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Abstract

The random shotgun sequencing approach. followed by a new strategy to sequence
numerous and strong repeats in the BAC clones containing genomic DNA, were used to
sequence two regions totaling ~2 Mb of mouse chromosome 1q during this dissertation
research.

One region of mouse chromosome 1q contains the murine interferon-activatable
[fi200 gene cluster which contains at least ten 200 family genes and pseudogenes. including
Ifi201, Ifi202a, Ifi202b, [fi202c¢. Ifi203a, [fi203b. Ifi203c. "203-like". Iti204 and "204-like".
coding for proteins which are involved in cell growth regulatory. immunomodulatory.
antimicrobial and cell differentiation activities. This genomic region likely arose by a
duplication or triplication of a segment including two adjacent genes. Three new 200 family
genes, "204-like™, Ifi203a and Ifi203c, were localized in this region in addition to two
putative pseudogenes ("203-like” and [fi202c), and 5 previously identified genes (Ifi201.
[fi202a. [fi202b. Ifi203. and Ifi204). A putative spliced variant of the "204-like” gene
product exhibited over 86% sequence identity with an mRNA encoded for another member
of the 200 family of proteins (D3). The sequences of the Ifi202a and b genes. as well as of
the Ifi203a and b genes. were over 99% identical. The translation product of [ti203b
differed from that of [fi203a by only | amino acid out of 408. Identification of an additional
transcribed coding segment corresponding to a region in introns 4 of Ifi203a and b
suggests the possibility of a previously unreported alternatively splice product. Comparative
analysis of the mouse and the human 200 clusters indicated a relative absence of sequence
conservation in non-coding regions.

The second region of mouse chromosome lq corresponds to a Quantitative Trait
Locus (QTL) of Bone Mineral Density (BMD), and is located near the [fi200 gene cluster.
Bone mineral density is the strongest determinant of osteoporotic fracture, and 60 to 70% of

the normal variability in human bone density is genetically determined. To accelerate the

XXil



identification of genes present in QTL of bone density. 6 BACs. totaling about 1.4 Mb, were
sequenced. Their sequences were merged with the sequences of 7 other BAC clones
mapped to the same region, and sequenced by other laboratory members, to create two
contigs of approximately 1.4 Mb and 0.37 Mb. containing at least 40 genes. Analysis of
this QTL region indicates the presence of immune- and inflammation-associated genes. At
least 5 putative calcium-ATPase genes. whose function may be involved in BMD regulation,
also were present in the QTL. A metabolic disorder caused, at least partially, by an increase
bone resorption. and known as absorptive hypercalciuria (AH). was mapped to the QTL of
BMD (Reed et al.. 1999). The putative calcium-ATPases whose genes are located on the
QTL may be involved in maintaining calcium homeostasis inside the bone cell. and a

calcium-ATPase-encoding gene defect therefore could be responsible for AH.
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Chapter I
Introduction

The major goals of the work completed and reported in this dissertation were 1o
investigate two closely related regions on the g arm of mouse chromosome [. one
encoding several interferon-inducible proteins. and another encoding region implicated

in modulating and/or regulating bone mineral density.
I-1 Human and Mouse Genomes
I-1-1 DNA structure
I-1-1-1 DNA is the carrier of hereditary information

In the 1860s. linear bodies in the eukaryotic cell nuclei. named "chromosomes".
were observed by staining with chemical dyes. Then. in 1866. G. Mendel. who was
working on a series of genetic crosses between true-breeding strains of garden peas
(Pisum sativian), differing in certain traits such as shape and color. discovered the basic
laws of heredity when he reported that the pairs of contrasting traits of the progeny all
resulted from a "factor” (now known as a gene) that had alternative "forms” (allelic
forms). and that different traits were independantly inherited. His work. largely ignored
by his contemporaries. was rediscovered at the turn of the 20th century and sparked a
renewed interest in the scientific community. In 1903. W. Sutton. realizing that genes
and chromosomes behave in a parallel fashion. formulated the chromosomal theory of
heredity. in which he hypothesized that genes were part of chromosomes. The pace of

discovery greatly improved when T.H. Morgan began working with Drosophila



melanogaster as an experimental model. This small insect was easily maintained in
laboratory conditions where it was able to produce a new generation every 14 days. In
succeeding years, the chromosomal location of many Drosophila genes was determined
by crossing experiments and the notion of linked genes lying on the same chromosome
was introduced. In 1902, A. Garrod was the first to suggest a specific connection
between gene and enzyme by working on individuals with alkaptonuna. He showed that
this metabolic disorder linked to the absence of an enzyme metabolizing the
homogentisate that alkaptonurics excrete actually was inherited in a Mendelian fashion.
In 1940, G. Beadle and E. Tatum worked on irradiated mutants of Neurospora crassa
and showed that there was a one-to-one correlation between a mutation and the lack of a
specific enzyme. linking genes and proteins together. However. none of the above
studies, while delimiting the cellular aspect of heredity and its linkage to chromosome
and genes. were able to determine the molecular factors involved in it.

Nucleic acids were first discovered in 1869 bv F. Miescher from the nuclei of
leukocytes from discarded surgical bandages. However, it was not until about 75 years
after their discovery that their correlation to genetic studies was made. Indeed. it was
widely believed in the 1930s and in the 1940s that nucleic acids were actually made of a
monotonously repeating pattern of the four bases adenine, cytosine, guanine and
thymine. so that no genetic function could be derived from them. The idea that genetic
material was nucleic acid came in fact from the discovery of transformation by Griffith
in 1928. Griffith injected mice with a mixture of live non pathogenic and heat-killed
virulent pneumococci. resulting in the death of most of the mice. The surprising fact was
that the blood of the dead mice contained live pneumococci that somehow had been
transformed from non-pathogenic to virulent forms. Furthermore. the progeny of the
transformed pneumococci were also virulent. suggesting that the transformation was
permanent. In 1944. O. Avery discovered that the "transtorming principle” that

transformed the non-pathogenic pneumococci to virulent ones in Griffith's experiment
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was DNA, based on the fact that it was unaffected by trypsin, chymotrypsin and
ribonuclease but totally inactivated by DNAse (Avery et al., 1944). DNA was therefore
the carrier of genetic information. The next step was to demonstrate that DNA was in
fact the hereditary molecule of many organisms. In 1952, Hershey and Chase infected
bacteria with T» phages specifically radiolabeled in their DNA (with 32P) or in their
proteins (with 33S). The infected bacteria were agitated in a kitchen blender and two
fractions were obtained by centrifugation. One. containing the empty phage capsides.
was shown to contain most of the 33S, whereas the other one. containing the infected
bacteria, contained most of the 32P. Furthermore. 30% of the 3P and only 15 of the
35S appeared in the progeny phages. Hershey and Chase therefore concluded that only
the phage DNA was essential for the production of the progeny and that DNA was the

carrier of the hereditary information (Hershey and Chase. 1952).

I-1-1-2 DNA structure

The determination of the structure of DNA by Watson and Crick (1953) is said
to have marked the birth of what is now known as molecular biology. Not only did
Watson and Crick correctly predict the 3D structure of DNA (see Fig. 1.1). but they
also suggested the molecular mechanism of heredity. The Watson-Crick structure of
DNA, known as the double helix structure, was based on several earlier studies. First, E.
Chargaft had observed in 1949 that there was a one-to-one ratio of adenine to thymine
and cytosine to guanine in DNA. thus determining an accurate base ratio of DNA
(Chargaft er al.. 1949). Second. Jerry Donohue. a laboratory mate of Watson and Crick.
had established by X-ray. NMR and spectroscopic studies that the correct tautomeric
form of the bases was actually the keto form. This was of great importance as. in 1953.
guanine and thymine were widely believed to be in their enol forms in order to maximize

their resonance stability and the knowledge of the dominant keto form was a
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prerequisite for the prediction of the correct hydrogen bonding associations between the
bases. Third. an X-ray diffraction photograph of a DNA fiber taken by R. Franklin
(Wilkins er al.. 1951) had allowed Crick, an X-ray crystallographer by training, to
deduce that DNA was a helical molecule whose aromatic bases formed a stack of
parallel rings that was parallel to the fiber axis. This information allowed Watson and
Crick to intellectually model the structure of the DNA double helix (Watson and Crick,
1953). In Watson and Crick's double helix model. the double stranded DNA molecule
consists of two polynucleotide strands that wind about a common axis with a right-
handed twist to form a ~20A diameter double helix. The two strands are antiparallel and
wrap around each other (Fig. 1.1). The bases occupy the center of the helix and the
sugar-phosphate backbone is coiled about its periphery (Fig. 1.2). Each base is
hydrogen bonded to a base on the opposite strand to form a planar base pair. This
hydrogen bonding is the phenomenon that results in the specific association of the two
strands of the double helix. The Watson-Crick secondary structure of DNA has two
deep exterior grooves (minor groove and major groove) that wind between its sugar-
phosphate backbone. These two exterior grooves are of unequal size because each edge
(top and bottom) of each base pair is structurally distinct and also because the
deoxyribose residues are asymmetric. A remarkable feature of this structure is that it can
only accomodate two types of base pairing. Each adenine residue must pair with a
thymine residue and each guanine residue must pair with a cytosine residue. The
Watson-Crick structure can accomodate any sequences of bases on one strand. as long
as the opposite strand has the complementary sequence. thus accounting for the rules
described by Chargaff (1951). and suggesting that the sequence of bases on either

strand is the carrier of hereditary information.

[-1-2 From structure toward function



Fig. 1.2: Three-dimensional structure of the Watson
and Crick’s double helix model.



In 1958, Crick proposed what eventually became the "Central Dogma" of
molecular biology: DNA directs its own replication and its transcription to RNA which,
in turn directs its translation to proteins. This hypothesis was confirmed by a series of
experiments. [n 1959, A. Pardee discovered that a protein, known as the lac repressor,
inhibited the synthesis of lac operon proteins (Pardee e al.. 1959). The nature of the lac
repressor's target molecule was deduced in 1961 by Jacob and Monod (Jacob and
Monod. 1961). and their observations led them to the conclusion that proteins are
synthesized in a two stage process. the first involving the synthesis of a messenger RNA
(mRNA) whose sequence was complementary to the sequence on the coding strand of
DNA and the second involving translation of the information in the mRNA into protein.
This model developped by Jacob and Monod later was confirmed by experiments
designed by Brenner er «l. (1961) in which they showed that mRNAs transiently
associates with ribosomes. which are essential for polypeptide synthesis. In addition. the
development of the RNA-DNA hybridization technique by S. Spiegelman demonstrated
that all cellular RNAs were transcribed from a DNA template and that these mRNA
sequences were complementary to the sequence of the DNA template (Hall and
Spiegelman. 1964). RNA polymerase. the enzyme responsible for the DNA-directed
synthesis of RNA. was discovered independently in 1960 by S. Weiss and J. Hurwitz.
The binding of RNA polymerase to DNA was demonstrated in prokaryotes through
electron micrograph studies of bacteriophage-infected E. coli cells (Williams, 1977) and
the existence of such binding sites. known as promoters. was recognized through
mutation studies enhancing or diminishing the transcription rates of certain genes.
including those of the lac operon. The "Central Dogma" of molecular biology was
further illustrated by a series of experiments made in 1961 by F. Crick and S. Brenner
(Crick er al.. 1961). In these experiments. they collected a series of proflavin-induced
mutations. designated FC0, FC1. FC2, FC3... in the riIB cistron of bacteriophage Tj.

They discovered that the growth of these mutant phages on a permissive E. coli B host



resulted in the spontaneous appearance of some phenotypically wild type phages, as
demonstrated by their ability to grow on a restrictive E. coli K12 host. These phages
were not genotypically wild type but rather double mutants containing two successive
mutations, FCO and FC1 or FC1 and FC2... In addition. recombination studies showed
that recombinants containing three odd-numbered or three even-numbered mutations
were phenotypically wild type. They concluded from these data that each mutation was a
suppressor of the following mutation, i.e.. each mutation was a single nucleotide
insertion or a single nucleotide deletion. followed by another mutation that was
respectively a single nucleotide deletion or a single nucleotide insertion. They also
concluded that the genetic code was a triplet code. in which each triplet codes for a
particular amino acid. The next step in deciphering the genetic code came in 1961 when
M. Nirenberg and J. Matthaei established that UUU was the codon specifying
phenylalanine (Phe) (Nirenberg and Matthaei. 1961), by demonstrating that the addition
of poly(U) to a cell-free protein translation system stimulated the synthesis only of
poly(Phe). Nirenberg then deciphered the entire genetic code by using other
ribonucleotide polymers in cell-free protein translation system and by triplet binding
assays. Nirenberg's triplet binding assays were based on the discovery that
trinucleotides. as well as mMRNAs, are able to promote the ribosomal binding of specific
tRNAs (Nirenberg and Leder, 196+4), thus allowing the various triplets to be identitied.
The existence of tRNAs was first hypothesized by F. Crick who. in 1953. proposed that
translation was occuring through the mediation of "adaptor molecules” in order to
somehow translate base sequences into amino acid sequences. In [965. R. Holley
reported the base sequence of yeast alanine tRNA (Holley er al.. 1965) and predicted a
"cloverleat™ secondary structure. Ribosomes were first seen in cell extracts by dark field
microscopy in the late 1930s by A. Claude. who referred to them as "microsomes”.
However., it was not until 1955. and the work of P. Zamecnik who demonstrated that

I4C-labeled amino acids are transiently associated with ribosomes before they appear in



proteins, that ribosomes were considered the site of protein synthesis. Finally, the
"Central Dogma" of molecular biology was amended by the discovery of a RNA-
directed DNA polymerase (reverse transcriptase) in retroviruses, which are RNA-
containing eukaryotic viruses . This enzyme, which was independently discovered in
1970 by H. Temin and D. Baltimore, synthesizes DNA in the 5' to 3' direction from a
primed template, in the same way as DNA polymerases. However, in this case. the
template is RNA. Reverse transcriptases are a particulary useful tool in molecular
biology because of their ability to transcribr mMRNAs to complementary strands of DNA
(cDNA).

There are three classes of eukaryotic RNA polymerases based on the RNA they
synthetize. Class 1. located in the nucleolus. synthesizes precursors of most ribosomal
RNAs. Class IL. located in the nucleoplasm. synthesizes messenger RNA precursors.
Class III also located in the nucleoplasm, synthesizes the precursor of 5S ribosomal
RNA. tRNAs and other small nuclear and cytosolic RNAs. Since class II synthesizes
RNAs that are necessary for a proper metabolism of the cell. sequences recognized by
class [l RNA polymerases are the most well characterized promoters. These promoters
are longer and more diverse than those of prokaryotic genes. The genes expressed in all
tissue. which are thought to be constitutively transcribed. exhibit one or more copies of
the sequence GGGCGG or its complement (the GC box) upstream from their
transcription start sites. Genes that are selectively expressed in certain tissues or certain
types of cells often lack these GC-rich sequences but rather contain an AT-rich
sequence (the TATA box) located 25 to 30 bp upstream from their transcription start
sites. The region extending between 50 and 110 bp upstream from the transcription start
site also contains promoter elements. Among them are a conserved consensus sequence
CCAAT (the CCAAT box) whose alteration greatly reduces the transcription rate. It
appears that the consensus sequences located upstream of the TATA box form the initial

DNA-binding sites for RNA polymerase II and other proteins involved in the initiation



of transcription known as transcription factors. Such sequences, known as enhancers,
apparently mediate much of the selective gene expression in eukaryotes. Three different
classes of transcription factors have been implicated in regulating the initiation of
transcription by RNA polymerase II. The first class contains general transcription
factors that are required for the synthesis of all MRNAs. Many of these, such as TFIIA.
TFIIB, TATA-Binding Protein (TBP), are multiprotein complexes that interact in an
ordered pathway with RNA polymerase II and promoter sequences near the
transcriptional start site. The second class contains upstream transcription factors that
bind DNA sequences 5' to the transcriptional start site and thereby either stimulate or
repress transcriptional initiation by RNA polymerase II when it is complexed with
general transcription factors. Many of these upstream transcription factors have been
shown to be important in regulating cellular development. For example, upstream
transcription factors such as GATA-1. NF-E2. NF-E3. NF-E4. Ik-1. k-2 or Spl are
essential elements in controlling the differential expression of the various globin genes
in the embryo. feetus and adult. The third class contains inducible transcription factors
that function similarly to upstream transcription factors but must be activated. or
repressed. by phosphorylation or specific ligand binding in order to bind to their target
DNA sequence. They are synthesized and activated in specific tissues at particular times
and therefore mediate gene expression in a timely fashion. Steroid receptors. an example
of inducible transcription factors. are activated by steroid hormone binding as the newly
formed complex translocates into the nucleus where it binds to specific DNA segments
Kknown as response elements, and activates the initiation of transcription of specific
genes.

The early products of eukaryotic transcription. the primary transcripts. are not
immediate functional entities. The experiments by P. Sharp (Berget er al.. 1977) and R.
Roberts (Chow et al.. 1977) demonstrated that primary transcripts were processed by

the excision of non coding internal sequences. This process. known as RNA splicing.
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was correlated to the structure of eukaryotic genes in which coding sequences (exons)
are interspersed with unexpressed regions (introns). The size of exons varies among
eukaryotic genes. from several to thousands of base pairs (bp). However, the average
exon size 1s one or two hundred bp. The number of exons also varies among eukaryotic
genes, from single exon genes to genes containing more than 70 exons. such as the
~2500 kb human dystrophin gene. In higher eukaryotes. introns generally are much
larger than exons, usually spanning several thousand bp and typically constitute over
~80% of a vertebrate primary gene transcript. Most introns do not appear to carry any
particular function and are often considered only as a result of millions of years of
evolution and chromosomal rearrangements. However. this idea is ditficult to rationalize
and there are several studies that support the concept that introns play a positive role in
regulating eukaryote gene transcription. Although it is difficult to explain why the
evolution of such a fine tuned machinery as the splicing machinery offers any selective
advantages over the simple elimination of the split genes. it has been proposed that
introns were actually genetic "fossils”. DNA that had an essential function at an earlier
stage during evolution (Gilbert er al.. 1986). Many protein-coding genes arose during
evolution as collections of exons assembled by recombination between intron
sequences. For instance. pyruvate kinase is encoded by ten exons. each coding for a
discrete element of the protein's secondary structure (Lonberg and Gilbert. 1985).
Introns therefore might be remnants of a process that facilitated protein evolution by
combining a series of small protein-coding units and expressing them as a single
protein. This process. known as exon shuffling. might also explain why ditferent genes
in the same organism. or in different organisms. show sequence similarity between some
of their exons. However. if introns are remnants of some primitive exon shuffling that
could have arisen before the speciation of intron-containing species. such as plants or
vertebrates. it is difficult to explain why they are absent from lower organisms. i.e..

prokaryotes. One explanation is that introns might have been selectively eliminated in
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lower organisms because of a stronger selective pressure and a quicker turn-over rate
(intron-early theory). Another hypothesis is that introns actually appeared in eukaryotes,
thus disrupting the structure of early eukaryotic genes containing no introns (intron-late
theory). The origin and function of introns remain enigmatic but their existence may
demonstrate that the need for structural diversity in eukaryotic organisms may have been
answered by a series of phenomenons involving coding, as well as non- coding. regions

of the genome.

[-1-3 DNA sequencing technology

The understanding that DNA is the carrier of hereditary information in a cell and
that this information is encoded by the order of bases in DNA led to the emergence of
new technologies to determine the primary structure of DNA. ie.. its sequence.
Determining the base order of any DNA has become a powerful approach for
understanding the primary structure. and the expression. of the proteins performing the
biological activities of a cell.

Two basic methods to sequence DNA were developed. In the method developed
by Maxam and Gilbert (1977). the DNA to be sequenced was radiolabeled at its 5' end.
Four different chemical cleavages of the DNA then were performed separately.
addressing the base immediately adjacent to the site of cleavage. One chemical cleavage
was made by hydrazine which. alone. cleaves after cytosine and guanine. and with salts.
cleaves only after cytosine. Dimethylsulfate with heat cleaves after guanine and. with
acids, cleaves after adenine, but also weakly guanine. The DNA fragments generated by
each cleavage reaction then were loaded separately on an acrylamide gel. Electrophoresis
allowed migration according to their size. Because each fragment was radiolabeled at its
5" end, the DNA sequence could be read by autoradiography on the resulting gel.

according to the position of the fragments and the identity of the chemical used to cleave



after a specific base. It must be noted that this method is very sensitive to the presence
of secondary structure and compression. Consequently. the probability for each base to
be cleaved greatly depends on its structural environment. In the method developed by
Sanger er al. (1977), the DNA fragments are not generated by chemical cleavage but
rather synthesized by enzymatic activity. In the original method. the enzyme used. a
DNA polymerase, extended a primer radiolabeled at its 5" end using the DNA to be
sequenced as a template. Again, four different reactions were performed in which the
DNA template, the DNA polymerase and the radiolabeled primers were mixed with the
four dNTPs and one of four ddNTP terminators. The DNA polymerase can not extend
a polynucleotide chain if the 3' hydroxyl group usually present on the deoxyribose of
the last base is missing. Thus the DNA polymerase-catalyzed chain elongation stopped
every time a ddNTP was randomly introduced to the elongating DNA chain. this
resulted in four base-specific reactions containing a series of tragments with different
lengths that terminated with the same base. After loading the DNA fragments from the
four reactions separately on a gel and then electrophoresing them. they migrated
according to their size. Since cach fragment was radiolabeled at its 5 end. an
autoradiography was performed on the gel that has been dried and the exposed X-ray
film was examined or read to determine the succession of bases according to the
position of the fragment on the gel by noting the order of the fragments based on the
identity of the terminating ddNTP. Again. this method is sensitive to the presence of
secondary structure and compression that influence the progression of the DNA
polymerase along the DNA template. However, improvements have been made to reduce
this problem (see below).

The Sanger method has been widely used and is currently the method of choice
in large scale genomic sequencing projects. However, several improvements to the
method have been made over the years in order to increase both its efficiency and its

accuracy. In 1986. Smith er al. reported a new method using fluorescent 5'-labeled
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primers as an alternative to the use of radiolabeled primers for signal detection. Then,
the use of fluorescent labeled ddNTP terminators for sequencing reaction was reported
by Prober et al. in 1987. These improvements not only eliminated the need of
manipulating radioactive materials, and the possible dangers linked to it, but also greatly
increased the efficiency of any sequencing reactions by making it possible to perform
the four base-specific reactions simultaneously in the same tube instead of being divided
into four different tubes. The use of four base-specific fluorescent-lubeled ddNTP
terminators further allowed the four sequencing reactions to be loaded simultaneously
on one lane of the electrophoresis gel. instead of four lanes as was the case with early
sequencing experiments using the original Sanger method. Furthermore, fluorescent
signal automated detection and computer assisted data collection and analysis increased
the efficiency and accuracy of the sequencing data while decreasing the time to collect
them. Finally. fluorescent-labeled ddNTPs reduced compressions because of the
presence of a rather large dye moiety bound to the ddNTP that prevents base stacking
because of its size. Background also is reduced. as ubortive elongations remain
undetected if they are not terminated by a fluorescent-labeled ddNTP. These fluorescent
labeling methods have been commercialized by several companies and regularly updated
to improve signal detection and quality. Two sequencing chemistry kits (BigDye Prism
kit and dRhodamine Kit) are currently available from Applied Biosystems Inc. and one
from Amersham (ET kit). which mainly differ by the fluorescent dyes bound to each
ddNTPs. Each dye emits light at a specific wavelength when excited by laser light and it
has been shown experimentally that the quality of signal in regions difficult to sequence
depends on the type of dyes used during the sequencing reaction.

Another improvement in DNA sequencing was developed by McBride ¢t al. in
1989 and later optimized by Craxton in 1991. Here the sequencing reactions are cycled
at three temperatures instead of incubated at a constant temperature. Cycle sequencing

reactions are thermally cycled. with each cycle including three different denaturation.
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annealing and elongation temperatures. The cycle sequencing method yields larger
amounts of fluorescent-labeled DNA fragments, and consequently increased levels of
signal. Furthermore, because a thermostable DNA polymerase (see below) is used
during the reaction, the elevated temperature reduces DNA template secondary structure
and compression, thus increasing the accuracy of the DNA sequence.

Other studies resulted in improved enzymes for DNA polymerization during the
sequencing reaction. The original DNA polymerase used by Sanger was a fragment of
the E.coli DNA polymerase [, called the Klenow fragment. from which any 5-3'
exonuclease activity had been removed by limited proteolysis (Klenow et al.. 1971).
Since then, other DNA polymerases have been introduced that include the modified
bacteriophage T7 DNA polymerase (Sequenase) (Tabor and Richardson. 1989). the
Bacillus stearothermophilus (Bst) DNA polymerase (Stenesh and Roe. 1972) and the
Thermus aquaticus (Taq) DNA polymerase (Innis er al.. 1988). These enzymes belong
to the same tamily of DNA polymerases but differ sharply in their enzymatic activities,
their thermostabilities and their efficiency in incorporating ddNTPs. The modified T7
DNA polymerase has a very high tendency to incorporate ddNTPs in the elongating
DNA chain. Tabor and Richardson (1995) discovered that this ability to efficiently
incorporate ddNTP was due to the Tyr residue at position 526. In contrast, the wild type
Taq DNA polymerase has a Phe residue at the corresponding position (position 667).
Because of its thermostability over a broad range of temperature. Taq DNA polymerase
is the enzyme of choice tor cycle sequencing reactions. Not surprisingly however. wild
type Tag DNA polymerase has a very high rate of discrimination against incorporating
ddNTPs. thus requiring a very high concentration of ddNTP terminators during the
sequencing reaction. Fortunately. Tabor and Richardson (1995) discovered that a single
amino acid substitution at position 667 (F667Y) on the wild type Taqg DNA polymerase
allows a much more efficient incorporation of ddNTPs. dramatically decreasing

discrimination against it by 250 to 8000 fold. Based on this discovery. a new set of Taq



DNA polymerases was commercialized. For example, the AmpliTag-FS (Applied
Biosystems Inc.) and the Thermosequenase (Amersham) both carry the F667Y amino
acid substitution. To further improve the "Klenow-like" properties, N-terminal
modifications also were introduced to remove the 5'-3' exonuclease activity of these
enzymes.

Finally, the use of automatic sequencers has been fundamental in obtaining rapid
and accurate sequencing data. Several automated DNA sequencing instruments have
been developped and commercialized. Until recently, polyacrylamide gel electrophoresis
was the method of choice to run a sequencing reaction. This method. although accurate,
was time-consuming (10 hours per run) and initially only sixteen reactions could be run
together on a gel. Much progress has been made in this area to increase the number of
reactions loaded on cach gel but. before unalysis. each sequence needed to be manually
tracked and extracted. adding time to the already time-consuming process and
introducing a certain margin of error in the tracking process. The introduction of
capillaries filled with a synthetic polymer instead of polyacrylamide slab gels to resolve
the sequencing reaction nested fragment set not only reduced the time needed to run a
reaction (from 10 to 2 hours per run) but also eliminated the time consuming. error
prone tracking of the sequencing data. [nitially. several automated sequencers using slab
gel electrophoresis. among them the Perkin Elmer ABI Model 377 (the last model of a
series of sequencers including Model 370 and Model 373) and the LI-COR Long Read
IR 4200 sequencer. were used in this dissertation research (see Materials and Methods).
However. capillary sequencers that were used for the bulk of the data in this dissertation
to collect shotgun sequencing data (see Materials and Methods) were manufactured by
Perkin Elmer. the ABI Model 3700. and Molecular Dynamics. the MegaBACE 1000
sequencer. Although these sequencers differ in the media for migration of the DNA
sample. they all consist of three major components: an electrophoresis instrument. a

fluorescent signal detection unit and a computer including software tools for data
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collection and analysis. An argon ion laser excites the ddNTP terminator-bound
fluorescent dyes and the photons emitted from the excited dyes are detected by a
photomultiplier tube (PMT) in the slab gel instruments or a charge coupled device
(CCD) camera in the capillary instruments. Using the light intensities collected from the
CCD camera or PMT, a computer software records and transforms the emission signals
in a series of peaks of specific intensity and wavelength. Each peak corresponds to a
specific ddNTP terminator-bound fluor dye and thus to a specific base. Typically, 64
reactions now can be loaded on the ABI 377 slab gels and 96 reactions can be loaded
simultaneously on the capillary sequencers and each reaction generates a sequence with

an average read length of 500 to 600 bp on either instrument.

I-I-4 Genome organization

The recent completion of a working draft of the human genome by a public
sequencing consortium (Human Genome Project) (Lander et «l.. 2001) and a private
effort led by Celera (Venter et al., 2001) shed a new light on whole genome analysis and
set a new pace for the field of genomics. The genomic era started over 20 years ago with
the pioneering work in Sanger's laboratory (Anderson er al.. 1981: Fiers er al.. 1978:
Sanger er al.. 1982). Through this work. that now has resulted in a massive growth in
genomic sequencing data. the ability of having a global view of genomes can greatly
enhance biomedical research by giving the opportunity to consider genetic diseases in a
global and comprehensive fashion. Sequencing the human genome was made possible
by the emergence of a new strategy for large-scale sequencing (random shotgun
sequencing strategy: see Anderson ef al., 1981: Bodenteich er al.. 1993: Chissoe er dl..
1995: Putney er al.. 1983) and a program launched by Botstein er al. in 1980 to create a
physical map of the human genome by systematically screening PAC and BAC clones

from a human library for STS markers. fingerprinting the positive clones. integrating
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them into the map and selecting the largest clones with minimal overlap for sequencing
(McPherson er al., 2001). Although some characteristics of a vertebrate genome were
described by numerous previous studies. none of them were fully integrated in a
comprehensive fashion, allowing new questions to emerge. The Human Genome Project
has allowed the research community free access to the working draft of the human
genome. thereby providing a fairly complete view of the genomic sequence. In addition,
work in progress on other vertebrates, such as mouse, provides an additional
opportunity to study comparative genomics. Conserved DNA segments between human
and the mouse model organism can be used to identify likely orthologous genes and to
speculate on their mode of trarscriptional regulation. Evolutionary studies are greatly
enhanced by the study of conserved segments among genomes from diverse species.
Also. determining the sequence similarity among genes of known functions in model
organisms accelerates the study of human gene function. although the actual function of
these genes in human needs to be firmly established by additional studies.

One of the main characteristics of a vertebrate genome is the presence of DNA
repeat sequences. The recognition that genomes can contain a large amount of DNA
repeat elements originates from what is known as the C-value paradox (Gall, 1981). One
might expect the morphological complexity of an organism to be roughly correlated to
the amount of DNA in its haploid genome (C-value). However, many simple organisms
have an unexpectedly large C-value. For instance. Amoeba dubia has a genome size that
is 200 umes larger than that of human (Gregory and Hebert. 1999). Such large C-values
actually are related to the presence of an enormous amount of DNA repeats. [n human,
DNA repeats. although in lower amount than in Amoeba dubia. still account for at least
30% of the genome content. Most of the DNA repeats in human. as well as other
vertebrates. are transposon-derived repeats. In mammals. transposon-derived repeats fall
into four classes: 1) Long Interspersed Elements (LINEs). 2) Short Interspersed

Elements (SINEs). 3) LTR retrotransposons and 4) DNA transposons. LINEs. SINEs
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and LTR retrotransposons transpose through RNA intermediates, whereas DNA
transposons transpose directly as DNA. The two predominant forms of transposon-
derived repeats in the human genome, accounting for 60% of all transposon-derived
repeats, are the L1 family and the Alu family. The LI repeats (a LINE family member)
are about 6 kb long. harbour an internal polymerase II promoter and encode two open
reading frames (ORFs) (Adams er al., 1980). The Alu repeats (a SINE family member)
are about 300 bp long, harbour an internal polymerase III promoter. encode no proteins
and are composed of two head-to-tail repeats of a sequence sharing significant
homology with 5" and 3' portions of 7SL RNA (Quentin, 1992). The two predominant
forms of SINEs in mouse are the Bl and B2 families. Bl repeats. considered as the
rodent equivalent of the human Alu repeats, are composed of about 140 bp of a
consensus sequence followed by a short A-rich region (Maraia, 1991). B2 repeats are
specific to the rodent lineage. are about 180 bp long and share some sequence
homology with serine tRNA genes (Daniels and Deininger, 1985). Considering their
enormous number in most higher cukaryotic genomes and the absence of experimental
evidence for any possible functions. DNA repeats are often seen as "junk” DNA,
molecular parasites that have disseminated themselves, over many generations,
throughout the entire genome. Because they are present in both human and mouse. as
well as many other vertebrate genomes. the appearance of LINEs and SINEs predated
human and mouse speciations. indicating the extremely slow rate with which these DNA
sequences are removed from veretebrate genomes. In terms of natural selection. the rate
of elimination of repeat DNA in slowly growing eukaryotes would be effectively
counterbalanced by its rate of propagation. allowing its maintenance over the years in
vertebrate genomes. Data from the Human Genome Project (Lander er al.. 2001)
indicate that the overall activity of all transposon-derived repeats in human has
dramatically decreased over the past 35-30 million years. with the possible exception of

L1 repeats. However. such decline has not been observed in the mouse genome,

19



indicating a higher rate of recombination in rodent lineages. Interestingly. although
LINEs occur mostly in gene-poor AT-rich regions of the human genome, SINEs show
an opposite trend, occuring mostly in gene-rich GC-rich regions. The same pattern is
observed for Alu-like Bl and tRNA-derived SINEs (such as B2) in mouse. [n addition,
young Alu repeats actually have a preference for AT-rich regions., whereas older Alu
repeats are progressively found in GC-rich regions. Alu repeats might be selectively
eliminated from AT-rich regions over several generations, thus concentrating the older
Alu repeats in GC-rich regions. Also. the observation that positive selection favors Alu
repeats in GC-rich regions might explain their bias towards GC-rich regions. Such a
mechanism has been proposed by Schmid (1998). In many species. SINEs are
transcribed under condition of stress and the resulting RNAs bind protein kinase R,
blocking its ability to inhibit translation (Chu er «l.. 1998: Li er al., 1999: Liu er al.,
1995). Therefore, SINEs would be positively selected in gene-rich GC-rich regions
because of their ability to activate protein translation under stress conditions.

Besides DNA repeats, many genes are present in multiple copies in vertebrate
genomes. Multiple copies of the gene for ribosomal and transfer RNAs are present in
these genomes, because of the large amounts of these RNAs that are required by the
organism. Several proteins are encoded by genes organized in clusters. For example.
histone proteins are encoded by a series of identical. repeated genes (Maxson er al..
1983). Histones must be synthesized in large amount during the S phase of the cell
cycle and this is made possible by the multiple reiteration of histone genes. Mammalian
globin genes also occur in clusters. The genes specifying globin alpha and beta-like
subunits are arranged in two developmentally ordered clusters on different
chromosomes (Karlsson and Nienhuis. 1985). Here, the genes in each globin cluster are
arranged 5’ to 3' on the coding strands. in the order of their developmental expression

and this order is conserved in humans, mice and many other vertebrates.



One question that remained unanswered until the completion of the working
draft of the human genome concems the total number of genes present in the human
genome. Surprisingly, the number of genes present in the human genome appears to be
relatively low, according to the level of complexity of the human organism. Estimation
of the number of genes is based on several parameters. including cross-species
sequence comparison based on sequence similarity to previously identified genes in
other species. EST and mRNA alignments with genomic sequences and recognition of
groups of exons using various computer programs (see Materials and Methods). So far,
the most accurate analysis estimates the number of protein-coding genes in human to be
about 30000-40000. This is about only twice as many as much simpler organisms such
as the worm or fly. However, genes in human are more complex. with many alternatively
spliced mMRNAs generated from one gene, yielding a larger number of proteins. Certain
exons in one type of cells may actually be introns in other types. About 38% of human
genes have their expression modulated by alternative splicing sites, as determined by
EST alignments (Brett er al.. 2000). This figure is much greater than the worm C.
elegans, in which altermative splicing has been predicted for 22% of genes for which
ESTs have been identified. Preliminary studies on human chromosomes 19 and 22
show that about 70% of alternative splice forms affect the coding sequence. rather than
changing the 5 or 3' UTR (Lander er al.. 2001).

The ultimate goal in sequencing the human genome is to compile a complete list
of all human genes and their encoded proteins (the "proteome”). To facilititate gene
identification. a comparison with a set of mouse cDNAs sequenced by the Genome
Exploration Group of the RIKEN Genomic Sciences Center shows that about §1% of
the 15294 cDNAs selected from a collection of nearly one million mouse ESTs from
different tissues and developmental stages exhibit sequence similarity with portions of
the human genome and 69% exhibit sequence similarity to the human genes predicted

so far (Lander et al.. 2001). In addition, many segments of the human genome are
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conserved in the mouse genome. A map of linkages and synteny between mouse and
human has been described by Nadeau (1989). This map indicates that in many cases.
not only the chromosomal assignment, but also the gene order, are conserved in syntenic
segments. One hundred and eighty three segments of the human genome containing at
least two genes whose order is conserved in the mouse genome without interruption
have been identified (Lander er al., 2001). The largest conserved segment is on human
chromosome 4. where about 90.5 megabases of DNA are conserved with mouse
chromosome 5. The likely presence of orthologous genes (genes conserved between
species) in these conserved segments will allow an in-depth analysis of the overall
regulation of these genes in human as well as a better study of the proteins they encode.

Finally. sequence similarity with proteins of known function in model organisms
otfers further opportunities to study the function of the proteins encoded by the human
genes. The complete genomic sequences of the veast. S. cerevisiae. tly. Drosophila
melanogaster, and worm, C. elegans allow comparative studies of their protcomes. It
appears that only 7% of the families of proteins reported by Lander et al. (2001) (each
family reflects a specific physiological function) are specific for vertebrates. Not
surprisingly. these tamilies of proteins are mostly involved in specific vertebrate
functions such as the nervous system or the immune response. indicating the recent
emergence of these functions in vertebrates. Also. the number of protein domains is
much higher in human (Lander er «l.. 2001), indicating a higher rate of rearrangements
between pre-existing sub-domains during vertebrate evolution. through various
mechanisms including exon shuftling. This higher rate of rearrangement mostly
involves the recent evolution of extracellular and transmembrane domains. Finally. 60%
of the protein fumilies are more numerous in human than in the other species mentioned
above. indicating that gene duplication has had a major impact during vertebrate

evolution. Many of the families that have expanded in human are mostly involved in
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specific vertebrate physiological functions, such as the immune response or the

olfactory response (Fuchs et al., 2001).

I-2 Interferon-inducible proteins

I-2-1 Interferons and their mode of action

[nterferons (IFNs) were discovered in 1957 as agents interfering with virus
replication (Isaacs and Lindenmann, 1957). They are soluble mediators involved in cell-
to-cell communication (cytokine) that regulate vertebrate resistance against viral and
parasitic infections through their antimicrobial. immunomodulatory and cell growth
regulatory functions. They also are components of the host defense against certain
tumors (for review, sec Lengyel. 1982; Petska er al.. 1987: Samuel. 1988: Sumuel.
1991). IFNs are classified as [FN alpha, beta and gamma. In human, there are at least 18
IFN alpha genes. four of which are pseudogenes. They constitute. together with the
single IFN beta gene a cluster of genes on chromosome 9. One interesting characteristic
of IFN alpha and beta genes is that they all lack introns. The reason for this luck of
introns remains obscure but may be related to the postulate that all the IFNs alpha and
beta genes are thought to have evolved from a single ancestral gene (Weissmann and
Weber. 1986). However. in contrast to the [FNs alpha and beta, the single [FN gamma
gene, located on chromosome 12, has three introns. Interestingly. most cell types are
capable of producing IFNs alpha and beta whereas only lymphocytes T and Natural
Killer (NK) cells produce [FN gamma. The nature of the [FN produced depends on
both the producing cells and the inducer. Biological inducers enhancing [FN
biosynthesis include viruses. bacteria. protozoa. and exposure to other cytokines and
growth factors. As an example. [FN gamma synthesis by NK cells is stimulated by

Interleukin-2 as well as double-stranded RNA (dsRNA) which is thought to be a side
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product or an intermediate produced during virus replication (Ciccarone et al., 1990).
The control of IFN production is primarily at the level of IFN transcription and the
induction is transient, even in the continued presence of inducer. [FN gene 5'-flanking
regulatory regions contain several regulatory elements that are bound by specific
proteins such as the transcriptional activator IRF-1 or the transcriptional repressor IRF-
2. Interestingly. IRF-1 synthesis is induced by both [FN alpha and gamma in many cell
lines (Harada et al.. 1998).

The treatment of cells with IFNs alters the rate of synthesis of many cellular

mRNAs and of their corresponding proteins (see Fig. 1.3).

I IFN alphw/beta receptor | [FN gamma receptor
M a
N\ Y,

Induced Kinase
Phosphorylates
Stat! and Stat2

=1Q0
p48

Ternary complex binds to ISRE !
_’

——1 ISRE ——J—— IFN-inducible genes

Induced genes encode the proteins which are the direct
eftectors of [FN action

Fig. 1.3: Mechanism of gene activation by interterons.

The first step of gene activation by [FNs is their binding to specific cell surface
receptors. [FNs alpha and beta compete for binding to the same receptor whereas [FN
gamma binds to a specific receptor. One or more member of the JAK family of tyrosine

Kinases associated with the cytoplasmic domain of the IFN receptor is then activated



after [FN-receptor interaction. leading to the tyrosine phosphorylation of one or more of
a family of latent cytoplasmic transcription factors called STATs. Then, after
phosphorylation. heterooligomerization with the DNA-binding protein p48, and nuclear
translocation, these proteins then act as transcriptional activators by binding to a
consensus cis-acting DNA sequence called the IFN-Stimulated Response Element
(ISRE), which confers inducibility by IFN and is present in the 5'-flanking region of all
known IFN-inducible genes (Benech et al.. 1987).

The mRNAs encoded by the IFN-activatable genes are translated into the IFN-
inducible proteins. One IFN-induced protein is the dsRNA-dependent protein kinase
(Meurs et al.. 1990). Binding of dsRNA elicits autophosphorylation and activation of
this latent enzyme which then phosphorylates a serine residue to inactivate the alpha
subunit of the translation initiation factor elF2. Another enzyme activated by dsRNA,
called (2'-5')(A)y synthetase. catalyzes the conversion of ATP into (2'-5%(A), and PPi
(Hovanessian. 1991). Binding of (2'-5')(A)n to RNAse L activates this enzyme which
primarily cleaves ssRNA after UU. UA, UC and UG residues. All the above three
enzymes are mediators of the antiviral action of [FNs. Other [FN-inducible proteins arc
thought to mediate. through IFN-induced alterations in the level of expression of their
corresponding genes. the immunomodulatory and cell growth regulatory tunctions of
[FNs (Staeheli, 1990). As an example. T cells-derived I[FN gamma induces the enhanced
expression of MHC class II antigens on accessory cells. such as monocytes and
macrophages. which either do not express class Il antigens constitutively or at a very
low level (Liu and Janeway. 1990).

The mode of action of the IFNs is best known in the case of picoma and
influenza viruses. Various data demonstrate that the [FN-induced (2'-5')(A)q
synthetase/RNAse L pathway can inhibit the replication of picorna virus (Chebath er al..

1987: Rice et al., 1985). The [FN-inducible murine Mx1 protein, located in the nucleus.



blocks the replication of influenza virus in cultured cells as well as in mice (Staheli,

1990). possibly by impairing viral transcription.

[-2-2 The "'200 family" of proteins

The binding of interferons to cell surface receptors activates the transcription of
many genes. The proteins encoded by these genes are the direct effectors of interferon
action. One related family of IFN-induced proteins is the "200 family" of proteins. This
tamily is encoded by several structurally related genes located on murine chromosome |
(Ifi200 cluster) and by three homologous genes (MNDA, IFI 16 and AIM2) located on
human chromosome 1. within a large linkage group conserved between mouse and

human.

[-2-2-1 The murine [fi200 family

The interferon-activatable [fi200 gene family in mouse consists of at least five
members designated 202a, 202b, 203. 204 and D3. Southern-blot analysis of cosmids
containing the 202, 203 and 204 genes have further revealed 1) the cross-hybridization
of the 202 and 204 genes with a third gene designated as the 201 gene. 2) the
hybridization of a partial 203 ¢cDNA to three genes of the 203 gene family and 3) the
close linkage of the 203 family gene to the 201. 202 and 204 genes. indicating the
existence of a cluster of at least eight closely linked. [FN-activatable genes on murine
chromosome 1 (Kingsmore et al.. 1989: Opdenakker er al.. 1989).

The [fi200 gene ftamily encodes the "200 family” of proteins: p202a. p202b.
p203. p204 and D3. Comparison of their predicted amino acid sequences has revealed a
peculiar structural organization with one or two partially conserved 200 amino acid long

segments (a type and b type), supporting the hypothesis that these genes were
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generated, at least partially, by repeated gene duplication of an ancestral gene encoding
one copy of the conserved 200 amino acid segment. The p202a. p202b and p204
proteins each have one a and one b type segments. whereas p203 and D3 have only one
such segment of either the a type or the b type. Comparison of 959 nucleotides from the
5'-flanking regions of the 201. 202a and 204 genes also reveals strong sequence
similarity (96% sequence similarity in this region between the 202a and 204 genes).
with two short IFN-responsive elements (GA box and Friedman-Stark sequence)
identified in these segments (Choubey et al.. 1989).

The best characterized 200 family proteins are p202a and p204. Their functions
are summarized in Fig. 1.4. The functions and interactions of the 200 family of proteins

are summarized in Table 1.1.

LFuncuons of p202a and p204J

- shight overexpression of p202a retards cell proliferation
- overexpression of p204 triggers myoblast tuston to myotube

[_ﬂi‘ I.> rDNA

UBF1
p33 binding \
protein 1. p53.

clun. PDGE | & o — ™
p-U- —»|P <+— | P-
inhibit apoptosts and MyoD. myogenin. p53, c-Fos, c-Jun
induce foss of E2F-1. E2F-4, NF-kB, ¢-Myc

tumorigenicity

R

o [~

Fig. 1 4 summanzed functions of the protens encoded by 1112022 (p202a) and 111204 (p204). Sce text for details.

Proteins Genes Functions Interactions

p202a [fi202a -retards cell proliferation MyoD. myogenin.
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-inhibit apoptosis p33. c-Fos, c-Jun,

-induce loss of E3F-1, E2F-4.NF-kB
tumorigenicity c-Myc, p53 binding
protein |, pRb
p203 [ti203 -unknown unknown
pl04 [fi204 -retards cell proliferation pRb, UBF1

-inhibit rDNA transcription
-triggers myoblast fusion

D3 [fi205 -myeloid differentiation? unknown

Table 1.1: Summarized functions and interactions of the 200 family of proteins. See text
for details.

[-2-2-1-1 The [fi202a gene

The 202a cDNA, isolated from a ¢cDNA library prepared from mRNA of [FN
beta-treated Ehrlich ascite tumor cells (Samanta er al.. 1984), encodes p202a. a 52 kD
phosphoprotein that contains several potential sites for phosphorylation by several
protein kinases (e.g.. cyclin-dependent kinase 2. casein kinase IlI. protein kinase C,
cAMP-dependent protein kinase) (Choubey and Lengyel. 1993). Its basal level of
expression in growing mouse cells is relatively low and increases up to 16-fold after a
48 hour IFN exposure. Interestingly. the [FN-inducibility of p202 is poor in confluent
mouse cells. indicating that the extent of [FN-inducibility of p202 is affected by the
growth conditions. p202 is primarily located in the cytoplasm. However. after a
prolonged exposure of the cell to [FN (36 hours exposure). most of the p202 is located
in the nucleus (Choubey and Lengyel. 1993). p202 binds non specitically to double-
stranded DNA and to single-stranded DNA in vitro. raising the possibility that it could
bind DNA in vivo (Choubey and Gutterman. 1996).

Recent studies have demonstrated that the overexpression of p202 in yeast and
murine transtected cells retards proliferation. IFNs can inhibit the growth of various

cultured cells by prolonging phases of the cell cycle or by arresting the growth at the G



phase (Lembo et al. 1995: Min er al., 1996). Interestingly, co-immunoprecipitation
experiments of cell extracts prepared from IFN-treated murine AKR-2B cells
transformed with an expression construct encoding pRb have shown that p202 can bind
the hypophosphorylated active form of the retinoblastoma protein pRb (Choubey and
Lengyel, 1995). The 105 kD pRb is a negative growth regulator that retains the cells in
the G1 phase of the cell cycle. The effect of p202 binding on pRb function is unknown.
However, it is possible that the binding of p202 may impair the phosphorylation of pRb
(IFN treatment impairs this process) or the phosphorylation-dependent release of pRb
from its association with the nucleus (Choubey and Lengyel. 1995). At least two
segments of pRb bind p202. the second segment is the region to which different DNA
tumor virus oncoproteins bind. Interestingly. these oncoproteins preferentially bind the
hypophosphorylated form of pRb (Dyson et «l.. 1989; Horowitz ¢r al.. 1989).

One of the ways in which pRb regulates cell proliferation is by binding to the
E2F-1/DP-1 transcription factor (TF)., as shown by co-immunoprecipitation
experiments on [FN-treated murine AKR-2B cells. and inhibiting its activity (Choubey
et al.. 1996). E2F-1/DP-1 promotes the transcription of various growth-promoting
genes whose expression is required for the G1-S transition (DeGregori et al.. 1995).
The hypophosphorylated form of pRb present in the G1 phase of the cell cycle binds
E2F-1/DP-1 and thereby inhibits its activity (Chellappan er «al.. 1991). At the end of the
Gl phase. pRb becomes phosphorylated and loses its ability to bind E2F-1/DP-1.
Interestingly, p202 can bind E2F-1/DP-1 and inhibit its activity in a transient
transfection assay. Since p202 and pRb bind different regions of E2F-1/DP-I.
complexes between all three proteins may occur (Choubey er al.. 1996).

Besides E2F-1. p202a can inhibit the activity of numerous transcription factors.
including c-Fos (Min er al.. 1996). c-Jun (Min er al., 1996). NF-kB (Min er al.. 1996).
c-Myc (Wang er al.. 2000), MyoD (Datta er al.. 1998), myogenin (Datta er al.. 1998)

and p353 (Datta er al.. 1996). The protein p53 is a major tumor supressor protein that
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controls cell growth in response to distinct events. While pRb responds to the presence
or absence of mitogenic signals, p53 responds mostly to DNA damage. The p33 protein
acts as a checkpoint to regulate cell cycle arrest in the G1, G2/M and GO phase of the
cell cycle. p53 activates, through its specific DNA-binding activity, the transcription of
genes with p33-binding sites (Farmer e7 al.. 1992). Among the genes activated by p33 is
the mdm2 protooncogene whose gene product. Mdm2. binds to and down-modulates
p33 tunction (Fakharzadeh er al., 1991). The p21 gene is a second p33-activated gene
whose gene product, p21. binds to and inhibits cyclin/cyclin-dependent kinase (cdk)
complexes, inducing cell cycle arrest in the G1 phase (Harper ef al.. 1993). Luciferase
reporter assays have shown that the overexpression of p202 in murine transfected cells
inhibits the p533-dependent expression of reporter genes driven by elements from the
mdm2 or the p2l promoters (Datta er al.. 1996). Gutterman and Choubey (1999)
demonstrated that the induced expression of p202a in murine AKR-2B fibroblasts was
accompanied by an increase in p21 mRNA and protein levels. Transient transfection of
a p202a-encoding plasmid in Saos-2 cells. which lack a wild type p33 protein, also
results in an increase in p2l protein levels. suggesting the possibility that p202a
modulates p21 protein levels at a post-transcriptional level (Gutterman and Choubey,
1999).

