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CHAPTER 1

Introduction

DNA methylation is catalyzed by enzyme DNA methyltransferase at the 5
position of cytosine. DNA methyltransferase can establish methylation in two
processes, de novo, and maintain. De novo methylation occurs during
gametogenesis and will progress during the development of primodium germ cell
to be gametes. New established methylation gives the difference in methylation
level between male and female gamete, this phenomenon was known as genomic
imprinting. The level of DNA methylation changes again by the process of
demethylation, which reduce the levels of methylation in fertilized cell. By this
reason, the levels of methylation in the early development are lesser than in the
gametogenesis state. In blastula state, de nove methylation improves the level of
methylation that may be different by cell type and its function in developmental
process. Lastly, the methylation pattern in somatic cell will be maintained by a
maintenance methylation through cell division. By this reason, the methylation is
unequal during the lifetime, because of the different methylation pattern in the

genome.

Overall, DNA methylation plays the role in many biological processes but
our knowledge of methylation site in genome is limited. Only 5-15% of CpG site
could be examined for methylation by using restriction endonuclease analysis. Of
30,000 genes in mammalian genome, 2,000 are estimated to be regulated by
methylation. Until the present only 40 genes have been clearly identified. By this

reason, this study is designed to find the DNA fragments which have the different



methylation pattern between somatic and gametic cells, represented by white
blood cell and sperm respectively. The methylation sensitive RDA is a tool that
can detect different methylation pattern in genome via the function of methylation
sensitive enzyme. This DNA subtraction between white blood cells and sperm is

expected to get some new knowledge and recover new methylated control genes.

[pace [2[J



CHAPTER 1I

Literature Review

1. Creation of genomic DNA methylation pattern

DNA methylation is a common eukaryotic DNA modification,
especially in plants and mammals, and is one of many epigenetic (alteration
in gene expression without a change in nucleotide sequence) phenomena.
DNA methylation patterns are closely correlated with patterns of gene
expression. In addition, heavy methylated DNA is generally associated with
chromatin organization that is inhibitory to transcription (Antequera et al.,
1989; Tazi and Bird, 1990). Finally, this epigenetic modification is an
important process for controlling normal development and tissue specific

gene expression.

1.1 Distribution of methylated cytosines and gene regulation control

DNA  methylation 1s created by enzyme DNA
methyltransferase at the five position of cytosine (Figure 2-1). Methylation
occurred predominantly within CpG dinucleotide (p represents the phosphate
group), approximately = 3x10” sites through out. the mammalian
genome(Ushijima et al., 1997). New methylation patterns are established by
de novo methylation during gametogenesis and early embryogenesis (Trasler,
1998). The methylation is maintained during DNA replication by adding
methyl group to the newly synthesized strand in the position symmetric to

the old methylation position on the template strand.
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Figure 2-1 The biochemical pathways for cytosine methylation

The methylation could regulate gene expression by two main
ways, firstly : the projecting methyl group into the major groove of DNA
may block insertion of regulating binding protein into the binding site (major
groove). For example, the addition of a methyl group to a cytosine in a cis
element of the tyrosine aminotransferase gene of rat prevents a regulatory
protein from binding to the element. Secondly, the addition of methyl group
to carbon atom causes a shift of the conformational equilibrium of the DNA
away from the standard B-form toward the other forms (example Z-form).

The Z form becomes the lower energy state and DNA may rewind



spontaneously form B to Z conformation and remain stable in the Z-form
under cellular condition. Z-form is not appropriate for the bind of regulating

binding protein (Figure 2-2).

Methy lated DNA

Figure 2-2 Comparison between B and Z conformation of DNA, and the
position of methyl groups (red) in the major groove of B-DNA double helix.

Through the life time, DNA methylation could be passed on
during DNA replication and maintained by clonal inheritance or lost either
by a poorly understood demethylation process. The alter of gene expression
could be the interaction of tissue specific or developmentally specific
proteins. Even though the mechanism of methylation is uncertain, studies
using 5-azacytidine confirm that demethylation induces gene activation. 5-

azacytidine can irreversibly inhibit 5-methyltransferase. Exposure dividing



cell to this substance will inhibit the function of methyltransferase enzyme
and convert many inactive genes to active forms, including many of those in

the inactivate X-chromosome of mammalian female (Karp,1996).

1.2 Methylated cytosine and CpG islands

CpG dinucleotide is a connecting base-paired between cytosine
and guanine in the same strand. Groups of the CpG dinucleotide are often
clustered into CpG islands, the area of high CpG density, 0.5-5kb and found
every 100 kb. The presence of CpG island is determinated base on these
criterias; (1) 200 bp minimum length, (2) ratio of CpG/GpC more than 0.5,
(3) GC content more than 50% (Bird ef al., 1985; Gardiner-Garden and
Frommer, 1987). In vertebrate DNA, the CpG sequence is a signal for
methylation by a specific cytosine DNA methyltransferase. In higher
animals, only as little as 3% to 4% of the total cytosines were methylated.
Nevertheless, if there are cytosines on both sides of double stranded DNA, as
much as 80% to 100% of the dinucleotide, there will be two cytosines
possible to methylation. On the contrary, if only one is methylated, the

doublet is said to be hemimethylated.

CpG islands are frequently associated with location of genes. In the
case of genes showing widespread expression, CpG islands ‘are almost
always found at the 5’ ends of genes. It occurs near transcription start sites of
approximately 50% of all mammalian genes (Cross and Bird, 1995).
Frequently CpG dinucleotides occur in the center of cis control elements of

genes, a position in which their interference with recognition and binding site



is expected to be, and of the extending into the first exon. However, for gene
which shows restricted expression patterns, the associated CpG islands are
quite often found some distance downstream of the transcription initiation
site (Figure 2-3). Many studies suggest that the methylated CpG on CpG
islands involve gene expression control. It is estimated that there are 45,000
CpG island in human genome and approximately 50% of 70,000 genes in
human are associated with the islands (Larsen et al., 1992; Antequera and

Bird 1993).
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Figure 2-3 CpG island structure in three human gene. Note that CpG islands
are often located at the 5’end of a gene (as in RBI and DES) but occasionally may
be found at the other positions (as in the case of APOE)

1.3 DNA methyltransferase and level of DNA methylation

The enzyme that transfers methyl group from s-adenosyl methionine
to the cytosine ring, cytosine S5-methyltransferases, or DNA
methyltransferases have been characterized in the number of eukaryotes. The
active mammalian DNA methyltransferase, encoded by Dnmtl gene, is

capable of methylating both unmethylated DNA (by de novo methylation)

—



and hemimethylated DNA (by maintenance methylation). This gene 1is
highly conserved among eukaryotes and its orthologs have been identified in
various species, including human (DNMT1).(Singal and Ginder, 1999) The
DNA methyltransferase recognized hemi-methylated DNA while replicating
and add methyl group to the newly synthesized strand in the position
symmetric to the old methylation position on the template strand. This
process is the maintenance of methylation, the newly synthesized strand will

receive the same methylation pattern as the parental DNA (Figure 2-4).
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Figure 2-4 The mechanism by which methylation pattern must be passed on
during DNA replication. The dashed box encloses and methylation doublet is show
in blue

The high level of DNA methyltransferase expresses in male germ
cells, mature oocytes and in the early embryo. Five exons of Dumtl are used,
but three alternate for exon-1 are employed in different cell types; somatic
cells, spermatocytes and oocytes. The oocyte-specific exon is associated with
the production of very large amounts of active Dnmtl protein, which is
truncated at the N terminus and sequestered in the cytoplasm during the later

stages of growth. The spermatocyte-specific exon interferes with translation



and prevents production of Dnmtl during the crossing-over stage of male
meiosis(Figure 2-5). However, there are dramatic change during
gametogenesis and developing embryo. The genome of the primordial germ
cells of the embryo is not methylated in any extent. De novo methylation
gives rise the newly methylation to developing primordial germ cells, sperm
and egg. Anyways, both levels and pattern of methylation are different
between oocyte and sperm. In the early embryo, the wave of demethylation
occurs at the preimplantation stage, morula and early blastula. But shortly
afterwards, the large scale de novo methylation begins at the pregastrulation
stage. The latter is particularly pronounced in somatic lineages, and to a
lesser extent in trophoblast lineages giving rise to placenta and yolk sac, but

does not occur in the primordial germ cells (Mertineit ez al., 1998).
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Figure 2-5 The map of Dnmtl methyltransferase gene show sex-specific
regulation

2. Role of DNA methylation and cell biology

The function of DNA methylation involves in the gene expression
control and plays. the important role in many biological processes such as
genomic imprinting, defense mechanism, X chromosome inactivation,
development and cell differentiation. Furthermore much attention in the
methylation field has focused on CpG islands primarily because of the
propensity of such sequences to become aberrantly hypermethylated in

tumors, resulting in the transcriptional silencing of the associated gene.
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2.1 DNA methylation and genomic imprinting

The genomic imprinting is an unusual yet important mechanism of
gene regulation by which only one of the parental copies of a gene express.
The allele inherited from one parent behaves differentially than the allele
derived from the other parent. The difference between the parental genomes
is believed to be due to gamete specific differential modification(Figure 2-6).
DNA methylation is one of the main candidates to mark either the maternal
or paternal allele of certain genes for preferential expression in various tissue
in the offspring. Genomic imprinting is initiated in the germ line and leads to
the transcription silencing of one allele, which is usually referred as the
imprinted allele. The global demethylation occuring at the early stage of
primordial germ cell development also includes imprinted gene. De novo
methylation in gametogenesis marked difference between maternal and
paternal genomes. After fertilization, zygote develops to be the individual,
there are functional differences between alleles and the imprint persists
throughout life. Recently, there are only 26 loci in human genome found

parent of origin effect (Sanford et al., 1987; Hoffman and Vu, 1996).
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There are many mechanisms that DNA methylation controls imprinted
gene, such as the antisense transcription occludes the Igf2r promoter (Figure
2-7), or DNA methylation promotes the binding of an imprinting factor to
prevent the binding of transcriptional factor (Wutz et al., 1997). Imprinting is
normally required for normal development. The aberrant in imprinting
pattern , such as loss of imprinting, involves in the variety of diseases and
cancers. Oncogenesis may also occur when the normal imprinting process is
disrupted and a normally silenced imprinted gene express. The effect of
imprinting may be detected in many gene deletion syndromes. For example,
both Prader-Willi and Angelman syndromes are distinct disorders that are
associated with deletion of the same region of chromosome 15. If the
deletion  occurred on the paternal allele, phenotype is Prader-Willi
syndrome, whereas if maternal allele is deleted, the result is Angelman
syndrome. In some cases of Prader-Willi or Angelman syndrome, there is
uniparental disomy for the maternal or paternal chromosome (Yang ef al.,
1998). Presumably, there are imprinted genes in this region, and some of
which are expressed on the paternal and some on the maternal. Finally,
number of genes on chromosome 15q11-q13 such as SNRPN, UBE3A4 were
proved to have paternal and maternal allele specific expression respectively

(Hoffman and Vu, 1996).
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Figure 2-7 The model of paternal silencing of Igf2r gene

2.2 DNA methylation and X-chromosome inactivation

X chromosome inactivation is a process that occurs in all mammals,
resulting in selective inactivation of allele on one of the two X chromosomes
in female. It provides the mechanism of dosage compensation. Not all genes
on the X chromosome are subjected to inactivation. Genes which escape X
inactivation include ones that have a functional homology on the Y
chromosome, and some of genes dosage do not seem to be important. In
mammals, X chromosome inactivation appears to be initially controlled by a
single gene, Xist gene, at the early stage in development (blastula stage).
(Goto and Monk, 1998) The inactivation occurred randomly, either maternal
or paternal X chromosome may be inactivated. X chromosome inactivation is
permanent and clonally propagated. Xist gene, or XIST gene in human,
encodes a mature 15kb RNA product which located on Xic (X chromosome
inactivation center which is located at Xq13 in human) and uniquely encoded
only by the inactive X. The accumulation of Xist RNA along the length of
the inactive chromosome is thought to be required for the nucleation and
spread of heterochromatin. Genes on the inactived chromosome have been

found to be extensively methylated, suggesting that DNA methylation is
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involved in the maintainance of X chromosome inactivation (Driscall and

Migeon, 1990; Duthie et al, 1999).

2.3 DNA methylation and mismatch repair

Moreover, methylation has some important roles in mismatch repair
machanism. While the replication process occurred, a mispairing that occurs
between an incoming deoxyribonucleoside triphosphate and DNA template.
The wrong nucleotide can be incorporated into the new DNA chain,
producing mutation. The high fidelity of DNA replication depends on several
“proofreading” mechanisms that act sequentially to remove errors brought
about in these ways. The mismatch repair system (mismatch proofreading
system) detects the distortion on the outside of their helix that results from
the misfit between noncomplementary base pairs. The recognition system
depends on the methylation. Bacterial DNA chains are highly methylated at
all times in the cell cycle except for a brief period just after their initial
assembling during replication. During this brief period, when the template
chain is highly methylated and copy chain is still unmethylated, an excision
repair will take place. Since the enzyme prefers unmethylated DNA, excision
removing mispaired nucleotide are made in the copy rather than the template
chain. Equivalent mechanisms repairing mismatched base have also been
demonstrated in eukaryotes. At the moment of the basic for chain selection in
eukaryotes, the mismatch ‘repair remains unknown. However, although
relatively few bases are methylated in eukaryotic DNA, the degree of
methylation might also provide one sign post distinguishing between the
template and copy chain. Detection of single-chain nicks may also

contribute for recognition of newly synthesized chain in eukaryotes.
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2.4 DNA methylation and development

DNA methylation patterns are established during gametogenesis and
are very different in the genome of male and female gametes. During the
gametogenesis and in developing embryo, there are dramatically change in
methylation. As the germ cells begin to develop, de novo methylation
occurred leading the high level of methylation in sperm DNA, but much
lower in oogonia (Razin and Kafri, 1997). Sex specific difference in
methylation patterns are found, notably at imprinted loci. Many genes were
studied about the methylation status in mice gamete such as, intercisternal A
particle (IAP) retroviral sequence, L, element and major urinary protein
(MUP) sequences were unmethylated in oocyte. In contrast these sequences
were methylated in spermatozoa. On the other hand, A/u elements, which are
repetitive sequence in DNA, are methylated in oocyte and unmethylated in

sperm. (Figure 2-8)

i . ,
. Somatic Lells ADUT
i e
i Mainianance
! meihylation
|5 /
1 E De nova
| ?n_; mathylation in
= somatic oail
P tineages
o
| Flacent
13 : \: e
: Tre mcnrd ' Dremathylaion v
i methylaton ' in ey embyo ; ) H’A
R j i deveioping : o (e nevo
i | gefrcels 2 : meitwigtion in a
H irophobiast e
: H N Blasiooyst! - d fneages . " hoan
¢ Prmordiatl . Brienorddlal o et
. g?;_vm el X ’ qc;r'ﬁm” hand siga
| : " Gianatat Gurnceds - Femiizaion | Sorala  Eary Progasiniaten  Gonadel
H diflerantislion develop Biastocyst ditiarersiation

:% Denvetogmenial stage



15

Figure 2-8 Changes in DNA methylation during mammalian development

After fertilization, in the early morula stages of development, the
degree of modification represents an average of the maternal and paternal
genomes. A further demethylation event may occur at the blastocyte stage
and is followed by a wave of de novo methylation which takes place around
the time of implantation. The study showed that all of the sequences
described above, including L, IAP, MUP, any unmethylated sequences
become methylated in the embryo by de novo methylation, shortly after
implantation. Suggested that the dramatically change in methylation involve
in the gene regulation control in each step of development, confirmed by the
study of mutation in DNA methyltransferase gene. The target mutation of
DNA methyltransferase gene causes homozygous to die at mid-gestation
prior to germ cell development. This study prefered that the de novo
methylation in early development stage was important for development of

embryo (Mertineit et al.,1998).

2.5 Methylation and defense mechanism

Such parasitic DNA elements, transposible like, account for almost
40% of the human - genome (exons account for about 5%) and it has been
proposed that DNA methylation may have arisen as a genome-defense
system to silence expression of these elements and limit their spread through
the genome. The alternative theory proposed is that cytosine methylation in
mammal is a nuclear host defense system that evolved primarily to counter
the treads posed by endogenous parasite mobile element. Cytosine

methylation inactivates the promoter of most viruses and transposon,
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including the retrovirus and Alu element, and such sequences are methylated

in the DNA of differentiate cell.

