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Abstract Two general approaches toward the identifi-
cation of new genes which may contribute to specific
developmental, physiologic, or pathologic processes can
be pursued: (1) a strategy of positional cloning or reverse
genetics and linkage analysis in which affected individ-
uals or families are studied to identify defective genes,
and (2) an immediately focused approach which uses
available partial information about a gene to screen
cDNA libraries toward the isolation and characteriza-
tion of the complete gene. The general principles that
form the basis of how these two strategies aid the gene
hunter in the pursuit of new genes is discussed. The
modern day urologist should become familiar with these
techniques and the promise they hold for the future
diagnosis and treatment of urologic diseases.
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Introduction

The pendulum has swung the other way! The old adage
that man is simply the product of his environment is not
entirely correct. As our understanding of genetics con-
tinues to evolve, it has become quite clear that an indi-
vidual’s genes also play an important role. Genes not only
dictate how we look physically, but they also influence
diverse processes including personality, aging, and dis-
ease that were previously attributed to the environment.
In fact, there is constant interaction between genes and
the environment. The environment may mediate some
effects through modification of gene expression (epige-
netic phenomena). Not only can genetic mutations cause
disease, but in addition they can even predispose or make
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us more susceptible to other diseases including cancer.
As urologists, it has become imperative that we develop
a better working knowledge of modern genetics.
Ultimately, abnormal gene function resulting in urologic
disease, including cancer, may be corrected by gene
therapy, thereby restoring the normal cell phenotype.

The size of the genetic blueprint for the human body
is immense. There are roughly 64 000 to 80 000 genes
scattered amidst 3 billion nucleotide bases [3, 12, 26].
Only 2% of the total bases make up protein-coding
portions of genes; the remaining 98% of total bases has
no known function and is sometimes referred to as junk
DNA [26]. To date, over 16 000 genes have been dis-
covered with 70-80 new genes being discovered each
month. As DNA sequencing technology continues to
improve, the rate of gene hunting will continue to in-
crease exponentially. The goal of the Human Genome
Project initiated in 1990 is to sequence the entire human
genome by the year 2005 at a cost of 211 million dollars
a year [21]. The impact of The Human Genome Project
will revolutionize medicine by laying the foundation for
new diagnostic and therapeutic technologies including
the ability to screen a person for thousands of genetic
diseases by applying one drop of blood onto a special
chip that can then be scanned by a computer. Using
currently available technology, sequencing of approxi-
mately 80 million bases will be completed this year.
Therefore, through new technology the annual produc-
tion rate is expected to and must reach 400-500 million
bases in just a few years if the human genome project
expects to realize its goal [22]. In addition to obtaining
the nucleotide sequence, these sequences must also be
analyzed to decipher the genetic code.

Because direct DNA sequencing is expensive, slow
and labor intensive, other gene hunting strategies have
emerged and are being conducted in parallel. For the
sake of simplicity, the genome can be considered anal-
ogous to a book where the chromosomes are chapters
and the genes are single sentences made up by nucleo-
tides containing the nucleotide bases adenine (A), gua-
nine (G), cytosine (C), and thymine (T) instead of the 26
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letter alphabet. Just like a sentence begins with a capital
letter and ends with a period, the sequence encoding a
gene begins with an ATG and ends with a UAA, UAG,
or UGA stop and a poly-A tail. Thus, even if the pa-
ragraph contains additional random letters, or junk
DNA, the sentences, or genes, can be found among the
letters because of their expected structure. Consequently,
two general approaches, which are not mutually exclu-
sive, are currently used to hunt for genes. One strategy,
which is in a sense somewhat of a ““shotgun approach”,
is called positional cloning, or reverse genetics. This
approach studies families who are affected by defective
genes and then by linkage analysis finds the chapter and
even the page that the putative diseased gene is located.
Once the location of the gene has been mapped to that
page of a chapter (subregion of a chromosome), then
candidate genes that are known to reside in this location
(sentences located on that page or even in a paragraph)
are studied to determine whether they may be the re-
sponsible gene (sentence) in question [8, 26]. A second,
more immediately targeted approach uses available
parts of or information about a gene to screen a cDNA
library [DNA copies of all the RNA messages from the
genes (sentences) in the genome (book)] to find a match,
to isolate or “‘clone” the gene, and then to obtain the
DNA sequence of the entire cDNA. As you will see,
both of these techniques merge together once the gene is
identified as genetic databases and maps will be queried
to determine whether the isolated (cloned) or mapped
candidate gene is known or is novel and is then char-
acterized. This current review seeks to introduce the
reader to the general principles that are the basis of how
these two strategies aid the gene hunter in the pursuit of
new genes related to specific developmental, physiologic,
or pathologic processes.

