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Abstract

In our search for genomic regions that are involved in the development of gastric cancer, we recently identified a 2-cM minimal
region of overlapping heterozygous deletions in 6q16.3-q23.1. Here, we describe an application of the suppression subtraction
method (SSH) to search for genes in this small region of the genome, taking advantage of the fact that many human genes present

on yeast artificial chromosomes (YACs) are expressed in yeast. Subtraction was performed with two virtually contiguous YACs
that cover a region of approximately 2.5 Mb. Combined forward and reversed subtractions resulted in the identification of 12
clones of human origin, all of which could be confirmed by sequence analysis as originating from the 6q21 region. Expression in

human tissues could be confirmed by Northern analysis for two of the clones, one of them showing a high level of expression in
stomach tissue. # 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In our search for genomic regions that are involved in
the development of gastric cancer, we recently identified
a 2-cM minimal region of overlap of heterozygous
deletions in 6q16.3-q23.1 [1]. As long as the DNA
sequence in many parts of the human genome has not
been completed and annotated, one still has to use
experimental methods to search for genes in such a lim-
ited genomic region. These methods include direct
screening of cDNA libraries, methods of PCR-based
cDNA selection, cross-species sequence homology sear-
ches, screening for CpG islands, exon trapping strate-
gies and screening for splice sites (reviewed in Ref. [2]).
Although all of these methods can be useful in the
identification of genes, some are very laborious and

time-consuming. There is also a variety of methods
allowing the identification of differentially expressed
genes, such as cDNA subtractive hybridisation (SH)
(reviewed in Ref. [3]), differential display (DD) [4],
representative difference analysis (RDA) [5], serial ana-
lysis of gene expression (SAGE) [6] and suppression
subtractive hybridisation (SSH) [7]. These latter meth-
ods, however, analyse complete genomes instead of
restricted regions. In this study, we describe the appli-
cation of a subtraction method to analyse a small region
of the genome. Our strategy took advantage of the fact
that many human genes present on yeast artificial chro-
mosomes (YACs) are expressed in yeast [8]. Thus, in a
cDNA subtraction protocol using two yeast clones that
contain different recombinant YACs, the resulting pool
of cDNAs will be enriched for genes localised on the
human inserts of the YACs. Among the various sub-
traction methods available, we chose the SSH strategy
[7,9] to analyse the gene contents of two YACs from the
2-cM smallest region of overlap of heterozygous dele-
tions in gastric cancer.
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2. Materials and methods

2.1. Isolation of RNA and DNA from yeast

Yeast cells containing different CEPH YACs were
grown for 48 h at 30 �C. Total RNA was isolated
according to the RNAzolTM B procedure (Campro Sci-
entific, Veenendaal, The Netherlands). Poly A+ RNA
was obtained using a mRNA purification kit (Amer-
sham Pharmacia Biotech, Uppsala, Sweden). DNA was
isolated by standard salt-chloroform extraction [10].

2.2. Suppression subtractive hybridisation

First-strand cDNA was synthesised from 2 mg of poly
A+ RNA using AMV reverse transcriptase from Clon-
tech’s PCR-SelectTM cDNA subtraction kit. Subtrac-
tion was performed according to the instructions of
Clontech’s PCR-SelectTM cDNA Subtraction kit,
(Clontech, Palo Alto, USA), with the following mod-
ification: diluted cDNAs (subtracted and unsubtracted
samples) were further diluted 50� before the primary
polymerase chain reaction (PCR). PCR products were
subcloned into pCRTM II using a TA Cloning kit (Invi-
trogen, Carlsbad, USA). The transformed bacteria were
plated on selective plates and white colonies were selec-
ted randomly, resulting in two cDNA libraries, specific
for the forward and reverse subtractions, respectively.

2.3. Subtraction efficiency

Primers for the yeast housekeeping gene ZWF1
(encoding glucose-6-phosphate dehydrogenase, acces-
sion no. M34709) were designed in order to check the
depletion of non-differentially expressed sequences. Pri-
mer sequences were: forward 50-GGATTCCAGAG
GCTTACGAG-30, reverse 50-GGGTGCTTTTCGGG
CATAAC-30, resulting in an amplicon of 232 bp.
Amplification was for 30 cycles with denaturation at
94 �C for 0.5 min, annealing at 58 �C for 0.5 min, and
extension at 72 �C for 2 min. The initial denaturation step
at 94 �C and the final extension at 72 �C lasted for 3 min.