In both cultured cells translated with foreign DNA and transgenic
organism, the newly integrated foreign DNA frequently become de novo
methylated. It has been proposed that de novo constitutes a cellular defense
mechanism to silence integrated foreign DNA or genes. Orend et al. have
shown that, upon integration, de novo methylation spreads from the center of
the integrated collinear viral DNA. Methylation of specific site in the
adenoviral promoter results in promoter inactivation. Herpes virus also
undergoes de novo methylation in mammalian cells. Epstein-Barr virus DNA
has been found to be methylated in normal lymphocytes of healthy
volunteers. Methylation-mediated inactivation of foreign gene expression in
specific cell types has important therapeutic and pharmacological implication
in that inhibition of methylation of therapeutically introduced genes might

enhance gene therapy significantly by preventing transcriptional silencing.

2.6 Aberration of DNA Methylation and Cancer

A role of DNA methylation in oncogenesis has been hypothesized
for many years. Numerous studied have suggested aberration in DNA
methyltransferase activity in tumor tissue. The potential contribution of
DNA methylation to oncogenesis appears to be mediated by one or more of
the following mechanism; (a) DNA hypomethylation are common finding in
tumorigenesis. Hypomethylation may cause the activation of proto-
oncogene. A good inverse correlation between methylation and gene

expression was observed in the antiapoptic bcl-2 gene in B-cell chronic
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lymphocytic leukemia and for k-ras proto-oncogene in lung and colon
carcinomas. (b) hypermethylation of promotor sequence suggests an
alternative means for the inactivation of tumor-suppressor genes in cancer.
This may result from the increased DNA methyltransferase levels that have
been demonstrated in various cancers such as retinoblastoma gene (Rb), p16

and p15 (Figure 2-9).
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Figure 2-9 The model for the mechanism of cytosine methylation can
promote oncogenesis.

3. Background of the experiment approach

This study aimed to find loci which have different methylation
status between white blood cells and sperm. In addition, the DNAs will be
further characterized their chromosome location, association with gene and
methylation status. To differentiate the distinct methylation DNA fragment
between leukocytes and sperms, methylation-sensitive representational

difference analysis (ms-RDA) was used to subtract out DNA with the same
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methylation status and select only different fragments to be cloned. Each
clone would be further proved the methylation status by Southern blot using
methylation sensitive restriction enzyme. Then each clones was sequenced
and analyzed its homology to report sequences by BLAST family of
program. Finally, tissue specific methylation pattern would be analyzed by
Southern blotting hybridization of Hpall digested DNA and methylation
specific PCR (MS-PCR).

3.1 Methylation-sensitive representational difference analysis
(ms-RDA)

This study using methylation-sensitive difference analysis (ms-
RDA) to detect different methylation status between two complex genomes,
white blood cells and sperm. With this method, series of subtractive
hybridization are performed using two representation of the two genomes to
be compared. The representation of each genome was prepared using the
methylation sensitive restriction enzyme, Hpall which recognized the four
bases without methylation. We expect, by its function, Hpall to give the
different product between white blood cells and sperm which performed as
the tester and driver respectively. The digestion product had been ligated
with a universal adapter and amplified. Restriction fragment whose size and
sequence suitable for PCR amplification are enriched in the amplicon, and
the other fragment remain unamplified. This step reduce the complexity of
the genome and 1s essential for the efficient subtractive hybridization. The

excessive reduction of the complexity will result in the loss of target.

The mixture ratio of tester and driver DNAs was optimized to

detect the differences in the methylation status of the single copy per diploid
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genome. Before each round, all the tester DNA fragments are ligated to
nonphosphorylated oligonucleotide adapters so that they have a long

oligonucleotide at their 5’ends. Each round starts by mixing the tester DNA
sample with the large excess of driver DNA samples followed by
denaturation by heat or alkali to form separate strands and reformation of
hybrid double helices by reannealing the complementary strands. After
filling in the oligonucleotide cohesive ends with Tag DNA polymerase by
using the long nucleotide as the primer. The target fragments are
predominantly  self-reannealling and form  homoduplexes  with
oligonucleotide on the both ends. Thus the target DNA fragments are
selectively amplified. At the same time, the single strand of non-target tester
fragment predominantly form heteroduplexes (hybrids) with driver DNA
fragments. The tester-driver hybrids have the primer sequences on one end
only, so they fail to participate in the exponential amplification and are
therefore subtracted. After all, we subclone the difference product into
bacterial cells for the further study in characteristic of DNA
methylation(Figure 2-10). (Lisitsyn et al., 1993; Lisitsyn 1995; Ushijima et
al., 1997; Toyota et al., 1999)
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Figure 2-10 The outline of methylation-sensitive representational different
analysis in brief.

3.2 Southern blotting hybridization

The Southern blotting hybridization couple with the function of
methylation sensitive restriction enzyme were used for the examination of
the different methylation status between white blood cells compared with
sperm and the methylation status in various tissues. The Southern blotting
hybridization was designed 1n 1975 by E.M.Southern for the propose of the
study in base sequence homology between DNA and DNA.

In the Southern blotting hybridization process, the DNA samples,
white blood cell and sperm DNA, were digested with the restriction
endonuclease. In this study we used Hpall and Mspl. Both of them have the
same four bases recognition sites, but Hpall did not cut if there is
methylation within the position. On the other hand, Mspl cut every
recognition site. By this reason, we used Mspl digested DNA as the control
of unmethylated DNA. Digested DNA will be separated by electrophoresis.
Then the DNA were transferred to nitrocellulose membrane. The
hybridization using radiation labeled DNA clone was performed. After all,

the position of annealing was detected by exposure with X-ray film.

By the hypothesis that there are methylation status difference
between white blood cell and sperm, we expect the methylation sensitive
enzyme will give the different digested DNA fragment between two
genome. Digested DNA fragment had been sized fractionated by gel

electrophoresis. During the electrophorase, DNA, which are negatively
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charge, are repelled from the negative electrode towards the positive
electrode. The migration speed depends on fragment length. After
hybridization with labeled DNA clone, the fragment which had
complementary sequence can be detected by applying on X-ray film. As the
result, the different methylation status fragment will perform the different
band position in fractionated white blood cell DNA when compare with
sperm DNA. The unmethylated DNA fragment will perform the same band

position when compared with Mspl digested DNA.

3.3 BLAST family of program

Sequence of each clone was analyzed its homology and reported
the sequences by BLAST (Basic Local Alignment Search Tool) family of
program. They are designed to explore all of the available sequence
databases regardless of whether the query is protein or DNA. In short, users
input either a nucleotide or amino acid query sequence, and search a
nucleotide or amino acid sequence database. The score assigned in a BLAST
search have a well-defined statistical interpretation, marking real matches
easier to distinguish from random background hits. BLAST uses a heuristic
algorithm which seeks local as opposed to global alignments and is therefore
able to detect relationships among sequences which share only isolated

regions of similarity.

3.4 The methylation specific PCR (MS-PCR)
The tissue-specific methylation pattern was analyzed by using
Southern blotting hybridization and methylation specific PCR (MS-PCR).

The MS-PCR was used in the DNA sample because it is the simple, rapid
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and inexpensive method for determination of methylation patterns from very
small samples of DNA. This method is combined with the function of

bisulfite modification and PCR.

Chemical modification of cytosine to uracil by bisulfite treatment
is the basis of this method. Under the appropriate conditions, cytosines in the
DNA sample are converted to uracil. However, cytosines that are methylated
(5-methylcytosine) are resistant to this modification and remain cytosines.
The primer had been designed for the modified DNA. After amplification
they are digested with the restriction endonuclease, which is chosen by
mentioning in the remaining cytosine. The amplified DNA with remain
cytosine on the restriction site have been digested, that mean on that site is
methylated. On the other hand, the undigested sample means that there are
unmethylated cytosine on the restriction site. Amplifying and sequencing of
this modified DNA provides detailed information of the methylation status of

all CpG sites within the amplification region.



CHAPTER 111

Material and Equipment

1. Specimens

The

specimen used in this study were consisted of both peripheral

blood leukocytes and fresh sperm from five donors.

2. Material

2.1 Pipette tip : 10 pl, 100 pl, 1,000 ul (Elkay, USA)
2.2 Microcentrifuge tube : 0.2 ml, 0.5 ml, 1.5 ml (Bio-rad, Elkay,
USA)

23
2.4
2.5
2.6
2.7
2.8
2.9
2.10

Polypropylene conical centrifuge tube : 15 ml (Elkay, USA)

Falcon 2059 polypopylene tube : 15 ml (Elkay, USA)

Screw cap microcentrifuge tube : 2 ml (Elkay, USA)

Petridise : 15x100 mm (Nunc, Denmark)

Beaker : 50 ml, 100 ml, 200 ml, 500 ml, 1,000 ml (Pyrex)

Flask : 250 ml, 500 ml, 1,000 ml (Pyrex)

Reagent bottle : 100 ml, 250 ml, 500 ml, 1,000 ml (Duran, USA)
Cylinder : 25 ml, 50 ml, 100 ml, 250 ml, 500 ml, 1,000 ml

(Witeg, Germany)

YNl
2.12
2.13
2.14
2.15
2.16

Glass hybridization tube ::100 ml (Witeg, Germany)
Glass pipette : 5 ml, 10 ml (Witeg, Germany)

Pipette rack (Autopack, USA)

Microcentrifuge Tube rack (USA/ Scientific plastics)
Thermometer (Precision, Germany)

Parafilm (American National Can, USA)
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2.17  Polaroid film (Polaroid, UK)

2.18 3 MM Chromatography paper (Whatman, UK)
2.19  Plastic wrap

2.20  Stirring-magnetic bar

2.21 Phospholmager (Molecular Dynamics, USA)
2.22  Surgical bladder (Surgeon)

2.23  Nylon tranfer membrane (Amersham, England)
2.24  Alcohol lamp

3. Equipment

3.1 Automatic adjustable micropipette : P2 (0.1-2ul), P10 (0.5-10ul),
P20 (5-20 ul), P100 (20-100 ul), P1000 (0.1-1 ml) (Gilson,
France)

3.2 Pipette boy (Tecnomara, Switzerland)

3.3 X-ray film cassette (Kodak, USA)

3.4 Vortax (Scientific Industry, USA)

3.5 pH meter (EutechCybernetics)

3.6 Stirring hot plate (Bamstead/Thermolyne, USA)

3.7 Balance (Precisa, Switzerland)

3.8 Microcentrifuge (Fotodyne, USA)

3.9 DNA Thermal cycler 480 (Perkin Elmer, Cetus USA)

3.10 . Thermal cycler (Omnigene, Hybraid USA)

3.11 Hybridization oven/ shaker (Stuart Scientiic, USA)

3.12  Power supply model 250 (Gibco BRL, Scothland)

3.13  Horizon 11-14,(Gibco BRL, Scothland)

3.14  Heat block (Bockel, Germany)

3.15 Incubator (Memmert)



3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25
3.26
3.27
3.28
3.29
3.30
3.31

4. Reagent
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Thermostat shaking-water bath (Heto, Denmark)

Liquid nitrogen tank (Minnesota Valley engineering, USA)
Spectronic spectrophotometers (GenesysS, Milton Roy USA)
UV Transilluminator (Foto/prep, Fotodyne USA)
UV-absorbing face shield (Spectronics, USA)

Polaroid camera (Fotodyne, USA)

Radiation safety shieling-screen (C.B.S. Scientific, USA)
Beta microcentrifuge tube racks (C.B.S. Scientific, USA)
Beta waste safes (C.B.S. Scientific, USA)

Refrigerator 4 °C (Misubishi, Japan)

Deep freeze -20 °C, -80 °C (Revco)

Water Purification equipment (Water pro Ps, Labconco USA)
Molecular Dynamics Storm 840 (Molecular Dynamics, USA)
Image Erase (Molecular Dynamics, USA)

Water bath

AB Prism 377 DNA sequencer (Perkin Elmer)

4.1 General reagent

4.1.1 Absolute ethanol (Merck)

4.1.2 Absolute methanol (Merck)

4.1.3 Acetic acid (Merck)

4.1.4 Agar (Gibco BRL)

4.1.5 Agarose, molecular glade (Promega)
4.1.6 Ammonium persulfate (Merck)
4.1.7 Ammonium acetate (Merck)

4.1.8 Boric acid (Merck)



4.1.9 Bromphenol blue (Pharmacia)

4.1.10 Chloramphenical (Gibco BRL)

4.1.11 Dimethyl formamide

4.1.12 Disodium ethylenediamine tetracetic acid
Merck)

4.1.13 Denhardt’s solution (Amresco)

4.1.14 Ethidium bromide (Gibco BRL)

4.1.15 Ficoll (Pharmacia)

4.1.16 Formamide (Pharmacia)

4.1.17 Glucose (Merck)

4.1.18 Glyceral (Merck)

4.1.19 Hydrochloric acid (Merck)

4.1.20 IPTG

4.1.21 Magnesium chloride (Merck)

4.1.22 Mineral oil (Sigma)

4.1.23 Phenol-Chloroform-Isoamyl alcohol (Sigma)

4.1.24 Potassium chloride (Merck)

4.1.25 Selmon sperm

4.1.26 Sodium acetate (Merck)

4.1.27 Sodium chloride (Merck)

4.1.28 Sodium dodecyl sulfate (Sigma)

4.1.29 Sodium hydroxide (Merck)

4.1.30 Sodium phosphate (Merck)

4.1.31 Sucrose (BDH)

4.1.32 Tris base (USB)

4.1.33 Tryptone (Gibco BRL)

4.1.34 X-gal

26

EDTA
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4.1.35 Yeast extract (Gibco BRL)

4.2 Reagent kits
4.2.1 PCR kit (Perkin Elmer Cetus)
4.2.2 StrataPrep PCR Purification kit. (Stratagene)
4.2.3 PCR-Script™ Cam cloning kit (Stratagene)
4.2.4 Nick translation kit (Roache)

4.2.5 Big Dye terminator cycle sequencing ready reaction kit

4.3 Enzymes
4.3.1 Taq polymerase (Perkin Elmer)
4.3.2 Proteinase K (Amresco)
4.3.3 Hpall (Biolab)
4.3.4 Mspl (Biolab)
4.3.5 Dpnll (Biolab)

5. Radioactive radivue

a->"P dCTP (Amersham phamasia biotech)



CHAPTER 1V

Methods

1. Sampling of specimens

The specimen used in this study were consisted of both peripheral

blood leukocytes and fresh semen from five donors.

2. DNA extraction

2.1  Peripheral blood leukocyte : The extraction of DNA from
peripheral blood leukocyte was performed as followed :

2.1.1 5-10 ml of whole blood is centrifuged for 10 minutes at
3,000 rpm.

2.1.2 Remove supernatant and collect buffy coat to a new
polypropylene tube. Then add 10 volumes of cold lysis
buffer]l (or 10 ml), mix thoroughly and incubate at —20°C
for 5 minutes.

2.1.3 Centrifuge for 8 minutes at 1,000 g, then remove
supernatant.

2.14 Add 3 ml cold lysis bufferl, mix thoroughly and
centrifuge for 8 minute at 1,000g.

2.1.5 Discard supernatant afterward add 900ul lysis buffer2, 10
ul Proteinase K solution (20 mg Proteinase K in 1.0 ml of
1% SDS-2mM EDTA, should be prepare 30 min before
use.), and 10%SDS 50pul. Mix vigorously for 15 seconds.

2.1.6 Incubate the tube(s) in 55 °C shaking waterbath overnight

for complete digestion.
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2.1.7 Add 1 ml phenol-chloroform-isoamyl alcohol shake
vigorously for 15 seconds and centrifuge at 6,000 rpm for 5
minutes.

2.1.8 Transfer the supernatant from each tube (contains DNA)
to a new microcentrifuge tube.

2.1.9 Add 0.5 volumes of 7.5M CH;COONH, and 1 volume
of 100% ethanol, mix by inversion. The DNA should
immediately form a stringy precipitate. Recover the DNA
by centrifugation at 14,000 rpm for 15 minutes. Then
remove supernatant.

