells stained with anti-HA
antibody 12CA5. Upper panel: pf14- transformed with intron 3 double-tag construct pRS031-2. Lower
panel: pf14- transformed with untagged pf14 plasmid pKE2-RSP3.  



results are exactly as expected if the
singly tagged proteins contain an 18-
amino acid guest peptide and the dou-
bly tagged proteins contain two 18-
amino acid guest peptides.

Indirect immunofluorescence analy-
sis using antibody to RSP3 revealed
specific axonemal staining in all of the
CD-tagged strains. Furthermore, mono-
clonal antibody 12CA5 (specific to the
HA-epitope) stained the axonemes of
the intron 3 tagged cells but none of the
others (Figure 5). Not unexpectedly, the
doubly tagged proteins gave brighter
signals than the singly tagged proteins;
and the transformed pf14+ strains, in
which the tagged proteins have to com-
pete with untagged protein for assem-
bly into flagella, showed less intense
staining than the corresponding trans-
formed mutant strains.

CD-Tagging the Ubx Gene of
Drosophila Melanogaster

The Ubx gene of Drosophila mela-
nogaster contains 3 introns and 4 ex-
ons. It encodes a primary transcript of
about 77 kb that is alternately spliced in
a tissue- and stage-specific manner to
yield six different protein isoforms that

function as transcription factors (17,
20). A P-element containing a Ubx
minigene with shortened introns mea-
suring 0.5, 1.3 and 2.9 kb (27) was CD-
tagged at the XbaI site in intron 3 to
produce an element whose structure is
shown in Figure 6. Since Intron 3 is a
constitutively spliced Class 1 intron
that interrupts the coding sequence be-
tween the first and second nucleotides
of a GGT codon (17,20), the CD-1 cas-
sette was expected to introduce the

guest peptide GRARYPYDVPDYATK-
ISG, containing the HA-epitope, into
the UBX protein. pUMG101-CD1
DNA was transfected into Schneider
cells along with plasmid pAKG1,
which provides expression of the S.
cerevisiae GAL4 protein to activate
transcription of the Ubx minigene. Af-
ter allowing 24 hours for expression of
the transfected DNA, the cells were
harvested and their proteins were sepa-
rated by SDS gel electrophoresis and
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Figure 7. Immunostaining of embryos expressing the CD-tagged Ubx minigene. Expression of the CD tag, detected by immunohistochemical staining with
monoclonal 12CA5, is visible as red-brown stain in cell nuclei of the nervous system in Panels B and D. (A, C) Untagged control. (B, D) CD-tagged germ line
transformants. (A) and (B) show ventral views, with anterior to the left. (C) and (D) show side views, with anterior to the right. 

Figure 6. Structure of the CD-tagged Ubx minigene. The structure of the P-element-mediated
germline transformation construct pUMG101-CD1 is shown as inserted into the Drosophila genome.
The 5′ and 3′ P-element ends are indicated by dark stippling. The white+ marker gene is indicated by
light stippling. The Ubx exons (5′ exon, mI, mII and 3′ exon) are indicated as black boxes. The CD tag
cassette CD-1 is indicated as a horizontally striped box with the guest exon in black. GAL4 UAS: up-
stream activating sequence responsive to GAL4 protein. hsp70 TATA: minimal promoter derived from
the Drosophila hsp70 gene. polyA: Ubx polyadenylation site. The arrows at the bottom of the figure rep-
resent the primary transcripts of the white and Ubx genes.
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blotted to nitrocellulose. When the
blots were probed with antibody
12CA5, an immunoreactive protein
band of the expected size was observed
(data not shown). 

