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Systematic comparison of gene expression through
analysis of cDNA fragments within or near to the
protein-coding region

Yougiang Ke* , Chun Jing , Philip S. Rudland 1, Paul H. Smith and Christopher S. Foster

Department of Pathology, Faculty of Medicine and 1School of Biological Sciences, Liverpool University,
Liverpool L69 3BX, UK

Received November 5, 1998; Revised and Accepted December 10, 1998

ABSTRACT adapters, and amplified by suppression PCR, the selected cDNA
fragments can be divided into 256 subsets, amplified and
separated in a systematic manner. To avoid the symmetrical
recognition sequence of a chosen enzyme being included in the
inner primer, RE1 and RE2 should be chosen preferably from the
class IIS enzymes, which have cleavage sites at a precise distance
from the recognition sites. To reduce the number of possible
; . : permutations of overhanging bases and hence the number of
a systematic asaessment of d|f{1erent|ally expressed adapters needed to tag the entire cDNA fragments, the ideal
genes. (LjJ_smg the CCGE method, double-stranded choice for RE1 and RE2 should be those class 1IS enzymes, such
cDNA is digested with two restriction enzymes that cut asPlel (GAGTCN4/5) andMinll (CCTCN7/6), which generate a
with different frequencies, the representative cDNA
fragments are generated within or near to the protein- random Qne-base overhang. : - -
coding region. After being flanked by two different types Assuming '_che average size of cDNA in mammalian cells is
of adapters aﬁ d amplified by a nested suppression PCR (11500 bp, a five-base recognition enzyme RE1 (step 1) cuts once
the select'e d cDNA fragments, representing entiré every (#) 1024 .bp on average; thusiitis ant|C|pated that most of
cDNA population, can be dividéd o 256 subsets: the cDNA species will be cleaved by RE1 in step 1. A four-base
amplified and corﬁpared in a systematic manner ' recognition enzyme cuts once ever§) @6 bp on average; thus
: the RE2 will further cut each cDNA into an average of four

Differential display {) or mRNA fingerprinting ) has been shorter fragments. Therefore, it is expected that the majority of
widely used to analyse the differentially expressed genethe cDNA fragments generated by RE1 should be cut at least once
However, the original technique suffered from the fact that onlpy RE2. However, it is possible that some cDNAs do not have a
differences in relatively abundant mRNAs could be detected anmirticular RE1 recognition site. Thus, one or two more rounds of
many of those apparent differences were later found to @malyses, using different RE1s, may be necessary for a complete
artifacts. Recently, several differential display-derivativédogg ~ assessment of all cDNA species.
have been developed to assess differential gene expression profilds step 4, although all cDNA fragments generated by RE1 and
in a more effective manner. However, these methods have beek2 may be tagged by A2 either at one or at both ends, only the
designed to analyse cDNA fragments from then@ls of mMRNAs outward fragment, within or near to the protein-coding region,
(3-5), which are usually not in the protein-coding region.may be amplified by PCR, because it has both A1 and A2 primer
Although some of the recently developed stratedgies() may  sequences attached. The Al and A2 primer combinations cannot
be employed to analyse other cDNA fragments, they may namplify the 3 end fragments, which contain an A2 primer
have enough sensitivity for a more or less complete assessmgeaguence at one end and a poly dT sequence at the other. For the
of the entire cDNA species. Here we report a new approacbDNA fragments generated in the middle positions, which are
namely complete comparison of gene expression (CCGE), whittagged’ by A2 at both ends, they cannot be amplified by the A2
compares the gene expression profiles between different typesoefter primer (Figl) because there is no complementary sequence
cells by analysing the cDNA fragments within or near to thén the opposite strand. Therefore, the nested PCR can amplify
protein-coding region. Using the CCGE approach, a completsly one fragment from each cDNA molecule to form the
assessment of differential gene expression may be achievednplate pool. The amplification of other cDNA fragments is
through analysing all cDNA fragments, representing the entirsuppressed by using the ‘pseudo-double-stranded’ adafyor (
cDNA population, in a systematic manner. To test the feasibility of CCGE, a benign rat epithelial cell line

The details of the CCGE strategy are illustrated in Figure Rama 37 and three of its metastatic variants, which were
After digestions with two restriction enzymes that cut withgenerated by transfection of the parental Rama 37 cells with DNA
different frequencies, then ligated to two different types oéxtracted from malignant carcinoma celi®,(3), have been

Life is controlled by the timely and ordered expression
of genes. Identification of important genes involved in
specific physiological and pathological conditions
requires efficient methods to analyse differential gene
expression. We describe a novel strategy, namely
complete comparison of gene expression (CCGE), for
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Figure 1. Schematic illustration of the detailed procedures of the CCGE . . . ) .
strategy. N indicates A, T, G or C; n indicates 8-20. In step 1, the Figure 2. Analysis of differential gene expression between the benign and the
double-stranded cDNA is digested by a five-base recognition, class IS metastatic cells. Three representative subsets of cDNA fragments obtained

