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SUMMARY

Full-length cDNAs are essential for the correct annotation of
genomic sequences and the analysis of the structure and function of the
genes In functional genomics era. Fifteen full-length enriched cDNA
libraries were successfully constructed from 11 different tissues
(neocortex, cerebellum, spleen, liver, kidney, lung, brainstem, testis, eye,
sperm, and muscle) of Korean native pig employing three different
methodologies (SMART, Modified oligo—-capping, Cap—trapping).

To test the quality and usefulness of these libraries, a total of
3390 sequences (3210 5 sequences and 180 3’ sequences) generated
from sequences of four full-length enriched cDNA libraries of spleen,
neocortex, brainstem and liver constructed by SMART and modified
oligo—capping methods were analyzed for SNP identification and
characterization of Transcriptional Start Sites (TSS). Average length of
insert in the clones evaluated by restriction analysis was 2 Kb, 1.8 Kb,
1.1 Kb and 1.1 Kb for the brainstem, liver, spleen and neocortex libraries
respectively. The plaque forming unit or colony forming unit of these
libraries was found to be 1x 10° on an average. When the start codon
containing clones were considered as full-length clones, the percentage
of full-length clones from the spleen, neocortex, brainstem and liver
libraries were estimated to be 60%, 40%, 80% and 70% respectively. 93%
of sequences from the four libraries were matched with sequences of

07! based on evaluation of

either pig or other species with E value < 1
100 clones. Eighty five percent of clones from the four libraries had
longer 5 end sequences than currently available NCBI EST sequences,
suggesting that these libraries are very useful for characterization of 5’

UTR regions of porcine genes.



For SNP identification by 1in silico analysis, chromatograms of
50,000 pig Expressed sequence tags (ESTs) retrieved from the Genbank
trace file archive were combined with 3210 5 EST sequences from four
libraries. Sequences with Phred quality value higher than 30 were chosen
and assembled wusing the Phrap sequence assembly program. The
assembly process generated 8118 contigs. Forty nine contigs were
consisted of both a minimum of two Korean native pig sequences and two
public EST sequences within each contig. Among these, seven contigs
containing a minimum of one putative SNP from Phrap analysis were
selected. Finally eight putative c¢cSNPs were chosen for confirmation
through population analysis. Only three of seven contigs remained
putative c¢SNPs when Korean native pig sequences were removed,
indicating the importance of Korean native pigs as a genetic resource to
increase genetic variation. To confirm the putative cSNPs, PCR primers
were designed for the 7 loci based on exon-intron structures of closely
related species (Homo sapiens, Bos Taurus, Mus musculus and Canis
familiaris), since genomic sequence information of porcine genes is hardly
available and PCR products were generated from five different animals
each from four different pig breeds (Duroc, Yorkshire, Landrace, Korean
native pig). All primers successfully amplified, producing specific bands.
Analysis of direct sequencing result from 140 samples revealed the
confirmation of 6 out of 7 SNPs identified (86 % accuracy) from in silico
SNP detection which yielded 1 SNP per 614 bp.

In addition to 6 confirmed SNPs, we identified the presence of 7
additional SNPs which were unidentifiable from the in silico process
through the sequence analysis using four breeds of 20 pigs. The SNP
detection frequency from these 13 confirmed SNPs was 1 SNP per 338
bp. Allele frequencies were calculated for 13 confirmed SNPs by

analyzing polymorphic variations from four pig breeds. The frequency of



fixed alleles was significantly higher (6 of 13, 46.1%) in Yorkshire than
Duroc, Landrace and Korean native pig breeds, indicating genetic
homozygosity is higher in Yorkshire for these regions.

In the neuronal and endocrine protein (M23654), the three
nucleotide deletion was identified from an allele of the gene of Korean
native pigs at amino acid position 126. This deletion removes the amino
acid Valine from the Secretogranin domain of the encoded protein. We
confirmed that the deletion was caused by alternative splicing due to
NAGNAG motif.

Our study showed that a large scale EST sequencing from the
Korean native pig can be effectively employed for high-resolution
gene—function studies based on natural polymorphisms.

For the characterization of TSS, 3390 EST sequences from four
full-length enriched cDNA libraries were assembled by CAP3 which
yvielded 420 contigs. Of these, 141 contigs with E-value<100 were
selected and the gene sequences of these contigs were analyzed for the
presence of minimum 5 gene sequences In each of the 4 mammalian
species (Homo sapiens, Bos Taurus, Mus musculus and Sus scrofa). 40 of
the contig sequences satisfied the criteria and were analyzed for the
presence of TSS in comparison with four different mammalian species.
Transcriptional start site analysis was performed for 5 genes, human
T-cell leukemia virus type—1 binding protein gene (Tax1BP3)
(NM_014604), NDRG family member 3 (NM_032013), Serine incorporator
1 (NM_020755), Thiosulfate sulfur transferase (NM_003312) and Poly
ubiquitin (M18159) as a pilot study and similarities and differences
between species were analyzed.

The full-length sequence of single gene appearing more than 5 times
from four different species was aligned with our full-length sequence and

the similarities the differences in the transcription start site of four



mammalian species were analyzed. Among the sequences for 5 genes
from 4 species, Mus musculus sequences showed more variation while
reaching the 5 end. All the species showed maximum variation towards
the 5 end for thiosulfate sulfur transferase (TST) gene. Sequences in
Mus musculus for two of the genes (TAX1BP3, NDRG3) from the total of
five genes analyzed in this pilot study are slightly longer in comparison
with sequences from other species. The Bos taurus sequences are
shorter for 3 genes (TAX1BP3, NDRG3, UBC) in comparison with
sequences from other species. The Homo sapiens sequences for NDRG3
is little shorter when compared with the Homo sapiens sequences from
other genes but is slightly longer than that of Bos taurus for that gene in
comparison with other sequences. This is the only gene among 5 genes
where the Homo sapiens sequences are short. Further analysis is
required in determining transcription factor binding sites for functional
analysis and effects due to difference in promoter length.

In conclusion large scale analysis of our libraries will provide useful

information for pig genome analysis and annotation.



Chapter 1.

I LITERATURE REVIEW

1. PORCINE GENOMICS

1.1 Importance of pigs. The pig, Sus scrofa, was domesticated from wild

boar subspecies in Asia and Europe (Giuffra et al., 2000; Okumura et al.,
2001) over 7000 years ago. By analysis of mitochondrial DNA sequences,
it was revealed that the domestication of pig took place at multiple
centers across Eurasia Larson et al., (2005). Pigs are widely important in
agriculture as one of the world’'s most important livestock and pigs have
vast geographic distribution and are represented by nearly 500 breeds
worldwide (Rothschild, 2004). Pork is the major meat consumed (43%)
worldwide (Rothschild and Ruvinsky, 1998).

More recently, the pigs role has expanded beyond just being a food
source to potentially serving as an important model system for human
health and representing a significant future source of organs for
transplantation  (Rothschild, 2003; 2004). Increased emphasis on
understanding animal behavior and welfare in production agriculture has
made 1t extremely important to examine how common agricultural
practices affect cognitive development and welfare of the piglet (Gonyou
et al., 1998; Worobec et al., 1999; Gaines et al., 2003). Research with
the pig falls into two major categories: production of pork to supply
human food and gaining basic knowledge applicable to human health
(Douglas, 1972; Pond and Houpt, 1978 Mikkelsen et al., 1999; Grate et
al., 2003; Traystman., 2003; Schook et al., 2005a).



During domestication, the pig has undergone intense selection
pressures for various phenotypes. Intense selection and breeding have
provided distinct phenotypes differing in metabolism, fecundity, disease
resistance and the products that are used by humans. These selective
pressures have differentiated subpopulations and produced phenotypes
extremely relevant to current and future biomedical research for humans.
The selection of the "mini" and "micro" pigs with respect to size,
independently by investigators throughout the world, attests to the global
relevance of this experimental animal in biomedical research (Smith et al.,
1990).

Clear understanding of genetic interactions with environmental factors
will be a major focus of future biomedical research. The pig model
system 1is also relevant to human health research priorities such as
obesity, female health, infection, cardiovascular disease, nutritional studies
with respect to the pig being an omnivore (Tumbleson and Schook, 1996;
Cooper and Keogh, 2001). The vast amount of research has been
conducted with respect to interactions of genetic and environmental
factors associated with complex and polygenic physiological traits. The
pig has also played an extensive role as a source of biological material in
physiological and biochemical research. Use of the pig for biochemistry,
enzymology, endocrinology, reproduction, and nutrition research has
contributed significantly to the continual improvement of human health

(Rohrer et al., 2003).

1.2 Porcine genome. The pig Sus scrofa, has 38 somatic chromosomes

(19 pairs) (Jimenez—-Martin et al., 1962). According to the improvement of
a reproducible G-banding technique, standardized karyotype of the
domestic pig could be established by Committee for the Standardized

Karyotype of the Domestic Pig (Gustavsson, 1988). The pig chromosomes



consist of 5 pairs of metacentric, 7 pairs of submetacentric and 6 pairs
of acrocentric chromosome pairs plus the X and Y (Schmitz et al., 1992).
Schmitz et al (1992) have used flow karyotyping to estimate the size
of all pig chromosomes, yielding a cumulative total of 2.72 X 10° bp for
an X chromosome and 2.62 X 10Y bp for a Y chromosome.
From the Sino-Danish Porcine Genome Project, it was reported that
the GC content of the pig genome was 42%, which was approximately 1%

different from that of the human (Werenersson et al, 2005).

1.3 Pig genome sequencing project. Efforts to sequence the pig genome

has been initiated by "Swine Genome Sequencing Consortium" (SGSC)
comprising of 8 countries including Korea. SGSC was formed in
September 2003 by academic, government and industry representatives to
provide international coordination for sequencing the pig genome. The
SGSC mission is to advance biomedical research for animal production
and health by the development of DNA based tools and products resulting
from the sequencing of the swine genome. Their objective is to use a
hybrid sequencing approach in which 3X coverage of Bacterial Artificial
Chromosomes (BACs) comprising the Minimal Tilling Path (MTP) and 3X
of the whole genome shotgun libraries will be used to develop a draft 6X
coverage of the pig genome (Rothschild, 2005, Schook et al., 2005 (b)).
As of June 2006, the SGSC has selected over 50% of the BAC clones of
the minimal tilling path. Shotgun libraries are being constructed from
these BAC clones and being prepared to enter the sequencing pipeline.
The Korean national Livestock Research Institute (NLRI), a member of
this project is the first to begin depositing whole genome shot gun reads
in the Ensembl/NCBI trace repository with a running total of over
320,000 reads (The International Swine Genome Sequencing Consortium,

2006).



2. PIG GENOME MAPPING

2.1 Genetic mapping. Genome mapping can be described as recording the

location of gene or markers of interest that can be classified into two
types, genetic mapping and physical mapping. Genetic mapping is based
on the use of genetic techniques to construct maps showing the positions
of genes and other sequence features on a genome. Alfred Sturtevant
developed the first genetic map for Drosophila X chromosome by using
genes as markers (Sturtevant, 1913). The greater the frequency of
recombination (segregation) between two genetic markers, the further
apart they are assumed to be.