NF-kB controls the expression of various genes of the immune and
inflammatory systems. as well as of various viral genes (Siebenlist et al.. 1994). The
NF-kB protein is present in most eukaryotic cells and serves as an inducible
transcription factor under the effect of various factors. including cytokines (interleukin 1
and tumor necrosis factor alpha). bacterial lipopolysaccharides and double-stranded
RNA (Baeuerle and Henkel. 1994). The AP-1 transcription factors (c-Fos and c-Jun)
also are induced in response to various inducers. including growth factors and UV
irradiation. Their function is modulated by phosphorylation/dephosphorvlation at

several sites (Angel and Karin. 1991). MyoD and myogenin are members of a family of
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transcription factors known as muscle regulatory factors (Buckingham, 1994). The
muscle regulatory factors form heterodimers serving as skeletal muscle-specific
transcription factors that bind DNA sites in transcriptional enhancers of muscle
differentiation genes (Buskin and Hauschka, 1989). MyoD usually is expressed in
proliferating myoblasts whereas myogenin is not expressed until the myoblasts exit the
cell cycle (Olson and Klein. 1994). The c-Myc transcription factor is a member of the
Myc oncoprotein family whose functions have been correlated with proliferation,
apoptosis and tumorigenesis in many cell types (Henrikson and Luscher. 1996). The
expression of c-Myc is induced by various factors, including mitogens. cytokines and
growth factors. Ectopic overexpression of c¢-Myc can inhibit or delay differentiation
(Henrikson and Luscher. 1996) and even induce apoptosis in conjunction with p33
(Packham and Cleveland. 1993). There is evidence that c-Myc forms a transcription
factor by forming a heterodimer with the protein Max (Blackwood und Eisenman. 1991)
and both subunits are required for the heterodimer binding to DNA (Ferre-D'amare er
al., 1993). Both c-Myc and Max are required to modulate transcription, apoptosis and
cell proliferation (Amati et al.. 1993). In the case of c-Fos. c-Jun, NF-kB., MyoD and
myogenin, p202a binds to the transcription factor in vitro and in vivo. inhibiting its
sequence-specific binding to DNA. Besides modulating its activity. p202a also inhibits
the expression of MyoD in murine transfected cells. In addition. the overexpression of
p202a in murine transfected celis increases during the fusion of myoblasts to myotubes
(Datta er al., 1998). p202a binds c-Myc in vitro and in vivo and therefore inhibits its
binding to the Max protein. as well as the transcriptional activity of ¢c-Myc (Wang et al..
2000).

The activity of p202a in turn is inhibited in vivo by the binding of a segment
from the p33 binding protein 1 (Datta er al.. 1996). In addition, D'Souza er al. (2001)
demonstrated that p33 binds to a p53 DNA-binding consensus sequence present in the

5'-regulatory region of the 202a gene to repress the activity of a reporter gene whose
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transcription is driven by the 5'-regulatory region of the 202a gene. Therefore, p202a
which regulates p53 functions and inhibits its transcriptional activity, is in turn
transcriptionally regulated by p33. Geng et al. (2000) recently showed that transfection
with a JunD-encoding plasmid along with a reporter plasmid in which transcription of a
reporter gene was driven by the 5'-regulatory region of the 202a gene, into murine
AKR-2B fibroblasts. resulted in an increased activity of the reporter gene, suggesting
that one of the AP-1 like DNA binding sites present in the 5'-regulatory region of 202a
might be selectively bound by the Jun transcription factor. These data suggest that the
Jun transcription factor might positively regulate the transcriptional activity of the 202a
gene. Flati et al. (2001) showed that the [fi202 gene was transcriptionally activated by
the mitogenic platelet-derived growth factor (PDGF). independantly from IFN signaling,
suggesting that [fi202 can be directly activated by mitogenic stimuli.

Finally. the p202a protein also can inhibit apoptosis (Koul er al.. 1998) and is
associated with an antiproliferative effect on human prostate cancer cells (Yan er al..
1999). Interestingly. human prostate tumorigenic cells expressing p202a show reduced
ability to grow in soft agar. indicating a loss of transformation phenotype (Yan er al..
1999). Also. Wen er al. (2000) revealed that p202a was able to induce a loss of
tumorigenicity of breast cancer cells in vivo and that p202a expression actually
sensitized breast cancer cells to apoptosis induced by tumor necrosis factor alpha
treatment. One suggested mechanism is that p202a. because of its interaction with NF-
KB. might actually contribute to its inactivation and the resulting sensitization of breast
cancer cells to apoptosis in the presence of tumor necrosis factor alpha. Wen er al.
(2001) demonstrated recently that p202 expression waus associated with multiple
antitumor activities in human pancreatic cancer xenograft models. including inhibition of
tumor growth, reduced tumorigenicity. prolonged survival and suppression of metastasis
and angiogenesis. providing a scientific basis for a p202-based gene therapy in

pancreatic cancer treatment. Also, [fi202 was positioned as a candidate gene for lupus



by Rozzo er al. (2001), using microarray studies in mice congenic for the locus

contributing to systemic lupus susceptibility.

[-2-2-1-2 The Ifi203 gene

Another member of the Ifi200 family. 203. is expressed in mouse strain
C57BL/6-derived cell lines stimulated with IFNs. Several techniques. including reverse
transcriptase PCR and rapid amplification of cDNA ends (RACE), have been employed
to clone the 203 cDNA (Gribaudo et al., 1997). The 203 gene previously was identified
as the upstream neighbor of the 202a gene (Engel er al.. 1988). about 5 kb upstream of
the 5'-tlanking region of the 202a gene. The constitutive expression of the 203 gene is
restricted to some myeloid and lymphoid tissues (thymus. bone marrow and spleen)
(Gribaudo er al., 1999). In addition, the 203 and 202a genes exhibit a reciprocal pattern
of expression in various mouse strains, indicating that p203 and p202a might have a
similar function in a mouse strain in which only one of them is expressed (Gribaudo er

al., 1999).

[-2-2-1-3 The [fi204 gene

The 204 gene encodes a 72 kD protein whose levels in cells increases up to 75-
fold after IFN alphw/beta exposure. Studies involving fractionation of cell lysates and
immunofluorescence analysis of control and [FN-treated AKR-2B fibroblasts indicates
that p204 is distributed between the nucleolus and the nucleoplasm (Choubey and
Lengyel. 1992). Like p202a, p204 contains several potential sites for phosphorylation
by several protein kinases (casein kinase II. protein kinase C. cAMP-dependent protein
kinase). Analysis of cell extracts of 32P-labeled IFN-treated AKR-2B cells shows that

p204 is phosphorvlated. Its overexpression in murine transfected cells inhibits cell
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proliferation (Lembo er al., 1998). p204 delays cell progression from Gl into the S
phase and cells accumulate with a DNA content equivalent to cells arrested in late Gl
phase. Hertel er al. (2000) demonstrated that p204 can directly bind the pRb tumor
suppressor protein in vivo, suggesting that p204. like p202a. contributes to the [FN
antiproliferative activities by targetting the pRb regulatory system. Further studies
showed that p204 can inhibit the transcription of ribosomal RNA in vivo and in vitro
(Liu er al.. 1999). This inhibition is the consequence of the binding of p204 to the
ribosomal DNA-specific UBF transcription factor. UBF (Upstream Binding Factor)
transcription factor promotes the binding of the murine protein complex TF-1B
(consisting of the TATA Binding Protein and three associated factors) to the rDNA
promoter. and the resulting complex promotes the binding of RNA polymerase [
(Beckmann er al.. 1995 Bell er «l.. 1988). The binding of p204 to UBF results in the
inhibition of the binding of UBF to its specific binding site in the rDNA 5'-regulatory
region. In addition. like p202a. the level of p204 increases during the fusion of
myoblasts to myotubes. Also. p204 is predominantly cytoplasmic during myoblast
fusion and its translocatior. from the nucleoplasm to the cytoplasm is linked to its
phosphorylation (Liu et al., 2000). The increased level of p204 during myoblast fusion
is related to the binding of MyoD transcription factor to several MyoD-specific
sequences in the 204 gene S'-regulatory region, and the subsequent MyoD-dependent
activation of transcription. Interestingly. the increase of p204 level during myoblast
fusion does not depend on interferons. suggesting that p204 is involved in muscle
differentiation independently from its interferon action. It has been demonstrated that
the expression of the 204 gene is restricted to cells of the myelomonocytic lineage.
suggesting its potential involvement in the differentiation and maturation of this cell
lineage (Garnglio et al.. 1998). Finally, p204 is required by mouse cytomegalovirus
(MMCV) for its replication. as MMCYV replication is strongly inhibited in cells lacking

a functional p204 (Hertel er al., 1999).
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[-2-2-1-4 The D3 gene

The D3 cDNA clone initially was isolated from a murine macrophage cDNA
library. The D3 gene is inducible in macrophages by lipopolysaccharides and IFNs and
is not expressed in IFN or plateled-derived growth factor-stimulated fibroblasts
(Tannenbaum er al.. 1993). Its expression is restricted to myeloid cell lineages at or
beyond the promyelocyte stage of difterentiation. indicating a potential role for the D3

protein in myeloid differentiation (Weiler er al.. 1999).

[-2-2-2 The human "'200 family" of proteins

Much less is known about the human counterpart of the mouse 200 family of
proteins. To date. only three members of the human 200 family of proteins have been
characterized (IFI-16, MNDA and AIM2), and their respective roles remain to be clearly

established. Their functions and interactions are summarized in Table 1.2 and Fig. 1.5.

Proteins Genes Functions Interactions

MNDA MNDA -unknown nucleolin, YY1
transcription factor.
nucleophosmin

[FI-16 [FI-16 -transcriptional repressor p53

AIM2 AIM2 -retards cell proliferation unknown
-increases susceptibility
to apoptosis
-tumorigenic suppression?

Table 1.2: Summarized tunctions and interactions of the human 200 family of proteins. See
text for details.



[Functioms of MNDA. IFT-16 and AIM2

Functions Transcniptional repressor Retards cell proliteration
Increases susceptibility to apoptosts
A Tumongenic suppressor”?
[iFe|  [smspa]  {ana]
Interactions Nueleolin

Nucleophosmin
YY1 transcniption factor

Fig 1§ summarized funcuions of the protemns encoded by the human 200 tamily See text for detals

1-2-2-2-1 The MNDA gene

During immunoblot screening of nuclear antigens specifically expressed in
myeloid cells. a ¢cDNA was discovered and the corresponding protein was named
Myeloid Nuclear Differentiation Antigen (MNDA) (Burrus er al.. 1992). This ¢cDNA
encodes a 403 amino ucid protein containing a single copy of the 200 amino acid
conserved segment common to all the proteins of the "200 family” and showing
extensive regions of sequence similarity with the protein products of the inteiteron
inducible 204 gene (Briggs er al.. 1992). The MNDA gene is specifically expressed in
granulocytes. monocytes and earlier stage cells of these lineages, but is upregulated by
[EN alpha in monocytes only. Inducibility of MNDA expression by [FN alpha also has
been reported in the human myeloid leukemia cell lines HL-60. U937 and THP-1
(Briggs et al.. 1994b). The expression of MNDA mRNA is modulated by the

myelomonocytic differentiation process. since induction of monocytic differentiation
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with phorbol esters is accompanied by a decrease in mRNA level of MNDA and this
effect is not due to the inhibition of cell proliferation (Briggs er al., 1994c). In contrast,
induction of granulocyte differentiation by retinoic acid does not alter the mRNA level
of MNDA.

Characterization of the MNDA gene shows that it is a single copy gene located
on human chromosome 1. within a large linkage group conserved between human and
mouse containing the mouse Ifi200 family (Briggs er al., 1994a). The 5'-tlanking region
of the gene contains two Interteron-Stimulated Response Elements (ISRE) tlanking a
multiple transcription start site region identified as a TATA-less promoter with other
consensus elements for binding of cellular transcription factors Myb. Ets. PU-1 and
Spl (Kao et al.. 1996). Analysis of deletion mutants showed that Spl. but not Myb or
PU-1. is one of the tactors contributing to the restricted pattern of expression of the
myelomonocytic lineage specific MNDA gene (Kao er al.. 1997). The MNDA protein
was shown to bind the ubiquitous 100 kDa nucleolin protein (Xie er al.. 1995).
Nucleolin is a protein that binds other macromolecules and exhibits features consistent
with a role in signal transduction. production of ribosomes. nuclear matrix structure and
regulation of transcription. This result indicates that the function of the protein MNDA
most likely is related to interactions with other proteins contributing to cell/lineage-
specific processes by ubiquitous proteins such as nucleolin. Xie et al. (1997) further
demonstrated that the protein MNDA binds the nucleolar protein nucleophosmin.
suggesting that additional interactions define overall MNDA functions. Both nucleolin
and nucleophosmin binds the ubiquitous zinc finger transcription factor YYIl and
MNDA binds YY1 directly under in vivo and in vitro conditions (Xie et al., 1998). The
MNDA-YY 1 interaction enhances the affinity of YY1 for DNA and decreases its rate of
dissociation. In addition. MNDA forms a temary complex with YY1 and the YY1 target
DNA site. suggesting a role for MNDA as a cofactor to impair lineage-specific features

to YY! functions. The ability of MNDA to act as a co-regulator altering gene expression
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through its binding to specific transcription factors or other proteins is similar to the
ability of mouse protein p202a and p204 to bind specific transcription factors and alter
their DNA-binding activities, although tissue/cell-specific expression of the mouse

[f1200 cluster genes has only been reported for the D3 gene.

[-2-2-2-2 The IFI-16 gene

The IFI 16 ¢DNA was isolated by screening a human CTL-derived cDNA
library with a rabbit antiserum raised against the cytolytic granules obtained from the
same cell source (Trapani er al., 1992). The [FI 16 mRNA encodes a 729 amino acid
protein containing the two 200 aminoacid conserved segments (a type and b type)
common to all members of the "200 family” of proteins. and shows significant sequence
similarities to the mouse genes 202a and 204. The [FI 16 gene expression is strongly
induced in myeloid cells by IFN gamma exposure (Trapani er «l.. 1992) and is
associated with the differentiation of myeloid precursor cell lines (Dawson and Trapani.
1995). IFI 16 is present throughout monocytic development but its expression rapidly
declines in erythroid and polymorphonuclear precursor cells, suggesting a possible role
in myelopoiesis (Dawson et al., 1998). This pattern of IFI 16 expression throughout
lymphoid development and within monocyte precursors and peripheral blood
monocytes contrasts with MNDA. whose expression is limited to myeloid cells from the
promyelocytic stage onwards (Dawson er al.. 1995).

The gene encoding IFI 16 has been mapped to human chromosome 1 by DNA
hybridization to a panel of human-mouse hybrid cell lines, within the same linkage
group conserved between human and mouse and containing the mouse [fi200 gene
cluster and the MNDA gene (Trapani er al.. 1992). Its exon-intron organization has
been determined (Trapani et al.. 1994). Exon 2 of the IFI 16 gene encodes a lysine-rich

amino terminal region possessing DNA-binding activities. The 3'-untranslated region
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contains an IFN alpha/beta-stimulated response consensus element (ISRE), as well as
an [FN gamma-activation site consensus element. [Immunofluorescence studies showed
that the IFI 16 protein is located in the nuclet of monocytes. neutrophils and
lymphocytes in normal peripheral blood but not in granulocytes (Dawson and Trapani,
1995). Altemmative mRNA splicing accounts for the existence of three isoforms of the
IFI 16 protein (Johnstone er al., 1998). [FI 16 fused to the GAL4 DNA-binding domain
can act as a repressor of transcription when positioned in proximity to a promoter
containing consensus GAL4 DNA elements (Johnstone er al.. 1998). The
transcriptional repression domains have been mapped to the 200 amino acid segments
conserved in all human and mouse "200 family" protein members. Functional
interactions between p33 and [FI 16 have been reported (Johnstone er al.. 2000).
Whether this interaction of IFI 16 with p33 and the role of IFI 16 as a transcriptional

repressor are involved in regulating myeloid differentiation remains to be established.

[-2-2-2-3 The AIM2 gene

Introduction of a normal copy of human chromosome 6 suppresses the
tumorigenicity of melanoma cell lines (Trent er al., 1990). The AIM2 cDNA waus
isolated by substractive cDNA selection in a chromosome-suppressed melanoma cell
line (DeYoung er al.. 1997). It encodes a 344 amino acid protein containing part of the
200 amino acid «a type segment common to all members of the "200 family" of proteins.
The AIM2 consensus sequence shares strong sequence similarity with [FI 16. MNDA
and 204 genes. The AIM2 gene. located on human chromosome [, is within a linkage
group conserved between the syntenic human and mouse regions of chromosome 1.
The 39 kD AIM2 protein. unlike IFT 16 and MNDA. is present primarily in the
cytoplasm (Choubey et al.. 2000). The overexpression of AIM2 in murine transfected

fibroblasts retards cell proliferation and. under reduced serum conditions. increases the
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susceptibility of the cells to apoptosis, suggesting that AIM2 may be a direct effector of
[FNs and relay their growth-inhibitory effects in the human (Choubey et al.. 2000).

The AIM2 mRNA has been detected in the spleen. small intestine. peripheral
blood leukocytes and can be induced by IFN gamma in HL60 cells. The expression
pattern of AIM2 is consistent with data obtained with [FI 16 and MNDA. suggesting
that genes in this family may be involved in the blood cell-specific response to [FNs.
However, the AIM2 gene also is expressed in non-lymphoid tissues and interestingly.
up-regulated in a tumor cell line whose tumorigenicity has been suppressed by an extra
copy of human chromosome 6. raising the possibility of its involvement in tumorigenic

suppression (DeYoung er al., 1997).

I-3 Genetic aspects of bone density regulation

Osteoporosis is a common metabolic bone disease characterized by a reduction
in bone mineral density (BMD). microarchitectural deterioration of bone tissue and an
increased risk of fracture. Susceptibility to osteoporosis is multifaceted with genetic
factors. endogenous factors depending mostly on nutrition and hormones and
environmental factors. such as physical exercise. influencing it (Audi et al.. 1999). Peak
bone mass occurs at the end of the second decade of life and is an important
determinant of osteoporosis susceptibility later in life (Teegarden et al.. 1995: Theintz er
al.. 1992). Low peak bone density is considered to be a major risk factor for
osteoporotic fracture in elderly adults. It has been estimated that approximately 40% of
postmenopausal women will suffer at least one osteoporotic fracture (Cummings er al..
1985). Major regulatory factors support the adult skeletal system. including
environmental factors. such as nutrition or physical exercise. and endogenous factors.
such as reproductive status. aging, disease states (cancer. diabete. hyperparathyroidism),

hormones and mineral levels. Numerous studies have demonstrated significant
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heritability of peak bone mass at various skeletal sites (Seeman and Hopper, 1997).
suggesting that the effects of all such factors to support the adult skeletal system are
genetically regulated. These studies have demonstrated that 60-70% of the normal
variability in bone density is genetically determined. Although many regions of the
genome have been involved with bone density regulation, identifying genes participating
in regulation of the adult skeleton is still at an early stage. The main strategies for
identification of such genes are based on looking for evidence of an association between
a phenotypic trait. such as bone density., and a series of polymorphic genetic markers
(Stewart and Ralster, 2000). The genetic markers are regions of the genome analyzed by
PCR-based methods on DNA extracted from peripheral blood. There are two main
types of markers: repeat polymorphisms of variable length (VNTR) and single
nucleotide polymorphisms (SNPs). Genetic studies involve analyzing a large number of
markers throughout the whole genome, or specific markers concentrated in regions of
interest (candidate loci) or specific genes of interest (candidate genes). Regions of
chromosomes containing alleles that influence phenotypic traits such as BMD are
termed Quantitative Trait Loci (QTL). The search for QTL in population-based studies
often gives contradictory results. because of the natural genetic heterogeneity of the
human population coupled with important environmental differences. Comparison
within twin pairs or among siblings is one method to keep environmental factors
relatively constant. However. this approach requires large numbers of twins. which are
not frequent in the general population. Studies in animal models provides an additional
method of identifying QTL. In particular. inbred mice offer a large number of
genetically identical twins whose environment can be strictly controlled. Furthermore.
each inbred strain is genetically different from every other inbred strain and cross
mating experiments of mouse strains with low BMD and high BMD make it possible to
study the segregation of genes essential to bone density regulation. Genetic studies on

inbred strains of mice have been widely successful in identifying QTL and. in several
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cases, candidate gene association studies have isolated the main regulators of bone
metabolism. such as calciotrophic hormones, bone matrix proteins, steroid hormones
and local regulators of bone metabolism, whose genetic polymorphism likely
contributes to BMD vanability. Among them are vitamin D receptor (Morrison et al.,
1994), collagen 1Al (Uitterlinden er al.. 1998), IGF-1 (Rosen et al.. 1998),
apolipoprotein E (Shiraki er al., 1997), calcitonin receptor (Masi et al.. 1998), bone-
specific alkaline phosphatase (Harris er al.. 1998). TGF beta-1 (Langdahl er al.. 1997).
alpha 2HS-glycoprotein (Zmuda et al.. 1998), estrogen receptor (Deng er al., 1998). IL-
6 (Ota er al.. 1999) and osteocalcin (Dohi er «l.. 1998). In spite of the controversial
status of the evidence for some of these genes, it is clear from the wide range of factors
influencing bone density that it is a quantitative trait dependent upon the action of
numerous genes that individually have modest effects on bone density.

The search for possible associations between polymorphic variations in any
candidate genes located on chromosome Iq and BMD regulation has led to the
description of several associations. First. osteocalcin is an abundant non-collagenous
component of the bone matrix and this highly conserved bone-specific protein is
synthesized by the bone-forming osteoblast cells under transcriptional regulation
through a vitamin D-response element (Dohi ez al.. 1998). A role for osteocalcin in bone
resorption has been previously suggested because of its ability to influence recruitment
and differentiation of the bone-resorbing osteoclast cells. Dohi er al. (1998) described a
polymorphism in the osteocalcin gene promoter that is related to BMD and prevalence
of osteoporosis in postmenopausal Japanese women. Raymond er al. (1999) mapped
the human osteocalcin gene to 1g25-1g31 by somatic cell hybridization and described a
new microsatellite (CA) polymorphism linked to the gene associated with BMD in a
white postmenopausal American population. These data suggest that genetic
polymorphism at the osteocalcin gene could impact BMD status in postmenopausal

women and predispose some women to osteoporosis. Second, absorptive hypercalciura
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(AH) is a common cause of kidney stones and is due to intestinal hyperabsorption of
calcium. In some severe cases, this condition may be accompanied by low bone density
(Pietchmann er al., 1992). A candidate locus for AH has been mapped by linkage
analysis studies to human chromosome 1q23.3-1q24 (Reed ez al., 1999). Interestingly,
no candidate genes of interest are present in this region, raising the possibility that a still
unknown gene in this region could be involved in the regulation of intestinal calcium
absorption and possibly BMD regulation. Finally, pycnodisostosis is a rare autosomal
recessive skeletal disorder characterized by short stature, wide cranial sutures and
increased bone density and fragility. A candidate locus for this condition has been
mapped 0y linkage analysis studies to human chromosome 1q21 (Polymeropoulos ¢
al., 1995). Homology scarches of ESTs mapped within this region to DNA sequences
of genes of interest identified the cathepsin K gene as a primary candidate for this
condition (Johnson er al.. 1996). Cathepsin K is a cysteine protease highly expressed in
bone-resorbing osteoclast cells and is thought to be involved in the degradation of the
bone matrix because it digests collagen (which composes up to 90% of the bone matrix)
(Inaoka ez al.. 1995). Interestingly. a cytosine to thymine transition at nucleotide 862 of
the cathepsin K coding sequence has been found in the DNA of an individual affected
with pycnodysostosis. resulting in an arginine to stop codon alteration at amino acid 241
(Johnson er al.. 1996). These data suggest that cathepsin K could have an important role
in BMD regulation and osteoporosis that could result. at least partially, from excess

cathepsin K activity or increased susceptibility of the bone matrix to cathepsin K

activity.
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Chapter I1
Materials and Methods

The large scale genomic DNA sequencing approach used in this dissertation 1s
based on a random shotgun sequencing method to collect the majority of the sequencing
data. followed by custom synthetic primer and PCR-based methods to close the
remaining gaps, assembly proofreading und sequence analysis. The following protocols
arc taken from our laboratory protocol manual which was published (Chissoe er al..
1991) and is  updated on  our laboratory  website at  URL:

http://www.genome.ou.edu/proto.html.
[I-1 Random shotgun sequencing

Random shotgun sequencing involves eight major steps (see Fig. 2.1).
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(1) A large scale DNA isolation for each clone harboring the DNA insert of
interest: (2) a physical shearing via nebulization of 20 to 50 pg of the isolated DNA
clone, generating fragments between approximately 0.8 and 6 kb: (3) end-repair of the
single-stranded ends of the nebulized DNA fragments: (4) a size-selection of the now
blunt-ended fragments between | and 4 kb using a low melting point agarose gel and a
phenol/chloroform/ether-based extraction method: (5) the size-selected blunt-ended
fragments are ligated into Smal-treated pUCI18 vector using Ty DNA ligase and the
ligation mix is transformed into E. coli XLI Blue MRF' electrocompetent cells: (6)
miniprep isolations are performed to isolate DNA subclones: (7) the DNA subclones
are sequenced using the Tag DNA polymerase-catalyzed reaction with ABI BigDye
fluorescent-labeled ddNTP terminators. After purification, the reactions are loaded onto
an automated Perkin Elmer ABI 3700 capillary sequencer which performs
electrophoresis. signal detection and base calling: (8) the data are assembled into large

contigs with computer programs Phred. Phrap and Consed on local Sun work stations.

[I-1-1 Large scale DNA isolation

A modified alkaline lysis procedure. involving a second acetate precipitation step
to remove remaining sheared E. coli chromosomal DNA contamination, was used for
the large scale isolation of DNA clone.

First. a smear of colonies harboring the DNA clone of interest is transterred into
a 12X75 mm Falcon tube containing 3 ml of LB medium supplemented with the
appropriate antibiotic and incubated at 37°C for 8 to 10 hours with shaking at 250 rpm.
The culture is transferred to an Erlenmeyer flask containing 50 ml of a similar medium
and incubated for another 8 to 10 hours under similar conditions. The culture then is
transferred to a flask containing 1 liter of a similar medium and incubated for an

additional 8 to 10 hours under similar conditions. Cells are harvested into 500 ml



centrifuge bottles by centrifugation at 7000 rpm for 20 minutes in a RC5-B centrifuge.
Cell pellets can be stored at -70°C at this point.

The DNA clone is isolated according to the following protocol. The cell pellet is
resuspended in 35 ml of GET/Lysozyme solution by gently teasing the pellet with a
spatula and incubated at room temperature for 10 minutes. 70 ml of alkaline lysis
solution are added to the resuspended cells. The solution is mixed very gently to avoid
the shearing of E. coli chromosomal DNA and incubated in an ice-water bath for no ore
than 5 minutes. E. coli chromosomal DNA. membranes and proteins are precipitated by
adding 52.5 ml of 3M NaOAc. followed by a very gentle mixing and incubation in an
ice-water bath for |5 minutes. The lysate is cleared of precipitated SDS. proteins,
memebrane and chromosomal DNA by pouring through a double layer of cheesecloth.
Further clearing is performed by transferring the supernatant into a 250 ml centrifuge
bottle and centrifuging at 10000 rpm for 30 min in a RC5-B centrifuge. If neccessary.
an additional centrifugation is performed to make sure that every insoluble material is
removed. An equal volume of isopropanol is added to the supematant and. after
incubation for 5 minutes at room temperature. the solution is centrifuged at 9000 rpm
for 20 minutes in the RC5-B centrifuge. The supernatant is decanted and the pellet
resuspended in 18 ml of 10:1 TE buffer. The solution is divided equally into two 50 ml
Corning centrifuge tubes and 4.5 ml of 7.5M KOAc are added to each tube. After
incubation for 30 minutes at -70°C. the solution is thawed and centrifuged in Beckman
GS-6R centrifuge at 2000 rpm for 10 minutes. The resulting supernatant is incubated
with 100 pg/ml (final concentration) of DNAse-tfree RNAse A and 40 pl/100 ml from a
100U/ul stock of RNAse Ty in a 37°C water bath for | hour. After incubation. 30 ml of
cold 100% ethanol are added to the solution and the solution is incubated in an ice-water
bath for 15 minutes. The solution then is centrifuged in Beckman GS-6R centrifuge at
3000 rpm for 25 minutes. The resulting DNA pellet is washed with 30 ml of 70%

ethanol. The DNA pellet then is dried in a vacuum oven and resuspended in a total of 2
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mi of sterile ddH»O. The DNA concentration and purity are estimated by agarose gel

electrophoresis.

II-1-2 Physical Shearing

The isolated DNA clone is sheared into fragments of approximately 0.8 to 6 kb
by nebulization. First. an aqueous solution containing 20 to 50 ug of DNA is mixed in a
nebulizer with 0.5 ml of sterile glycerol and sterile ddH>O to a final volume of 2 ml.
Nebulization is performed in an ice-water-salt bath at -5°C for 2.5 minutes with a
nitrogen pressure of 8 psi. When the pressurized nitrogen gas is applied. the DNA
solution is forced to enter a small chamber in the nebulizer top and. then. after exiting
through an orifice. the solution comes in contact with a spherical surface to torm small
droplets. These droplets contain DNA sheared by surface tension over a size range
which is controlled by the gas pressure. the temperature and the viscosity of the
solution. Glycerol is added to the solution to increase its viscosity, and also to protect
the DNA solution from freezing. The nebulized sample is collected by briefly
centrifuging the nebulizer in a Beckman GS-6R centrifuge at 1500 rpm. The solution
then is equally divided into four 1.5 ml microcentrifuge tubes. ethanol precipitated.
vacuum dried and resuspended in 24 ul of sterile ddH~O per microcentrifuge tube prior

to proceeding with fragment end-repair.

[I-1-3 End Repair

The nebulization generates for the most part DNA fragments with single-
stranded ends. Since the ligation step involves ligating DNA fragments to linearized
blunt-ended pUCI8 vector with dephosphorylated 5' ends. the DNA fragments need to

be end-repaired to make them blunt-ended and phosphorylated at their 3' ends. 24 ul of
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the DNA solution are mixed with 6 ul of 10X TM buffer, 6 ul of 10X kinase bufter, 6
plof 10 mM rATP, 10 ul of 0.25 mM dNTPs. 2 ul of T4 polynucleotide kinase, 3 ul of
T4 DNA polymerase and 3 ul of Klenow DNA polymerase. The use of two polymerase
activities is justified by the very active single-stranded 3'-5' exonuclease activity of Ty
DNA polymerase to degrade 3' overhangs. The solution then is incubated in a 37°C

water bath for 30 minutes. The reaction is stopped by cooling the sample on ice.

[I-1-4 Size selection and DNA extraction

Following step [I-1-3. the reaction mixture is loaded into a 0.8% low melting
point agarose gel. After an electrophoretical migration for 30 to 60 minutes at 100-120
mA, DNA fragments are visualized in a dark room on a long wave UV light box with
appropriate molecular weight markers (lambda DNA digested by HindIIl and phage
X174 digested by Haelll). The fragments in the desired range (1-4 kb) are excised from
the gel with a razor blade. put into a microcentrifuge tube and frozen at -70°C for at least
15 minutes.

The gel slice containing the DNA fragments of interest is melted by incubation
in a 70°C water bath for 30 minutes. An equal volume of TE-saturated phenol is added.
After vortexing for 30 seconds, the solution is centrifuged at room temperature for 5
minutes. The upper phase is recovered and mixed with an equal volume of a solution
containing half a volume of TE-saturated phenol and half a volume of chlorotorm. The
solution is vortexed for 30 seconds and centrifuged again. The upper phase is recovered
and further extracted by adding an equal volume of chloroform. A final round of
extraction is finally performed by adding an equal volume of water-saturated ether after
what the lower aqueous phase is recovered. ethanol precipitated and vacuum dried. The

DNA pellet then is resuspended in 10 to 20 ul of sterile ddH»O.
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II-1-5 Shotgun Library Construction

Library construction requires two steps: ligation and transformation. The
ligation is performed by mixing 100 to 1000 ng of insert DNA fragments, 20 ng of
pUC18 vector previously linearized and blunt-ended with Smal and dephosphorylated
with calf intestinal alkaline phosphatase, | ul of T3 DNA ligase and | pl of 10X ligation
buffer, with sterile ddH-O up to a final volume of 10 ul. The reaction mixture is
incubated overnight at 4°C. A negative control is performed in the absence of insert
DNA fragments to test for any possible vector self-ligation. The transformation is
performed by electroporation. Electrocompetent cells are prepared by inoculating 3 ml
of YENB medium supplemented with 12.5 pg/ml tetracycline with a colony picked from
a plate previously inoculated with an aliquot of glycerol stock of XL1 Blue MRF' E. coli
cells and containing 12.5 pg/ml tetracycline. After incubation overnight. 5 to 10 pl of the
culture are inoculated into 1 liter of YENB medium supplemented with 12.5 pg/ml
tetracycline. The cells are incubated at a shaking of 250 rpm at 37°C until they reach an
Agoo of about 0.5. After being harvested in four 500 ml centrifuge bottles by
centrifugation at 5000 rpm for 10 minutes in the RC5-B centrifuge. the cells are washed
twice with 100 ml of cold sterile water and once with 40 ml of 10% cold sterile glycerol
solution. Cells then are resuspended in 3 ml of 10% cold sterile glycerol solution.
divided into small aliquots of 40 ul and frozen at -70°C for storage. For the
transformation step, 40 ul of electrocompetent cells are mixed with 3 ul of ligation mix
and incubated at 4°C for | minute. the mixture then is electroporated in a Bio Rad E. coli
pulser. One ml of fresh YENB medium is added and the sample is incubated at 37°C at
a shaking of 350 rpm for no more than 60 minutes. Cells are harvested by
centrifugation in a Beckman GS-6R centrifuge at 2500 rpm for 5 minutes and
resuspended in 600 ul of YENB medium. to which are added 90 ul of 20 mg/ml IPTG
(in ddH20) and 90 ul of 24 mg/ml X-Gal (in DMF). Cells then are plated out on LB
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plates supplemented with 100 pg/ml ampicillin (LB/Amp plates). The plates are

incubated 18 to 20 hours at 37°C.

I1-1-6 Miniprep isolation of DNA subclones

The resulting white colonies are picked with a Flexys automated colony picker
(Genomic Solutions) and inoculated into each well of a 96-well flat bottom microtiter
plate (Dynayech) containing 150 pl of TB medium supplemented with 100 pg/ml
ampicillin. The plates are incubated for 18 hours at 37°C in an HiGro oxygenated
shaker incubator (Gene Machines) with shaking at 520 rpm. Cells are harvested by
centrifugation in a Beckman GS-6R centrifuge at 2500 rpm for 10 minutes and the cell
pellets are stored at -70°C for at least 2 hours. Cells then are resuspended by adding 60
ul of TE-RNAse A solution into each well of the 96-well flat bottom microtiter plates
(Dynatech) by using an Hydra 96 (Robbins). After shaking on a bench top shaker for
20 minutes, cells are lysed by adding 60 ul of alkaline lysis solution into each well of
the microtiter plates using the Hydra 96 (Robbins) and incubating the plates on a bench
top shaker for at least 30 minutes. 60 pl of 3M NaOAc are added to precipitate
chromosomal DNA. membrane and proteins and the plates are incubated for 30 minutes
in the HiGro oxygenated shaker incubator (Gene Machines) with a shaking at 520 rpm.
The plates then are stored at -20°C overnight. After thawing, the plates are centrifuged in
a Beckman GS-6R centrifuge at 3200 rpm for 30 minutes. Using the Hydra 96
(Robbins). 60 ul of the supernatant are removed from each well and transferred to a new
V-bottom microtiter plate (Dynex). 130 ul of ethanol 95% then are manually added
using a 12-channel manually pipeter and the plates are centrifuged in a Beckman GS-6R
centrifuge at 3200 rpm and at 4°C for 30 minutes. The resulting DNA pellet is washed
with 150 ul of ethanol 70%. The DNA pellets then are dried in a vacuum oven,

resuspended in 50 ul of sterile ddH>O and stored at -20°C for later use.



I1-1-7 Cycle sequencing reaction and purification

In the cycle sequencing reaction with ABI BigDyve fluorescent-labeled ddNTP
terminators, 2 ul of subcloned DNA are mixed with 1 ul of forward or reverse universal
primers (6.5 uM), | ul of 25% DMSO (in ddH>O) and 2 ul of ABI BigDye terminator
mix previously diluted to one-third by adding two volumes of 5X TM buffer. The ABI
BigDye terminator mix (provided by the supplier) contains fluorescent-labeled ddNTP
terminators, dNTPs, Taq DNA polymerase and MgCla. Typically. 384 reactions are
prepared into each well of a 384-well thermocycle plate (Robbins) (or each well of a
384-well Viper plate) by using the Hydra 96 (Robbins) and performed simultaneously.
60 cycles are performed for each reaction in a Perkin Elmer GeneAmp PCR system
9600 thermal cycler according to the following cycle conditions: 95°C for 10 seconds.
50°C for 5 seconds and 60°C for 4 minutes. After the reactions. the unincorporated dye-
terminators are removed and the reaction products purified by ethanol precipitation.
Briefly. 5 ul of sterile ddH>O are added to each reaction using the Hydra 96
(Robbins). After a brief centrifugation at 1500 rpm in a Beckman GS-6R centrifuge. the
reactions are transferred from the 384-well thermocycle plate (or from the 384-well
Viper plate) to four 96-well thermocycle plate using the Hydra 96 (Robbins). 60 ul of
95% ethanol/0.12N NaOAc are added to each well by using a 12-channel manually
pipeter and the plates are centrifuged in a Beckman GS-6R centrifuge at 4°C and at
3200 rpm for 30 minutes. The supernatant then is removed by briefly centrifuging the
plates in a Beckman GS-6R centrifuge at 400 rpm. The DNA pellet is washed with 70
ul of 70% ethanol. dried in a vacuum oven and stored at -20°C.

Before loading onto the Perkin Elmer ABI 3700 capillary sequencer, each DNA

sample is resuspended in 20 to 50 ul of sterile ddH2O. Each sample then is

electrophoretically loaded onto a capillary containing ABI 3700 POP-5™ polymer.



Electrophoresis is performed for 3 hours at 6.5 kV and, after data collection, the raw

data are transterred to a local SUN work station for further analysis.

I1-1-8 Data assembly

The sequence read length generated on the Perkin Eimer ABI 3700 sequencer is
typically between 500 and 600 bp. Because the position of the reads generated from a
random shotgun library are unknown. computer programs are used on local SUN work
stations to assemble these reads according to the potential sequence overlap between
them. A program called PhredPhrap (P. Green: University of Washington) performs
this task. PhredPhrap is a highly accurate program that assemble short reads into large
contigs, first, by estimating the quality of each base and. second. by using this quality
evaluation to assemble the reads together. Another program, called Consed (P. Green:
University of Washington), creates a consensus sequence trom the assembly and
performs several other tasks. such as sequence editing.

Such a random assembly usually results in an average 6 to 8 fold coverage of
shotgun sequence data and the generation of 10 to 20 contiguous contigs covering

typically 95 to 99% of the sequence of the clone of interest.

II-2 Gap closure

After 6 to 8 fold coverage of shotgun sequence data is collected and assembled
into a database. a more directed strategy is applied. in which the remaining sequence of
the clone is obtained to close the small gaps between contiguous contigs. The presence
of gaps in the sequence at this high depth of coverage is not intuitive because. if the
subclones picked for shotgun sequencing were truly picked randomly. then a typical

clone could be completely sequenced by random shotgun sequencing. However,

w
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because of a natural statistical bias in the random sequencing approach, some regions of
the clone have a lower extent of coverage (a 6 to 8 fold coverage is actually an average
coverage). Furthermore, ends of contigs are usually made of low quality reads or reads
shorter than the average read length. Then uncovered sequences may remain because
they are not covered by shotgun reads. In addition, some regions are difficult to
sequence because they have a high percentage of G/C which results in secondary
structure that prevents read through the region. Other regions that contain long stretches
of di- or tri- nucleotide repeats also are difficult to sequence through.

To overcome the above, several gap closing strategies were used during this

dissertation research.

II-2-1 Primer walking

From the previous discussion. the approach taken entailed sequencing the
shotgun subclones in both the forward and the reverse directions. using respectively
forward and reverse universal primers. to generate forward and reverse sequence reads
respectively. Since the average sequence read length was 500 to 600 bp. but the length
of a subclone can be up to ~4 kb. the middle portion of a shotgun subclone typically is
not sequenced using the forward and reverse universal primers. However. if the forward
and reverse shotgun reads of a same subclone are located at the end of two different
contigs and pointing towards the end of these contigs. the gap between these two contigs
is covered by the unsequenced region of this subclone. Therefore. a custom-synthetic
primer walking approach can be used to obtain the sequence covering the gap and
thereby connect the original two adjacent contigs. To accomplish this approach. custom
synthesized primers can be synthesized using a Mermade oligonucleotide synthesizer
after their sequences are determined using a primer picking program such as PrimOU.

[f the gap has a high G/C content or contains long stretches of polynucleotide repeats.



alternative sequencing reagents can be used. For example, it has been shown that G/C-
rich gaps are more efficiently closed by using a dGTP-containing dye reaction mix
instead of the dITP-containing BigDye reaction mix while A/T-rich gaps are closed
more efficiently using the dRhodamine dye reaction mix instead of BigDye reaction
mix. Additionally, adding 5% to 10% DMSO or IM Betaine to the cycle sequencing
reaction may more easily denature the DNA regions with a high G/C content during the
reaction. After cycle sequencing reaction and excess dye-terminator removal by
purification through G-50 column, the mixture is loaded onto a 6% polyacrylamide gel
in a Perkin Elmer ABI 377 automatic sequencer and then electrophoresed for 8 hours.
After initial processing on the ABI 377's associated computer. the data is transterred to a

local SUN work station for further analysis.

[1-2-2 PCR-based methods

[f no shotgun subclone was found covering the gap. then this region was
amplified by a polymerase chain reaction (PCR) using custom synthesized primers to
generate a DNA sequencing template covering the gap. The reaction mixture for a PCR
typically contained 10 to 20 ng of BAC or cosmid clone DNA. 100 pmol of each
primer. 5U of AmpliTaq DNA polymerase (Perkin Elmer). 20 mM of each dNTP. 10 ul
of 10X PCR buffer (500 mM KCI: 100 mM Tris-HCI. pH 7.6: 10 mM MgCls in sterile
ddH>0) and sterile ddH2O up to a total volume of 100 ul. 25 cycles of 95°C for |
minute. 55°C for | minute and 72°C for 2 minutes are performed in a Perkin Elmer
GeneAmp PCR system 9600 thermal cycler. The concentration and size of the PCR
product is estimated by agarose gel electrophoresis. The PCR product is purified by
mixing 10 ul of PCR reaction mixture with 10U of exonuclease I (USB) and 1U of
shrimp alkaline phosphatase (USB) and incubating the reaction mixture in a

thermocycler at 37°C for 30 minutes followed by enzyme deactivation at 80°C for 15
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minutes. 2 pl of this reaction mixture then is used for cycle sequencing reaction with
custom synthesized primers. An altemnative PCR approach. in which dGTP is replaced
by 7-deaza dGTP in the PCR reaction mixture appears to be very effective in closing
gaps with a high G/C content. Here, the PCR template containing 7-deaza dGMP is
more easily denatured during the cycle sequencing reaction, as 7-deaza dGTP does not
base pair with dCTP.

If the contig order. and consequently the combination of the two custom
synthesized primers used for the PCR reaction, is not known, the Multiplex PCR
(MPCR) can be used. In this method. more than one PCR reaction are pertormed
simultaneously in the same tube, because of the simultaneous presence of multiple
custom synthesized primers included in the reaction. Typically, 20 pmol of up to 20
primers are mixed in the same tube. dried in a vacuum oven and resuspended in 10 ul of
sterile ddH»O. Then the MPCR is performed by mixing 250 ng of the BAC or cosmid
clone DNA. 10 pul of concentrated primers. 25 mM of each dNTPs. 2U of Tuaq
polymerase XL (Perkin Elmer). 2.5 ul of DMSO. 10 ul of 10X PCR buffer (83 mM
(NH4)2S04: 335 mM Tris-HCI. pH 9.0: 33.5 mM MgCl2: 50 mM B-mercaptoethanol
and 850 pg/ml bovine serum albumin) and sterile ddH2O up to a total volume of 50 ul.
The reaction mixture then is incubated in a thermocycler for 6 minutes at 94°C, followed
by 30 to 40 cycles of 94°C for 30 seconds. 55°C for 30 seconds and 65°C for 4 minutes
each. After the concentrations and sizes of the MPCR products are estimated by agarose
gel electrophoresis. the MPCR products are purified by adding 10U of shrimp alkaline
phosphatase (USB) and 100U of exonuclease I (USB) to the reaction mixture. This
mixture then is incubated at 37°C for 30 minutes and the enzymes are deactivated at
80°C for 10 minutes. The MPCR products then are extracted once with one volume of
phenol/chloroform {1:1}. precipitated with 2.5 volumes of 95% ethanol/0.12N NaOAc.
washed with ethanol 70%. dried in a vacuum oven and resuspended in 50 ul of sterile

ddH>0. Typically 2 ul of the MPCR products are used individually for cycle
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sequencing reaction, one reaction being performed with each of the custom synthesized

primers used for the MPCR.

[I-2-3 LI-COR-based DNA sequencing

The average sequence read length generated by the Perkin Elmer ABI 3700 and
377 sequencers is about 500 to 600 bp. However, the LI-COR automatic sequencer
often can generate sequence reads up to ~1000 bp. The LI-COR dye-terminator
sequencing reaction differs from the Perkin Elmer ABI BigDye ddNTP terminator
sequencing reaction by using the same fluorescent-labeled terminator-dye for each
ddNTP instead of four different fluorescent-labeled terminator dyes. Consequently, four
reactions, one specific for cach ddNTP terminators. are prepared and incubated
separately. Because the four reactions are loaded separately. no "spectral deconvolution”
is needed and therefore longer read lengths are possible.

It the gap between two contigs is less than a few hundreds bp long. and if the
sequence of a shotgun read is less than 500 bp away from and pointing toward the end
of a contig, then the corresponding shotgun subclone can be resequenced on the LI-
COR according to the following conditions. Four cycle sequencing reactions are
performed separately. First, a "master mix" is prepared by mixing 1 to 2 ul of subclone
DNA (10 to 20 ng). | ul of forward or reverse universal primers (6.5 uM). [ ul of
reaction buffer. 2 ul of thermosequenase (USB) and sterile ddH>O up to a final volume
of 26 ul. 6.5 ul of the "master mix" are aliquoted into four wells of a 96-well
thermocycle plate (Robbins) to which are added 2 ul of "terminator-mix" specitic for
each ddNTP. 35 cycles are performed in a Perkin Elmer GeneAmp PCR system 9600
thermal cycler according to the following conditions: 95°C for 30 seconds. 50°C for 30
seconds and 72°C for 45 seconds. After the unincorporated dye-terminators are

removed by ethanol precipitation as described above. the reaction mixture is dried in a
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vacuum oven and stored at -20°C. Before loading onto the LI-COR automatic sequencer,
the samples are resuspended in 3 pl of loading buffer (10 mg/ml blue dextran and 5
mM EDTA in deionized formamide) and heated at 95°C for 2 minutes. | ul of each
sample is loaded onto a polyacrylamide gel (0.2 mm) and electrophoresis is performed
for 10 hours. After preliminary data processing, the data are transferred to a local SUN

workstation and analyzed as described above.

[1-2-4 M.J. Basestation-based DNA sequencing

The Basestation, M.J. Research Inc.. is a horizontal slab-gel DNA sequencer
which is capable of sequence read lengths in excess of 1000 bases from the priming site
as it uses thinner gels (50 um) instead of the 200 um thick gels used in the ABI 377.
Here. samples are applied after incubating in the thermal cycler under the identical
conditions as used for the shotgun sequencing reactions described above. The
electrophoresis run conditions of 2200 volts for 6.7 hours. followed by base calling on
the associated computer. often can produce data which is in the 800-1000 base read

length range and thereby close many gaps without excessive additional procedures

being needed.

II-3 Proofreading and correcting the assembled data

Although PhredPhrap gives a highly accurate assembly. some errors may
occasionally occur. especially in complex repetitive regions that are longer than the
average read length of a shotgun read. In this case. false joins will occur between
shotgun reads that otherwise belong to different regions. Several strategies are available

to correct these misassembly problems.



During random shotgun sequencing, shotgun subclones are sequenced both in
the forward and in the reverse direction by using the forward and reverse universal
primers (generating respectively a forward read and a reverse read). Because shotgun
subclones are first size-selected during random shotgun sequencing, and their size
usually cannot exceed ~4 kb, the distance between forward and reverse reads cannot be
longer than ~4 kb. After random shotgun sequencing, several contigs are generated
whose length usually spans several kb. If the forward and reverse reads from a same
shotgun subclone are located in the middle part of two different contigs and therefore
more than ~4 kb appart. it is very likely that one. or both. of these two reads is misplaced
in the PhredPhrap assembly. Thus. the corresponding shotgun subclone is a primary
candidate for assembly proofreading. A list of these shotgun subclones with forward
and reverse reads located on two ditferent contigs can be obtained using a locally
modified program ("printrev_phrap") and the corresponding forward and reverse reads
can be directly located in the assembly by using another locally designed program
("exgap"). The combination of these two programs is used to select several subclones
that can be totally sequenced in both the forward and reverse directions by primer
walking. Here, to accomplish this, custom primers are designed from the forward and
reverse reads of a same subclone and synthesized. Cycle sequencing reactions are
performed in both the forward and reverse directions by using these custom synthesized
primers. The reads generated are used to design and synthesize more custom primers
that will be used for more cycle sequencing reactions. [t is of upmost importance that
the reads generated in both the forward and reverse directions by this series of primer
walking reactions initially be assembled in a separate assembly. and only then the
consensus read generated from this assembly is transferred to the main PhredPhrap
assembly. Since the consensus reads generated from the selected subclones have a read
length of up to ~4 kb and, it can span a unique region of the clone immediately adjacent

to a repetitive region. Any repetitive region which likely caused the original misassembly
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then will be positionned correctly in the new assembly. However, it must be noted that,
even though the consensus assembly is assembled correctly, because of their small size,
the underlying shotgun reads corresponding to this consensus sequence may not be
positionned at the correct repetitive region in the new assembly.