2.1.10 Rinse the pellet with 70% ethanol. Decant the ethanol
and air dried the pellet. (It is important to rinse well to
remove any residual salt and phenol.)

2.1.11 Resuspend the digested DNA in 20-300 pl of the double

distilled water at 37 °C until dissolved.

2.2 Sperm : The extraction of DNA from sperm was performed as
followed :
2.2.1 5 ml of semen is centrifuge 8 minutes at 3,300 rpm.
2.2.2 Remove supernatant and add 2 volumes of PBS buffer.
Then centrifuge 8 minutes-at 3,300 rpm. Repeat this step at
least twice:
2.2.3 Discard supernatant afterward add 1 volume of lysis
buffer2, and 1/10 volume Proteinase K solution (20 mg
Proteinase K in 1.0 ml of 1% SDS-2mM EDTA, should be
prepare 30 min before use.), 10%SDS  50ul. Mix

vigorously for 15 seconds
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2.2.4 Incubate the tube(s) in 55 °C shaking waterbath
overnight for complete digestion.

2.2.5 Add 1T ml phenol-chloroform-isoamyl alcohol shake
vigorously for 15 seconds and centrifuge at 6,000 rpm for 5
minutes.

2.2.6 Transfer the supernatant from each tube (contains DNA)
to a new microcentrifuge tube.

2.2.7 Add 0.5 volumes of 7.5M CH;COONH, and 1 volume
of 100% ethanol, mix by inversion. The DNA should
immediately form a stringy precipitate. Recover the DNA
by centrifugation at 14,000 rpm for 15 minutes. Then
remove supernatant.

2.2.8 Rinse the pellet with 70% ethanol. Decant the ethanol
and air dried the pellet. (It is important to rinse well to
remove any residual salt and phenol.)

2.2.9 Resuspend the digested DNA in 20-300 pl of the double

distilled water at 37 °C until dissolved.

2.3 Various tissues : The extraction of DNA from various tissues

(heart, brain, lung, liver, stomach, spleen, kidney and bone marrow) was

performed as followed :

2.3.1 Used 1.2 ml of digestion buffer (Lysis buffer2 and 1/10
volume of Proteinase K solution; 20 mg Proteinase K in 1.0
ml of 1% SDS-2mM EDTA, should be prepare 30 min
before use) per 100 mg of tissue (wash tissue with PBS

buffer to remove residual blood).



31

2.3.2 Incubate the tube(s) in 55 °C shaking waterbath
overnight for complete digestion.

2.3.3 Add 1 volume of phenol-chloroform-isoamyl alcohol
shake vigorously for 15 seconds and centrifuge at 6,000 rpm
for 5 minutes.

2.3.4 Transfer the supernatant from each tube (contains DNA)
to a new microcentrifuge tube.

2.3.5 Add 0.5 volumes of 7.5M CH;COONH, and 2 volumes
of 100% ethanol, mix by inversion. The DNA should
immediately form a stringy precipitate. Recover the DNA
by centrifugation at 14,000 rpm for 15 minutes. Then
remove supernatant.

2.3.6 Rinse the pellet with 70% ethanol. Decant the ethanol
and air dried the pellet. (It is important to rinse well to
remove any residual salt and phenol.)

2.3.7 Resuspend the digested DNA in 20-300 ul of the double

distilled water at 65 °C until dissolved.

3. Calculation of DNA concentration

The reading at 260 nm is used for calculating the concentration of
nucleic acid of the samples.~ An OD of I corresponds to approximately 50
pg/ml for double-strand DNA. - Therefore DNA concentration is calculated
from the following :

DNA concentration = OD x 50 x dilution ratio (pg/ml)

4. Methylation-sensitive Representational Different Analysis (ms-RDA)

4.1 Preparation of tester and driver amplicom
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4.1.1 Digestion of genomic DNA of the tester and the driver
was performed as followed :

a. Add 1x of digest buffer2 and 10U of Hpall (used 5U
per 1ug DNA) to 2ug of white blood cell or sperm
genomic DNA. Then incubate at 37°C for 3-4 hours.

b. Extract with phenol-chlorophrome-isoamyl alcohol
and precipitate with 70% ethanol.

c. Dry the pellet and dissolve it in 30ul of TE

4.1.2 Ligation of the R-Hpa adapter and digested DNA was
performed as followed :

a. Ligase R-Hpa adapter to digested DNA by mix the
following : 1.2ug digested DNA, 500pmole of
desalted R-Hpa24 oligonucleotide and desalted
R-Hpal2 oligonucleotide, 1x ligase buffer then bring
the volume to 60ul.

b. Anneal oligo in PCR machine at 50°C for 1 minute,
and cooling to 10°C at 1°C /minute.

c. Add 1200U T4,DNA ligase, and incubate overnight at
16°C.

4.1.3 Amplification of the tester and the driver amplicon was
performed as the followed :

a. Dilute ligations by adding 200ul TE

b. The PCR reaction was performed in a total volume of
200ul using 4ul diluted ligation in 1x PCR buffer
(335mM Tris HCI, pH8.8 at 25 °C; 20mM MgCl,;
80mM (NH4),SO4; 166ug/ul BSA), 340uM each of
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deoxynucleotide triphosphates (dNTPs), 100pmole
R-Hpa24 primer.

c. In the multiplex PCR reaction, the initial denaturation
step was 72°C for 3 minutes then add 5U Tag DNA
polymerase. Afterwards, incubate 5 minutes at 72°C
the followed by 30 cycles of denaturation at 95°C for
1 minute, annealing and extension at 72°C for 3
minutes and a final extension at 72°C for 10 minutes.
At this point, check 5Sul on a 1.3% agarose gel (a
smear ranging in size from ~1.5-0.2kb should be

seen)

4.2 First round RDA
4.2.1 Generation of representation was performed as followed:

a. Combine 4 reactions into 1.5ml microcentrifuge tube
and extract twice with a volume of phenol-
chloroform-isoamyl alcohol and once with a volume
of chloroform-isoamyl alcohol.

b. Add 2/3 volume of 5SM NH,Oac, vortex. Then add 2
volumes of 100% ethanol and store at -20°C for 20
minutes.

c. Centrifuge at 14,000 rpm for 15 minutes, and wash
the pellet with 70% ethanol. Dry the pellet and
resuspend amplicon to 0.5ug/ul with TE.

4.2.2 Restriction of representation was performed as followed :
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a. Digest 300ug and 20ug of driver amplicon and tester
amplicon respectively with Hpall (used SU per 1ug
DNA) at 37°C for 4 hours.

b. Preparation of the driver performed as followed :

i. Extract digested driver amplicon twice with a
volume of phenol-chloroform and once with a
volume of chloroform.

ii. Afterwards, add 1/10 volume of NaOAc
(pH5.3), 700ul isopropanol, and precipitate on
ice for 20 minutes.

iii. Centrifuge at 14,000 rpm for 14 minutes at
4°C. Wash the pellet with 70% ethanol and
resuspend at 0.5ug/pl.

c. Preparation of tester performed as the followed :

i. Separate digested tester amplicon with 1.2%
agarose gel electrophoresis.

1. Excise  amplicon-containing gel slice
(leaving behind the digested linkers), place
in the falcon tube and weigh.

iii. Add 3 volumes of QX1 buffer and 30ul of
QIAEXII, mix thoroughly. Then incubate at
50°C for 10 minutes by mix thoroughly
every 2 minutes.

iv. Centrifuge at high speed for 30 seconds and
remove supernatant.

v. Wash the pellet with 500ul of QX1 buffer
then wash twice with 500ul of PE buffer.
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Air dry the pellet and resuspend in 120ul
ddH,0.

vi. Ligase J-Hpa adapter to purified tester by
mixed the following: lug purified tester
DNA, 500 pmole each of desalted J-Hpa24
oligonucleotide and desalted J-Hpal2
oligonucleotide, 1x ligase buffer then bring
the volume to 60ul.

vii. Anneal oligo in PCR machine at 50°C for a
minute then cooling to 10°C at 1°c per
minute.

viii. Add 1200U T, ligase, and incubate
overnight at 16°C.

ix. Dilute  ligated  J-oligo  tester to
approximately 10ng/ul by adding 120ul TE.

4.2.3 Subtractive hybridization was performed as followed :

a. Mixed 40ug of driver with 200ng diluted J-ligated
tester.

b. Extract once with phenol-chloroform then
precipitate with: 30ul of 10M NH4Oac and 380ul
100% ethanol.

c. Incubate at -70°C for 10 minutes. Afterwards,
incubate at 37°C for a minute and centrifuge at
14,000 rpm for 15 minutes.

d. Wash the pellet twice with 70% ethanol, air dry
and resuspend thoroughly in EEX3 buffer (30mM
EPPS, pH8.0 at 20°C; 3mM EDTA) by pipetting
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for at least 2 minutes then incubate at 37°C for 5
minutes.

e. Vortexing and spinning to bottom of the tube and
overlay with 35ul of mineral oil.

f. Denature at 98°C for 5 minutes in PCR machine
and cool to 67°C then immediately add 1ul of 5SM
NacCl directly into DNA.

g. Incubate at 67°C for 20 hours to allow complete
hybridization.

4.2.4 Generation of first difference product was performed as
the followed :

a. Remove as much mineral oil as possible. Then
dilute with 8ul of TE containing Sug/ul yeast
RNA, pipette vigorously.

b. Add 25ul TE, pipette vigorously. Follow with
362ul TE and vortexing.

c.. The PCR reaction was performed in a total volume
of 200ul using 20ul diluted hybridization mix in
Ix PCR buffer, 4mM each of deoxynucleotide
triphosphate (dNTPs). Set up 4 reactions for each
subtraction.

d. In the multiplex PCR reaction, the mitial step was
72°C for 3 minutes to melt away 12 mer. Then
pause and add 5U of Tag DNA polymerase.
Afterwards, incubate 5 minutes at 72°C, then add
250pmole of J-Hpa24 and followed by 12 cycles

of denaturation at 95°C for a minute, annealing
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and extension at 70°C for 3 minutes (when
generating second difference product, perform
anneal and extension at 72°C) and a final
extension at 72°C for 10 minutes. Then cool to
room temperature.

. Combine the 4 reactions into 1.5ml
microcentrifuge tube. Extract twice with phenol-
chloroform-isoamyl alcohol and once with
chloroform-isoamyl alcohol.

. Add 2pg glycogen, 75ul of 3M NaOAc (pHS.3),
800l isopropanol and precipitate on ice for 20
minutes.

. Centrifuge 14,000 rpm for 14 minutes at 4°C then
wash the pellet with 70% ethanol and resuspend
the pellet in 40ul of 0.2x TE.

. Digest PCR product with Mung Bean Nuclease by
using 20ul DNA in 1x  Mung Bean Nuclease
Buffer (NEB), 20U Mung Bean Nuclease (MBN).

Then incubate 30°C for 35 minutes.

i. Stopreaction by adding 160ul of 50mM Tris.HCI

(pHS8.9) and incubating at 98°C for 5 minutes then

chill on ice.

j. During MBN incubation, set up final PCR reaction

on ice (4 reactions for each subtraction) by mixing
120l ddH,0, 1x PCR buffer, 4mM each of

deoxynucleotide triphosphate (dANTPs), 250pmole
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J-Hpa24. Afterwards, add 20pul MBN treated
DNA.

k. In the multiplex PCR reaction, the initial
denaturation step was 95°C for 1 minute then
cooling to 80°C and add 5U Tag DNA polymerase.
Then followed by 30 cycles of denaturation at
95°C for 1 minute, annealing and extension at
70°C for 3 minutes and a final extension at 72°C
for 10 minute and cool to 4°C.

l. Combine 4 reactions and extract twice with
phenol-chloroform-isoamyl alcohol and once with
chloroform-isoamyl alcohol.

m. Add 75ul of 3M NaOAc (pH5.3), 800ul
1sopropanol and precipitate on ice for 20 minutes.

n. Centrifuge at 14,000 rpm for 14 minute then wash
the pellet with 70% ethanol and resuspend the
pellet in 100ul TE (at approximate 0.5 pug/ul) This
1s the First Difference Product (DP1).

4.3 Second and third round RDA
Digest 20ug DP1 with Hpall and puritfied. Then ligase digested
Dpl (diluted 1:10  with TE) with J-Hpa adapter and repeat subtractive
hybridization step and generation of second difference product.
Repeat previous step again but change adapter to N-Hpa

adapter. The third difference product will be clone.

5. Cloning
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5.1 Purifying the PCR products with the StrataPrep PCR Purification
Kit

5.1.1 Add a volume of DNA binding solution equal to the
volume of the aqueous of the PCR product to the
microcentrifuge tube and mix thoroughly.

5.1.2 Transfer the solution mixture to the microspin cup that
is seated in a 2 ml receptacle tube. Snap the cap of the
receptacle tube onto the top of the microspin cup.

5.1.3 Spin the tube at maximum speed for 30 second.. Open
the cap of the receptacle tube, remove and retain the
microspin cup and discard the DNA-binding solution.

5.1.4 Add 750 pl of 1xPCR wash buffer (5x PCR wash
buffer, 20ml of 100% ethanol) to the microspin cup.

5.1.5 Spin the tube at maximum speed for 30 seconds, remove
and retain the microspin cup, and discard the wash buffer.

5.1.6 Place the microspin cap back in the receptacle tube.
Spin the tube at maximum speed for 30 seconds, make sure
that all of wash buffer is remove from the microspin cap.

5.1.7 Transfer the micro spin cap to a fresh 1.5ml
microcentrifuge tube. Add 50 ul of elution buffer directly
onto the top ‘of the fiber matrix at the bottom of the
microspin cup.

5.1.8 Incubate the tube at room temperature for 5 minutes.
Spin the tube in a microcentrifuge at maximum speed for
30 seconds, discard the microspin cup

5.2 Polishing the purified products
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5.2.1 The polishing reaction was performed by using 10ul of
the purified PCR product, 1ul of 10mM dNTP mix (2.5
mM each), 1.3ul of 10x polishing buffer and 0.5U of
cloned Pfu DNA polymerase.

5.2.2 Mix the polishing reaction gently and add a 20ul
mineral oil overlay. Incubate the polishing reaction for 30
minutes at 72°C in a water bath.

5.2.3 Store the polished PCR product at 4°C until use.

5.3 Inserting of the PCR products
Insert the PCR product into the pPCR-Script Cam SK(+) Cloning
Vector by add 200ng of polished PCR product directly to the cloning

reaction.

5.4Ligation the insert:

5.4.1 The ligation reaction was perform in the total volume of
10ul using 1ul of the pPCR-Script Cam SK(+) cloning
vector (10ng/ul), 1ul of PCR-Seript 10x reaction buffer,
0.5 pul of 10mM rATP, 4ul of the blunt-ended PCR
product, 1ul of SrfI restriction enzyme (5U/pl), 1ul of T4
DNA ligase (4U/ul).

5.4.2 Mix the ligation reaction gently and incubate 1 hour at
room temperature. Then heat the ligation reaction for 10
minutes at 65°C. Store the ligation reaction on ice until
use for transformation.

5.5Transformation into the Epicurian Coli XLI0-Gold Kan
ultracompletent cells:

5.5.1 Thaw the XL10-Gold Kan ultracompletent cell on ice.
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5.5.2 Gently mix the cells by hand, and aliquot 40ul of into a
15ml Falcon 2059 polypropylene tube for each of the
following reactions: the experimental ligation reaction,
the ligation reaction containing the PCR test insert, and
the pUC18 control plasmid.

5.5.3 Add 1.6 15ml Falcon 2059 polypropylene tube of the
XL10-Gold B-mercaptoethanol mix provided with the
kit to the 4015ml Falcon 2059 polypropylene tube of
bacteria. Swirl the contents of the tube gently. Incubate
the cells on ice for 10 minutes, swirling gently every 12
minutes.

554 Add 215ml Falcon 2059 polypropylene tube of the
cloning reaction (the ligation reaction) to the
transformation reaction and swirl the reaction gently.