Several Drosophila lines with germ
line insertions of pUMG101-CD1 were
obtained as described under Materials
and Methods. One of these, designated
CDT 1-11, was crossed to c1003, a line
that contains an insertion of the pGawB
enhancer trap vector (2) that previously
had been shown to express GAL4 pro-
tein in the embryonic nervous system
(27). Because GAL4 regulates the ex-
pression of the CD-tagged Ubx mini-
gene in CDT 1-11, it was expected that
progeny with both the Ubx minigene
and the pGawB enhancer trap would
express the Ubx minigene and therefore
accumulate epitope-tagged UBX pro-
tein in the embryonic nervous system.
This expectation was confirmed by im-
munostaining embryos derived from

the cross with the antibody 12CA5. The
stained embryos showed exactly the
predicted stage and tissue-specific pat-
tern of immunostaining (Figure 7). The
CD tag detected with antibody 12CA5
was expressed in the nervous system in
the same pattern as ectopic UBX pro-
tein that was expressed from the mini-
gene and detected with antibody
5C.2B; and within the stained cells it
was localized to the nuclei, as expected
and confirmed for the UBX protein
(Figure 7 and data not shown).

DISCUSSION

The results presented here demon-
strate that the CD-tagging method can
be used to epitope tag the products of
cloned genes. When both tagged and
untagged versions of the gene were pre-
sent in the cell, as was the case for the
Ubx construct and for the pf14+ Chla-
mydomonas constructs, the tagged pro-

tein was observed in the appropriate
cellular location. We anticipate that
codominance of this kind will be a fre-
quent property of CD-tagged genes. 

If CD-tagging is to be a generally
useful method, it must work with a
wide variety of genes; furthermore, the
tagged protein must frequently retain
biological function. Although we can-
not make empirical generalizations
based on the limited data presented
here, a number of strong arguments can
be made in favor of the expectation that
CD-tagged proteins will, in many cas-
es, retain biological function. There ex-
ists a very large body of experimental
data on conventional epitope tagging in
which an epitope-encoding sequence is
inserted in-frame into an expressed
cDNA, typically at or near the 5′ or 3′
end of the coding sequence. In recent
years numerous proteins have been
tagged in this way and shown to pos-
sess normal or nearly normal biological



function (for example, References 10,
13, 16, 21, 22). In addition, there are
many examples in the literature of pro-
tein fusions that have been shown to re-
tain activity for one or both members.
In a recently published study, for exam-
ple, a 3′ lacZ tag was randomly intro-
duced into yeast genomic DNA, and
over a thousand tagged clones were ex-
amined to identify those that showed
specific localization of the β-galactosi-
dase fusion protein within the cell (4).
Approximately 10% of the clones
showed such localization, even though
most of the fusion proteins carried sub-
stantial C-terminal deletions and all
carried a C-terminal addition of ap-
proximately 1000 amino acids.

Cassette Design Considerations

In designing the CD-1 cassette, one
of our goals was to maximize the likeli-
hood that splicing would occur as dia-
grammed in Figure 1. Thus, we gave
the guest exon a size that would not
present special challenges to the splic-
ing machinery, and we surrounded it
with sequences derived from introns in
two highly expressed Chlamydomonas
genes (the genes encoding α1 and α2
tubulin). The natural sequences were
altered at a few sites to create consen-
sus branch, acceptor and donor sites
and to increase the U+C content of the
polypyrimidine tract.  Because the CD-
1 cassette contains consensus splice
sites, it ought to function effectively
whenever the target intron also contains
consensus sites. If the target intron de-
parts significantly from consensus, as
do many alternatively spliced introns,
the outcome is less predictable. Since
most introns conform to consensus,
however, we expect that most of them
will in fact be suitable targets for CD-
tagging. Based on the similarity be-
tween Chlamydomonas splice sites and
those of other eucaryotes, we expected
that the cassette would function in
Drosophila, and this expectation was
confirmed. For the same reasons, we
anticipated that it would function in
mammalian cells as well; preliminary
experiments (data not shown) indicate
that this expectation was also correct.