The Phrap-based sequence data assembly accuracy also can be validated by
showing an agreement between the assembly generated by PhredPhrap and the
assembly generated by other programs. such as CAPII and XGAP. Assembly accuracy
can be further verified by alignments performed with available genomic or ¢cDNA
sequences present in databases, such as the GenBank database. In addition. it also may
be useful, in the case of very large repeated sequences. to experimentally generate a
series of nested deleted clones by minitransposon random insertion (Chatterjee and
Coren. 1997) and end-sequencing these deleted clones with specifically designed
custom primers. Here. | pug of clone DNA, previously dried up in a vacuum oven and
resuspended in 2 ul of sterile ddH>O. is mixed with 16 pmol of primer (16 uM). | ul of
25% DMSO (in ddH>0) and 2 ul of ABI BigDye terminator mix and 99 cycles are
performed in a Perkin Elmer GeneAmp PCR system 9600 thermal cycler according to
the following conditions: 95°C for 10 seconds. 50°C for 5 seconds and 60°C for 4
minutes. Then. the reaction products are concentrated by ethanol precipitation. dried in a
vacuum oven and stored at -20°C before loading onto a Perkin Elmer ABI 377
sequencer. The position of the end-sequencing reads in the assembly is used to validate
the assembly by comparing their distance to the end of the assembly with the size of the
deleted clone previously assessed by field inversion gel electrophoresis (FIGE).

Finally. to ensure that each base in the assembly is called correctly. the so-called
"rule of three" is applied. to ensure that each base in the assembly is read
unambiguously at least once in the forward or reverse direction and at least twice in the
opposite direction. usually resulting in less than one ambiguous base every 10 kb as

determined by Consed. If any base is not covered according to the "rule of three".
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further sequencing reads must be generated using custom synthesized primers on a
template(either subclone or the original BAC or cosmid. or PCR products) spanning the
weak region of interest. These reads then are added to the assembly until the Consed

error rate is less than one every 10 kb.

II-4 Sequence analysis

The final stage of a sequencing project consists of analyzing the consensus
sequence generated from the assembly to extract biological information. Programs are
available to perform different tasks. depending on the nature of the research conducted
on the newly obtained sequence. The different tasks performed. and the corresponding

programs, are as follows.

[I-4-1 Detecting regions with repeated sequences

A program called RepeatMasker detects repeat sequences in the consensus
sequence by comparing the query genomic sequence with a database of common repeat
sequences usually present in vertebrate DNA. such as SINEs, LINEs and other known
repeated sequences. The query sequence file is in FASTA format and RepeatMasker
generates an output sequence file in FASTA format containing masked portion
corresponding to detected repeat sequences in the genomic sequence of interest. In

addition, RepeatMasker also calculates the GC% of the consensus sequence.

I1-4-2 Gene prediction

Several programs, such as MZEF (Zhang, 1997). FGENESH (Salamov and
Solovyev. 2000). GRAIL2 (Uberbacher and Mural. 1991) or GENSCAN (Burge and
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Karlin, 1997), are currently available to predict potential coding regions in the genomic
sequence of interest. Potential coding regions prediction is based on codon usage in
open reading frame regions, hexanucleotide distribution and the occurence of a
consensus exon-intron splice site, and although each of the above programs have
specific features, GENSCAN often is the program of choice because of its somewhat
superior performance. However, further studies such as database similarity searches

usually are needed to validate any predicted genes.

[1-4-3 Database similarity searches

Gene prediction validation. as well as the identification of known genes in the
genomic sequence of interest, usually initially are performed by BLAST (Basic Local
Alignment Search Tool) (Altschul er al.. 1990). The BLAST program can search for
homology between a query sequence and the known sequences present in databases
such as GenBank or EMBL (European Molecular Biology Laboratory) databases.
These database sequences are from various species and include cDNA sequences. high
troughput genomic sequences (working draft) or finished genomic sequences. Other
databases. such as the dbEST database. also can be compared to a query sequence.
When homologies are found, alignments are performed automatically between the
homologous regions of a query and database sequences and given in the BLAST output

along with the similarity probability score.
[1-4-4 Promoter and transcription factor binding sites searches
Potential transcription factor binding sites usually are searched by the MOTIF
program which compares a query nucleotide sequence with a database containing a

listing of vertebrate transcription factor binding sites (see http:/motif.genome.ad.jp).

61


http://motif.genome.ad.jp

The query sequence file is in FASTA format and MOTIF generates a table output file in
which the potential transcription factor binding sites are positioned along the query
sequence.

Several programs are available to search for promoters, although their
performance in terms of sensitivity and specificity is generally less than 50% (Fickett
and Hatzigeorgiou, 1997). One such program. Neural Network for Promoter Prediction
(NNPP) (see htp://www.fruitfly.org/seq_tools/promoter.html), predicts promoters
using a neural network and gives relatively accurate results. However, because of their
relatively low accuracy and the high number of false positive predictions. promoter
prediction typically only is performed on relatively short sequences near the possible

transcription start site, where the probability of having a promoter region is strong.

[1-4-5 Sequence Comparison

Several specialized programs are available to perform direct sequence
comparisons. using short cDNA or genomic sequence files in FASTA format. Two
examples are the DOTTER (Sonnhamer and Durbin. 1995) and CROSSMATCH
(P.Green) programs which can compare reasonably large sequences (up to a few
hundreds kb). However, only relatively homologous sequences will give significant
results using these two programs. The CROSSMATCH program generates a list of the
homologous regions of two sequences while the DOTTER program generates a dot
plot. in which a dot is plotted every time a base from the first query sequence is similar
to a base from the second query sequence. PIPmaker (Schwartz et al.. 2000) is a
program that aligns sequences using a high stringency implementation of BLAST.
called BLASTZ and is available at URL: http://bio.cse.psu.edu. This program is
especially useful for comparative genomics and segments of these alignments are then

drawn according to their position in the first query sequence, on a percent identity plot
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(PIP) along the length of the first sequence. Only segments with an identity of 50% or
more are plotted so regions that match poorly appear blank. Finally, sequence
alignments also can be performed by using ALIGN (Myers and Miller, 1989). which
performs alignments between two sequences, and the more widely used CLUSTALW

(Eddy. 1995), which can perform multiple alignments between two or more sequences.

11-4-6 Motif searches

Prediction of functional protein motifs can be performed with ProfileScan (see
http://www.isrec.isb-sib.ch/software/PFSCAN_form.html), and with MOTIF (sec
http://motif.genome.ad.jp), which compare an amino acid query sequence with the
PROSITE and the Pfam protein profile databases. Protein targetting sites can be
predicted by PSortll (Nakai and Horton. 1999), a program which evaluates different
parameters including signal sequence and protein secondary structure bused on the

amino acid sequence and estimates the subcellular localization of the protein.
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Chapter III

Results and Discussion

In this dissertation research. nine mouse BAC clones have been sequenced to
completion, generating 1.928,332 base pairs of DNA sequences. Four BAC clones
(mgs1-68e20. mgsl-166n14, rp22-225p5 and mgsl-423c02) which map to
chromosome 1q21-23 were provided by Dr. P. Lengyel at Yale University. Three BAC
clones (rp23-21118. rp23-9p22 and rp23-395h6) which map to chromosome 1q were
provided by Dr. W. Gu at the JLP VA Medical Center. Loma Linda, CA. Two BAC
clones (rp23-145f9 and rp23-77a8) which also map to chromosome 1q were provided
by Dr. D. Chambliss at the University of Texas Southwestern Medical Center at Dallas.
TX. The chromosomal locations of BAC clones mgs1-68¢20. mgsl-166n14. rp23-
21118, rp23-9p22, rp23-395h6. rp23-145f9 and rp23-77u48 are shown on figure 3.1.
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Tel il Cent
5 & =)
Zee. 2 Fa.n 2 £ me <0 3z & Seo 2.
: v 2 . o .
>§r~r§_‘mlg_\,'2-;f é%‘_‘g";"; Ezéggggg =3 ,._,_‘.,? §_§» 2
?~50939 WE GastgRbeZusbiana o 3h S5ehk
aaddacdde dadaddeo==Slocstilida & BHa a=25a8
105H7 a37114, 3ISAZ4 ZBNT.
21I9K12 12434 305118 g‘?‘gw78
DT oa4s 3986 ACUB3IB02 ACD74310
ACOgamea apm e ___ twemiz 137120 AcD760742
218 6715 67418
ACD74311
43811 15744 A_Gm'?au
134N7 ACDB4821 140E19 55
BSHE
1e8eEe s AC087229x 42305 30018
ACDOS992  14DI1G a5P19 1ES
68EZO(Lr 79
ACDO7049 1T 3 85A8

1 15M13(b781)

Zontig mapped by Weikuan Gu, at the JLP VA Me=dical Center,
Loma Linda, Callfomia and being sequeno=d that the ACGT,
Jniveersity of Cklanhoma, Bruoe Rox's labomatory

Fig. 3. 1: chromosomal locations of the mouse BAC clones. as provided by Dr. W. Gu. The clones
marked with a thick line are being sequenced at the Advanced Center for Genome Technology. The
BAC clones m3-14569 and rp23-77a8 map between the rp23-157j4 and rp23-137i20 clones. The
BAC clones rp22-225p5 and mgs1-423c02 have been mapped to mouse chromosome 1g21-23 and
likely are located 10 a neighboring region.
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During this work, all contigs larger than 2 kb were progressively deposited in
the high-throughput genome sequencing (HTGS) division of Genbank with no
restriction on public access and the sequences for each BAC clone were given the
Genbank accession numbers AC005992 for mouse BAC mgs1-68e20, AC007049 for
mouse BAC mgsl-166n14. AC00694+4 for mouse BAC rp22-225p5, AC008100 for
mouse BAC mgs1-423c02. AC083893 for mouse BAC rp23-21118, AC079446 for
mouse BAC rp23-9p22, AC084821 for mouse BAC rp23-395h6. AC091521 for mouse
BAC rp23-145f9 and AC091523 tor mouse BAC rp23-77a8. respectively.

III-1 Murine Ifi200 family of genes

Mouse genomic sequences corresponding to the [fi200 fumily gene cluster
located on mouse chromosome 1q21-23 was obtained through random shotgun
sequencing of four mouse BAC clones (table 3.1) which formed two contigs (contig |
and contig 2) totaling 390 372 bp that are separated by a gap of unknown size (see Fig.
3.2). Sequencing the numerous repetitive regions on mouse BAC mgs1-423c02 was
accomplished by introducing a series of consensus reads generated by assembling in a
separate assembly "walking" reads from the repeat spanning subclones into the Phrap

assembly (see Materials and Methods).

BAC Size (bps) Position GC%
mgsl-166n14 (b781) 85931 [q21-23 37.62
mgs-68e20 (b779) 154284 1q21-23 38.03
rp22-225p5 (b225) 120856 1q21-23 38.00
mgs1-423c02 (b637) 220020 1q21-23 38.24

Table 3.1: The tfour mouse BAC clones (official name and given name), their positions.
GCC% and sizes. used in this study.
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Fig. 3.2: Locaton of the genes of the mouse 12200 cluster on the two contigs sequenced dunng this
dissertatton research. ? indicates that the expression of “204-hike” remains to be estabhshed.

Initial analysis of the mouse sequence for the above four BAC clones with
BLAST and GENSCAN reveualed the presence of seven genes from the mouse 200
family gene cluster, which all are in the same orientation in the single contiguous
sequence obtained by merging BAC clones mgs1-423c02 and rp22-225p5 (contig 1)
(Fig. 3.2). Two of the seven genes showed a strong sequence conservation with Ifi203,
and therefore have been named [fi203a and [fi203c. whereas the onginal [fi203 gene
was renamed Ifi203b. Although all the exons of [fi203a and [fi203b were present in this
sequenced region. only the last three exons of Ifi203c were present in BAC mgsl-
423¢02. Ifi203. the gene encoding the interferon-activatable protein D3 (Tannenbaum er
al.. 1993) was not observed in any of the sequenced BACs and therefore its exact
genomic location remains unresolved. The exon-intron organization of the sequenced
mouse [f1202b, Ifi202a, [fi203b and Ifi204 genes were deduced by comparison to their

published cDNA sequences. The exon-intron organization of [fi203a and Ifi203c genes
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were determined based on their sequence identity to Ifi203b cDNA sequence, because
their cDNA sequences have not been determined. The exon-intron organization of
[fi201 gene was determined by its BLAST homology to other [fi genes after the protein
coding region was predicted by GENSCAN. The 5' flanking region of [fi201 followed
by the beginning of the first exon (GenBank accession number M31421) appeared to
be located ~5 kb upstream of the first coding exon predicted by GENSCAN. The
pseudogene 1fi202c (Wang er al.. 1999) was present in the sequence obtained by
merging BAC clones mgs{-68e20 and mgs1-166n14 (contig 2) (Fig.3.2). This region
also encodes a series of other previously unknown putative coding regions. After
BLAST analysis revealed that they are directly related to the mouse 200 family gene
cluster, these additional putative coding regions appear to form. along with Ifi202c. a

cluster of 200 family-related genes and pseudogenes.
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As shown on Fig. 3.3, a GENSCAN analysis of contig | revealed that a putative
coding region was present in a segment located between base pairs 98646 and 125808.
A BLAST search of the GenBank non-redundant nucleic acid database indicated that
this segment of contig | shared sequence homology with the two GenBank entries
corresponding to 1f1202a and [fi202b cDNAs. An ALIGN comparison made between
this segment of contig | and the I[fi202a and Ifi202b cDNAs revealed over 99%
sequence similarity between the exonic regions of this putative gene and the [fi202a
cDNA. Therefore. this genomic region corresponds to the eight exons of the Ifi202a

gene which spans 27 kb (table 3.2 and Fig. 3.4).

Ifi202a gene:
ATG stor
1 2 3 4 5 6 7 8
101 07 172 413 189 303 190 244
l REPS) l S I MR I |x7:l4u| S349 I u’nl
p202a protein:
N\ a b ¢

Fig. 3.4: Structural organization of the 111202a gene and its encoded protein. p202a. (Top).
Size in base pairs are given below the introns and above the exons. The exons are indicated
by black boxes. and the connecting introns by horizontal hines. «Bottomy a and b
represents the two 200-amino acid domain conserved among the 111200 famzly of proteins

The Neural Network Splice Site Prediction program (NNSSP) confirmed the
presence of all potential splicing sites at the exon-intron borders of the [fi202a gene that
were predicted by a CROSSMATCH comparison between this genomic DNA segment
and the [f1202a cDNA (table 3.3). Although the exon-intron organization of [fi202a has

been previously determined (Wang er al.. 1999). the length of intron | was unknown
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and these data now suggest that intron 1 is 9.374 bp long. Interestingly. exon 3 of the
[fi202a gene is the first coding exon, and exons | and 2 correspond to the 5

untranslated region of the mRNA.

Exon number Size (bp) Contig position (bp)

1 101 98716-98817

2 67 108191-108258
3 172 113452-113624
4 413 115744-116157
5 189 118029-118218
6 403 118652-119055
7 190 124404-124594
8 244 125564-125808

Table 3.2: Exon sizes and contig positions of the 1fi202a gene.

Donor Site Sequences Acceptor Site Sequences
Exon/Intron Sequence  Intron/Exon Sequence
98819 108190
1/1 caggaagGTgagtt 172 catttatcticettetcaaAGetgacacactetgecttgt
108260 113451
22 cgecttgGTgagtc 2/3  uuctitettttcaaac AGaagaactcaatcaaaaagt
113626 115743
3/3 tggacctGTaagte 3/4  cecrgtatttttcaatgc AGaacaaaaagtcacacac
116159 118028
4/4 agagaagGTaatgt 4/5  atgaattitacttttgc AGaaaaaagtgaatgataaa
118220 11865
5/5 catcaagGTaggaa 5/6 tittgtatatattcttgtAGgga g aagetactaaaa
119057 124403
6/6 atacaggGTaagcet 6/7  gaatgttaatttcttitge AGaaaagticcggaaataat
124596 25563
a catggagGTatgtg 7/8 tlculcuttttcttutcctAthcutcutgcctguuazmt
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Table 3.3: Neural Network splice site predicted sequences: exons and introns are
numbered according to their order in the gene and the numbers on the top of the donor and acceptor sites
correspond to the contig positions. The numbered bases are underlined.

There are two contiguous 200 amino acid domains (domains a and b: see
Introduction) with unknown function in the protein encoded by [fi202a and these two
domains are encoded by exons 4 and 5 and exons 6 and 7 respectively. Initial analysis
of the region 1000 bp immediately upstream of the first exon and the first 200 bp of the
first exon of 1f1202a with MOTIF using the TFMATRIX matrix table (see Table 3.4)
showed that the 5' flanking region of [fi202a contained two shorts interferon stimulated
response elements (GA Box and Friedman-Stark Sequence). A Friedman-Stark
Sequence is located within exon 1 of the Ifi202a gene. 94-122 bp downstream from the
3'end of exon 1, which is downstream of sequence of the 5' termini of the mRNAs. A
GA Box is located immediately upstream from the 5" end of exon 1 of the Ifi202a gene.
The 5' flanking region of 1fi202a also exhibit several potential transcription factor
binding sites for transcription factors that have been shown previously to be expressed
in, or to be important for, the developmen: of cells of the hematopoietic lineages. These
regions include the CCAAT/enhancer-binding protein b(C/EBPb). c-Myb. c-Ets.
GATAL. GATA2. GATA3. MZF1. NF-AT. NF-E2. Ik-1 and Ik-2 transcription factor
binding sites (for review, see Kerhl. 1995). Interestingly. the 5' flanking region of the
[fi202a gene also exhibits potential binding sites for transcription factors whose
regulatory activity is inhibited by the binding of the protein encoded by [fi202a (p202a).
that include c-Fos. c-Jun, c-myc, E2F and MyoD. This region also contains potential
binding sites for transcription factors that mediate the response to a large number of
cvtokines and growth fuactors. termed Signal Transducers and Activators of
Transcription (STAT) transcription factors. In addition. two potential binding sites for
p33 (which recently have been shown to modulate the transcriptional activity of p202a:

see D'Souza er al.. 2001) were found in the 5' flanking region of Ifi202a. 357-379 bp
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and 683-705 bp upstream from the 5' end of exon I. As stated above, the putative
translation start site (ATG) present inside the third exon of the Ifi202a gene is located at

contig position 113505.

Potential binding sites tor transcription
Factors bound by 200 family of proteins

Gene ISRE Potential binding sites

[fi202a/b | GA box and ¢c-Myb. ¢-Ets, GATA, ¢-Fos, ¢-Jun, ¢-myc, E2F-1. MyoD,
F.S. sequence | MZF1.NF-AT. NF-E2. | p33

Ik-1. Ik-2, STAT

Ifi203w/b § GA box ¢-Myb, ¢-Ets. GATA, ¢-Fos, ¢-Jun. MyoD. NF-kB
MZF1, Ik-1. k-2

[fi204 GA box and ¢-Myb. ¢-Ets. NF-AT, ¢-Fos, ¢-Jun, ¢-myc. MyoD. p33
F.S.sequence | GATA. k-1, Ik-2.
SOX5.STAT

11201 F.S.sequence | MZFI. NF-AT. Lyt-1. ¢-Fos, ¢-Jun. NF-kB. MyoD
Ik-1. Ik-2. GATA.
¢-Myb, STAT

*204-like™ | GA box c-Ets. c-Myb. GATA. ¢-Fos. ¢-Jun. MyoD. E2F
Ik-2. STAT

Table 3.4: Potential binding sites for transcription factors. determined using MOTIF. in the first
1000 bp located immediately upstream from the genes of the mouse 200 family cluster. (ISRE)
Interteron-Stimulated Response Element. (F.S.) Friedman-Stark.

The promoter prediction by NNPP did not predict any TATA box-containing
promoter region within one kb upstream of the first exon. This observation is not
surprising since the MNDA protein (see Introduction) also has been shown to lack a
TATA box. However. a MOTIF search on the 5' flanking region of Ifi202a revealed the
presence of potential TATA box elements located 769-783 bp and 290-304 bp.

respectively. upstream from the 5" end of the [fi202a gene. Although a profile database
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(PROSITE) search did not indicate the presence of any particular motif on the protein
encoded by Ifi202a (p202a). the p202a protein has been shown to carry several short
sequences rich in basic amino acids in its amino terminus that serve, in other proteins, as
nuclear targetting signals. The PSortII program predicts that the p202a protein would be
localized in the nucleus. confirming the observation that p202a is localized in the
nucleus after a prolonged exposure of the cells to interferons. The lack of PROSITE-
predicted DNA-binding motifs and the observation that p202a is not released from
isolated nuclei by DNAse I digestion suggest that p202a interacts with proteins, rather

than DNA. in the nucleus.

[11-1-2 Ifi202b gene

The Ifi202b gene was isolated by screening a mouse 129sv genomic DNA
library with a Ifi202a ¢cDNA probe. Besides the BAC clones positive for [fi202a. four
other BAC clones. whose sequences were determined to ditfer from Ifi202a ¢cDNA by
several base pairs were obtained. Because the 129sv mouse strain is an inbred strain that
should be homozygous at all genetic loci. these two groups of BAC clones clearly
contain two different genes. [fi202b and Ifi202¢ (Wang er al.. 1999). The sequence of
these genomic BAC clones confirmed the earlier observation that the Ifi202b ¢cDNA
sequence differs from that of 1fi202a by one dinucleotide substitution and two single
nucleotide substitutions in exon 3. one single nucleotide substitution in exons 4 and 3.
two single nucleotide substitutions in exon 6 and one single nucleotide substitution in
exon 8 (Wang er al.. 1999). The protein encoded by the [fi202b gene (p202b) would
differ from that encoded by the Ifi202a gene (p202a) by only 7 out of 445 amino acids
(Fig. 3.5). This is consistent with the observation that the structural homology between

p202a and p202b is so high that mice knocked out for the [fi202a gene have a wild type



phenotype. A mechanism involving dosage compensation at the posttranscriptional level

by Ifi202b in the knockout mice has been suggested (Wang et al.. 1999).

10 20 30 40 50 60
p202a. MSNRNLRSSTNSEFSEGQHQTPSSDSSGHGEDQPQASPGPNKKSHTPKKNISKGAVLHEK

p202b MSNRNLRSSTNSDLAEGQEQTPSSDSSGHGEDQPQASPGPNKKSHTPKKNISKGAVLHEK

10 20 30 40 50 60
70 80 90 100 110 120
p202a. PMTVMVLTATEPFNYKEGKENMFHATVATESQYYRVKVFNMDLKEKFTENKFITISKYFN
p202b PMTVMVLTATEPFNYKEGKENMFHATYVATESKYYRVKVFNMDLKERKFTENKFITISKYFEN
70 80 90 100 110 120
130 140 150 160 170 180
p202a. SSGILEINETATVSEAAPNQMFEVPKNIIRSAKETLKISKIKELDSGTLIYGVFAVEKKK
p202b SSGILEINETATVSEAAPNQMFEVPKNITIRSAKETLKISKIKELDSGTLIYGVFAVEKKK
130 140 150 160 170 180
190 200 210 220 230 240
p202a. VNDKSITFKIKDNEDNIKVVWDKEQHNINYEKGDKLQLFSFHLRKGNGKPILHSGNHSFI

............................................................

p202b VNDKSITFKIKDNEDNIKVVWDKEQHNINYEKGDKLQLFSFHLRKGNGKPILHSGNHESFV

190 200 210 220 230 240
250 260 270 280 290 300
p202a. KGEKLLKESFEGDGYHKGPKQVVALKATKLFTYDSIKSKKMFHATVATDTEFFRVMVFEE
p202b KGEKLLKESFEGDGYHKGPKQVVALKATKLFTYDSIKSKKMFHATVATDTEFFRVMVFEE
250 260 270 280 290 300
310 320 330 340 350 360
p202a. NLEKKFIPGNTIALSDYFGMYGSLAIHEYSSVSEVKSQNKEDSSSSDERPIEHLKICDLH
p202b NLEKKFIPGNTIALSDYFGMYGSLAIHEYSSVSEVKSQNKEDSSSSDERPIEELKICDLH
310 320 330 340 350 360
370 380 390 400 410 420

p202a. LQTE RL?DG FKVYRKSSGNNCICYGIWDDTGAMKVVVSGQLTSVNCEIGNTIRLVCFE

p202b LQTKERLVDGEFKV!RASSGNNCICYGIWDDTGAMKVVVSGQLTSVNCEIGNTIRLJC:H
380 390 400 410 420

430 440
p202a. LTSNADEWFLRATRYSYMEVIMPEK

p202b LTSNADEWFLRATRYSYMEVIMPEK
430 440

Fig. 3.5: Alignment of the amino acid sequence of p202a and p202b. The substituted
amino acids are in bold.
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A GENSCAN analysis (Fig. 3.3) of contig 1 reveals that a putative coding
region was present in a segment located between base pairs 24697 and 51811. A
BLAST search of the Genbank non-redundant nucleic acid database followed by
ALIGN comparison between this segment of contig | and the IFI202b ¢cDNA revealed
that this segment corresponded to the Ifi202b gene. Although the sequence of exon [ is
not present in the Ifi202b c¢DNA sequence. its position was determined by a
CROSSMATCH comparison between this genomic segment and the [fi202a cDNA.
based on the assumption that there is a strong homology between the Ifi202a and the
[fi202a sequences. This analysis revealed that the 1fi202b gene, similarly to the [fi202a
gene. contains ecight exons spanning 27 kb ot genomic DNA (table 3.5; see also Fig.
3.4) and has the exon-intron borders confirmed by the neural network splice site

prediction program as shown in table 3.6.

Exon number Size (bp) Contig position (bp)
l 101 24762-24863
2 67 34236-34303
3 172 39485-39657
4 413 41777-42190
5 189 44062-44253
6 403 44687-45090
7 190 50447-50637
8 244 51607-51851

Table 3.5: Exon sizes and contig positions of the [fi202b gene.
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Donor site sequences Acceptor site sequences

Exon/Intron Sequence Intron/Exon Sequence
24865 34235
171 caggaagGTgagttc 172 cattatctictactcaaAGetgacacactetgecttg
34305 39484
22 cggeugGTgagtee /3 uucttctttttaaacAGceagaactcaatcaaaaagt
39659 41776
3/3  tggacctGTaagtca 314 cectgtattttttcaatgc AGaacaaaaagtcacacac
42192 14061
44 agagaagGTaatgtg 4/5  atgttaattttactiitgc AGaaaaaagtgaatgataaa
44255 44686
5/5  cgtcaagGTagguag 5/6  uttgtatatattetitgt AGggagaaaagetactanaa
45092 50446
6/6  atacaggGTaagcta 6/7  gaatgttaatttettttgc AGaaaagtticcggaaataat
50039 51606
717 catggagGTatgtge 7/8 ttcatcattttcttatcctAGgteatcatgectgaaaaat

Table 3.6: Neural Network splice site predicted sequences: exons and introns are
numbered according to their positions and the numbers on the top of the donor and acceptor sites
correspond to the contig positions. The numbered bases are underlined.

As with the p202a protein. the [fi202b gene product p202b also contains two
contiguous 200 amino acid domains (domains a and b) that are encoded by exons 4 and
5 and exons 6 and 7 respectively (see Fig. 3.4). A search for potential transcription
factor binding sites using MOTIF on a segment spanning 1000 bp immediately
upstream from the 5’ end of the first exon of Ifi202b followed by the first 200 bp of the
first exon revealed results similar to those obtained for the 5’ flanking region of [fi202a
(see Table 3.4), suggesting a similar mode of transcriptional regulation for both the
[ti202a and Ifi202b genes. A putative translation start site (ATG) is located at contig
position 39538, within the third exon of the [fi202b gene. Promoter prediction by
NNPP did not reveal any TATA-containing promoters within one kb upstream from the
5" end of the first exon. However. a MOTIF search of the 5' flanking region of Ifi202b
indicated the presence of two potential TATA box elements at positions similar to the

ones observed in the 5' flanking region of [fi202a. A PROSITE database search did not
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indicate the presence of any specific motifs on the p202b protein and the PSortll
program predicted that p202b would be localized in the nucleus.

Because of the extensive sequence similarity between the Ifi202a and Ifi202b
gene exonic regions (over 99%), the [fi202a genomic region was compared to the

[fi202b genomic regions using DOTTER (Fig. 3.6).

Cont:igl (horizontal) vs,. Contigl (vertical)

9 5000 10009 15009 20000
NP S NS S O U SR

TN B

25000
9 | —

i

2000 N

SO0 —~
. N
S0 —1

g ~

3000 —

| LINEI |

1oy
R

12000 i h . ' i
129009 4 N

: . N
15000 N
] . AN
:EOOO—:.

] .
20000 = ~
]

4 N . 1
4 . A

23000

4

24000 —4

] LINEI .. N

25200 - S

Fig. 3.6: Dot-plot analysis. using DOTTER. of the Iti202a (horizontal) and [fi202b
(vertical) genomic regions. LINEI are repeat elements disseminated in the mouse
genome. They are indicated by a box in the dot-plot.

A further genomic DNA sequence comparison using CROSSMATCH revealed
that the nucleotide sequence for the genomic regions located between the first exon

(exon 1) and the last exon (exon 8) of the Ifi202a and Ifi202b genes were 99.65%
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similar. Although the coding sequences are extremely well conserved between Ifi202a
and Ifi202b, much of the intronic sequences flanking individual exonic sequences also

are highly conserved (table 3.7).

1£i202a/1f1202b
% sequence identity
exon 1 100
intron 1 99.65
exon 2 100
intron 2 99.63
exon 3 98.26
intron 3 99.76
exon 4 99.76
intron 4 99.89
exon 5 99.48
intron 3 100
exon 6 99.51
intron 6 99.49
exon 7 100
intron 7 100
exon 8 99.52

Table 3.7: Comparison of percentage nucleotide identity of exons and introns of murine 1fi202a and
[1i202b genes using CROSSMATCH.

A dot plot analysis using DOTTER made between the first 2000 bps
immediately upstream of the 5" ends of the first exons of the Ifi202a and Ifi202b genes
also revealed extensive sequence similarity (Fig. 3.7) suggesting a similar mode of
transcriptional regulation. Interestingly. in mice knocked out for p202a. the expression
of Ifi202b mRNA persists at the same level as in wild type mice (Wang et al.. 1999).
suggesting that the [fi202b gene is transcriptionally active in wild type mice and is not

subject to dosage compensation at the transcriptional level in the knock-out mice.
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Fig. 3.7: Dot-plot analvsts. using DOTTER. of the 3 tlanking region of the [ti202a
thorizontal) and Iti202b (vertical) genes. The first 2000 bp upstream trom the
initiation of transcription are analyzed. The hoxed area corresponds to dinucleotide
repeats.

[11-1-3 Ifi203 genes

A GENSCAN analysis (Fig. 3.3) of contig | revealed the presence of three
putative coding regions located at contig positions 3843-10558. 69310-91294, [43300-
165288. respectively. A BLAST search of the Genbank non-redundant nucleic acid
database revealed that these three regions share sequence similarity with the [fi203
cDNA. An ALIGN comparison between each of the three genomic segments of contig |
and the Ifi203 ¢cDNA confirmed that the three genomic segments shared sequence
similarity with the Ifi203 cDNA. further revealing over 99% sequence similarity between

the exonic regions of the second segment (at contig positions 69310-91294) and the
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[fi203 cDNA., indicating that this region contains the [fi203 gene. Analysis of the
second genomic segment revealed seven single nucleotide substitution and two
dinucleotide substitution, when compared to the 1fi203 cDNA, located at the 3' end of
the last exon of the Ifi203 gene. The first genomic region (at contig position 3843-
10558) shared over 90% sequence similarity only with the last three exons of the 1fi203
gene region (see below). The Ifi203 gene with highest homology to the cDNA has been
renamed [fi203b, the "203-like" gene located at contig position [43300-165288 has
been named [fi203a, and the "203-like” gene whose last three exons are located at
contig positions 3843-10558 has been named Ifi203c. in the order of their contig

positions.

[11-1-3-1 Ifi203b gene

The Ifi203b gene contains seven exons, spanning 22 kb of genomic DNA (table

3.8 and Fig. 3.8).

Exon number Size (bp) Contig position (bp)
1 165 69310-69475
2 282 73680-73962
3 121 75067-75188
4 168 76523-76691
5 415 84489-84904
6 190 87576-87766
7 2195 89099-91294

Table 3.8: Exon sizes and contig positions of the [fi203b gene.
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Ifi203b gene:

1

165

ATG
2 3
W2

STOP
4 5 6 7
168 144 415 190 2195

1

4205

203b protein:

1

1105

l335|l()8-l'| 6371 I Z()?ZI 1333.j

Fig. 3.8: Structural organization of the [fi203b gene and its encoded protein. p203. (Top)
Sizes in base pairs are given below the introns and above the exons. The exons are indicated
by black boxes. and the connecting introns by horizontal lines. The white box indicates the
presence of a potential 144-bp-long alternatively spliced exon. The shaded white box
indicates the presence of a potential “tossilized™ exon. (Bottom) b represents the b 200-
amino acid domain conserved among the [f1200 family of proteins. The gray box indicates
the presence of a PAAD/DAPIN domain at the N-terminus ot p203b.

Further analysis of the [fi203b gene region by the neural network splice site

prediction program confirmed the presence of all the potential splicing sites that were

observed by a CROSSMATCH comparison between this genomic segment and the

[fi203 cDNA (table 3.9).

Donor site sequence

Acceptor site sequence

Exor/Intron

1/t

2/2

3/3

4/4

Sequence
69477
cacggagGTaagtct

73964
geaaaagGTaataag

75190
ttcaaagGTaaagtg

76693
aaacaagGTaacact

[ntron/Exon Sequence
73679
172 tgrgtetttaattttit AGgtaatctataatttgagag
75066
2/3 grattttctitaceectacAGticaagagaaaagaaagga
76322
3/4  aaagacaatgttgcttttc AGaaaaagagaaaacagatcac
84488
+/5 tetcatgtggtittatgtAGgcaccaaggagaggaactgt
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84906 87575

5/5 atttaagGTaageca 5/6  aatgttaatttgctttttc AGaaaagtgagaggcatgagtg
87768 89098
6/6 catgcagGTatgtgc 6/7  ucatgtttcttctttaAGgtcatcaatgaaggaaagec

Table 3.9: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

[n earlier studies of the 1fi203b gene (Gribaudo et al., 1997), it was reported that
the p203b protein was hydrophilic and contained 408 amino acids. Since the p203b
protein contains only one copy of the 200 amino acid domains (domain b) encoded by
exons 5 and 6, it has a unique molecular structure among the [fi200 family proteins (see
Fig. 3.8). The region including the first 1000 bp located immediately upstream from the
first exon followed by the first 200 bp of the first exon of the Ifi203b gene was
analyzed for the presence of potential transcription factor binding sites using MOTIF
(Table 3.4). Interestingly. the 5' flanking region of the Ifi203b gene does not contain
any Friedman-Stark sequences which typically are transcribed in the 3' flanking region
of many interferon-activatable genes, among which are [fi202a and Ifi202b. The 5’
flanking region of the [fi203b gene does contain a GA box that is located only a tew bp
upstream from the 5' end of the first exon of the Ifi203b gene. Besides the presence of
many potential binding sites for transcription tactors usually expressed in cells from the
hematopoietic lineage (for review. see Kehrl. 1995), the 5" flanking region of the Ifi203b
gene also exhibits potential c-Fos, c-Jun. MyoD and NF-kB binding sites whose
regulatory activity is inhibited by the protein encoded by [fi202a (p202a). However. the
potential binding sites for p33 found in the 5’ flanking region of the Ifi202a and b genes
are absent in the 5' flanking region of the I[fi203b gene. Taken together. these data
suggest a differential mode of transcriptional regulation for the Ifi203b gene. Since the
putative translation start site (ATG) is located at contig position 73701, inside the

second exon of the Ifi203b gene. it appears that the first exon of the Ifi203b gene is
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non-coding. Gribaudo e al. (1997) demonstrated previously that a stop codon (TGA)
was located at position 1412 in the [fi203 cDNA and that a large portion of the large last
exon (exon 7) of the Ifi203b gene was non-coding, therefore corresponding to a 3
untranslated region. The promoter prediction program NNPP did predict a potential
TATA-containing promoter located 881-931 base pairs upstream from the 5' end of the
first exon that is located upstream from the GA box which confers the ability of the
[fi203b gene to be induced by interterons. This promoter region was confirmed by a
MOTIF secarch made on the 5' flanking region of [fi203b. However. further
experiments, including reporter genes. are needed to determine whether this putative
promoter play any role in the initiation of transcription of the Ifi203b gene in vivo.
Consistent with the results of an immunoblot analysis of subcellular fractions of
interferon-treated Balb/c 3T3 cells which indicated that the p203b protein is present in
the nucleus (Gribaudo er al.. 1997). a PROSITE search revealed the location of two
potential nuclear localization motifs. A Pfam protein profile database search revealed the
existence of a PAAD/DAPIN protein domain at the amino terminus of p203b. which is
entirely encoded by exon 2 of the [fi203b gene (Fig. 3.8). The PAAD/DAPIN [pyrin,
AIM (absent in melanoma). ASC (apoptosis-associated speck-like protein containing a
caspase recruitment domain (CARD). and death-domain (DD)-like/domain in apoptosis
and interferon response} (Pawlowski er «l.. 2001: Staub er al.. 2001) are unique to
vertebrates or vertebrate-specific viruses and are present at the amino terminus of several
different proteins involved in apoptosis and interferon response. One of these proteins
is the ASC protein (Masumoto et al.. 1999). The ASC protein sequence contains a
carboxy terminal caspase recruitment domain (CARD) that binds to other CARDs
during the apoptotic response. suggesting that ASC is directly involved in apoptosis.
The PAAD/DAPIN domain also is present at the amino terminus of the human 200-
family of proteins. Based on secondary structure prediction and sequence alignment.

Martinon er al. (2001) suggested that the PAAD/DAPIN domain is an additional



member of the death-domain-fold superfamily, similar in structure to the DED (death-
effector domain) and the DD (death domain) domains and involved in some protein-
protein interactions between apoptotic effectors during the apoptotic response. Taken
together, these data suggests that p203b may be involved in apoptosis, via some protein-
protein interactions. In addition, PSortll predicted that p203b would be localized in the
nucleus. These data suggest that. in interferon-treated cells, p203b translocates to the
nucleus. However, because no DNA-binding motif has been detected in p203b, it
appears that p203b does not bind DNA but rather may be involved in protein-protein
interactions in the nucleus. Alternative polyadenylation sites have been reported in the 3'
untranslated region of the Ifi203b gene (Gribaudo et al.. 1997) which does not share
homology with the 3' UTR of the Ifi202a gene. Here. six potential poly(A) sites were
identified within the 3' UTR of the [fi203b gene (table 3.10) and northern-blot analysis,
combined with sequencing analysis. revealed that two of these sites. corresponding to
the second and the sixth poly(A) sites, predominantly are used in BALB/c 3T3 cells

(Gribaudo er al.. 1997).

poly(A) sites [fi203 cDNA position (bp)

1466-1471
1636-1641
1710-1715
2045-2050
3361-3366
3513-3518

NN =D —

Table 3.10: the six poly(A) sites located at the 3" end of the 111203 ¢cDNA and their sequence
position.

The 5" end of the If1203b 3.8 kb cDNA hybridizes to a 3.8 kb mRNA and a less
abundant 1.8 kb mRNA in northern-blot analysis. suggesting two different transcription
start sites or different mRNA processing (splicing and polyadenylation site selection)
(Gribaudo er al.. 1997). Interestingly, a BLAST search of the Ifi203b gene sequence

revealed the presence of a short sequence located inside intron 4 that shares 95%
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sequence similarity with the sequence of exon 4 (Fig. 3.8). Whether this sequence
corresponds to a "fossilized" exon or an important functional sequence possibly subject
to alternative splicing has not been established. Potential splice sites GT/AG consensus
sequences are present at both sides of this putative exon. However, this sequence is not
present in any [fi203 mRNAs present in the Genbank database. In addition to this
putative "fossilized" exon, a sequence comparison between the Ifi203 ¢cDNA and a
cDNA corresponding to the 3' end of the Ifi203 ¢cDNA (Genbank accession number
L14559) reveals the presence of an additional 144-bp long sequence in the shorter
c¢DNA. This additional sequence. absent from the [fi203 cDNA sequence. also is located
inside intron 4 of Ifi203b. at position 77775-77918 on the BAC clone mgsi-423¢02
and between consensus GT/AG exon-intron border sequences (Fig. 3.8). [t encodes a
putative 48-amino acid polypeptide that is absent from the amino acid sequence of the
protein encoded by Ifi203b. Although the origin of this DNA segment in the ¢cDNA
corresponding to the 3' end of the 1fi203 ¢cDNA remains to be established, it is likely
that this segment corresponds to an additional exon and that the cDNA corresponds to

the 3' end of a splice variant of the [fi203 gene.

[11-1-3-2 Ifi203a gene

The 1fi203a gene exhibits strong sequence similarity with the [fi203 cDNA. An
ALIGN comparison made between the Ifi203a gene (at contig position [43300-165288)
and the Ifi203b gene sequence reveals that the exonic sequences of the Ifi203a gene
differ from those of Ifi203b by a single nucleotide substitution in exon 3. several
nucleotides differences in the 3' untranslated region (3' UTR). and in exon 7. where in
1fi203a. it is shorter than exon 7 of [fi203b. Thus. the proteins encoded by Ifi203a and

[fi203b differ by only one out of 408 amino acid (Fig. 3.9).
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10 20 30 40 50 60
p203a. MAEYKNIVLLKGLENMEDYQFRTVKSLLRKELKLTKKMQEDYDRIQLADWMEDKFPKDAG

p203b MAEYKNIVLLKGLENMEDYQFRTVKSLLRXELKLTKKMQEDYDRIQLADWMEDKFPKDAG
10 20 30 40 50 60

70 80 30 100 110 120
p203a. LDKLIKVCEHIKDLKDLAKKLKTEKAKVQEKKKGKCKMAGKKKGQDELSSSESLFINKES

p203b LDKLIKVCEHIKDLKDLAKKLKTEKAKVQEKKKGKCKTAGKKKGQDELSSSESLFINKES

70 80 90 100 110 120
130 140 150 160 170 180
p203a. YKSVPSSKKKRKQITKTEGGKKKKLTQEQAQLPETSGTNIKKEEDCLONPHKSPPTPSSS
p203b YKSVPSSKKKRKQITKTEGGKKKKLTQEQAQLPETSGTNIKKEEDCLQNPHKSPPTPSSS
130 140 150 160 170 180
190 200 210 220 230 24

p203a. SSNKAPRRGTVPKEPSREEGHHQGPKQVMVLKVTEPFTYDFEETKRMFHATVATETEFFR

p203b SSNKAPRRGTVPKEPSREEGHHQGPKQVMVLKVTEPFTYDFEETKRMFHATVATETEFFR
190 200 210 220 230 240
250 260 270 280 290 300

p203a. VKVFDTALMSKFIPGKIIAISHYIGCNGFLEIYRASCVSDVNINPTMIISNTLSESAIAT

p203b VKVFDTALMSKFIPGRKIIAISHYIGCNGFLEIYRASCVSDVNINPTMIISNTLSESAIAT
250 260 270 280 290 300
310 320 330 340 350 360

p203a. PKISYLLSQAKGTFVNGEFVVFKKSERHECICYGIGDDTGKMAVVVYGRLTNVRCEPGSK

p203b PRISYLLSQAKGTFYNGEFVVFKKSERHECICYGIGDDTGKMAVVVYGRLTNVRCEPGSK
310 320 330 340 350 360

370 380 390 200
p203a. LRLVCFELTSTKDVCLLRSVRHSYMQVINEGKPLNPDSVRRNSL

p203b LRLVCFELTSTKDVCLLRSVRHSYMQVINEGKPLNPDSVRRNSLEPYF
370 380 390 400

Fig. 3.9: Alignment of the amino acid sequences of p203a and p203b.The substituted
amino acid is in bold.

Based on its strong sequence similarity with [fi203b. the exon-intron structure
of the Ifi203a gene was deducted from a CROSSMATCH comparison between this

genomic segment and the [fi203 cDNA. revealing that the Ifi203a gene. similarly to the



[fi203b gene, contains seven exons. spanning 22 kb of genomic DNA (table 3.11 and

see Fig. 3.8).

Exon number

Contig position (bp)

Table 3.11: Exon sizes and contig positions of the [£1203a gene.

The presence of these splice sites was confirmed by

19

168
415
190
2186

site prediction program (table 3.12).

Donor site sequence

143300- 143465
147682-147964
149069-149190
150525-150693
158495-158910
161583-161773
163102-165288

Acceptor site sequence

the Neural Network splice

Exon/Intron

/1

4/4

W
~
(¥}

6/6

Table 3.12:

Sequence
143467
cacggagGTaagtct

147966
geaaaagGTaataag

149192
ttcaaagGTaaagtg

150695
aaacaagGTaacact

158912
atttaagGTaageca

161775
catgcagGTatgtgc

Intron/Exon

172

2/3

34

4/5

5/6

6/7

Sequence
147681

tgtgtctitantittttAGgitaatctataatitgagag

149068

150524

158494

tctcatgtgtgttttatgtAGgcaccaaggagaggaactg

161382

aatgttaatttgetitttc AGaaaagtgagaggcatgagt

163101

ticatigttttcticttaAGgleatcaatgaaggaaagee

gattttctitaccectac AGticaagagaaaaugaaagga

aaagacaatgtigetiticAGaanaagagaaaacagatcac

—

(1q

Neural Network splice site prediction sequences: exons and introns are

numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.
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A MOTIF search on the segment spanning 1000 bp upstream of the first exon
followed by the first 200 bp of the first exon of the Ifi203a gene gave results similar to
those obtained for the 5' flanking region of 1fi203b (see Table 3.4). Because of the high
level of sequence similarity between the 5' flanking regions of the two genes, it is likely
that the Ifi203a and Ifi203b genes have a similar mechanism for transcriptional
regulation. A putative translation start site is located at contig position 147703, inside the
[f1203a gene second exon and five poly(A) sites were identified within the 3' UTR of the
[fi203a gene. Interestingly, one of the two poly(A) sites (the sixth poly(A) site: sec table
3.10 and Gribaudo er al.. 1997) predominantly used in BALB/c 3T3 cells for the
[f1203b gene is absent in the 3' UTR of the Ifi203a gene. A search of the Pfam protein
profile database revealed the existence of a PAAD/DAPIN domuin at the amino
terminus of p203a. similar to the one found at the amino terminus of p203b. In addition,
a CROSSMATCH comparison between the [fi203a gene sequence and the sequence of
the putative 144-bp long putative alternatively spliced exon found in intron 4 of [fi203b
reveals a sequence similar to the 144-bp long putative exon in intron 4 of [fi203a, at
position 151777-151920. This suggests the existence of a splice variant form of the
[fi203a gene. containing an additional segment encoded by the putative exon located
between exon < and 5 of the [fi203a gene.

Because the sequence similarity among the [fi203a and Ifi203b exonic regions
is extensive (over 99%). the Ifi203a genomic region (exonic and intronic regions) was
compared to the [fi203b genomic region by dot plot analysis using DOTTER (Fig.
3.10). This result and a CROSSMATCH comparison reveal that the sequence for the
genomic regions located between the first exon (exon [) and the last exon (exon 7) of
the Ifi203a and Ifi203b genes have over 99% similarity. Therefore, the Ifi203a gene
shares strong sequence similarity with [fi203b. as observed for [fi202a compared with

[fi202b. Interestingly, the putative protein encoded by [fi203a differs from p203 by only
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one out of 408 amino acid, whereas p202a differs from p202b by seven out of 445

amino acids.
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Fig. 3.10: Dot-plot analysis, using DOTTER. of the 1f1203a thorizontah) and 1fi203b
(verticah) genomic regions.

As was the case for [fi202a and b, the intronic sequences flanking individual

exonic sequences are well conserved between the [fi203a and If1203b genes (table 3.13).

I£i202a/1£1202b 1£1203a/1£i203b
% sequence identity | % sequence identity
exon 1 100 100
intron 1 99.65 99.41
exon 2 100 100
intron 2 99.63 99.63
exon 3 98.26 99.19
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intron 3 99.76 99.48
exon 4 99.76 100
intron 4 99.89 99.62
exon 5 99.48 100
intron 5 100 99.81
exon 6 99.51 100
intron 6 99.49 99.4
exon 7 100 99.81
intron 7 100 N/A
exon 8 99.52 N/A

Table 3.13: Comparison of percentage nucleotide identity of exons and introns of murine [fi202a and
[ti202b genes and murine I£i203a and [fi203b genes using CROSSMATCH.

A dot plot comparison of the first 1000 bp located immediately upstream of the
5' ends of the first exons of the Ifi203a and b genes reveals extensive sequence
similarity. suggesting a similar mode of transcriptional regulation (Fig. 3.11). as was the

case for the 1t1202a and 1fi202b genes.
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Fig. 3.11: Dot-plot analysis, using DOTTER. of the 3" flanking region of the [{1203a
thonzontal) and Iti203b «verucal) genes. The tirst 1000 bp located upstream from the
initiation of transcription are compared.
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I11-1-3-3 Ifi203c gene

An ALIGN comparison between the first genomic segment (at contig position
3843-10558) and the genomic region encompassing the last three exons of the I[f1203b
gene, reveals that the coding regions corresponding to the last three exons of the [fi203¢
gene (not including the 3' UTR located at the end of exon 7) differ from those of
[fi203b by only seven single nucleotide substitutions in exon 5. The exon-intron
borders of the last three exons of the [fi203c gene. as determined by a CROSSMATCH
comparison between this genomic segment and the 1fi203 c¢DNA. revealed a strong

sequence similarity between the 1fi203b and Ifi203c genomic sequences (table 3.14).

Exon number Size (bp) Contig position (bp)
5 415 3843-4258
6 190 6926-7116
7 2129 8429-10558

Table 3.14: Exon sizes and contig positions of the [ast three exons of the Ifi203¢ gene.

The results from the Neural Network splice site prediction program confirmed
the presence of potential splice sites at the exon-intron borders corresponding to those
delimited by a CROSSMATCH comparison between this genomic segment and the

[fi203 cDNA (table 3.15).

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
4260 6923
5/5 atttaagGTaageca 5/6  aatgttaatttgettittcAGaaaagtgagaggeatgagtg
7118 8428
6/6 catgcagGTatgtgc 6/7  ucaugtutcttctttaAGglcatcaatgaaggaaagee
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Table 3.15: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

Analysis of the 3' UTR of the Ifi203c gene also showed the presence of six
polyadenylation sites at positions that were similar to the ones found in the 3' UTR of
the Ifi203b gene (see table 3.10 and Gribaudo et al., 1997). Whether the 1fi203c gene is
transcriptionally active is still unknown because the 5" end of the [fi203¢ gene remains

to be sequenced.

11-1-4 [fi204 gene

A GENSCAN analysis (Fig. 3.3) of contig | revealed the presence of a putative
coding region at position 170378-189955 which had sequence similarity to the Ifi204
cDNA. An ALIGN comparison of this region and the Ifi204 ¢DNA confirmed the
presence of the [fi204 gene in contig 1. Only three nucleotides diftered (one in exon 7
and two in exon 9) between the [1fi204 cDNA and the Ifi204 gene exonic sequences. A
CROSSMATCH comparison between this genomic region of contig | and the [fi204
cDNA revealed that the Ifi204 gene consists of nine exons spanning a genomic region
of ~19 kb (table 3.16 and Fig. 3.12). Interestingly. the exon-intron structure of the
[fi204 gene is similar to that of the 1fi202a and b genes. This [fi204 gene also contains
an additional putative exon encoding a seven amino acid repeat (TSTAGAR) domain
that would be located at the amino terminus of p204. but was not observed in p202a and
p202b. This seven amino acid repeat domain also is present in the amino terminus of the
D3 protein (encoded by the [fi205 gene) where it consists of four pertect and three
imperfect repeats, which could form a largely alpha helical structure. In addition. similar

to p202a. the amino terminus of p204 also has several short sequence regions that are

91



rich in basic amino acids and are similar to sequences that have been shown to serve as

nuclear targetting signals in other proteins.