restriction endonuclease (RE1) to generate cDNA fragments with a randomfrom CCGE PCR were subjected to PAGE. The dried gel was exposed to a Fuiji
one-base overhang. In step 2, théé@&ments are separated from other DNA ~ RX X-Ray film for 48 h. Lane 1, the cDNA fragments originating from the
residues by paramagnetic beads. A group of short DNA adapters (A1) is usedenign Rama 37 cells; lanes 2—4; the cDNA fragments originating from the
to ‘tag’ the cDNA fragments at the 8nd. A1 comprises four adaptors; each ~ Metastatic variants RMP2c-H, RMP2a-Lu and RMP2b-Lu, respectively. The
contains an outer (yellow) and an inner (blue) PCR primer sequence and gifowheads pointto three bands which exhibit the most pronounced differences
different 1 base (A, T, G or C) overhang. After the ligation reaction, the excess N their intensities between the benign and the malignant cells.
adaptors are removed. In step 3, the cDNA is cleaved by a four-base
recognition, class IS enzyme (RE2), to produce shorter fragments and to
gD?\lnAera(t‘e r?ndoxzone‘lt)ase (()j\’/tterhtﬁngshatrttheirDeﬁgsf. In stept4,Aagother groupTA ligase, 50 mM Tris—HCI (pH 7.4), 10 mM MgC10 mM DDT,
adaptors IS Tagge 0 the shorter C ragments. comprises . . i . .
four adaprt)ors; e(acr)l consgi]sis ofa ‘pseudo-double-stran%ed’ DNA (11), v€ith the]' mM ATP, and W'th 25 mg/ml BSA. T_he T4 ligase was |nact|vat_ed
longer strand containing an outer (red) and an inner (blue) primer sequence fét 65°C for 10 min. The nested PCR in step 5 was performed in a
PCR. A2 also has arandom 1 base overhang (A, T, C or G) at its double-strandé@tal volume of 2Qul, with 20 mM Tris—HCI (pH 7.4), 25 mM KClI,
end, which complements the overhangs at the end of the cDNA fragments. I), 05% Tween 20, 1Qy/ml BSA, 1 mM MgC$, 200uM dNTPs,
step 5, the cDNA fragments are amplified by PCR, using both outer primer: 00 nM of each of the primers, TdgDNA polymerease (Perkin
included in Al and A2. In step 6, the products from step 5 are used as a templ .
pool to perform further PCR, using the inner primers included in both A1 and Imer, UK). The PCR consisted of 16 cycles &t®4br 30 s, then
A2. By extending one more base at theds of the inner primers, 1644  at 65°C for 20 s and at 7Z for 30 s. At the end of the last cycle,
primers can be derived from each end of the cDNA, using all possiblethe reaction was incubated at*@for 5 min. The PCR products
gggmugggi(t’)’l‘g ggrﬁ:‘;;‘g’t‘l’ogiiﬁ f‘hte”i‘rffgdsﬁmfsyg'%shi :]Oct:'tﬁ‘;(gﬁﬁ?g oy Avere diluted into 1 ml, andj were taken from this diluted solution
fragrrqents can be selectively divided intop256 subsets for PCR. Each subset%fs_template for the second roqnd of PCR' The ‘SeleCt'Ve_ primer
cDNA fragments amplified by PCR can be separated by electrophoresis in #airs’ used in the PCR were defined by using the overhanging base
denaturing polyacrylamide gel. Measuring the peak areas or the intensities dind by extending a further base at therigls of both inner primers
the bands can identify the differentially expressed genes in a systematic manngicluded in A1 and A2. The second PCR consisted of 40 cycles at
94°C for 30 s, then at 6Z for 30 s and at PZ for 30 s. At the
end of the last cycle, the reaction was incubated°& & 5 min.
subjected to gene expression profile analysis. The RE1 usedTihe reagents and concentrations were the same as those used for th
this work wasHphl; RE2 wasMinll. The nucleotide sequence of nested PCR, except that 100 nM of each prima¥] 2INTPs were
the upper strand of A1 wa$-AACAAGCCACCGCCGCCA- used. In addition, 1QCi of [3°S]dATP were incorporated in each
CACACGCTGCTCACGCTGCTTCN-3where N was an over- reaction. PCR products (4) and loading buffer (fl) were heated
hanging base chosen from A, T, C or G, respectively. The loweat 80°C for 2 min, and 54 of the mixture were subjected to
strand of Al was'8SGAAGCAGCGTGAGCAGCGTGTGTG- electrophoresis in an 8% polyacrylamide gel, using a 60 cm gel tank
GCGGCGGTGGCTTGTT-3The sequence of the longer strand(Bio-Rad, UK). The separated cDNA fragments were visualised by
of A2 was 5AAGCCGAATAACCCGCCTGTGATGCTCAT- autoradiography. In this work, 10 of the 256 possible primer
GCTCACGGTCAN-3, where N was an overhanging basecombinations were used to amplify the cDNA fragments. Nine
selected from A, T, G or C, respectively. The short strand of A2 wa®NA fragments, which exhibited the most pronounced changes in
a 20-base oligonucleotide complementary to the inner section of ttieeir expression levels between the benign and the malignant cells,
longer strand: STGACCGTGAGCATGAGCATC-3 were removed from the denaturing gel and amplified by a further
Total RNA was extracted from the benign parental Rama 3bund of PCR 14). Eight of the nine fragments were successfully
cellline and three of its metastatic variants RMP2c-H, RMP2a-Ltecovered and shown to have unique nucleotide sequences when
and RMP2b-H 12) by the guanidinium—isothiocyanate method.determined in an automatic sequencer (Model 373, Applied
The synthesis of double-stranded cDNA was performed accordiioSystems, US); two of them correspond to currently known genes
to the instructions supplied with the cDNA Synthesis Kitand the remaining six are potentially novel. The representative
(Boehringer Mannheim Biochemica, Germany). We used 120 rexpression profiles detected by three primer sets are shown in
of total RNA from each cell line to start the CCGE. Ligations inFigure2. Arrows point to three bands, which exhibited the most
steps 2 and 4 were conducted with 2 pmol of A1 and A2 in eagitonounced differences between the benign and the malignant
reaction in a total volume of 20 at 16°C for 18 h, with 200 U of cells. The CCGE results were verified by using the slot blot
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