Because all but the guest exon is
spliced out of the transcribed CD cas-
sette, there is great flexibility in terms

of what sequences can be placed in the
cassette arms; indeed, the non-exon
portions of the cassette ought to accept
almost any DNA sequences that do not
contain splice sites, including entire
functional genes that can be used for
selection or as reporters. In demonstra-
tion of this feature, we placed a 1252-
bp insert into the left arm of CD-1 to
produce an expanded cassette that con-
tains an entire functional npt1 gene—
i.e., we placed a new gene in one of the
two hybrid introns created by the CD-
cassette insert. When transformed into
Chlamydomonas this expanded cassette
functioned just as well as CD-1 itself.
We have also shown that when two cas-
settes are present in tandem, two guest
exons are inserted into the gene, lead-
ing to a protein containing tandem
guest peptides. There is no reason to
believe that three adjacent CD-cassettes
would not lead to a triple peptide tag,
etc. While our intent in designing the
CD-1 cassette was to minimally disturb
native protein structure and function,  it
should be clear to the reader that the
CD-tagging method can also be used to
intentionally engineer new and prede-
termined functions into proteins. 

If an intron in an uncharacterized
gene is tagged using the CD-1 cassette
described here, the probability of being
able to obtain a protein that could be
recognized by the 12CA5 antibody is
only one in three, because only one in-
tron in three will be Class 1. In order to
increase this probability to unity, we
have generated generated derivatives of
CD-1 which will tag Class 0 or Class 2
introns in such a way that the tagged
protein receives the HA epitope. We
have also generated polyclonal antisera
to the peptides (Figure 2c) encoded in
the other two reading frames of the CD-
1 guest exon. Using these new sera we
are able to detect tagged proteins no
matter what class of intron receives the
CD-1 cassette.

Gene Discovery

We have shown that CD-tagging
provides a new means to tag the prod-
ucts of cloned genes. But the technolo-
gy’s greatest utility, we believe, will be
in the realm of gene discovery. Unlike
gene discovery methods in current use,
CD-tagging can be used to discover

genes through a primary screen at the
true level of function for most genes—
the protein level. With this approach,
the very process by which a gene is dis-
covered provides specific empirical
information about its biological func-
tion. This is a very significant advan-
tage over current methods that rely on
sequence homologies, rather than ex-
perimentation, to infer the possible
functions of new genes. We envisage
tagging the genome at numerous ran-
dom sites, either directly (using retrovi-
ral or transposon vectors containing the
CD-cassette, for example) or indirectly
(introducing the CD-cassette into a
phage or cosmid library using an ap-
propriately designed bacterial transpo-
son and transforming the tagged library
into eucaryotic cells, for example), and
then screening individual tagged clones
or organisms for the presence of tagged
protein. Many primary screens—such
as radioimmunoassays, flow cytometry
or ELISAs—are possible. If the prima-
ry screen is light microscopy of immu-
nostained cells or organisms, as in this
paper, then for each new gene the cellu-
lar and/or subcellular location of its
product would be learned in conjunc-
tion with its discovery. Having identi-
fied tagged cells or organisms of inter-
est, one could then take advantage of
the unique nucleotide tags in the tran-
script and gene for cloning and se-
quencing (using reverse transcription
polymerase chain reaction [RT-PCR],
for example), and, likewise, one could
take advantage of the guest epitope to
affinity-purify and analyze the gene
product.

Of course, not every cell with a CD-
cassette in its genome will express an
epitope-tagged protein—the cassette
must be in an intron, it must be in the
correct orientation and the gene must
be expressed at a sufficient level in the
cells that are screened. Nonetheless, we
expect that cells or organisms express-
ing the CD-tag will not be rare. We
have, in fact, commenced a CD-tagging
gene discovery endeavor in Drosophila
melanogaster using a P-element con-
struct to deliver the CD-cassette to nu-
merous locations in the genome. In a
significant fraction of the transposants
examined to date, we have observed
new patterns of embryonic immuno-
staining (data not shown).
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Finally, we emphasize that CD-tag-
ging is particularly well-suited for gene
discovery in intron-laden genomes such
as that of the human; indeed, the more
intron sequence a genome has, the
more effective the approach should be.
In addition, and in contrast to cDNA-
dependent methods for gene discovery,
CD-tagging favors the discovery of
large genes encoding large proteins, not
only because their total intron content
is high but also because they have many
introns per gene and thus provide nu-
merous distinct sites in the protein for
the guest peptide to go. 
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