By working out the number of recombinants it became possible to
obtain a measure for the distance between the genes. This distance 1is
called a genetic map unit (m.u), or a centimorgan (cM) and is defined as
the distance between genes for which one product of meiosis in hundred
is recombinant. A recombinant frequency (0©) of 1 % is equivalent to 1
m.u. Genetic maps help researchers to locate other markers, such as

other genes by testing for genetic linkage of the already known markers.

2.1.1 Linkage map of porcine genome. The linkage map of porcine
genome has been mainly developed by 3 groups. European pig Gene
Mapping project (PiGMaP) initiated in 1989 was the first one among them.
The members of this group developed a three—generation FZ2 intercross
pedigree (Archibald et al., 1995). They set their objective of developing a
genetic map with markers spaced at approximately 20 cM intervals over
at least 90% of the pig genome, to map loci affecting traits of economic

and biological significance in the pig and to develop molecular tools to



allow the future identification and cloning of mapped loci (Haley et al.,
1990). The members of this project have developed many DNA markers
including polymorphic microsatellite markers and developed the genetic
(linkage) map.

The second comprehensive genetic linkage map was developed by
scientists from Sweden and Denmark. It has been developed by typing
128 genetic markers in a cross between the European wild boar and a
domestic breed (Large White). Novel multi-point assignments were
provided for 54 of the markers. The map covered about 1800 cM and the
average spacing between the markers is 11cM (Marklund et al., 1996).
The third map was developed by USDA-MARC. They have linked 376
microsatellite loci with seven restriction fragment length polymorphic loci
in a backcross (commercial white composite and a Duroc or a
phenotypically different Chinese breed) reference population. Linkage
groups are assigned to 13 autosomes and the X-chromosome (Rohrer et

al., 1994).

2.1.2 QTL mapping. QTL mapping is the statistical study of the alleles
which occur in a locus and the phenotypes they produce. As most traits
of interest are governed by more than one gene, defining and studying
the entire locus of genes related to a trait gives hope of understanding
what effect the genotype of an individual might have. QTL analysis
serves important practical applications such as marker—assisted selection
(MAS) of breeding animals (Hospital et al., 1992; Spelman and Garrick,
1997; Kadarmideen et al., 2006).

Statistical analysis is required to demonstrate that different genes
interact with one another and to determine whether they produce a
significant effect on the phenotype. QTL mapping identifies particular

regions of the genome as containing a gene that is associated with the



trait being assayed or measured. They are shown as intervals across a
chromosome, where the probability of association is plotted for each
marker used in the mapping experiment. Mapping efforts of quantitative
trait loci (QTL) in pigs during the past decade have resulted in hundreds
of QTLs reported for growth, meat quality, reproduction, disease
resistance and other traits and this number is continuously growing with
many researchers reporting new QTL (Amayasi et al.,, 2006; Ramos et al.,
2006 Stratil et al., 2006; Sato et al., 2006). Since it's a challenge to
correctly locate, interpret and compare QTL results from different
studies, Rothschild group reported a relational database (PigQTLdb) to
integrate all available pig QTL data in the public domain to facilitate the
use of QTL data in further studies (Hu et al., 2005; 2006). The PigQTLdb
includes data representing major genes and markers associated with large
effect on economically important traits. As of November 2006, over 1287
QTLs from 94 publications have been curated into the database

(http://www.animalgenome.org/QTLdb/pig.html)  which represents 246

different traits.

2.1.3 Comparative mapping. O'Brien et al. (1993) proposed to construct
comparative maps in mammals by using a set of anchored reference loci
to find evolutionary break points between species. Comparative mapping
helps in understanding genome evolution, i.e the evolution of species.
Maps constructed in one species can be compared with closely related
species by means of common markers (or single gene traits).
Development and refinement of comparative maps and combining both
chromosome-painting and gene-mapping approaches in a broader number
of species enable us to estimate lineage-specific rates of chromosomal
change and to make more accurate reconstruction of ancestral genomes

(Murphy et al., 2001). Meyers group has constructed a fine resolution



comparative map of pig and human (Meyers et al., 2005). Scientists from
the European community developed a tool for comparative mapping in
pig— The GENETPIG: Identification of genes controlling economic traits in
pigs. The GENETPIG database collects the mapping results and links
them to other sources of mapping data such as pig maps and comparative
mapping results from the Mouse Genome Database and from human-pig

bi—directional chromosome painting or Zoo—FISH.

2.2 Physical mapping. Physical mapping uses molecular biology techniques

to examine DNA molecules directly in order to construct maps showing
the positions of sequence features (Brown, 1999). Radiation hybrid
mapping, /n situ hybridization and contig building using large insert clones

fall in the category of physical mapping.

2.2.1 Radiation hybrid mapping. For the generation of radiation hybrid

panels (RH), the donor cell line is irradiated with lethal dose of X rays or
y rays, and fused with the recipient cell line (MC Carthy et al., 1996).
Non recombinant donor cells will die within a week after irradiation and
the recombinants or hybrid colonies will survive and grow for which DNA
can be isolated. The hybrid DNAs and control DNAs are then screened
for genetic markers generally using PCR. The retention pattern of
markers for each hybrid is compared to determine linkage and map
distance between markers. The recipient cell line will contain a selectable
marker. The distance between genes or markers 1s expressed in
centirays. RH panel exists for several farm animals such as pig
(IMpRH7000, Yerle et al., 1998; SSRH, Hamashima et al., 2003), cattle
(Womack et al.,, 1997), and horse (Kiguwa et al., 2000). The first
generation porcine whole genome radiation hybrid mapping analysis has

been performed on 699 microsatellite markers and 58 ESTs/genes,



resulting in 128 linkage groups for the 19 swine chromosomes using the
INRA-University of Minnesota porcine Radiation hybrid (IMpRH7000;
Hawken et al., 1999).

2.2.2 In situ hybridization. In situ hybridization is a technique that

provides information about the intact chromosomal location of the DNA
sequence used as a labeled hybridization probe. In general, metaphase
chromosomes are used as the template substrate of in sifu hybridization.
In the early days of its discovery, the probe was radioactively labeled
(RISH), but this was not enough to achieve better sensitivity and
resolution. To overcome these problems in RISH, the non-radioactive
probe labeling system using biotin and digoxigenin has been used and
visualized by fluorescein, this procedure is called the fluorescent in situ
hybridization (FISH; Pinkel et al., 1981). One of advantages in FISH is
that several loci are simultaneously detectable with different colored
emissions by using fluorolabels (Trask, 1991). Fish on metaphase
chromosomes has approximately 1 Mb resolution. Furthermore, the
resolution of FISH could be narrowed down to 25 kb using specific
probes and interphase chromosomes (fibre-FISH; Heiskanen et al., 1996).
Comparative chromosome painting (ZOO-FISH) is a powerful technique,
which presents synteny between chromosomes from different species
(Scherthan et al., 1994). The comparative cytogenic maps between human
and porcine chromosomes were determined by chromosomes painting

(Goureau et al., 1996).

3. FULL-LENGTH ENRICHED cDNA LIBRARIES

3.1 Importance of full-length enriched cDNA libraries in comparison with

conventional c¢DNA libraries. A pool of complementary DNA clones




produced by cDNA cloning of total messenger RNA from a single source
(cell type, tissue, and embryo) constitutes a cDNA library. Majority of
transcripts in cDNA library are truncated i.e. they are not extended
towards the 5 end, whereas in a full-length enriched cDNA library,
majority of transcripts are extended towards the 5 end (Figure 1-1).
Full-length c¢DNAs represent a valuable resource for functional gene
studies. Unfortunately cDNA clones constructed according to conventional
methods contain low percentage of full-length clones due to the
premature stop of reverse transcription of the template mRNA, especially
when the mRNA presents a stable secondary structure. Hence full-length
cDNAs are strongly underrepresented in conventional libraries. Due to the
reduced representation of full-length clones, several rounds of screening
are needed to select the c¢DNAs carrying the complete sequence
(full-length cDNA).

To overcome this, several approaches have been developed to
determine the 5’end of cDNA. One such method is 5’'RACE that provides
the Cap site sequence when focusing on particular cDNAs (Schaefer,
1995; Frohman 1998) and primer extension (Mcknight et al., 1982). The
drawback of this approach is that it's not suitable for large scale
sequencing projects. Other efforts have been made to establish a system
for constructing full-length cDNA libraries. Most of these methods are
based on either RNA oligo ligation to the 5end of mRNA (Kato et al.,
1994; Suzuki et al.,, 1997), 5 cap affinity selection via eukaryotic
initiation factor 4E (Edery et al., 1995) or 5’ cap biotinylation followed by
biotin affinity selection (Carninci et al.,, 1997). Common to all these
methods is they are based on selecting the full-length ¢cDNA by the cap
structure, which is the specific structure of the 5 end mRNA in
eukaryotic cells (Figure 2-1, 2-2, 2-3).

Many conventional cDNA libraries have been constructed in porcine



(Tuggle and Schmitz, 1994; Wintero et al., 1996; Tosser-Klopp et al.,
1997; Davoli et al.,, 1999; Ponsuksili et al.,, 2001; Smith et al.,, 2001;
Davoli et al., 2002; Fahrenkrug et al., 2002; Rink et al., 2002; Yao et al.,
2002; Bertani et al., 2003; Caetano et al., 2003; Chen et al., 2003; Nobis
et al., 2003; Tuggle et al., 2003; Jiang et al., 2004; Mikawa et al., 2004;
Whitworth et al., 2004; Dvorak et al., 2005 Zhang et al., 2005) which are
described in Table 1-1. As of December 2006, 641857 ESTs are
available in the Genbank porcine EST database. Recently, full-length
enriched cDNA libraries have also been produced (Fujisaki et al., 2004;
Uenishi et al.,, 2004; Dirisala et al.,, 2005; Kim et al.,, 2006, Chen et al.,
2006) which are described in Table 1-2. Despite the importance of
full-length enriched c¢cDNA clonesin porcine functional genomics, the
number of full-length enriched clones in the public database is
significantly low (Dirisala et al., 2005; Kim et al., 2006). Thus, there is a
need for full-length enriched c¢cDNA libraries to be constructed that can

serve as valuable resource for porcine functional genomics.

Full-L.ength mENA
Szt

CAP STITR CDS 3TTR  polyA

cDTAs from
Conventional ¢cDINA hbrary

Figure 1-1. Difference between a conventional cDNA library and a

full-length enriched cDNA library.