5.5.5 Incubate the tubes on ice for 30 minutes. Heat pulse the
tubes in a 42°C water bath for 30 seconds. (The duration
of the heat pulse is criteria for obtaining the highest
efficiencies. Do not exceed 42°C)

5.5.6 Incubate the tubes on ice for 2 minutes. Add 0.45ml of
preheated (42°C) NZY ' broth to each tube and incubate
the tubes at 37°C for 1 hour with shaking at 225-250

rpm.

6. Selected colony

Plate LB-chloramphenical agar plate (LB agar with 50pg/ml
Chloramphenical which had spread with 100ul of 10mM IPTG and 100l of

2% X-gal 30 minutes prior to plating transformations) with 200 pl
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transformations solution (1:10,0000 dilution) using a sterile spreader.
Incubate at 37°C overnight, then pick up a single white colony on agar plate
to LB-chloramphenical broth in 15ml Falcon 2059 polypropylene tube.
Incubate at 37°C overnight. Centrifuge at 3000 rpm and remove supernatant.
Then add 40ul PBS buffer to resuspend the pellet. Pipette thoroughly and
remove the solution to a microcentrifuge tube with 40ul PBS buffer. Keep
bacterial clone as the bacterial stock by aliquot 20ul of bacterial solution to
sterile screw cap tube with 500ul LB-chloramphenical broth medium and

450ul of 20% glycerol. Otherwise solution that remain to use as template in

PCR analysis.

7. PCR analysis

The PCR reaction was performed in a total volume of 50 ul using 50
ng of bacterial clone DNA in 200 uM each of deoxynucleotide triphosphates
(dNTPs), 10mM tris HCI pH8.4, 50mM KCI, 1.5mM MgCl,. Each of the
M13 primer pair was performed in optimal concentration 0.5 pM. In the
multiplex PCR reaction, the initial denaturation step was 95°C for 5 minutes
then followed by 35 cycles of denaturation at 95 °C for 1 minute, annealing
at 50 °C for 1 minute, extension at 72 °C for 2 minutes and a final extension
at 72 °C for 7 -minutes. Afterward, separate- PCR product by submarine
agarose gel electrophoresis; a 10 pl of PCR product with 2 pl of 10x Ficoll
loading buffer, vortex and spin briefly, then load sample onto 0.8% agarose
gel, electrophorase agarose gel in 1x TBE at 0.95v/cm until dye front reach

the end of gel. Estimate size of PCR product by compare with 100bp marker.

8. Southern blotting

The southern blot was performed as the follows :
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8.1 Digest genomic DNA by restriction enzyme (Hpall and Mspl)

8.1.1 Add 15 pg of genomic DNA (extracted from peripheral
blood leukocytes, sperm and various tissues) to
microcentrifuge tube

8.1.2 Add 20 ul enzyme buffer (1/10 volume of total volume)
and 75 U enzyme. Mix vigorously for 2-3 seconds then
incubate reaction at 37 °C overnight.

8.2 Purification of digested product

8.2.1 The digested product with equal volume of phenol-
chloroform-isoamyl alcohol, vortex and mix thoroughly.

8.2.2 Centrifuge 5 minutes at 14,000 rpm.

8.2.3 Transfer the supernatant to the new microcentrifuge
tube, add 20upg/ul glycogen carrier, 1/10 volume of 3M
CH;COONa and 2 volume of 100% ethanol and gently
mix. The DNA should immediately form a stringy
precipitate. Recover the DNA by centrifugation at 14,000
rpm for 15 minutes.

8.2.4 Rinse the pellet with 70% ethanol. Decant the ethanol
and air dried the pellet. (It 1s important to rinse well to
remove any residual salt and phenol.)

8.2.5 Resuspend the digested DNA in 20 ul of the double
distilled water at 37 °C until dissolved.

8.2.6 To calculate the DNA concentration, measure the

density of the digested DNA at 260 nm and 280 nm. If OD
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ratio of Ay to Asgy is >1.6, the digested DNA is pure
enough for further study.

8.3 Separate digested product

8.3.1 Purified digested product with 3 pl of 10x Ficoll loading
buffer, vortex and spin briefly.

8.3.2 Load sample onto 0.8% agarose gel. Electrophorase
agarose gel in 1x TBE at 0.35v/cm until dye front reach the
end of gel.

8.4 Transfer DNA to nitrocellulose membrane

8.4.1 Denature DNA by transfer gel to denaturing solution for
30 minutes. Then wash gel by neutralizing solution for 15
minutes, twice.

8.4.2 Transfer DNA to Nylon transfer membrane with 20x
SSC by using standard protocol for southern blotting.

8.4.3 Bake membrane 1-2 hours at 80 °C before used.

9. Hvbridization

9.1 Place the membrane in the glass hybridization tube. Add 10 ml
hybridization cocktail. Prehybridize 1-3 hours on a rotation in 42 °C
hybridization oven.

9.2 <-Label DNA -probe with P** by Nick translation method as

followed:
9.2.1 The Nick translation reaction was performed in a total
volume of 20 pl using 1 pg of PCR product in 1ul each
of dATP, dGTP, dTTP and o-**P dCTP and 2pl each of

buffer and mixture enzyme (from Nick Translation kit).
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9.2.2 Incubate the reaction at 15 °C for 35 minutes. Stop the
reaction with heating to 95 °C for 10 minutes then place
on ice.

9.2.3 Add 50 pg COT1 DNA, mix thoroughly then incubate
at 68 °C for 1-2 hours.

9.3 Add probe to hybridization tube. Incubate overnight at 42 °C
with rotation.

9.4 Wash membrane with wash buffer]l for 1 hours, follow with
wash buffer2 for 30 minutes twice.

9.5 Wrap membrane with clean plastic wrap and exposed to

Phospho imager for 3-6 hours.

10. Analysis the DNA band pattern

Scan Phospho imager with Molecular dynamic storm. Analyze the
DNA band pattern using the following pattern as the standard. Select the
DNA band pattern from Southern blotting hybridization which have the
difference band pattern between white blood cells and sperm infer the

following pattern.

ElocdSperm Sparm Elood Spearm Sperm Elood Spearm Sparm
Hpall Hpall  Mrpl Hpall Hpall Mipl Hpall Hpall Wrpl
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Figure 4-1 The expected DNA band pattern of Southern blotting hybridization
Picture 1 : Methylation in white blood cells with lesser expansion in sperm
Picture 2 : Methylation in sperm, demethylation in white blood cells
Picture 3 : Methylation in white blood cells, demethylation in sperm

11.Sequencing
11.1 Preparing the Plasmid DNA by alkaline lysis miniprep method

11.1.1 Smear LB-chloramphenical agar plate with selected
bacteria clone solution from bacterial stock. Incubate at
37°C overnight,

11.1.2 pick up the single white colony on the agar plate to
inoculate the LB-chloramphenical broth in 15ml Falcon
2059 polypropylene tube and incubate at 37°C overnight.

11.1.3 Aliquot 1.5ml to the microcentrifuge tube and centrifuge
for = 30 seconds at maximum speed then discard
supernatant.

11.1.4 Resuspend the pellet with 100ul GTE solution, incubate
for 5 minutes at room temperature.

11.1.5 Add 200ul NaOH/SDS solution, mix well and place on
ice for 5 minutes.

11.1.6 Add 150ul potassium acetate solution, vortex and place
on ice for 5 minutes. Then centrifuge for 3 minutes at
maximum speed.

11.1.7 Transfer the supernatant to the new microcentrifuge tube

and add 0.8 ml of 95%ethanol, incubate at room
temperature for 2 minutes. Centrifuge 1 minute at

maximum speed and discard supernatant.
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11.1.8 Wash the pellet with Iml 70%ethanol and air dry the

pellet. Resuspend the pellet with 30ul TE buffer

11.2  Preparing sequencing reaction

The PCR reaction was performed in the total volume of 20 pl

using 200ng of purified plasmid DNA in 8 pul Terminator Ready

Reaction mix and either T7or T3 primer was performed in optimum

concentration 3.2 pmol. In the multiplex PCR reaction performed 25

cycles of denaturation at 96°C for 30 seconds, annealing at 50°C for

15 seconds and extension at 60°C for 4 minutes. Then rapid thermal

ramp to 4°C and hold until ready to purify.

11.3  Purifying extension products by Gel column.

11.3.1

11.3.2

11.3.3

11.3.4

11.3:5

11.3.6

11.3.7

Gently tap the column to cause the gel material to
settle to the bottom of the column.

Remove the upper end cap and add 0.8ml of
deionized water.

Replace the upper end cap and invert the column a
few times to mix the water and gel material.

Allow the gel to hydrate at room temperature for at
least 2 hours.

Remove any air bubbles by inverting or tapping the
column and allowing the gel to settle.

Remove the upper end cap first then remove the
bottom cap. Allow the column to drain completely by
gravity.

Insert the column into the wash tube provided.
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11.3.8  Spin the column in the microcentrifuge at 730 g for 2
minutes to remove the interstitial fluid.

11.3.9 Remove the column from the wash tube and insert it
into a sample collection tube

11.3.10 Remove the extension reaction mixture and load it
carefully on top of gel material.

11.3.11 Spin the column in a microcentrifuge at 730g for 2
minutes

11.3.12 Discard the column. And dry the sample in

microcentrifuge tube in at 90°C until dry do not over-

dry.

11.4  Electrophoresis on the ABI Prism 377 DNA sequencer

11.4.1 Prepare a loading buffer by combining the following
in a 5:1 ratio of deionizied formamide:25 mM EDTA
(pH 8.0) with blue dextran (50mg/mL).

11.4.2 Resuspend each sample pellet in 6ul loading buffer.
Vortex and spin.

11.4.3  Heat the samples at 95°C for 2 minutes to denature.
Place on ice until ready to load.

11.4.4 ~ Load 1 ul of each sample into a separate lane of the

gel.

12. Analysis of homology

CpG island character of each clone had been predicted based on the
following criterias; (1) minimum leangth 200 bp, GC content >50%,

CpG/GpC>0.5. Putative promoter sequence and exon prediction were
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predicted using the computer program NNPP and TSSG available through
the Baylor College of Medicine launcher at
http://dot.imgen.bcm.tmc.edu:9331. Sequence homologies were identified
using the BLAST program of the National Center for Biotechnology
Information available at http://www.ncbi.nlm.nih.gov/BLAST/. Search for the

nucleotide sequence against the DNA sequence in the EST, HTGs, and nr.

(see also in the Figure 4-2 to 4-8 and appendix B)
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Figure 4-2 Web page of BLAST program which provide by National
Center for Biotechnology Information. Chose basic BLAST search for this study
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Figure 4-3 Web page of basic BLAST program. Choosing blastn and then
chose the organism which we focus on study (in this study we chose nr, human ets
and htgs , see also in appendix B)
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Figure 4-5 Web page of basic BLAST program (cont.) Then the result
page will appears then press Format result for reviewing the homology search
result.
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Figure 4-7 Web page of homology search result report of BLAST program.
(cont.) The report show list of homology sequence, its GenBank number, E value
and computing score.
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Figure 4-8 Web page of homology search result report of BLAST program.
(cont.) The report show the alignment between our query and each homology
sequence. Its GenBank accession number, computing score , E-value, the percent of
identity and the percent of gap had been reported.

13. Methvlation Analysis in Various Tissue by Methylation-specific

PCR (MS-PCR)
13.1 Primer design for MS-PCR

Primer were designed to amplify the methylated and unmethylated
allele equally (see primer sequence in appendix). The primer design mention
about the difference between unmethylated allele and methylated allele after
amplified and digest with chosen restriction endonuclease because of base

conversion from cytosine to uracil after treated with bisulfite.



53

13.2 MS-PCR

I. Preparing of DNA template

a.

b.

Dilute 1-2 ng DNA of each various tissue in 50 pul ddH,O
Add 5.5 pl 2M NaOH (from fresh stock) and mix well
Incubate at 37°C for 10 minutes.

Add 30 ul of the diluted hydroquinone (dilution 1:10 of

55mg hydroquinone in 5 ml ddH,0), then vortex.

. Add 50 pl bisulfite (bisulfite 1.88g in 5 ml ddH,O, bring

pH to 5.0 with 5 drops of 19.5M NaOH), then vortex.
Take off the oil and add 1 ml Wizard™ resin to each tube

and mix.

. Add to syringe attached to column anchored on the vacuum

manifold and apply vacuum.

. Once drained, wash with 2ml 80% isopropanol and apply

vacuum.
Once drained, elute DNA from column by adding 50 pl
heated (50-70°C) ddH,O and centrifuge 1 minute at
maximum speed.

Add 5.5 pl 3M NaOH to the elute and incubate at room

temp for 5 minutes.

k. “Add 66 pl 5M NH,OAc and 2.3 volume of 95% ethanol.

L.

Precipitate overnight at -20°C, centrifuge 25 minutes at

maximum speed, wash with 70% ethanol and dry pellet.

m. Elute DNA with 20ul TE buffer, then ready for PCR.
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11, Reaction and condition

The PCR reaction was performed in a total volume of 25ul using 3ul
bisulfite treated DNA in 1x PCR buffer, 1.5mM MgCl, , 0.2 mM each of
deoxynucleotide triphosphates (ANTPs). Each of primer pair was performed
in optimal concentration 1.0 puM. In the multiplex PCR reaction, the initial
denaturation step was 95°C for 10 minutes then followed by 35 cycles of
denaturation at 94 °C for 1 minute, annealing at 48 °C for 1 minute, extension
at 72 °C for 1 minutes and a final extension at 72 °C for 7 minutes. Then,
digested 20 pl of PCR product with restriction endonuclease (in this
experiment is Dpnll). Afterward, separate PCR product by submarine
agarose gel electrophoresis; a 10 ul of digesting product with 2 pl of 6x
Ficoll loading buffer, vortex and spin briefly, then load sample onto 2%
agarose gel, electrophorase agarose gel in 1x TBE at 0.95v/cm until dye front
reach the end of gel. Estimate size of digesting product by compare with

100bp marker.



CHAPTER V

Results

1. RDA result and PCR analysis of clone

Both white blood cell and sperm DNA were digested with Hpall,
methylation sensitive restriction enzyme. Hpall recognized four base
sequences (CCGG) without methylated cytosine.  Average expected
fragment of human DNA genome which digested with Hpall is
approximately 0.6 kb (assuming 40% G+C and a CpG frequency 20% of this
expected). By its function, methylation sensitive enzyme will give the
different DNA fragment between white blood cell and sperm DNA, if there is
different methylation pattern between the two genomes. Both digestion
products have been ligated with RHpa adapter by the function of ligase
enzyme. The multiplex PCR reaction promotes the higher amounts of the
digestion products, and the tester and driver amplicons are performed in
blunt end. Then the PCR amplification, approximately 200-1000 are enriched

in the amplicon.

Digested DINA by Hpall
— — C
u = B Wl Y S SEEE - s o m

Ligase with RHpa Adaptor

Fhpaz4
AGCACTCTCCAGCCTCTCACCGACEGG — = = = = =oo sos oo o DG OGETERE _
[BEGTEEETIGEE. = = = e m meww e GGOCAGCCACTCTCCGACCTCTCACGA
EHpall e
P PCER amplification
AGCACTCTCCAGCCTCTCACCGACCGG CCGGTCGGTGAGAGGCTALAGAGTGCT
| TCGTGAGALATCGGAGAGTGGCTGGCC GGCCAGCCACTCTCCGACCTCTCACGA

Figure 5-1 The preparation of tester and driver amplicon for ms-RDA
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Figure 5-2 The description of ms-RDA method.

After the removal of adapter, only the tester amplicon (white blood
cell genome) will be ligated with adapter, JHpa, and performed in the sticky
end. Denaturation and reassociation in subtractive hybridization between
tester and driver allowed the formation of three types of reannealed
duplexed: (a) tester/tester, the target strands self reanneal in homoduplexes
and have adaptor oligonuclotide sequences present on both 5’ends; (b)
hybrids between tester and driver, that have adaptor oligo nucleotide on one
end only and (c) driver/driver, the self-reannealed driver duplexes. In the
multiplex PCR reaction, the initial step at 72°C will extend to the both ends
of tester/tester by use Jhpa24 adaptor as the tamplate. On the other hand,
hybrids between tester and driver, the extention will occur on one end only.