Positional cloning

Positional cloning is a powerful technique that assumes
that there is no functional information about the gene in
question and must locate the responsible gene on the
basis of map position [8]. Positional cloning begins by
linkage analysis of multiple affected families to identify
the subregion of a chromosome where the gene may lo-
cated. Then, genetic maps of known genes that reside in
that subregion are analyzed to see if one of these candi-
date genes may be the actual gene. The success and effi-
ciency of positional cloning depend on the quality of the
DNA markers and the number of genes already mapped
to that particular subregion of the chromosome [8§].

Gene linkage analysis

Clues to where a particular gene is located may be de-
rived from comparing the inheritance pattern of the
mutated gene with that of DNA markers which have
known chromosomal locations. The coinheritance, or

genetic linkage, of a given disease gene and DNA
marker suggests that they are physically close together
on the chromosome, hence ‘““linked.”” The genetic basis
to this principle is that during meiosis the DNA repli-
cates first within a cell committed to meiosis (DNA
copies go from 2N to 4N) resulting in sister chromo-
somes (chromatids) that are attached at the centromere.
In meiosis I, each set of homologous chromosome pairs
(one set from each parent) independently assorts in a
random fashion with respect to parental origin between
the two daughter cells. The DNA does not duplicate
again in these daughter cells (2N) in meiosis II, and like
mitosis, the centromere of each chromosome divides and
the sister chromatids segregate to form four germ cells
(IN) [15, 27]. With independent assortment of chromo-
somes, 22° different genetic combinations of germ cells
are possible. Further genetic diversity occurs through
another process called recombination. During meiosis I,
the homologous nonsister chromatids undergo DNA
crossover, that is, the breakage, swapping, and reunion
of pieces of DNA between the homologous chromo-
somes inherited from the mother and those inherited
from the father. The net result is two new hybrid chro-
mosomes are formed. The closer the physical proximity
of two gene loci, the less likely there will be a recombi-
nation event and the higher the probability that these
genes will be coinherited. Hence, the degree of linkage is
proportional to the distance between the gene (allele,
locus) and the DNA markers on a given chromosome.
These recombination events are measured in terms of
centimorgans (cM) one of which is equal to one
recombination event per 100 meioses. A rule of thumb
is that 1 cM represents approximately 10° base pairs of
DNA (1 Mb) [13].

By comparing the frequency of recombination be-
tween genetic DNA markers and the responsible gene,
the degree of separateness can be deduced and statisti-
cally analyzed to determine gene linkage. If the marker
and gene independently assort, then the gene and marker
are not linked. If they cosegregate, then they may be
linked. In linkage analysis, the coinheritance of the
marker and gene are followed within a nuclear family.
The probability that the observed inheritance pattern
could occur by chance alone, i.c., unlinked is calculated.
The calculations assume a particular degree of closeness
of the gene and marker, and the ratio of 2 probabilities
that no linkage versus a specified degree of linkage is
determined. This ratio is expressed as the odds for that
degree of linkage. As this ratio is logarithmic, it is de-
noted as Logarithm of the Odds, or LOD score. It is
generally accepted that if this ratio is greater than 3, then
the genes are linked with the odds being a 1000:1 chance
that the responsible gene and marker are linked [9].

Genetic markers are important for positional cloning

Once a particular region of the chromosome has been
identified by linkage analysis between known DNA



markers and the responsible gene, then the known can-
didate genes that reside in that region are implicated in
the disease. Unfortunately, of the 80 000 possible genes
only about 16 000 have been discovered and even fewer
mapped. Hence, for positional cloning to be successful it
is imperative that new genes are identified and mapped.
Although the Human Genome Project has taken on the
ambitious task of sequencing the entire human genome,
this is still 7 years away assuming they remain on
schedule. In the meantime, there have been some major
developments in approaches to gene identification, cat-
aloging, and mapping that have proven to be invaluable
to gene hunters using positional cloning.