3.2 Applications of full-length enriched cDNA libraries. Full-length cDNAs

have allowed the characterization of "microexons" which are usually
ignored by existing gene prediction algorithms. Full-length enriched
cDNA libraries have also permitted the accurate identification of
5’untranslated regions within full-length ¢DNAs and mapping of
transcriptional start sites thus correctly positioning the respective
promoters. This becomes important considering the recent discovery that
a great number of transcription factor binding sites (TFBS) on
chromosomes 21 and 22 are located in noncanonical regions, which have
been poorly examined until now (Cawley et al., 2004). A recently
developed technique called CAGE (cap analysis of gene expression) based
on the generation of sequence tags of the cap region of full-length
molecules, allows the identification of a huge number of novel
transcriptional start points (TSP) located far upstream or downstream
(both in exons and introns), thus allowing new targets for the
identification of new promoter elements and for gene discovery to be
identified (Shiraki et al., 2003). Accumulated evidence has shown that
multiple transcriptional start sites are more frequent than what was
previously thought and that the availability of full-length cDNAs can
greatly improve the study of alternative splicing events frequency.
Construction of full-length enriched c¢cDNA libraries is an essential step
towards the generation of highly informative ESTs for ¢cDNA microarray
experiments (Kim et al., 2006). Sequencing of full-length enriched cDNAs
from 5 and 3’ end gives complete information about the gene and its
annotation by connecting the 5 and 3'ESTs separately existing in the
public databases. Therefore, availability of full-length cDNA libraries and
their sequences represents a critical look for improving the quality of

many genomic annotation parameters.



3.3 Identification of SNPs. Much of the EST data generated from porcine

cDNA libraries and full-length enriched cDNA libraries can serve as good
resource for finding SNPs that can serve as valuable markers for the
porcine genome. With the objective to generate SNPs from porcine cDNA
libraries and full-length enriched cDNA libraries, many researchers
constructed cDNA libraries from tissues of different developmental stages
(Fahrenkrug et al., 2002) by pooling RNA in equal amount of the same
tissue or cell from different breeds for cDNA library construction
(Fahrenkrug et al., 2002; Kim et al., 2006), using cross—bred pigs for
cDNA library construction (Uenishi et al., 2004). Since the porcine EST
sequences deposited in Genbank are from different breeds, analysis of
sequence variations within the Porcine ESTs of Genbank database can
help in finding SNPs. There is only one extent native pig breed in Korea
ie. the Korean native pig breed (Porter et al., 1993). Analysis of
sequence variation within the Korean native pig population and
comparison with sequence information from other breeds can provide new
information on the current status of the genetic makeup of Korean native

pigs (Dirisala et al., 2005; 2006).

3.4 Transcriptional start site analysis. Transcriptional start sites (TSS)

marks the 5 end limit of ¢cDNA and majority of the sequences from the
full-length enriched cDNA libraries are extended towards the 5 end
(Suzuki et al., 2001). Analysis of sequences from full-length enriched
cDNA libraries of Korean native pigs helps to analyze the TSS which is

important for identifying the promoter region.
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Table 1-1. List of porcine cDNA libraries constructed by conventional methods.

No. of ESTs

Tissue deposited Country References
Skeletal Muscle USA  Tuggle and Schmitz, 1994.
Small intestine 839 Denmark Wintero et al., 1996
Pig ovaries 238 France Tosser-Klopp et al., 1997.
Skeletal muscle 111 Italy Davoli et al., 1999.
Embryonic and reproductive tissues 66,245 USA Fahrenkrug et al., 2001
Skeletal muscle 510 IPE??;IC&; Davoli et al., 2001.
Liver 240 Germany Ponsuksili et al., 2001.
Early embryonic 781 USA Smith et al., 2001.
Orthopedic implant—associated infection 7620 USA Rink et al., 2002.
Skeletal muscle 782 USA Yao et al., 2002.
Anterior pituitary 168 France Bertani et al., 2003
Ovarian follicles 5231 USA Caetano et al., 2003
Brain 965 USA Nobis et al., 2003




Fetal thymus 7,071 China Chen et al., 2003
Anterior pituitary, placenta, uterus,

embryo, conceptus, hypothalamus, 21,499 USA Tuggle et al., 2003.
Ovary

Germinal vesicle—stage oocytes,

in vivo and invitro produced four-cell- 8066 USA Whitworth et al., 2004
and blastocyst—stage embryos

Backfat tissue 3577 Japan Mikawa et al., 2004
Ovary 15,613 USA Jiang et al., 2004
Brain (Cerebellum, cortex cerebrum 43,129 China Zhang et al., 2004

and brainstem)




Table 1-2. List of porcine full-length enriched cDNA libraries.

No. of A Full-1
Tissue Breed Method 0. 0 Country verage ull-le

. . Journal
sequences insert size ngth%

Thymus, Spleen,

Uterus, Lung,
Liver, Ovarian Crossbred Y 4 ! Uenishi et al., 2004;
tissues, Pigs oligo-capping * 68076 Japan A 70% Nucleic Acids Research

Peripheral blood
mononuclear cells

Fujisaki et al., 2004;

Olfactory bulb La;(ijrsce oligo—capping 883 Japan 1.7 Kb 80% Journal of Veterinary
g Medical Sciences
Brainstem, Korean Native oligo—capping, 1205 e 2.0 Kb  80%, Dirisala et al., 2005;
Spleen Pigs SMART 1.1 Kb 60% Korean Journal of Genetics
. Crossbred P & ; Kim et al., 2006;
Back fat tissue Pigs oligo—capping 16110 Korea 1.7 Kb 70% BMC Genomics
Adipose tissue Lee—.Sung SMART 2880 Taiwan 0.8 Kb 16% Chen et a.l., 2006.;
Pigs Journal of Animal Science

Neocortex,
Spleen
Liver, Brainstem

Korear} Native .SMART. 3390 i 15 Kb 60% Dirisala et §11., 2006;
Pigs oligo—capping (Communicated)
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Chapter 2.

CONSTRUCTION AND ANALYSIS OF FULL-LENGTH ENRICHED cDNA
LIBRARIES FROM KOREAN NATIVE PIGS

1. INTRODUCTION

A full-length enriched cDNA library 1is advantageous over a
conventional cDNA library since it allows cloning of complete sequence in
a single step. However the representation of full-length ¢cDNA clones has
been low in cDNA libraries prepared using standard techniques. To
overcome this problem, researchers devised various methods for the
construction of full-length enriched cDNA libraries (Frohman et al., 1988;
Edery et al.,, 1995; Carninci et al., 1996; Zhu et al.,, 2001; Clepet et al.,
2004; Kato et al, 2005). Of these methods, only three methods i.e
oligo—capping, cap-—trapping and SMART procedure have been widely
employed for construction of full-length enriched c¢DNA libraries
(Sugahara et al.,, 2001) (Figures 1-2, 1-3, 1-4). All these methods have
their own advantages and disadvantages. We constructed full-length
enriched cDNA libraries from tissues of Korean native pigs using these

three methods.

2. MATERIALS AND METHODS

2.1 Construction of full-length enriched cDNA libraries by modified

oligo—capping method.




2.1.1 Tissue collection and RNA isolation. Tissue samples were collected
from Korean native pigs in Jeju. Neocortex, liver, spleen, brainstem,
testis, kidney tissues were dissected from Korean native pig at 5 days of
age, liver was dissected from Korean native pig at 9 days of age and
cerebellum was dissected from Korean native pig at 24 days of age. The
tissues were snap frozen in liquid nitrogen and stored at —80°C until use.
Total RNA was prepared from one gram of tissue by using RNeasy Maxi
kit (Qiagen, Hilden, Germany) following manufacturers instructions. The
quality of RNA was examined for integrity by formaldehyde denaturing
agarose gel electrophoresis. The mRNA was prepared from the total RNA
using a uMACS mRNA isolation kit (Miltenyi biotech, Bergisch Gladbach,

Germany).

2.1.2 Brief description of method employed. RNA (200 ng) from brainstem
and liver tissues was used for the construction of cDNA library by
modified oligo—capping method at the Genome Research Centre, KRIBB
(Oh et al.,, 2003). The RNA sample was treated with bacterial alkaline
phosphatase (TaKaRa, Shiga, Japan) and then with 100 units of tobacco
acid pyrophosphatase (Waco, Osaka, Japan). The pretreated total RNA
was ligated with 0.4 ug of5'-oligoribonucleotide
(5'-AGCAUCGAGUCGGCCUUGUUGGCCUACUGG-3"). After completing the
oligo capping reactions, mRNA was isolated using an Oligotex mini kit
(Qiagen, Hilden, Germany). The synthesis of first-strand ¢cDNA from the
purified mRNA and the ¢cDNA amplification were performed as previously
described (Maruyama et al., 1994). The amplified PCR products were then
digested with Sfil, and cDNAs longer than 1.3 kb were ligated into
Dralll-digested pCNS-D2 (Oh et al., 2003) which is described in Figure
2-1 in an orientation—-defined manner. The ligated c¢cDNA was then

transformed into Escherichia coli Top 10F' (Invitrogen, Carlsbad, CA,



USA) by electroporation (BioRad, Hercules, USA) and plated onto ALb
plates (50 pg/ml ampicillin). The size of cDNA inserts was evaluated by
restriction analysis of clones. Plasmid DNA was prepared in 96-well plate
format using multi-well filter plates (Pall Corporation, Ann Arbor, MI,
USA). Sequencing of cloned c¢cDNA inserts was performed with 200ng of
plasmid DNA as template and T7 (AATACGACTCACTATAG) as primer
using ABI PRISM Bigdye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, CA, USA) according to manufacturer’'s
instructions and analyzed on ABI 3700 automated sequencers (Applied

Biosystems, Foster City, CA, USA).

2.2 Construction of full-length enriched cDNA libraries by cap-—trapping

procedure.
2.2.1 First strand cDNA synthesis. RNA (50 pg) isolated from spleen

tissue was used for the construction of full-length enriched cDNA library
by cap—trapping (Carninci et al., 1997). Reverse transcription reaction was
carried out in 150ul volume using 2000 U of Superscript'™MII reverse
transcriptase (Invitrogen, Carlsbad, CA, USA). First, 50ug RNA, 10mM
each of dATP, dTTP, dGTP, 5-methyl DCTP and 10pg of primer adapter
containing the Xhol site (5B'AGATTGGTCTCCTCGAGTsVN-3' (V as
degenerate base in synthesis as G, A or C and N as G, A, T or C) were
added into one tube and incubated at 65°c for 10 minutes. Then, 30nl of
first—strand buffer, 7.5ul of 0.1M DTT and 1ul RNase inhibitor were
added in a separate tube and both the tubes were pre-incubated at 42°c
for 2followed by negative ramp of —17°C, with slope of 0.1°C/second,
followed by 25°C for 10 minutes and 50°C for 1 hour. Superscript
reverse transcriptase (2000 U) (Invitrogen, Carlsbad, CA, USA) was added
during the start of 50°C for 1 hour step. To stop the reaction, 2ul of
0.5m EDTA, 2ul of 10% SDS and 5ul of 10ml proteinase K were added,



and the reaction mixture was further incubated at 45°C for 1 hour.
Subsequently, the cDNA/RNA was extracted once with phenol-chloroform,
precipitated with ethanol, washed with 70% ethanol and resuspended in

RNase-free water.