The target fragments are selectively amplified after filling in the
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oligonucleotide cohesive ends with Tag DNA polymerase. The Mung bean
nuclease will digest the single strand DNA, therefore only tester/tester is the

difference product.

5ep 13287

Xmn | 3082 119
Scal 2754 Nael 330
Ssp 12649 7y\ Pvu | 500
\\ Pvu Il 529
7
% BssH 1l 619 1
.. 1657
E PCR-SCFrpt Cam _SK:;'T?ZE
SK[+] lasmid Sac 1759
3399 bp BssH 11 792

Pvu 1 2238
ARNI 1153

Figure 5-3 Circular map and polylinker sequence of the pPCR-Script Cam
SK(+) cloning vector. The polylinker of the pPCR-Script Cam SK(+) cloning
vector with the alterd nucleotides underlinedis shown above.

The difference product were subcloned in the pPCR-Script Cam SK
(+) plasmid. (Figure 5-3) The plasmid contains the multiple cloning sites
(MCS), but in this study the DNA fragment were inserted at Srfl site because
this site had been digested in the lacZ gene. lac Z gene encodes the enzyme
B-galactosidase, which hydrolyzes lactose into. galactose and glucose. The
plasmids were induced into competent E.coli cells, bacteria that carry the
regulation elements and the Z gene of the lac operon (lacZ gene) can be
induced by isopropyl-indolyl-B-D-galactoside (X-gal) and give rise to a blue
insoluble derivative. The insertion at the SrfI site must interrupt the function

of lacZ gene, and the bacterial colony with insertion will perform the white
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colony. The white colonies were picked up and used as the template for PCR
reaction to identify the insertion. In the MCS, there are many primer
sequences such as M13, T3 and T7 (Figure 5-3). Plasmid DNA of each clone
was performed in PCR amplification by using M13 oligonucleotides as the
primers. There are variations in amplification fragment size in range between
200-700 bp (Figure 5-4 and Table 5-1). The amplified product whose size
larger than 400 bp had been chosen to prove the different in methylation
status by Southern blotting and hybridization. In the table, we calculated the
length of inserted DNA fragment by erasing the length of multiple cloning

size to M13 forward and reverse primers (227 bp).

100bp
marker B30 Bt36  Btdd  Et47  EtdE Et51 Et52  Et53

(=]

1a00

1200
1100

1000

500
400

300
200

100

Figure 5-4 The example of the estimate PCR product fragment by using
agarose gel electrophoresis.
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Table 5-1 The result of PCR analysis and Southern blotting hybridization

PCR Fragment using Calculated Southern blot
CLONE M13 as the primer inserted DNA hybridization band
(bp) fragment (bp) pattern
Btl 400 173 NI
Bt2 300 73 NI
Bt3 450 223 NI
Bt4* 470 243 DP
Bt5 600 373 NI
Bt6 550 323 NI
Bt7 420 193 NI
Bt8 400 173 NI
Bt9 300 73 NI
Bt10 800 573 NI
Btl1 600 373 NI
Bt12 1000 773 NI
Bt13 320 93 NI
Bt14 470 243 NI
Bt15 270 53 NI
Bt16 350 123 NP
Btl17 340 113 NI
Bt18 300 73 NI
Bt19 500 273 NI
Bt20* 550 323 DP
Bt21 300 e NI
Bt22 510 283 NI
Bt23 400 %75 NI
Bt24 300 73 NI
Bt25 650 423 NI
Bt26 450 223 NI
Bt27 340 113 NI
Bt28 650 423 NI
Bt29 360 133 NI
Bt30 350 123 NP
Bt31 520 293 NI
Bt32 550 323 NI
Bt33 350 123 NI

NI : No information
NP : Non different band pattern
DP : Different band pattern



Table 5-1(cont.)The results of PCR analysis and Southern blotting hybridization

PCR Fragment using Calculated Southern blot

CLONE M13 as the primer inserted DNA hybridization band
(bp) fragment (bp) pattern
Bt34 800 573 NI
Bt35 600 373 NI
Bt36 400 173 NP
Bt37 300 73 NI
Bt38* 400 173 DP
Bt39 600 373 NI
Bt40 700 473 NI
Bt41 400 173 NI
Bt42 420 193 NI
Bt43 700 473 NI
Bt44* 450 223 DP
Bt45 300 73 NI
Bt46 250 23 NI
Bt47 480 253 NI
Bt48 500 273 NI
Bt49 600 373 NI
Bt50 600 373 NI
Bt51 600 373 NI
Bt52 550 323 NI
Bt53 560 333 NI
Bt54 370 143 NP
Bt55 500 273 NI
Bt56 550 323 NI
Bt57 300 73 NI
Bt58 600 373 NI
Bt59 500 273 NI
Bt60 280 53 NI
Bt61 500 273 NI
Bt62 500 273 NI
Bt63 280 53 NI
Bt64 300 73 NI
Bt65 320 93 NI
Bt66 320 93 NI
Bt67 400 173 NI

NI : No information
NP : Non different band pattern
DP : Different band pattern



Table 5-1 (cont.) The results of PCR analysis and Southern blotting hybridization

PCR Fragment using Calculated Southern blot

M13 as the primer inserted DNA hybridization

bp) fragment (bp) band pattern

280

Bt69 320 73 NI
Bt70 500 273 NI
Bt71 450 223 NI
Bt72 600 373 NI
Bt73 350 123 NI
Bt74 320 193 NI
Bt75%* 350 s DP
Bt76 750 SE3 NI
Bt77 300 73 NI
Bt78 450 223 NI
Bt79* 700 473 DP
Bt80 440 243 NI
Bt81 300 73 NI
Bt82 240 63 NI
Bt83 400 173 NI
Bt84 400 173 NI
Bt85 400 173 NI
Bt86 500 273 NP
Bt87 650 423 NI
Bt88 470 243 NI
Bt89 300 73 NI
Bt90 400 173 NI
Bt91 350 123 NI
Bt92 400 173 NI
Bt93 350 123 NI
Bt95 350 123 NI
Bt96 350 123 NI
Bt99 400 173 NI
Bt100 380 153 NI
Bt101 400 173 NI
Bt102 350 123 NI
Bt103 350 123 NI
Bt104 350 123 NI
Bt105 380 153 NI

NI : No information
NP : Non different band pattern
DP : Different band pattern

61
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2. Southern blotting hybridization pattern analysis of clone

The colony whose insertion fragment larger than 300 bp had been
chosen for further study by Southern blotting and hybridization. The
Southern blot for detection of the difference methylation status between
white blood cells and sperm was prepared by using ms-restriction enzyme,
Hpall and its isochizomer which do not recognize methylation, Mspl. The
Hpall digested product of white blood cells, placenta and sperm DNA had
been loaded to the first, second and third lane respectively (Figure 5-5). Then
the Mspl digested product of sperm which performed as control had been
loaded to the fourth lane (Figure 5-5). The electrophorase was performed in
the optimum condition then followed by the transference to nitrocellulose
membrane. The restriction DNA fragments migrate along the gel toward the
positive electrode by their own electrical charge (DNA is a negative charge
molecule). The rate of migration with respect to size reflects the ability of
different molecules to thread through the gel network. Larger molecules
move more slowly than smaller molecules because they meet more resistance
in passing through the gel. Because the relative rates at which the molecules
move depend on size, shape and charge density, the initial mixture of the
molecules gradually separates into series of distinct bands moving at
different rates through the gel. The fastest moving band contain the smallest,

most compact molecules with the highest charge density.

DNA molecules separated by gel electrophoresis are removed from
slab gel toward nitrocellulose membrane. A gel contain separate DNA into
band had been soaked with denaturation solution to unpair the DNA

molecule. A piece of filter paper soaked in salt solution is placed on one side
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of the gel. Then a piece of nitrocellulose membrane, on which the blot will
forms, 1s placed on the other side, backed by the several sheets of dry filter
paper. As the result solution is drawn through the gel to the dry filter paper, it
carries the molecules in the bands into nitrocellulose membrane, which can
directly bind unpaired DNA nucleotide chain, where the bands are deposited

and tightly bound as blots.

The hybridizations were performed by using inserted DNA fragments
whose size larger than 400 bp as probes. The probes were labeled with
radioactive a->"P by nick translation method. DNAsel in the enzyme mixture
induce nick on the nucleotide. By the function of DNA polymerasel,
polimerization at a nick is coupled with the 5°-> 3’ exonuclease. Then the o-
2p dCTP will replace the old dCTP. Hybridization depends on the fact that
DNA nucleotide chain unwind from the double helix at elevated temperature
and will rewind with complementary sequence when the DNA is cooled. In
this study, repetitive sequence was blocked by unwind salmon sperm and
human placenta DNA. The labeled probes also unwinded before mix with
hybridization solution. A hybridization solution containing a radioactive
probe was poured over single-chain DNA bound in Southern blot. The
labeled probe hybridized only with a blot containing a complementary DNA
chain. The membrane was washed to remove unbound probe molecules,
leaving the DNA molecule of interest as an individual blot marked with

radioactivity.

We hybridized prepared Southern blot with the probes which created

from selected colonies. There were four patterns of hybridization signals.
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First, no signal present (Figure 5-5a). Second, there are no specific band on
the blot but the signal was a smear hybridization signal (as shown in Figure
5-5 b). Thirdly, insignificance specific hybridization: The hybridization
result performed as the band which indifferent in methylation status between
white blood cell and sperm DNA. Finally, significance specific
hybridization: The hybridization performed as the band which have different
methylation statuses between white blood cells and sperm DNA. (as shown

in Figure 5-5¢, 5-6 to 5-11)
M B P S & M/B |\P\S .C E P 3 C

e i '
“‘ng

-

(b) (©)

Figure5-5 The  example of Southern blotting -hybridization pattern
(a)Undetectable: The result of Southern blot hybridization preformed as the blank,
only marker can be detected. (b) Non-specific hybridization: There are too many
DNA fragments on the blot that can hybridize with the probe, so they preformed as
the range of hybridization not a band. (c) Significance specific hybridization: The
hybridization result performed as the band which different in methylation status
between white blood cell and sperm DNA. M is 100 bp marker. B, P and S
represent digested blood, placenta and sperm DNA by Hpall, respectively. M is 100
bp marker. C is degested sperm DNA by Mspl.

The following is the Southern blotting hybridization result of 6 clones

from 52 clones which present significant specific hybridization result after
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hybridization. B, P and S lane in the hybridization results represent white
blood cell sperm and placenta DNA which had been digested with Hpall
respectively. Control represent by C is sperm DNA, digested with Mspl, the
isoshisozyme of Hpall but unrecognized methylation. Thus control showed

the unmethylated status of each clone.

Hybridization Result of Bt4

The control lane showed two bands at approximately 250 and 500 bp.
Blood, placenta and sperm DNA showed bands at approximately 200, 500,
700, 800 and 900 bp. There are differences in density of each band between
each lanes (see Figure 5-6). This means that there may be two homologous
loci. Both had methylated and unmethylated sequences in each tissues.

Additionally, the extension of methylation in each cell is heterogenous.

Hybridization Result of Bt20)

The control lane showed band at approximately 1100 bp which was
different from amplified fragment size by M13. S and P lane revealed band at
1100 bp which is the same size as in control. Interstingly white blood cell
showed intense high molecular weigh DNA (see Figure 5-7). From this
result, large spreading of methylation on Bt20-occurs in most of white blood
cells. In other word there is methylation difference between white blood cell

and sperm DNA on their DNA sequences, homology to Bt20.

Hybridization Result of Bt38

The control lane demonstrated a major band at approximately 600 bp.
This was different from its cloning size. P and S lane showed the same DNA

size as control. Interstingly, blood DNA revealed not only 600 bp fragment
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but also high molecular weigh methylated DNA. Thus there is partial
methylation, extending several kb, occurs in white blood cells genome (see

Figure 5-8).

Hybridization Result of Bt44

In Bt44 case, all bands presented at the higher molecular weight,
larger than 1.5 kb, hence we couldn’t estimate the exactly size of each band.
Blood, placenta and sperm demonstrated distinction in their expression of
methylation along the length of their genome in which blood cells was the

largest.

Hybridization Result of Bt75

The control lane showed a band at approximately 1050 bp and its
methylation pattern is similar to Bt20. There are unmethylated DNA in
placenta and sperm. However, a long methylated DNA could be discovered

from blood and placenta.

Hybridization Result of Bt79

The Bt79 unmethylated DNA fragment was 500 bp which was the
same as its insert. Fully and large extension of methylation could be
discovered from WBC DNA. However, the methylation status from placenta
and sperm DNA are heterogenous. Both of them revealed both unmethylated

and heterogenous extension of their methylated DNA.
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Figure 5-6 The hybridization result of Bt 4. M is 100 bp marker.  ~ Figure 5-7 The hybndlzatlon result of Bt 20. B, P and S represent
B, P and S represent digested blood, placeﬂta and sperm DNA by d dlgested blood placenta and* f\ erm DNA by Hpall, respectively.
Hpall, respectively. C is degested sperm DNA by Mspl. 'is degested sperm DNA by Mspl.
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Figure 5-8 The hybridization result of Bt 38. M is 100 bp marker.
B, P and S represent digested blood, placenta and sperm DNA by
Hpall, respectively. C is degested sperm DNA by Mspl.
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Figure 5-9 The hybridization result of Bt 44. M is 100 bp marker.
B, P and S represent digested blood, placenta and sperm DNA by
Hpall, respectively. C is degested sperm DNA by Mspl.
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3. Analysis of DNA sequence by BLAST program

Plasmid DNA from all of the clones, Bt4, 20, 38, 44, 75, 79, had been
sequenced using automated DNA sequencer. Obtained sequences of pPCR-
Script™™ Cam SK(+) and adaptors of ms-RDA method (RHpa) were
manually removed. By DNA sequencing, we found that 3 clones had a GC
content>50% and satisfied the minimal criteria for CpG islands (200bp, GC
content > 50%, CpG/GpC > 0.5; Gardiner-Garden M, Frommer M; 1987).
The edited sequences were submitted for GenBank accession number using
dbGSS submission. The size of each clone, percentage of GC nucleotide,
CpG/GpC, sequence homology, chromosomal location, and Genbank

accession number are summarized in Table 5-2.