Exon number Size (bp) Contig position (bp)
1 108 170378-170486
2 283 175392-175675
3 259 176891-177150
4 158 177653-177811
5 422 181239-181661
6 188 184368-184556
7 416 185220-185636
8 190 187864-188054
9 322 189633-189955

Table 3.16: Exon sizes and contig positions ot the Ifi204 gene.

Ifi204 gene:
ATG STOP
1 2 3 4 5 6 7 8 9
108 283 259 188 422 158 dlo 1) 2

p204 protein:

N a b C

Exons:ZIS 4| 5 |6| 7 |8 9

Fig. 3.12: Structural organization of the 111204 gene and its encoded protein. p204. (Top) Sizes.
in base pairs, are given below the introns and above the exons.The exons are indicated by black
boxes and the connecting introns by horizontal lines. (Bottom; a and b represent the two 200-
amino acid domains conserved among the 111200 tamily of proteins, The gray box indicates the
presence of a PAAD/DAPIN domain at the N-terminus ot p204.



The results of the Neural Network splice site prediction program analysis
confirmed the presence of potential splice sites at the exon-intron borders indicated by

the CROSSMATCH comparison of this genomic region and the Ifi204 cDNA (table

3.17).
Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
170488 175391
171 caggaagGTgagtic 172 tgecaauttttticttccAGgctcageaacaacticanag
175677 176890
2/2 tcagaagGTaacaca /3 aaaaagtctccacatcctAGtaacaggagaaacatcac
177152 177652
3/3 agcccagGTgagcect 34 gggcagtggatatatitc AGaaaagaaaaagtatgaga
177813 181238
+/4 ggctaagGTacaage 4/5  cecrgtatttgttcaacacAGaaccaaaaatcacaaceca
- 181663 ) 184367
5/5 acacaagGTaaggtg 56 atgttaatcttactittgcAGaaaacagtgaaccgaaaga
184558 185219
6/6 catcaagGTtagtatg 6/7  rtcatatgtgtgttitatgtAGatatcanagagaggaaatgt
185638 187863
177 aaataagGTaageeg 78 aatgttaatitgetitttc AGaaaacggacaggaataaatt
188056 189632
8/8 catgcagGTacgtge 8/9  ttcatnguttcticttaAGgtcatcaatgctagaaaglg

Table 3.17: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A region including the first 1000 bp located immediately upstream from exon |
followed by the first 200 bp of exon 1 of the I[fi204 gene was analvzed for potential
transcription factor binding sites using MOTIF (table 3.4). Interestingly. the results
were highly similar to those obtained by comparing the 5' flanking regions of the

[fi202a and b genes. In addition. two Interteron Stimulated Response Elements (ISRE).
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a Friedman-Stark sequence and a GA box. are located a few base pairs upstream from
the transcription initiation region of the Ifi204 gene. The Friedman-Stark sequence is
located at the border between exon | and the 5’ flanking region of the [fi204 gene. The
5' flanking region of the Ifi204 gene also contains several potential transcription factor
binding sites that have been implicated in the development of hematopoietic lineage cells.
such as k-1, [k-2, c-Myb. c-Ets, NF-AT or SOXS. These regions may be important in
this context as Gariglio er al. (1998) demonstrated that the Ifi204 gene had an
expression pattern that was restricted to cells of the monomyelocytic lineage. suggesting
its involvement in the ditferentiation and maturation of this cell lineage. In addition. the
5' flanking region of the [fi204 gene has potential binding sites for transcription factors
whose activity is modulated by members of the [fi200 family. including c-Myc. MyoD.
c-Fos and c-Jun. as well as for STAT transcription factor that mediates the cell response
to a variety of cvtokines and growth factors. The 5' flanking region of the [fi204 gene
also shows two potential binding sites for p53 at 104-126 and 699-721 bases upstrecam
from the 5' end of exon 1. Taken together. these data suggest that [fi202a, Ifi202b and
[fi204 have a similar mode of transcriptional regulation. A DOTTER comparison
between the 5' flanking regions of [fi202a and Ifi204 (the first 1000 bp immediately
upstream from the first exon followed by the first 200 bp of the first exon) revealed
their extensive sequence similarity (Fig. 3.13), consistent with the thought that Ifi202a
and [fi204 have a similar mode of transcriptional regulation. Since the translation start
site (ATG). as defined by Choubey et al. (1989). is located at contig position 175419,
inside exon 2. exon | of the Ifi204 gene contains the 5’ untranslated region. Promoter
prediction by NNPP did not predict any TATA box-containing promoter in the 1000 bp
located upstream from the 5' end of exon 1. suggesting that the [fi204 gene is another
example of a gene lacking TATA box sequences in its 5' flanking region. However. a
MOTIF search on the 5' flanking region of Ifi204 predicted the presence of TATA box

elements. 763-777 bp upstream from the 5' end of the Ifi204 gene. The poly(A) site
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described by Choubey er al. (1989) is located at contig positions 189933-189938, 611
bp downstream from the 3' end of the last exon (exon 9). A search of the Pfam protein
profile database indicates the presence of a PAAD/DAPIN domain at the amino
terminus of p204 (Fig. 3.12). similar in terms of structure and sequence to the ones
found at the amino termini of p203a and p203b. Finally, a PROSITE search of the
protein profile database predicted the presence of potential bipartite nuclear localization
signal, consistent with earlier indirect immunofluorescence microscopy experiments on
interferon-treated cells reporting that the p204 protein is located in the nucleolar and

nucleoplasmic fraction (Choubey and Lengyel. 1992).
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Ifi204 expression apparently is restricted to cells of myeloid origin (Gariglio er
al., 1998), in contrast with the [fi202a gene that is widely expressed and can be induced
in various organs, such as spleen, heart and brain, all of which are negative for p204
induction. The protein encoded by Ifi204 (p204) has two contiguous amino acid
domains (domains « and b), similar in structure to the ¢« and b domains of p202a and
p202b. Even though these two domains are encoded for p202a and p202b by exons 4
and 5 and exons 6 and 7, respectively. but by exons 5 and 6 and exons 7 and 8.
respectively. for p204 (Fig. 3.12). they likely arose from duplication of an ancestral
domain. However, p202a, p202b and p204 also possesses unique sequences that may
reflect their individual functions. As mentioned above. p204 (as well as D3) has a large
insertion containing a series of short seven amino acid repeat sequences of unknown
function, as well as a PAAD/DAPIN domain absent from the amino terminus of p202a
and p202b. The p204 and the D3 proteins have a narrow range of tissue distribution. as
they are selectively induced in vivo by interferons in macrophages only (Lembo et al..
1998). This expression pattern. that differs widely from the one observed for p202a.
could indicate that each member of the Ifi200 family is endowed with specific functions
in specific cell lineages. It also appears that both p202a and p204 are involved in
protein-protein interactions inside the nucleus. but their structural variations may
indicate different interactions with various nuclear proteins are required to exert their

antiproliferative activities.

II1-1-5 Ifi201 gene

The [fi201 gene is the fifth member of the murine [fi200 gene family cluster
sequenced during this dissertation research. Since its cDNA has not been cloned or
sequenced previously. it was difficult to determine the exact position of the Ifi201 gene

in the Ifi200 gene cluster. However, the 5' flanking region followed by exon 1 of a
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putative Ifi201 gene was located at contig position 194862-195810 by a
CROSSMATCH comparison between this segment of the Ifi20l gene (Genbank
accession number M31421) and contig 1. In addition. a GENSCAN analysis of contig
I locates a putative gene at contig position 199986-213291 (Fig. 3.3) that could
correspond to the coding region of the Ifi201 gene. A search of the 5' flanking region
followed by the first exon for potential transcription factor binding sites using MOTIF,
reveals several interesting features (Table 3.4). First. the 5' flanking region of the Ifi201
gene contains potential binding sites for transcription factors that are expressed in cells
of the hematopoietic lineage. such as MZFI. NF-AT. Lyf-1, Ik-1, Ik-2. GATAIL
GATA2, GATA3, CCAAT/Enhancer Binding Protein (C/EBP), c-Myb, for STAT
transcription factors and for transcription factors whose activity is modulated by other
members of the [fi200 family of proteins, such as c-Fos. c-Jun, NF-kB and MyoD.
Furthermore. although an Interferon-Stimulated Response Element (Friedman-Stark
sequence) is located inside exon 1. similar to the Friedman-Stark sequence located
inside exon 1 of the Ifi202a and b genes. no GA box was detected using MOTIF.
Finally. no p53 binding site similar in sequence to those found in the 5' flanking regions
of the Ifi202a, Ifi202b and Ifi204 genes. was detected in the 5' flanking region of the
[fi201 gene (see Table 3.4). Taken together, these data suggest a mode of transcriptional
regulation for the Ifi201 gene that may be similar to that determined for the [fi203a and
b genes. However, since the [fi203a and Iti203b genes lacked a Friedman-Stark
sequence while containing a GA box in their 5" flanking regions. an observation
opposite to that found for the [fi201 gene. the Ifi201 gene likely has a different mode of
interferon transcriptional activation. Finally, a Ptam search on the putative protein
encoded by Ifi201. p201 (whose sequence was deduced from GENSCAN) reveualed the
existence of a PAAD/DAPIN domain at the amino terminus of p201. These results

indicate that p201. along with p203a. p203b and p204. but not p202a or p202b. share a
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common structural feature (the PAAD/DAPIN domain) indicative of their putative role

in apoptosis.

[11-1-6 Ifi202c pseudogene and others possible genes

An [fi202c pseudogene, along with the Ifi202b gene discussed above. initially
was discovered by screening a mouse 129sv genomic DNA library with a 202a cDNA
probe (Wang er al.. 1998). When compared to the [fi202a exonic sequences. [fi202c
had a single nucleotide substitution in exon <. two single nucleotide substitutions and a
nucleotide deletion in exon 6. one single nucleotide substitution in exon 7 and one
single nucleotide substitution in exon 8. The single nucleotide deletion in exon 6 results
in a translational frameshift mutation. and any resulting translated protein encoded by

[f1202¢ would be truncated because of an in-frame stop codon. (Fig. 3.14).

p202a MSNRNLRSSTNSEFSEGQHQTPSSDSSGHGEDQPQASPGPNKKSHTPKKN
p202b MSNRNLRSSTNSDLAEGQHQTPSSDSSGHGEDQPQASPGPNKKSHTPKKN
p202c MSNRNLRSSTNSEFSEGQHQTPSSDSSGHGEDQPQASPGPNKKSHTPKKN
p202a ISKGAVLHEKPMTVMVLTATEPFNYKEGKENMFHATVATESQYYRVKVEN
p202b ISKGAVLHERKPMTVMVLTATEPFNYKEGKENMFHATVATESKYYRVKVEN
p202c ISKGAVLHEKPMTVMVLTVTEPFNYKEGKENMFHATVATESQYYRVKVEN
p202a MDLKEKFTENKFITISKYFNSSGILEINETATVSEAAPNQMFEVPKNIIR
p202b MDLKEKFTENKFITISKYFNSSGILEINETATVSEAAPNQMFEVPKNIIR
p202c MDLKEKFTENKFITISKYFNSSGILEINETATVSEAAPNQMFEVPKNIIR

AR A AL SRR EREREEEEEEREEESEEEEEELESEEIE RS IEJJEIIEII SRR
p202a SAKETLKISKIKELDSGTLIYGVFAVEKKKVNDKSITFRKIKDNEDNIKVV
p202b SAKETLKISKIKELDSGTLIYGVFAVEKKKVNDKSITFKIKDNEDNIKVY
p202c SAKETLKISKIKELDSGTLIYGVFAVEKKKVNDKSITFKIKDNEDNIKVV

LA A RS R AL LSRR LR EE SRR REE R RS RS E SRR SRR ERE R RERRESEREE]

p202a WDKEQHNINYEKGDKLQLFSFHLRKGNGKPILHSGNHSFIKGEKLLKESF
p202b WDKEQHNINYEKGDKLQLFSFHLRKGNGKPILHSGNHSFVKGEKLLKESF
p202c WDKEQHNINYEKGDKLQLFSFHLRKGNGKPILHSGNHSFIKGEKLLKESF

B AR LRSS A S SRR SRR SRS Rl S R R SRR R R R SRR R ELEEERE RS ES

p202a EGDGYHKGPKQVVALKATKLFTYDSIKSKKMFHATVATDTEFFRVMVFEE
p202b EGDGYHKGPKQVVALKATKLFTYDSIKSKKMFHATVATDTEFFRVMVFEE
p202c EGDGYHKGPKQVVALKATKLFTYDS IKSKKMFHATVATDTEFFRVMVFEE
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A RS R R R R A S A R R A S SRS RS R SRR RS RS E R AR SRR SRE SN

p202a NLEKKFIPGNTIALSDYFGMYGSLAIHEYSSVSEVKSQNKEDSSSSDERP

p202b NLEKKFIPGNTIALSDYFGMYGSLAIHEYSSVSEVKSQNKEDSSSSDERP
p202c NLEKKFIPGNTIALSDYFGMYGSLANMNIPACLR----~---—---= -~~~
p202a IEHLKICDLHLQTEERLFDGEFKVYRKSSGNNCICYGIWDDTGAMKVVVS
p202b IEHLKICDLHLQTKERLVDGEFKVYRKSSGNNCICYGIWDDTGAMKVVVS
P202C mm e e e e e e e e e e -
p202a GQLTSVNCEIGNTIRLVCFELTSNADEWFLRATRYSYMEVIMPEK

p202b GQLTSVNCEIGNTIRLVCFELTSNADEWFLRATRYSYMEVIMPEK

D202C s e e et e oo

Fig. 3.14: Clustal alignment of the amino acid sequences of the p202a. p202b proteins
and the putative p202c protein.The mouse protein sequences are indicated on the left.
The comparison was performed using the CLUSTALW program. (*) I[dentical or
conserved residues in all sequences of the alignment: (:) conserved substitutions: (.)
semi-conserved substitutions.

Wang er al. (1998) reported that no 202¢ mRNA was detected by RT-PCR or
by sequencing the ESTs from several murine tissues and cell lines before and after
interferon treatment. Thus, they proposed that this putative [fi202¢ gene might be a
pseudogene. Additional fluorescence in sirt hybridization (FISH) colocalized the
[f1202a and b genes and the 1fi202c pseudogene on the same distal region of mouse
chromosome 1. indicating that this pseudogene is present in the same genomic region as
the Ifi202a and b genes (Wang et al.. 1999).

A GENSCAN analysis of contig 2 revealed that a putative seven exon-coding
region was present in a genomic segment located between base pairs 61679-79950 that
represents exon 2 to exon § of the putative [fi202c pseudogene described by Wang et
al. (1999) (Fig. 3.15). The resulting exon 2. 3, 4. 5. 6, 7 and 8 sequences (Genbank
accession numbers AF141664. AF141665. AFL141666. AF141667. AF141668.
AF141669 and AF141670. respectively) were merged and an ALIGN comparison made

between the genomic segment and the sequence generated by merging the Genbank
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entries corresponding to exons 2 to 8 of the [fi202c cDNA confirmed that this segment

corresponds to the Ifi202c pseudogene.
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Fig. 3.15: GENSCAN analysis of contig 2. The genes and pseudogenes present on this clone
are indicated.

The predicted translation start site (ATG) of the truncated protein encoded by
the [f1202c pseudogene is located inside exon 3. in a position similar to the translation
start sites in the Ifi202a and b genes. Based on the observation of a strong sequence
similarity between [fi202a and Ifi202c exonic sequences. a CROSSMATCH
comparison was made between exon | of I[fi202a and a genomic segment corresponding
to the first 10000 base pairs located immediately upstream from the 5’ end of exon 2 of
[f1202c. Interestingly. no sequence similar to [fi202a exon | sequence was found.
indicating that there is no exonic sequences homologous to the first exon of the Ifi202a
gene in the region upstream from the second exon of the Ifi202c pseudogene. This

suggests that the duplication event leading to the appearance of the [fi202¢ pseudogene
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resulted in the loss of exon 1 and, likely, of any transcriptional regulatory region located
upstream from the first exon. A CROSSMATCH comparison between the first 1000 bp
located upstream from the first exon of the 1fi202a gene and the first 10000 bp located
upstream from the second exon of the Ifi202¢ pseudogene and a MOTIF analysis made
on the first 1000 bp located upstream from the second exon of the Ifi202¢ pseudogene
did not indicate the presence of any significant transcription factor binding sites.
including interferon-stimulated response elements. Thus, it is likely that the Ifi202¢
pseudogene is not expressed since it lacks any known transcriptional regulatory
regions.

A GENSCAN analysis of contig 2 revealed several other putative coding
regions, besides Ifi202c (Fig. 3.15). A BLAST search made on a predicted coding
region at contig position 97371-104776 revealed sequence similarity with the first five
exons of the Ifi203b gene. A dot plot comparison. using DOTTER. between the contig
region at position 97371-104776 and the genomic region between the tirst and the last
exons of the Ifi203b gene (Fig. 3.16) revealed sufficient sequence similarity with part of
the Ifi203b gene to speculate that a partially duplicated region of the Ifi203b gene might
be present. Another dot plot comparison between the genomic region at contig position
97371-130000 and the [fi203 cDNA (Fig. 3.17) further confirmed the presence of
sequences similar to the first five exons of Ifi203b within this partially duplicated
region. A BLAST search made on the genomic region at contig position 97371-130000
against a mouse-specific dbEST database did not reveal any significantly homologous
EST sequences. Although the origin of this genomic region is unknown. it is likely that
this region contains a truncated Ifi203 pseudogene that was generated by duplication of
an ancestral Ifi203 gene or by progressive mutations in a duplicated [fi203 gene that

rendered it non-functional. during the evolution of the mouse [fi200 gene family cluster.
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A BLAST search on a predicted coding region at contig position 18705-53100
revealed sequence similarity with the Ifi204 cDNA sequence. A dot plot comparison.
using DOTTER, between the genomic segment located between the first and the last
exons of the Ifi204 gene and the contig region at position 18705-53100 indicated
regions of sequence similarity (Fig. 3.18).
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Fig. 3.18: Dot-plot analysis. using DOTTER. of the Ifi204 gene (horizontal)
and the putative "204-like™ gene (vertical).

Another dot plot comparison made between the contig region at position 18705-

53100 and the Ifi204 cDNA revealed the presence of nine putative exons similar in
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length to the nine exons of the Ifi204 gene (Fig. 3.19), suggesting the existence of a

gene encoding a protein similar to p204.
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Fig. 3.19: Dot-plot analysis, using DOTTER. of the putative “204-like” gene (horizontal) and
the 111204 ¢cDNA (vertical).

This putative gene would span a genomic region of ~34 kb. which is longer than
the region spanned by the Ifi204 gene. A putative translation start site (ATG) is located
at contig position 21986, but because of a seven nucleotide insertion. a poly(A) site
similar to that in Ifi204. as defined by Choubey er al. (1989). is absent. However. other
possible candidate poly(A) sites are present at contig position 52897-52902 and 53133-
53138. The search for potential transcription factor binding sites. using a MOTIF
search of the first 1000 bp located immediately upstream from the 5' end of this putative

gene revealed that, while the Ifi204 5' flanking region contains two [SREs (Friedman-

104



Stark sequence and GA box), only one ISRE (GA box) could be found in the '
flanking region of this putative gene. Also, besides the presence of binding sites for
transcription factors importan for the development of hematopoietic cells, such as c-Ets,
c-Myb. Ik-2, GATAIL, GATA2, GATA3. and for STAT transcription factors, several
potential binding sites for transcription factors whose activity is regulated by other
members of the Ifi200 gene family. such as c-Fos. c-Jun, MyoD and E2F, were found
(see Table 3.4). The sequences of each exon of this putative "204-like” gene were
deduced after a GENSCAN and a CROSSMATCH analysis. based on their strong
sequence similarity with the [fi204 cDNA. The virtual cDNA sequence of the "204-like"
gene was deduced by merging the sequence of each exons. and comparing it. using
ALIGN, to the sequence of the Ifi204 ¢cDNA. At the nucleotide level. these two
sequences shows a 85.4% similarity (Fig. 3.20).
10 20 30 10 50 50

I£i204 TTTCTCATTTACTGACTTATCTGCCTACCTACTCAAGCCAAGCAGSCCACTTCTTGACCC

Centig TTTCTCAGTTACTGAATTATCTGCCTACCTACTCAAACCAAGCAGGCCACTTCTG- - -TT
10 20 30 40 50

7Q 80 20 170 110 120
I£1204 GOTGAAGGTCTCAGIATCTGTACATCACTGCAGAAATATCCAGGAAGGCTCAGCAACAN

Centig GTTGA: Gn""C'TCaGC-‘.CC’TCT‘C-s’I‘TCx_TC«_CGnA:—T TCCAGGGAGTATAACCAACAAC
50 70 80 ELS] 109 110

130 140 150 180 170 180
I£i204 TTCAAAG ATGGTGAATGAATACAAGAGAATTGTTCTGCTGAGAGGACTTGAATGTA

Centig 'T"I‘G.-RA..-“G ATGGAGAATGAATATAAGAGACTTCTTCTGC TGGAAGGACTTGAATGTATCAA
120 130 140 1540 160 170

189 200 219 228 230 24
I£1204 TAAGCATTATTTTAGC TTATTTAAGTCATTGC TGGCCAGAGATTTAAATC TGGASAGAGA

Centig TA ‘GCA'T‘C.;:&TTCMI“.". -«.’I""T%AG"‘CAT’ICA’IC«.:’IC‘ SAGATTTA A’I’C’T‘CGA.-\GAAG-x
180 190 200 210 220 230

250 60 27 280 290 300
I£1204 CAACCAAGAGCAATAC: -\C CACGATTCAGATTGC TAACATGATGGAAGAGASATTTCCAGC

Centig C.k-xCCAAG.—«.Cu'-.—\.—\TAT-XCC:-CGT’I‘TCAG.-‘.".G,TAAC.-{"Cn"‘”"”“ AAGAAATTTCCAGC
240 250 260 Z70 280 290

310 320 330 20 3150 380
I£1204 TGATTCTGGATTGGGCAAACTGATTGAGTT ‘I’*C’IG:‘-..-'«.GA—R TACCAGCTCTTAGAAASCG

Contig ""GATGC'TC-GA'I"ICQ. CAAACTGATCA: CT’“’I”IC'T'CA. CGTGTACCAACTCTTAAAAAACG
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I£1i204

Centiag

I8i204

Centig

300 310 320 330 340 350

370 38¢c 390 400 41
AGCTGAAATTCTTAAAAAAGAGAGATCAGAAGTA - - ~ACAGGAGAAACATCACTGGAAAA

TGCTGAAATTCTTAAAAAAGAGAGATCAGAAGTAGTAACAGGAGAAACATCACTGGAAAT
360 370 380 390 400 110

420 430 44 450 4690 470
ATGGETCAAGAAGCAGGTCCTGCAACACCTACATCAACTACAAGCCACATGTTAGCATC

«*.A..—'.T RGGC.- AGAAGCAGGTCCTGCAACACCTACATCAACTACAAGCCACATGTTAGCATC
420 430 440 450 460 470

480 460 500 510 520 530
TGAAAGAGGCGAGACTTCTGCAACCCAGGAAGAGACT TCCACAGC TCAGCECGGGGACTTC

TGAAAGAGGCGAGACTTCCGCAACCTCAGGAAGAGACTTCCACAGLCC C.-*. ------------
180 190 500 210 320
540 550 5¢Q 570 380 590

CACAGCTCAGGCGAGGACTTCCACAGCTCAGGLGAGGACTTCCACAGC TCAGGCGAGGAC

530

600 510 520 630 540 650
TTCCACAGCTCAGGLGAGCACTTCCACACCTCAGGCGGGECACTTCCACAGCTCAGAAAAG

TTCCACAGCTCAGGCGGGGACTTCCACAGC TCAGGCEGGGACTTCTACAGCCCAGAAAAG
540 550Q 560 570 580 590
560 670 580 590 700 710

:‘.AAAAGT:\’TC:&Gr\G.r‘J‘.GAACnG CTGGAGTGAAAAAGAGCAAGGTGCGCTAAGGAACCAGA

GAAAGP TATGAGTGAAGAAAAGACTGAC G’IGAAGFV‘-.GATCA-.GGCA’I‘C TCGG:‘\.A.r\GC.‘\Gr\
500 510 520 &30 540 550

720 73¢C "40 750 760 770

TCAGCCTCCCTGTTGTGAAGAACCCACAGCCATGTGCCAGTCACCAATACTCCACAGCTC

TCAGCCTCCCTGTTGTGAAGCACCCACAGCCACATGCCAGTCACCAN Tn"‘CCCnGuT"""C
660 870 680 690 700 710

780 790 800 810 820 830

ATCTTCGGCTTCATCTAACATTCCTTCGGC TAAGAACCAAAAATCACAACCCCAGAATCA

ATCTTCGGCTTCATCTAACATTCCTTCGEITAAGAAC C:‘..?G*A.:s”‘CnCAnC CCi C.-sGAAC
720 730 740 750 60 770

840 850 860 870 880 890
GAATA’I"I‘CC CAGAGGTGCTGTTCTCCACTCAGAGCCCCTGACAGTGATGGTGCTCACTGE

GAAC.-&T'T‘C\. CAGAGGTGCTGTTCTCCACTCAGAGCCCCTGACAGTGATGGTGCTCACTGC
780 790 809 810 320 830

Q0 ¢1la 820 91¢ 240 250
AACAGACCCATTTGAATATGAATCACCAGAACATGAAGTAAAGAACATGC TTCATGCTAC

AACAGACCCATTTGAATATGAATCACCAGAACATCGAAGTAAAGAACATGTTTCATGCTAC
840 859 860 870 880 390

1\0

960 970 980 ge0 1000 1010
AGTGGCTACAGTGAGCCAGTATTTCCATCTGAAAGTTTTCAACATCAACTTGAAAGAAAA
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Contig AGTGGCTACAG”GAGCCAGT%TTTCCAmGTGAAAuTTTTCAACATCGnTTTGAnnGAGAA
900 910 920 930 940 950

1020 1030 1040 10590 1060 1070
I£i204 GTTCACAAAAAAGAATTTTATCATCATATCCAATTACTTTGAGAGCAAAGGCATCCTGGA

Contig GTTCACAAAAAATAATTTTATCACCATATCCAATTACTTTGAGAGCAAAGGCATCCTGGA
960 970 280 990 1000 1010

1080 1030 1100 1110 1120 1130
£1204 GATCAATGAGACTTCCTCTGTGTTAGAGGCTGCTCCTGACCAAATGATTGAAGTGCCCAA

Contig GA*CAA“GAGnCTmCCTPWGTGTTnGAGGg”GCTCCTAAACAAATGATTGnAGTGCCCAA
1620 1030 1040 1050 260 1970

1140 115C 1160 1170 1180 1190
Ifi204 CAGTATTATCAGAAATGCAAATGCCAGTCCTAAGATCTGTGATATTCAAAAGGGTACTTC

Contig CTGTnTTnCCnG“‘TGCwnn“GCCnGTCCT GATCTGTGATATTCAAAAGGGTACTTC
1380 1090 1100 lllO 1120 1130

1200 1210 1220 1230 1240 12590
I£i204 TGGAGCAGTGTTCTATCGAGTCTTTACATTACACAAGAAAACAGTGAACCGAAAGAACAC

Contlg TGGAACrGTGTTCTATGG GTGTTTA CnTTRPACAAGnAAnAnGTG““CnCnGnnCnC

1140 1150 1260 1170 1180 1190
1280
LACGATCGTTCAGIAN

Contig RAGC“ATGAAATAAAAGn GGTTCAGGAAGTATAGAAGTGGTGGGGAGTGGACAA A
1200 1210 1220 1230 1240 1250

1320 1330 1240 1350 1360 1370
IZi204 CAACATCAACTGCAAGGAAGGAGATAAACTCCACCTCTTCTGCTTTCACCTGAAAACAAT

Contig CAACATCAACTGTAAGGAAGGAGATAAGCTCCACCTCTTCTGCTTTCACCTGAS AnGn 2
1260 1270 1280 1290 1300 1310

1380 1390 1400 1310 142 1430
I£1204 TGACAGGCAACCAAAGTTAGTCTGTGGAGAACACAGTTTCATCAAGATATCAAAGAGAGS

Contig AnGnGCbKL “‘PT“ﬁGTG”G“GGAGnCCnCnGTTTCwT”AAGnCnCC GG?"GG
1320 1330 1340 1350 1360 1379

1440 1450 14680 1470 1480 1480
I£1204 AAATGTACCAAAGGAGCCTGCTAAGGAAGAAGATCACTATCATGGTCCCAAACAAGTGAT

Contig A CTGTnCCAAAGGrGCCTTC“ GGG%A“"GGTCAC CATCAAGGTCCCAAACAAGTGAT
13380 13sQ 1400 1410 1420 1430

1500 1510 1520 1530 1540 1850
204 GGTGCTGAAAGTAACAGAACCATTTACATATGACCTGAAAGAGGATAAMAGAATCTTTCA

Contig GumG”TGAAnGTnACAGAnCCATTTA TmeACC”GGAA AATAAAATGATGTTTCA
144 1450 1460 1470 1430 1490

1560 15790 1580 1580 1600 1810
I£i204 TGCT: CCGTGGC“AC“CD“C‘GAG””C“TCAGAG”CAAGGTTTTTGn ACAGCTCTAA,

Contig TGCTACAGTGGCTACTGAAACTGAGTTCTTCAGAGTGAAGGTTTTTGACACAGCTCTAAS
1500 1510 1320 15390 1540 1530
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1620 1630 1640 1650 1660 1870
I£i204 GAGCAAGTTCATCCCAAGAAATATCATTGCCATATCAGATTATTTTGGGTGCAATGGGTT

Contig GAGCAAGTTCATCCCAGAAAATATCATTGCCATATCAGATTATTTTGGGCTCAATGGGTT
1560 1570 1580 1590 1600 1610

1680 1690 1700 1710 1720 1730
1£i204 TCTGGAGATATACAGAGCTTCCTGTGTCTCTGATGTGAACGTTAATCCAAGAATGGTTAT

Contig mCTGGnGﬁTnCnCPGCGnTmCCmCTGmGTCTGKTGTGAACGAAAACCCACCAATGQTTGT
1620 1630 1640 1650 660 1670

1740 1750 1760 1776 1780 1790
I£i204 CTCAAATACACTGAGACAAAGAGCTAATGCAACTCCTAAAATTTCTTATCTTTTCTCACA

Contig CanGATnC.CTGAnGCAaAAnGC AAAGCAACTCCCAMAATTTCTTATCTTTTCTCACA

1580 1690 1700 1710 1720 1730
1800 1810 1820 1830 1840 1850
I£i204 AGCAA GACATTTGTGAGTGGAGAGTACTTAGTAAATAAGAAAACGGAGAGGAATAA
Contxg AnCAnTGGuG GATTTGTGAA' TGuAnTnTTTTT.G" AGAAAACTGAGAGGAAT
1740 1750 1760 1 70 1780 1790

1860 1870 1880 1890 1900 i9
I£1204 ATTCATTTACTATGGAATTGGAGATGATACAGGGAAAATGSAAGTCGTGSTTTATGGAAG

Cont'g nGTCﬂT*TnCTxTGGnnTTGnﬁGanrT \CAGGGAAAATGG: GTGGTGGT“TA“GGACG
18090 1810 1820 1830 1840 1850
1920 1930 1940 18590 1860 1870

I£1204 ACTCACCAATGTCAGGTGTGAACCAGGCAGTAAACTAAGACTTGTCTGCTTTGAATTGAC

Centig ﬁCTCACC“”‘TC G”G*GnACCnGGCﬂGTéAACTTnGnCTTGTCTG”TTT"‘TTGAC
1860 18790 1880 1890 1800 1910

1880 1990 2000 2010 2020 z030
1204 TTCCACTGAAGATGGGTGGCAGCTGAGGTCTGTAAGGCACAGTTACATGCAGGTCATCAA

Contig TTCCACTGAAGATGGGTGGCAGCTGAGGTCTGTAAGGCACAGTTACATGGAGGTCATCAA
1920 1930 1940 1950 1960 1970

2040 2050 2060 2070 2080 20¢¢
I£1204 ”CCTA@MGNMGG‘ AAGCCACTCAACCCAGACTCAGTCGGGAGAACCTCTCTGGAAC

Contig *CCTAGAAAGTGAAGwAAAuCCACTC .TCCAGACTCAGCCAGGAGATCCTCTCTGG AC

1980 1990 2000 2010 202C 2030
2100 2110 212¢ 2130 2140 21590
I£i204 C--m--- ATACTTCTGAAAACCTGAATGCCAATGATATTTTTTTGTGGAGATAAGATTCA

ontig CTGGumGnTﬂCTTC”GAnAnCCTGGnTGCC. “GnTnCT” TﬂCn GAAGACAAGAT*CA

2040 2030 20630 2070 2080 2090
2160 2170 2180 219 2200 2210
ATATCAGTCCTATAAAGATTATCTC

I£1204 ATTACAGAAAATAAATGTGTAGAAG-CCTATTGAAN
Contig AGTAGAGAAAATnnATGmGCAT«”GuCC“GTTGAAATACCA”CCCTA”TAAAACCAGC”C
2160 2110 2120 2130 2140 2150

2220 2230 224 2250 2260
I£i204 TTAATTCTAGCAAATGGTATTTTCTTATATCTTTAC -ACATTTT-CTAT -ATCTAAATT -

Contig TTAATTCTAGGAMATGGTGCTITC '"LAL(JL I'TT LAA’I‘ xCATTTTTC In'I'”n’I‘CTl.AA'T"T""

108



I£1204

Contig

2160 2170 2180 2190 2200 2210

2270 2280 2290 2300 2310 2320

2220 2230 2240

2330 2340 2350
ATAAAAATAAATTCACACAATTTCTGT

Fig. 3.20: Alignment of the cDNA sequences of the Ifi204 gene (top) and the "204-
like" putative gene (bottom). The two sequences exhibit 85.4% sequence homology.

The corresponding amino acid sequence of the putative "p204-like" protein was

deduced from the sequence of each putative exon and compared. using ALIGN, to the

sequence of p204 (Fig. 3.21).
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Fig. 3.21: Alignment of the amino acid sequences of p204 (top) and the putative "p204-
like" protein (bottom)

This comparison reveals that p204 and the putative "p204-like” protein shares
81.4% sequence similarity at the amino acid level. and shows that three of the seven
amino acid repeats present at the amino terminus of p204 are absent at the amino
terminus of the putative "p204-like” protein. Taken together. these data suggest that the
putative "204-like" gene encodes for a new member of the 200-family of proteins.
similar, in terms of sequence. to the protein encoded by [fi204.

The p204 protein contains two ¢ and » domains that are conserved among the
members of the 200 fumily of proteins and these two domains are encoded by exons 3
and 6. and exons 7 and 8. respectively, of Ifi204. The « and » domains of p204 shows
over 90% sequence similanty with two segments of the putative "p204-like” protein.
encoded by exons 5 and 6. and exons 7 and 8. respectively. indicating that "p204-like”
contains two « and b domains. The D3 protein does not contain a b domain and its
carboxy-terminus is made of a short non-conserved domain following the a domain.
Because of the strong sequence similarity between the protein encoded by the D3 gene
and the amino terminus of p204 (Tannenbaum et al.. 1993), a CROSSMATCH analysis
was made between the genomic sequence of the "204-like"” gene and the D3 cDNA. The
CROSSMATCH comparison between the genomic sequence of the "204-like" gene and
the D3 cDNA revealed the first six exons of the putative "204-like" gene. as well as the

presence of an additional exon containing a STOP codon located inside the intron 6 of
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the putative "204-like" gene. The sequence of this putative additional exon was deduced.

using GENSCAN and CROSSMATCH, based on its strong sequence similarity with

the D3 cDNA. When merged with exons 1-6, this putative "204-like"” gene created a

virtual open reading frame from the seven exons. The resulting cDNA was translated.

and the deduced amino acid sequence compared. using ALIGN. to the sequence of the

D3 protein. Interestingly. the two sequences shares 86.4% sequence identity (Fig. 3.22).
10 29 30 10 50 80

oD3. fa MVNEYKRIVLLRGLECINKHYFSLFKSL L-‘«RDLNL:.:&DNQ..Q {'I'I‘TQI ANMMEEKFPADS

virc|v NCENEVKR.‘VLL:;GL:.C INFHQFNLFKSLMVEDLNLEEDNQEKYTTFQIANMMYVFXF PADA

10 20 30 40 50 50

7Q 80 EL¢ 1040 110 120

pD3.fa GLGKLIEFCEEVPALRFRAEILKY ERS::.V"'C:.TSLuﬁhGQEAGP-\TPTST’TSF’!LnS:RG
virt 1\/ GLD!\L INFCERVPTLFEXKRAEILKXKERSEVTGETSL Q EAGPATPTSTTSHMLASERG
70 80 90 i O 0 110 120

130 140 150 180 172 180

pD3.fa ETSATQEETSTAQAGTSTAQAGTSTAQAGTSTAQFR¥ SMREEETGVFKSKARKEPDQPPC

virt|{V ETSATQEETSTAQVRTSTAQAGTSTAQAGTST Qmu\GMSEEE’TD‘J’ ﬁ\ I r’ASGr\.-.DQ PEC
130 140 150 160 17 180

190 200 21 220 230 240
pD3.fa CEEPTAMCQSPILHSSSSASSNILSARNQKSQPCONGNIPRGAVLHSEPLTVMVLTATDEFR

vire|v C“'GP'”.».""CQS SQ/SSSASSNIPSr.rOIQrSQPQNQN;?RGAIL:{SLDL’I"'INL""R’*'DD"
190 200 210 ZZo 230 240

250 260 270 280 290 300
pD3. fa EYESPEHEVIAREFHATVATYSQYFHVKVENIDLKEKF TRNNF ITISNYFESKGILEINET

vire [V EYESPEHEVKIMFHATVATVSQYFHVKVEFNICLKEKFTEANF ITISNYFESKGILEINET
250 260 270 280 290 300

310 320 330 340 150 380
pD3.Ia SSVLEAAPKQMIEVPNCITRMAMASPKICDIQKGTSGTVFYGVF TLHKEKKVKTCONTSYED

virt|V SSVLEAAPKQMIEVPNCITRNANASPKICDIQKGTSGTVFYGVFTLHKFE/ETQNTSYE

310 320 330 330 350 3¢0
370 g0 330 4100 410 420
pD3. fa FDGSGRIEVVGSGOWHNINCKEGDKLHLFCFHLFRERGQPKLVCGDHS FVKVTKAGKKKE

virt|V KDGSGSIEVVGSGUWHNINCKEGDKLHELFCFHLKRERGQPKLVCGDHSFVEVTHAGKRFE
370 380 3380 400 410 42

virt |V ASTVQSSTKNEEENDYPKYVGIKVEMPK
430 240



Fig. 3.22: Alignment of the amino acid sequences of the D3 protein (top) and the virtual
amino acid sequence deduced from the alternatively spliced form of the putative "204-
like" gene (bottom).

Putative Ifi204-like gene:

ATG STOP STOP
1 2 3 4 5 6 6 7 8 9
10} 284 196 158 422 188 N2 416 188 R |
B B o g | 2 o poln +—
s LRt 07 R3] 2088 2oon U 806 M) 1462
Putative p204-like protein:
N a b C

Putative D3-like protein:

N a C

Exons: 2 3 I 4 I 5 | 6 6’

Fig. 3 23 Structural orgamization of the putative “204-like”™ gene and its encoded protemns. (Top) Sizes, 1n
base pairs, are given below the introns and above the exons. The exons are indicated by black boxes and the
connectng introns by horizontal lines. (Bottom) a and b represent the two 200-amino acid domains conserved
among the 111200 family of proteins. The gray box indicates the presence of a putatve PAAD/DAPIN domain.

Taken together. these data raise the possibility of a new "204-like" gene whose
translation product shares 81.4% sequence identity with p204. In addition. the presence
of the additional exon inside intron 6 of this "204-like" gene suggests the possibility of
an alternatively spliced form of "204-like" that could contain the first 6 exons of "204-
like" and the additional exon. which would result in a translation product that shares
86.4% sequence identity with the D3 protein. A similar approach used with Ifi204 did
not reveal that the D3 gene was an alternatively spliced form of [fi204. [t remains to be
established whether D3 corresponds to a splice variant of a still unknown gene sharing
some sequence similarity with Ifi204 . or whether the duplication of the "204-like"

putative gene led to the appearance of the Ifi204 and D3 genes. The organization of the
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putative "204-like” gene, along with its corresponding putative p204-like and D3-like

translation products. are summarized on Fig. 3.23.

[II-1-7 Repeat elements in the mouse Ifi200 cluster

Repeat elements in the mouse [fi200 gene cluster were identified using
Repeatmasker and localized using PIPmaker (see Materials and Methods).

Analysis of the repeat elements in the 236088 base pairs of contig | showed that
they make up to 39.63% of the sequence of this contig (table 3.18). Interestingly. most
of the repeat elements (~75%) were members of the LINE! family. Other abundant
repeat elements in the mouse lineage. such as the SINE Bl and B2 repeat elements,
represent only 4 to 5% of the repeats. Inspection of the distribution of the repeat
elements in the contig also shows that the LINEs are equally distributed within large
intronic and intergenic regions. Although overall, LINEs occur mostly in gene-poor AT-
rich regions of the human genome. this tendency is not observed here. as the LINEI
elements represent about 30% of the total sequence of this gene-rich region. Becuause
many of the genes present in this region do not have any orthologs in the corresponding
human cluster. it is likely that they arose from duplications that are specific to the rodent
lineage. Also. because LINEs are present in both species. the appearance of LINEs must
have predated human and mouse speciation. indicating that their presence in this region
probably occured prior to the duplications leading to the Ifi200 cluster. These
duplications also likely led to the duplication of intragenic LINE elements and thus
explain, at least partially. the emergence of such a high percentage of LINE elements in
this region. In addition. new intergenic LINE elements could arise from the high rate of
recombination in mouse. The presence of such a high percentage of LINEs in this
region may have been the driving force behind the duplications leading to the

appearance of this cluster. The low amount of SINEs may be explained either by a
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decline in their activity during the evolution of the cluster or by unexplained negative

selection events.

number of length percentage
clements occupied of sequence
SINEs: 33 4153 bp 1.89%
Bls 19 2438 bp 1L11%
B2-B4 14 1715 bp 0.78%
IDs 0 0 bp 0.00%
MIRs 0 0 bp 0.00%
LINEs: 72 64982 bp 29.53%
LINEI 72 64982 bp 29.53%
LINE2 0 0 bp 0.00%
L3/CRI1 0 0 bp 0.00%
LTR elements: 30 10875 bp 4.94%
MaLRs 5 900 bp 0.41%
ERVL 0 0 bp 0.00%
ERV_classl 0 0 bp 0.00%
ERV_classll I8 5986 bp 272%
DNA elements: 5 1223 bp 0.56%
MERI| _type 3 611 bp 0.28%
MER2_type 0 0 bp 0.00%
Unclassified: 0 0 bp 0.00%
Total interspersed repeats: 81233 bp 36.92%
Small RNA: 0 0 bp 0.00%
Satellites 0 0 bp 0.00%
Simple repeats: 66 4316 bp 1.96%
Low complexity 33 1645 bp 0.75%

Table 3.18: Identification of the repeat elements on contig I.

The analysis of the repeat elements in the 154284 base pairs of contig 2 shows

that they make up to 36.56% of the sequence of this contig (table 3.19). This

observation is similar to that observed above for contig I. since the LINE elements here

also contain only LINEI family elements and represent ~70% of the total repeat



elements present. Only ~5% of the total repeat elements in this contig are SINE Bl and

B2 elements. Thus, these two contigs share common repeat element distributions.

Inspection of the position of the LINEs in this contig shows that they mainly are present

in the region encompassing the "204-like", 202c and "203-like" genes (or pseudogenes)

(see Fig. 3.25). These LINEs occur within the intronic and intergenic regions of these

genes or pseudogenes at a percentage similar to contig 1. suggesting that they appeared

during the evolution scale at a time similar to the time of appearance of the I1fi200 genes.

and that multiple duplications led to the simultaneous appearance of genes and

pseudogenes within this region.

number of length percentage
elements occupied of sequence
SINEs: 23 3049 bp 1.98%
Bls 7 787 bp 051%
B2-B4 15 2143 bp 1.39%
IDs 0 0b 0.00%
MIRs 1 119 bp 0.08%
LINEs: 52 40032 bp 25.95%
LINEI 52 40032 bp 25.95%
LINE2 0 0 bp 0.00%
LTR elements: 22 7783 bp 5.04%
MaLRs 3 435 bp 0.28%
Retroviral 15 6037 bp 391%
DNA elements: 2 454 bp 0.29%
MERI _type 2 +54 bp 0.29%
MER?2_type 0 0 bp 0.00%
Unclassified 2 1011 bp 0.66%
Total interspersed repeats 52329 bp 33.92%
Small RNA 0 0bp 0.00%
Satellites 0 0 bp 0.00%
Simple repeats 47 2978 bp 1.93%
Low complexity 25 1096 bp 0.71%

Table 3.19: [dentification of the repeat elements on contig 2.
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II1-1-8 Mouse Ifi200 gene cluster: a summary

In this dissertation research. seven genes were predicted in contig I, and three

genes or pseudogenes were predicted in contig 2 (table 3.20).

Gene or pseudogene Contig position Biological effects Tissue distribution

[fi203c (last 3 CXOI’-I;) 3843-10558 unl-(-n-own unknowx;" o

Ifi202b 24762-51851 unknown unknown

[fi203b 69310-91294 unknown unknown

[fi202a 98716-125808 retards cell thymus. heart.
proliferation muscle...

[fi203a 143300-165288 unknown thymus. bone

marrow and spleen

[fi204 170378-189955 retards cell myeloid tissues
proliferation
and triggers
myoblast fusion

Ifi201 199986-213271 unknown unknown
[fi205 unknown unknown myeloid tissues
"204-like” 18705-53100 unknown unknown
[fi202¢ 61679-79950 unknown unknown
"203-like” 97371-104776 unknown unknown

Table 3.20: Contig position, biological effect and tissue distribution of the genes and pseudogenes
analyzed in this dissertation research. [fi205 position remains to be established. The "204-like. [fi202¢
and "203-like” genes or pseudogenes are positioned on contig 2.The [fi203¢. 1ti202b. [f1203b. [f1202a.
[fi203a. Ifi204 and [fi201 genes are positioned on contig 1. Determination of the contig positions is
described d above.

Because of the extensive sequence similarity between the [fi202a and [fi202b

exonic and intronic regions. and between the I[fi203a and [fi203b exonic and intronic

regions. the sequence of these regions revealed the precise distribution pattern of the
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genes present in this cluster. A DOTTER comparison between contig 1, and itself (Fig.
3.24) revealed that a genomic region of approximately ~60 kb, containing the [fi202a
and [fi203a genes. was duplicated to form the region of the cluster that contains the

[fi202b and [fi203b genes.

::nnix irgryzznnal w5, Jontigl cvertizal
wesLe

B S OO0 t€Iooa T

1i203¢ {

[ti202b
[t1203b
Iti202a

1It1203a

Fig. 3.24: Dot-plot analysis, using DOTTER. of contig | thorizontal)
and itself (vertical). The positions of the 1112024, [1i1203a. [11202b,
[11203b genes and the last three exons of the [1i203¢ genes are
indicated on the vertical axis.

Another DOTTER comparison between contig [ and contig 2 (Fig. 3.25)
revealed that a portion of the same genomic region, ~40 kb containing the Ifi202a gene
and the first five exons of the Ifi203a gene was duplicated to form the cluster containing
the "203-like” and [fi202¢ pseudogenes. It appears therefore that the genomic region
containing the [fi202a and Ifi203a genes was duplicated at least twice during the

evolution of this mouse Ifi200 gene cluster. Although the physical basis of this
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duplication remains unknown, it could be related to the unusual amount of L1 repeat

elements in this genomic region.

teiT.fasta, e maririnesl .3, o7TR vastas semtizsl.
e

111202¢

*203-like™

SO |

Fig. 3.25: Dot-plot analysts. using DOTTER. of conug 1 chonizontal) and
contig 2 (vertical). The positons of the 1£1202¢ pseudogene and the “203-
like™ putative gence are indicated on the vertical axis.

[11-1-9 Comparative analysis of the mouse and human Ifi200 gene

clusters

The comprehensive annotation and analysis of a DNA sequence generally is
based on two approaches. The first approach is based on the comparison of genomic
sequences with other genomic or cDNA sequences or ESTs. Although this approach

can find. and often identify. a high percentage of orthologous or paralogous genes in a
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given sequence, it obviously is limited by the amount of data present in these databases.
The second approach involves heuristic exon prediction programs. These programs are
based on typical exon characteristics, such as codon usage, hexanucleotide distribution
and consensus exon-intron splice sites. While they give a useful initial identification and
characterization of a given sequence, they also have the tendency to produce large
amounts of false positive predictions. Similarly, programs used for the prediction of
promoters and other regulatory elements also give a high number of false positive
predictions. To limit false positives. sequences regulating gene expression are predicted
on very short sequences, where the probability of having regulatory sequences is strong.

The recent completion of the human genome sequence and the progress of the
mouse genome sequence allow identification of new genes and regulatory elements
based on their cross-species conservation. The premise of this approach is that. while
non-coding (intronic and intergenic) regions exhibit varable levels of sequence
stmilarity between species. coding regions and other functionally important regions are
usually strongly conserved. The detailed analysis of sequences in conserved segments
may help our understanding of the genomic organization of important genes and
suggest candidate regulatory regions likely to carry important biological functions.
Several comparative studies on a number of regions in the mouse and human genomes
already showed the value of this approach. Footz er al. (2001) identified two putative
genes In the cat eye syndrome critical region on human chromosome 22. in the absence
ot any EST hits. by comparing segments of human genomic sequences with segments
of mouse genomic sequences from the region of conserved synteny on mouse
chromosome 6. Also. the comparative genomic sequence analysis of the human and
mouse cystic fibrosis transmembrane regulator (CFTR) genes by Ellsworth er al.
(2000) proved to be a useful tool for the structural characterization of the CFTR gene in
mouse and human and of potential sequences regulating their expression in both

species. Finally. the comparative genomic sequence analysis by Mallon er al. (2000) of
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the human and mouse Bpa/Str region located on the X chromosome of both species and
encompassing a pair of murine X-linked dominant disorders aided the identification of
at least four putative conserved genes in the region.