Markers are sequences of DNA that have been
mapped to chromosomal locations that encompass the
entire genome with sufficient diversity between individ-
uals (polymorphic) to allow the founder’s alleles to be
distinguished from other family members. Interestingly,
the human genome differs slightly from individual to
individual, and these variations may be exploited to be
used as genetic markers. DNA sequences may be dif-
ferent in noncoding and coding regions alike. If the base
change occurs within the coding region resulting in an
abnormal protein, then this change represents a muta-
tion. In contrast, if this base alteration occurs in the
coding region with no functional consequence or if these
are base differences in the noncoding region, then this is
regarded as a polymorphism. The estimated frequency
of nucleotide variation outside the coding region may
approach 1:100 base pairs. These base changes may alter
restriction enzyme sites (specific sequences of four to
eight nucleotides that a bacterial enzyme recognizes and
cleaves or ““cuts” the DNA) so that the enzyme can no
longer cut at that specific site, leaving a larger residual
fragment of DNA following enzymatic digestion. An-
other form of DNA polymorphism is based on varia-
tions in the number of tandem repeated DNA sequences
lying between two restriction enzyme sites. The number
of tandem repeated units at these variable-number tan-
dem repeat loci (VNTR) varies between 11 and 60 bp
and may be different for each homologous chromosome.
Accordingly, a restriction enzyme cut may result in dif-
ferent sized fragments depending on the number of
VNTR between restriction enzyme cuts for each loci.
Collectively, these polymorphisms that result in different
sized chromosomal fragments following restriction en-
zyme digestion of the DNA have been called restriction
fragment length polymorphism (RFLP). If this change is
in one chromosome and not the other, then the two
chromosomes can be distinguished from one another in
such an individual. If heterologous, a short and long
piece of DNA is obtained during the digestion and the
patient is designated ‘“‘informative” at this locus since
this approach can be used for linkage analysis. On the
other hand, if homologous (same sized fragment for
both chromosomes) then the individual is not informa-
tive because the two homologous chromosomes cannot
be distinguished from one another. The RFLP can be
inherited like a gene being passed from generation to
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generation and can be used as a genetic marker. RFLP
maps are available for identifying candidate genes.

Currently, RFLP linkage studies have essentially
been replaced by polymerase chain reaction (PCR)-
based microsatellite DNA markers, the genetic DNA
marker of choice. Microsatellites are short tandem re-
peats of di-, tri-, or tetra-nucleotide repeats [4]. Com-
prehensive genetic maps have been developed containing
greater than 5000 microsatellite markers spanning across
the entire genome at a resolution of almost 1 ¢cM [10].
These maps are available from the Centre d’Etude du
Polymorphisme Humain and the Human Genome Da-
tabase. In essence, PCR primers that flank these mic-
rosatellites (tandem repeats) may be used to amplify the
region of a chromosome or the entire DNA genome. The
variable sized fragments are then separated by gel elec-
trophoresis and detected by radiolabeled probes [29]. If
linkage is established, then the disease gene can be
assigned to a rough chromosomal location spanning
1020 Mb of DNA. Then, additional microsatellite
markers that map in close proximity of the gene can
further delimit the location of the gene to a 1-Mb region.
Microsatellite markers are more abundant, easier to
analyze, and more informative than RFLP [9].

Help from expressed sequence tags

Once a cDNA is isolated or cloned, it has to be
sequenced. This is a laborious process that requires se-
quencing of tandem overlapping regions of DNA as
current sequencing technology can only provide quality
nucleotide sequence for 300400 bases at a time. DNA
sequencing must be performed forward (5° — 3") and
reverse (3° — 5') directions three separate times to be
considered accurate. Next, all of these short sequences of
300400 bp DNA, also known as contigs, have to be
reconstructed. The cost for sequencing a gene 2.5 kb in
size is approximately US$4000. As you can see, gene
hunters were truly in a rut as the cost was high and pace
of sequencing slow.