2.2.2 RNA oxidation, biotinylation and full-length c¢DNA capture. The
resuspended cDNA/RNA was oxidized in 66m sodium acetate (pH 4.5) and
5m NalO,. The oxidation was carried out on ice in the dark for 45
minutes. To precipitate the oxidized RNA, 10% SDS to a final
concentration of 0.1% SDS, 5M NaCl to a final volume of 0.5 M NaCl
were added. To the total reaction mixture, 1 volume of isopropanol was
added, and the mixture was centrifuged at 12000xg for 30 min at 4°C.
The pellet was washed with 70% ethanol and resuspended in RNase-free
water. Then 1M sodium acetate (pH 6.1), 10% SDS and 10m biotin
hydrazide long-arm were added to the oxidized cDNA/RNA for
biotinylation overnight at room temperature. Subsequently, the cDNA/RNA
was precipitated at —80°C for 1h by adding 1M sodium acetate (pH 6.1),
5M NaCl and 2.5 volumes of ethanol to the total of the volume was
added. Finally, the pellet was washed twice with 80% ethanol and
resuspended in RNase—-free water. RNase digestion of the first—strand
cDNA reaction was performed using RNase [ at 37°C for 1
MPG-streptavidin beads (500upg, PureBiotech LLC,, Middlesex, NJ, USA)
and DNase-free tRNA (100pg) were mixed and incubated on ice for 30
min. The beads were separated using a magnetic stand and washed three
times with 500 pl of washing/binding buffer (4.5M NaCl and 50mM EDTA,
pH 8.0). Finally, the beads were resuspended in washing/binding buffer
and mixed with the cDNA/RNA sample at room temperature for 30min
with gentle mixing. After removal of unbound cDNA/RNA, the beads were
washed three times with 4.5M NaCl and 50mm EDTA (pH 8.0). To



release the cDNA from the beads, 100ul of 50mM NaOH/1mM EDTA (pH
8.0) were added to the ¢cDNA/RNA mixture and eluted. Eluted cDNA was
added to a tube containing 100ul of 1m Tris—HCl (pH 7.5). Subsequently,
the cDNA was extracted once with phenol-chloroform, precipitated with

ethanol and resuspended in RNase-free water.

2.2.3 Double strand DNA synthesis and sequencing of the clones. The
primer 5'-GAGAGAGAG AGAGAGAGAGAGCTCACTAGTCCCCccececcece-3!
was used for the dsDNA synthesis. To 40yl of cDNA, 600 ng of
primer—adapter, 6ul of 2.5m dNTP, 64 10x LA PCR buffer and 15 units
of LA Taq (Takara, Shiga, Japan) were added in a final volume of 60 l.
The reaction was performed on a MJ thermal cycler (MJ Research,
Waltham, MA, USA) by initially denaturing for 5min at 65°C followed by
negative ramp of —20°C, with slope of 0.1°C/second, two cycles of 45°C
for 10 min, 68°C for 20 min and 72°C for 10min. dsDNA was then
restricted with 25 of the restriction enzymes Sstl and Xhol (for 1
microgram of ds cDNA, scaled down based on the quantity) at 37°C for
1h. The digested ds DNA was passed through a MicroSpin S-400 HR
Column (Amersham Biosciences, Buckingham shire, UK), extracted once
with phenol-chloroform, precipitated with ethanol, washed with 70%
ethanol and resuspended in RNase-free water. The double stranded DNA
was cloned into a Xhol and Sstl digested A ZAPII vector (Figure 2-2).
Packaging of ligated phage was done by phage packaging extract
(Epicenter, Madison, USA) and mass excision was performed following
manufacturers instructions (Stratagene, La Jolla, CA, USA). Colonies were
selected from LB agar plates containing ampicillin and transferred to
96-well plates containing LB medium with 50 pg/ml ampicillin followed by
cDNA sequencing. The size of cDNA inserts was evaluated by restriction

analysis of clones. Plasmid DNA was prepared in 96-well plate format



using multi-well filter plates (Pall Corporation, Ann Arbor, MI, USA).
Sequencing of cloned cDNA inserts was performed with 2000f plasmid
DNA as template and M 13 forward primer (GTAAAACGACGGCCAGT)
using ABI PRISM Bigdye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, CA, USA) according to manufacturer’'s
instructions and analyzed on ABI 3700 automated sequencers (Applied

Biosystems, Foster City, CA, USA).

2.3 Construction of full-length enriched cDNA libraries by SMART

method.

2.3.1 First-strand ¢DNA synthesis and amplification of cDNA by LD PCR.
Messenger RNA (5 pg) from spleen, neocortex, liver, kidney, cerebellum,
testis, eye tissues was used for the construction of cDNA library using
SMART™ kit (Clontech, Mountain View, CA, TUSA) following
manufacturer’s instructions with slight modification (Chenchik et al.,
1998). To 5 ng of RNA sample, SMART IV oligonucleotide and CDS III/3’
PCR Primer were incubated at 72°C for 2 min. After cooling for short
time in ice, 5X first—Strand buffer, 0.1 M DTT, 10mM dNTP Mix and 150
units of PowerScript Reverse Transcriptase were added and incubated at
42°C for 1 h and the final volume was made to 20 ul with H»O. For the
preparation of second strand cDNA, 2 ul of first—strand cDNA, Advantage
2 PCR Buffer, dNTP Mix, 5 PCR primer, CDS III/3" PCR primer and
Advantage 2 polymerase mix were added into a new pre-chilled 0.5 ml
eppendorf tube and the final volume was made to 100 nl with H2O. The
PCR was done by the following program: 95°C 20S; 24 cycles of 95°C 5
S; 68°C 6 min. The PCR product (5 ul) was taken and analyzed by
running on 1.1% agarose/EtBr gel alongside 1 Kb DNA marker (G & P,
Korea) and the concentration of the double strand (ds) cDNA was roughly

estimated.



2.3.2 PCR product purification & Sfil digestion. The amplified ds cDNA
was purified by Strataprep PCR Purification Kit (Stratagene, La Jolla, CA,
USA) following manufacturers instructions. The purified ds cDNA was
restricted using 300 units of Sfil enzyme (New England Biolabs, UK) and
incubated at 50°C for 2 h followed by purification with MicroSpin S-400
HR Column (Amersham Biosciences, Buckingham shire, UK) and
precipitated with ethanol. The pellet was finally dissolved in 5 pul
deionized H»O. One pul of solution was run on 1.1% agarose/EtBr gel
alongside 0.1 pg of 1 Kb DNA size marker (G & P, Korea) at 80 V for

40 min and the concentration was determined.

2.3.3 Ligation of cDNA to ATriplExZ vector, packaging and titration.
Complementary DNA and ATriplEx2 vector (Clontech, Mountain View, CA,
USA) (Figure 2-3) restricted with Sfil were ligated at a ratio of 2:1
using T4 DNA ligase (New England Biolabs, UK). The ligated product was
packaged using MaxPlax™ Packaging Extract (Epicenter, Madison, USA)
following manufacturers instructions. XL1-Blue working stock plate was
prepared using LB/tetracycline at a concentration of 15 ug/ml, from which
a single colony was used to inoculate LB/MgSO,s/maltose broth to prepare
the XL1-Blue overnight culture. The culture was centrifuged, the pellet
was resuspended in 10mM MgSO, and the OD was brought to 0.5. Made
a 1:10 dilution of each of the packaging products, from which 1 pl of the
diluted phage was taken and added to 200 pl of the XL1-Blue overnight
culture, and the phage was allowed to be preabsorbed at 37°c for 15
min. Three ml of melted LB/MgSO, top agar was added to each mixture
of XL1-Blue and phage, and were poured onto 90 mm LB-agar/MgSO,
plates pre-warmed to 37°C. The plates were inverted after solidification

and incubated at 37°C for 12h. The plaques were counted and the titer of



the phage (pfu/ml) was calculated. Three ml of melted LB/MgSO; top
agar were added to each mixture of 200 pl of the XL1-Blue overnight
culture, 1 nl of the diluted phage, 50 ul IPTG stock solutions (0.1 mol/L)
and 50 nl X-gal stock solutions (0.1 mol/L) into a sterilized tube and then
poured onto 90 MM LB/MgSO, plates pre-warmed to 37°. The plates
were inverted after solidification and were incubated at 37 °c for 12h.
The ratio of white plaques (recombinants) to blue plaques

(non-recombinants) was calculated to determine recombination efficiency.

2.3.4 Library amplification, titration and determining the percentage of
recombinant clones. The A\ lysate—packaged product was transferred into
15 ml sterilized tube with 500 pl of XL1-Blue overnight culture and
incubated in a 37°C water bath for 15 min. After 4.5 ml of melted
LB/MgSOs top soft agar were added into each tube, the mixture was
poured onto LB/MgSO, agar plate. The plate was inverted after
solidification and incubated at 37°C for 12 h and 8ml of Ix lambda
dilution buffer was added to each plate. The plates were stored at 4°C
overnight, and then incubated on a platform shaker at 50 rpm at room
temperature for 1 h. Each of the phage lysates was mixed well and then
poured into a sterile 50 ml polypropylene screw-cap micro centrifuge
tube containing 10 ml of chloroform, vortexed for 2 min and centrifuged
(Beckman, Germany) at 7000 rpm for 10min. The supernatant was
transferred into another sterilized 50 ml centrifuge tube, and DMSO was
added (final concentration 7%). The amplified library was transferred into
1.5 ml sterilized micro centrifuge tubes and stored at —70°C as stock.
Ten pl of 1:100000 diluted phage and 200 pl of the XL1-Blue overnight
culture were added into a 5 ml sterilized tube, and the phage was
allowed to adsorb at 37°C for 15 min. Three ml of melted LB/MgSO; top

soft agar were added into the tube, and the mixture was poured onto a



90 mm LB/MgSO, plate preheated to 37°C. After solidification, the plate
was inverted and incubated at 37°C for 12 h. The plaques were counted
and the titer of the phage (pfu/ml) was calculated. The percentage of
recombinant clones in amplified library was determined in the same way

as that used for unamplified library.

2.3.5 Cre-lox mediated excision and retransformation. The clones were
excised by Cre-lox mediated excision followed by mass plasmid isolation.
The plasmids were retransformed into ZEscherichia coli DH10B cells
(Invitrogen, Carlsbad, CA, USA) and plated on to LB plates containing
ampicillin (50pg/ml). The recombinant clones were determined by x-gal
staining. The white colonies from the plates were picked and transferred
to 96-well plates and grown for 24 h in LB containing 50 pg/ml

ampicillin.

2.3.6 Complementary DNA sequencing of the clones from the SMART
library with A triplex? vector. Plasmid DNA was prepared in 96-well
plate format using multi-well filter plates (Pall Corporation, Ann Arbor,
MI, USA). Sequencing of cloned cDNA inserts was performed with 2000f
plasmid DNA as template and (TCCGAGATCTGGACGAGC) Tex2 primer
using ABI PRISM Bigdye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, CA, USA) according to manufacturer’s
instructions and analyzed on ABI 3700 automated sequencers (Applied

Biosystems, Foster City, CA, USA).