As discussed in the Introduction chapter. the human counterpart of the mouse
[fi200 gene cluster is made up of three genes whose expression is under complex
controls. The first gene encodes the Myeloid Nuclear Differentiation Antigen (MNDA).
Partial sequencing of the purified protein followed by cDNA cloning revealed that this
protein of 403 amino acids includes one 200 amino acid domain (domain «). The amino
terminus of this protein is homologous to the amino termini of the [FI-16, p204 and D3
proteins and these four proteins also share a potential nuclear localization sequence
(AQKRK). In addition. MNDA has a short unique sequence in which 12 out of 23
amino acids are identical with those in a sequence of the interteron-inducible
transcriptional repressor [RF-2 protein. The second gene encodes the 729 amino acid
IFI-16 protein. IFI-16 includes two 200 amino acid domains (domains « and b). The
two domains are separated by a unique 116 amino acid spacer domain, whereas. in the
case of p202a and p204, the two domains (« and b) are contiguous. The amino terminus
of this protein is homologous to the amino termini of the MNDA, p204 and D3
proteins. Also. IFI-16 shares with these proteins a potential nuclear localization signal
(AQKRK). The genomic organization of the IFI-16 gene (Trapani er al.. 1994) has 10
exons covering at least 28 kb of genomic DNA. Euch of the two domains (¢ and b) are
encoded by specific exons: exons 4 and 5 for domain «. exons 7 and 8 for domain b.
The 116 amino acid spacer domain is encoded by exons 5 and 6. indicating that exon 3
encodes for both a portion of the « domain and a portion of the spacer domain. The
third gene encodes the 344 amino acid AIM2 protein. AIM2 includes only one 200
amino acid domain (domain a) and shares strong sequence similarity with 200-family
proteins, such as IFI-16. MNDA and p204. Unlike the other members of the 200-family

of proteins, which are primarily located in the nucleus (IFI-16, MNDA and p203) or are
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detected both in the cytoplasm and the nucleus (p202). cell fractionation followed by
western-blot analysis showed that AIM2 is primarily located in the cytoplasm (Choubey
et al., 2000). Psortll analysis further predicts that AIM2 is localized in cytoplasmic
membranous organelles, including mitochondnia.

The genes encoding MNDA, [FI-16 and AIM?2 were mapped using various
techniques. including pulse field gel electrophoresis and fluorescence in sine
hybridization (FISH). The three genes are localized to human chromosome 1q21-23 in
a region that is conserved in human and mouse. [nitial analysis of this region using
GENSCAN and BLAST indicates that the MNDA and [FI-16 genes are in the same
orientation, whereas the AIM2 gene is in the opposite orientation, i.e.. is located on the
complementary strand of DNA. This location of the MNDA. [FI-16 and AIM2 genes
reveals that the mouse Ifi200 gene cluster and its human counterpart are located within a

large linkage group conserved between human and mouse.

II-1-9-1 Human/mouse cluster genomic sequence

comparison

[t is interesting to note that. while the mouse [fi200 gene cluster consists of at
least eight genes. two pseudogenes and maybe an additional Ifi200-related gene (the
seven genes, the two pseudogenes and the "Ifi204-like" putative gene discussed in this
dissertation research plus the [fi205 gene. encoding the D3 protein), its human
counterpart likely only contains three genes (MNDA. IFI-16 and AIM2). The region of
genomic DNA encompassing these three genes has been previously sequenced
(Genbank accession number AP002534). Although the reasons behind this structural
discrepancy remain to be established. it is possible to compare the human and mouse

cluster genomic sequences using the approach depicted in the percent identity plot (PIP)

shown in Fig. 3.26.
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This graphical overview facilitates identification of conserved exons and shows

the arrangement of repeat elements and CpG islands. As presented in Fig. 3.26. the

majority of the mouse 200 gene family exons from all seven different genes shows

some degree of sequence conservation while there is an absence of conservation in
and 3' flanking. intronic and intergenic regions. The absence of conservation in the

flanking region of the genes of the mouse [fi200 cluster is surprising, suggestin

N

(¥ )

d

({]e]

mode of transcriptional regulation that may differ. at least partially. from that of the

human Ifi200 cluster genes. Interruption in sequence alignments mainly is observed in

repeat-rich regions. However. two small

intronic regions did show sequence

conservation with the human 200 tamily gene cluster. indicating either a duplication

event or a biologically relevant sequence. The PIP indicates that all genes in the region

have diverged at a similar rate (the amount of percent identity is similar for every aligned



segments). However, several exons, including exons | and 3 of [fi202a, [fi202b. Ifi203a
and [fi203b, as well as exon 1 of Ifi204, did not show any sequence conservation with
the human sequence. In the case of Ifi202a and [fi202b, significantly more sequence
conservation is observed with the exons located downstream of exon 3 in these genes.
This likely is due to the observation that although exon 3 is the first coding exon for
[fi202a and If1202b. the partially conserved 200 amino acid domains that are needed for
the function of the proteins encoded by Ifi202a and [fi202b (Wang er al.. 1999) are
encoded by exons 4 and 5 for domain a and exons 6 and 7 for domain b. In the case of
[fi204, exons 2. 3 and 4 encoding domains that are located upstream from the conserved
200 amino acid domains (encoded by exons 5 and 6 and exons 7 and 8, for domains «
and b respectively) exhibit some sequence conservation. suggesting important functional
domains located at the amino terminus of p204. In the case of 1fi203a and b, although
only exons 5 and 6 encodes the conserved 200 amino acid » domain. exons 2 and 4
exhibit some sequence conservation. again suggesting important functions for domains
located at the amino terminus ot the protein. There also is very little human-mouse
sequence conservation of the non-coding exon | of Ifi204 and the coding exons 7 of
Ifi203a. b and c. and exon 5 of Ifi201 with other exons in the 200 family genes. Finally.
further examination of the PIP clearly reveals aspects of gene duplication, since many of
the exons on the mouse 200 family gene cluster exhibit conserved sequences. For
example. exon 2 of 1fi203a and [fi203b shows three distinct homologous regions with a
percent identity of approximately 75% (Fig. 3.26).

The human and mouse 200 family genomic sequences also were compared by a
Dotplot comparative analysis (Fig. 3.27) (Schwartz ez al.. 2000). A repetitive pattern was
observed as human genes [FI16. MNDA and AIM2 show regions of sequence
conservation with each of the seven genes of the mouse 200 family gene cluster. Three
non-coding regions of the human cluster also exhibited a similar pattern and might

correspond to putative pseudogenes present in the human cluster. Initial BLAST
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analysis reveals that at least one of these putative pseudogenes also

identity with the human gene IFI116.

shares sequence

111201 Ii204 162032 1fi202a 1£i203b 111202b 111203¢
Sv v ¥ v v v  /
M - "
| 2
ot i
N . i - - . -.
Y RASTERT
~ ~ .
4
Putative N T . N
Pseudogenes?
\ ~ ~ .
......\..._.\‘[ R ~ T ~

PUT:ON

Fig. 3.27: Dotplot comparative scale of mouse and human cluster
sequences. The Dotplot scale was generated using BLASTZ. a
high stringency implementation of BLASTN (Schwartz et al.,
2000). Conservations in the Dotplot are represented with black
dots. The genes of the mouse and human clusters are indicated on
the x- and y-axes. respectively. and were identitied using
CROSSMATCH based on the available cDNA sequences.

The PIP (Fig. 3.26) also showed that only the exonic regions of the mouse

cluster exhibited sequence conservation with regions of the human cluster. Therefore.

another PIP was generated. in which the human and mouse sequences were aligned and

the alignments converted into segments of percent identity relative to position in the

human cluster. This PIP (Fig. 3.28) showed that the exonic regions of [FI16, MNDA

and AIM2 are similar to exonic regions of each of the seven mouse 200 family genes.
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In the case of [FI-16, whose genomic organization has been reported (Trapani et
al.. 1994), both the exons encoding the conserved 200 amino acid ¢ and b domains, and
exons 2.3, 4.9, 10 and 12 of IFI-16 show sequence conservation with the mouse Ifi200
gene cluster sequence. Interestingly. exons 5 and 6 of the [FI-16 gene. which encodes
the 116 amino acid spacer domain unique to the IFI-16 protein. show sequence
conservation with the mouse Ifi200 gene cluster sequence. In the case of AIM2. only
exons 4 and 3 exhibit sequence conservation, suggesting that they encode a functionally

important domain of the AIM?2 protein. Finally. in the case of MNDA, every exon.

except the first and the last exon. show sequence conservation with the mouse [fi200



gene cluster sequence, suggesting that the first and the last exons of the MNDA gene
likely are non-coding exons.

These data can be related to the presence of one or two partially conserved 200
amino acid domains (domains « and b) in all the proteins encoded by the mouse and
human Ifi200 gene clusters. The amino acid composition of the a domain expressed in
different proteins is highly conserved, as is that of the b domains. For example. the
sequence similarities between the ¢ domains of p202a and p204. and between the b
domain of p202a and p204 are 55% and 50% respectively, a higher level of conservation
than those seen between the « and b domains of p202a (27%) and between the ¢ and b
domains of p204 (34%) (Lengyel er «l.. 1995). This suggests an evolutionary
duplication of an ancestral gene encoding a unique 200 amino acid domain. Johnstone
et al. (1998) mapped the transcriptional repression domain of [FI-16 to the 200 amino
acid ¢ and b domains and later further demonstrated that the functional interaction of
IFI-16 with p53 required a conserved motif (MFHATVAT) present in the 200 amino
acid domains of all mouse and human 200-family of proteins (Johnstone er al.. 2000).
Koul er al. (2000) demonstrated that this same motif was sufficient for the self-
association of the p202 protein. Thus. although the function of these conserved domains
still remains to be clearly established. it appears that the presence of this signature
domain in all the proteins encoded by the mouse and human Ifi200 genes most likely
reflects important conserved tunctions. Therefore. considering that both the human and
mouse protcins most likely assume the same type of functions by modulating the
transcriptional activity of targeted genes. it is not surprising that the exons encoding the
a and b domains of the different proteins of the mouse and human Ifi200 gene clusters
are conserved between both species.

In addition to the two 200 amino acid domains. all members of the 200-family of
proteins. except p202a and probably p202b. show sequence conservation at their amino

termini (Johnstone and Trapani. 1999) with the presence of a putative nuclear
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localization motif and a series of highly conserved leucine and basic residues which are
thought to be involved in a homo- or heterodimerization process (Xie et al., 1997).
Although the absence of sequence conservation for the exons located upstream from
exon 4 of the AIM2 gene remains to be explained, it is interesting to note that the only
protein without a conserved amino terminus. p202a. does exhibit a significant amount of
sequence conservation for the exons encoding domains « and b.

Taken together these data indicate that, although there is a high divergence rate
between the mouse and human genes of the Ifi200 cluster. the observed sequence
similarity between the mouse and human genes likely reflects some common functions

as several domains are conserved.

lII-1-9-2 Human/mouse cluster 5' flanking sequence

comparison

The 5’ tlanking region of the MNDA and the [FI-16 genes have been examined
by Kao er al. (1996) who identified two interferon alpha/beta-stimulated response
element (ISRE) flunking a multiple transcription start site region identifying MNDA as
a TATA-less interferon-regulated gene. Other DNA elements including a cluster of
Myb sites. several Ets, an Ets-related PU.1 site and a Spl site also were identified within
600 bp of the transcription start sites. However. analysis of deletion mutants by Kao er
al. (1997) indicated that the Sp1 site. but not the Ets or the PU.1 sites. contributed to the
restricted expression of the MNDA gene. Trapani er al. (1994) identified two ISREs in
the 5' flanking region of the [FI-16 gene that bear only limited sequence similarity to
other previously described ISREs. Although MNDA can be induced by interferon alpha
and [FI-16 can be induced by interferon gamma. two regions that could correspond to
interferon gamma activation sites (GAS) were identified in the 5’ flanking region of the

[FI-16 gene. A consensus Ets binding site overlapping its [SRE occurs in the 3’
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flanking region of the [FI-16 gene. Surprisingly. although they are located in the first
1000 bp immediately upstream from the first exon followed by the first exon of the
MNDA and [FI-16 genes, none of the [SRE and GAS mentioned above were identified
using MOTIF. Interestingly. all of these interferon-dependent motifs, as well as the
ISREs in Ifi201. Ifi202a, Ifi202b and Ifi204, are located within the 5" untranslated exons
of their respective genes. rather than upstream from the transcription start sites.

A CLUSTALW alignment was performed between the first 1000 bp
immediately upstream from the first exon followed by the first 200 bp of the first exon

of the [fi202a, Ifi203a. Ifi204. [FI-16 and MNDA genes (Fig. 3.29).

IFIL16_5_ === mmm e e

MNDA_S_ TATGCTGC TCG T T TGGATTAAGACAATCAGC T TTATTC TTC TC TG TAGATGGCC TTGGAT
20285 s o mm e e e e el
2045 e eeao
203@5  mmmmmm e e e e e

IFI1I6_5_ = eemmmmmmemmmcmcmmmemmeneee- CCTTTTCCACTCATGACCACATCCTGCTTGCA
MNDA_S_ CATTTTCCCCTATTAGCTGTTTTGGGATCCTTTTCCAGTCATGACCACATTTTGCTTACA
202a5% 000 eemeeeemmeemeee e ee - .-‘«AGAGAGAAGC'“AGAAU«AGA AAGAGAGAGGAGGGA
2045 mmemmmme e~ AAATGCAGGGGTATAAGAGAGAAGC TAGAAAAAG - - AGAGAGAGGAGGSGA
203a5 0000 eeeee-- CTGGTTTATTGAACACACACCCCAAGACTGATTGAAAAGGGGCTCAGCTCAGA
IFI16_S5_ GATCTG- -CTGCTGGGTTAACACCACATCATCTGC TAGTTGATGC CA'T"I"I‘.:«.T'I"‘GACATC
MNDA_S_ GATCAG- -CTAGTTGGTAACCACAGCACTGTCTGC TAACTGATACCATTCATTTGACAS

202a5 GAGAGA - ~-GAAAAGGGAGGGAGGGAG! RCGG;\CAGAGAGAGMG\:C’“AG‘\G:&GA‘&AG‘\C.&G
2045 GAGAGA - ~-GAAAAGGGAGGGAGGGAGAGGGAGAGAGAGAGAGAAGGC TAGAGAGAMAGAG
203as TACAAGAGC TATTTTCCAGGGTCAGTTTATATAGGCAGAAAATCATAATGAGCTCATTAG
IFTI16_5_ CTGGGGTTACAGCACGC TAAAGGGCACCCACTGTCCTTAACAGAGAAAAATACACTGETG
MNDA_S_ TCAGAGTTATGATACTTTGTAGTGCA CCCAC”CT'T‘CTTC,-«CAGGAA.M-M.%— ATTGCAG
202a5 GAAGAG: -xG.:xGAGACGAGAGGAGAACnC AAAGAGAMAGGAAAGAGGAGAGAAGAGTGAGAG
2045 TAAGAGAGAGAGAAGACGAGGAGAAGACAAACAGAAAGGAAAGAGGAGAGAAGAGTG----
303as CGGG'IG:\GGGGAGUGC’T‘GTHGGG'IC\J’“Q CCTTTTTCCAAGTCTTTTTTTTTCAAGLTG
IFIl6_S5_ AGCAGAGGATTAAACAGACTCCTCACACTACCGGAAGTTCAGTGCATTTTCCAGGAT--T
MNDA_S_ TACAAAGGGTTTATCAGGCCCCCTATCATTCCAGAGTTTCAGTGC ~-TGTTCCAGAAT - -G
202as AAGTGAGAGTTAAGAGAACAA -GGAGTAAGAGAAGAGACAAGTARGATAGCAAACGG - -G
2045 e==a- AGAGTTAAGAGAACAAAGGAGTAAGAGAAGAGACAAGTAAGATAGCAAACAGRAG
203a5 TCCTCTATCTTTCT T TGC TCTGAGTGAAGGC TATGGG TTGGTAATTTCTGATGATGATGA
IFIl6_5_ TTCAA- -GTCTTCGATGC TGTCATGTTGAGAGTCCACTATCCACGTTIGTTTATCCAGS

MNDA_S_ TTCAA--GG A-——-- GTCATGATATGAACCAACTATCCATA -~ - - -~ -~ =~ ~-- -‘«.
202a5 CTGAACAGCCCTTTTTATGGTC T TTACTGTTGC TAGG TAACTGGAGAGGA - -GTTTAGCC
2045 CTGAACAGCCCTTTTTATGGTCTTTACTGTTGC TAGGTAACTGGGCGAGGA - -GTTTAGLC
203a5 CTATTTAAGCCTCAGAATATGGTCAACTTGACCTTTCTTTCAGTCAAACT - - -TTTTCTT
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ATAATGCAGAAAA - -TCTGAGCATTCGTGAATCTAATCATTGAGGTAAAGTAACCTAGTC
ATAATGCAAAAAG- -CATGAGTAATCATGAATTTAATAATCAAGGTAAGGCAGCTCAGTT
TGAAGGTCAGAAG- -CTTGGGCCATTGCCTACATGACT - TCTACCCATGCTTCTCTTGTG
TGAAGGTCAGAAG - -CTTGGGCCATTGCCTACATGACT -TCTACCCATGCTTCTCTTGTG
TTAATT T TANAATGTTTTTATCTTC T T T T T T TCTT T T TC T TT T TATTAGATGTTTTCTTT

v .- - . - .

AT ---GGTCAAGAGGA-CAGCT - ~AGTGTTAAACTCC - - - TTCATATAAATTTAAGGAAG
ATTATACTCAAGAGAG-CAACT - ~-AGTATGAAACTCT - - - TTCAAATTA-TTTGAATAAG
GGGTCTGTGGGGGGAGGTAACT - - TAGGCAGGAGCCAGAGTTCCAGCAGCATAAGGGAAT
GGGTCTGTGGGGGGAGGTAACT - - TAGGCAGGAGCCCGAGTTCCAGCAGCATAAGGGAAT
ATTTACATTTAGGATGTTATCCCCTTTCCTGETTTCCCCACTGAAGACT ZCCTATCCCCT

- - * = R .

GATTTACATATT-CATAATGACTTTCTGA - TCTGGAAAGC -CCAGGCTTGTCAGTTATTA
GATTTACATATT -CATAATGACTTTCTGCCTCTGTCAAGCTCCAGGTGTATCAGTTATTA
GCCTACTGTGTCATGTAGCTGAATTATCACCCTTTGGCGT -TCAGACCTCAGCTCAACTG
GCCTACTGTGTCATGTAGCTGAATTATCACCCTTTGGAGT -TCAGACCTCAGCTCAACTG
CCTCCCTCCATCTGCTCACGAACCAACCC -ACACTGECTTCCTGGCCCTGGCATTCCCCA

. v - . -

ATAATTGGA -TGAATACT - - TCAGGTAGTATTTAAACAAAT - AGCCGATTTCATAGTAGAC
ATAACTGGG-TGAATATG - - T-AGGTACTATTTAAACAAA - - AACAATTTCACAGTAGAC
GAGACCAGCCTGTCTGTG - ~CAAAACCTCAAAACCACAATT -CTCTGGCTTCTGAAGES

GAGACCAGCCTGTCTCTG - -CAAGACCTCAAAACCACAAT T -CTCTGGCTTCCAAAGGGC
ATACTGGCTGTGCCTACAGTCAAGCTGC T T T TG TG TCAAACAAGCTCGCAGGCATGAAAC

e . . cer . .
== =ATTTCCCCAACCAGGAGATCCAGTAAACTATTGET - - AGCAATAGAT I T - ~CTAC

- - -CCACCCCTATCCAAGAGATGAAGTCAAGTTCTGGT - - AGCAATAGACATCT--CTAC
TTGATACTTGTAAACCCTGAGTGTATTAGACTCTTCCCTGGGCCTTGAGTACTTTACTAC
TTGATACTTGTAAACCCTGAGTGTATTAGACTCTTCCCTGGGCCTTGAGTACTTTACTAC
- - -AAAAGTATTACAGCTAAG -GTAGCAGGC TTCATCAATTCCAAGGAACAACAGACTCT

. . - e

CAAGATCTCCTCCT - -GCCACTGCCACTCTSTGCAC - - AGGAAAGGAGGG -GAGAAGAAG
CAAGATCTCCT -~~~ GCTCCTGCCACTCTGTGAAC - ~AGGAAAGGAGGGAGAAACTTTG
AATAAAAACTCC - - - ~ACCTTAGCTGTCCAGGACTCCTATCTAAGTAGAGCAGAACCTTG
AATAAAAACTCC - - - ~ACCTTAGCTGTCCAGGACTCCTATCTAAGTAGAGCAGAACCCTG
GAGGAGCTCCCCTCTGACCACTTTCATACTGAACAAACAAAGAAGGGTCGA -GGTGGCTGA

. . . - - - - LR R

CCATGTTGCTTCTC-~--~~ TTATATTT-GAGCATCATTTAAGGGAATATAAGTCTCTAAT
GTGTTTTGCCTTTCCCAATT TATATTAAGATCCTTATTCAAGCGGC TACCGG TTTC TAN
GTCAGCTAGT T TTAACACCTTGATCTGGTTGTACCATGTATGTGAAT - TTTGTGTCTAGT
GTCAGCTAGTTTTAACACCTTGATCTGGTTGTACCATGTATGTGAAT - TTTGTGTCTAGT
GTGACTCGCTTGTATTTCCTTGTGATT -CATC T TC T T TCAGATGAGA -CTGATTCCTAGT

. . . L4 * - - ree w

GACTCACATGTAAGTCTGCTGGGTAAGAAAGT TC TAATGTTGGAACTCCTTTCAGCTATC
GACCTATATGTAAGTTAGC T TTATAAGAAAGTTC TGAGT T TGAAACTCCTTTCAGCAAGT
GGCCAG- - TGTATATC TG T T TGC TATAAAAGTTGTAAGGTTAGGGCTT -TCTTATTCAGT
GCTAG- -TGTACATCCGTTTGC TACAAAAGT TG TAAGGTTAGGACTT ~-TCTTATTTAGT
GACCCACCCCTAAGTCTACTGGACATAAMAACATGCAGTGTTGCAATTTCTCTC-TCTCCT

.
*r v e * - - rrw . - - . .

GAATTTX AGAAAAASAACTTAT T TG TGTT TATATACATT TATGAGATACAAGTGTAA
A--=TTTGTAAGTCAAAAAAGCGAAGARGAGGCAC - - -CATTTAC - - - -TGTCATT-TCT

GAGATTCATCAGAAAAGAATGTGAGCC -~ -~ - = TG-~~-ACTAAGC---TGTGATT--TT
GAGATTCATCAGAAAAGAATGTGAGCC - -~ -~ - TG----ACTAAGC---TGTGATT--TT
GTG-TGTGTGTGTTT-GTCTGTGTGTG-~~- -~ TG----TGTGTGTG~--TGTGTGTA-TG
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IFI16_5_ TTTCGTTACATGGAT - ATATGCCATATTGETGAAGTCAGAGATTTC ~ ~AGTGTGCACATC

MNDA_S5_ CCTTGTGACTGAGAT TACTTACTACAAAGAGGAACTGACCACTTTC -~ TCTG -~ -ACATC
202a5 TTTTTTCATAGTGAC - -CACAGTGTTTACAGGAAGTTAAGATGTTT - -CCAAA- -GTCAG
2045 TTTTT-CATAGTGAC - -CACAGTATTTACAGGAAGTTARGATGTTT - -CCAAA - -GCCAG
203a5 CTTCTTTCTAGAAAT - -TACATTAATAACAGGAAATAAAGTGCTCTATTTTAAGAGC TGS
IFIl6_5_ ACCCGAAAAATGTTAACTGTACCCATTAAAGTAATTTCTCATCCCCCATTTCCCCTCACC
MNDA_S_ TGASATAGAAAGC TACAAAGCGC TGATAGGCETGGC TTCAAAAT - - - - - TGTTTCATGATT
202as CEAAATTGAAAGCTATGAACGAAAC TGGGAGGAGGCCTGGCTGATTCAGCACTCCTCALCC
2045 GGAAATTGAAAGCTATGAACGAAACTGGGAGTAGGCCTGGC TATTTCAGCACTCCTCACC
203a5s GGAAATCGAAAGCTATGAACAGTGC TGGGAGGAGCCCAATTTC - - - ~ATCTTAAGTCTCC
IFI16_5_ ACATGCTCCAGCCCITGCCAGGAAACTCTTCA ~ TTTTCTCTGACTAACAGAAACGAAAGC
MNDA_S_ ACATAACTTCTTTCTAGT TAGGAATTAGGACAGTGTAAGAAGGCCATC TACAATCAAGAT
202a5 CAATGGAGACAGCACAGGGAGAGAC - ~AGCCAGTGCTGTTCAAGAAATGAAA - -CAACTC
2045 CGAGGGAGACAGCACAGGGAGAGAC - -AGCCAGTGCTGCTCAAGAAATGAAA - ~CAACTC
203a5 CCAGGAAGACAGCACACTGTAAGAC - -ATCCAGCCCTGCTCAAGC TAGGAAC - -TTACTT
IFT16_5_ TAAAAACACTGGTGGGAGGAGTCTCCACATTGTTTCCTACTCCATTT -TCTCTGGGGCAA
MNDA_S_ TGAGAGTGGCTCTAACAAGTG - - -CCATTTTTCCTTGT TAGCTTTCA - TTTCTCAGCCCT
202as TGAGAGTGTTGTAATCACTACCATCTTCCTTTACACCTAACT ) TCATTTAC
2045 TGAGAGTTTTIGTAATCACTACCCTCTTCCTTTACACACAS TCATTTA
203as TAACCAGTTCTCCCGLCCCCCCCCC-mmmmmm = mm e mm e m s o m e e e e mm e e o
IFI16_3_ TAGCAGAATAGGA -GCAAGCCAGCACTAGTCAGC TAACTAAGTGACTCAACCAAGGCCTT
MMNDA_S_ TTACAAGATTAAA-ATA-GTCTGCAGT - - TTAATCTCTCCAAAGCTTTACGGACAGTGAT
2Q02a5% TGACTTATCTGCCTACCTACTCAAGCCAAGCAGGCCACTTCTTGACCCGGTGAAGGTCTC
2045 TGACTTATCTGCCTACCTACTCAAGCCAAGCAGGCCACTTCTTGACCCGGTGAAGGTCTC
203a3 0 me e e m e e
IFT16_S_ TTTTCCTTGTTATCTTTGCAGATACTTCAT - - TTTCTTAGCGTTTCTGGAGATTACAACA
MNDA_S5_ TCTGTCCTA~-AACAAGACAGTGACTCCAGGATTTCTCGAAGACTATTGTGGAAGA-AGCA
202a5 AGGATCTGTACATCACTGCAGAAATATCCAGGAAGGTGAGTTCTGTTTGTTTCTTAAACA
2045 AGGATCTGTACATCACTGCAGAAATATCCAGGAAGGTGAGTTCTGTTIGTTTCTTAANCA
203a5 00 ee e e e e
IFI16_5_ TCC--TCLCGTTCCOTT T TGGGAACTTTACTGATTTATCTCCCCCCTCACACAAATAAG
MNDA_S_ TCCATTAAGGTGAGAT TTCTGGGAAGTTC T - =~ cm e e e e e e e -
202a5% TGTGATCAGAT -C - -TTTCTGTGAAATATAAAGGACCATAGAAAAAAATCAGTGTTGAAT
204 TGTGATCAGAT -C - - TATCTGTGAAATATAAAGGACCATAGAAAAAAATCAGTSTTGAAT
203a5 s e e o
IFIl6_5_ CATTGATTCCTGCATTTCTGA

MNDA_S_ =00 eeememeememmmemmeme -

20Zas GGTGGAGGACCAAGGCT -~ -~

2045 GGTGGEAGGACCA-- -~ ==~ -~

203a% 00 eemmmmmem e em

Fig. 3.29: CLUSTALW alignment comparison between the first 1000 bp upstream
from the first exon followed by the first 200 bp of the first exon of the [FI-16. MNDA.
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Ifi202a. Ifi204 and Ifi203a genes. The different ISREs and GAS (see Text) are
underlined.

No significant sequence similarity was observed between the 5' flanking regions
of these genes. The different ISREs and GAS described by Choubey er al. (1989) for
[fi202a and Ifi204. by Trapani et al. (1994) for IFI-16 and by Kuo er al. (1996) for
MNDA and analyzed using MOTIF for [fi203a were positioned according to their
sequence on Fig. 3.29. Interestingly. they were contained in a very small area of the 5'
flanking regions of each gene. In addition. ISREs described for the MNDA, [fi202a.
[fi203a and [fi204 genes. all induced by interferons alpha and beta, were located at
similar positions in the 5' tflanking region of each gene. This suggests that, despite u low
level of sequence similarity in the region, the position of both ISREs in the 5' flanking
region of the MNDA. [fi202a and Iti204 genes could play an important role in driving
the protein interactions between the different elements of the interferon alphwbeta-
induced transcription complex.

A CLUSTALW ualignment also was performed between regions located
upstream from the transcription start site in MNDA. [fi202a and [fi204 and downstream

from the transcription start site in [fi203a (Fig. 3.30).

202as - 138 CACAGTGTT T ACAGEASGTTAAGA - - -TGTTTCCAAAGTCAGGGAAATTGASAGCTATG
2045 - 1218 CACAGTATTTACAGEAACTTAAGA - - - TGTTTCCARAGCCAGEGAAATTGAAAGCTATG
203a5 - &0 TACATTAATAACIGEAA TAAAGTGC TCTATTTTAAGAGC TGCEGAMATCGAMGCTATG
MNDA_S - 88 CTTACTACAAAGICEAICTGACCA -~ -CT T TCTCTGACATC TG - AAATAGAAAGCTACA
Ets sites ISRE sites
202a5 - 82 AACGAAACTGGGAGGAGGCCTGGCTG
2045 - 82 AACGAAACTGGGAGTAGGCCTGGCTA
Ik-2 site
203as - 120 AACAGTGCTGGGAGGAGCCCAATTTC
Lyf-1 site
MNDA_S - 32 AAGGCTCGATAGGCGTGGCTTCAAMAT
Spl site

.w « e« * -
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Fig. 3.30: CLUSTALW alignment comparison between regions located upstream from the
initiation of transcription sites in [fi202a, Ifi204, Ifi203a and MNDA. The positions of these
regicns. in base pairs, are shown related to the transcription start site position. The putative
transcription factor binding sites are shown on the figure.

Although these regions are located at different positions of the 5 tlanking
regions of each gene, they all share some sequence similarity at positions that
correspond to one ISRE and a putative Ets binding site (described by Kao et al. (1997)
for MNDA. Interestingly. mutations of the putative Ets site by Kao er al. (1997) did not
significantly alter promoter activity of the MNDA gene, indicating that this site likely is
not involved in the activation of the MNDA gene. whereas mutations of the putative Spl
site. located downstream from the ISRE of the MNDA gene (Fig. 3.30) reduced the
overall promoter activity of the MNDA gene (Kao er al., 1997). indicating that Spl is
onc of the factor involved in the specific expression of the MNDA gene. Surprisingly.
the putative Ets site exhibits more sequence conservation between mouse and human
than the Spl site despite the fact that [fi204 and MNDA exhibit the same patiern of
expression. restricted to cells of the myelomonocytic lineage (Briggs er al.. 1994a:
Briggs er al.. 1994b: Gariglio er al.. 1998). However. a putative Ik-2 site and a putative
Lyf-1 site were found in the 5' flanking region of the [fi204 gene and I[fi203b gene.
respectively. colinear to the Spl site in the 5' flanking region of the MNDA gene. Since
Ik-2 and Lyt-1 are important transcription factors for hematopoietic cell differentiation
(Kerhl. 1995). they could modulate Ifi204 and Ifi203b expression in hematopoietic cells,
Just as Spl does for MNDA gene expression. However. whether the putative Ets site is
involved in the transcriptional activity of the Ifi202a, [fi203a and Ifi204 genes remains to
be established.

Another CLUSTALW alignment was performed between regions upstream

from the transcription start sites in MNDA and IFI-16 (Fig. 3.31).
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MNDA_S - 88 CTTACTACAAAGAGGAACTGACCACTTTCTCTGACATCTCGAAATAGAAAGC TACAAAGGC

IFI16_5 -~ 88 CAGCCCTTGCCAGGAAACTGTTCATTTTCTCTGACTAACAGAAACGAAAGCTAAAAACAC
MNDA_S - 27 TGATAGGCGTGGCTTCAAAAT
IFI16_5 - 28 TGGTGGGAGGAGTCTCCACAT

*r ¥ Tx ¥ w *Twx ¥ ww

Fig. 3.31: CLUSTALW alignment comparison between regions located upstream from the
transcription start sites in MNDA and [FI-16. The positions in base pairs, indicated in the
right. are relative to the transcription start site position. The ISREs are underlined. and the
Spl site is italicized.

MNDA is induced by interferons alphwbeta and [FI-16 by interferon gamma.
and has a unique pattern of expression (see [ntroduction). However. this region contains
two ISREs and one Spl site. which directly contributes to the restricted expression of
the MNDA gene (Kao er al.. 1997) and exhibits sequence vanations that could account
for the differences in interferon response and constitutive expression of these two
genes. Interestingly. the ISREs that account for interferon alphwbeta-induced
expression of the MNDA und [FI-16 genes are in a region that appears to be relatively
well conserved for both genes. even though each [SRE induces MNDA and IFI-16 gene
expression in a difierent manncr. Because of the relative sequence conservation in this
region. it remains to be established whether the induction of MNDA uand IFI-16 gene
expression by these ISREs could play a role in establishing lineage/stage specific

expression for both genes.

[11-1-9-3 Human/mouse cluster repeat sequence comparison

Analysis of the repeat elements in the 300000 bps of the contig containing the
human MNDA. IFI-16 and AIM2 genes (Genbank accession number AP002534).
using RepeatMasker. showed that they represent ~52.3% of the sequence (Table 3.21).
Similarly to the mouse Ifi200 gene cluster, LINEl family elements represent an

estimated ~64% of the repeat elements. Alu repeats. which represent an abundant repeat
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element in human, make only ~10% of the total repeats present in this human contig,
whereas ~20% of the repeat elements are LTRs. Inspection of the distribution of LINEI
elements throughout the human Ifi200 gene cluster, using P[Pmaker (Fig. 3.27). shows
that they are equally distributed and mostly present within intergenic and long intronic
regions. This pattern of distribution of LINE! elements is similar to the one observed
throughout the mouse [fi200 gene cluster, indicating that their appearance occured prior
to mouse-human speciation. In addition, the low percentage of Alu repeats in the human
Ifi200 gene cluster is similar the low percentage of Bl and B2 repeats in the mouse
[fi200 gene cluster. This observation suggests that these SINEs could have been
sclectively eliminated from this region before mouse-human speciation. Because SINEs.
rather than LINEs, are present mainly in gene-rich regions. while LINEs mainly occur in
gene-poor regions, it remains to be explained why such a high percentage of LINEI
elements are present in this region. It is possible that these LINEIL elements give a
selective advantage to organism containing them in the [fi200 gene cluster. A similar
pattern of distribution of LINEs and SINEs also has been observed in a relatively small
gene-rich region in mouse and human (Mallon er al.. 2000) and might represent a
general mechanism of chromosomal rearrangements in these particular gene-rich
regions with a relatively low G/C content. Finally, it is interesting to note that the
percentage of sequences occupied by repeat elements in the human and mouse clusters
is 52.37% and 39.63% respectively. This difference can be explained. at least partially.
by the higher presence of LTR elements in the human cluster. and by noting that human

Alu repeats are significantly longer thun mouse B1/B2 repeats.

number of length percentage
elements occupied of sequence
SINEs: 92 20278 bp 6.76%
Alus 54 14841 bp +.95%
MIRs 38 5437 bp 1.81%
LINEs: 91 101092 bp 33.70%
LINEI 63 93714 bp 31.24%
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LINE2 23 6058 bp 2.02%

L3/CR1 5 1320 bp 0.44%
LTR elements: 38 30219 bp 10.07%
MaLRs 17 10876 bp 3.63%
ERVL 2 780 bp 0.26%
ERV_classl 14 11395 bp 3.80%
ERV_classlI 5 7168 bp 2.39%
DNA c¢lements: 16 3224 bp 1.07%
MERI _type 8 1017 bp 0.34%
MER2_type 8 2207 bp 0.74%
Unclassified: 0 0 bp 0.00%
Total interspersed repeats: 154813 bp 51.60%
Small RNA: L 54 bp 0.02%
Satellites 1 180 bp 0.06%
Simple repeats: 28 1370 bp 0.46%
Low complexity: 22 688 bp 0.23%

Table 3.21: Identification of the repeat clements on the contig (Genbank accession number
AP002534) corresponding to the human [i200 gene cluster.

[11-1-10 Evolutionary aspects of the mouse Ifi200 gene cluster

The extent of sequence conservation between [fi202a and [fi202b and that
between Ifi203a and [fi203b indicates that duplication events might have involved one or
more of these genes quite recently. In this regard. the respective positions of [fi202a and
b. and Ifi203a and b in the mouse cluster suggest the possibility of a dual duplication
event, leading to the conjoint appearance of Ifi202b and [fi203b. It has been observed
that the [fi1203b and Ifi202a genes exhibit a reciprocal pattern of expression in various
mouse strains. indicating that p203b and p202a might have a similar function in a mouse
strain in which only one of them is expressed (Gribaudo et «l.. 1999). The synonymous
and non-synonymous substitution rates of the coding regions were determined,

according to the method of Ina (1995), for the two pairs of paralogous genes (Ifi202a
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and Ifi202b, Ifi203a and [fi203b, respectively) (see table 3.22). Synonymous
substitution rates reflect the rates of evolutionary divergence of nucleic acid sequences
(Oeltjen et al., 1997) while non-synonymous substitution rates reflect the rates of
protein evolution (Li and Graur, 1991). As expected. the rate of synonymous
substitution is higher than the rate of non-synonymous substitution, reflecting
functional constraints on non-synonymous substitution. Furthermore, the ratio between
the two rates i1s more pronounced for the Ifi202a and [fi202b pair of genes (see Kw/Ks).
suggesting stronger constraints on non-synonymous substitutions for these two genes.
However, no substantial variations were observed between the synonymous substitution
rates (~2.4 fold range of variation) and the non-synonymous substitution rates (~+.5
fold range of variation). indicating that [fi202b and [fi203b probably appeared. if not

simultaneously. at least in a very close period of time during the evolution of the cluster.

Non-
Synonymous Synonymous Ka/Ks
(x 107) (x 107)
[f12022/1f1202b 0.908 0.390 232
[11203/1f1203b 2.132 1.766 1.20
range of variation 2.34 +.52

Table 3.22: Synonymous and non-synonymous substitution rates. calculated
by the method of Ina (1995). (Ks) Substitution rate per synonymous site: (Ka) Substitution
rate per non-synonymous site.

[11-1-11 Closing the gap between the two contigs

The mouse Ifi200 gene cluster contains two contigs (contig | and contig 2).

-
=

encoding three genes from the 203 subfamily (Ifi203a. b and c) (Kingsmore er al..

1989). as well as three genes from the 202 subfamily (Wang
from the 204 subfamily (Choubey er al.. 1989). a “203-like”

the Ifi201 gene. In addition, the genomic region containing
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genes was duplicated at least twice during the evolution of this mouse Ifi200 gene
cluster, and the extent of conservation between the duplicated regions is over 99% (see
above).

The mutual orientation and the position of contig | and contig 2. as well as the
size and sequence of the gap between the two contigs. remain to be established. A
BLAST analysis of the mouse assembly database, based on whole genome shotgun

(WGS) trace data currently available at hup://www.ensemblorg/Mus _musculus

indicates that contig | and contig 2 are separated by a gap of ~23 kb located between the
3" end of contig | and the 5' end of contig 2. However. a BLAST analysis of the

current mouse WGS trace database (see hup://w ww . trace.cnsembl.ore) indicates that the

traces mapped to the gap region share over 99% sequence identity with traces mapped.
during this dissertation research, to three other regions located on contigs | and 2. and
corresponding to the genomic regions at the 53 end of the "“203-like™. [fi203a, and
[fi203b genes. Thus. the trace data mapped to the gap region by WGS assembly may
actually map to any of the three other conserved regions. Interestingly. the analysis of
the mouse [fi200 gene cluster sequence generated by WGS assembly indicates that the

conserved regions on contigs | and 2 are superposed. and therefore misassembled. In

addition, the WGS trace data (available at hup:/trucc.cnsembl.org) are generated from
RPCI-23 temale (C57BL/6J) mouse BAC libraries that differs from the one used
during this dissertation research (mouse strain SV129 provided by Genome Systems,
Inc.). Single nucleotide polymorphisms (SNPs). relatively trequent between two mouse
strains. may occur in the gap region between contigs [ and 2. and are impossible to
differentiate with base pair substitutions between extremely well conserved duplicated
regions. Thus, closing the gap between contigs | and 2 requiring additional data will be

the subject of additional future studies.
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[1I-1-12 Two-dimensional dot-plot comparison of the human and

mouse [fi200 clusters
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Fig. 3.32a: Dot-plot comparison of the mouse and human Ifi200 clusters. Fach of the genes are represented on the x-axis
thuman genes) and the y-axis cmouse genes) according to thetr positions 1n the clusters. (OR123) Putative olfactory receptor
pseudogene: dFH o-like) Putative pseudogene shanng sequence stmilanty wath the 1FL- 16 genes (AIM2-Dike) Putative
preudogene shanng sequence sinulanty with the AIMZ gene. The directions of transenption are marked by an arrow for cach
gene. The two contigs from the mouse cluster are separated by a gap of unknown size.

The dot-plot analysis of the human and mouse 200 family genomic sequences
shown in Fig. 3.32a reveals a repetitive pattern, as the human IFI-16, MNDA and AIM2
genes contain regions which are similar to each of the seven genes of the mouse 200
family gene cluster. Three regions of the human cluster, located between the MNDA
and [FI-16 genes. also share the same pattern. indicating the additional presence of three
pseudogenes within the human cluster. A BLAST analysis of this region confirms that
two of these pseudogenes share sequence homology with the human gene IFI-16. The
third of these pseudogenes is located on the complementary DNA strand and shares
sequence homology with the human gene AIM2. In addition. genomic regions

downstream from the murine 203-like and Ifi20l genes are conserved in the human

cluster and share sequence similarity with the [fi202a. [fi202b and Ifi204 cDNAs. These
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conserved sequences, which may represent additional [fi200 genes. are indicated as

putative gene | and putative gene 2 in Fig. 3.32a.

[11-1-13 Postulated evolution of the Ifi200 gene cluster

Comparison of the mouse and human Ifi200 gene sequences indicates greater
sequence similarity between paralogs than between orthologs. therefore suggesting that
a number of mechanisms. including unequal crossover between repeating units, gene
conversion, and gene amplification, may have occurred during the evolution of the
cluster (for review. see Liao, 1999). The mouse puralogs were more conserved than they
were in human. and one or a combination of these concerted evolution mechanisms
likely took place in the mouse lineage, after the human/mouse speciation. [n addition, the
presence of several pseudogenes in both the mouse and human chromosome | genomic
regions suggests that several of the genes became non-tunctional over evolutionary time.
Thus. as described in the model developed by Brunner er al. (1986). several duplicated
genes that initially underwent homogenization by gene conversion. somehow escaped
gene conversion, and evolved independently. A postulated evolutionary pathway for the
mouse and human [fi200 cluster is proposed in Fig. 3.33a. As can be seen, it is likely
that a pnmordial [fi200 gene encoded a protein containing only a type ¢ domain. Gene
duplication and gene conversion then occurred prior to the human/mouse speciation. and
resulted in a cluster of genes similar, in terms of structure and organization, to the
human cluster. Additional duplications in the mouse cluster. which likely occurred after
speciation. then resulted in the multiple gene copies that are unique to the mouse lineage.
The subsequent accumulation of deleterious mutations. which transtormed selected
genes into pseudogenes in the mouse and human lineages. resulted in the formation of
the MNDA gene in the human cluster. in which exons encoding a type # domain in the

ancestor protein became non-functional through mutations. Although cis-acting



elements may influence the concerted evolution of DNA sequences (Hibner et al., 1991:
Thompson-Stewart ez al., 1994), their effect on the evolution of the genes present in the
mouse and human clusters can only be speculated. Finally, according to this postulated
evolutionary pathway, it is predicted that two genes from the mouse cluster are yet to be
discovered (Fig. 3.33a), and one of these two genes may be the D3 gene which codes

for a protein containing only a type ¢ domain (Tannenbaum et al., 1993).
[a] — __[a] —_ ENNZN
EN (|

@] @a7j 2|
~ mb] b E by
T Cage

D \Human/Mouse speciation

Gene conversion

AU IFI16
xs calcala s La! AplED) ] BP]
' e — =

L

MNDA
2M-like  202c¢ 203-like 7 203c  202b 203b 2022 203a 204 201

mﬁmmmmmmmmmmmajm

Fig. 3.33a: Postulated evolution of the 1fi200 gene cluster. Each of the I3 gene encodes for a proten contatming
cither a type u and type & 200-amuno acid conserved domain, or only one of these two domains. These a and b
domauns are indicated by a box “a” or a box ~b”, according to the domainis) they encode for. An =" indicates
that the gene structure and charactenstics reman to be established. The “D37" indicates the existence of a
putattve D3 gene. The black line underneath portion of the mouse genomie reglon corresponds to the possihle umit
of duplication
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III-2- Genetic aspects of bone mineral density

Bone mineral density is the strongest determinant of osteoporotic fracture. and
60 to 70% of the normal variability in human bone density is genetically determined.
The identification of genes involved in bone density regulation will aid in understanding
pathways regulating bone density and factors influencing diseases such as osteoporosis.
Multiple environmental factors, such as nutrition and exercise. can effect the adult
skeletal system by altering the production of endogenous factors. such as hormones and
mineral levels, which modulate bone cell function at the molecular level. Because of the
complex interactions between genetic factors and environmental factors, studies of genes
that regulate bone mineral density have been difficult. The main strategies for
identification of such genes are based on finding evidence of an association between
altered bone density and polymorphic genetic markers. This is done by analyzing
genetic markers throughout the genome to identify Quantitative Trait Loci (QTL: see
Introduction) which may be concentrated in specific regions (candidate loci) or near
specific genes of interest (candidate genes). Through association studies. several
candidate genes for bone density regulation have been identified (see Introduction).
Also. genome-wide scans of appropriate human population or inbred strains of mice
have been widely successful in identifying QTLs. However. none of the genes
responsible for these QTLs have been identified. In addition, although one might expect
candidate genes identified by association studies to be located within a QTL. only one
gene (tumor necrosis factor receptor 2) is located in a QTL. and another gene
(osteocalcin) is located near to a QTL.

Thus. identifying the genes involved in regulation of bone density is still at an
early stage. Furthermore. many of the genes have to be thoroughly studied before
understanding the possible role of their gene product at the molecular level and how the

abnormalities related to these genes can lead to osteoporosis.
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To accelerate the identification of genes present in QTL of bone density, new
strategies involving the genomic resources currently available should be used. For
instance, the draft working sequence of the human genome should be useful to identify
the predicted genes in the QTL regions. to facilitate selecting candidate genes for further
studies. In addition, the sequence of syntenic regions between human and mouse
chromosomes and the availability of the sequence of the mouse genome will provide a
convenient model for identifying genes of QTL of bone density. The next challenge
relates to the ability to analyze the functionally important regions (5" flanking region.
exon/intron borders, coding regions and 3' flanking region) of each candidate gene
within genomic sequences.

Five mouse BAC clones (rp23-21118, rp23-395h6. rp23-9p22. rp23-145f9 and
rp23-77a8). which map to a QTL located on chromosome lq have been sequenced and
annotated during this dissertation research. Each candidate gene is discussed according
to its putative ability to regulate bone mineral density. A map of this region is shown in
Fig. 3.1, and Table 3.23 lists each of the clones. its predicted genes and its size.

Clone Genbank Size (bp) Genes present in the clone
Accession Number

rp23-145f9  ACO091521 198810  CDI150/SLAM.CD48/BCM I
BCOI1154/19A24, AK002863

rp23-77a8 AC091523 235508 Ly108. CD84

rp23-21118  AC083893 244345 none

rp23-395h6  ACO84821 211748 mCAR. myelin PO. ApoA-II.

NDUFS2. beta4Gal-T3. Ppox.
USP23, DEDD, Nitl, Adamts4.
Fcerlg, L27' (pseudogene).

RIKENI. RIKEN2, RIKEN3

rp23-9p22 ACO079446 223103 none

Table 3.23: summary of the genes present in the mouse BAC clones sequenced during this
dissertation research. See text for details.
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[11-2-1 Mouse BAC clone rp23-145f9

The mouse BAC clone rp23-145f9 (Genbank accession number AC091521) is
198810 bp in length and is located on mouse chromosome 1q22. It contains two
putative genes (Genbank accession numbers BCOl1154 and AKO002863) and two
known genes. BCM1 (Genbank accession number X17501) and SLAM (Genbank
accession number NM_013730). that are both involved in the lymphocytic activation of

T cells in mouse.

I1I-2-1-1 Mouse CD150/SLAM gene

Besides the T cell receptor. numerous cell surtace molecules participate in the
interaction of T cells with antigen-presenting cells such as lymphocytes and
macrophages. One of these molecules is CD2, a protein expressed on the surface of
both T cells and natural Killer cells (Davis and van der Merwe. 1996). In addition to
CD2. optimal T cell activation for proliferation and cytokine production requires the
involvement of co-stimulatory signals provided by accessory molecules (Jenkins. 1994).
One T cell co-stimulatory molecule that is a member of the CD2 subfamily of the Ig
superfamily, SLAM (signaling lymphocytic activation molecule) has been described as a
transmembrane glyvcoprotein expressed on the surface of T. B, natural killer and
dendntic cells (Davis and van der Merwe, 1996). The extracellular domain of SLAM is
the receptor for measles virus (Tatsuo er al.. 2000). and monoclonal antibodies (mAbs)
directed against human SLAM (CD150) enhance antigen-specific proliferation and
cytokine production by human CD4* T cells (Cocks er al.. 1995). Human SLAM is
associated with a small cytoplasmic adaptor protein named SAP that has been identified

as being responsible for the X-linked lymphoproliferative disease (XLP) (Coffey er al..
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1998; Sayos et al.. 1998). XLP is characterized by an increased susceptibility to primary
Epstein-Barr virus (EBV) infection, leading to an uncontrolled proliferation of virus-
containing B cells and reactive cytotoxic T cells (Purtilo, 1985). It has been suggested
that the absence of SAP in XLP patients affects T/B cells interactions induced by
SLAM. leading to an uncontrolled B cell proliferation caused by EBV infection (Sayos
etal., 1998).

The human und mouse CD150 genes have seven exons in a genomic region that
is highly homologous. in terms of sequence and exon/intron orguanization. between
mouse and human (Wang et al.. 2001). AN ALIGN comparison between the amino acid

sequences of the mouse and human SLAM proteins indicates that they share 51.2%

sequence identity (Fig. 3.32).
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Fig.3.32: ALIGN comparisons between the amino acid sequences of the human (top) and mouse
(bottom) SLAM proteins.

A GENSCAN analysis, followed by a BLAST search. of the BAC clone rp23-
14519 revealed that the genomic segment at position 152526-185145 corresponds to the

mouse CD150 gene (Fig. 3.33).
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Fig. 3.33: GENSCAN analysis of the mouse BAC clone ip23-14519. The genes are indicated above
the sequence. (C) The gene 1s located on the complementary strand.