In 1991 an ingenious cost-effective approach to gene
hunting was reported by Adams et al. [2]. They selected
all the random cDNA clones and performed a single
automated sequencing read from one or both ends of the
cDNA insert. This new class of sequence of a small
fragment of the entire cDNA was termed expressed se-
quence tag, or EST. ESTs tend to be short, consisting of
400 bp and are relatively inaccurate with a 2% nucleo-
tide error rate. No attempt is made to characterize or
identify the entire sequence of the clone. It is also fully
recognized that there may be many redundant and
overlapping ESTs and sequencing artifacts including
vector (the bacterial host DNA) sequence or other con-
taminants, but the value of putting some sort of address
label on as many unknown ¢cDNAs (genes) as possible
was an important feat. In fact, these address labels have
been collated since 1992 into a database called dbEST
[7]. Merck & Co. and the Washington University
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Genome Sequencing Center had contributed 508 945
human EST sequences by 1997 to the dbEST database
[14]. Other groups have done the same so that currently
there are over a million ESTs in the dbEST database.
The number of ESTs placed in dbEST is expected to
double every 18 months [6, 25]. GenBank developed a
database search tool called BLAST which allows the
scientist to query sequence similarity either deduced
from a protein sequence or from another species against
dbEST [6]. Another group called the LM.A.G.E. con-
sortium has been instrumental in collecting EST cDNA
libraries, organizing these clones, and, for a small fee,
making these clones available to researchers for further
sequencing and characterization [18].

As there are only 80 000 genes, then there must be a
large number of redundant and overlapping genes rep-
resented in the dbEST database. In an attempt to reduce
redundancy, the Institute for Genome Research under-
took a large scale DNA fragment assembly project so
that similar ESTs, that is, gene address labels, were
merged to make up 62 808 partial DNA sequences called
tentative human consensus sequences (THC). However,
a further 175 563 ESTs remained unmatched [1]. Uni-
Gene took another approach. They arranged only 3" end
sequenced ESTs and known full-length mRNAs from
characterized genes into clusters that very likely repre-
sent distinct genes. Approximately 62 421 sets have been
formed, which gives a rough estimate of the number of
human genes found so far.

Although these approaches have been helpful in
providing organization to the exponentially growing
number of ESTs being entered into dbEST, it still does
not help the gene hunter using positional cloning tech-
niques. Rather, what is really needed is a mapped lo-
cation within the genome for each of these ESTs. To
overcome this problem, nonredundant sets of 3’ end
sequences ESTs from UniGene were distributed to a
Radiation Hybrid (RH) Consortium made up of the
Whitehead Institute for Genome Research, the Sanger
Center, the Stanford Human Genome Center, and the
Wellcome Trust Center for Human Genetics who to-
gether sought to map these ESTs. The RH Consortium
mapped the ESTs using radiation hybrid techniques and
designated the mapped ESTs as sequence tagged sites, or
STSs [24]. Over 16 000 STSs, roughly 16 000 individual
genes, or one-fifth of the total number of genes were
determined by this approach [26]. Given the density of
this new genetic map, there is a 1 in 5 chance that the
diseased gene will correspond to an EST that has already
been localized — an STS. Thus, modern gene hunting
strategies have centered around these STS markers and
their maps.

Summary of how gene hunting through
positional cloning is really done today

Positional cloning assumes that no functional informa-
tion about the gene exists; and therefore, the responsible

gene must be located on the basis of map position. The
first step in positional cloning is linkage analysis of many
affected families with multiple affected members. This
process begins with clear phenotype determination,
pedigree ascertainment, and obtaining DNA from these
family members for study. DNA is usually obtained
from blood samples by centrifuging the blood and iso-
lating the buffy coat containing the lymphocytes. The
DNA is then extracted from the lymphocytes. Next,
highly polymorphic microsatellite markers that span
1020 Mb are used to type the entire genome, or if
known, a specific chromosome. Computer-based statis-
tical analysis of the data is performed to determine
whether there is significant cosegregation between the
microsatellite markers and the diseased gene. If linkage
is established (LOD > 3), then the position of the dis-
eased gene has been localized to a subregion of a chro-
mosome spanning 10-20 Mb. Additional polymorphic
microsatellite markers are then used for that subregion
of the chromosome to increase the resolution to a 1-Mb
region. Now the putative gene locus must be identified,
so genetic maps are then consulted to see which genes
reside in this location. By definition, since function is not
known, all of these genes in this region are considered
candidate genes. Next, the gene hunter goes back to the
affected families for the following: (1) to determine the
presence of a mutation or change of gene expression for
any of these candidate genes; (2) to confirm that the
candidate gene has the same inheritance pattern as the
disease; and (3) to show that the mutation is not a
polymorphism found within the general population [§].
If these criteria are satisfied, then the gene and its lo-
cation have been found. Today, gene hunters have be-
come quite efficient and quick in finding candidate genes
for diseases. For example, Wooster et al. [31] were able
to map and clone the entire BRCA2 (breast cancer
gene 2) in a span of 2 weeks! Important genes that have
been found or pursued using positional cloning include
the von Hippel-Lindau disease tumor suppressor gene
(Fig. 1) and recently the hereditary prostate cancer
1 gene (HPC1) locus was mapped to chromosome 1q by
using segregation analysis of high-risk prostate cancer
families [17, 28].