2.3.7 Ligation of double strand cDNA to pDNR-Lib. Double strand cDNA
obtained from SMART method and pDNRLib vector restricted with Sfil
(Clontech, USA) (Figure 2-4) were ligated at a molar ratio of 2:1 using

Ligation Mighty Mix (Takara, Shiga, Japan). Sequencing of clones was



performed in a similar manner as for pTriplex and the primer used for

sequencing from 5 end was M13 F (GTAAAACGACGGCCAGT)

2.3.8 complementary DNA sequencing of the clones from the SMART
library with pDNR-Lib vector. Plasmid DNA was prepared in 96-well
plate format using multi-well filter plates (Pall Corporation, Ann Arbor,
MI, USA). Sequencing of cloned cDNA inserts was performed with 200of
plasmid DNA as template and Tex2 primer (TCCGAGATCTGGACGAGC)
using ABI PRISM Bigdye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems, Foster City, USA) according to manufacturer’'s
instructions and analyzed on ABI 3700 automated sequencers (Applied

Biosystems, Foster City, CA, USA).

3. RESULTS

3.1 Characteristics of the libraries constructed by modified oligo—capping

method. The primary titer for the liver and brainstem libraries were
1.0x10°% cfu (colony forming unit), respectively. The average cDNA insert
size estimated by restriction analyses of 18 clones each was 1.8and 2 Kb
respectively (Figure 2-5), which is larger than that of conventional
libraries (Yao et al., 2004) and similar to that of full-length enriched
cDNA libraries reported (Carninci et al., 1999). Based on the analysis of
92 clones from the brainstem library, the clones without inserts were
only 2.2% (Table 2-2). The results of clone description by NCBI blastn
analysis against GenBank nonredundant nucleotide database (nr) showed
that 94% of clones from brainstem libraries showed significant homology
to known genes (Table 2-2). In the brainstem library, many ESTs did not
show match to the pig genes but to the other species, indicating

significant portions of genes expressed from the brainstem have not been



analyzed in porcine (Table 2-2). Seventy five percent of the sequences
from the brainstem library had shown Expect value (E-value) "O"
indicating highest significance of the match. The remaining 25% had
E-values ranging from e < 107 to e < 107'"®. The most abundantly
expressed gene for the brainstem and liver libraries were tubulin and
albumin respectively. When the start codon—containing clones were
considered as full length clones, the percentage of full-length clones was
estimated to be 70 and 80% from the liver and brainstem libraries
respectively. Majority of clones in the liver library were represented by

albumin gene indicating redundancy is very high.

3.2 Characteristics of the libraries constructed by SMART method. All the

libraries constructed by SMART procedure using ATriplex?2 has primary
library titer varying from 5x10°-1.1x10° pfu (plaque forming unit) or
5x10° cfu when pDNR Lib vector was used respectively (Table 2-1). The
most abundantly expressed gene for the spleen library was B-globin. The
results of clone description by NCBI blastn analysis against GenBank
non-redundant nucleotide database (nr) showed that 88 % of clones from
spleen library showed significant homology to known genes (Table 2-2).
Based on the presence or absence of the translation initiation site in the
5 sequences, the percentage of full-length clones was estimated to be
60% on an average. Although this is a little lower than the results
obtained using the cap-trapping method (Beisel et al., 2004), the ratio of
full-length clones was significantly higher than the conventional libraries
and full-length cDNA libraries reported (Otsuka et al., 2003; Chen et al.,
2006). The average cDNA insert size estimated by restriction analysis of
20 clones from the libraries constructed by SMART procedure varied
from 0.9 Kb to 1.8 Kb (Figure 2-6) which is higher than that of recent

report (Chen et al., 2006). Eighty four clones were sequenced from both



the 5 and 3’ end of neocortex library and 200 clones from 3 end of
spleen library to find the presence of poly A tail in the 3’ end. All the
sequences contained poly A tail indicating that contamination of genomic

DNA was almost absent.

3.3 Characteristics of the libraries constructed by cap-trapping procedure.

The average cDNA insert size estimated by PCR amplification of 18
clones from neocortex library was 1.1 Kb (Figure 2-7) by cap-—trapping
which is smaller than that of other full-length enriched cDNA libraries
constructed by cap-trapping (Beisel et al., 2005) although our result was
based on only one library. The primary library titer for neocortex library

was 5.0x10° pfu.

4. DISCUSSION

A total of 11 full-length enriched cDNA libraries were constructed
from Korean native pig tissues using the three widely employed methods
for full-length enriched c¢DNA libraries construction (Table 2-1).
Successful SNP detection was reported by Dirisala et al., 2005; Dirisala
et al.,, 2006, using 3,390 sequences obtained from spleen, neocortex,
brainstem and liver libraries. These 3,390 sequences are also being used
for Transcriptional start site determination (Manuscript in preparation) and
Radiation hybrid mapping (Manuscript in preparation). The number of
sequences is likely to increase from 3,390 to 10,000 by the addition of
sequences from the libraries that are being constructed and sequenced.
Construction of four new libraries from four different tissues 1is in
progress (Table 2-1). Cap-trapping method is being standardized for
construction of high quality full-length enriched cDNA libraries as this

method proved to be superior in comparison with other methods despite



its complexity (Sugahara et al., 2001). 93% of sequences were matched
with sequences of either pig or other species with E value < 107'%
(Table 2-3) and majority of clones from our libraries are extended
towards the 5' end (Table 2-4) which are useful is the identification of
5’untranslated region (UTR).

cDNA libraries for the porcine genome have not been reported for
many tissues such as eye, tongue, stomach, large intestine, kidney, lung,
sperm, skin, testis, ear, etc. Since no cDNA library is reported for these
tissues, construction of cDNA libraries from these tissues will improve
our knowledge about expression of genes in these tissues. Also
full-length enriched cDNA libraries need to be constructed from tissues
that are not reported to date, so that the information generated from
these full-length enriched cDNA libraries can serve as valuable resource

for pig functional genomics.



Table 2-1. List of full-length enriched cDNA libraries constructed from

various tissues of Korean native pigs.

Tissue Average

S.No Organ Methodology Vector used )
Source insert size

1 Neocortex* P5 SMART ATriplEx?2 1.2 Kb

2 Spleen P5 SMART ATriplEx?2 1.1 Kb

3  Cerebellum P24 SMART ATriplEx2 1.7 Kb

4 Kidney P5 SMART ATriplEx2 1.0 Kb

5 Testis P5 SMART ATriplEx2 0.9 Kb

6 Liver P9 SMART ATriplEx2 1.6 Kb
7 Lung P9 SMART ATriplEx2 In progress
8 Sperm SMART ATriplEx2 In progress
9 Eye P5 SMART ATriplEx2 In progress
10 Muscle P5 SMART ATriplEx2 In progress

11 Brainstem*. | P5 FY Y odism2” §2.0 Kb

oligo—capping
12 Livers P5 Wole Jnen ¥ F 1.5 Kb
oligo—-capping

13  Neocortex 5 SMART PDNR-Lib 1.1 Kb

14 Cerebellum P24 SMART PDNR-Lib 0.9 Kb

15 Neocortex =5 Cap—trapping AZAPII 1.1 Kb

*3390 clones from these four libraries analyzed for SNP identification,

transcriptional start site elucidation and radiation hybrid mapping.



Table 2-2. The characteristics of spleen and brainstem libraries

constructed by SMART and modified oligo—-capping methods based on

blast analysis.

Tissues

Category (%) Spleen Brainstem
Annotated transcripts 278 (88%) 87 (94%)
Pig 173 (55%) 19 (22%)
Other Species 105 (33%) 68 (72%)

Homology with pig EST 6 (1.9%) 0 (0%)
No match 4 (1.2%) 2 (2.2%)

No insert 1 (0.3%) 2 (2.2%)
Mitochondrial transcripts 26 (8.2%) 1 (1.0%)
Total 315 (100%) 92 (100%)




Table 2-3. Blast

analysis

results

of clones from brainstem, liver,

neocortex and spleen full-length enriched cDNA libraries.

Category by
BLAST analysis

No. of clones (%)

Extension of 5’ —ends
to NCBI 5'-EST
No. of clones (%)

sequences
EST Match 93 (93) Longer 79 (85)
Pig 81 (87) Same 2 (2
Other species 12 (13) Shorter 12 (13)

No match 7 (7)
Total 100 (100) Total 100 (100)




Table 2-4. Description of five newly identified 5 untranslated region

sequences from the analysis of full-length enriched cDNA libraries.

Sequence of 5’UTR

GenBank — p g iion
accession
Myosin
AY550066  regulatory light
chain
Ubiquitin/
NM_214211 ribosomal fusion
protein
AY610343 Peroxiredoxin
gene
121163 T-Cell receptor

delta chain

NM_214276 Citrate synthase

5’ GAAGTGCCGGCGTCGCCGCTGTTGCTCCCGCAGTTCCTCCCG

CAGCTCCGCACTCGTAGCCTCCGCTCGTTTCGCTCAGGAAGTCC

GGGTTCTGGTTCTGGTATTTGGCCGCAAATTAAACTGCCACCAT

GTCGAGCAAAAAGGCAAAGACCAAGACCACCAAGAAGCGCCCCC

AGCGCGCAACTTCCAATGTGTTTGCCATGTTTGACCAGTCACAG

ATTCAGGAGTTCAAGGAGGCCTTCAACATGATCGATCAGAACAG
AGATGGTT

5" GGGGCTTTTTCTCTTCAACGAGGCGGCCGAGCAGACGCAGAG
ATG

5" ACGGCCGGGGGGCCCCGAGAACGCAAGTACCTGAGTCTTCTIC
GTCGGTGCGTCCCGCCCTTGCCCACGCAGCTTTCAGTCATGGCC
TE

5" CTGTGACAGCTACGTGGACGGTGGGATACGGGACGTATCGAT
AAACTCATCTTTGGAAAAGGGACTCAGCTGGTTGTGGAACCACG
AAGTCAGCCTAATTCCAAACCATCCGTTTTTGTCATGAAAA%EQ
GAACAAATGTTG

5’ TGGGGCAGCGGCGGCGGCAGCTCCCGTTCCTGCCGCATTTICT
CTTCCCTCCTTCCCTCCCCGCCAGATCTCCGAATTCGCCTGCCA
TGGCC

Note:

1

Bold letters indicate the newly identified sequences comparing to the

existing sequences in the GenBank.

® ATG, the translation initiation signal.
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brainstem library constructed by modified oligo—capping method

(M=Molecular size marker).

Figure 2-6. Restriction analysis of clones from full-length enriched
cerebellum c¢cDNA library constructed by SMART method (M=Molecular

size marker).



Figure 2-7. PCR amplification of inserts from clones of full-length
enriched neocortex c¢cDNA library constructed by  cap-trapping

(M=Molecular size marker).
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Chapter III.