A CROSSMATCH analysis between the mouse CD150 cDNA and the segment
at position 152526-185145 confirms that the mouse gene is made of seven exons and
indicates that it spans a genomic region of approximately 33 kb (Fig. 3.34 and table
3.24). The results of the Neural Network splice site prediction program analysis
confirmed the presence of potential splice sites at the exon-intron borders indicated by

the ALIGN comparison of this genomic region and the CD150 cDNA (table 3.25).
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CDI50/SLAM gene:

ATG STOP
1 2 3 4 S 7
130 k21 296 94 32 4209
I 7481 I l‘)S‘)I 10563 l 4262 I 5736 I l336|
CDI50 protein:
N CYl CY2 CY3

[:]IIIIII:::Z:::Z::::]III‘IIIIFIIIIII
Exons: 1 2 3 4 56 7

Fig. 3.34: Structural organization of the CDI50/SLAM gene and 1its encoded protein. (Topy
Sizes. tn base pairs. are given below the introns and above the exons.The exons are indicated
by black boxes and the connecting introns by honizontal lines. (Bottom) The dark gray box
tndicates the presence of an extracellular Ig-iike V- doman. The clear gray box corresponds to
an extracellular [g-like C2 domain. The white boxes correspond 1o the signal sequence (exon
1) and the transmembrane region (exon 4). The black boxes corresponds to the cytoplasmic
CY!.CY2 and CY3 regions, encoded by exons 5. 6. and 7. respectively. The last two domains
(CY2 and CY3) are absent trom the splice vanant torm of CDI150.

Exon number Contig position Exon length (bp)

1 152526-152663 137
2 160144-160485 341
3 162444-162740 296
4 173302-173397 95
5 177658-177731 73
6* 183506-183601 95
7* 184936-185145 209

Table 3.24: contig position and length of the exons of the mouse CD150 gene.
The titth exon codes for the entire cytoplasmic domain (CY1) of an alternatively
spliced mRNA form of CDI150. (*) These two exons are not transcribed for the
mRNA splice variant of CD130.

Donor site sequence Acceptor site sequence

Exon/Intron Sequence Intron/Exon Sequence
152665 160143
171 ggaacagGTgagtg 12 ttecctcAGgtgga
160487 162443
22 ctitatgGTaaaaaa 23 cccgacAGaacag
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162742 173301

3/3 tcctcagGTgatca 3/4 ttttcAGaatcg
173399 177657
4/4 agacaagGTaggct 4/5 ttcticAGgtana
177733 183503
5/5 atcagggGTacgtt 5/6 ttgtgtAGectcaa
183603 184935
6/6 tgtccagGTgacata 6/7 gcccacAGgaaccaa

Table 3.25: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 152587, in the first
exon. Castro e al. (1999) characterized the mouse CD150 gene and revealed that the
first exon actually encodes a 24 amino acid signal peptide that precedes an extracellular
region of 221 amino acid. The extracellular domain consists of an incomplete Ig-like V
domain lacking intrachain disulfide bonds and one membranc-proximal Ig-like Ca
domain with two disulfide bonds. The extracellular domains are encoded by exons 2
and 3. respectively. The transmembrane region is encoded by exon 4. and each of the
three cytoplasmic regions (CYL. CY2 and CY3) are encoded by exons 5. 6 and 7.
respectively (Fig.3.34). The ORF of CD150 is 1232 bp with a 149 bp 5' and a 60 bp 3’
UTR. Castro er al. (1999) also characterized an alternatively spliced mRNA. in which
the fifth exon (CYI) encodes the entire cytoplasmic domain of the corresponding
protein. Splicing of the next exon (exon 6) to an internal 5" splice site situated in exon 5
gives rise to the cytoplasmic domain of the CD 150 protein.

[nitial analysis of the first 1000 bp located immediately upstream trom the first
exon of CD150 with MOTIF shows that the 5' tlanking region of CDI150 contains
several potential binding sites for transcription factors that are important for the

development of cells of the hematopoietic lineages. These regions include the
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CCAAT/enhancer-binding protein b (C/EBP-b), c-Myb, c-Ets, NF-AT, MZF1, GATAL,
GATA2, GATA3, Ik-1, k-2, Lyf-1 and Pbx-I transcription factor binding sites. The
promoter prediction by NNPP predicted two potential TATA-containing promoter
regions located 254-304 bp and 62-112 bp upstream from the first exon of CD150.

respectively.

[11-2-1-2 Mouse CD48/BCM 1 gene

CD2 is a 55 to 60 kD protein expressed on the surface of T cells and natural
Killer cells, that participates in the interaction of T cells with antigen-presenting cells
(Davis and van der Merwe. 1996). One ligand for CD2 in mice is BCMI1 (Kato er al.,
1992). BCMI is a glycosylphosphatidylinositol-anchored molecule whose expression
is restricted to antigen-presenting lymphocytes and macrophages and to dendritic cells
(Kato er al.. 1992). The human homolog of BCMI1. CD48. does not bind CD2 with
high atfinity. as the major ligand for CD2 in human is CD358 (Selvaryj er al.. 1987).
CD48. CD58 and BCMI are structurally related and are members of the CD2
subfamily of the Ig superfamily (Wong er al.. 1990). Although the function of CD2 and
of its ligands remains uncertain. Gonzalez-Cabrero er al. (1999) revealed. by generating
mice deficient in CD48 expression (CD487/~ mice). that CD4* T cells from CD48/-
mice were defective in activation. suggesting that CD48 plays a significant role in the T
cell activation process.

The mouse BCMI gene. previously characterized by Wong er al. (1990). is
located on a genomic region structurally conserved between mouse and human. In
addition, Wong er al. (1990) demonstrated that the BCM1 locus was structurally related
to another locus located on mouse chromosome 3 and containing the CD2 and LFA3
genes. LFA3, a glycosylphosphatidylinositol-anchored antigen of the CD2 subfamily of

the Ig supertamily, is involved in adhesion reactions between T cells and accessory cells
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(Tiefenthaler er al., 1987). These data suggest that the duplication of a chromosome
region including the precursors of the genes for BCMI1, CD2 and LFA3 gives rise to
the linkage groups now observed. Because of the sequence similarity between LFA3
and BCM1, Wong er al. (1990) suggested the existence of a gene encoding a recognizer
molecule in linkage with BCM1 on mouse chromosome l. According to the present
data, this gene might correspond to the neighboring CD150 gene.

A GENSCAN analysis. followed by a BLAST search. of the clone rp23-145f9
revealed that the genomic segment at position 67401-90612 corresponds to the mouse
BCMI1 gene (Fig. 3.33). A CROSSMATCH analysis between this segment and the
mouse BCM1 ¢DNA indicates that this gene is made up of four exons and spans a

region of approximately 23 kb (table 3.26 and Fig. 3.33).

CD48/BCM 1 gene:
ATG STOP
1 2 3 4
123 MM 207 401
13403 41T 130 I
CDA8 protein:
N C
| H
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Exons: 1 2 3 4

Fig. 3.35: Structural organizaton of the CD48/BCM 1 gene and its encoded protein. (Top) Sizes,
in base pairs, are given below the introns and above the exons. The exons are indicated by black
boxes and the connecting introns by honzontal lines. (Bottom) The white box corresponds to the
extracellular domain. The black box corresponds to the glycosylphosphatidylinositol anchor.
encoded by exon 4.



The results of the Neural Network splice site prediction program analysis
confirmed the presence of potential splice sites at the exon-intron borders indicated by

the ALIGN comparison of this genomic region and the CD48 cDNA (table 3.27).

Exon number Contig position Exon length (bp)
! 67401-67524 123
2 81019-81321 302
3 84739-85005 266
4 90154-90612 458

Table 3.26: contig position and length of the exons of the mouse CD48 gene.

Donor site sequence Acceptor site sequence

Exon/Intron Sequence Intron/Exon Sequence

67526 81018
/1 ttcaagGTagett 172 ctiggcagAGgtcat

§1323 84738

2/2 gtatitgGTgagtt 23 aaaaatc AGatcct
85007 90153

3/3 gatctagGTaagaa 34 cticttAGecaga

Table 27: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 67452, in the first
exon. The first 51 bp of the BCMI ORF encodes a signal peptide. The
glycosylphosphatidylinositol anchor is encoded by the region located at position 90161-
90230 that corresponds roughly to the fourth exon followed by a 382 bp 3' UTR. The
extracellular domain, consisting of an Ig-like V domain without a disulfide bond and an
[g-like C2 domain. is encoded by the 3'end of exon 1, exon 2. exon 3 and the 5' end of

exon 4 (Wong er al.. 1990) (Fig. 3.35).



An ALIGN comparison between the amino acid sequences of the mouse BCM1

protein and its human counterpart indicates that they share 52.2% sequence identity

(Fig. 3.36).

10 20 30 40 50
CD48hu MC--SRGh -'DSCLALE'.LLLLPLSLL‘/TS*QGHLV HMTVVSGSNVTLNISESL P‘_-‘NVKQL’I‘

CD48Mm N"“ KQGH- —CLVLLLLLPLG--—’TCFQGFSIDDT\IA’I‘TGSI\IV'T'LK*HI-'.DPI..GP‘[E’QT’I‘

19 20 30 40 50
50 70 30 30 100 110
CD48hu .IFY'“VDQI\*V"'IDSRAS‘:\— YFESKFKGRY \/LDPQSG:-.L 1 C"‘JQ- EDNSTYIMRVLEETG
CD48Mm !Li* FNQKIL Z‘z’.\I’{\IST‘ TIFESEFK GRV'{L_.EI\I\IG}“..J< ISNVRKEDKGTY/MRVLRET -
50 70 80 90 100 110
120 130 140 159 led 17

CDh4sghu NEQE.‘.'IKIE\'.LQ\/ LDPVPEPVIKIER IECMDDNCYLKLSCY I PGESVNYTWYGDKRPFPKEL

CD48Mm -EZI\IEL:- I".'L S PKES
120 l 0

o
=]
o]

¥ F
0 140 150 160 17

180 190 2040 218 220 230
CD48hu CNSVLETTLMPHNYSRCYTCQVSNSVSSKNGTVCLSPPCTLARSFGVEWIASWLYVVTYET

~— s, S . X
CZ48Mm PG LIV T POINKS TR oV SHEYSSKICT (T TLE :' RR:S";C'-- :
1

T G
90 20¢ 210 220 230

240
Cb48hu ILGLLLT

CD48Mm IHRILLT

Fig.3.36: ALIGN comparison between the amino acid sequences of the human (top) and mouse
tbottom) CD48 proteins.

Analysis of the first 1000 bp located upstream from the first exon of BCMI.
using MOTIF. reveals that the 5' flanking region of BCMI contains potential binding
sites for transcription factors that are important for the development of hematopoietic
cells. including c-Ets. MZF1. GATAL. GATA2. GATA3. c-Myb transcription factor
binding sites. as well as a potential c-Myc/Max heterodimer binding site [21-132 bp
upstream from the first exon. The promoter prediction by NNPP predicted a single

potential promoter region located 612-662 bp upstream from the first exon of the

BCMI gene.



I11-2-1-3 Mouse BC011154 gene

A GENSCAN analysis, followed by a BLAST search. of the mouse clone rp23-
145f9 revealed that the genomic segment at position 34288-19843. on the
complementary strand. corresponds to an uncharacterized mouse gene with the Genbank
accession number BCO11154, that shares sequence similarity with the human 19A24
cDNA (Fig. 3.33). A CLUSTALW analysis between the mouse BCOI 1154 cDNA and
the human 19A24 cDNA confirmed that both genes share 53.3% sequence identity
(Fig. 3.37) and a BLAST analysis against the EST database dbEST confirmed that the

mouse BCO1 1154 gene was indeed expressed, and therefore not a pscudogene.
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Fig. 3.37: CLUSTALW comparison between the cDNA sequences of human 19A24
and mouse BCO11154. (m19A24) mouse sequence. (h19A24) human sequence.

[n addition. an ALIGN comparison between the amino acid sequence deduced
from the coding region of the mouse BCO11154 gene and the human 19A24 protein

indicate that they share 39.7% sequence identity (Fig.3.38).
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Fig. 3.38: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) 19A24 proteins.

The human 19A24 gene does not have any known function. However, a
BLASTP analysis revealed some sequence similarity between the human 19A24 protein
and the extracellular [g-like domain of another lymphocytic antigen termed Ly9. The
Ly9 glycoprotein is expressed on the cell surtace of B and T lymphocytes and. similarly
to the CD48 and CD150 proteins. consists of four [g-like domains with the structural
features of the CD2 subfamily. Sayos er al. (2001) demonstrated that Ly9. in a similar
fashion to CD150. was able to recruit SAP. the product of the gene mutated in X-linked
lymphoproliferative disease. The Ly9 gene contains ten exons. and each Ig-like domain
is encoded by a separate exon (Tovar er «l.. 2000). In addition. the Ly9 gene has been
mapped in a genomic region located in proximity to the region encompassing the CD48
and CD150 antigens in mouse and in human (Doudney er «l.. 2001). The 19A24 gene
may therefore be a member of a large fumily of genes. including CD48. CD150 and
Ly9. that are closely related to each other in terms of structure and location.

A CROSSMATCH analysis between the genomic segment at position 3-4288-
19843 and the mouse 19A24 cDNA reveals that 19A24 consists of six exons and spans
a genomic region of approximately 15 kb (table 3.28 and Fig. 3.39). The results of the
Neural Network splice site prediction program analysis confirmed the presence of
potential splice sites at the exon-intron borders indicated by the ALIGN comparison of
this genomic region and the 19A24 cDNA (table 3.29).

[t is likely that each putative Ig-like domain of 19A24 is encoded by a sepurate
exon, in a similar manner to that observed for the CD150 and Ly9 genes. A TMHMM
analysis to search for  putative transmembrane domains (see
www.cbs.dtu.dk/servicesssTMHMM-2.0/) inside the 19A24 protein indicates the
presence of a potential transmembrane domain at amino acid position 228-250 (Fig.

3.40). This domain is encoded by exon 4. and similarly to the CD150 and CD48
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proteins, probably corresponds to a single transmembrane domain anchoring the 19A24
protein into the membrane. The predicted transmembrane domain in the amino terminal
region of the 19A24 protein (Fig. 3.40) most likely reflects the presence of a signal

peptide and suggests that the 5' end of exon 1 encodes for a signal domain.

BCOI1153/19A24 gene:

ATG STOP
1 2 3 4 5 6
67 31s 27023 63 508

19A24 protein:

T2 Il(:.\l‘) ll().vl 2286 Il.‘lll

N C

[ H:
Exons: 1 | 2 | 3 4 56

Fig. 3.39: Structural organtzation of the BCO11134/19A24 gene and its encoded protein. (Top)
Stzes, 1n base parrs. are given below the introns and above the exons. The exons are indicated by
black boxes and the connecting introns by hortzontal lines. «Bottom) The black box corresponds
to the transmembrane domain as predicted by TMHMM.

Exon number Contig position Exon length (bp)
I 34288-34221 67
2 26614-26304 310
3 24616-24344 272
4 24133-24011 122
5 21722-21660 62
6 20344-19843 501

Table 3.28: Contig position and length of the exons of the mouse 19A24 gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
34219 26615
1/1 ctaacagGT gagtc 172 tgtitgc AGtcaca
26302 24613
22 gtctacaGTaagca 2/3 tetttcacAGceattt
24342 24132



3/3

/4

5/5

Table 3.29:

ctgtgaagGTgacag 3/4 cctttaaAGatgct

24009 21721

agaaaagGTaaaac 415 ttgttaatAGaaaag
21658 20343

ccaaagtgGTaagaa 5/6 tgcctgc AGgtaaa

correspond to their contig positions. The numbered bases are underlined.

probabtiiity

Initial analysis of the first 1000 bp located immediately upstream from the first exon of
the mouse 19A24 gene. using MOTIF. indicates that the 5' flanking region of 19A24
contains potential binding sites for the transcription factors MZF1. NF-AT. c-Ets. Spl.
c-Myb. Pbx-1. Lyf-1. Ik-2. GATAL. GATA2, GATA3. which are involved in the early
development and maturation of lymphocytes. as well as a potential binding site for E2F

transcription tactor (489-496 bp upstream from the first exon). The promoter prediction

TMHMM posterior 2robabiiives for Sequence

12{

g Y T ™~

14+

78

6+

A putative translation start site is located at position 34276. in the first exon.

EHENS : L | 4 -
& 100 150 200 280
rIveTie rele

Fig. 3.40: TMHMM scarch for transmembrane domain of the 19A24 protern. The putative
transmembrane domatn s located at amino acid position 228-250.
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by NNPP predicted two potential promoter regions, 703-753 bp and 330-380 bp

upstream from the first exon of the mouse 19A24 gene, respectively.

I11-2-1-4 Mouse AK002863 gene

A GENSCAN analysis, followed by a BLAST search, of the mouse clone rp23-
14519 indicates the presence of a potential single-exon gene at position 96427-968355,
that shares over 99% sequence similarity with the cDNA sequence corresponding to the
Genbank accession number AKO002863 (Fig. 3.33). A CROSSMATCH analysis
between the mouse clone rp23-145f9 sequence and the AK002863 ¢cDNA indicates that
this potential single-exon gene lacks the first 25 bp of the AK002863 cDNA sequence.
This discrepancy may be explained by sequencing mistakes or the existence of a gene
slightly different from the AK002863 genc. A putative translation start site (ATG) is
located at position 96443. A search of the PROSITE protein profile database did not
indicate the presence of any particular motif in the putative protein encoded by the
AKOQ002863 gene. Psortll predicted that the putative AKO02863 protein is nuclear. The
analysis of the 1000 bp located at position 95427-96427, using MOTIF. indicates the
presence of multiple potential binding sites for transcription factors. Among them are
potential binding sites for c-Myb. Oct-1, CREB. AP-1. Lyf-1. NF-E2. c-Ets and E2F
transcription factors. The promoter prediction by NNPP predicted a single potential
promoter region. 796-846 bp upstream from the 5' end of the putative AK002863

single-exon gene.

III-2-1-5 Repeat elements in the mouse clone rp23-145f9

The analysis of repeat elements in the 198810 bp of the mouse clone rp23-

1459, using Repeatmasker. shows that they make up to 45.35% of the sequence of this
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clone (table 3.30). LINE and LTR elements represent ~+42.5% and ~38% of the total
repeat elements present in this contig. The LINE elements here are almost exclusively of
the LINEI type. The SINE Bl and B2 elements represent only ~4% of the total repeat
elements present in this mouse clone. This mouse clone rp23-145f9 maps to a portion
of a cluster of genes encoding glycoproteins exposed on the surface of hematopoietic
cells. As described above for the mouse I1fi200 gene cluster, this region. also on mouse
chromosome 1. similarly has a high percentage of LINEI elements and a low percentage
of SINE Bl and B2 elements. Whether this trend can be related to this particular mouse
genomic region (1q21-23), or the existence of two distinct clusters. whose genomic
organization appears to be based on the duplication of an ancestor gene. remains to be

established.

number of length percentage
clements occupied of sequence
SINEs: 75 9750 bp +4.90%
Bls 34 3989 bp 201%
B2-B4 25 4086 bp 2.06%
[Ds 2 90 bp 0.05%
MIRs 14 1585 bp 0.80%
LINEs: 37 38384 bp 19.31%
LINE1 33 36933 bp 18.58%
LINE2 3 1299 bp 0.65%
L3/CR! l 152 bp 0.08%
LTR elements: 88 34437 bp 17.32%
MaLRs 40 12327 bp 6.20%
ERVL 5 4100 bp 2.06%
ERV_classl 3 696 bp 0.35%
ERV_classll 18 9332 bp 1.69%
DNA elements: 6 1069 bp 0.54%
MERI _type 5 694 bp 0.35%
MER2_type 0 0bp 0.00%
Unclassified: 2 722 bp 0.36%
Total interspersed repeats 84362 bp 42.43%
Small RNA: 4 333 bp 0.17%
Satellites: 0 0bp 0.00%
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Simple repeats: 68 3935 bp 1.98%
Low complexity: 27 1906 bp 0.96%

Table 3.30: Identification of the repeat elements on the mouse clone rp23-14519.

I11-2-2 Mouse BAC clone rp23-77a8

The mouse BAC clone rp23-77a8 (Genbank accession number AC091523) is
located on mouse chromosome 1q21-23 and contains 235508 bps. A single contig.
totaling ~378 kb was generated by merging BAC clones rp23-77a8 and rp23-145(9
(Fig. 3.41).

~198 kb
~235 kb BAC clone rp23-145f9
BAC clone rp23-77a8
- - - - —
] 3 ] ] ]
ly108 CD84 SLAM BCM1 19A24

Fig. 3.41: Position of the genes on the single contig. generated by merging BAC clones rp23-145t9
and rp23-77a8. The arrows indicate the direction of transcription.

The clone rp23-77a8 contains two known genes (Lyl08 and CD84) that both
are involved in the interaction between lymphocytes and T cells in mouse. Lyl108 and
CD84 belong to the CD2 subfamily of the Ig superfamily. which consists of multiple
members. including. besides Ly 108 and CD84. CD2 (Davis and van der Merwe. 1996).
CD58 (Seed. 1987). BCM1/CD48 (Wong er al.. 1990). 2B+ (Boles er al.. 1999). Ly9
(Sandrin et al.. 1996), SLAM/CD150 (Castro er al.. 1999) and NAIL (Kubin er al..
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1999). All of these genes result in proteins which are characterized by a typical pattern
of Ig-like folds in their extracellular domain, a transmembrane domain and a
cytoplasmic domain whose size may vary because of the presence of a splice variant
(Castro et al.. 1999). Members of the CD2 family are predominantly expressed on
hematopoietic cells and play an active role in the immune response. as the interaction of
these surface molecules with their receptors may contribute indirectly to signal
transduction or promote cell-cell interaction. The genes encoding CD2 family members
are clustered on mouse chromosomes | and 3 and on human chromosome . The
genomic organization of the portion of the mouse chromosome | cluster, containing the
Lyl08. CD84. SLAM and BCM1 genes. was revealed by the sequence of the contig

generated by merging BAC clones rp23-145f9 and rp23-77a8 (Fig. 3.41).

I11-2-2-1 Mouse Ly108 gene

The Lyl08 gene was recently characterized by Peck and Ruley (2000). It
contains at least 8 exons that produce an ORF of 993 bps encoding a protein of 331
amino acids. [n addition, there isa 5 UTR of 171 bps and a 3' UTR of 1281 bps. The
predicted protein contains a putative 30 amino acid hydrophobic signal domain and a 23
amino acid hydrophobic transmembrane domain. The extracellular domain of Ly108 is
made of two Ig-like domains. The amino-terminal Ig domain lacks any disulfide bonds
and thus resembles a V-like fold. whereas the second Ig domain is characteristic of a
truncated C2-like domain with two disulfide bonds. A splice variant was characterized
by EST analysis (Peck and Ruley. 2000). The putative protein encoded by this splice
variant is identical to the Ly [08 protein through amino acid 327, at which point the two
sequences diverge. with the deletion of four amino acids and the addition of 24 amino
acids to the cytoplasmic domain. In addition, Ly 108 transcripts were detected in all but

the most highly differentiated mouse B and T cells (Peck and Ruley. 2000). raising the
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possibility of a role for the Ly 108 protein as a B and T cell co-stimulatory factor, similar
to the role played by SLAM/CD150.

A GENSCAN analysis, followed by a BLAST search, of the mouse BAC clone
rp23-77a8 reveals that the genomic segment at position 159881-186212 corresponds to

the mouse Ly108 gene (Fig. 3.42).

GENSCAN predicted genes in sequence rp23-77a8.fastascreen.Contigl
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Fig. 3.42: GENSCAN analysis of the mouse BAC clone rp23-77a8. The genes are indicated above
their respective sequences.

A CROSSMATCH analysis between the BAC clone rp23-77a8 and the Ly 108
c¢DNA indicates that the Ly 108 gene contains eight exons (Fig.3.43). It further reveals
that the putative 30 amino acid hydrophobic signal domain located at the amino terminus
of the Ly 108 protein is encoded by the tirst exon of the Lyl08 gene. and the 23 amino

acid hydrophobic transmembrane domain is encoded by exon <4 of the Ly 108 gene.
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Lyl08 gene:

ATG STOP STOP
1 2 3 45 6 7 8 8§* 9=
256 204 118 29 73 L BT 7
I 16307 I‘l)"i"nl\ 3391 ’I’OI‘H’ 4139 I] ﬂ
Lyl08protein:
N C

Exons: l| 2 I 3 4|5|6 7|8

Fig. 3.43: Structural organization of the Ly 108 gene and 1ts encoded proten. (Tops Sizes. 1n
base pairs. are given below the introns and above the exons. The exons are indicated by black
hoxes and the connecting introns by horizontal lines. The two alternatively spliced exons (8*
and 9*) are indicated by a white box. (Bottom) The dark gray box indicates the presence of an
extracellular [g-like V domatn. The clear gray box corresponds to an extracellular 1g-like C2
domain. The white boxes correspond to the signal sequence (exon 1) and the transmembrane
region (exon 4). The black box corresponds to the eytoplasmie regions encoded by exons 3. 6.
7 and 8. The 1soform of the Ly 108 protein contauns an additional cytoplasmie region encoded
by exons §* and 9*. nstead of the cytoplasmice regron encoded by exon 8.

Another CROSSMATCH analysis between the BAC clone rp23-77a8 and the
cDNA of the splice variant of the Ly108 gene (Genbank accession number AF248636)
indicates that the splice variant is encoded by the genomic segment at position 159881-
191296 and consists of nine exons (Fig.3.43). Although the first seven exons of the
Ly108 splice variant are similar to the first seven exons of the Lyl08 gene. its last two
exons are unique. confirming that the two isoforms of Lyl08 differs in their
cytoplasmic domains (table 3.31). The LylO8 gene spans a genomic region of
approximately 26 kb. and contains a large ~16 kb first intron (table 3.31 and Fig.3.43).
In addition. although the Ly 108 gene contains a large 3' UTR corresponding to the last
exon. there is no such UTR at the 3" end of the Ly 108 splice variant. Also. the results of

the Neural Network splice site prediction program analysis confirmed the presence of



potential splice sites at the exon-intron borders indicated by the ALIGN comparison of

this genomic region and the Ly108 cDNA (table 3.32).

Exon number Contig position Exon length (bp)

l 159858-160136 278
2 176443-176784 341
3 178813-179076 263
4 180346-180459 113
5 180796-180825 29
6 181740-181813 73
7 183969-184040 71
8 184923-186204 1281
8* 190343-190419 76
9* 191037-191297 260

Table 3.31: contig position and length of the exons of the mouse Ly 108 gene.
8* and 9* indicates the 8 and 9" exons of the splice variant of the Ly 108 gene.

Donor site sequence Acceptor sile sequence

Exon/Intron Sequence Intron/Exon Sequence
160138 176442
171 cggctcagGTaanaa 1/2 grgtitacAGggagt
176786 178812
2/2 gatetitgGTgagtee 23 tttatgtAGaacgac
179078 180345
3/3 ctgcaaagGTaatgt 34 tettitcAGgggtic
180461 180795
4/4 gagaagagGTaagttt 4/5 catttcccAGagttcte
- 180827 181739
5/5 catccagGT gagcat 5/6 aaccatacAGagtect
181815 183968
6/6 ccaatgcagGTaagtce  6/7 ttgtttacAGgaaatg
184042 184922
717 tecagagaGTaaatcc 7/8 ttictectAGgecgaa
184042 190342
1 tecagagaGTaaatce 7/8* ttcttgtAGganaca
. 190421 191036
8*/8* cctgaagGTaaatg g*/9* ttccccctAGgaagag

166



Table 3.32: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 160052, in the first
exon. The putative polyadenylation site described by Peck and Ruley (2000) is located
at position 186192, in the last exon. The putative termination of translation (TAA) is
located at position 184935, indicating that the last four amino acids of the Lyl08
protein, deleted in the splice variant, are encoded by the last exon. Initial analysis of the
1000 bp located immediately upstream from the first exon of Lyl108. using MOTIF.
indicates the presence of potential binding sites for transcription factors that are
important for the development and function of hematopoietic cells. including MZFI.
GATA, c-Ets. c-Myb. [k-2. Pbx1l. STAT and NF-AT binding sites. In addition. the 5’
flanking region of Ly108 contains potential binding sites tor AP-1, MyoD. p53. E2F
and NF-kB transcription factors. The promoter prediction program NNPP predicted
three potential promoter regions, located 839-889 bp. 507-557 bp and 498-548 bp.
respectively. upstream from the initiation of transcription. BLAST analysis
demonstrated that a protein sharing sequence homology with a mouse Lyl08 protein
isoform. coded by the first § exons of the Lyl08 gene. is present in human, and
therefore may correspond to the putative human ortholog of the mouse Ly 108 protein.
An ALIGN comparison between this mouse Lyl08 protein isoform and its putative

human counterpart indicates that they share 41.5% sequence identity (Fig. 3.44).
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Fig.3.44: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) Ly 108 proteins.

I11-2-2-2 Mouse CD84 gene

CD84 was first discovered by de la Fuente er al. (1997) as a leukocyte antigen
predominantly expressed by human mature B cells and monocytes. Its murine
counterpart, also named CD84, was churacterized by de la Fuente er «l. (1999) as a new
member of the CD2 family of cell surface molecules. The mouse CD84 gene has an
OREF encoding a 329 amino acid protein displaying an amino acid sequence identity of
57.3% with the human CD84 protein (de la Fuente er al., 1999). The sequence of the
mouse CD84 begins with a 21 amino acid signal domain, followed by an extracellular
domain made of two Ig-like sub-domains charactenistic of the CD2 family. a
transmembrane domain and a 87 amino acid cytoplasmic domain. The CD8+ transcripts
are predominantly expressed on the surtface of B lymphocytes and macrophages. Two
major mRNA species were detected in mouse hematopoietic tissues, suggesting the

existence of a splice variant. Interestingly. Palou er al. (2000) showed. by screening a
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peripheral blood leukocyte cDNA library, that five different human CD84 isoforms
were obtained, differing in their 3' sequence. The corresponding proteins. differing in
their cytoplasmic domains, were generated by several mechanisms including altemative
splicing events. reading frameshift, use of a cryptic splice site and absence of splicing.
Sayos er al. (2001) showed that the mouse CD84 protein, similarly to the cell surface
receptor Ly9. can recruit the X-linked lymphoproliferative disease protein SAP via an
interaction between the SAP protein and the cytoplasmic domain of CD84. Whether the
existencc of potential isoforms of the mouse CD8+4 protein ditfering in their
cytoplasmic domains can alter their interaction with SAP remains to be established.
Finally, Martin et al. (2001) showed that CD84, although preferentially expressed on B
lymphocytes and macrophages, also was expressed on thymocytes and T cells. and that
CD84 can bind to itself in vitro. Furthermore, CD84 cuan act as a co-stimulatory factor

by enhancing interferon gamma secretion in human lymphocvtes (Martin ez al.. 2001).

CD84 gene:
ATG STOP
1 2 3 4 5 6 7 8
100 32 251134 9 62 65 88
11100 20562 H 11146 392 "% 172
CD84 protein:
N C

Exons: 1| 2 3 |4| S|6|7|

Fig. 3.45: Structural organization of the CD84 gene and tts encoded protein. (Top) Sizes, 1n base
parrs, are given below the introns and above the exons.The exons are indicated by black boxes
and the connecting introns by honzontal hnes. (Bottom) The dark gray box indicates the presence
of an extracellular Ig-fike V domain. The clear gray box corresponds to an extracellular Ig-like
C2 domain. The white boxes correspond to the signal sequence (exon 1) and the transmembrane
region (exon 4). The black box corresponds to the cytoplasmic region, encoded by exons 3. 6. and
7.
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A GENSCAN analysis, followed by a BLAST search, of the clone rp23-77a8.
reveals that the segment at position 82948-131030 corresponds to the mouse CD84
gene (table 3.33 and Fig.3.42). A CROSSMATCH analysis between the clone rp23-
77a8 and the mouse CD84 cDNA indicates that the CD8+4 gene is made of 8 exons.
spans a genomic region of approximately 50 kb and contains large intronic regions
(introns 1, 2 and 4 are ~11 kb, ~20 kb and ~11 kb. respectively. in length) (Fig.3.45).
The results of the Neural Network splice site prediction program analysis confirmed the
presence of potential splice sites at the exon-intron borders indicated by the ALIGN

comparison of this genomic region and the CD84 cDNA (table 3.34).

Exon number Contig position Exon length (bp)

1 82948-83048 100
2 94148-94480 332
3 115042-115293 251
4 [15650-115784 134
5 126930-127024 94
6 127916-127978 62
7 128706-128771 65
8 130943-131031 88

Table 3.33: contig position and length of the exons ot the mouse CDS4 gene.

Donor site sequence Acceptor site sequence

Exon/Intron Sequence Intron/Exon Sequence

$3050 94147

/1 acaaacctGTgagttc 172 tatcctcAGggictg
94482 115041

2/2 tatctaccGTaagtta 2/3 ceccttatAGgtegac
115295 115649

3/3 atgtacagGTaaccag 34 ctgttitcc AGacacte
115786 126929

4/4 cctggaagGTaaaac +4/5 tatitgAGeagatg

. 127026 127915

5/5 agtccaagGTaagetg 5/6 tettttccAGatgcetg
127980 128705

6/6 ctgagaagGTaaatcc 6/7 cttacacAGatgaag
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128773 130942
1117 ttgtctagGTgagcat 7/8 gctcaccAGgtgatt

Table 3.34: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 83002, in the first
exon, indicating that the CD84 gene contains a short 54 bp 5" UTR. A putative
translation termination site (TAG) is located at position 128768, in the 7th exon,
indicating that the last exon is a non-coding exon, and that the CD8+4 gene contains a 91
bp 3' UTR. An ALIGN comparison between the amino acid sequences of the mouse
and human CD84 proteins indicates that they share 56.2% sequence identity (Fig.

3.46).

10 an k) 10 50 A

CD84hu ‘baQH}"L.. LLLCLQ’" JPEAAGIDSEIFTVNGILGESYVTFPVNIQEPRQVK I IAWTSKTSY

CD8amu MAQRHLWIWFLCLQTWSEAAGKDADPYVVIMNG ILGESVTFLLNIQEPKF. IDMNIAWTSQSSY
ie 20 30 10 33 50

-0 80 20 100 110 120
CC84hu AYVTPGDSETAPVVTVTHRNYER IHALGPNYNLV ISDLRMEDAGD Y FADINTQADPYTT

CD84mu ':"'DG'/\I}’AE——/'I'I"‘QG’I“[E-GRIEII.Q’.{‘DL TRDLMEZD%G’I":’V.ADIN" '\1=:. T‘.

K
70 g0 a0 100 110
13¢ 140 150 160 170 18C
CD84hu TFR x"\'LQI YRRLGKPKI ”‘QSLI'-‘.S' MNSTCNVTLTCSVEXEEKNVTYMNWSPLGEEGNVL.QI

CC84mu "'“\"Y'[' HIYRRLKTPKITQSLISSLNNTCNITLTCSVEKEEFDVT Y SWSPFGEKSNVLQ I
120 130 140 120 16C 17

i80 20¢C 210 220 230 240
CD84hu "QTDZDQ:LT‘ (TCTAQNPVSNNSDSI SARQLC:‘.DI AMGFRTHHTGLLSVLAMFFLLVL I

CD84rmu /HSP‘!IDQ:\'.L’I“:"I‘C’T‘AQI\IPVSI\ISSDS‘/”I" QQPC‘...“IP S?“PR:’A/’LMLA‘/ FLLILIP

180 190 200 210 220 239
250 260 270 280 230 300
CD84hu SSVFLFR nLF”RRQGRITPmSCLNPFTYNPYAAS(E\. I IT”[II'.HSRI*I"'QPRESRI YDEIL
CD84ru xII.nFLFRL"KRRRDR‘"fLZ%D —————————— "‘VSK’-("""’“TV—-SRNAQP’I‘ESR- YDEIP
240 280 260 270 280
310 320 330 340

CD84hu QSKVLPSKEEPVN’I’V’;’SE\/Q‘" "E\.IGZ~_-«.S"‘QDSK=PG SSYEIVI
CD84mu QSKMLSCKXDPVTTIYSSVQLSEKN ﬁ\...""“ﬂ-ﬁ{DRSLDI\.-sLG‘\JT_I'J v
280 300 31c 320

171



Fig.3.46: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) CD84 proteins.

The different sub-domains of the mouse CD84 protein have been described by
de la Fuente er al. (1999). The 21 amino acid signal domain is encoded by the first exon
and the first 15 bp of the second exon. The first Ig-like sub-domain is encoded by the
remainder of the second exon. The second Ig-like sub-domain is encoded by the third
exon and the first 24 bp of the fourth exon. The transmembrane domain is encoded by
exon 4. whereas the cytoplasmic tail is encoded by the last 41 bp of exon 4. and exons 5.
6 and 7. Initial analysis of the first 1000 bp located upstream from the transcription start
site. using MOTIF. indicates several interesting features. First. the 5' flanking region of
the mouse CD84 gene contains potential binding sites for transcription factors that are
important for the maturation of lymphocytes. including c-Ets, Oct-1. NF-E2. GATAL.
GATA2, GATA3. NF-AT, Lyf-1. MZFI. p300. ¢c-Myb and CCAAT/enhancer binding
protein (C/EBP) potential binding sites. In addition, the 5’ flanking region of CD84
contains potential MyoD, CRE-binding protein 1/c-Jun (CRE-BP1/c-Jun) heterodimer.
AP-1. CREB. PAR-type vitellogenin promoter-binding protein (VBP). RAR-related
orphan receptor alpha2 (RORalpha2). zinc finger with interaction domain (ZID) protein.
sterol regulatory element-binding protein | (SREBP-1) and Thingl/E47 (Thl/E47)
heterodimer binding sites. The presence of a potential SREBP-1 binding site is
surprising. considering that this transcription factor normally controls the expression of
genes encoding proteins essentials for cholesterol biosynthesis/uptake and fatty acid
biosynthesis (Yokoyama er al.. 1993). Thingl was first identified by Hollenberg er al.
(1995) as a basic helix-loop-helix transcription factor containing a repression activity
and appears to be essential for placentation and cardiac morphogenesis (Riley er al..

1998). ZID was first identified by Bardwell and Treisman (1994) as a POZ domain-



containing transcription factor. The POZ domain is a conserved motif present in a large
family of proteins that acts to inhibit the interaction of the associated finger regions of
these proteins with DNA (Bardwell and Treisman, 1994). Interestingly, the POZ domain
is fused to RARalpha (retinoic acid receptor alpha) as a result of a varant t(11:17)
chromosomal translocation occuring in a small subset of acute promyelocytic leukemia,
where it acts as a potent oncogene (Dong er al., 1996). Finally, the promoter prediction
program NNPP predicted two potential promoter region in the 5' flunking region of the
mouse CD84 gene. 461-511 bp and 182-232 bp. respectively, upstream from the

initiation of transcription.

[11-2-2-3 Repeat elements in the mouse clone rp23-77a8

The analysis of repeat elements in the mouse clone rp23-77a8. using
Repeatmasker. shows that they make up to 46.92% of the sequence of this clone (table
3.35). As in the clone rp23-145f9, the repeat elements mainly are LINE and LTR
elements which represent ~30% and ~46% of the total repeat elements present in the
clone rp23-77a8. The LINE elements are almost exclusively LINEIL elements. SINEs
Bl and B2 elements are ~12.4% of the total repeat elements present in this mouse
clone. The total percentages of repeat elements present in the clones rp23-77a8 and
rp23-145t9 are very similar (~45% of the total sequence in both clones). the percentage
of LINE elements present in the clone rp23-77a8 is lower than that present in the clone
rp23-145f9. and the percentage of LTR elements present in the clone rp23-77a8 is

higher than that present in the clone rp23-145f9.

number of length percentage
elements occupied of sequence
SINEs: 103 13753 bp 5.84%
Bls 43 5052 bp 215%
B2-B4 43 6983 bp 297%
IDs 4 258 bp 0.11%
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MIRs 13 1460 bp 0.62%

LINEs: 51 33220 bp 4.11%
LINEI 38 30269 bp 12.85%
LINE2 12 2893 bp 1.23%
L3/CR1 1 58 bp 0.02%

LTR elements: 80 51035 bp 21.67%
MaLRs 36 14769 bp 6.27%
ERVL 6 10202bp +.33%
ERV_classl 2 662 bp 0.28%
ERV_classlI 16 18660 bp 7.92%

DNA elements: 14 2272 bp 0.96%
MERI _type 11 1726 bp 0.73%
MER2_type 2 430 bp 0.18%

Unclassified: 4 1344 bp 0.57%

Total interspersed repeats 101624 bp  43.15%

Small RNA: 0 0 bp 0.00%

Satellites: 0 0 bp 0.00%

Simple repeats: 101 6234 bp 2.65%

Low complexity: 31 2490 bp 1.06%

Table 3.35: Identification of the repeat elements on the mouse clone rp23-77a8.

[11-2-3 Mouse BAC clone rp23-21118

The mouse BAC clone rp23-21118 on mouse chromosome 1q22 (Genbank
accession number AC083893) is 244345 bp in length. A GENSCAN analysis, followed
by a BLAST search. on the genomic sequence of the clone rp23-21118 revealed that this
clone does not harbor any known or putative genes (Fig.3.47). The library sample was
initially contaminated with another BAC clone of 233219 bp. that was subsequently
named rp23-21118b (Genbank accession number AC092498). A GENSCAN analysis
and a BLAST search on of the clone rp23-21118b reveuled that it contains a gene

encoding a small GTPase of the Ras family, Rabl la, that has been mapped to mouse
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chromosome 9C (Bhartur er al.. 2000). Thus, it is very likely that the clone rp23-21118b
does not correspond to any genomic region of the QTL located on mouse chromosome
lq. In addition, two STS markers (D4Mit322 and D4Mit275) match with the mouse
BAC clone rp23-21118. However. these markers have been mapped to mouse
chromosome +. Based on this data, it appears that the mouse BAC clone rp23-21118
does not belong to mouse chromosome 1q region but rather to mouse chromosome .
The position of rp23-21118 therefore is different from the one that was assumed at the

beginning of this dissertation research.

GENSCAN predicted genesin sequence 21118 fastascreen.Contigl
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Fig.3.47: GENSCAN analysts of the mouse BAC clone rp23-21118. The genes predicted by GENSCAN
are repeat elements or talse posttives.

The analysis of the repeat elements in the 244345 bp of the clone rp23-21118.
using Repeatmasker. indicates a very high percentage of repeat elements. as more than
half of the total sequence of this clone is made of repeat DNA (table 3.36). Most of the

repeat elements correspond to LINEI elements and. to a lesser extent. LTR elements.
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SINE elements are only 1.2% of the total repeat DNA present in this clone, confirming

that there is a high percentage of LINE] elements and a low percentage of SINEs in

several clones mapped to the same genomic region (mouse chromosome 1q21[-23). In

this particular case, however, the high percentage of LINE elements can be correlated to

the total absence of genes. as LINE elements have been reported to being predominant

in gene-poor regions (Lander et al., 2001).

number of
elements
SINEs: 23
Bls 12
B2-B4 11
IDs 0
MIRs 0
LINEs: 96
LINEI 93
LINE2 2
L3/CRI1 I
LTR elements: 59
MaLRs 34
ERVL 0
ERV_classl |
ERV_classll 9
DNA elements: 8
MER _type 5
MER2_type 0
Unclassified: 3

Total interspersed repeats

Small RNA: 4
Satellites: 0
Simple repeats: 85
Low complexity: 36

length percentage
occupied of sequence
2938 bp 1.20%
1310 bp 0.54%
1628 bp 0.67%
0 bp 0.00%
0 bp 0.00%
96164 bp 39.36%
95906 bp 39.25%
185 bp 0.08%
73 bp 0.03%
26543 bp 10.86%
10253 bp 4.20%
0 bp 0.00%
67 bp 0.03%
10334 bp +.23%
1630 bp 0.67%
547 bp 0.22%
0 bp 0.00%
552 bp 0.23%
127827 bp  32.31%
333 bp 0.17%
0 bp 0.00%
4904 bp 201%
1439 bp 0.59%

Table 3.36: [dentification of the repeat elements on the mouse clone rp23-21118.

176



I11-2-4 Mouse BAC clone rp23-395h6

I11-2-4-1 Mouse BAC clone rp23-395h6: a preview

The mouse clone rp23-395h6 (Genbank accession number AC084821) maps to

a gene-rich mouse chromosome 1q21-24 region. A total of fourteen genes. including

three hypothetical genes. and one processed pseudogene have been predicted on mouse

BAC clone rp23-395h6. using GENSCAN (Fig. 3.48) and BLAST.

GENSCAN predicted genes in sequence 395h6.fasta.scereen.Contigl
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Fig 348 GENSCAN unalysis of the mouse BAC clone m23-395h6 («Cy Complementany strand.

All 14 genes likely are expressed as ESTs corresponding to them were found in

the dbEST database. The genes present on mouse clone rp23-395h6, their positions and

their biological activities. are summarized on table 3.37 and Fig.3.49.
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Fig. 3.49: The positon of cach gene and pseudogene on the mouse BAC clone rp23-395h6 1s indicated by a tull
square on the upper lane and by the corresponding position (in kb) on the lower lane. The clone 15 represented
by a plain line and 1s not represented in 1ts totality on (1) and (h). (a) The upper squares correspond to genes
transcnbed 1n the 5°-3' dircction, and the lower squares correspond to genes transcnibed 1n the 3'-3" direction. (b
The numbers correspond to the position on the clone 395h6 (in kb) of cach gene represented on ta), and are
posttioned according to the position of the corresponding gene in a). The 3" and 3’ directions are indicated.

Gene Position (kb)
---------;m 03

DEDD 4-7(C)

L27 39-40

(pseudogene)

RIKEN2 50-56

USP23 58-63

Ppox 64-68

beta4Gal-T3 68-74 (C)

Adamts4 §6-94 (C)

NDUFS2 98-110

Fcerlg LL1-115

apoA-II 119-120 (C)
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Biological activities

nitrilase
CD95-mediated apoptosis

ribosomal protein

unknown
ubiquitin-specific protease
protoporphyrinogen oxidase
beta-galactosyltransterase
aggrecanase- 1

mitochondrial complex [
subunit

IgE receptor gamma
subunit

HDL metabolism




RIKENI 123-126 eukaryotic porin?

mCAR 126-131 (C) cellular detoxification
myelin PO 184-191 (C) myelin formation
RIKEN3 194-211 succinate dehydrogenase

of cytochrome b
Table 3.37: Clone position. and biological activitics of the genes present on
mouse clone rp23-395h6.
(C) complementary strand.

Several genes present on the clone rp23-395h6 are in close proximity to each
other. The 3' ends of the Ppox and beta4Gal-T3 genes are separated by 98 bp only.
whereas the 3' ends of the RIKEN1 and mCAR genes are separated by only 190 bp.
The poly(A) signals of the Ppox and beta4Gal-T3 genes are located at position 68516
and 68652, respectively, and are therefore separated by only 136 nucleotides. Although
the existence of bidirectional poly(A) signals has been demonstrated in prokaryotes
(Swartzman ef al.. 1990) as well as in eukaryotes (Imiger er al.. 1991), it appears that. in
the case of the Ppox and beta4Gal-T3 genes, the gene transcription ends at an
unidirectional poly(A) signal.

In the subsequent sections. each gene and its encoded protein. their structural

and functional features, will be described according to the data currently available.

[11-2-4-2 Mouse CAR gene

Various organic compounds. also known as xenochemicals or xenobiotics.
include dietetary compounds. environmental pollutants and pharmaceutical drugs require
detoxification to ensure their proper elimination from the body. Hepatic microsomal
cytochrome P450s (encoded by the CYP gene superfamily) are the most important
enzymes catalyzing the metabolic detoxification. The efficiency of this process is

enhanced because many foreign chemicals selectively induce. via activation of gene
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transcription, the CYP genes required for their metabolism (Gonzalez, 1989). The
transcriptional activation of CYP genes by xenobiotics occurs mostly in the liver and is
mediated by the interaction of ligand-nuclear receptor complexes with enhancer
sequences located upstream from the CYP gene promoters (Waxman, 1999). There are
two classes of xenobiotics that induce the different sets of CYP genes: polycyclic
aromatic hydrocarbons, inducing CYPIA and CYPIB, and phenobarbital, inducing
CYP2A. CYP2B. CYP2C. CYP2H and CYP3A (Zelko and Negishi. 2000).
Phenobarbital most effectively induces the CYP2B gene. and a phenobarbital-response
element (PBRE) was first identified upstream from the CYP2B gene (Honkakoski er «l..
1998). The orphan nuclear receptor CAR. which was originally described as a
constitutive activator of an empirical set of retinoic acid response elements (Choi et al..
1997). has been shown to bind to the PBRE as a heterodimer with the retinoid X
receptor alpha (Sueyoshi e al.. 1999), following the phenobarbital-induced translocation
of the CAR receptor from the cytoplasm to the nucleus (Kawamoto ¢t al.. 1999). The
nuclear translocation of the CAR receptor depends on a leucine-rich peptide located at
its carboxy-terminus (Zelko er al.. 2001). Unlike other nuclear receptors, CAR binds to
its response element and activates transcription in the absence of ligand (Choi er al..
1997). Its constitutive activity is inhibited by the steroids androstanol and androstenol.
because these compounds promote the release of the co-factor steroid co-activator SRC-
I from the putative ligand-binding domain of CAR (Forman er al.. 1998). raising the
interesting possibility of a regulatory mechanism repressing the constitutive activity of
CAR in order to acquire the phenobarbital responsiveness. Gene-knockout studies in
mice by Wei er al. (2000) further established that the nuclear receptor CAR uctivated by
phenobarbital was able to enhance the expression of the CYP2B gene. and that CAR
was a central component in mediating the specific xenobiotic induction of drug

metabolism.
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The mouse CAR (mCAR) gene, characterized by Choi et al. (1997), is encoded
by nine exons and the mCAR protein is very similar. in terms of structural organization,
to proteins belonging to a small subgroup of the nuclear hormone receptor superfamily,
including the mammalian vitamin D receptor and an orphan receptor from Xenopus
laevis. In addition. an ALIGN comparison between the mouse and human CAR proteins

indicates that they share 57.5% sequence identity (Fig. 3.50).
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Fig. 3.50: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) CAR proteins.

Typically. the protein encoded by mCAR contains a very short amino-terminal

region, followed by a DNA-binding domain. a hinge region and a ligand

binding/dimerization domain. As a consequence of altenative splicing. the mCAR gene
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encodes two proteins. Both proteins are identical. except for the ligand
binding/dimerization domains where a 107 bp out-of-frame deletion generates a
truncated variant containing only 6 new amino acids instead of the last 78 residues of
the mCAR protein (Choi er al.. 1997). A CROSSMATCH analysis between the mCAR
gene and the mCAR cDNA indicates that the truncated splice variant actually lacks the
region coded by the 8" exon of the mCAR gene. Interestingly, the mCAR gene shares
significantly less than the typical 90% homology with its human counterpart hCAR
(Baes ¢r al.. 1994) (Fig. 3.50). suggesting that mCAR and hCAR are derived from
distinct genes encoding two CAR isoforms (Choi ¢r al.. 1997).