Fig. 1 Pedigree of a family affected with von Hippel-Lindau disease.
Filled circles represent affected individuals. Hatched circle represents
an individual predicted to be affected (From [17].)



Specific target gene cloning

In contrast to positional cloning strategies for gene
hunting when no information is known about a gene,
some clues to the structure and function of a gene may
already be available. Genes which contribute to a de-
velopmental, physiologic, or pathologic process may be
implicated at the level of expression, that is at the level
of RNA and protein expression. For example, at the
RNA level, gene expression may be relatively increased
or decreased in the normal compared with the malignant
state due to gene amplification, deletion, or mutation.
Changes in gene expression may also be due to increased
transcription of the messenger RNA from the DNA or
due to changes in RNA stability which leads to increased
or decreased breakdown of the RNA. Likewise, protein
expression may increase or decrease due to changing
levels of messenger RNA expression, changes in protein
stability due to mutations, or changes in the expression
of enzymes which degrade the protein. Isolating a gene
directly from the genomic DNA can be relatively diffi-
cult since an allele may be found once within the whole
genome. In contrast, RNAs are often expressed at high
levels in specific tissues and relative to other genes within
the tissue. An example of this is testosterone production
in the testis. The identification of a tissue in which a gene
is expressed at high levels dramatically increases the
likelihood of isolating the RNA for that gene. The RNA
can then be used to isolate the gene DNA from the rest
of the genome.

cDNA library screening

As described below, many techniques to identify im-
portant new genes such as ddPCR (see below) and de-
generate PCR provide only a partial cDNA sequence of
a gene which must then be used to isolate the full length
cDNA from a cDNA library. In other cases, no nucleic
acid sequence may be known but the protein may be
available. A full or partial peptide sequence can be ob-
tained from the protein and based on that sequence a
corresponding nucleic acid can be synthesized. Because
several amino acids may be coded for by more than one
codon the nucleic acid sequence cannot be exactly pre-
dicted. However, a potential nucleic acid sequence can
be predicted, a corresponding nucleic acid synthesized
and then used to probe a cDNA library.

In mammalian cells, a DNA template is required for
DNA polymerase to duplicate DNA prior to cell divi-
sion. Of the estimated 80 000 genes in the human ge-
nome only approximately 15% are expressed at any one
time within an individual cell. The ability to follow
changes in gene expression at the RNA level is based on
the discovery that RNA viruses are capable of replica-
tion using an enzyme called reverse transcriptase. Re-
verse transcriptase is able to transcribe cDNA using an
RNA template [5, 30]. Scientists use reverse transcrip-

365

tase to transcribe collectively cDNAs from RNA which
has been isolated from an organ, a tumor, or tissue
culture cell line. Recently, techniques using laser-assisted
microdissection have been developed allowing the iso-
lation of RNA from single cells as they progress from a
normal to malignant phenotype [11]. Each cDNA is then
inserted into the DNA of a bacteriophage virus such as
lambda (A) forming a clone. The collection of all the
cDNA clones is called a library. When the A library is
cultured with bacteria on an agar plate, a single phage
infects a single bacterium, replicates, lyses it, and then
infects and lyses more bacteria around it forming a bare
region or plaque. The cDNAs, still within the A DNA,
can then be transferred by capillary action to a nylon
filter. Many cDNA libraries are now constructed di-
rectly in the bacterial DNA without requiring the use of
the A phage. Utilizing these methods, cDNA libraries
which are enriched for genes preferentially expressed
within specific tissues are developed. Partial nucleic acid
sequences obtained through any method can be labeled
with a radioactive isotope and then hybridized to filters
from a cDNA library. The plaques which hybridize
strongly to the probe are then isolated from the agar,
expanded, and sequenced to confirm that they contain
the probe sequence and to determine whether they
represent the full length cDNA sequence.