The result from sequencing of each clone
The sequence of each clones are as the followings:
Bt4

Edited sequence size: 135 bp
Base count (Plus strand) 49A 24T 30C 32G

5’GAGCAGCAGC AGCATTCGCC TACGGATTTC TAGAAAAATA AGATGTCATG ATGAAGGATA
3’CTCGTCGTCG TCGTAAGCGG ATGCCTAAAG ATCTTTTTAT TCTACAGTAC TACTTCCTAT

GTAAACATCA ACCGGCTCTC ACTGCACGTT GAGAGAGTCA CAAAGCGCTA GTTCACAACA
CATTTGTAGT TGGCCGAGAG TGACGTGCAA CTCTCTCAGT GTTTCGCGAT CAAGTGTTGT

GGAAAAAACG GCAGC 3’
CCTTTTTTGC CGTCG 5’

Bt20
Edited sequence size 206 bp
Base count (Plus strand) 45A 45T 85C 31G

5’'TCTGACCTCC CAGGCATTCC CGACCCCCAC TTCTGCACTC TCTCTGACCG CTGGTAGAGT
3’AGACTGGAGG GTCCGTAAGG GCTGGGGGTG AAGACGTGAG AGAGACTGGC GACCATCTCA

GACTCCAGAC ACTCAAACAT CCACAAAGAC CCCACACCCC ATGTCTGAGG GCGACTTTAG
CTGAGGTCTG TGAGTTTGTA GGTGTTTCTG GGGTGTGGGG TACAGACTCC CGCTGAAATC



Bt38

ACCCGCATCA ACCTCTCATC GACCCTGTCT GTCCTCTCAG TACCCACCGA CCCCCACTCG
TGGGCGTAGT TGGAGAGTAG CTGGGACAGA CAGGAGAGTC ATGGGTGGCT GGGGGTGAGC

ACGACCTACT ACCGTCATTC TTGTAT 3’
TGCTGGATGA TGGCAGTAAG AACATA 5’

Edited sequence size: 293 bp

Base count (Plus strand) 93A 61T 72C 638G

Bt44

5’'CGAGTCACAG CGTGACACTG CCCCACTCCA GTTTTAAAAG AGGAAACTAC AGACACACAA
3’GCTCAGTGTC GCACTGTGAC GGGGTGAGGT CAAAATTTTC TCCTTTGATG TCTGTGTGTT

ATACTGAGGT GCTCTTTCCC AAAGCTATTA AACCAAGCAA AAGTCCCCAG AAGGAGTCAG
TATGACTCCA CGAGAAAGGG TTTCGATAAT TTGGTTCGTT TTCAGGGGTC TTCCTCAGTC

CAGGACACCG AGTTCCAGGC CCCATCCTGT CGCTGGCTAA TAGTGACAAG GGGAAATTGA
GTCCTGTGGC TCAAGGTCCG GGGTAGGACA GCGACCGATT ATCACTGTTC CCCTTTAACT

ATACCGCCCT GTGAGTCTGA GTGTACTGAG GTGTAAAAAG GAGTTGATGA AAAGTAACCT
TATGGCGGGA CACTCAGACT CACATGACTC CACATTTTTC CTCAACTACT TTTCATTGGA

GCCCTCTTTA GAAGACCAAG CTGACTTATG TCAAGTACTC AAGGCAGTTT CACG 3’
CGGGAGAAAT CTTCTGGTTC GACTGAATAC AGTTCATGAG TTCCGTCAAA GTGC &’

Edited sequence size: 178 bp

Base count (Plus strand) 12A 75T 61C 30G

Bt75

5 TCTATTTGTC TTTCTCCCTC CCTGTCTGTT TCTCTCTCTC TCTCTCTCTC TCTCTCTCTC
3’AGATAAACAG AAAGAGGGAG GGACAGACAA AGAGAGAGAG AGAGAGAGAG AGAGAGAGAG

CCTCTGTCTG TCTGTTTCTC TCTATCTCTC GCTGTCCATC TCTGTCTTTC TATGTCTGTC
GGAGACAGAC AGACAAAGAG AGATAGAGAG CGACAGGTAG AGACAGAAAG ATACAGACAG

TCTTTCTCTG TCAGTCTGTC AGACACCCCC GTGCCGGTCG GTGAGAGGCT GGAGAGTG 3’
AGAAAGAGAC AGTCAGACAG TCTGTGGGGG CACGGCCAGC CACTCTCCGA CCTCTCAC 5’

Edited sequence size: 155 bp

Base count (Plus strand) 28A 57T 32C 38G

S5'TTTTGTTTCG TTTCGTTCCT AAGTTCTGGG GTATATGTGC AGGATGTGCA GATTTGTTAC
3’AAAACAAAGC AAAGCAAGGA TTCAAGACCC CATATACACG TCCTACACGT CTAAACAATG

TAAGGTTAAC GTGTGCCATG GTGGTTTGCT GCTACCTGTC AACCCATCAC CTAGGTATTA
ATTCCAATTG CACACGGTAC CACCAAACGA CGATGGACAG TTGGGTAGTG GATCCATAAT

71
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GGCCCAGCAT GCAGTAGCTG TTTTTCTTAA CGCTC 3’
CCGGGTCGTA CGTCATCGAC AAAAAGAATT GCGAG 5’

Bt79
Edited Sequence size: 510 bp

Base count (Plus strand) 105A 123T 151C 131G

5’CGGACCCCCC CTTTCCCCTT CCCCCGCTTG TCTTCCCGAC AGACAGTTTC ACGGCAGAGC
3’GCCTGGGGGG GAAAGGGGAA GGGGGCGAAC AGAAGGGCTG TCTGTCAAAG TGCCGTCTCG

GTTTGGCTGG CGTGCTTAAA CTCATTCTAA ATAGAAATTT GGGACGTCAG CTTCTGGCCT
CAAACCGACC GCACGAATTT GAGTAAGATT TATCTTTAAA CCCTGCAGTC GAAGACCGGA

CACGGACTCT GAGCCGACCA CTCCCCTGGT CTGTCTATCA CAGGACCGTA CACGTAAGGA
GTGCCTGAGA CTCGGCTGGT GAGGGGACCA GACAGATAGT GTCCTGGCAT GTGCATTCCT

GGAGAAAAAT CGTAACGTTC AAAGTCAGTC ATTTTGTGAT ACAGAAATAC ACGGATTCAC
CCTCTTTTTA GCATTGCAAG TTTCAGTCAG TAAAACACTA TGTCTTTATG TGCCTAAGTG

CCAAAACACA GAAAGCAAGT CTTTTAGAAA TGGCCTTAGC CCTGGTGTCC GTGCCAGCGA
GGTTTTGTGT CTTTCGTTCA GAAAATCTTT ACCGGAATCG GGACCACAGG CACGGTCGCT

TTCTTTTCGG TTTGGACCTT GACTGAGAGG ATTCCCAGTC GGTCTCTCGT CTCTGGACGG
AAGAAAAGCC AAACCTGGAA CTGACTCTCC TAAGGGTCAG CCAGAGAGCA GAGACCTGCC

AAGTTCCAGA TGATCCGATG GTGGGGGACT TAGGCTGCGT CCCCCCAGGA GCCCTGGTCG
TTCAAGGTCT ACTAGGCTAC CACCCCCTGA ATCCGACGCA GGGGGGTCCT CGGGACCAGC

ATTAGTTGTG GGGATCGCCT TGGAGGGCGC GGTGACCCAC TGTGCTGTGG GAGCCTCCAT
TAATCAACAC CCCTAGCGGA ACCTCCCGCG CCACTGGGTG ACACGACACC CTCGGAGGTA

CCTTCCCCCC ACCCCCTCCA CAGGGGATCC 3’
GGAAGGGGGG TGGGGGAGGT GTCCCCTAGG &’

Each sequence was further explored by the BLAST program of the
National Center for  Biotechnology < Information available at
http://www.ncbi.nlm.nih.gov/BLAST/. .3 clones were identical to human
gene sequences. One was an upstream sequence of Niemann-Pick C1 gene
(NPCI) and the other two were ribosomal DNA intragenic spacer sequence.
2 clones were identical to human cDNA clone randomly sequenced deposit

in GenBank, and one had no significance match in database.
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Both Bt4 and Bt79 identical to intergenic spacer of ribosomal RNA
gene (rRNA gene, GenBank accession number: U13369). Approximately
400 copies of rRNA gene in human genome located on the short arm of five
acrocentric chromosomes (chromosomel3, 14, 15, 21 and 22). Bt4 and Bt75
located at the position 28868 bp to 29003 bp with 97% identity and 37407 bp
to 37912 bp with 98% identity of rRNA gene (GenBank accession number:
U13369) respectively. This position located previously the initiation of
rRNA gene promoter on the intergenic spacer (GenBank accession number:
X68195). In addition Bt4 was identical to Human DNA insert showing
sperm-specific hypomethylation (GenBank accession number: X06588) with
98% identity. From a previous study about ribosomal RNA sequence by
Maden, BE et al; 1978, suggesting that the position, which Bt4 located on, is
hypomethylated in sperm and may be the position which sensitive for
variation. Thus the Bt4 and Bt79 locations may play an important role in its
expression regulation (Gonzalez, IL and Sylvester, JE:1995). In our study, by
the Southern blotting hybridization results of these two clones confirmed that
there was hypomethylation in sperm when compared with the methylation
status in white blood cell and placenta. The estimated 400 copies per diploid
genome may cause the variation of band performance in the Southern
blotting hybridization result of Bt4. The following shows BLAST result
alignment of Bt4 and Bt79 The relation pattern of Bt4, Bt79 and ribosomal

RNA gene are showed in Figure 5-12a.

BLAST result of Bt4
Database : nr

>gil 555853 1gb1U13369.1 IHSU13369 Human ribosomal DNA complete repeating unit
Length = 42999

Score = 218 bits (110), Expect = 5e-55
Identities = 1337137 (97%), Gaps = 3/137 (2%)
Strand = Plus / Minus



Query: 1 gagcagcagcagcattcgcctacggatttctagaaaaataagatgtcatgatgaaggata 60
Frrrrerrrrrerrrrrrrrrrrrerrrrrerrrrre rrrr e e e rrrrrrn
Sbjct: 29003 gagcagcagcagcattcgectacggatttctagaaaa-taagatgtcatgatgaaggatn 28945

Query: 61  gtaaacatcaaccggctctcactgca—-cgttgagagagtcacaaa—gegctagttcacaa 118
FEerrrrrerr et et et et e trer ettt et e et rer et e
Sbjct: 28944 gtaaacatcaaccggctctcactgcagegttgagagagtcacaaaagegctagttcacaa 28885

Query: 119 caggaaaaaacggcagc 135
(RN RRRREE R
Sbjct: 28884 caggaaaaaacggcagc 28868

>gil 36566 | emb | X06588.1 | HSSPM4 Human DNA insert showing sperm-specific
hypomethylation (Sp-0.3-10)Length = 335

Score = 111 bits (56), Expect = 9e-23
Identities = 63/64 (98%), Gaps = 1/64 (1%)
Strand = Plus / Plus

Query: 73 cggctctcactgcacgttgagagagtcac-aaagegctagttcacaacaggaaaaaacgg 13 1
Frrrerrrrrerrrrr e bttt e e e PrE e e e e e
Sbjct: 1 cggctctcactgcacgttgagagagtcacaaaagegetagttcacaacaggaaaaaacgg 60

Query: 132 cagc 135
(NN
Sbict: 61 cagc 64

BLAST result of Bt79
Database : nr

>gi1 36165 |emb|X68195.1 | HSRSPAC H.sapiens genomic DNA of ribosomal RNA intergenic
spacer sequence Length = 7431

Score = 934 bits (471), Expect = 0.0
Identities = 503/511 (98%), Gaps = 2/511 (0%)
Strand = Plus / Plus

Query: 1 cggaccccccctttececttececegcttgtcttcccgacagacagtttcacggcagage 60
Frrrrrrrerrrrrrrrrrrrrrrrrrrrrrr e et e e
Sbjct: 6922 cggaccccecctttecectteeceegcttgtettcccgacagacagtttcacggcagage 6981

Query: 61  gtttggctggegtgcttaaactcattctaaatagaaatttgggacgtcagcttctggect 120

74



75

Frrrrrrrerrrrrrrrrrrrrrrrrrrr e e e e e
Sbict: 6982 gtttggctggegtgcttaaactcattctaaatagaaatttgggacgtcagcettctggect 704 1

Query: 121 cacggactctgagcegaccactcecctggtetgtctatcacaggaccgtacacgtaagga 180
Frrrrrrrrrrrrrrer rrrerrerrerrerrerrer ettt e e
Sbjct: 7042 cacggactctgagecgaggagtcecctggtetgtctatcacaggacegtacacgtaagga 7101

Query: 181 ggagaaaaatcgtaacgttcaaagtcagtcattttgtgatacagaaatacacggattcac 240
Frrrrrrrerrrrrrrrerrrrrrrrrrrrrr e e e
Sbjct: 7102 ggagaaaaatcgtaacgttcaaagtcagtcattttgtgatacagaaatacacggattcac 7161

Query: 241 ccaaaacacagaaagcaagtcttttagaaatggecttageectggtgtcegtgeceagega 300
Frrrrrrrrrrrer et rrrr e e e e et e et e e e e el
Sbjct: 7162 ccaaaacacagaaa-ccagtcttttagaaatggccttagecctggtgtecgtgecagtga 7220

Query: 301 ttcttttcggtttggaccttgactgagaggattcccagteagtctetegtetctggacgg 360

Frrrerrrrrrrrrr e et et et et et e e e e E e
Sbjct: 7221 ttcttttcggtttggaccttgactgagaggattcecagteggtctcetegtctetggacgg 7280

Query: 361 aagttccagatgatccgat—-ggtgggagacttaggetgegteccecccaggageectagte 419
FErrrrrrrree et te et e e e et b b e et e e e e
Sbjct: 7281 aagttccagatgatccgatgggtgggggacttaggcetgcgtecceccaggageectggte 7340

Query: 420 gattagttgtggggatcgecttggagggegeggtgacceactgtgetgtgggagecteca 479
Frrrrrrrrrrrerrrrrerrrrrr ettt e et e e e e e
Sbjct: 7341 gattagttgtggggatcgecttggagggegeggtgacceactgtgetgtgggagecteca 7400

Query: 480 tccttccecccacceccteccacaggggatee 510
FETTEEETE e et e trrrrrrrnd
Sbjct: 7401 tecttcececcacceectececcaggggatee 7431

>gi1 555853 1gb1U13369.1 |HSU13369 Human ribosomal DNA complete repeating unit
Length = 42999

Score = 926 bits (467), Expect = 0.0

Identities = 4997507 (98%), Gaps = 2/507 (0%)
Strand = Plus 7 Plus
Query: 1 cggaccccccctttceccttececegcttgtcttcccgacagacagtttcacggecagage 60

Frerrerrerrerrrrrerr e e et et ettt et
Sbjct: 37407 cggaccccccctttecectteceeegcttgtettcccgacagacagtttcacggcagage 37466

Query: 61  gtttggctggegtgcttaaactcattctaaatagaaatttgggacgtcagettctggeet 120

Frrrrerrrrrerrrrererrrrrerrrr e et r e e e e e e
Sbjct: 37467 gtttggctggegtgcttaaactcattctaaatagaaatttgggacgtcagcttctggect 37526
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Query: 121 cacggactctgagccgaccactceectggtetgtctatcacaggacegtacacgtaagga 180
Frerrerrerrerrerr e rrrrrrr e e e e e e e
Sbjct: 37527 cacggactctgagecgaggagtcecctagtetgtctatcacaggacegtacacgtaagga 37586

Query: 181 ggagaaaaatcgtaacgttcaaagtcagtcattttgtgatacagaaatacacggattcac 240
Frerrerrerrerrerrerrerrerrerrerr et ettt rr e
Sbjct: 37587 ggagaaaaatcgtaacgttcaaagtcagtcattttgtgatacagaaatacacggattcac 37646

Query: 241 ccaaaacacagaaagcaagtcttttagaaatggccttagecctggtatecgtgecagega 300
Frrrrerrrrrerr e rrrrrerrr b e e e e e e e e e el
Sbjct: 37647 ccaaaacacagaaa-ccagtcttttagaaatggecttagecctggtgtecgtgecagtga 37705

Query: 301 ttcttttcggtttggaccttgactgagaggattcccagteggtctctegtctctggacgg 360
Frerrerrerr et b e e e e et e e et e e e e e
Sbjct: 37706 ttcttttcggtttggaccttgactgagaggatteccagteggtctetegtetetggacgg 37765

Query: 361 aagttccagatgatccgat—-gatgggggacttaggetgegtceccccaggagecctggte 419
FEEEEEEET ettt ettt bt e e e e e e e e e e e e
Sbjct: 37766 aagttccagatgatccgataggtaggggacttaggetgegteeccccaggagecctggte 37825

Query: 420 gattagttgtggggatcgecttggagggegeggtgacceactgtgetgtgggagecteca 479
FEErrerrrr et et et e e et e e e et e e e e e e
Sbict: 37826 gattagttgtggggatcgecttggagggegeggtgacceactgtgctgtgggagectcca 37885

Query: 480 tecttccceccacecectccacagggg 506
FEEETErr e el et
Sbjct: 37886 tecttccecccacceeetccccagggg 37912

Both Bt20 and Bt75 sequences are identical to Homo sapiens
chomosomel9 cosmid- genomic DNA (GenBank accession number:
AF025422). Bt20 and Bt75 located on the position 1538bp to 1743bp and the
position 4993bp to 5099bp with 95% identity of this chromosome19 cosmid,
respectively. The chromosome 19 cosmid is a genomic directly submission
sequence maped on 19q13.2. In addition, Bt20 sequence was also identical to
human retina cDNA clone (GenBank accession number: W27289) with
100% identity and Bt75 was also identical to cDNA from neuroendocrine
lung carcinoid clone (GenBank accession number: AA808534). This

indicates that both clones are parts of genes. Therefore, their methylations
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maybe important in their tissue specific regulation of expression. The
following show BLAST result alignment of Bt20 and Bt75. The relation

pattern of Bt20, Bt75 and Homo sapiens chomosome19 cosmid had shown in

Figure 5-12b.

