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PREFACE

Watson—Crick hybridization of complementary sequences in nucleic acids is one
of the most important fundamental processes necessary for molecular recogni-
tion in vivo, as well as for nucleic acid identification and isolation in vitro. This
book is devoted to a large family of in vitro DNA hybridization-based experi-
mental techniques. A wide spectrum of experimental tasks covered by these
approaches includes finding differential sequences in both genomic DNAs and
mRNAs, genome walking, multiplex PCR, cDNA library construction starting
from minute amount of total RNA, rapid amplification of cDNA 5’- and 3'-
ends, effective smoothing of the concentrations of rare and abundant transcripts
in cDNA libraries, recovery of promoter active repeats and differentially methy-
lated genomic DNA, identification of common sequences in genomic or cDNA
sources, new gene mapping, finding evolutionary conserved DNA and both sin-
gle-nucleotide and extended mutation discovery, or large-scale monitoring.
Several approaches, such as microarray hybridization, have become extremely
popular tools for specialists in biochemistry and biomedicine, whereas the poten-
tial of many other advantageous techniques seems to be underestimated now.
Analysis of differential gene expression requires application of global
approaches that represent a leading tool in postgenomic studies and include
transcriptome and proteome analysis, as well as methods allowing population-
wide sequence and functional polymorphism analysis. Central to these new
technologies are DNA chips designed for quantitative and qualitative uses.
Although they are very useful and widely distributed, many popular DNA
microarray techniques share a number of shortcomings:
1. The analysis is limited by a number of cDNAs/synthetic oligonucleotides
applied on the chip. This number is usually significantly lower than the total
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gene quantity of the organisms under study. It creates, therefore, a problem,

that many genes escape such an analysis.

2. General transcriptome-wide chip techniques in their actual state hardly
distinguish between different gene splice forms.

3. The expression of genes transcribed at low levels cannot be detected by using
standard microarray approaches.

4. cDNA-based chips do not differentiate between many gene family members
and/or between many transcripts containing repetitive DNA.

5. Microarray chips lack many natural RNAi, cDNAs, or synthetic oligonucleotides
and, therefore, cannot be used for the comprehensive study of gene expression
regulation at the level of RNA interference by small interfering RNAs.

However, most of these concerns can be effectively addressed by using specific

variants of microchip technology, thus making microarrays a truly universal

technique (see Chapter 11). Probably, the most important disadvantage of
closed systems such as microarrays is that they require preliminary genomic
sequence information in order to identify differentially expressed transcripts.

Open systems have the flexibility of identifying uncatalogued sequences.
Related experimental techniques, based on DNA hybridization in solution, may
be advantageous for many applications, starting from representative cDNA
library construction for expressed sequence tag (EST) sequencing, to the identi-
fication of evolutionary conserved sequences, differentially expressed genes, or
genomic deletions. Unique characteristics of many such techniques make them
powerful competitors for well-known approaches that are appreciated world-
wide like microarray and competitive genomic hybridizations. Nucleic acid
hybridization in solution has few general advantages over hybridization with
solid carrier-immobilized nucleic acids: faster hybridization kinetics, better
discrimination of proper hybrids, and their availability for further PCR amplifi-
cation and cloning. Among such in-solution hybridization methods, subtractive
hybridization is undoubtedly the most popular technique.

Many techniques have a low efficiency of identifying rare genes that are differ-
entially expressed. This problem is exacerbated when the change in expression level
of rare transcripts is small. Since genes expressed at low levels also play a role in
establishing differentiated phenotypes, their identification is essential for a com-
plete mechanistic understanding of cellular changes. The major advantage of sub-
tractive hybridization lies in the ability to identify differentially transcribed genes,
irrespective of the level of expression, in the absence of sequence information. In
addition to preparation of differential cDNA libraries, subtractive hybridization is
also extremely useful for identification of genomic DNA differences.

Coincidence cloning, on the contrary, makes it possible to identify sequences
which are common for all samples under comparison; cDNA normalization,
which is used for smoothing of rare and frequent transcript content in cDNA
libraries, may be extremely useful for representative EST library construction.
Moreover, several techniques deal with the large-scale DNA polymorphism
recovery, including identification of single nucleotide polymorphisms.
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The international team of the authors of this book has tried both to elucidate
the current state of the art in hybridization techniques and to help the readers
in choosing an appropriate method for performing an experiment in the most
efficient way. Enclosed experimental protocols along with both comprehensive
and detailed method descriptions make this truly universal book useful to all
those interested in the modern life science methodologies.