PIG c¢SNP DISCOVERY USING FULL-LENGTH ENRICHED CDNA
LIBRARIES

1. INTRODUCTION

Single nucleotide polymorphisms (SNPs) are the most frequent form
of DNA variations in the genome of any organism (Brookes, 1999). Owing
to their high abundance and stability in populations, they emerged as the
marker of choice in several applications that include physical mapping,
evolutionary studies and association genetics (Syvanen, 2001; Vignal et
al., 2002; Dimmic et al., 2005). The most classical way to identify SNPs
1s by direct sequencing of amplicons of candidate genes from a set of
individuals that represent the diversity in the population of interest. The
drawback of this approach is time and money required (Useche et al.,
2001).

An alternative method takes advantage of the redundancy of gene
sequences generated by expressed sequence tags (ESTs) at minimal costs
(Gu et al., 1998; Elahi et al.,, 2004). EST sequence data provides the
richest source of biologically useful SNPs due to the high redundancy of
gene sequences and the diversity of genotypes represented within
databases (Barker et al., 2002). Each SNP would also be associated with
an expressed gene. The use of EST information for the detection of
SNPs in the genomes of mammals has been carried out by several groups
(Kwok et al., 1994; Gu et al., 1998; Buetow et al., 1999; Garg et al,
1999; Marth et al., 1999; Picoult—-Newberg et al., 1999; Irizarry et al.,
2000; Cox et al., 2001 Fahrenkrug et al., 2002; Hu et al., 2002; Kim et
al., 2003; Fitzsimmons et al.,, 2004; Guryev et al., 2004; Hawken et al.,



2004; Zimdahl et al., 2004; Lee et al., 2006).

Many conventional and full-length enriched cDNA libraries have
been constructed in porcine and as of December 2006, 641857 porcine
ESTs are available in the Genbank porcine EST database. Although the
number of ESTs has been significantly increased, the analysis made less
progress comparing to the amount of data. We evaluated the process of
cSNP discovery using full-length enriched cDNA libraries as a method
and Korean native pigs as a divergent genetic resource. We showed that
the result of SNP identification wusing our approach was relatively
accurate. We also listed 13 new cSNPs with their allele frequencies for

four breeds of pigs.

2. MATERIALS AND METHODS

2.1 SNP identification. The chromatograms of 3390 EST sequences

obtained by sequencing spleen, neocortex, brainstem and liver libraries
which have been described in chapter 2 were transferred to a Linux
workstation. EST sequence trace files were base—called using Phred
(Ewing and Green, 1998; Ewing et al.,, 1998) and the trace files were
assessed for having the Phred quality score higher than 30 in 20 bp
windows. Sequences that met the criteria were subjected to Cross_match
(P. Green, Unpublished) for vector trimming. RepeatMasker was used for
removing repeat sequences (http://repeatmasker.genome.washington.edu/;
A.F.A. Smit and P. Green, Unpublished). The processed sequences were
assembled by Phrap
(http://bozeman.mbt.washington.edu/phrap.docs/phrap.html) and viewed with
Consed program (Gordon et al., 1998). The amino acid change at the SNP
site is determined by NCBI blastx (http://www.ncbi.nlm.nih.gov/BLAST/)
and Nucleotide Amino Acid Alignment Program (NAP)



(http://athena.bioc.uvic.ca).

2.2 PCR primer design. SNPs were chosen from the contigs that had
BLAST (Altschul et al., 1990) matches to known genes with E < 10-100.

Since genomic sequence information of porcine genes is hardly available,
exon—intron structures were determined from those of closely related
species (Homo sapiens, Bos taurus, Mus musculus, Canis familiaris) with
available genomic sequences using Spidey,
(www.ncbi.nlm.nih.gov/IEB/Research/Ostell/ ~ Spidey/).  Primers  were
designed based on the expected exon—intron structures to generate

amplicons between 300 and 1500 bp long.

2.3 PCR and sequencing. Genomic DNA was isolated from the blood

samples of five randomly selected individuals of each of four pig breeds
(Korean native pig, Yorkshire, Duroc, Landrace) by phenol/chloroform
extraction and ethanol precipitation procedures (Sambrook et al., 1989).
PCR conditions and primers used for genomic DNA amplification are listed
in Table 3-1. PCR amplification was carried out in 15 pl reaction
mixtures containing 50 ng of genomic DNA, PCR buffer (10mM Tris—-HCI
pH8.3, 50 mM KCI, 1.5mM MgCly), 0.5 pM Primers, 200 pM dNTP and
0.75 units of Tagq DNA polymerase (Takara Bio Inc, Shiga, Japan). The
PCR conditions were 35 cycles of 94°C for 30 sec, specific annealing
temperature for each primer for 30 sec and 72°C for 30 sec with an
initial denaturation step at 94° C for 3 min plus a final extension at 72° C

for 4 min. The PCR products were directly sequenced as indicated above.

2.4 Accession numbers of Korean native pig alleles. Accession numbers

of sequences reported to Genbank from the current report are endozepine

(DQ/85192), peroxisomal enoyl coenzyme A hydratase 1 (DQ885193),



vitronectin (DQ885194), neuronal and endocrine protein (DQ8’5195),
antithrombin III (DQ885196), microsomal glutathione S-transferase
(DQ&85197) and B-globin gene (DQ8R’5198).
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Figure 3-1. Overview of the sequence analysis process employed for

SNP detection.



Table 3-1. Summary of seven primer pairs utilized for SNP confirmation.

Genbank Product

Gene description . Forward primer . SNP
for contig accession reverse primer S12¢ Confirmed
number (bp)
Peroxisomal enoyl 5 -GACATGGCTTCGGACATCTT-3
coenzyme A DQISTS52 o -\ CAGTACCGGATGTCACAG-3 — ¥42 Yes
Hvaluronidace NM_21395 5'-GATGGATCAGCCGCTACTAC-3’ 170 Voo
y 3 5'-GTAGGTGGCACCGTGGTTGT-3'
5'-CCTTCAGCCAGATGATGAGT-3' 309 .
. , e 5'-GACATCTTGGATGAGCTTGG-3’ s
itronectin 5'-AGGAAGTGTCAGTGTGACGA-3 | N
5'-GGTGAAGGCGGCATCAATGG-3' 0
Microsomal $ '
( 5'-CTGGATTGTTGGACGAGTTC-3
glutathione AY609810 5 - CTGGATTGTACGTGGAGTTC-3’ 1200 Yes
S—-transferase
- 5 -GGTGTGGATTCGTCTGTATG-3
B-globin AY610360 5 - CTCGAAGAACCTCTGAGTCC-3' 694 Yes
Neuronal and 5 -NNTGTGAAGTCCTGCCAGAG-3
endocrine proteini 129054 o 0eAAGECTGGATAGTCATGT-3": = 040 Yes




3. RESULTS

3.1 Identification of putative cSNPs using a bioinformatics approach. As

an effort to characterize the Korean native pig genome, cSNP
identification was performed between Korean native pigs and other
breeds. A total of 3,390 chromatograms (3,210 5 -end sequences and 180
3’-end sequences) from four full-length enriched cDNA libraries of the
Korean native pig and 50,000 chromatograms of porcine EST sequences
retrieved from the GenBank trace file archive were combined and
analyzed for presence of SNPs using the procedures shown in Figure
3-1.

The process yielded 8,118 contigs. Forty nine contigs were consisted
of both a minimum of two Korean native pig sequences and two public
EST sequences within each contig. Among these, seven contigs containing
a minimum of one putative SNP from Phrap analysis were selected.
Finally eight putative c¢SNPs were chosen for confirmation through
population analysis (Table 3-2 and 3-4). Interestingly, only three of
seven contigs remained putative c¢SNPs when Korean native pig
sequences were removed (data not shown), indicating the importance of

Korean native pigs as a genetic resource to increase genetic variation.

3.2 Evaluation and confirmation of ¢SNPs. To confirm the putative c¢SNPs,

PCR primers were designed for the 7 loci (Table 3-1) and PCR products
were generated using five different individuals from each of four different
pig breeds (Duroc, Yorkshire, Landrace, Korean native pig). All primers
successfully amplified, producing specific bands. Analysis of direct
sequencing result from 140 samples revealed the confirmation of 6 out of
7 SNPs identified (86 % accuracy) from in silico SNP detection (Table
3-2).



In addition to 6 confirmed SNPs, we identified the presence of 7
additional SNPs which were unidentifiable from the in silico process
through the sequence analysis using four breeds of 20 pigs. The SNP
detection frequency from these 13 confirmed SNPs was 1 SNP per 338

bp. Transitions (92%) were more than transversions (8 %).

3.3 Characterization of breed specific differences using 13 SNPs. Allele

frequencies were calculated for 13 confirmed SNPs by analyzing
polymorphic variations from four pig breeds (Table 3-3). There was
variation in allele frequencies of each SNP among different breeds.
Interestingly, the frequency of fixed alleles was significantly higher (6of
13, 46.1%) in Yorkshire than Duroc, Landrace and Korean native pig
breeds, indicating genetic homozygosity is higher in Yorkshire for these
regions. In two SNPs (positions 717 and 730) from hyaluronidase, all four
breeds showed polymorphism, showing that these are very polymorphic
SNPs.

One SNP (position 536) from vitronectin was monomorphic in Duroc,
Yorkshire and Landrace except for Korean native pigs. Contrarily, SNP 15
of B-globin was monomorphic only in Korean native pigs. These results
suggest that the presence of unique genetic diversity within Korean
native pig population although the allele frequency was calculated from a
limited number of individuals (n=20).

In the neuronal and endocrine protein, the three nucleotide deletion
was identified from an allele of the gene of Korean native pigs. This
deletion removes the amino acid valine from the secretogranin domain of
the encoded protein (Figure 3-2). It is interesting to more precisely know
the frequency of deletion allele in the Korean native pig population since

the finding was only based on five animals.



4. DISCUSSION

Our primary goal for this study was to test the efficiency of c¢SNP
identification using Korean native pigs as a resource for genetic diversity.
Since the genetic relationship between Korean native pigs and other
commonly used pig breeds in genetic analysis are expected to be
distantly related, the possibility of identifying genetic differences between
them could be higher than comparing the sequences among commonly
used breeds.

In humans, the SNP detection frequency was reported to be 1 SNP
per 700 bp on an average across the whole genome (The International
SNP Map Working Group, 2001) and in some regions it was as high as 1
SNP per 300 bp (Wang et al.,, 1998; Dawson, 1999). In chicken the
frequency of putative SNPs was reported to be 1 SNP per 2,119 bp (Kim
et al., 2003) or 1 SNP per 1,900 bp (Fitzsimmons et al.,, 2004). In
Hanwoo cattle, the SNP detection frequency was 1 SNP per 787 bp (Lee
et al., 2006). The difference in SNP detection frequency from the reports
might come from the genetic diversity within species or applied methods.