In situations where no nucleic acid or peptide se-
quence is known, an antibody to the protein product of
the gene of interest may be available. When a cDNA
library is constructed, the cDNAs can be inserted into
the bacterial DNA in the correct orientation and in the
correct reading frame such that the cDNA is expressed
in the bacterium under the control of a gene normally
expressed in the bacterium. This results in the produc-
tion of a hybrid or fusion protein which is a combination
of the bacterial and the inserted cDNA gene sequence.
This type of library is called an “‘expression library.”
The library filters can then be screened with the available
antibody to detect which phage or plasmid is producing
the protein.

Yet another method to screen a library may be based
on the functional interaction of the fusion protein if
interaction of the protein of interest with other cellular
or extracellular proteins has been previously character-
ized. The cDNA expression library filters may be
screened with a radioactively labeled protein probe. For
this type of screening, the protein must not only be ex-
pressed by cDNA clones within the E. coli expression
library, but the normal interaction between the proteins
must be maintained under the experimental conditions.
Therefore, this method of library screening is somewhat
more complex. Some proteins may not be functionally
expressed in bacteria such as E. coli. They may require
expression in mammalian cells such as COS or other
specific cell types due to unknown factors. cDNA plas-
mids may also be successfully transfected into and ex-
pressed in mammalian cells. The protein expression by
individual cells containing the appropriate plasmid may
be selected for in culture utilizing specific antibody cell
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sorting through a technique known as panning. The cells
expressing the protein can then be expanded, the plas-
mid isolated from the cells, and transfected into bacteria
for expansion and sequencing.

Identification of preferentially expressed genes

The identification of preferentially expressed genes may
be accomplished utilizing several different methods. One
of the first methods developed is called differential hy-
bridization. For example, to identify genes increasing in
expression in benign prostatic hyperplasia (BPH) com-
pared with normal prostate, a cDNA library from BPH
and a library from normal prostate could be construct-
ed. The BPH phage library would be plated and trans-
ferred to duplicate sets of filters. One set of filters would
then be probed with radioactively labeled cDNA from
normal prostate and one set with radioactively labeled
cDNA from BPH. Plaques which only hybridize to the
BPH library represent genes that are expressed in BPH
and not in the normal prostate. The individual plaques
can then be retrieved from the agar, cultured in bacteria
to expand the amount of cDNA available, and then
sequenced to determine known or previously unde-
scribed genes that are preferentially expressed in BPH
compared with normal prostate cells.

A newer technique to identify preferentially expressed
genes called differential display polymerase chain reac-
tion (ddPCR) has been described by Liang and col-
leagues [19, 20]. In this technique, reverse transcriptase
and ‘‘oligo-dT” which is a PCR primer with 12-18
thymidines in sequence which anneals or attaches to the
long adenine tail of mRNA are used to transcribe
cDNAs within two different tissues or cell lines. For this
purpose, the oligo-dT primer ends in either a one- or
two-based anchoring adenine, guanine, or cytosine so
that a cDNA is created from only a subset of the genes
expressed in the tissues. The second, or upstream primer
is an eight-nucleotide random primer. Mathematically, a
combination of these three primers and 80 of the 8 nu-
cleotide random primers would amplify every possible
c¢DNA in the human genome. Each pair of primers will
amplify approximately 50-100 mRNAs. A PCR reaction
including [e<-*>S]JdATP is performed using a single ran-
dom primer and the same oligo-dT primer to amplify the
cDNAs. They are then electrophoresed through a
polyacrylamide gel to separate each cDNA, the gel
dried, and exposed to radiographic film. cDNAs which
are displayed at increasing or decreasing intensity be-
tween samples represent genes which are changing in
expression (Fig. 2). These bands can be isolated from the
gel, reamplified, cloned into a plasmid vector, se-
quenced, and searched against databases to see if they
are known or unknown genes. Confirmation of their
differential expression by northern analysis is usually
performed. ddPCR frequently generates only a partial
cDNA sequence. Therefore, if the gene is truly differ-
entially expressed and not previously characterized, the

Fig. 2 Example of differential display PCR gel. The arrow indicates a
gene with markedly different expression between tissues

partial cDNA may then be radioactively labeled and
used to screen a cDNA library to obtain a full length
cDNA for further characterization.