2.4. Differential screening

Inserts of the selected colonies were amplified by
touch-PCR. The PCR was carried out in a 25-ml reac-
tion volume containing 10 mM Tris–HCl (pH 8.0), 50
mM KCl, 1.5 mM MgCl2, 200 mM of each deoxy-
nucleotide triphosphate, 0.4 mM of each primer (M13
forward 50-GTAAAACGACGGCCAG-30; M13 reverse
50-CAGGAAACAGCTATGAC-30), and 0.5 U of Taq
DNA polymerase (Amersham Pharmacia Biotech).
Amplification was for 30 cycles with denaturation at
94 �C for 0.5 min, annealing at 50 �C for 0.5 min, and
extension at 72 �C for 1.5 min. The initial denaturation

step at 94 �C and the final extension step at 72 �C lasted
for 3 min. Part of the PCR product (7 ml) was analysed
on a 2% agarose gel. PCR products were denatured by
the addition of an equal volume of 0.5M NaOH, and
3-ml aliquots were dot-blotted on nylon membranes
(Hybond-N+; Amersham Pharmacia Biotech). Of each
filter, four identical copies were made. DNA was cross-
linked to the membranes by incubation at 80 �C for 2 h.
Membranes were hybridised with both non-cloned sub-
tracted cDNA pools. cDNA clones that hybridised pre-
dominantly with the cDNA pool from which they
originated, were considered specific for that cDNA
pool.

2.5. Southern and northern analysis

Inserts from the selected clones were hybridised to
Southern membranes containing EcoRI digests of
human DNA, DNA from the two YACs used in the
subtraction (Y776A5, Y785D2) and from YACs over-
lapping with them (Y798G12, Y911F5). DNA from
YAC 915E4, mapping to distal 6q was used as negative
control. The inserts were labelled with 30 mCi [a-32P]
deoxycytidine triphosphate (dCTP) by random primer
labelling. Probes and Southern membranes were pre-
hybridised with 10 and 15 mg human Cot-1 DNA (Gib-
coBRL, Life Technologies), respectively. Hybridisation
was overnight at 65 �C in a buffer containing 0.5M
NaHPO4 (pH 7.0), 7% SDS, and 1 mM ethylene dia-
mine tetraacetic acid (EDTA). Four washings, with
solutions of decreasing stringencies (2�SSC (150 mM
NaCl, 15 mM Na3 citrate, pH 7.0)/0.1% sodium dode-
cyl sulphate (SDS); 1�SSC/0.1% SDS; 0.3�SSC/0.1%
SDS; 0.1�SSC/0.1% SDS, respectively), were used at
65 �C. The cDNA clones were hybridised to commer-
cially available multiple-tissue Northern blots that con-
tain mRNA samples from stomach, thyroid, spinal cord,
lymph node, trachea, adrenal gland and bone marrow
(Clontech), following the supplier’s instructions.

2.6. Sequencing analysis

Selected clones were sequenced using an ABI PrismTM

377 DNA Sequencer (Applied Biosystems, Foster City,
USA) and M13 primers from the pCRTM vector. The
cDNA sequences were compared with the available
databases using the basic local alignment search tool
(BLAST) (http://www.ncbi.nlm.nih.gov) and the local
alignment tool at the UCSC (University of California at
Santa Cruz) website (http://genome.ucsc.edu) searches.

3. Results

From the Whitehead Institute database, 4 YACs were
selected that according to their sequence tagged site
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(STS) marker content mapped within the 2-cM smallest
region of overlap (SRO) of heterozygous deletions [1].
YAC 776A5 (990 kb) contains marker D6S278 flanking
the SRO on the proximal side and markers D6S1594
and WI1240 that map within the SRO. YAC 785D2
(1370 kb) contains the markers WI3490 and D6S1647
that also map within the SRO. The STS content of each
YAC was confirmed by PCR (data not shown). YACs
were tested by fluorescent in situ hybridisation (FISH)
to be non-chimeric. The relative position of the YACs
as depicted in Fig. 1 is based on their STS content.