In porcine, the SNP detection frequency was 1 SNP per 525 bp when
the in silico method was used (Grapes et al., 2006). When the sequencing
method was used for SNP identification, 1 SNP per 183 bp was identified
from MARC porcine reference population, which consisted of multiple pig
breeds including Chinese breeds (Fahrenkrug et al., 2002). In our study,
the in silico method yielded 1 SNP per 614 bp. When the amplicons were
sequenced to confirm the putative SNPs, the SNP detection frequency
was increased to 1 SNP per 338 bp due to the discovery of new SNPs,
suggesting that use of Korean native pigs for discovery of SNPs is an
efficient method. Increasing the number of sequences from Korean native

pig cDNA library should greatly increase the finding of polymorphisms



associated with Korean native pigs.

The SNP confirmation percentage in humans varied between 50-82%
(Gu et al, 1998; Buetowet al., 1999; Picoult-Newberg et al., 1999;
Irizarry et al., 2000). When our putative SNPs from in silico analysis
were analyzed for confirmation using genomic DNA, the validation
percentage was higher (83%) than other studies using pigs which ranged
fromb9~64 % (Kollers et al., 2005; Grapes et al., 2006). This shows that
the accuracy of our analysis method is in good agreement with others
and even better. These differences in validation percentage may be due
to the different data filtering methods used to discern sequence errors
from putative SNPs. In the EST-SNP approach, some mismatches are
probably attributed to base calling errors or errors produced during cDNA
synthesis and propagation in E.coli (Cooper and Krawczak, 1995).

To reduce these potential errors, we have only taken sequences with
the Phred quality value higher than 30, which was more stringent than
the value chosen for earlier reports (Picoult-Newberg et al.,, 1999;
Fahrenkrug et al., 2002; Cheng et al.,, 2004; Zimdahl et al., 2004, Lee et
al., 2006). For SNP confirmation we had chosen only those contigs with
more than two Genbank sequences and two Korean native pig sequences
containing SNPs in them. These factors might have contributed to high
confirmation percentage in comparison with that of previous reports.
However, use of higher Phred quality value may also increase the
possibility of missing valid SNPs by applying more stringent filtering
criteria than usual.

Our data suggest that the SNP detecting strategy utilizing the current
NCBI pig trace archive only has some Ilimitation since we found 7
additional SNPs from 6 loci. through sequence analysis from 4 breeds of
20 animals. However, with the progress of recently initiated pig genome

sequencing project, the pig sequence trace archive will be increased



significantly in short period of time. Thus, we expect that the power of
SNP detecting analysis using the future pig sequence data in NCBI will
be much improved.

The amino acid valine deletion which was identified in the sequence
of pig neuronal and endocrine protein was also found from other species
including human (Mbikay et al., 2001). The three nucleotide—deletion is
due to alternative—splicing mechanism by NAGNAG acceptor. It has been
reported that splice acceptors with the genomic NAGNAG motif may
cause NAG insertion—deletion in transcripts (Hiller et al., 2004, 2006;
Akerman and Mandel-Gutfreund, 2006). According to the analysis of the
human orthologue, it was proved to be the case (Figure 3-2) and we
could conform that the similar mechanism is operating in pigs.

Unlike humans and mice, pigs do not have a large repository of
identified SNPs. The availability of such information is still in progress.
Although we tried to confirm all the putative SNPs identified in our study,
it was not possible to design primers for three putative SNPs (Table 4)
due to the location of cSNPs at the start of the exon or the presence of
a very long intron (>1500 bp). Although some cSNPs identified from our
pipeline were not confirmed, we expect that they represent true SNPs
considering our high validation percentage from the confirmed SNPs.

Several researchers suggested the necessity of more genetic markers
for the dissection of economically important traits in pigs (Fahrenkrug et
al., 2002; Kollers et al. 2005; Jeon et al., 2006). Our libraries can serve
as an excellent genetic resource to identify c¢cSNPs and can contributE

significantly to pig genome analysis.



Table 3-2. Description of 13 confirmed cSNPs.

. ) . B
Description Acc. No. Location® Sequence variation Pogz
P erEX‘Somal Exon 3 «TCCATAAC®CTCAT — TCCATAATSCTCAT 429
noyl DQ157552
Coenzyme A AGCATCATCGA — TCAGCGTC™ATCGA 453
hydratase 1 Exon 3 TCAGC
Exon 9 ACTACTTC™ATGTC —ACTACTTT™ATGTC 717
: y
Hyaluronidase NM_213953 Exon 9 GCCCGGGCEAGACC — GCCCGGAC*PAGACC 730
Exon 11 *CCCACCATH™GGGGA — CCCACCGT™GGGGA 764
Exon 3 GCTGCACT®GACTA — GCTGCGCT®™GACTA 228
Exon 3 GCTGCACT™GACTA — GCTGCACCTGACTA 230
Vitronectin D61396
Exon 4 AAGTGACT®CGCGG — AAGTGACCTCGCGG 263
Exon 7 *TCCGAGGG®CTGTA — TCCGAGGA®YCTGTA 536
Microsomal
glutathione  AY609810  Exon 5 *GCAAGCGA™AGTCG — GCAAGCGG™AGTCG 620
S—transferase
(g?“ﬁ}é) AACTGCACAAACAT —AACTGAACAAACAT 15
B-globin AY610360
Exon 1 *CTGCTGAG™GAGAA — CTGCTGAARUGAGAA 49
Neuronal and
endocrine M23654 Exon 4 *AACAGTA™GATGGAT—AACAG-——ATGAT 486
protein

1 .. |
The position was based on human genomic sequences except for

B-globin, which is based on the porcine genomic sequence.

“Bp position was based on the nucleotide position of ¢cDNA sequences.

*SNPs identified from the in silico analysis.



Table 3-3. Allele frequencies of 13 confirmed c¢SNPs in four pig breeds.

No. of animal for each Allele Frequency’

2

Description OSEigtFi)onl SNP genotype
P D in Y K D L Y K
beroxisomal enovl coongvme A 429 T/C??, % 2,21 2,3,0 2,1,2 06 06 07 05
Y Y 453 G/A 1,3,1 41,0 500 2,1,2 05 09 1.0 05
717 T/C 3,0,2 2,1,2 3,0,2 40,1 06 05 06 0.8
Hyaluronidase 730 G/A 0,23 1,31 41,0 1,40 02 05 09 0.6
764 G/A 500 1,3, 1 1,3, 1 0,50 1.0 05 05 05
228 G/A 50,0 1,4,0 0,50 0,50 1.0 0.6 05 0.5
Vitronectin 230 T/C 4,01 3,1,1 50,0 500 08 07 1.0 1.0
263 T/8 2.8\ Cll=esefl5. /0, 0\3 ™ 808 10 10 1.0
536 G/A 50,0 500 500 21,2 1.0 1.0 1.0 05
Mi“%s_otmal glutathione 620 C/T 1.2.2 5,00 0,2.3 50,0 04 10 02 1.0

ransferase
A elobin 15 C/A 41,0 1,2,2 40,1 500 09 04 09 1.0
& 49 G/A 3,0,2 500 500 1,0,4 06 1.0 1.0 0.2
. . TAG/-~-

Neuronal and endocrine protein 486 - 5 0,0 5 0,0 5 0,0 40,1 1.0 1.0 10 1.0
Frequency of fixed allele (%) 30.8 38.5 46.1 30.8

"Bp position was based on the nucleotide position of cDNA sequences.
“In each breed, the first (left allele) and third (right allele) are homozygous genotypes. The middle is for the
heterozygous genotype.

*The values were calculated for the left nucleotide of SNP. D, Duroc; L, Landrace; Y, Yorkshire; K, Korean native pig.



Table 3—-4. The list of putative ¢SNPs identified from our in silico analysis without validation.

Genba.nk Contig  Bp pos. s ..
Locus accession | o T DNA Location* Sequence variation
number eng '
Endozepine NM 214119 514 225 Exon 2 GGAATGGG"CTGAA—GGAATGGC*CTGAA
. . 43 Exon 1 (5°UTR) GCCCAGACCTG—GCCCACACCTG
Antithrombin I AF281653 1055 105  Exon I AAAGGACG™GAGT—>AAAGGAGG™GAGTG

“The position was based on human genomic sequences.



(A)
K T D D G
TAG- form AAAACAG ATGATGGA
TAGHform AAAACAG TAGATGATGGA
K T W D D G
genomic AAAACAGGTAACAGAT ... TGTTTGCAGTAGATGATGGA
exon 3 exon 4
(B)
K4 oW D G
CAG- form AAAACAG ATGATGGA
CAGHform AAAACAG CAGATGATGGA
ST D D G
genomic AAAACAGGTAACAGAT ... TGTTTGCAGCAGATGATGGA
exon 3 exon 4

Figure 3-2. Comparison of the valine and alanine deletion alleles of
The TAG- form (ACC. No.
CJ011171) and the TAG+ form (Acc. No. BW971409) indicate the valine

porcine neuronal and endocrine protein.

deletion and the wildtype alleles, respectively. (A) The deleted three
nucleotides in pig were TAG at the beginning of exon 4, resulting in a
deletion of valine. (B) The deleted three nucleotides in human were CAG.,
resulting in a deletion of alanine. The Genbank accession numbers for
CAG- form and CAG+ are NM_003020 and BC005349, respectively. The

accession number for the human genomic sequence is NC_000015.
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Chapter IV.

TRANSCRIPTIONAL START SITE ELUCIDATION FROM FULL-LENGTH
ENRICHED cDNA SEQUENCES

1. INTRODUCTION

Although many researchers have deposited ESTs in the public
database, the 5 end termini of most of these sequences deposited in
public databases are incomplete and conventional methods for determining
exact transcription start sites (TSS) such as 5'RACE (Frohman et al.,
1988; Schaefer, 1995) or primer extension (Mcknight et al., 1982) are
laborious. In addition, computational methods for predicting the location of
promoters are immature (Suzuki et al.,, 2002). This difficulty can be
overcome by the sequences from full-length enriched cDNA libraries
where majority of sequences are extended towards the 5 end. Exact
determination of TSS is important for identifying the promoter region,
which is located just proximal to TSS in many cases. When multiple TSS
is observed, it enables us to examine the dynamic nature of the
transcriptional initiation events (Suzuki et al., 2001). Since TSS marks the
5end limit of ¢cDNA, the amino acid sequence of the exact N-terminus of
the encoding protein could be deduced, which is essential to examine the
presence of protein sorting signals. Database of transcriptional start sites
for human and mouse have been reported (Suzuki et al., 2001; Suzuki et
al., 2002; Suzuki et al., 2004). There is only one report regarding
transcriptional start site identification from the full-length enriched
sequences of porcine i.e. from olfactory bulb c¢cDNA library (Fujisaki et

al., 2004). We tried to analyze transcriptional start sites from the



sequences of our full-length enriched libraries by comparison with Mus

musculus, Bos taurus and Homo sapiens sequences.