BLAST result of Bt20
Database : nr

>gb| AF025422 | AF025422 Homo sapiens chromosome 19 cosmid F15386, genomic sequence,
complete sequence [Homo sapiens] Length = 38000

Score = 329 bits (166), Expect = 2e-88

Identities = 196/206 (95%)

Strand = Plus / Plus

Query: 1 tatgttcttactgccatcatccagecagetcacceccagecacceatgactetectgtetg 60
FEErrrrrrr e e b e e e e e e e et tEer e e e
Sbjct: 1538 tatgttcttactgccatcatccageagetcacteccagecatecatgactetectgtetg 1597

Query: 61  tcccagctactctccaactacgeccagatttcagegggagtetgtaceecacaccecaga 120
FEErrerrrrr et r et e e et e b e e
Sbjct: 1598 tcccagetactctccaactacgtccagatttcagegggagtcggtgtcecgeaceccaga 1657

Query: 121 aacacctacaaactcacagacctcagtgagatcctegecagtctctctcacgtettcace 180
Frrrrerrerrerrrrrrrr et e EEEE R P E e
Sbjct: 1658 aacacctacaaactcacagacctcagtgagatcctegecagtctcetetcatgtettcace 1717

Query: 181 cccagceccttacggaccetecagtet 206
FETTEEETEr ettt
Sbjct: 1718 cccageccttacggactctectgtet 1743

Database : Human EST

>gil 1307012 1gbIW27289.1 IW27289 27h10 Human retina cDNA randomly primed sublibrary
Homo sapiens cDNA. Length = 626

Score = 393 bits (198), Expect = e=107

Identities = 204/206 (99%)

Strand = Plus / Plus

Query: 1 agactggagggtccgtaagggctgggagtgaagacgtgagagagactggegaccatctca 60
Frerrerrerrerrerrerrerrerrerrerrerrerrerrerrerrerrer rrrrrd
Sbjct: 109 agactggagggtccgtaagggetgggagtgaagacgtgagagagactggegaggatcetca 168

Query: 61 ctgaggtctatgagtttgtaggtgtttctggagtatagagtacagactcecgetgaaatc 120
Frrrerrrreeerrreeerrrrrerrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrn



Sbjct: 169 ctgaggtctgtgagtttgtaggtgtttctggggtgtaggggtacagactccecgetgaaatc 228

Query: 121 tgggcgtagttggagagtagctgggacagacaggagagtcatgagtagetgggagtgage 180
Frerrerrerrerrerrerrerrerrerrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrd
Sbjct: 229 tgggcgtagttggagagtagetgggacagacaggagagtcatgggtagetgggggtgage 288

Query: 181 tgctggatgatggcagtaagaacata 206
FEErerrrrrerrrrrrerrrrrend
Sbjct: 289 tgctggatgatggcagtaagaacata 314

BLAST result of Bt75
Database : nr

>gb|AF025422.1 | AF025422 Homo sapiens chromosome 19 cosmid F15386, genomic sequence,
complete sequence Length = 38000

Score = 172 bits (87), Expect = 6e-41

Identities = 1027107 (95%)

Strand = Plus / Minus

Query: 13  aagttctggggtatatgtgcaggatgtgcagatttgttactaaggtaaacgtgtgecatg 72
Frrrrrrrrrrrerrrr e e e bt r e rrrr et e e P e e e el
Sbjct: 5099 aagttctggggtatatgtgcaggatgegeagatttgttacaaaggtaaacgtgtgecgtg 5040

Query: 73  gtggtttgctgcacctgtcaacccgtcacctaggtattaageccage 119
Frrrrrrrrrrrrtrrrr et e et Er e e bbb e
Sbjct: 5039 gtggtttgctgcacctgtcgacacgtcacctaggtattaageccage 4993

Database : Human est

> AGI2877940 | AA808534 0e55g03.s1 NCI_CGAP_Lu5 Homo sapiens cDNA clone IMAGE:14155723’ similar to
contains L1.t3 L1 repetitive element ; mRNA sequence

Length 408 bp

Score = 244 bits (127), Expect = 8e-63

Identities = 1427147 (96%), Gaps = 1/147 (0%)
Strand = Plus / Plus

Query: 9 cgtttegttcctaagttctggggtatatgtgcaggatgtgcagatttgttactaaggtta 68
PETEEEr et e e e e e e e e e e e e e e e e e e e e e e e e e e e
Sbjct: 1 catttcgtttctaagttctggggtatatgtgcaggatgtgcagatttattactaaggtaa 60

Query: 69 acgtgtgccatggtagtttgetgctacctgtcaacccatcacctaggtattaggeccage 128
Prrrerrrreerrrreerrrrrre rerrrrrrrerr rerrrrrr e e
Sbict: 61 acgtgtgccatggtagtttgetgc-acctgtcaaccegtcacctaggtattaageccage 119

Query: 129 atgcagtagctgtttttcttaacgctc 155

78
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PEEEErrrrrrerrrrrerrrrrrenl
Sbjct: 120 atgcagtagctgtttttcttaacgctc 146

Bt38 is identical to the position 3’ to the first exon of Niemann-Pick
C1 gene (NPC1 gene). It locates on the position 162644 bp to162936 bp with
98% identity of Homo sapiens chromosomel8 clone (GenBank accession
number: AC010853). In the further exploration of this clone found that the
first exon of NPC1 gene (GenBank accession number: AF157365) also
identical to this Homo sapiens chromosomel8 clone at the position 164122
bp to 166489 bp with 100% identity. So the position which Bt38 located is
an intron between exonl and exon2 of NPC1 gene (position 189 bp to 482 bp
downstream from the last base of exonl). NPC1 gene was mapped on
18q13.2 locus and contained 25 exons, varying in size from 74 to 788 bp,
spread over 47 kb (Morris et al; 1999). NPC1 is an integral membrane
protein with multiple transmembrane domains that appears to be localized to
a late endosomal compartment. Its function plays a central role in modulating
intracellular sorting of cholesterol and glycosphingolipids (Neufeld et al;
1999). By the result of Southern blotting hybridization in our study showed
the methylation status different between white blood cells and sperm, we
could assume that there is DNA methylation involve in the control of
cholesterol transportation in some white blood cells by controlling NPC1

expression.

BLAST result of Bt38
Database : htgs

>gil 7637768 1dbjl AC010853.21 ACO10853 Homo sapiens chromosome 18 clone RP11-349 D12 map 18,
WORKING DRAFT SEQUENCE, 27 unordered pieces. Length = 180370

Score = 546 bits (284), Expect = e-153

Identities = 290/293 (98%)

Strand = Plus 7/ Plus

Query: 1 cgagtcacagcgtgacactgceccactccagttttaaaagaggaaactacagacacacaa 60
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Prerrerrerrerrerrerrerrerrerrerrerrerr et e rerrerrer e
Sbict: 162644 cgagtcacagcgtgacactgccccactccagttttaaaagaggaaactacagacacacaa 162703

Query: 61 atactgaggtgctctttcccaaagctattaaaccaagcaaaagtccccagaaggagtcag 120
Frerrerrerrerrerrerrerrerrerrerrerr e e e e rrr e e e e
Sbjct: 162704 atactgaggtgctctttcccaaagctattaaaccaagcaaaageccccagaaggagtcag 162763

Query: 121  caggacaccgagttccaggccccatectgtegetggctaatagtgacaaggggaaattga 180
Frerrerrerrerrerrerrerrerrerr et et ettt e e e el
Sbjct: 162764 caggacaccgagttccaggececcatectgtegetggetaatagtgacaaggggaaattca 162823

Query: 181  ataccgccctgtgagtctcagtgtactgaggtgtaaaaaggagttgatgaaaagtaacet 240
Prrrrerrrrrerrrrr et e rr e e e et et e e e e e
Sbjct: 162824 ataccgcectgtgagtctcagtgtcctgaggtgtaaaaaggagttgatgaaaagtaacct 162883

Query: 241  gcectctttagaagaccaagctgacttatgtcaagtactcaaggceagtttcac 293
PEErrerr et et e b et e e et et et et b e e et et
Sbjct: 162884 gccctctttagaagaccaagcetgacttatgtcaagtactcaaggcagtttcac 162936

There is no information about the identity of Bt44 in GenBank
database. Hopefully, when the human genome project is complete there will
be information regarding Bt44.

Table 5-2: Summary of 6 differentially methylated clones isolated by MS-RDA

Clone Bt4 Bt20 Bt38 Bt44 Bt75 Bt79

Size (bp) 135 206 293 178 155 510

%CG 47 56 47 52 45 55

CpG/GpC 0.5 1.8 0.4 5.0 0.4 1.1

CpG island” No Yes No Yes No No

Blast Homology Ribosomal Retina cDNA NPCI gene .. NI Lung ¢cDNA Ribosomal
DNA gene DNA gene

Blast accession No. U13369 AF025422b ACO010853 bNI AF025422 b U13369
X06588  W27289°  AF157365 AA808534° X68195°

Chromosome map NId 19q13.2 18q11 NI 19q13.2 NI

GenBank accession No. . AZ301005  AZ301006 - AZ301007 AZ301008 AZ301008 AZ301009
a

The presence of CpG islaNI was determined based on criteria described previously(R): minimum
length 200 bp; GC content >50% ; CpG/GpC >0.5.

Regions sequenced as part of the human genome project.

¢ Regions sequenced as part of randomly primer subcloned.
d NI : No Information data.
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Figure 5-12 Relation between isolated clones and known genes or
sequences.Two of the genes and one cosmid sequence is available from GenBank
are shown, Filled boxes; exons, Opened boxes; the position of cDNA, Short
vertical lines; the position of CpG dinucleotide, Bars at the top; position of Bt
clones.

4. Methylation status analysis in various tissue

NPC1 upstream sequence, Bt38, was analyzed methylation status by
MS-PCR. Chemical modification of cytosine to uracil by bisulfite is the basis
of the MS-PCR. Under appropriate conditions, cytosines in bisulfite treated
DNA are converted to uracil. However, cytosine that are methylated (5-
methylcytosine) resists to this- modification and remain cytosines.
Amplifying this. modified- DNA - provides detailed information of the
methylation status of all CpG sites within the amplified region (Frommer et
al., 1992). By sequence analysis of Bt38 found that Bt38 identity to NPCI
gene, so primer for MS-PCR had been designed from the upstream sequence

of NPC].
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After the modification of DNA by bisulfite, the two daughter strands
of any given gene are no longer complementary after treatment. Either strand
can serve as the template for subsequent PCR amplification, and the
methylation pattern of each strand could then be determined. CpG
dinucleotides are almost always symmetrically methylated, meaning that
detection on one strand implies similar methylation pattern on the other
strand. The primers was designed for amplification 197 bp in length (at
position 155978 bp tol156175 bp of NPC1 gene). The amplified product has
restriction site of Dpnll at the position 149 bp to provide digesting products
149 bp and 48 bp if the location is methylated. Both methylated and
unmethylated sequences were discovered from all white blood cell lines and

all tissue types.
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Figure 5-14 The MS-PCR result of Bt38 in various tissues. (a) and (b) show the
result in various tissues. M is 100bp marker. Sp, Lu, P, H, Li, Bm, Bf, Br, Bo, S, St
and K represent DNA of spleen, lung, placenta, heart, liver, male blood, female
blood, brain, bone marrow, sperm, stomach and kidney, respectively. (c) shows
the results in cell line of various types of white blood cells. duadi is B-cell line.
molt, supti and jurkat are T-cell lines. k562 is erythroid myeloid cell line. #937 is
monocytic cell line.



CHAPTER VI

Discussion

Using MS-RDA teachnique, we succeeded in subtracting methylated
DNA fragment between white blood cells and sperm. All showed methylated
DNA in white blood cells. Comparing the methylation pattern of placenta,
white blood cells and sperm suggested tissue specific methylation. There are
two known genes, NPC/ and ribosomal DNA gene, proved to be control by
DNA methylation from this study.

Homozygous or double heterozygous mutation of NPC1 can cause
Niehmann-Pick disease type C (NPC). This is a lipid storage disease that can
present in infants, children, or adults. Neonates can present with ascites and
severe liver disease and/or respiratory failure from infiltration of the lungs
(Rutledge; 1989). Other infants, without liver or pulmonary disease, can
present hypotonia and development delay. The classic presentation is in
middle to late childhood with the insidious onset of ataxia, vertical
supranuclear gaze palsy (VSGP), and dementia. Dystonia and seizures are
common. Dysarthria and dysphagia become disabling, making oral feeding
impossible (Brady et al; 1989). About 95% of patients  with. NPC have a
defective NPCI gene which located on 18q11-ql2 (Carstea et al; 1997), and
about 5% are presumed to have mutations in an as yet unmapped and
unidentified gene, NPC2. DNA analysis of the NPC1 gene in research

studies reveals disease-causing mutations in about 70-90% of patients.
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The diagnosis of NPC can be confirmed by biochemical testing that
demonstrates impaired cholesterol esterification and positive filipin staining
in cultured fibroblasts (Pentchev et al; 1985). The diagnosis often delayed
substantially because many clinicians do not realize that the absence of
organomegaly dose not rule out lipid storage disease and because routine
tests for metabolic disease, such as urine screens and lysosomal enzyme
panels, are normal in NPC. Biochemical testing for carrier status is
unreliable. Molecular testing for carrier detection and prenatal testing which
available on a research basis only, is primarily used to identity mutation of
the NPCI gene in a proband for genetics counseling of family members.
Other tests, including tissue biopsies and tissue lipid analysis, which were
essential for diagnosis before recognition of biochemical defect in NPC, are
now rarely needed. These tests include examination of bone marrow, spleen
and liver, or brain may show polymorphous cytoplasmic bodies (Boustany et

al; 1990).

NPC is inherited in an autosomal recessive manner. A couple who
have had a child with NPC are at 25% risk in each pregnancy of having a
affected child. The phenotype usually runs through in families. Unaffected
sibs who are older than the proband have a 2/3 risk of carrying one abnormal
NPC allele. Prenatal testing is possible for pregnancies at 25% risk using a)
biochemical testing when the proband has a classical biochemical phenotype
but not when the proband has a variant biochemical phenotype, b) molecular
diagnosis (available on research basis) when the proband has identified

mutations in the NPCI gene (Vanier et al; 1996).
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The NPC1 gene contains 25 exons, varying in size from 74 to 788 bp
spread over 47 kb (Morris et al; 1999). The NPC1 gene product is an integral
membrane protein with multiple transmembrane domains that appears to be
localized to a late endosomal compartment. Its function is imperfectly
understood, but it clearly plays a central role in modulating intracellular
sorting of cholesterol and glycosphingolipids (Neufeld et al; 1999). Most
patients are compound heterozygotes for point mutations producing missense
and nonsense mutations; deletions and splice site mutations have also been
reported. Deficiency of NPCI gene products leads to a complex pattern of
intracellular lipid storage, including excess unesterified cholesterol, GM2
and GM3 gangliosides, lactosylceramide, and lysobiosphosphatidic acid.
(Watari et al; 1999) Approximately 100 mutations have been identified.
These are distributed throughout the gene with an apparent clustering in the
region encoding the carboxy-terminal half of NPC1 protein (Greer et al;
1999). Insufficient data are available to attempt genotype-phenotype
correlations. Our study showed that there are methylation in subpopulation
of cells from all tissues or cell types. The role and consequence of this

methylation on cell function remain to be elucidate.

The human ribosomal RNA genes (rDNA) are tandemly repeated on
the p-arms of five pairs of acrocentric chromosomes. Each unit of tDNA
contains. 13kb transcribed region and 30 kb intergenic spacer (IGS).
Expecting that among 400 copies of rDNA per diploid genome, variation
would be arise. Earlier studies have shown a variability at two levels: (a) in
the numbers of large repeated sequence blocks (LaVolpe et al.,, 1984;
Erickson and Schmickel, 1985; Sylvester et al., 1986, 1989). This length

variation arise from unequal homologous exchanges. (b) in the form of
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microsatellite variation (gonzalez et al., 1985, 1990; Maden et al., 1987;
Sasaki et al., 1987). This variation arises from slipped-strand mispairing

during DNA replication.