A GENSCAN analysis. followed by a BLAST search. of the 211748 base pairs-
BAC clone rp23-395h6 reveals that the position 131490-126682 on the complementary
strand corresponds to the 9 exon-mouse CAR gene (table 3.38 and Fig. 3.48). It also
indicates that the mCAR gene spans a genomic region of approximately 5 kb (Fig.
3.51). The results of the Neural Network splice site prediction program analysis also
confirmed the presence of potential splice sites at the exon-intron borders indicated by

the ALIGN comparison of the mCAR genomic region and the mCAR ¢DNA (table

3.39).
Exon number Contig position Exon length (bp)
1 131490-131352 138
2 131182-131040 142
3 130581-130451 130
4 129146-128977 169
5 128779-128640 139
6 128449-128304 145
7 128211-128095 116
8 127899-127794 105
9 126936-126682 254

Table 3.38: contig position and length of the exons of the mouse CAR gene. A
truncated variant of mCAR does not contain the region encoded by the §% exons
because of an out-of-trame deletion.



mCARgene:

ATG STOP
12 3 45678 9
138 134 (32 171 142 147117 108 258
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mCAR protein:
N C
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Fig. 3.51: Structural organization of the mCAR gene and 1ts encoded protein. (Top) Sizes. in
base pairs, are given below the introns and above the exons. The exons are indicated by black
boxes and the connecting introns by horizontal lines. The alternatively spliced exon (8) 18
indicated by a white box. (Bottom) The dark gray box indicates the presence of @ DNA-binding
domain. The clear gray box corresponds to the hinge region. The white box corresponds to the
ligand binding/dimenzaton doman. The 8th exon (white box) 1s deleted in the splice varant
of mCAR because of an out-of-frame deletion. generating a truncated vanant.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
131350 131183
1/t ggaaacagGTaggtaa 172 ccacattcAGgagacc
131038 130582
22 tcttcagGT gaatge 2/3 ctatctcacAGacguac
130449 129147
3/3 asagacaGTgagttg 3/4 ctgacacAGtgatac
128975 128780
44 gticaagGT gagaac +/5 actctacAGcecteeg
) 128638 ) 128450
5/5 tcttccgGTgagtag 5/6 gacacagAGagteect
128302 128212
6/6 gteccatgGT gagatg 6/7 ctetcacAGeagggt
128093 127900
717 teccetgGT gaggat 7/8 ctetctcAGacagac
127792 126937
8/8 aaagtcgGTagggag 8/9 ccteccaaATgtttct
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Table 3.39: Neural Network splice site prediction sequences: exons and introns ae
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 131177, eight base
pairs downstream from the 5' end of the second exon, indicating that the first exon is a
non-coding exon. Initial analysis of the first 1000 bp located immediately upstream
from the 5' end of the first exon. using MOTIF. reveals that the 5' flanking region of
mCAR contains potential binding sites for the ROR alpha | receptor and the aryl
hydrocarbon (Ah) receptor nuclear translocation homodimer (Amt), 937-949 bp and
299-314 bp. respectively, upstream trom the 5' end of the first exon. The ROR alpha 1
receptor is a retinoic acid receptor-related orphan receptor. isolated by Giguere er al.
(1994), which binds DNA as a monomer and constitutively activates transcription from
a large subset of hormone response elements. The Amt homodimer is a component of
the DNA-binding form of the Ah receptor and was isolated by Hoffman er al. (1991).
The Ah receptor binds various environmental pollutants. such as dioxin. and the ligand-
bound receptor activates CYP lal gene transcription through interaction with specitic
DNA sequences. termed the xenobiotic-responsive elements (XREs) (Reyes er al..
1992). The Amt protein contains a basic helix-loop-helix motif, and therefore may be
responsible for interacting with the XRE (Reyes er al.. 1992). The presence of a putative
binding site for Amt in the 5' flanking region of mCAR suggests that the transcription
of the mCAR gene. itself encoding a receptor involved in the xenobiotic induction of
drug metabolism. is under direct control of nuclear receptors uctivated by the presence
of xenochemicals. The mCAR receptor therefore may be part of a transcriptional
cascade involving several nuclear receptors activating the transcription of downstream
genes. in response to the presence of environmental pollutants. In addition. the presence
of a putative binding site for the ROR alpha | receptor may reflect a basal and

constitutive transcriptional activity of the mCAR gene that does not depends on the
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presence of xenobiotic elements. Finally, the promoter prediction by NNPP predicted
one potential TATA box-containing promoter located 690-740 bp upstream from the 5'

end of the first exon of the mCAR gene.

[1I-2-4-3 Mouse myelin protein zero (P0) gene

The myelin sheath is a specialized membranous organelle that serves as an
clectrical insulator and efticiently enhances the conduction velocity of axons in the
vertebrate nervous system. Synthesized by oligodendrocytes in the central nervous
system and by Schwann cells in the peripheral nervous system. this organelle consists
of plasma membrane extensions that are repeatedly and tightly wrapped around axons to
form compuct myelin. Compaction is mediated by specialized myelin proteins. In the
penpheral nervous system. the most abundant of these proteins is myelin protein zero
(PO) (Roomi er al.. 1978). a transmembrane glycoprotein belonging to the Ig
superfamily and accounting for more than 50% of the proteins of the peripheral nervous
system myelin (Lemke et al.. 1988). Several studies have demonstrated that myelin
protein zero is essential for peripheral nerve development and function. The phenotypes
of mice with mutations in the PO gene are reminiscent of human neuropathies. such as
Charcot-Marie-Tooth disease type 1B. Dejerine-Sottas syndrome and congenital
hypomyelination (Hayasaka er al.. 1995: Kulkens er al.. 1993; Su er al.. 1993). and
include hypomyelination. loss of motor control. tremors and abnormal myelin sheath
(Giese er al.. 1992). Heterologously overexpressed PO protein accumulates at membrane
contact sites between neighboring cells and induces homophilic adhesion (D'Urso er dl..
1990). It has been suggested that both the carbohydrate structure of PO (Filbin and
Tennekoon, 1991). and the protein backbone within the extracellular Ig-like domain of
PO (Zhang er al.. 1996) were involved in these interactions. implying that PO holds

together adjucent membrane layers of myelin because of its homophilic adhesion
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capacity. X-ray crystallographical data revealed that the extracellular domains of PO are
assembled as tetramers, adhering to PO tetramers on the opposing myelin layer (Shapiro
et al., 1996). In addition, the cytoplasmic domain of PO has been suggested to be
involved in the compaction of intracellular surfaces of membrane layers. thus adding
another level of compaction of the myelin sheath (Ding and Brunden, 1994).

During Schwann cells development, the PO gene is coordinately induced with
genes encoding other myelin-specific proteins. such as myelin basic protein and PMP-
22 (Lemke. 1988). This regulation of the PO gene reflects a combination of
transcriptional and translational controls. The 5' flanking region of the PO gene contains
most of the regulatory elements required for tissue-specific and developmentally
accurate PO expression (Brown and Lemke. 1997). In addition, the overexpression of
the PO protein in peripheral nerves causes a dose-dependent dismyelinating neuropathy.
manifested by delayed nerve development. that reveals the importance of precisely
regulated gene dosage for normal myelination (Wrabetz et ul.. 2000).

A GENSCAN analysis. followed by a BLAST search, of the mouse clone rp23-
395h6 indicates that the genomic segment at position 191305-184608 on the
complementary strand corresponds to the 6 exon-mouse myelin PO gene (Fig. 3.48). A
CROSSMATCH analysis between the mouse clone rp23-395h6 and the PO gene cDNA
indicates that this gene has six exons. covering approximately 7 kb of genomic DNA

(table 3.40 and Fig. 3.52).

Mpyelin PO gene:

ATG sTorp
I 23 45 6
1426 oo 213 138 00 977

l 273 H S32 130 1

Fig. 3.52: Structural organizauon of the myelin PO gene. Sizes. in base pairs. are given below the
introns and above the exons. The exons are indicated by black boxes and the connecting introns by
honzontal lincs.
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In addition, the results of the Neural Network splice site prediction program

analysis also confirmed the presence of potential splice sites at the exon-intron borders

indicated by the ALIGN comparison of the PO genomic region and the PO ¢cDNA (table

3.41).
Exon number Contig position Exon length (bp)
1 191305-189879 1426
2 187166-187000 166
3 186774-186561 213
4 186029-185894 135
5 185753-185693 60
6 185585-184608 977
Table 3.40: contig position and length of the exons of the mouse PO gene.
Donor site sequence Acceptor site sequence
Exon/Intron Sequence [ntron/Exon Sequence
189877 187167
171 tetitggGTaagtga 172 tatitacAGtgetgt
186998 186775
2/2 catttcgGTgagtge 2/3 tectcatAGatctte
186559 186030
3/3 gaaaaagGTgtgaga 3/4 cectectAGtgecca
185892 185754
44 gectcagGTaangggg 4/5 ttgccacAGtgccat
- 185691 1855860
5/5 gcggeagGTragtag 5/6 tccccgcAGacgeca
Table 3.41: Neural Network splice site prediction sequences: exons and introns ar

numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

The putative translation start site (ATG) is located at position 189946. in the first

exon. and the putative termination site (TAG) is located at position 185485. in the last

exon (Fig.3.52). An ALIGN comparison between the mouse and human myelin protein

zero indicates that they share 35.7% sequence identity (Fig. 3.53).
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Fig. 3.53: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) myelin protein zero.

Initial analysis of the 1000 bp immediately upstream from the initiation of
transcription, using MOTIF. indicates the presence of several potential transcription
factor binding sites. Brown and Lemke (1997) determined that a potent transcriptional
regulatory region was present from position -350 to +45. and that the basal PO promoter
was identified as two transcription factor binding sites. a Spl site and a NF-Y site.
located at positions -48 to -39 and -66 to -79. respectively. None of these two sites were
detected. using MOTIF, in the 5' flanking region of the PO gene. However, MOTIF
predicted other potential binding sites for transcription factors in the genomic region at
position -350 to ++3. such as MZF1. C/EBP. Oct-1. Lyf-1 and Pbx-1 binding sites. In
addition. two potential promoter region were predicted by NNPP. located 395-445 bp

and 20-70 bp. respectively. upstream from the initiation of transcription. The presence of
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a putative NF-Y CCAAT box binding site 66-79 bp upstream from the initiation of
transcription suggests that the promoter region located 20-70 bp upstream from the PO

gene may correspond to the actual promoter.

[11-2-4-4 Mouse apoA-II gene

Plasma levels of high density lipoproteins (HDL) are inversely correlated to the
risk of artery disease. HDLs protect against artery disease by removing cholesterol from
peripheral tissues and transporting it to the liver (Tall, 1990). The two major
apolipoproteins associated with HDL are apolipoproteins A-I (apoA-I) and A-II (apoA-
ID). In human, apoA-I and apoA-II constitute approximately 60% and 20%. respectively.
of the protein mass of HDL (Tall. 1990). Although the role of apoA-I in maintaining
HDL structure is well established (Tall, 1990). the role of apoA-II is still unclear. Unlike
apoA-I. apoA-II is not required for assembly of HDL (Deeb et al.. 1990). However,
apoA-II has been shown to affect several aspects of HDL metabolism. including
cholesterol transport to the liver (Barbaras er al.. 1987), HDL composition (Zhong ¢t al..
1994) and HDL levels (Zhong et al.. 1994). In addition. Warden er al. (1993) showed
that the overexpression of apoA-II in transgenic mice on both chow and atherogenic
diets promoted the development of atherosclerosis. suggesting a significant role for
apoA-II in regulating HDL metabolism and plasma cholesterol levels.

A GENSCAN uanalysis. followed by a BLAST search. of the BAC clone rp23-
395h6 indicates that the genomic segment at position 120437-119156 on the
complementary strand corresponds to the mouse apoA-II gene (Fig. 3.48). It also
indicates that this gene spans a genomic region of approximately 1.3 kb (table 3.42 and
Fig. 3.54). In addition. the results of the Neural Network splice site prediction program

analysis also confirmed the presence of potential splice sites at the exon-intron borders
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indicated by the ALIGN comparison of the apoA-II genomic region and the apoA-II

cDNA (table 3.43).

ApoA-II gene:

ATG STOP
12 3 4

33 34 13§ 28

167207343

Fig. 3.54: Structural orgamzation of the ApoA-1 gene. Sizes, n base pairs, are given below the
introns and above the exons. The exons are indicated by black boxes and the connecting introns by
hortzontal lines.

Exon number Contig position Exon length (bp)
1 120437-120404 33
2 120241-120159 82
3 119859-119727 132
4 119382-119156 226

Table 3.42: contig position and length of the exons of the mouse apoA-II gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
120402 120242
1/1 agaatcgGTatgetg 172 tctcaccAGcagcac
120157 119860
2/2 ctgguagGTgaggtt 2/3 tegtgtAGgagett
119725 119383
3/3 aggtcaaGTaagtct 3/4 gttccccAGggcata

Table 3.43: Neural Network splice site prediction sequences: cxons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 120211. in the

second exon. indicating that the first exon is a non-coding exon. An ALIGN
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comparison between the mouse and human Apo A-II proteins indicates that they share

58.8% sequence identity (Fig. 3.55).

10 20 30 40 50 80
apohum MKLLAATVLLLTIC SLE‘GALVRRQAI\EPCVES LV SQ ¥¢3 QTVTD {GKDLMEKVKS P..:_.QA::.

apomus MKLLAMVALLVTICSLEGAL VKRQADGPDI 'QS FTQ YFQSHMTEYGKDLVEKAKTSEIQSQ
10 20 30 40 50 60

70 80 90 100
apohum AKSYFEKSKEQLTPLIKKAGTELVNFLS x“f:LG'“QPn--TQ

apcmus VEAYFEKTHEQLTPLVRSAGTSL J""“‘SSLMN" EL.:\P-&P-«AK
70 280 S0 100

Fig.3.55: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) apo A-II proteins.

Analysis of the 1000 bp located immediately upstrcam from the 5' end of the
apoA-II gene. using MOTIF. reveals several interesting features. First. besides the
presence of potential binding sites for ubiquitous transcription factors. such as Oct-1.
GATA and p33 binding sites. a potential binding site for sterol regulatory element-
binding protein | (SREBP-1) is located 54-64 bp upstream from the 5’ end of the first
exon of apoA-ll. SREBP-1 is a basic-helix-loop-helix-leucine zipper protein that
controls the expression of genes encoding proteins essentials for cholesterol
biosynthesis/uptake and fatty acid biosynthesis (Yokoyama er al.. 1993). The presence
of a potential binding site for SREBP-1 may be related to the fact that apoA-II may play
a significant role in regulating HDL metabolism and plasma cholesterol levels (Warden
et al., 1993). Surprisingly. a potential interferon-stimulated response element (ISRE) is
located 340-354 bp upstream from the 5' end of the apoA-II gene. The mouse apoA-II
gene is not known to be transcriptionally regulated by interferons. and further
experiments are needed to determine whether it is. Finally. the promoter prediction
program NNPP predicted three potential promoter regions in the 5’ flanking region of
the apoA-II gene. 467-517 bp. 403453 bp and 208-258 bp upstream from the 5' end of

the apoA-II gene. respectively. Analysis of the 5' flanking region of the apoA-II gene.
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using MOTIF, revealed the presence of a potential Spl GC box-binding site, 443-452
bp upstream from the first exon, and a potential NF-Y CCAAT-box binding site. 466-
476 bp upstream from the first exon, suggesting that the predicted promoter located

467-517 bp upstream from the apoA-II gene may correspond to the actual promoter.

111-2-4-5 Mouse NDUFS2 gene

The oxidative phosphorylation system of the mitochondria uses the products of
approximately 60 nuclear genes and 13 mitochondrial genes to generate ATP. These
proteins are organized into five large complexes: electron-transport chain complexes I-
IV and ATP synthase complex (complex V) (Hatefi. 1985). Complex I. also known as
nicotinaminide adenine dinucleotide (NADH): ubiquinone oxidoreductase is the largest
complex. Studies from bovine heart mitochondria have identified at least 35 nuclear-
encoded and 7 mitochondrial-encoded complex I subunits (Skehel er al.. 1998).
Complex 1 is embedded in the inner mitochondrial membrane and serves to
dehydrogenate NADH and to shuttle electrons to coenzyme Q. This electron transport
generates a proton gradient across the inner mitochondrial membrane and provides a
proton motive force used to synthesize ATP. The 35 nuclear-encoded proteins from
bovine heart complex I identified so fur consists of 3 flavoproteins. 7 iron-sulfur (Fe-S)
proteins, 24 hydrophobic proteins (Galante and Hatefi, 1979). and a 17.2 kD subunit
that remains to be identified (Skehel er al.. 1998). The flavoproteins and Fe-S proteins
protrude from the inner mitochondrial membrane into the mitochondrial matrix
(Grigorieff. 1998). forming an "arm” which binds and transtfers electrons to NADH.
The hydrophobic proteins are embedded in the phospholipid bilayer of the inner
mitochondrial membrane and apparently mediate proton translocation from the
mitochondrial matrix into the intermembrane space (Belogrudov and Hatefi. 1994). The

NDUFS2 gene encodes a 49 kD Fe-S protein that is part of the eukaryotic
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mitochondrial complex I (Smeitink er al., 1998). In humans, this protein is one of the
seven nuclear-encoded counterparts of the E. coli Nuo proteins that appear to form a
small form of complex I, consisting of [<4 subunits (Weidner ez al., 1993). Although the
role of the NDUFS2 protein still remains to be established, mutational detection studies
in enzymatic complex [ deficient patients by Loeffen er al. (2001) revealed three
missense mutations in the NDUFS2 gene. indicating that the NDUFS2 protein is
essential for maintaining the integrity of the human mitochondrial complex I.

The human NDUFS2 cDNA was cloned and characterized by Loeffen er al.
(1998). The open reading frame of the human NDUFS2 gene consists of 1392 bp.
coding for 463 amino acids. and showing 96% sequence identity with the corresponding

bovine translation product.

NDUFS2 gene:
ATG STOP
1 2 3 456 78 9 1011 12 13
9110 192 123 189 ST 37123 132 9w %7 63 132
] 981 1SS0 378 115 139221 671 436 162 1023 180

Fig. 3.56: Structural organization of the NDUFS2 genc. Sizes, 1n base pairs, are given below
the tntrons and above the exons. The exons are indicated by black boxes and the connecting
introns by horizontal lines
A GENSCAN analysis. followed by a BLAST search. of the mouse clone rp23-
395h6 indicates that the genomic segment at position 98439-110668 corresponds to the
mouse NDUFS2 gene (Fig. 3.48). A CROSSMATCH analysis between the mouse
NDUFS2 ¢DNA (Genbank accession number BC003898) and the mouse clone rp23-
395h6 reveals that the mouse NDUFS2 is encoded in 13 exons (table 3.44 and Fig.
3.56). In addition. the results of the Neural Network splice site prediction program

analysis also confirmed the presence of potential splice sites at the exon-intron borders
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indicated by the ALIGN comparison of the NDUFS2 genomic region and the

NDUFS2 cDNA (table 3.45).

Exon number

Contig position

OO~ UN Wt —

10
11
12
13

Table 3.44: contig position and length of the exons of the mouse NDUFS2 gene.

Donor site sequence

98439-98533 94
99330-99436 106
104390-104580 190
106133-106253 120
106630-106817 187
106935-107012 77
107155-107240 85
107463-107582 119
108258-108387 129
108826-108921 95
109087-109170 83
110197-110254 57

[10440-110668

228

Acceptor site sequence

Exon/Intron

1/1

2/2

3/3

4/4

W
~
wn

6/6

1117

8/8

9/9

Sequence
98535
cccagcagGTgaggag
99434
tggaatgGTgagtgc

104582
tctgecagGTlgtggag
106255
atccgagGTatgttt

106819
gcaccagGTgagtga

107014
ggaggagGTgagaca

107242
gattcagGTaggaga

107584
acgatagGTaagatt

108389
gatgaagGTtggect

—_tol

108923

Intron/Exon Sequence
99329
172 attccccAGaggtgc
104389
2/3 cactictcAGatgigg
106132
3/4 tttccccAGgccctt
i 106629
4/5 gictcacAGtgctct
A 106934
5/6 gctictagAGgaccta
107154
6/7 cgtccatAGatgctg
107462
7/8 tgccctatAGtggggt
108257
89 tcatttcAGgtacct
108825
9/10 ttecticAGacgtec
109086
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10/10 tcctaagGTgagggg 10/11 cttggacAGggagag
109172 110196

11/11 ccacctgGTaagaca 11/12 ttctgcAGgcetggt
110256 110439

12/12 atcatagGTatgaga 12/13 acctttAGgtacce

Table 3.45: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 99387. in the second
exon, indicating that the first exon is non-coding. The mouse NDUFS2 protein consists
of 412 amino acids. 51 amino acids shorter than its human counterpart. An ALIGN
comparison between the amino acid sequences of the mouse and human NDUFS2
proteins reveals that the mouse NDUFS?2 protein lacks a region corresponding to the
first 51 amino acids of the human NDUFS2 protein. but. besides this region, the two

proteins are highly conserved (Fig. 3.57).

MOUSE Meommeme e e e e e e et e mecmmm e mmem o YDSKETAK
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10 20 30 40 50 60
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70 80 20 100 110 120
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human EXLIEYKTYLQALPYFDRLDYVSMMCNEQAYSLAVEXLLNIRPPPRACWIRVLFGEITRL
130 140 150 1860 17¢C 180

130 140 150 180 170 180
mouse LNHIMAVTTHALDIGAMTPFFWMFEEREXMFEFYERVSGARMNHAAY IRPGGVHQDLPLGL

human I"‘ VT THALDLGAMT PFFWLFEEREFMFEF YERVSGARMHAAY IRPGGVHCDLPLGL
190 200 210 220 230 24
180 200 210 220 230 240

mouse LDPDIYEFSKNFSLRIDEVEEMLTNNRIWRNMRTVDIGVVTAEDALNYGFSGYMLRGSGICW

human MDDIYQFSKNFSLRLDELEELLTNNRIWRNRTIDIGVVTAEEALNYGFSGVMLRGSGICW
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mouse DLRKTQPYDVYDQVEFDVPIGSRGDCYDRYLCRVEEMRQSLRITEQCLNKMPPGEIKVDD

human DLRKTQPYDVYDQVEFDVPVGSRGDCYDRYLCRVEEMRQSLR I IAQCLNKMPPGEIKVDD
310 320 330 340 350 360

310 320 330 34C 350 360
mouse AKVSPPKRAEMKTSMESLIHHFKLYTEGYQVPPGATYTAIEAPKGEFGVYLVSDGSSRPY

human AKVSPPKRARMKTSMESLIHHFKLYTEGYQVPPGATYTAIEAPKGEFGVYLVSDGSSRPY
370 380 3380 400 410 420

370 380 3%0 400 410
mouse RCKIKAPGFAHLAGLDEMSKGHMLADVVAIIGTQDIVFGEID
human RCKIKAPGFAHLAGLDKMSKGHMLADVVAIIGTQDIVFGEVDR

430 440 4150 4160

Fig. 3.57: ALIGN comparison between the amino acid sequences of the mouse and
human NDUFS2 proteins.

A MOTIF analysis on the first 1000 bp located upstream from the 5' end of the
NDUFS2 gene reveals potential binding sites for ubiquitous transcription factors. such
as GATA. p33. c-Ets. NF-kB. AP-1. CREB. ¢-Myb. E2F and Oct-1 binding sites.
Because of the important place of this protein in the energetics metabolism of the cell. it
is expected that the transcriptional activity of the corresponding NDUFS2 gene is
highly regulated by one or more of the transcription factors mentioned above. A search
for the promoter region. using NNPP. on the first 1000 bp located upstream from the 5'
end of the NDUFS2 gene did not predict any TATA-containing promoter region.
suggesting that the NDUFS2 gene transcriptional activity is initiated from a TATA-less

promoter.

I1I-2-4-6 Mouse beta4Gal-T3 gene

Enzymatic glycosylation of proteins and lipids is an essential process that
involves a very large number of glycosyltransterases catalyzing the synthesis of
complex oligosaccharides and glycoconjugates (Kleene and Berger. 1993).

Glycosyltransferases have high donor and acceptor substrate specificities. and are
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usually limited to catalysis of only one glycosydic linkage. The UDP-Gal:beta-Glc NAc
beta-1,4-galactosyltransferase (betadGal-T1) was the first glycosyltransferase to be
isolated and cloned (Shaper et «l., 1986), but a comparison with the EST database led to
the identification of five novel betadGal-T genes with similarities to the betadGal-T1
gene, designated beta4Gal-T2 to -T6 (Almeida er al.. 1997: Schwientek er al.. 1998: Sato
et al., 1998. Nomura ¢r al.. 1998). All seven members of the betadGal-T family of
proteins have specificity exclusively for the donor substrate UDP-Gal, and all transfer
Gal in a beta-1.4-linkage to similar acceptor sugars: GlcNAc, Glc and Xyl. The fine
specificity of the betad4Gal-T tamily of proteins for ditferent types of glycoconjugates
and branch points of oligosaccharide structures has not been determined. However.
Almeida er al. (1997) demonstrated that beta4Gal-T3 was not very efficient in using
several different glycoprotein substrates but was rather very efficient in using glycolipid
substrates. suggesting that beta+Gal-T3 may be involved in glycolipid biosynthesis.

The human beta4Gal-T3 ¢cDNA.cloned and characterized by Almeida er al.
(1997). consists of six exons. Also. the predicted coding region of human beta4Gal-T3
has a single translation start site (ATG) placed immediately upstream trom a sequence
encoding a potential hydrophobic transmembrane domain. The predicted coding
sequence vyields a type II transmembrane glycoprotein with an amino-terminal
cytoplasmic domain of <4 residues. a transmembrane domain of 18 residues and a
catalytic domain of 371 residues (Almeida er al.. 1997). The genomic organization of
this gene is identical to that of the human beta4Gal-T1 and betad4Gal-T2 genes.
suggesting that it is part of a homologous gene family that arose through gene
duplication.

A GENSCAN analysis. followed by a BLAST search. of the mouse BAC clone
rp23-395h6 revealed that the genomic segment at position 74328-68638 on the
complementary strand corresponds to the mouse beta4Gal-T3 gene (Fig. 3.48). This

gene is encoded by seven exons and spans a genomic segment of approximately 5.7 kb
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(table 3.46 and Fig. 3.58). In addition, the results of the Neural Network splice site
prediction program analysis also confirmed the presence of potential splice sites at the
exon-intron borders indicated by the ALIGN comparison of the beta4Gal-T3 genomic

region and the beta4Gal-T3 cDNA (table 3.47).

beta4Gal-T3 gene:
ATG STOP
1 2 3 45 6 7
174 297 237 192 126 108 79
331 SN 119 H 149 107
betadGal-T3 protein:
N C
[ . 1
Exons: 1 2 ! 3 1 4 ! 5 6 7

Fig. 3.58: Structural orgamization of the betadGal-T3 gene and 1ts encoded protesn. (Top) Sizes.
in base pairs. are given below the introns and above the exons. The exons are indicated by biack
boxes and the connecting introns by honizontal lines. (Bottom) The dark gray box indicates the
presence of a putative cytoplasmic domain. The clear gray box corresponds to a putative
transmembrane domain. The white box corresponds to the putative catalytic domain.

Exon number Contig position Exon length (bp)
| 74328-74154 174
2 73820-73526 294
3 73006-72771 235
+ 71574-71384 190
5 T1261-71139 122
6 69645-69541 104
7 69421-68638 783
Table 3.46: contig position and length of the exons of the mouse betadGal-T3
gene.
Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
74152 73821
1/1 aacacacGTacgtgt 172 tgcttccAGaaatce
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73524 73007
22 ticttagGTgagtag 2/3 taccaacAGtgggte

p=t =l

72769 71575
3/3 ccaccagGTatcece 3/4 atctictAGgctgga
71382 71262
4/4 gatacagGTagaggg 4/5 tgtecttAGecteee
71137 69646
5/5 ctaccagGTcagact 5/6 ttctcacAGggtceg
69539 69422
6/6 cccacagGTaggaaa 6/7 caccctcAGatttga

Table 3.47: Neural Network splice site prediction sequences: cxons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 73783, in the second
exon, indicating that the first exon is non-coding and that the coding region of the
mousc betad4Gal-T3 gene consists of six exons. The mouse betadGal-T3 protein
consists of 395 amino acids and an ALIGN comparison between the amino acid
sequences of the mouse and human beta4Gal-T3 proteins indicate that they share 96.5%
sequence identity (Fig. 3.59).

10 20 30 40 S0 50
mouse MLRRLLERPCTLALLVGSQLAVIMMYLSLGGFRSLSALFGRDPGPTFDY SHPHDVYSNLSH

human MLRRLLERPCTLALLVGSQLAVMMYLSLGGFRSLSAL FGRDQG?“’D‘ {SHPRDVYSNLSH
10 Z0 30 40 S0 50

70 80 20 100 110 120
mouse ..Pr-.-sPGAAGnPD-a\‘r-.L?’ (CPERSPFLYVGPVSVSFSPVPSLAEIVERNPRVESGGRYRPAG

human LPGAPG——GPPAPQGLP{CP"'RS:’LLJGE’VSVS"SP"PSLPCI VERNPRVEPGGR'YRPAG
70 80 90 160 110

130 130 150 160 7 180
RSRTAI IVPHRAREHHLRLLLYHLHPFLQRQQLAYGIYVIHEQAGNGTFNRARKLLNVG

human CEPRSRTAIIVPHRAREHHLRLLLYHLHPFLQRQQLAYGIYVIHQAGNGTFNRAKLLNVG
20 130 140 150 160 170

ja]

mouse CE

190 200 210 220 230 240
mouse VREALRDEEWDCLFLHDVDLLPENDHNLYVCDPRGPREVAVAMNKFGYSLPYPQYFGGYS

human VREALRDEEWDCLFLHDVDLLPENDHNL YVCDPRGPRHVAVAMNKFGYSLPYPQYFGGVS
180 190 200 210 220 230

250 260 270 280 290 300



mouse ALTPDQYLEMNGFPNEYWGWGGEDDDIATRVRLAGMK I SRPPTSVGHYKMVKHRGDKGNE

human ALTPDQYLKMNGFPNEYWGHGGEDDDIATRVRLAGHMK I SRPETSVGHTKMVKHRGDKGNE
240 250 260 270 280 290

310 320 330 340 350 360
mouse ENPHRFDLLVRTQNSWTQDGMNSLTYRLLARELGPLYTNITADIGTDPRGPRAPSGPRYP

human ENPHRFDLLVRTQNSWTQDGMNSLTYQLLARELGPLYTNITADIGTDPRGPRAPSGPRYP
300 310 320 330 340 350

370 380 390
mouse PGSSQAFRQEMLQRRPPARPGPLPTANHTAPRGEH

human PGSSQAFRQEMLGRRPPARPGPLSTANHTALRGSH
360 170 380 390

Fig. 3.59: ALIGN comparison between the amino acid sequences of the mouse and
human beta4Gal-T3 proteins.

A TMHMM analysis to search for a putative transmembrane domain inside the
mouse beta+4Gal-T3 protein indicates the presence of a potential transmembrine domain
located immediately downstream from the translation start site (ATG). at amino acid

position 12-31 (Fig. 3.60).
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Fig. 3.60: TMHMM search tor transmembrane domain of the mouse beta4Gal-T3 protemn. The putative
transmembrane domain 1s iocated at amino acid position 12-31



Taken together, these data reveal that the mouse and human beta4Gal-T3
proteins share a high level of similarity, in terms of protein structure and protein
sequence. A MOTIF analysis on the first 1000 bp located upstream from the 5' end of
the mouse betad4Gal-T3 gene indicates several potential binding sites for transcription
factors, such as AP-1. GATA. p45. E2F. C/EBP and p300 binding sites, in addition to
potential CREB binding sites and a potential glucocorticoid receptor binding site (275-
293 bp upstream from the 3" end of the betu4Gal-T3 gene). Interestingly. cAMP and
glucocorticoids have been shown to control several aspects of glucose metabolism
(Hanson and Reshet. 1997; Yoon er al.. 2001). and may have an important role in
regulating the transcription of an enzyme involved in the glycosylation of proteins and
lipids. and in the biosynthesis of oligosaccharides. Finally, the promoter prediction
program NNPP did not predict any TATA-containing promoter region in the 1000 bp
located immediately upstream from the beta4Gal-T3 gene. suggesting that the promoter

for the mouse beta4Gal-T3 gene is a TATA-less promoter.

[I1-2-4-7 Mouse Ppox gene

Protoporphyrinogen oxidase (Ppox) is the penultimate enzyme in the heme
biosynthetic pathway, catalyzing the six-electron oxidation of protoporphyrinogen to
protoporphyrin. In mammalian cells. this enzyme is associated with the inner
mitochondrial membrane and utilizes O2 as the terminal electron acceptor (Dailey.
1990). The mouse enzyme has been purified (Dailey and Karr. 1987). It has a molecular
weight of ~35 kDa and contains a flavin moiety. Ppox. as well as the other enzymes of
the heme biosynthetic pathway. is induced several fold during erythroid difterentiation
(Sassa. 1976).

Ppox is of particular interest for two distinct reasons. In human. a deficiency in

Ppox leads to a rare genetic disorder known as variegate porphyria (Deybach et al..



1981). This is an autosomally dominant disorder most common in South Africa and
characterized by a chronic photodermatitis and several neurovisceral abnormalities,
including abdominal pain, tachycardia and psychiatric disturbances. Also. in plants,
Ppox is the cellular target of several herbicides, including diphenyl ethers and pyrazole
phenyl ethers (Matringe et «/, 1992). These herbicides inhibit Ppox. resulting in a
cellular accumulation of protoporphyrinogen which is subsequently converted to
protoporphyrin by plasma membrane peroxidases. The accumulation of the
photosensitizer free porphyrin leads to severe photochemical damages to the plant
exposed to visible radiation.

The mouse Ppox ¢DNA also was cloned and characterized by Dailey er «l.
(1995). The ¢cDNA sequence contains an open reading frame of 1431 base pairs,
encoding a 477 amino acid translation product. Two mRNA species were isolated from
mouse hepatoma cells with a respective length of 1.8 kb and 3.6 kb. According to
Dailey er al. (1995). the longer mRNA species corresponds to a second downstream
polyadenylation site. Mouse and human protoporphyrinogen oxidases have 88.7%
sequence identity and regions near the amino- and carboxy-termini are the most
homologous (Dailey er al.. 1995) (Fig. 3.61). Also. the deduced amino acid sequence of
mouse Ppox gives rise to a protein without either a typical mitochondrial targeting
sequence or a computer-predicted membrane domain, even though the enzyme is located

on the cytoplasmic side of the inner mitochondrial membrane (Dailey er al.. 1995).
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Fig.3.61: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) protoporphyrinogen oxidases.

A GENSCAN analysis. followed by a BLAST search. of the BAC clone rp23-
395h6 revealed that the genomic segment at position 64368-68336 corresponds to the
mouse Ppox gene (Fig. 3.48). A CROSSMATCH analysis between the BAC clone
rp23-395h6 and the mouse Ppox ¢DNA indicates that this gene consists of 13 exons.
encompassing a genomic region of approximately 4.1 kb (table 3.48 and Fig. 3.62). In
addition, the results of the Neural Network splice site prediction program analysis also
confirmed the presence of potential splice sites at the exon-intron borders indicated by

the ALIGN comparison of the Ppox genomic region and the Ppox cDNA (table 3.49).



Ppox gene:
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Fig. 3.62: Structural organization of the Ppox gene. Sizes. in base pairs, are given below the
introns and above the exons.The exons are indicated by black boxes and the connecting introns
by honzontal lines

Exon number Contig position Exon length (bp)
1 64368-64656 288
2 64761-64855 94
3 65007-65141 134
4 65274-65389 115
5 65528-65660 132
6 65955-66099 144
7 66216-66406 190
8 67334-67394 60
9 67529-67647 118
10 67725-67835 110
11 67933-68082 149
12 68201-68243 42
13 68330-68536 206

Table 3.48: contig position and length of the exons of the mouse Ppox gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
64658 64760
1/1 taaatcaGTaagtgt 172 ttttcccAGgcectta
64857 65006
2/2 tectaagGTgagtee 23 tggcgeccAGgtgate
65143 65273
3/3 geteetgGT gagegt 3/4 gagaacaAGagttict
63391 65527
4/4 gectcagGTaacace 4/5 tccatgcAGggggct
- 65662 63954
5/5 acctgagGTgacatt 5/6 tactcttaAGgtggca
66101 66215
6/6 ggcgcagGTgaggge  6/7 tecttttAGgacaga



66408 67333

717 ctgganggGTaggaga  7/8 ctcactctAGagtgtet
67396 67528

8/8 gcttcagGTaatggg 8/9 tgctctccAGagclca
67649 67724

9/9 tgtccagGTataaga 9/10 ttctccaAGggattt
67837 67932

10/10 agtgactGTgagagg 10/11 tectegtAGgtgatg
68084 68200

L1/11 acacaagGTgagtca 11712 tetecttAGaactgt
68245 68329

12/12 aaactagGTaagcetg 12/13 acctitcAGactcag

Table 3.49: Neural Network splice site prediction sequences: exons and introns ar
numbered according to their positions and the numbers on top of the donor and acceptor s:tes
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 64768. in the second
exon, indicating that the 5" UTR is approximately 400 base pair in length. [t is possible
that there is an additional upstream sequence because the procedure used to generate the
cDNA sequence does not usually produce full length 5' UTR sequences (Dailey er al..
1995). A putative translation termination site is located at position 68469, in the last
exon. and a putative polvadenylation site (AGTAAA) is located 47 bp downstream from
the termination site. Initial analysis of the first 1000 bp located upstream from the 5' end
of the first exon. using MOTIF. indicates the presence of potential binding sites for
transcription factors. such as AP-1. STAT. GATA. E2F and c-Ets binding sites. In
addition. a potential barbiturate-inducible element (also called a "Barbie box™ sequence)
is located 335-349 bp upstream from the first exon. The Barbie box sequences are
present in the 5' flanking region of all eukaryotic and prokaryotic genes encoding
barbiturate-inducible proteins. such as the detoxifying cytochrome P450 (CYP) enzyme
gene (Liang er al.. 1995) whose expression is regulated by porphyrinogenic agents (e.g.

phenobarbital) (Salonpaa er al.. 1997). Interestingly. all CYP enzymes contain heme as a
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prosthetic group. Porphyrinogenic agents regulate CYP enzymes activity by regulating
their gene expression, and likely by modulating the expression of enzymes involved in
the heme biosynthetic pathway, such as protoporphyrinogen oxidase. Finally, the
promoter prediction program NNPP predicted a single TATA-containing promoter
region, located 923-973 bp upstream from the 5' end of the first exon of the Ppox gene.
However, because of the large distance in bp between this putative promoter region and
the first exon of the Ppox gene. it remains to be established whether the Ppox gene
transcriptional activity is mediated by this putative promoter region, or whether the Ppox
gene promoter is a TATA-less promoter and this putative promoter region a "false

positive”.

I11-2-4-8 Mouse USP23 gene

For many short-lived eukaryotic proteins, conjugation to the protein ubiquitin is
an obligatory step in their degradation. Ubiquitin is synthesized as a fusion protein.
fused to itself or to a ribosomal protein. Deubiquitinating enzymes cleave the precursor
fusion protein in order to release free ubiquitin. Ubiquitin-conjugating enzymes ligate
ubiquitin to proteins via a covalent linkage between the carboxy-terminus Gly residue of
ubiquitin and lysine epsilon-amino groups of the acceptor proteins. In many cases.
ubiquitination of a protein leads to its degradation by the multienzymatic 26S
proteasome complex. releasing free amino acids and re-usable ubiquitin. A growing
number of cellular processes are linked to protein degradation by ubiquitin, including
regulation of the cell cycle. class [ antigen processing, signal transduction pathways and
receptor-mediated endocytosis (for review. see Hochstrasser. 1996).

There are two classes of deubiquitinating enzymes. all of which are characterized
by highly conserved His and Cys domains: the ubiquitin C-terminal hydrolases (UCH)

and the ubiquitin-specific proteases (USP). Both classes are involved in ubiquitin re-
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cycling, but the USP enzyme activity is directed towards disassembling various forms of
polyubiquitin or ubiquitin-like protein complexes (Wilkinson, 1997). USP23 1is a
member of the USP class of deubiquitinating enzymes. Northern-blot analysis by Smith
and Southan (2000) revealed that USP23 was ubiquitously expressed in various tissues.

The mouse and human USP23 ¢cDNAs were cloned by Smith and Southan
(2000). Both cDNAs encode a 62 kD protein containing highly conserved His and Cys
domains characteristic of the protease family of ubiquitin-specific processing proteases
(Smith and Southan, 2000). The mouse and human share 96.5% amino acid sequence

identity, suggesting that they arose from duplication of a common ancestor (Smith and

Southan, 2000) (Fig. 3.63).
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430 440 450 460 470 480
480 490 500 510 520 530
usp23h VDFPLQRLSLGDFASDKAGSPVYQLYALCNHSGSVHYGHYTALCRCQTGWHVYNDSRVSP

usp23m VDFPLQRLSLGDFASDKAGSPVYQLYALCNHSGSVHYGHY TALCRCQTGWHVYNDSRVSP
490 500 510 520 530 540
540 550 560
usp23h VSENQVASSEG {VLF‘{QLMQEP:'RCL

usp23m VSENQVASSEGYVLF‘{QLMQEPLRCL
550 560

Fig. 3.63: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) Usp23 proteins.

A GENSCAN analysis. followed by a BLAST search, of the mouse clone rp23-
395h6 reveals that the segment at position 58559-63326 corresponds to the mouse
USP23 gene (Fig. 3.48). A CROSSMATCH analysis between the BAC clone rp23-
395h6 and the mouse USP23 cDNA indicates that the USP23 gene consists of 2
exons and spans a genomic region of approximately 4.7 kb (table 3.50 and Fig. 3.64).
In addition, the results of the Neural Network splice sitc prediction program analysis
also confirmed the presence of potential splice sites at the exon-intron borders indicated

by the ALIGN comparison of the USP23 genomic region and the USP23 ¢DNA (table

3.51).
USP23 gene:
ATG sSTOP
1 23 4 5 6 7 8 9101112
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Fig. 3.64: Structural organization of the USP23 gene. Sizes. in base pairs. are given below the
introns and above the exons.The exons are indicated by black boxes and the connecung introns
by horizontal lines

Exon number Contig position Exon length (bp)
1 58559-59179 620
2 59928-59987 59
3 60154-60274 120
4 60491-60602 111
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Table 3.50: contig position and length of the exons of the mouse USP23 gene.

Donor site sequence

60793-60951
61503-61567
61788-61891
62088-62174
62436-62514
62727-62834
62918-63032
63227-63326

158
64
103
86
78
107
114
99

Acceptor site sequence

Exon/Intron Sequence Intron/Exon Sequence
59181 59927
1/1 caagatgGTgaggac 172 actttctAGgctcac
59989 60153
22 asatacaGTaagage 2/3 cticcccAGtgetie
60276 60490
3/3 acagaagGTeggcun 34 aaaccaacAGecttg
60604 60792
4/4 gatacagGTggggan 4/5 tggctgtAGecagea
60953 01502
5/5 agttgagGTaagggt 5/6 ctgtggcAGigatga
01569 61787
6/6 attgtggGTgggtat 6/7 tctacctAGaccetgt
61893 62087
717 ccccaagGTgggatt 718 tcccectAGaaagga
62176 62435
8/8 tgccecaGTatgtgg 8/9 wattAGgtgtgt
62516 62726
9/9 gtgctecGTatatee 9/10 agggcttAGatctga
62836 62917
10/10 aaageggGTgagtct 10/11 aacccgcAGgaagee
63034 63226
11/11 actcccgGTgagaat L1/12 tettctcAGegttic
Table 3.51: Neural Network splice site prediction sequences: exons and introns are

numbered according to their positions and the numbers on top of the donor and acceptor sites

correspond to their contig positions. The numbered bases are underlined.



A putative translation start site (ATG) is located at position 58579. in the first
exon, indicating that the 5' UTR is only 20 bp. The unusually short 5' UTR may be
related to the close proximity of the Ppox gene whose 3' end is located approximately
1000 bp upstream from the 5' end of the USP23 gene. A putative termination site is
located at position 63314, in the last exon, indicating that the 3' UTR is only 12 bp.
Initial analysis of the 1000 bp located immediately upstream trom the 5' end of the
USP23 gene, using MOTIF, reveals several potential binding sites for transcription
factors, such as GATA., Spl. AP-1. p300. E2F binding site and a potential Ras-
responsive element binding protein | binding site. The NNPP promoter prediction
program predicted four potential promoter regions. located 820-870 bp. 598-648 bp.
252-302 bp and 196-246 bp. respectively. upstream from the 5' end of the USP23 gene.
The analysis of the 5' flanking region of USP23. using MOTIF. indicates the presence
of a potential TATA box. 277-291 bp upstream from the 5' end of USP23. suggesting
that the promoter region located 252-302 bp upstream from USP23 may correspond to

the actual promoter region.

[11-2-4-9 Mouse DEDD gene

Apoptosis plays a crucial role in development and homeostasis of organisms. as
it eliminates individual cells which are no longer needed or became greatly damaged
(Steller. 1995). One of the signaling pathways that triggers cell apoptosis is that of the
"death receptor” CD95 (Nagata. 1997). CD95 belongs to the death receptor subfamily
of the tumor necrosis factor receptor superfamily. CD95 is characterized by the
presence of a "death domain” within its cytoplasmic domain. and has been shown to
trigger apoptosis upon binding of its specific ligand. The first event which can be
detected during the apoptosis cascade mediated by CD95 is the recruitment of an

adaptor molecule. FADD. through the homophilic interaction between the death domains
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of CD95 and FADD (Boldin er «l.. 1996). FADD, in tum, recruits the protease
procaspase-8 through homophilic interaction between the "death effector domains”
(DED) of FADD and procaspase-8 (Boldin er al., 1995). The aggregation of caspase-8
molecules leads to activation of this protease by self-processing (Medema et al.. 1997).
Caspase-8 then triggers downstream apoptosis events by activating downstream
effectors such as caspase-3 (Scaftidi er al., 1997). The effector caspases cleave many
cellular substrates, including structural proteins, signaling proteins and regulators of
DNA replication or transcription. underlying many of the biochemical events of
apoptosis (Thomberry and Lazebnik. 1998). One caspase substrate is the inhibitor of
caspase-activated DNAse (ICAD) (Enan er al., 1998: Sakahira er al.. 1998). ICAD
binds to the caspuse-uctivated DNAse (CAD) and keeps it in the cytoplasm. The
cleavage of ICAD by caspases allows CAD 1o trunslocate to the nucleus and digest
DNA.

DEDD (DED-containing DNA-binding protein) was identified through EST
database screening (Stegh er al.. 1998). It contains an amino-terminal DED with
homology to the DED of FADD and caspase-8. The mouse DEDD protein shares

98.7% sequence identity with its human counterpart (Fig. 3.65).
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Fig. 3.65: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) DEDD proteins.

On the DNA level, DEDD is 94.1% identical between human and mouse (Stegh
et al.. 1998). The DEDD mRNA is widely expressed in various tissues. The DEDD
protein contains two putative nuclear localization signals and binds strongly to DNA.
DEDD induces weak apoptosis through interaction with FADD and caspase-8. and
translocates to the nucleus after CD95 stimulation and caspase activation. In addition,
overexpressed DEDD co-localizes exclusively to the nucleolus with UBF. a basal factor
required for RNA polymerase [ transcription. and recombinant DEDD inhibits
transcription of rDNA in vitro. These observations suggest that DEDD may serve to
shut down transcription during CD95-mediated apoptosis.

A GENSCAN analysis, followed by a BLAST search. of the BAC clone rp23-
395h6 reveals that the segment at position 7239-4168 on the complementary strand
corresponds to the mouse DEDD gene (Fig. 3.48). The DEDD gene consists of four
exons and spans a genomic region of approximately 3 kb (table 3.52 and Fig. 3.66). In
addition. the results of the Neural Network splice site prediction program analysis also
confirmed the presence of potential splice sites at the exon-intron borders indicated by
the ALIGN comparison of the DEDD genomic region and the DEDD ¢DNA (table
3.53).
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Fig. 3.00: Structural orgamization of the DEDD gene (Top) Sizes. 1n base parrs. are given below
the introns and above the exons. The ¢xons are indicated by black boxes and the connecting
introns by horizontal lines. (Bottom) The black box corresponds to the DED domuin, the clear
gray boxes to two putative nuclear localization signals. The dark gray box indicates a domain
with sequence homology with some DNA-binding proteins (see Stegh ef al. 1998)

Exon number Contig position Exon length (bp)
1 7239-6887 352
2 6704-6597 107
3 5334-5188 146
4 4699-4168 531

Table 3.52: contig position and length of the exons of the mouse DEDD gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence [ntron/Exon Sequence
6885 6705
/1 cgagetgGTgaggec 1/2 ctectgcAGtgtgce
63593 5335
22 aaaacagGTgagagg 23 tictgetcAGtgcecte
5185 4700
33 acatgtgGTaaggaa 34 tictcccAGatatca

Table 3.53: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 7212, in the first

exon. and a putative termination site is located at position 4324. in the last exon. Initial
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analysis of the 1000 bp located immediately upstream from the first exon, using
MOTIF, indicates the presence of potential binding sites for transcription factors. such
as GATA, STAT. AP-1, Oct-1, c-Myb, p300 transcription factors, and a putative binding
site for p53, 820-829 bp upstream from the 5' end of the DEDD gene. The tumor
suppressor gene p33 is one of the major elements involved in programmed cell death
(Sjostrom and Bergh, 2001), and one of the mechanisms triggered during p53-mediated
apoptosis may involve the transcriptional regulation of DEDD by p33. The promoter
prediction program NNPP predicted two potential promoter regions, located 702-752 bp
and 57-107 bp upstream from the 5' end of the DEDD gene. The analysis of the first
1000 bp located upstream from the DEDD gene. using MOTIF. predicted the presence
of a potential CAAT box, 726-737 bp upstream from the 5' end of the DEDD gene.
suggesting that the promoter region 702-752 bp upstream from the 5' end of DEDD

may correspond to the actual promoter.

[11-2-4-10 Mouse Nitl gene

Nitriles are organic compounds containing a carbon-nitrogen triple bond. Some
nitriles. such as cyanoglycosides are synthesized by a wide range of plants, while others.
such as acetonitrile, are commercially manufactured (Bork and Koonin. 1994). Some
microorganisms can utilize nitrile as a carbon and nitrogen source (Kobayashi er al..
1998). and the microbial degradation of nitrile involves two distinct enzymes. nitrilase
and nitrile hydratase. Nitrilase cleaves nitriles and organic amides to the corresponding
carboxylic acids plus ammonia (Kobayashi er al.. 1998). Nitrilase also is involved in the
biosynthesis of the plant hormone indole-3-ucetic acid. from indole-3-ucetonitrile

(Bartling e al.. 1994).