More recently, the Cancer Genome Anatomy Project
(CGAP) was initiated with the goal of achieving the
comprehensive molecular characterization of normal,
precancerous, and malignant cells. In the initial phase of
the CGAP, efforts have been focused on lung, colon,
ovarian, breast, and prostate cancer. cDNA expression
libraries from microdissected tissues have been con-
structed and the sequences entered into public databases
including dbEST. Several prostate libraries including
normal prostate, BPH, prostatic intraepithelial neopla-
sia, and prostate cancer have been developed [16].
“Digital differential display” of gene expression may
now be performed electronically through the CGAP



World Wide Web site to analyze changing expression
patterns of specific genes between normal, malignant,
and cancerous tissues. The techniques of ddPCR and
differential EST analysis have recently been combined to
identify genes involved in prostate cancer metastasis
[23]. Utilizing this approach to compare several prostate
cancer cells lines and normal prostate epithelium, tran-
scription of the extracellular matrix protein hevin was
downregulated in transformed prostate epithelial cells
and metastatic prostate adenocarcinoma. This finding
was confirmed by northern analysis and in situ hybrid-
ization studies. This type of technology represents a
powerful new methodology for rapid identification of
changes in gene expression which may prove important
in our understanding of myriad urologic diseases.

Another strategy to identify new genes which are
related to a known gene but unique to a specific tissue
that may be a new member of a large family of genes
also involves PCR methods. This strategy involves de-
signing PCR primers based on a portion of sequence
such as a phosphorylation or enzymatic site or region of
a receptor that is consistently observed in the previously
described family members. Alternatively, it may be a
portion of sequence that is highly conserved between
species. These primers are then used to amplify RNA or
DNA from a new tissue or species. The PCR nucleic
acid products obtained can then be cloned into a plas-
mid vector and sequenced to determine if they are un-
ique. In many cases, an interesting gene may have been
identified through studies in a different or less complex
organism than humans. For example, a particular
phenotype or characteristic may have been observed
during the breeding of Drosophila (fruit flies). A muta-
tion in a particular gene may then be identified that
accounts for the observation. At that point, whether the
gene is conserved and its function in other species such
as humans becomes of major interest. In this way, a
cDNA sequence identified from one species may be
used as a probe to screen a cDNA library of another
species.

Summary of gene hunting through specific target cloning

When clues to a candidate gene structure or function are
available, they can be used to obtain more information
from a cDNA library. All ¢cDNA library screening
methods require some unique information about the
gene of interest to allow its isolation from the thousands
of other genes expressed in the cell. This information
may be as little as a small portion of the nucleic acid
sequence obtained from ddPCR or based on a peptide
sequence or as much as a complete cDNA sequence
obtained from a different species which can be utilized as
a probe for the cDNA library. Alternatively, at the
protein level, a unique gene protein product epitope
recognized by a specific antibody or a protein—protein
interaction with another radioactively labeled known
protein is required to successfully screen a cDNA library.
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After obtaining the cDNA the real characterization of
the gene begins (Fig. 3).

Structural and functional characterization of a gene

Once a cDNA isisolated from a cDNA library, it must be
sequenced in its entirety and the sequence compared
against available nucleic acid sequences to determine
whether the sequence has been previously reported or
remains novel. The approximate expected full length
cDNA size may be predicted from the cDNA length
in another species and through northern analysis of
10-20pg of total cellular RNA which is electrophoresed
and probed with the available partial cDNA. In addition,
RNA is obtained from several other species and probed
with the cDNA probe to determine whether the protein
may be conserved between species. The cDNA sequence
must be compared with a similarly isolated genomic DNA
insert to identify intron/exon junctions. In addition,
computer analysis to determine possible peptide se-
quences dependent on the translation reading frame may
be performed to elucidate any protein motifs in common
with other known proteins. Since protein translation is

| ? Gene ? |

No Clues Clues

Partial cDNA
Isolated Protein
Antibody to Protein

Positional Cloning oy
rotein Assay

!