The IGS contains internally repeated sequences, which can be
classified as tandemly repeated blocks and as nontandem blocks. Varying
numbers of the tandemly repeated blocks are seen as length variation among
400 copies of rDNA in a diploid genome (detectable on Southern blots).
There also are small length variations among the repeat blocks due to

variation in microsetellite-type repeats (detactable by sequencing).

Two short sequences that were reported in a publication that were
reported in a publication that characterized them as hypermethylated in
embryonal carcinoma cell DNA and hypermethylated in sperm DNA (Zhang
et al., 1987) matched the IGS almost perfectly. These clones are clearly
rDNA-derieved. They are: (1) Clone sp0.3-10 (Accession No. X06588),
estimated at 400 copies per genome by Zhang et al.; 1987. The clone
matches rDNA 28,593-28927. (2) Clone sp0.3-23 (Accession No. X(07493),
estimated at 1000 copies per genome. This second clone matches rDNA

21,378-21,719 and 23,871-24,193, in LR1 and LR2, respectively.

Sequence analysis indicates that tDNA base composition varies along
its length, that sequence motifs associated with specific functions are present,
that many retroposons are present, and that mutation rates very along its
length. The 90bp repeat blocks found 2.3 kb upsteam of the main rDNA

promoter fit this description, and preliminary evidence from our laboratory
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suggests that they might be a part of a larger region that increases in vitro

transcription activity.

Recombination and gene conversion are driving force behind the
concerted evolution of tandem genes including rDNA (Arnheim et al, 1980).
Direct evidence for recombination in rDNA includes: (1) The spread of
retroposons at identical and defined positions in all copies of rDNA
(Gonzalez et al., 1989, 1993). (2) The presence of variable numbers of the
tandem R repeats (La Volpe, et al., 1984, 1985) and of variable numbers of
90 bp blocks (Sylvester et al., 1989). (3) A chromosomal translocation that
joined a 28S gene region consisting of [GGC] repeats with a similar region
of the dystrophin gene (Bodrug et al., 1987). (4) The instability of multiple
rDNA units in YACs: no YACs containing more than one rDNA unit could
be stably cloned (labella and Schlessinger, 1989).

Our data was surprising since ribosome is house keeping gene but
methylation usually causes gene inactivation. It would be very interesting to
further explore whether there is distinct expression of each rDNA locus
among each cell type according to DNA methylation. The nature of the
methylation sites is not yet clear, although exocriments with primate cells
indicate that 5SmeCpG is among the patterns capable of directing strand
selection (Hare and Taylor, 1985). In fact, the presence of methylated CpGs

in the transcribed region has been demonstrated by Kawasaki et al. (1992)



CHAPTER VII

Conclusion

From ms-RDA method, 6 clones revealed hypermathylated sequences
in white blood cells, 3 clones had a GC content> 50% and satisfied the
minimal criteria for CpG islands (200 bp, GC content >50%, CpG/GpC
>0.5). Furthermore, 5 of these 6 clones located on 3 human single copy gene
sequences. 2 clones (Bt20 and Bt75) were identical to human cDNA
sequences located on chromosome 19ql13.2. One (Bt38) was upstream
sequence of NPCI. The other two clones were intergenic sequence of
ribosomal DNA. The sixth clone, Bt44, had no information of sequence
identity. Interstingly, further exploration of NPC/ methylation status by MS-
PCR showed methylated and unmethylated DNA sequences in all cell types,
including sperm. This suggested that all cells are mosaic regarding
methylation of this gene. This information is crucial to further explore the
physiologic role of tissue specific DNA methylation and cholesterol

transportation.
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APPENDIX A

BUFFERS AND REAGENTS
1. 1M Tris (pH 7.0)
Tris base 121.1 g
dH,O 700 ml

*adjust the pH to 7.0 by adding conc.HCI
Adjust  volume to 1.0 litre with dH»,O, and sterlize by

autoclaving.

2. 0.SM EDTA (pH 8.0)
Disodium ethylenediamine tetraacetate.2H,O 186.6 g

dH,O 700 ml
*adjust the pH to 8.0 by adding conc.NaOH
Adjust  volume to 1.0 litre with dH,O, and sterlize by

autoclaving

3. 7.5M Ammonium acetate (CH;COONH,)
Ammonium acetate 5781 g
dH,O 80 ml

Adjust volume to 100 ml with dH,O, and sterlize by autoclaving

4. 3M Sodium acetate (CH3;COONa) (pH 5.3)
Sodium acetate 40.82 ¢
dH,O 80 ml
*adjust the pH to 5.3 by adding conc.HCl

Adjust volume to 100 ml with dH,O, and sterlize by autoclaving
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5. 20 mg/ml Proteinase K (stock solution)
Dissolve Proteinase K 20 g
dH,O 1 ml

*store at -20 °C

6. 10% Sodium dodecyl sulfate (SDS)
SDS (electrophoresis grade) 100 g
dH,O 870 ml
*adjust the pH to 7.2 by adding conc.HCl (a few drop)

Adjust volume to 1.0 litre with dH,O.

7. Digestion buffer
100 mM NacCl
10 mM Tris-Cl (pH 8.0)
11 mM EDTA (pH 8.0)
0.5% SDS
0.1 mg/ml PK*

*PK is labile and must be added fresh with each use.

8. 10x Ficoll loading buffer

Ficoll 25 g
Bromphenol blue 0.025 g
0.5M EDTA (pH.8.0) 0.2 Ml

Adjust volume to 10 ml with dH,O.
Store at -20 °C
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9. Neutrolizing solution
Tris base 60.57 g
dH,O 700 ml
*adjust the pH to 7.2 by adding conc.HCI
Adjust volume to 500 ml with dH,O.
0.5M EDTA (pH 8.0) 2 ml
NaCl 87.6 g

Adjust volume to 1 litre with dH,O.

10. Denaturing solution

NaCl 87.6 g
NaOH 20 g
dH,O 800 ml

Adjust volume to 1.0 litre with dHO.

11. 0.8% Agarose gel (w/v)
Agarose 08 g
1x TBE 100 ml
Dissolve by heating and occational ixing untill no granules of
agarose are visible

Add ethidium bromide 50 pg (0.5ug/ml)

12. TE buffer
Tris base 121 g
5M EDTA 200 pul
Adjust pH to 7.5 with conc. HCI
Adjust volume to 1.0 litre with dH,O
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13. Hybridization cocktail

100% Formamide 5.0 ml
20x SSPE 2.5 ml
100X Danhardt’s solution 0.5 ml
10% SDS 0.1 ml
Salmon sperm 100 pg/ml
dH,O 1.9 ml

14. 10x TBE buffer (pH 8.3)

Tris base 121.1 ¢
EDTA.2H,0 37 g
dH,O 800 ml
Slowly add the boric acid, anhydrous 556 g

*adjust the pH to 8.3 by adding conc.HCI

Adjust volume to 1.0 litre with dH5O.

15. LB broth
Tryptone 10 g
Yeast extract 5 g
NaCl 10 g

Adjust pH to 7.0 with SN NaOH
Adjust volume to 1.0 litre with sterile water, and sterlize by autoclaving 25 minute,
Cool t0'50°Cor below.

Add antibiotic (Chloramphenical) 50 pg/ml



16. LB agar

17.

Tryptone 10
Yeast extract 5
NaCl 10
Agar 20

Adjust pH to 7.0 with SN NaOH

Adjust volume to 1.0 litre with sterile water, and sterlize by autoclaving
25 minutes, Cool to 50 °C or below.

Add antibiotic (Chloramphenical) 50

Pour into petri dishes (~25 ml/100 mm plate)

NZY" broth

NZ amine (casien hydrosylate) 10
Yeast extract 5
NaCl 5
Adjust volume to 1.0 litre with sterile water, and sterlize by autoclaving
25 minutes.

Add the following supplement before use

MgCl, 1.25
MgSOg4 12.5
20% Glucose (W/v) 20

Filter sterilze.

18. Lysis bufferIl

NaCl 292.20
0.5M EDTA 48

Adjust volume to 1.0 litre with dH,O
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19. Lysis bufferl

Sucrose 109.54 ¢
Tris base 121 ¢
MgCl, 1.02 g
Triton X-100 10 ml

Adjust volume to 1.0 litre with dH,O

20. Phosphate buffered saline (PBS)

NaCl 8.00 g
KCl 020 g
Na,HPO4 140 ¢
KH,PO4 024 ¢
dH,O 800 ml
Adjust pH to 7.4 with conc. HCI.
Adjust volume to 1.0 litre with dH,O

21. Elution buffer
Tris base 121 g
Adjust pH to 8.5 with conc. HCI
Adjust volume to 1.0 litre with dH,O

22. 2X Wash buffer
Tris base 121 ¢
Adjust pH to 7.5 with conc. HCI
NaCl 584 ¢
5M EDTA 0.5 ml

Adjust volume to 1.0 litre with dH,O.



23. 2% X-gal

X-gal
Dimethylformamide (DMF)
Adjust volume to 100 ml with dH,O.

24. 5x PCR buffer

335mM Tris base

Adjust pH to 8.8 at 25°C with conc. HCI
20mM MgCl,

80mM (NH4),SO4

166ul/ml Borineserum albumin (BSA)
Adjust volume to 10 ml with dH>O.

25. GTE solution

50mM Glucose
25mM Tris-Cl
10mM EDTA
Adjust pH to 8.0.

Autoclave and store at 4°C

26. NaOH/SDS

2M NaOH
10% SDS

Adjust volume to 1 ml with dH,O.

100 pl
100 ul

103



APPENDIX B

Nucleotide sequence database for BLASTN

nr. The nr (nonredundant) database contains all nucleotide sequences
present in GenBank, EMBL, and DDBJ. Italso contains nucleotide sequences
obtained from PDB (sequences associated with 3-dimensional structures in
the Brookhaven Protein Data Bank). Nr conprises only sequences that are
normally well annotated, so it does not contain expr, essed sequence tag
(EST), sequence-tagged site (STS), genome survey sequence (GSS), oe high-
throughput genome (HTG) sequences. Although nr may contain multiple
copies of similar sequence, identical sequences are merged into one entry.
Tobe merged, two sequences must have identical lenghts and every

nucleotide at every position must be same.

month. The month database contains all nucleotide sequences present
in GenBank, EMBL, DDBJ, and PDB that were release within the last 30
days. Unlike nr, 1t also contains EST, STS, GSS and HTG sequences

released within the last month.

EST. EST accesses a nonredundant copy of all ESTs present in
GenBank, EMBL and DDBJ (Boguski et al., 1993). ESTs are short
sequences, a few hundred nucleotide in length, which are derivedby partial,
single-pass sequencing of insert of randomly selected cDNA clones (Adams
et al., 1991). Since the number of ESTs is increasing rapidly, it is an

important database to search for noval cDNAs. As of August, 1998, ~70% of
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the sequence in GenBank were ESTs; of these, 61% were from human, 20%

from mouse.

STS. STS contain a nonredundant copy of all STSs present in
GenBank, EMBL, and DDBJ. An STS is a short unique genomic sequence
that is used as a sequence landmark for genomic mapping efforts (Olson et
al., 1989) As of August, 1998, 83% of the sequences in the STS database
were from human.

HTGS. HTGS contains “unfinished” DNA sequences generated by the
high-throughput sequencing centers (Ouellette and Boguski, 1997). A typical
HTG record might consist of all the first-pass sequence data generated from a
single cosmid, BAC YAC, or Pl clone. The record is composed of two or
more sequence fragments that have a total lenght of >2 kb and contain one
or more gaps. The sequences are normally updated by the sequencing centers
as more data become available. A single accession number is assigned to this
collection of sequences. The accession number dose not change as the record
is updated, and only the most recent version of the record remain in
GenBank. Phase 1 HTG sequences are unordered, unoriented contigs with
gaps. Phase 2 HTG sequences are ordered, oriented contig with or without
gaps. All HTG records contain a prominent warning that the sequence data
is unfinished and may contain errors. When a record is considered finished, it
becomes: a Phase 3 HTG and is; moved to the nr database with the same
accession number. HTGS is a valuable source of new genomic sequences not

yet in nr.

GSS. GSS includes short, single-pass genomic data identified by

various means (Smith et al., 1994). Many of the sequence have been mapped.
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As of August, 1998, 80% of the sequences in GSS were from human, 14%

were from Arabidopsis thalina.

Alu. The Alu database contains representative A/u repeats from all
Alu subfamilies (Claverie and Makalowski, 1994). If a query sequence
containing an A/u repeat is used in a BLAST search of the above nucleotide
databases, many of the resulting high-scoring hits will also contain Alu
sequences. It may be useful, especially with a genomic sequence query, to
perform a search of the Alu database to identity the location of any Alu
repeats that might produce high-scoring and potentially misleading hits in

queries of other database.

Vector. The vector database contains nucleotide sequences of a nuber
of standard cloning vectors. New sequences should be screened against the

Vector database to assure that they do not contain any Vector contamination.

Mito. The Mito database contains representative mitochondrial
sequences from many families. Nuclear-derived sequences may be screened
against the Mito database to assure that they do not contain any

mitochondrial contamination.



APPENDIX C

Sequence Identifier Syntax

The syntax of sequences header line used by the NCBI BLAST server
depends on the database from which each sequence was obtained. Table A
lists the identifiers for the database from which the sequences were derived.
For example, and identifiers for the database from which the sequences were
derived. For example , and identifier might be gb|M73307|AGMAI13GT,
where the gb tag indicates that the identifier refers to a GenBank sequence,
M73307 is its GenBank accession number, and AGMA13GT is its GenBank

locus.

NCBI assigns gi identifiers for all sequences contained within NCBI's
sequence databases (Ostell and Kans, 1998). The gi identifier provides a
uniform and stable naming convention whereby a specific sequence is
assigned its unique gi identifier. If the nucleotide or protein sequence
changes, a new gi identifier is assigned, evenif the accession number of the
record remains unchanged. Thus, gi identifiers provide a mechanism for

identifying the exact sequence that was used or retrived in the given search.

For search of the nr protein database where the sequence are derived
from conceptual translations of sequences from the nucleotide database the gi
syntax is gi|gi identifier. An example would be gi|451623 (U04987)
env|Simian immunodeficiency.., where 451623 is the gi identifier and
U04987 is the accession number of the nucleotide sequence from which it

was derived.
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Users may select the -gi option for BLAST output, which will
produce a header line with the gi identifier concatenated with the database
identifier of the database from which it was derived. For example,
gi|176485|gb|M73307|AGMA would be useful a match from a nucleotide

database, and gi|7129295|sp|P01013|OVAX Chick for a protein database.

The gnl (general) identifier allows database no listed in table 11.3.3 to
be identified with same syntax.An example here is the PID identifier
gnl|PID|el1632. PID stands for Protein-ID, and the e in €1632 indicates that
this ID was issued by EMBL. As mentioned above, use of the -gi option
produce the NCBI gi (in addition to the PID), which user can also use to

retrive sequences of interest.

Table A Identifier Syntax for Sequence Database

Database Identifier syntax
GenBank gblaccession|locus
EMBL Data Libraly emb|accession|locus
DDBJ (DNA data bank of dbjlaccession|locus
Japan)

NBRF PIR pir|entry

Protein Research Foundation prflname

Swiss-Prot

Brookhaven Protein Data Bank
Patents

Genlnfo Backbone Id

General database identifier

splaccession|entry name
pdb|entry|chain
pat|country|number
bbs|number

gnl|database|identifier




APPENDIX D

Sequence of Adaptor and Primer

Adaptor Sequences

RHpa adaptor
RHpa24 5’-AGC ACT CTC CAG CCT CTC ACC GAC-3’
RHpall 5’-CGCTCGGTGAG-3’

NHpa adaptor
NHpa24 5°-AGG CAA CTG TGC TAT CCG AGG GAC-3’
NHpall 5°-CGG TCC CTC GG-3°

JHpa adaptor
JHpa24 5’-ACC GAC GTC CAC TAT CCA TGA AAC-3’

JHpall 5’-CGG TTT CAT GGT-3’

Primer sequences

M13 primer
M13-forward 5’-GTA AAA CGA CGG CCA GT-3°
M13-reverse 5°-AAT TAA CCC TCA CTA AAG GG-3’

Primer for sequencing

T7 primer 5°-GTA ATA CGA CTC ACT ATA GGG C-3’
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