2. MATERIALS AND METHODS

2.1 Bioinformatic approach for transcriptional start site identification. For

analysis of EST sequences, 3,390 trace files obtained from the spleen,
neocortex, brainstem and liver libraries were transferred to a Linux work
station and base called using Phred (Ewing and Green, 1998; Ewing et
al., 1998), assessed for having the quality score higher than 20 in 20 bp
windows. Sequences that met the criteria were subjected to Cross_match
(P. Green, Unpublished) for vector trimming. RepeatMasker was used for
removing repeat sequences (http://repeatmasker.genome.washington.edu/;
A.F.A. Smit and P. Green, Unpublished). The processed sequences were
assembled by Phrap
(http://bozeman.mbt.washington.edu/phrap.docs/phrap.html). The assembled
sequences were analyzed by NCBI blastall with the option E-value>100.
Museq box was used for parsing the sequences and analyzed for the
presence of minimum 5 sequences and a maximum of 20 sequences from

4 species (Homo sapiens, Bos taurus, Mus musculus and Sus scrofa).

2.2 Comparison of transcription start sites among different species.

Precise transcription start sites for the sequences from each of the 4
species were determined by alternative splicing using Spidey program and
analyzed to find similarities and differences among species. The TSS
identified and analyzed from these four mammalian species were

compared with chicken sequences.



3. RESULTS

3.1 Identification of transcriptional start sites. Assembly of 3390 EST

sequences from four full-length enriched cDNA libraries by bioinformatics
approach yielded 420 contigs. Of these, the contigs with E-value>100
were selected. Contigs that met the criteria were 141 and the gene
sequences of these contigs were analyzed for the presence of minimum 5
gene sequences in each of the 4 mammalian species (Homo sapiens, Bos
Taurus, Mus musculus and Sus scrofa). 40 of the contig sequences
satisfied the criteria and were analyzed for the presence of
transcriptional start sites in comparison with four different mammalian
species. We have shown transcriptional start site analysis for 5 genes
human T-cell leukemia virus type—1 binding protein (Tax1BP3)
(NM_014604), NDRG family member 3 (NM_032013), serine incorporator
1 (NM_020755), thiosulfate  sulfurtransferase (NM_003312) and

polyubiquitin (M18159) for a pilot study.

4. DISCUSSION

Although the 5’terminus for majority of sequences from our
full-length enriched cDNA libraries were extended towards the 5 end, it
1s not possible to determine the transcription initiation site of each gene,
if the number of sequences are limited. Thats why the full-length
sequence of single gene appearing more than 5 times from four different
species was aligned with our full-length sequence. For Human T-cell
leukemia virus type I binding protein 3 (Tax1BP3) gene, 10 Sus srofa
sequences were starting at the same point and 20 Bos taurus sequences,

20 Mus musculus sequences were starting at same point. For NDRG



family member 3 (NDRG3) and Serine incorporator 1 (SERINC1) gene, 20
sequences from Mus musculus were starting at same point. For
Polyubiquitin (UBC) gene, 15 sequences from Homo sapiens were starting
at the same point. Among the sequences for 5 genes from 4 species,
Mus musculus sequences showed more variation while reaching the 5’
end. All the species showed maximum variation towards the 5 end for
Thiosulfate sulfurtransferase (TST) gene. Sequences in Mus musculus for
two of the genes (TAX1BP3, NDRG3) from the total of five genes
analyzed in this pilot study are slightly longer in comparison with
sequences from other species. The Bos taurus sequences are shorter for
3 genes (TAXIBP3, NDRG3, UBC) in comparison with sequences from
other species. The Homo sapiens sequences for NDRG3 is little shorter
when compared with the Homo sapiens sequences from other genes but
is slightly longer than that ofBos taurusfor that gene.in comparison with
other sequences. This is the only gene among 5 genes where the Homo
sapiens sequences are short.Further analysis are required in determining
transcription factor binding sites for functional analysis and effects due to
difference in promoter length.

Our methodology was based on analyzing the transcription start sites
by comparison with Mus musculus, Homo sapiens, Bos taurus and Sus
scrofa sequences from Genbank EST database. Comparison of sequences
of human and other organisms helps to extract biologically meaningful
information as to which parts of the genomic sequence are likely to have
functional relevance. It 1s expected that the functionally important
regions such as exons and promoter elements are evolutionary conserved
and could be discriminated from non-conserved ones, which are supposed
to be subject to fewer functional constraints (Hardison, 2000; Boguski,
2002). We expect that the full-length enriched cDNA libraries constructed

in our study will enable to identify promoter regions and helps in better



understanding of complex transcription process operating in species.

< Tax1 (human T-cell leukemia virus type [) binding protein 3 (TAX1BP3) >

O'UISquJETlCE TTIGTTAACCAGAGRGGGCGCGGCCACCEEGATTCICGCTGCAGECTTCGGEEAGCEECECTTGACTICE AGATTGGGGTCGAGATGTCCTACATIC
Homo sapiens .;::3::;.?19.119.0.&333.SCGh::G:SSS"IxCTC: """'A;GG'.'".".'::T%GAGCSSCG::GGS.uh::l:ka.hPu::GrSn GTCCTACATCC
il 1
Bos taurus b TG [ AGATGTCCTACGICC
=
A B
PO g—— S h 5 - i TCCTTAACLGATTICGATCARRATATCCTACACCE
Mus muscutus 5 ShGGG 8 S 5 CAGA GTCGRRATGTCCTACACCC

mm.m.p. e A e s

Sus scrofa h‘uv!‘ﬂ#‘\-"‘JJJu\Ju\J\Jv.—h-\-J‘\J#E..U’.\Jvi‘id‘..HJJ\J\JH\JHB»J.U...Odu,—-—-\&h TGGGGTCGAGATGTCCTACATIC
5 11 1

< Senne mcorporater | (SERINCT) >

O sequence AGTRCATARG A GA AR A AG—AGGCTCTGTCTC AT CTT AT TAGCATCTGCTACTCCTR-C AT TRT GRARATGGGAACETCITEAG5CTC

Homo sapiens 14 14 -pACTCITE-TGACGT IGTGRAGATGRGRAGCETCCTGREETIG
N el
Bostaunss CCAT IG ACGCTGCTCCTG-CRRCGT TG GGRAATGGGEERGCGTICTTRREGCIG

¥

| e

: 5
ﬁp& GGEGAGCGTTCTRGEGTG

E ' -U---MH-. -..ﬁ..:h.— ¥4
Mus nuseuhus ” b ., W

Sus scrofa TIGTGGRGATGEEGAGCEICTIGREECIC

< Thiosulfate sulfintransferase thodenesz) (T5T) >

LECECE GGCGARCECCARGECEECEED e s s
EGCGGEGCAGGAECERGCECCRAEGCGECEG0GRGEGC0RGTRAL

GCRGAGCTRARRCCATGGTTCAGCAGGTGCTCTACCAGGCECTGGICT

(O sequence CRECTT

Hommp sapiens CCAGCCEGCCRRRGEEE "“C.L.SC“"SSCST:CG%SGC-"'". ACGCLGAGCTGRAGCCATGET G5TGCTCIACCGEGCGCTRATCT
s %
Bos tauns AGCTGECLGTEECAT G50GG06LG5606RaTGACRCEGAGAGCTGA CAG5TGCTCTACCARGCECTGEICT
Mus nuseulus 2CAG-T6CCTGARGICAGAATC--GRCTGAGGETACSCT '"?-SACTECLGE_%CZSQC}.:?" TGGTACATCAGGTGCTCTACCGRRCGCTGETAT
2
Sus serofa .'J.i‘cs-;?ﬂﬁ;cm CGAGCACCAGLECEECEGCGAGEGCoART GACRCGLAGAGCTGARACCATGRTTCAGCAGGIGCTCTACCGRGLACIGRICT

Figure 4-1. Transcriptional start site analysis from 5 genes as examples.
ATG 1is the start codon. Triangled arrows indicate the number of

sequences from the same species starting at same point.



<NDRG famnily memher 3 (NDRG3) >

Cur sequence TTCCCCCGCCCAACTCGCACCECCEGG6CTACTGRACTGACGGCAGCTGCCGGAGCCTCAGRATTACTCATTTATTCTTGAGACTCITCIGCICTC-—-AT

Homo sapiens ECTSCTGCN‘TEKCGGC"GGTGCCCGCGC:‘ECAG BT TACTGATTTATTCTTGAGATICCTCTACTCTCATTAT
[} 1

Bos taunus %ﬁiﬁﬁ:ﬁ@:?ﬁt*ﬁiﬁtf’.tﬁﬂﬁfﬂ: TGAT

Mug musculus

TECTTGLGMI’CTCTH;& wwwww AT

S GCTEETECTE -l C CTTGIGACTCATCTACTCTG-==A6
§ fa L '26.2 K G.tl’; AATTACTCATITATTCTTGAGACTC A
U8 §c10 ICCCCCaCeCAy o GLaLCGCCaaEGCTECTORGCTRACAECGECIGCCEEAGCCT AGRRITACTCATITATICTIGAGACTCITCTGCTCTC==AT

N Ry K ¥

Cuwrsequence  CTGCCTCATOSATGRARCTTCAGEATGITCARCTCRCAGRGAT CARACCACTTCTARATGATARGARTGATACACGARRC T TCCAGGACTTTGACTGICAGGAACAT GATATAGARAL

Homosapiens  CTGCCTCATGEATGRARCTTCAGEAT I TCASCT R AGRGAT CARRC CACTICT AR TCATARGART GOTACARGARRC T TCCAGGACTTTGACTGICAGGARCATGATATAGRRAL

Bos tawnus CIGCCT AT ATeAACTTCAGGA TG ICAACTCRCAGAGAT AR CCACTTCT AR TeATARGAAT GO ACACCAAACTTCCAGGACTTTGACTGICAGGAACAT GRCATAGRRAC

Mus nmsculus CC’gCCTCA'[""SI—;TSE—;ACZTCLGG%IG::CE—.ACTCE—- AGRGATCARACCGCTICT AR TGATAAGAATGGCACACCARRCTTCCAGEACTTTGACTRICAGGARCATGACATTIGARAC
1

Sus scrofa TGO AT GEATGAA T T AGEA TR TCA A CT A A GAGATCARA AT ICT AR TRATRAGRAT GATACACGALACTICE GICAGGRACRTGATATAGRRAL
< Polyubiquitin (UBC) >

O sequence BGAGTTICGTRRAGGCCGAEAGTTTGCCTECGTITCTICTGIGACCACIGTTACCACTACCACT-—-TGACRATGCAGRTCTTTATARAGRCCT TGACTGATAR
Homp sapiens CTTCEIGRAGACTCTRACTGATAR
Bos tanms

LA TGCAGATCITTGTGRRGACCCTCACTGATAR

Mus nmscubas LAACCTTZACTGETAR

1 2
Susserofa ﬁs#l’?: BTGGRGECCGE5ART-TTGCCTGCGTTTCITCTATGRCCACTGTTGCCACTECCACC—-TRRCAATGCAGATCTTTGTARRGACCTTGACTGOTAR

]

Figure 4-1. (continued).
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