3.1. cDNA subtraction and differential screening

The two virtually contiguous, but non-overlapping,
YACs 776A5 and 785D2 were used for subtraction.
Forward and reverse subtractions were performed in
parallel, with Y776A5 as the tester in the forward sub-
traction and Y785D2 as the tester in the reverse sub-
traction. The efficiency of the subtraction was assessed
by determining the abundance of the yeast ZWF1 gene,
a housekeeping gene, in the cDNA pools. When the
unsubtracted and the subtracted cDNA pools were
subjected to PCR using ZWF1 gene-specific primers, a
PCR product with the expected length was obtained
only for the unsubtracted cDNA pool (Fig. 2a). This
indicates that the subtraction step had indeed resulted in
the depletion of the yeast ZWF1 gene. After subcloning
of the subtracted cDNA populations, two libraries of
192 cDNA clones each were generated, corresponding

to the forward and the reverse subtraction, respectively.
The inserts of the clones, as determined by touch-PCR,
varied in length between 100 and 800 bp. Seven out of
the 384 clones had no insert.
In the differential screening, the membranes that car-

ried the dot-blotted inserts of the cloned cDNAs were
subsequently hybridised with the two cDNA pools
resulting from the forward and reversed subtractions.
Clones were considered specific for the cDNA pool
from which they were derived, when a strong hybridi-
sation signal with that cDNA pool was observed in
combination with absence of a signal or a very faint
hybridisation signal with the other cDNA pool. Inserts
from the clones selected by the differential screening
were hybridised to the dot-blotted cDNA libraries to
identify identical clones. The 30 clones that were selec-
ted for further analysis appeared to represent 21 inde-
pendent clones (Tables 1 and 2).

3.2. Analysis of the selected clones

All selected clones were hybridised to EcoR1-digested
human placenta DNA, to EcoR1-digested DNA from
the YACs that were used in the subtraction, and to
EcoR1-digested DNA from two other YACs that were
overlapping with them. An example of such an analysis
is shown in Fig. 2b. Hybridisation of clone BKR4,
selected from the forward subtraction, to human DNA
resulted in a single hybridising band of approximately 9
kb. When the same clone was hybridised to the two

Fig. 1. Schematic representation of the yeast artificial chromosome (YAC) contig in the 6q region and location of the human clones relative to the

YACs.
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YACs used in the subtraction, a single band of the same
size as for human DNA was detected in the tester YAC
(Y776A5), but not in the driver YAC (Y785D2). A
band with the same size was also observed in Y798G12
that partly overlaps with Y776A5. Data from the
Southern analysis of the selected clones are summarised
in Table 1 for the forward subtraction and in Table 2
for the reverse subtraction. In total, four out of seven
clones of the forward subtraction gave rise to a unique
band when hybridised to human DNA and to a band of
similar size when hybridised with the tester YAC
(Y776A5). The remaining three clones did not give a
signal with human DNA, but gave specific and identical
bands with all YACs.
In the reverse subtraction, eight out of 14 clones gave

rise to a unique band when hybridised to humanDNA. All
these eight clones gave a band of similar size when hybri-
dised with the tester YAC (Y785D2). For the remaining
six clones, a specific signal was seen in the hybridisation to
all YACs, but not in the hybridisation to human DNA.
Hybridisation of the clones to the set of four YACs gave

us some information about the position of these clones
within the YAC contig. A schematic representation of
the physical location of the clones is depicted in Fig. 1.
Comparison of the sequences of the 12 human clones

(BKR1–BKR12) to the BLAST and BLAT databases

did not reveal any homology to known genes. However,
all clones did show an almost complete identity with
sequences from 6q21 and mapped within a 2.5-Mb seg-
ment. As a first approach to verify that the selected
clones indeed represented sequences that are transcribed
in (a subset of) human tissues, we hybridised their
inserts to multiple-tissue Northern blots. For seven
clones no signal was observed. Clone BKR8 from the
reversed subtraction was not subjected to Northern
analysis since the comparison of its sequence with the
database showed a high degree of homology with
LTR7-HERVH elements. For clone BKR1 of the for-
ward subtraction, a signal was repeatedly found only
with trachea mRNA (Fig. 3). The length of the mRNA
recognised by clone BKR1 is approximately 2 Kb.
Clone BKR12 from the reversed subtraction detected a
mRNA of approximately 1.2 Kb in all samples present
on the membrane (Fig. 3). The strongest signal was
observed for stomach and adrenal gland.