Gene Linkage
Mapping and Isolation cDNA Library Screening
l Clone Isolation
Confirm Inheritance

in affected families

Clone Sequencing

!

Characterization

Fig. 3 Flow diagram summary of the primary steps in positional
cloning and more immediately targeted approaches to gene hunting
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Table 1 Selected Internet molecular biology sites

Cancer Genome Anatomy Project
BLAST Sequence Search
Foundation Jean Dausset CEPH
Human Genome Project
ILM.A.G.E.

http://www.ncbi.nlm.nih.gov/ncicgap/
http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST /nph-last?Jform = 1
http://www.cephb.fr/bio/ceph-genethon-map.html
http://www.ornl.gov/TechResources/Human_Genome/home.html
http://www-bio.llnl.gov/bbrp/image/image.html

Merck Gene Index

Molecular Biology Computation Resource
Multiple Sequence Alignments

National Center for Biotechnology Information
Sequence Utilities

Stanford Human Genome Center

UK MRC HGMP-Resource Center

Unigene

http://www.merck.com/!"uWJImV1oqauWJImqOoUl/mrl/merck_gene_index.2.html
http://mbcr.becm.tmc.edu/databases.html
http://dot.imgen.bem.tmce.edu:9331/multi-align/multi-lign.html
http://www2.ncbi.nlm.nih.gov/genbank/query_form.html
http://dot.imgen.bcm.tme.edu:9331/seq-util/seq-util.html
http://www-shgc.stanford.edu/

http://www.hgmp.mrc.ac.uk/homepage.html
http://www.ncbi.nlm.nih.gov/UniGene/Hs.Home.html

initiated at a methionine (AUG) codon and because it is
possible for a gene to have one or more translation start
sites, a complete cDNA will necessarily contain one or
more ATGs at its translation start site. Protein transla-
tions based on the ATG sites are performed to determine
the longest possible reading frame before reaching a stop
codon. Itis quite apparent that ready access to a computer
terminal with Internet capabilities has now become part
of essential standard laboratory equipment. A list of
several commonly used Internet sites for the modern
laboratory is provided in Table 1.

Defining the structural characteristics of a gene is
interesting and important, but the gene function must be
delineated to ultimately determine its specific role in the
developmental or pathologic process. Although a gene
may appear to be primarily expressed within a specific
tissue or process, upon further investigation it is usually
expressed over a range of levels in several tissues or cell
types. The timing (temporal) and location (spatial) ex-
pression of a gene can provide some initial clues to its
potential function. Transfection studies of the gene into
tissue culture cell lines can be utilized to investigate the
effects of overexpression on numerous cellular processes
including growth rate, differentiation, and tumorigeni-
city. Alternatively, antisense experiments which abro-
gate the function of the gene within cells may also
suggest a gene function. Although many clues to gene
function may be obtained from in vitro studies, in vivo
experiments utilizing transgenic mice in which a gene
is either overexpressed or “knocked out” in a living
organism may be required to determine the ultimate
functional role of a gene.

Conclusions

Through this review, the reader has been introduced to
two general principles that are the basis of how re-
searchers pursue new genes which may contribute to
urologic disease: (1) a “shotgun” type of strategy called
positional cloning or reverse genetics and linkage anal-
ysis which studies affected individuals or families to
identify defective genes, and (2) an initially focused ap-
proach which uses available partial information about a
gene to screen cDNA libraries toward the isolation and

characterization of a gene. Although once entirely fu-
turistic, glimpses of identifying patients with a genetic
predisposition to urologic disease, predicting the prob-
ability and rate of further disease progression after a
diagnosis has been determined based on molecular
markers, and of treating urologic diseases through re-
storing normal gene function and/or regulation are now
on the horizon. Although the majority of urologic sur-
geons will not be “gene hunters” who participate in the
identification and characterization of these new molec-
ular markers, they will play an important role in con-
firming the clinical utility of these new tests, explaining
the implications to colleagues and patients, and in
implementing new treatment techniques and strategies
based on this information. Therefore, familiarity with
these techniques and the promise they hold for the di-
agnosis and treatment of urologic disease is imperative
for the modern day urologist.
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