4. Discussion

Our previous study on allelic imbalances in 60 gastric
carcinomas with 19 microsatellite markers predominantly
from 6q16-q23, resulted in the identification of a smallest

Fig. 2. (a) ZWF1 depletion after subtraction of yeast artificial chromosomes (YACs) 776A5 and 785D2. Lanes 1 and 2, amplification with ZWF1-

specific primers of unsubtracted cDNA from 776A5 (tester) and 785D2 (tester), respectively; lanes 3 and 4, amplification with ZWF1-specific primers

of subtracted cDNA from 776A5 (tester) and 785D2 (tester), respectively; lane 5, genomic DNA from YAC 785D2; (b) Southern analysis of clone

BKR4 from Y776A5. Lane 1, Y915E4 (6q27); lane 2, Y776A5; lane 3, Y785D2; lanes 4 and 5, total human DNA; lane 6, Y798G12; lane 7, Y911F5

(all samples digested with EcoR1).

Table 1

Southern analysis data of selected clones from the forward subtraction (tester Y776A5)

Clones GenBank

accession no.

Size

(bp)

Human

placenta

Size

(kb)

Y776A5 Y785D2 Y798G12 Y911F5 Y915E4 Similar

clones

BKR1 AF439961 364 + 5.0 + – – – – n=5

26 � – – – + + + + + –

52 � – – – + + + + + –

63 � – – – + + + + + –

BKR2 AF439962 584 + 12.0 + – + – – n=1

BKR3 AF439963 282 + 7.0 + – – – – n=0

BKR4 AF439964 480 + 8.5 + – + – – n=6
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region of overlap of heterozygous deletions of approx. 2
cM [1]. Instead of trying to narrow down the region by
increasing the number of tumours or by including more
markers, we decided to assemble a YAC contig for this
region as a starting point for a gene search. The reason
to search for genes on these YACs is the fact that the
published human sequence still contains large gaps, also
in the D6S278–D6S1647 region. Moreover, as our
results also appear to indicate, it is likely that not all the
human genes have been identified yet, or accurately
annotated to the human genome working draft
sequence. Thus, there is still a need for experimental
approaches to search for unknown human genes. Sev-
eral methods have been developed to identify genes in
large segments of genomic DNA. Direct screening of
cDNA libraries with whole YACs can be successful,

but is dependent on the expression of the gene within
the cDNA library used [11–13]. Exon trapping has
also been used successfully, but is a time-consuming
procedure known to often generate many false-positives.
In general, cosmid-size fragments are used as starting
material. That would have necessitated the construction
of a cosmid contig of the region of interest.
Reports that human and mouse genes encoded on

YACs are transcribed in yeast [8,14,15] suggest that
these genes could in principle be identified by methods
that analyse differentially expressed genes. By using
two yeast clones, containing different YACs in a sub-
traction protocol, it should be possible to specifically
isolate the transcribed sequences that are encoded by these
YACs. Thus, a subtraction method could be used to
identify unknown genes in a limited region of the genome.

Fig. 3. Northern analysis of clone BKR1 (panel a) and clone BKR12 (panel b). Lane 1, stomach; lane 2, thyroid; lane 3, spinal cord; lane 4, lymph

node; lane 5, trachea; lane 6, adrenal gland; lane 7, bone marrow.

Table 2

Southern analysis data of selected clones from the reverse subtraction (tester Y785D2)

Clones GenBank

accession no.

Size

(bp)

Human

placenta

Size

(kb)

Y776A5 Y785D2 Y798G12 Y911F5 Y915E4 Similar

clones

BKR5 AF439965 642 + 3.5 – + – – – n=1

BKR6 AF439966 422 + 4.0 – + – + – n=0

11 – – – – + + + + + –

BKR7 AF439967 562 + 9.0 – + – + – n=0

21 – – – – + + + + + –

BKR8 AF439968 810 + 5.5 — + — + — n=2

BKR9 AF439969 164 + 5.5 – + – + – n=0

68 – – – – + + + + + –

BKR10 AF439970 583 + 6.0 – + + – – n=0

78 – – – – + + + + + –

119 – – – – + + + + + –

BKR11 AF439971 584 + 10.0 – + – – – n=0

BKR12 AF439972 389 + 7.0 – + – + – n=1

146 – – – – + + + + + –
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Diatchenko and colleagues [7] have developed a PCR-
based cDNA subtraction technique (SSH) that has
some advantages compared with other subtraction
methods. (a) It equalises transcript abundance among
the target cDNA population, which allows the detection
of rare transcripts. (b) Only one round of subtraction is
needed, and (c) due to the suppression effect during the
PCR, physical separation of the unhybridized cDNAs
(differentially expressed transcripts) is not necessary.
Diatchenko and colleagues [7] used this method to sub-
tract human testis cDNAs against a mixture of cDNA
derived from 10 different human tissues and achieved a
high level of enrichment of testis-specific cDNAs. They
used the subtracted cDNA mixture to screen a cosmid
library constructed from flow-sorted human Y chromo-
somes. By a subsequent Northern analysis with 37
selected cosmids, five different chromosome Y-specific
genes expressed in testis were identified. The application
of this method [16] also resulted in the identification of
27 genes differentially expressed in an oestrogen recep-
tor-positive breast carcinoma cell line and an oestrogen
receptor-negative breast carcinoma cell line.
Here, we have applied this subtraction approach to

two non-overlapping YACs that covered a region of
approx. 2.3 Mb. The combined forward and reversed
subtractions resulted in the identification of 21 unique
clones. Of these, 12 appeared to be of human origin, as
they hybridised to human DNA and to the tester YAC.
The remaining nine clones hybridised to all yeast DNA
samples present on the membrane, but not to human
DNA. Thus, these clones presumably represent yeast
cDNAs. This conclusion was confirmed by sequence
analysis of some of these clones (data not shown), that
indicated a high degree of homology with yeast sequen-
ces. The detection of yeast cDNAs may be caused by the
differential expression of some yeast genes between the
two cultures or may be intrinsic to the method that only
guarantees enrichment of differentially expressed genes.
The efficiency of the subtraction was indicated by the fact
that transcripts of the yeast housekeeping gene ZWF1
could no longer be detected in the subtracted cDNA pool.
The strategy used in this work resulted in the identifi-

cation of 12 clones that map to the human DNA seg-
ment covered by the YACs 776A5 and 785D2. The fact
that the whole procedure, from mRNA isolation until
differential screening of the dot-blots, can be done in
only 12 days, clearly demonstrates the strength of this
method to identify novel transcripts in Mb-size sections
of the human genome.
All 12 clones could be mapped to an approximately

2.5 Mb segment of 6q21 in the April 2001 release of the
UCSC Human Genome Project Working Draft; six of
them at very short distances from, or even from within the
genomic region of, spliced expressed sequence tagged site
(ESTs) and/or human mRNAs. Our failure to detect
expression for seven clones in our preliminary Northern

analysis could be caused by an overall low expression in
human tissues in combination with the small size of the
clones. Alternatively, some of the clones may consist of
intronic sequences that were not spliced out during the
mRNAmaturation process. Splicing of foreign transcripts
in yeast may not be efficient [17], as human sequences do
not contain some of the consensus sequences needed by the
splicing machinery in yeast to properly excise the introns
[14,18]. Clone BKR3 of the forward subtraction appears to
map within an intron of the nuclear receptor subfamily 2,
group E, member 1 gene (NR2E1). Novel transcripts were
detected for two of the clones. One of them is highly
expressed in stomach and is being further analysed with
respect to its putative role in gastric cancer development.
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