The mouse Nitl gene, along with its human counterpart NIT1, is a member of an
uncharacterized mammalian gene family, with sequence homology to the bacterial and
plant nitrilases (Pekarsky et al., 1998). Although the role of this enzyme is still unclear,
it has been postulated that nitrilases in mammalian cells are involved in the detoxification

process induced by highly toxic nitrile-based compounds. such as acetonitrile (Pekarsky

et al., 1998).
The mouse Nitl cDNA was isolated by Pekarsky et al. (1998). It encodes a 323
amino acid translation product which shares 84.1% amino acid sequence identity with

its human counterpart, NIT1 (Fig. 3.67).

10 20 30 40 30 sQ
nitlhu MLGFITRPPHRFLSLLCPGLRIPQLSVLC QPRPM 1A ISSSSCELPLYVAVCCVTSTPDH

nitlmi MLGFITRPPHQ-- —LLC"‘G’F(LL,RTP‘ LCTRPRPRTMS - SS'T'S'-."E'.L LVAVCCGVTSTPNK
10 20 30 410 S0

70 80 80 139 119 120
nitlhu QQNF‘("'C.—«EL VREAARLGACLAFLPEAFDF IARDPAETLHLSEPLGGFLL E?‘{"‘QLAR EC

nitimu QENFKTCAELVQEAARLGACLAF LPE_R:'DFIARNPPC'I‘LLLSEDLNGDLL.GQ (SQLAREC
60 70 80 90 100 10

130 140 150 160 170 180
nitlhu GLWLSLGGF“ERGQD‘ TEQTQK I'YNCHVLLNSKGAVVATYRKTHLCDVE IPGQGP”C ESNS

nitlmu GIWLSLGGFHERGQDWEQNQKIYNCHVLLNSKGSVVASYRKTHLCDVE LIDG\.gG:"'IR"SN"'

120 130 140 150 160 170
190 2Co 210 220 "30 240
nitlhu T!PGPSLLSP‘JSTDAGK\"GL;\VCltfm. PELSLALAQAGAEILTYPSAFGSITGPAHVEV
nicl ”’T\DG\;’T'LEPPV‘:\TPrGI-"\ /GLAICYCMRFPELSLKLAQAGAEILTYSSAFGSYTGPAHNE
180 190 200 210 220 230
250 260 270 280 290 300

nitlhu LLRARAL "’I‘QC""/'V AAAQCGRHHEFRASYGHSMVVDPWGTVVARCSEGPGLCLARIDLNY

anitlmu LLRARAIESQCYVIAAAQCGRHHETRASYGHSMVVDPWGTVVARCSEGPGLCLARIDLHF
240 250 260 270 280 290

310 320
nitlhu L RQLRR}” PYFQHRRPDLYGNLGHPLS

nitimu LQQMRQHLPVFQHRRPDLYGSLGHPLS
3Q0 310 3Z0

Fig.3.67: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) nitl proteins.
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The mouse Nitl gene is approximately 3.6 kb in length and contains eight
exons. Northern analysis revealed that different mouse tissues showed different levels
of expression of Nitl mRNA. and the highest level of expression was in mouse liver
and kidney. In addition, alternatively spliced Nitl mRNAs have been observed. Some of
the transcripts lack exon 2 and encode a 323 amino ucid protein. while some alternative
transcripts containing exon 2 encodes a shorter, 290 amino acid protein, starting with
methionine 34 (Pekarsky er al.. 1998). These observations suggests that different
mRNA species are generated by altemative splicing and alternative initiating
methionines, respectively.

A GENSCAN unalysis. followed by a BLAST search, of the BAC clone rp23-
395h6 reveals that the genomic segment at position 521-3284 corresponds to the 3" end
of the mouse Nitl gene (Fig. 3.48). A CROSSMATCH analysis between the BAC
clone rp23-395h6 and the mouse Nitl ¢cDNA further reveals that the genomic segment
at position 521-3284 encompasses the last six exons of the Nitl gene and that the first
exon of the Nitl gene is not located on the BAC clone rp23-395h6 (table 3.54). The
analysis of the Nitl gene therefore is limited to the determination of its exon-intron
borders (Fig. 3.68). However. the sequences of the first exon and of the first 778 bp
located upstream from the first exon were extracted as trace data from the whole genome
shotgun sequencing analysis of the mouse genome (see
http//:www.ensembl.org/Mus_musculus. The complete analysis of the Nitl genc was
not possible because of the presence of gaps in the whole genome shotgun assembly of
Nitl. but analysis of the 778 bp located immediately upstream from the first exon of
Nitl. using MOTIF, indicates the presence of numerous potential transcription factor
binding sites. among them MZF1. GATA. c-Myb. USF. Lyf-1. E2F, STAT, p53. NF-E2.
c-Myc and CREB. Also. the search for promoter. using NNPP, did not predict any
promoter region in the 778 bp located upstream from the first exon. Finally. the results

of the Neural Network splice site prediction program analysis also confirmed the
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presence of potential splice sites at the exon-intron borders indicated by the ALIGN

comparison of the Nitl genomic region and the Nitl cDNA (table 3.55).

Nitl gene (last 6 exons):

STOP
3 4 5 67 6
94 253106 135 126 585

Fig. 3.68: Structural organization of the last six exons of the Nitl gene. Sizes. in base patrs, are
given below the introns and above the exons. The exons are indicated by black boxes and the
connecung introns by horizontal lines.

Exon number Contig position Exon length (bp)
2 521-615 94
3 990-1241 251
4 1362-1466 104
5 1702-1835 133
6 1966-2091 125
7 2732-3284 552
Table 3.54: contig position and length of the last six exons of the mouse Nitl
gene.
Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
/1 tettcatGTaggace 172 cttcticAGgctggg
617 989
2/2 agcccagGTaacata 23 tgtcattcAGgcccag
1243 1361
3/3 ttgccagGTacaagg 34 cccceccAGggaatg
1468 1701
44 agcaaggGTgagacg  4/5 tetctctAGgatcag
o 1837 1963
5/5 tggcaagGT gggagt 5/6 tcatttcAGgttggt
2093 2731
6/6 tgggagGTaagaga 6/7 catcctcAGgrgctg



Table 3.55: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

[I1-2-4-11 Mouse Adamts4 gene

Aggrecan is the major proteoglycan of cartilages. It carries a large number of
negatively charged groups resulting in high osmotic pressure in the tissue, allowing
aggrecan to hydrate the framework of cartilage collagen fibrils and providing the tissue
with its properties of compressibility and elasticity. Aggrecan is a large chondroitin
sulfate proteoglycan that accounts for about 10% of the dry weight of cartilage.
Aggrecan monomers interact with hyaluronan and usually are found as part of a large
aggregate containing 10-100 monomers per hyaluronan molecules (Hardingham er al..
1992).

Aggrecan degradation is an important factor in the erosion of articular cartilage
in arthritic diseases. It is one of the first matrix components to undergo measurable loss
in cartilage degradation associated with arthritis. This degradation involves the
proteolysis of the aggrecan molecule near its amino-terminus. Two major sites of
proteolytic cleavage have been identified within the molecule. One site. between Asn3+!
and Phe342 is cleaved by matrix metalloproteinase (Flannery et al.. 1992). the other site
between Glu373 and Ala374 is attributed to aggrecanase-1 (ADAMTS4) (Tortorella er
al.. 1999). Several other sites of cleavage by aggrecanase-l have been identified
(Tortorella er al.. 2000a). The aggrecan products generated by aggrecanase-1 occur in
the synovial fluid from patients with arthritis. suggesting that this enzyme may be
important in arthritic diseases involving cartilage degradation.

Aggrecanase-1 (ADAMTS4) is a member of the « disintegrin «nd
metalloprotease with thrombospondin motifs (ADAMTS) protein family. All members

of the ADAMTS family contain a common amino-terminal sequence domain, a

t9
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metalloproteinase domain and a disintegrin-like domain (Tang and Hong, 1999). The
carboxy-terminus of ADAMTS proteins contains a various number of thrombospondin
motifs, which are important for aggrecan binding and cleavage (Tortorella er al.. 2000b).
The amino-terminus of the tissue inhibitors of metalloproteinase protein-3 (TIMP-3) is
a strong inhibitor of human aggrecanase-1 (Kashiwagi et al.. 2001). providing a starting
point for developing a treatment against arthritic diseases.

The human ADAMTS4 ¢DNA was cloned by Tortorella er al. (1999). This
cDNA contains a 2511 base pair open reading frame. encoding a 837 amino acid
translation product. and a signal sequence followed by a propeptide domain that
precedes the catalytic domain. The catalytic domain of ADAMTS4 is followed by a
disintegrin-like domain and a carboxy-terminal domain containing a thrombospondin
type [ motif. similar to those present in other members of the ADAMTS protein family.
such as ADAMTSI (Tortorella er al.. 1999). The presence of a signal sequence and a
propeptide suggests that ADAMTSH is synthesized as a zymogen and is cleaved to
remove the propeptide domain and generate the mature protein (Tortorella er al.. 1999).
Northern and RT-PCR analysis indicates that ADAMTSH is present in brain. lung and
heart tissues. with very low levels in placenta and skeletal muscle tissues (Tortorella er
al.. 1999).

A GENSCAN analysis. followed by a BLAST search, of the BAC clone rp23-
395h6 reveals that the genomic region at position 94678-86350 on the complementary
strand corresponds to a gene whose coding regions have sequence similarity with the
human ADAMTS+4 cDNA (Fig. 3.48). A CROSSMATCH analysis between the coding
sequence of this putative gene. as defined by GENSCAN, and the BAC clone rp23-
395h6 reveals that the coding region of this putative gene consists of 9 exons (table 3.56
and Fig. 3.69). Also. the results of the Neural Network splice site prediction program

analysis also contirmed the presence of potential splice sites at the exon-intron borders



indicated by the ALIGN comparison of this putative Adamts4 gene and its coding

sequence generated by GENSCAN (table 3.57).

Adamis4 gene (ORF):

ATG STOP

1 23 4 56 7 8 9

620 3110 Im M9 186 130 182 43
10060 Zl‘| 672 2082 RARBEL JENS 1 349 I

Adamts4 protein:
N C
_ T ]
Exons: 1 2 3 4 5 6 7 8 9

Fig. 3.09: Structural orgamization of the ORF of the putative Adamts4 gene and its encoded
protein. (Top) Sizes. in base pairs, are given below the introns and above the exons. The exons are
indicated by black boxes and the connecting introns by honizontal lines. tBottom) The dark gray
box mdicates the presence of a catalytie metatloprotease domain. The clear gray box corresponds
to a disintegrin-like domain. The white box 1 the first exon corresponds to the signal sequence.
The black box tn exon | corresponds to the propeptide domain. and the black box 1n exon 6
corresponds to the thrombospondin type [ mout.

Exon number Contig position Exon length (bp)
1 94678-94058 620
2 92990-92667 323
3 92440-92308 132
4 91634-91464 170
5 89380-89094 286
6 89000-88814 186
7 88573-88398 175
8 87809-87634 175
9 86776-86350 426

Table 3.56: contig position and length of the exons of the coding region of the
putative Adamts< gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence [ntron/Exon Sequence
94056 92991
/1 aaccaagGTaggcaa 172 ctectcaAGegctic
92665 92441
22 ccggcagGTaaggec 2/3 tctccacAGgacctg

[N
[N
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92306 91635

3/3 gaactggGTaaggaa 3/4 ctettatAGgccatg
91462 89381

4/4 ggttatgGTaagetg 4/5 cectttcAGggcact

89092 89001

5/5 cticaatGTgagacc 5/6 cecttgcAGagticct
88812 88574

6/6 goctcagGTgagggg  6/7 tgcctgtAGcattga
88196 87810

717 gceeccggGTeaaggac /8 gctectcAGgtggca
87632 86777

8/8 aattcagGTecttte 8/9 tectcacAGgtatgg

Table 3.57: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

An ALIGN comparison between the amino acid sequence deduced from the
coding sequence of this putative gene and the amino acid sequence of the human
ADAMTSH protein indicates that they share 90.2% amino acid sequence identity (Fig.
3.70). confirming that this region likely encodes the mouse counterpart of the human

ADAMTSH protein, Adamts+.

10 20 30 10 50 6 O
human MSQ’I‘GSHPGRG LAGRWLY JGAQPCLLLPI VPL S’-IL\/Y-ILLLMLLJ&SLL;PSAR.LASPY PRE
mouse “SQMGLFPRRGL”CH.ILQRFQ PC' ————— DL.r'I"/Q"IR. ‘L.LLAFLLSLA. /PASPLPREEE

10 20 30 40 59
70 89 20 100 110

human IVFPEKLNGS- ‘fL?‘“SGn'-’-sRLuCRL\ FGETLLLELEQDSGVQVEG LT‘/Q[’GQAP:LL

meuse IVFPEKLNGSSILPGSGVPARLL x"'L.P "G:.LILLL:...,:.QDDG‘J”‘/ EGLTVQYLGQAPEML
60 70 8C 20 100 119

120 130 140 150 €0 170
human GGAEPGTYLTGTINGDPESVASLHWDGGALLGVLQYRGAELHLQPLEGGT PNSAGGPGAH

mouse GGAEPGTYLTGTINGDPESVASLHWDGGALLGVLY TRGAELHLQPLEGGALNSAGGPGAH
120 130 140 150 160 170

180 180 200 210 220 23
human ILRRKSPASGQGPMCNVKAPLGSPSPRPRRAKRFASLSRFVETLYVADDKMAAFHGAGLE

mouse ILRRKSPASSQGPMCTVKAPSGSPSPISRRTKRFASLSREFVETLVVADDEMAAFHGTGLK
180 1290 260 210 220 230
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240 250 260 270 280 290
human RYLLTVMAAAAKAFKHPSIRNPVSLVVTRLYILGSGEEGPQVGPSAAQTLRSFCAWQRGL

mouse RYLLTVMAAAAKAFKHPSIRNPVNLVVTRLVILGSGQEGPQVGPSAAQTLRSFCTWQRGL
24 250 260 270 280 290

300 310 320 330 340 350
human NTPEDSDPDHFDTAILFTRQDLCGVSTCDTLGMADVGTVCDPARSCAIVELDGLQSAFTA

mouse NTPNDSDPDHFDTAILFTRQDLCGVSTCDTLGMADVGTYVCDPARSCAIVEDDGLQSAFTA
300 310 320 320 340 350

360 370 380 390 400 410
human AHELGHVFNMLHDNSKPCISLNGPLSTSRHVMAPVMAHVDPEEPWSPCSARFITDFLIONG

mouse -d‘ELuFV'E'NI*ILHDNSKPCTDM‘GQGuSSRFJI A PVHARVDPEEPWS PCSARF ITDFLDNG
360 370 380 390 400 4190

120 430 240 450 460 470
human YGHCLLDKPEAPLHL PYTFPGKDYDADRQCQLTFGPDSRHCPQLPPPCAALWCSGHLNGH

mouse YGHCLLDKPEAPLHLPATFPGKDYDADRQCQLTFGPDSSHCPQLPPPCAALWCSGHLNGH
420 <30 44 450 480 170

480 490 500 510 520 5130
human AMCQTFHSPWADGTPCGPAQACHMGGRCLHY !DQLQDF‘I IPQAGGUWGPHGFWGDCSRTCGGG

mouse AMCQTEKHSPWADGTPCGSSQACHGGRCLHVDQLEDFNYVPQAGGHWG PG PWGDC SRTCGGG
480 490 500 512 320 330

540 550 560 570 580 590
human VQFSSRDCTRPYPRNGGKYCEGRRTRFRSCNTEDC PTGSALTFREEQCAANHRTDLFES

mouse VQFSSRDCTRPVPRNGGKYCEGRRTRFRSCNTENC PHGSALTFREEQCAAYNHRTDLFKS
540 550 560 s70 580 390

500 610 520 630 540 650
human FPGEMDWVPRYTGVAPQDCCKLTCCAQALGY T VLEPRVVDGTPCSPDSSSVCVQGRC IH

mouse FPGPMIXVPRYTGVAPRDQCKLTCQARALG Y (WVLEPRVADGTPCSPDTSSVCVQGRCIH
600 510 620 330 540 650

560 8§70 680 690 700 7140
human AGCDRIIGSKEKXFDKCMVCGGDRSGCSKQSGSFRKFRYGINVYTIPAGATHILVRQQGN

mouse AGCDRIIGSFFKFDKCH IVCGGDGSRC SKQSGSFKKFRYGYSDVVTIPAGATHILVRQCGG
560 57 680 690 700 71¢

720 730 740 750 760 770
human PGHRSIYLALKLPDGSYALNGEYTLMPSPTDVVLPGAVSLRY SGATAASETLSGHGPLAG

mouse SCLKS IYLALKLSDGS YALNGEY TLMPSPTDVVLPGAVSLRYSGATAASETLSGHGPLAQ

720 730 740 750 760 770
780 790 800 810 20 830
human PLTLQVLVAGNPQDTRLRYSFFVPRPTPSTPRPTPQDN ..r“iR.AQILEILRRRP'.‘JAGRK
mouse PLTLQVLVAGNPQNARLRYSFFVPRPVESTPRPPEPQIWLORRAEILKILRKRPWAGRK
780 790 8500 810 820 810

Fig. 3.70: ALIGN comparison between the amino acid sequences of the human
ADAMTSH protein (top) and of its putative mouse counterpart protein (bottom)
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A BLAST analysis of the BAC clone rp23-395h6. using the mouse dbEST
database, indicates that the genomic region at position 91808-91381 on the
complementary strand has sequence homology with a mouse Adamtsl 5' EST. In
addition, Hurskainen et al. (1999) determined that the ADAMTS4 gene was located on
human chromosome 1q21-23. in a region structurally conserved between human and
mouse. and corresponding to the approximate location of the mouse clone rp23-395h6.

The 5' flanking region of human ADAMTS4 was characterized by Mizui er al.
(2000). They showed that the region between -383 and +10 relative to the transcription
start site was necessary for full promoter activity. and that this region contained one Spl
and three AP-2 sites. In addition. they showed that the region between -726 and -384
appears to contain silencer elements, and that the nuclear factor I (NF-I) site at -441 to -
429 was involved in negative regulation of the human ADAMTS4 promoter activity in
chondrocytes. Analysis of the 4000 bp located immediately upstream trom the putative
translation start site (ATG) of Adamts4 (at position 94678), using MOTIF, indicates the
presence of numerous potential transcription factor binding sites. among them are
GATA. NF-kB. p33. STAT. N-Myc. MyoD. c-Myb. Oct-1. NF-E2 and CREB potential
binding sites. Interestingly. the MOTIF search also revealed NF-I binding sites at
positions 99-116 bp and 1364-1347 bp upstream from the translation start site, and a
TATA box located at position 1139-1153 bp upstream from the ATG translation start
site. Thus. it is likely that the mouse Adamts4 gene and the human ADAMTS4 gene
have similar modes of transcriptional regulation. The NF-I site located 1364-1347 bp
upstream from the ATG triplet corresponds to the functional NF-I binding site. and the
transcriptional start site of Adamts4 is probably located in a region approximately 920

bp upstream from the translation start site.
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I11-2-4-12 Mouse Fc epsilon RI gamma subunit gene

Acute allergic reactions are triggered by three major classes of proinflammatory
mediators: granule-associated amines (e.g., histamine and serotonin), newly-synthesized
arachidonic acid metabolites (e.g.. leukotriene Cy4 and prostaglandin D2) and
proinflammatory vasoactive cytokines (e.g., tumor-necrosis factor alpha and interleukin-
6) (Galli, 1993). These mediators are released from sensitized mast cells upon activation
through the antigen-mediated cross-linking of their cell surface [gE receptors/Fc epsilon
RI (Blank er al.. 1989: Galli, 1993). IgE receptor/Fc epsilon Rl is a tetrameric complex
consisting of an IgE-binding alpha subunit, a beta subunit and two disulfide-linked
gamma subunits (Blank et al.. 1989). It is a member of a fumily of immune receptors
that includes the T cell receptor. the B cell receptor and two [gG receptors. Fc gamma RI
and Fc gamma RIII (Cambier. 1995). Both beta and gamma subunits contains
immunoreceptor tyrosine-based activation motifs (ITAMs) within their cytoplasmic
domains that allow interaction with protein-tyrosine kinases and their substrates via their
Src homology 2 domains (Tamir and Cambier, 1998). The interaction of IgE receptors
with their ligand triggers a cascade of events. leading to the subsequent tyrosine
phosphorylation of downstream substrates. and their direct implication in the
physiology of acute allergic reactions (Tamir and Cambier. 1998).

The cDNA for the gamma subunit of the mast cell receptor for IgE (Fc epsilon
RI) was cloned in mouse by Ra et al. (1989) and the gene subsequently located on
human chromosome 1q23. in a region conserved between mouse and human (Le Coniat
et al., 1990). An ALIGN comparison between the mouse and human IgE gamma
subunits indicates that they share 88.4% sequence identity (Fig. 3.71). Residues 1-17
encodes a putative signal peptide, and hydrophobic segments in the mouse protein
corresponds to a transmembrane domain that encompasses residues 24-44 (Ra er al..

1989). The open reading frame is 258 bp in length, encompassing a 86 amino acid



translation product, becoming a 69 amino acid protein after removal of the signal peptide

(Raeral., 1989).

hille! iolat e A f=ar) ~
j; Fage] Y] st S c:

fceghu MIPAVVLLLLLLVEQAAALGEPQLCYILDAILFL LGIVLTLL‘{CRLKIQVRI\AAITSVEK

fcegmu \ITSAV"LFT LLLVEQAAALGEPQLCYILDAVLFLYGIVL TLLYC‘QLFIQVRK-«.AIASPJ
10 20 30 40 50 849

-
-

70 80
fceghu SIx;VY'I‘GLST‘lNQ“"I‘Y“ LKHEXPPQ

fcegmu ADAVYTGLNTRSQETYETLKHEKPPQ
70 8a

Fig. 3.71: ALIGN comparison between the amino acid sequences of the human (top)
and mouse (bottom) Fcerlg proteins.

A GENSCAN analysis, followed by a BLAST search, of the BAC clone rp23-

395h6 reveals that the genomic segment at position 111240- 115950 corresponds to the
mouse Fc epsilon RI gamma subunit gene (Fcerlg) (Fig. 3.48). A CROSSMATCH
analysis between the mouse BAC clone rp23-395h6 and the Fcerlg cDNA reveals that
this gene consists of five exons. spanning a genomic region of approximately 4.7 kb

(table 3.58 and Fig. 3.72).

Fcerlg gene:
ATG sSToP
1 2 3 4 5
ul R X 349
F—
PR 13 am 14
Fcerlg protein:
N C
Exons: 1 2 3 4 5

Fig. 3.72: Structural orgamzation of the Feerlg gene and its corresponding protein. (Top) Sizes.

in base pairs. are given below the introns and above the exons.The exons are indicated by black

boxes and the connecting introns by horizontal lines. (Bottom) The black box corresponds to the
putative transmembrane domain. and the dark gray box corresponds to a signal peptide.
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In addition, the results of the Neural Network splice site prediction program
analysis also confirmed the presence of potential splice sites at the exon-intron borders

indicated by the ALIGN comparison of the Fcerlg gene and its cDNA (table 3.59).

Exon number Contig position Exon length (bp)
1 111240-111330 90
2 114259-114350 91
3 114496-114531 35
4 115440-115460 20
5 115600-115950 350

Table 3.58: contig position and length of the exons of the mouse Feerlg gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
111332 114258
/1 caagcagGTaagggg 172 tecectcAGecgece
114352 114495
2/2 actcaagGTaaggca 273 ccactccAGatccag
114533 115439
3/3 cegtgagGTatggag 3/4 tetetgtAGaaagea
115462 115599
4/4 ctacacgGTgagtga +4/5 ctectgcAGggcctg

Table 3.59: Neural Network splice site prediction sequences: exons and introns ar
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 111281. in the first
exon, and a putative termination site is located at position 1156359. in the last exon. The
signal peptide is encoded by the first exon. and the transmembrane domain of the
receptor is encoded by nucleotides located at position 114278-114340, corresponding
approximately to the second exon. Initial analysis of the 1000 bp located immediately
upstream from the 5' end of the Fcerlg gene, using MOTIF. reveals potential binding
sites for transcription factors that are important for the development of hematopoietic

cells, such as c-Ets. GATA. c-Myb. MZF1. Ik-2. NF-AT binding sites. and potential
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binding sites for p53. E2F and N-Myc transcription factors. A search in the possible
promoter region, using NNPP, reveals the presence of four potential promoters at
positions 559-609 bp, 350-400 bp. 317-367 bp and 214-264 bp upstream from the &'
end of the gene. Analysis of the same region, using MOTIF, indicates the presence of a
potential TATA box. 377-391 bp upstream from the 5' end of the gene. suggesting that a

TATA promoter likely is used in initiating gene expression of the Fcerlg gene.

[11-2-4-13 Mouse L27' processed pseudogene
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Fig. 3.73: Dot-plot analysis. using DOTTER. between the genomic sequence
at position 39990-40457 (horizontal) and the mouse L27° ¢cDNA (vertical).



A GENSCAN analysis, followed by a BLAST search, of the BAC clone rp23-
395h6 revealed that the genomic segment at position 39990-40457 has 86.1% sequence
homology with the mouse L27' ribosomal protein cDNA (Fig. 3.48). The L27' gene was
cloned by Belhumeur er al. (1987), is present at approximately 15 copies of the intron-
containing gene (Kusuda er al.. 1999) per genome. and is highly homologous to the
yeast L29 nbosomal protein gene. It has been suggested that L27' is involved in peptidyl
transferase activity and 50S subunit assembly (Lotti et al.. 1987 Wower et al.. 1998).

A DOTTER comparison between the genomic sequence at position 39990-
40457 and the mouse L27' cDNA sequence reveals that the two sequences are colinear,
and that the genomic sequence lacks any intronic sequence (Fig. 3.73). This lack of
introns, charactenstic of a large population of rbosomal processed pseudogenes
(Harrison er al.. 2002) suggests that this genomic sequence corresponds to a non-

functional L27' processed pseudogene.

I11-2-4-14 Mouse RIKEN1 gene

A GENSCAN analysis, followed by a BLAST search, of the mouse BAC clone
rp23-395h6 revealed the presence of an hypothetical gene at position 123083-126492
(Fig. 3.48). This hypothetical gene shares over 99% sequence similarity with a ¢cDNA
sequence (Genbank accession number AK012264) from the RIKEN full length
enriched mouse cDNA library (Caminci and Hayashizaki. 1999). This hypothetical
gene therefore was named the RIKENI gene. A CROSSMATCH analysis between the
cDNA sequence of RIKENI and the genomic segment at position 123083-126492
reveals that the RIKEN1 gene consists of [0 exons (table 3.60 and Fig. 3.74). In
addition, the results of the Neural Network splice site prediction program analysis also
confirmed the presence of potential splice sites at the exon-intron borders indicated by

the ALIGN comparison of the RIKEN1 genomic region and its cDNA (table 3.61).
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RIKENI gene:
ATG sTop
1 2 3 4 56 7 89 10

M7 T0 92 98 108 12 10!

LLLLLLLLLE

Fig. 3.74: Structural organization of the hypotheucal RIKENT gene. Sizes, in base parrs, are
given below the introns and above the exons. The exons are indicated by black boxes and the
connecting introns by honzontal lines

Exon number Contig position Exon length (bp)
1 123083-123152 69
2 123374-123623 249
3 123888-123955 67
4 124267-124359 92
5 124621-124722 101
6 124875-124980 105
7 125104-125226 122
8 125342-125418 76
9 125631-125733 102
10 125867-126492 625

Table 3.60: contig position and length of the exons ot the putative RIKENT gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
123154 123373
/1 tgagatgGTaagggc 172 tattgcAGgtctag
213625 123887
2/2 tgcaaugGTgagacc 2/3 tcccttcAGatgtat
123957 124266
3/3 tttccagGTgcetece 3/4 tticctcAGgtggct
124361 124620
4/4 cacagagGTgaggec  4/5 ccctaacAGgtgtic
124724 124874
5/5 cticcagGTgaccca 5/6 cccacccAGacacag
124982 125103
6/6 gaatcagGTggggaa 6/7 ccetgac LAG tgatca
125228 125341



17 tactcagGTacgaga 7/8 accctgcAGcetgtee

125420 125630
8/8 tgaacagGTaagact 8/9 gctictcAGgttcag

125735 125866
9/9 tttagagGTgagggt 9/10 ccccggcAGgctigg

Table 3.61: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 123508, indicating
that the first exon and the 5' end of the second exon are transcribed into a 53' UTR. The
analysis of the first 1000 bp located upstream from the 5' end of the gene. using
MOTIF. reveals several interesting features. First. potential binding sites for MZFI.
GATA. c-Rel. NF-kB. p53. c-Ets. Lyf-1. NF-AT. Oct-1, ¢-Myb., STAT und E2F ure
present in the 5' flanking region of the RIKENI1 gene, suggesting that the transcription
of this gene is highly regulated. In addition, a potential interferon-stimulated response
clement is present 362-376 bp upstrcam from the 5' end of the gene. suggesting that this
hypothetical gene may be responsive to interferons. The NNPP promoter prediction
program predicted two putative promoter regions at positions 218-268 bp and 191-241
bp upstream from the transcription start site. A search of the Pfam protein profile
database indicated the presence of a putative eukaryotic porin domain in the carboxy
terminus of the putative protein encoded by the RIKENI gene. similar to the domain
found in outer mitochondrial membrane protein porins. Interestingly, a BLASTP search
of the putative RIKENI protein reveals significant sequence similarity between the
RIKENI protein and the mouse mitochondrial import receptor subunit Tom-40 protein
porin. An ALIGN comparison between the two protein sequences indicates that they
have 53.8% sequence identity (Fig. 3.75). Tom40 is a member of the mitochondrial
outer membrane translocation machinery. one of the membrane-embedded components.

along with Tom5, Tom6 and Tom7. that form the general import pore which facilitates



the translocation of preproteins across the outer membrane (Rapaport et al., 2001:
Suzuki er al., 2000). Whether the RIKEN1 protein is a component of a membranous

translocation machinery remains to be established.
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Fig. 3.75: ALIGN comparison between the amino acid sequences of the mouse Tom-0
protein (top) and of the protein encoded by the hypothetical RIKENT1 gene (bottom).

[II-2-4-15 Mouse RIKEN2 gene
A GENSCAN analysis. followed by a BLAST search. of the mouse clone rp23-

395h6 reveals the presence of a second hypothetical gene at position 50546-56964 (Fig.

3.48). This hypothetical gene has over 99% sequence similarity with a cDNA sequence



(Genbank accession number NM_025388) from the RIKEN mouse ¢cDNA library
(Camminci and Hayashizaki, 1999), and was named the RIKEN2 gene. A
CROSSMATCH analysis between the RIKEN2 cDNA sequence and the sequence of
the genomic segment at position 50546-56964 indicates that the RIKEN2 gene consists
of 7 exons (table 3.62 and Fig. 3.76). In addition, the results of the Neural Network
splice site prediction program analysis also confirmed the presence of potential splice
sites at the exon-intron borders indicated by the ALIGN comparison of the RIKEN2

genomic region and its cDNA (table 3.63).
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Fig. 3.76: Structural organizaton of the hypothetical RIKEN2 gene. Sizes. in base pairs, are
given below the introns and above the exons. The exons are indicated by black boxes and the
connecting 1atrons by honzontal lines

Exon number Contig position Exon length (bp)
1 50546-50608 62
2 50702-50895 193
3 55313-55380 67
4 55582-55645 63
5 55935-56011 76
6 56268-56358 90
7 56558-56965 407

Table 3.62: contig position and length of the exons of the putative RIKEN2 gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
50610 50701
[/1 cacacccGTaggtca 172 ticccacAGtaaaga
50897 55312
22 gatccggGTcagtut 2/3 gtttgcAGtatgtg
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55382 55581

3/3 gacccgGTaagcag 3/4 ctgttgcAGgtagtt
55647 55934
4/4 gtitgaaGT gagtgt 4/5 ticctccAGattect
56013 56267
5/5 tgtacagGTaggact 516 ttictcacAGgggteg
56360 56557
6/6 cctgggeGTgagttt 6/7 gcattgcAGetgggt

Table 3.63: Neural Network splice site prediction sequences: e¢xons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 50772, in the second
exon. The analysis of the first 1000 bp located upstream from the transcription start site.
using MOTIF. revealed the presence of potential binding sites for several transcription
factors. such as Lyf-1. p53. GATA. NF-AT, Ik-1. Ik-2. AP-1. NRF-2 and c-Ets binding
sites. The NNPP promoter prediction program did not predict any promoter in the first
1000 bp upstream from the RIKEN2 gene. suggesting that this gene has a TATA-less
promoter. Finally, a BLASTP search on the amino acid sequence of the putative
RIKEN2 protein, deduced from the RIKEN2 ¢DNA sequence. indicates that the
RIKEN?2 protein corresponds to a hypothetical protein, CGI-126. that is evolutionanly
conserved between human and Caenorhabditis elegans (Lai et al.. 2000). The CGI-126
protein exhibits sequence conservation with a C. elegans hypothetical protein encoded
by the C40H1.6 gene in chromosome III (Wilson et al.. 1994). An ALIGN comparison
between the CGi-126 and C40H1.6 proteins indicates that they share 68.3% homology
(Fig. 3.77).
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Fig. 3.77: ALIGN comparison between the amino acid sequences of the hypothetical
proteins CGI-126 (bottom) and encoded by the hypothetical RIKEN2 gene (top).

HI-2-4-16 Mouse RIKEN3 gene

A GENSCAN analysis. followed by a BLAST search, of the mouse clone rp23-
395h6 reveals the presence of a third hypothetical gene at position 194924-209533 (Fig.
3.48). which has over 99% sequence identity with a cDNA (Genbank accession number
NM_025321) from the RIKEN mouse ¢DNA library (Caminci and Hayashizaki.
1999). This hypothetical gene was named RIKEN3. A CROSSMATCH analysis
between the RIKEN3 ¢cDNA and the mouse clone rp23-395h6 reveals that the 3' end of
the RIKEN3 gene is not present on the mouse clone rp23-395h6. and that the genomic
segment at position 194924-209533 encompasses only the first 5 exons of the RIKEN3
gene (table 3.64 and Fig. 3.78). Also. the results of the Neural Network splice site
prediction program analysis also confirmed the presence of potential splice sites at the
exon-intron borders indicated by the ALIGN comparison of the RIKEN3 genomic

region and its cDNA (table 3.65).

RIKEN3 gene (first five exons):
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Fig. 3.78: Structural organization of the first five exons of the hypothetical RIKEN3 gene.
Sizes, in base pairs, are given below the introns and above the exons. The exons are indicated
by black boxes and the connecting introns by horizontal lines
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Exon number Contig position Exon length (bp)

l 194924-194968 44
2 199715-199771 56
3 201868-201969 101
4 206772-206833 61
5 209371-209533 162

Table 3.64: contig position and length of the first 5 exons of the putative RIKEN3
gene.

Donor site sequence Acceptor site sequence
Exon/Intron Sequence Intron/Exon Sequence
194970 199714
171 tgctgagGTgacttt 12 ctettge AGacatgt
199773 201867
22 tcagaaaGTaagtic 23 ttattttAGtgetgc
201971 206771
3/3 tetacaaGTaagggc 34 tcttgtAGatgglc
206835 209370
4/4 agtggagGTatgtat 4/5 ctetetcAGgggtet

Table 3.65: Neural Network splice site prediction sequences: exons and introns are
numbered according to their positions and the numbers on top of the donor and acceptor sites
correspond to their contig positions. The numbered bases are underlined.

A putative translation start site (ATG) is located at position 194948, in the first
exon, suggesting that the 5" UTR is a short region. Initial analysis of the 1000 bp
located immediately upstream from the transcription start site. using MOTIF. indicates
the presence of several potential transcription factor binding sites. among them are
potential GATA. NF-AT, Spl. c-Myb. AP-1. Gfi-1. NF-kB. c-Rel and c-Ets binding
sites. The search for a promoter. using NNPP. predicted 5 potential promoter regions at
positions 758-808 bp. 750-800 bp. 318-368 bp. 55-105 bp and 38-98 bp upstream from
the transcription start site. A CCAAT box was located. using MOTIF. 685-696 bp
upstream from the transcription start site. suggesting that the promoter region is located
318-368 bp upstream from the 5' end of RIKEN3 . A search of the PROSITE protein

profile database with the hypothetical RIKEN3 predicted amino acid sequence revealed
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two succinate dehydrogenase cytochrome b subunit signature sites, located at amino
acid positions 50-74 and 127-140. A BLASTP analysis of the putative RIKEN3 protein
revealed sequence homology with the human large subunit of cytochrome b (cybL) in
the succinate-ubiquinone oxidoreductase (complex II) of mitochondria (Hirawake er al..
1999). An ALIGN comparison between the mouse RIKEN3 protein and the human
cybL protein indicates that these two proteins have 79.3% sequence identity (Fig. 3.79)
and suggests that the RIKEN3 gene may correspond to the mouse ortholog of the
human cybL gene. Since Hirawake er a/. (1997) reported that the human cybL gene was
mapped to chromosome 1q21. in a region conserved between mouse and human that
corresponds to that of mouse BAC clone rp23-395h6, it is likely that this region
encodes the mouse ortholog of the human cybL gene.
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Fig. 3.79: ALIGN comparison between the amino acid sequences of the human cybL
protein (bottom) and of the protein encoded by the hypothetical RIKEN3 gene (top).

I11-2-4-17 Repeat elements in the mouse BAC clone rp23-
395h6

A Repeatmasker analysis of the repeat elements in the 211771 bp of the mouse

clone rp23-395h6 indicates a relatively low percentage of repeat elements. as 38.13% of
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the total sequence of this clone consists of repeat elements (table 3.66). Most of the

repeat elements correspond to SINEs and. to a lesser extent, LTR elements. LINE

elements make only 2.96% of the total repeats present in this clone, in contrast to what

has been observed in the mouse clone rp23-21118. in which LINE elements represent

about 40% of the total sequence of the clone. The high percentage of LINE elements in

the mouse clone rp23-21118 was correlated to the total absence of genes, but in the case

of the clone rp23-395h6. the high percentage of SINE elements can be correlated to the

presence of a high number of genes. This is consistent with the overall observation that

SINE elements in the human genome mostly are present in gene-rich regions (Lander er

al., 2001).
number of length percentage
elements occupied of sequence
SINEs: 319 42666 bp 20.15%
Bls 170 20082 bp 9.48%
B2-B4 129 20491 bp 9.68%
IDs 10 723 bp 0.34%
MIRs 10 1370 bp 0.65%
LINEs: 16 3033 bp | 43%
LINEI 7 658 bp 0.31%
LINE2 8 2309 bp 1.09%
L3/CRI1 l 66 bp 0.03%
LTR elements: 62 25940 bp 12.25%
MaLRs 23 6718 bp 3.17%
ERVL 1 486 bp 0.23%
ERV_classl 4 2260 bp 1.07%
ERV_classIl 19 9737 bp +.60%
DNA elements: 7 949 bp 0.45%
MER _type 6 805 bp 0.38%
MER2_type l [44 bp 0.07%
Unclassified: 4 769 bp 0.36%
Total interspersed repeats 73357 bp 34.64%
Small RNA: 1 96 bp 0.05%
Satellites: 0 0 bp 0.00%
Simple repeats: 99 5569 bp 2.63%
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Low complexity: 31 1758 bp 0.83%

Table 3.66: Identification of the repeat elements on the mouse clone rp23-395h6.

[1I-2-5 Mouse BAC clone rp23-9p22
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Fig. 3.80: GENSCAN analysis of the mouse BAC clone rp23-9p22. The genes predicted by GENSCAN
are repeat elements or false positives.

The mouse BAC clone rp23-9p22 (Genbank accession number ACO079446).
originally mapped to mouse chromosome 1922 consists of 223103 bp. Both
GENSCAN uanalysis and BLAST searches versus the nr and dbEST databases. reveal
that this clone does not encode any known or putative genes (Fig. 3.80). In addition.
STS markers contained into the mouse BAC clone rp23-9p22 have been mapped to
mouse chromosome X (see http://www.ensembl.org/Mus_musculus). Based on this

data. it appears that the mouse BAC clone rp23-9p22 does not belong to mouse
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chromosome 1q region but rather to mouse chromosome X. The position of rp23-9p22
therefore would be different from the one that was assumed at the beginning of this
dissertation research.

The Repeatmasker analysis of the repeat elements in the 223103 bp of the clone
rp23-9p22 indicates that 53.37% of the total sequence of this clone is made of repeat
elements (table 3.67). Most of the repeat elements correspond to LINEI elements and.
to a lesser extent, LTR elements. SINE elements are only 6.72% of the total repeat
elements present in this clone, confirming the above observation that regions with a high
percentage of LINEI elements and a low percentage of SINEs in this region of mouse
chromosome 1q21-23 encode few or no genes. Interestingly. the repeat density
observed for the BAC clone rp23-9p22 is similar to that observed for the BAC clone
rp23-21118. as their high percentage of LINE elements can be correlated to the total

absence of genes (Lander e al.. 2001).

number of length percentage
elements occupied of sequence
SINEs: 59 8005 bp 3.59%
Bls 26 3268 bp 1.46%
B2-B4 27 4334 bp 1.94%
IDs 5 356 bp 0.16%
MIRs l 47 bp 0.02%
LINEs: 77 86310 bp 38.69%
LINEI 77 86310 bp 38.69%
LINE2 0 0 bp 0.00%
L3/CR1 0 0 bp 0.00%
LTR elements: 42 20045 bp 8.98%
MaLRs 15 7292 bp 3.27%
ERVL | 476 bp 0.21%
ERV _classl 2 618 bp 0.28%
ERV _classlI 15 8531 bp 3.82%
DNA elements: 0 0 bp 0.00%
MERI _type 0 0 bp 0.00%
MER?2_type 0 0 bp 0.00%
Unclassified: l 116 bp 0.05%
Total interspersed repeats L4476 bp  S51.31%
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Small RNA: 0 0 bp 0.00%

Satellites: 0 0 bp 0.00%
Simple repeats: 73 3668 bp 1.64%
Low complexity: 17 941 bp 0.42%

Table 3.67: Identification of the repeat elements on the mouse clone rp23-9p22.

I11-2-6 Fine mapping of the QTL of bone mineral density
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Fig. 3.81: Corrected map of the QTL region of bone density

A new map of the QTL of bone density was generated based on the sequencing

data of the mouse BAC clones contained in this region (Fig. 3.81). The chromosome



location of the QTL of bone density was first extracted from the mouse ensembl
network (http://www.ensembl.org/Mus_musculus), and then confirmed based on the
data generated in our laboratory (Fig. 3.81). The QTL region consists of two 1.4-Mb-
and 0.37-Mb contigs. The Ifi200 cluster of genes is located ~380 kb upstream from the
0.37 Mb contig. and the 1.4-Mb- and 0.37-Mb contigs are separated by a gap of ~850
kb. based on assembly data generated from whole genome shotgun trace data at

http://www.ensembl.org/Mus_musculus.
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Chapter 1V
Conclusion

In this dissertation research, nine BAC clones which tentatively were mapped to
mouse chromosome 1q were sequenced using the double stranded random shotgun
approach and analyzed.

The sequences of four BAC clones (mgs1-68¢20, mgsl-166nl4. rp22-225p5
and mgs1-423c02) generated two 240-kb- and 154-kb-contigs containing a cluster of at
least ten genes encoding a series of interferon-activatable protein. termed the "200
family" of proteins. Five previously identified genes (Ifi201. 1fi202a. 1fi202b. [fi203 -
renamed [fi203b. and Ifi204) were localized on the 240-kb contig, in addition to two
new [fi200 family members. 1fi203a and Ifi203c. A pseudogene. Ifi202¢. was localized
on the 154-kb contig, along with a putative pseudogene, "203-like". and a putative new
gene, "204-like". A putative splice variant of "204-like". exhibiting strong sequence
similarity with the mRNA of an additional member of the "200 family" of proteins. D3,
was discovered, using in silico analysis of the "204-like" sequence. The Ifi202a and
[fi202b genes, and the Ifi203a and Ifi203b genes. showed 99.65% and 99.62%
sequence similarity between their exonic. and intronic. sequences. respectively. At the
protein level. the translation product of [fi203b (p203b) differed from the translation
product of Ifi203a (p203a) by only one amino acid out of 408. while the translation
product of Ifi202a (p202a) differed from that of 1fi202b (p202b) by 7 amino acids out
of 445. An additional I+4t-nucleotide long putative coding segment was found in the
sequence of intron 4 of Ifi203a and Ifi203b. raising the possibility of an alternativelyv
spliced form of the Ifi203a and Ifi203b genes.

At the transcriptional level. the genes of the mouse Ifi200 cluster exhibit

different modes of transcriptional regulation. Comparison of the mouse Ifi200 gene
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cluster with its human counterpart indicates an absence of conservation in the non-
coding regions.

Sequencing the numerous repetitive regions on mouse BAC clone mgs1-423c02
was extremely complex because it contained large strongly conserved sequences. Thus.
a series of consensus DNA sequences were generated from the "walking” sequence
reads off the repeat spanning subclones and added into the Phrap assembly. The
resulting assembled duta were confirmed by experimentally generating a series of nested
deleted clones by minitransposon random insertion (Chatterjee and Coren. 1997). These
deletion clones then were end-sequenced with specifically designed custom primers to
confirm that this complex region had been assembled correctly.

In contrast to the ten genes contained in the mouse Iti200 cluster. the human
[fi200 gene cluster has only three genes (IFI-16. MNDA and AIM2) and several
putative pseudogenes (see above). The organization of these Ifi genes into clusters may
have regulatory significance. as it does. for example. for the clustering of globin genes
(Hardison and Miller. 1993). These clusters also may offer an evolutionary advantage
because they could facilitate rapid crossing over and gene conversion events that may
serve to expand a gene family. as it has been proposed for the histone gene cluster
(Matsuo. 2000). [t is interesting to note that the contiguous region containing the seven
genes from the mouse [fi200 gene cluster has a gene encoding a protein containing the
two « and b domains (Ifi202a. [fi202b and Ifi204). followed by a gene encoding a
protein containing one of the two domains (Ifi203c. [fi203b. Ifi203a and Ifi201). In
contrast. the human Ifi200 gene cluster exhibits a slightly different genomic
organization, as it consists of only one gene encoding for a protein containing the two «
and b domains (IFI-16). surrounded by two genes encoding for a protein containing one
of the two domains (MNDA and AIM2). Although the functional significance. if any. of
this genomic arrangement is not known. it may reflect a selective advantage or adaptation

to ecological aspects that are more important to mice than to humans.
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How can the smaller size of the human Ifi200 gene cluster, compared to the
mouse, be explained? Comparative analysis of human chromosome 19 with syntenic
regions in mouse (Dehal er al., 2001) reveals striking differences between single-copy
human chromosome 19 genes. which overwhelmingly are conserved in mouse, and
genes organized into tandem familial clusters. Thus. the clustered genes in this region of
chromosome 19 in humans and mice differ greatly in number, coding capacity, and
organization. As an example, the Kruppel-type zinc finger proteins which code for
putative transcription factors are clustered in cleven different locations in human
chromosome 19. and most of these clusters contain highly similar genes that appear to
have arisen by duplications of ancestral genes. [nterestingly, many of these human and
related mouse gene clusters contain very different sets of orthologous genes, suggesting
that if their ancestral genes were duplicated. they may have been lost or selected
independently in each cluster during the ~70-100 million years since the human-mouse
speciation (O'h Uigin and Li, 1992)).

Several comparative studies of the mouse and human olfactory receptor (OR)
genes (Dehal er al.. 2001: Lane er al.. 2001) reveal that a substantial fraction of human
OR genes have lost their capacity to encode functional proteins and therefore have
become pseudogenes. It has been suggested that the diminished number of OR genes in
humans compared to mouse. resulted in the decline in both the breadth and
discriminatory power of the human olfactory system (Dehal er al.. 2001). A similar
phenomenon also may have occurred in the [fi200 gene cluster. Here it is known that
the human MNDA, [FI-16 and AIM2 genes have a very narrow pattern of expression
and are restricted to cells of the myelomonocytic lineage in a stage-dependent manner.
In contrast. the genes of the mouse Ifi200 gene cluster appear to have a wider range of
expression in different cell lineages (see Introduction) as. for example. Ifi202a is widely
expressed in mouse and can be induced in various organs. including spleen. heart and

brain. It therefore is possible that the proteins encoded by Ifi202a. and most likely



[fi202b, exert functions in non-myeloid tissues that are similar to those exerted. in
human, by proteins that are not encoded by the human Ifi200 gene cluster. In this
regard. it is interesting to note that the human IFI-16. MNDA and AIM2 genes also
show significant sequence similarities to the mouse Ifi204 gene. whose expression
similarly is restricted to myelomonocytic cells. and thus can be considered as a direct
neighboring ortholog of the human genes.

In addition, as has been shown. in the case of a Kruppel-type zinc finger protein
cluster (Dehal er al., 2001), highly similar duplicate regions often display distinct
patterns of tissue-specific expression. suggesting that the newly duplicated genes might
acquire new functions. The strong sequence similarity between 1fi202a and Ifi202b, and
between [fi203a and [fi203b. respectively. could be explained by recent gene
conversions, and the presence of extremely similar but non identical proteins might

provide one path for rapid functional diversity in a tissue-dependent manner.

During this dissertation research. five BAC clones in the mouse chromosome
1q21-23 QTL bone density region also were sequenced and merged with the sequence
of other BAC clones to create two contigs of approximately 1.4 Mb and 0.37 Mb
containing at least 40 genes. The analysis of the genes present in each contig revealed
several new candidate genes that could be involved in bone metabolism. For example.
Forus er al. (1998) identified the apo A-II gene (on mouse BAC clone rp23-395h6) as
an important element in the recurrent amplification of the genomic region 1q21-22 in
bone tumors. suggesting that apoAll may have an important role in bone metabolism.
However. this dissertation research indicated the presence of numerous other genes in
this QTL region. encoding. among others. the chaperone prefoldin (Vainberg er al.
1998). the Junctional Adhesion Molecule JAM present in tight junctions (Martin-
Padura et al., 1998). the cytoplasmic coatomer protein (De la Vega and Stockert. 1999),

the lymphocytic marker Ly-9 (Mathieson et al.. 1980). nicastrin. a protein implicated in
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Alzheimer's disease (Fagan er al, 2001), PEA-15, a protein involved in apoptosis
(Estelles er al., 1999), the soluble lectin intelectin (Komiya er al., 1998), the serum
amyloid P-component (de Haas, 1999), the IgE receptor alpha subunit (Blank er al.,
1989). the Duffy blood group antigen (Cartron and Colin, 2001) and calsequestrin, the
major calcium-binding protein of the sarcoplasmic reticulum of skeletal and cardiac
muscles (Yano and Zarain-Herzberg, 1994).

[n addition. at least five genes in this QTL region encode putative calcium-
ATPases that can be grouped into families, based on their subcellular location in the
plasma membrane calcium-ATPases (PMCAs) and the sarco(endo)plasmic reticulum
calcium-ATPases (SERCAs). Both are multigene families that play an important role in
maintaining intracellular calcium concentration. The SERCAs pump calcium ions into
internal stores. such as the endoplasmic reticulum or sarcoplasmic reticulum, while the
PMCAs pump calcium ions outside the cells into the extracellular spaces (for review,
see Shull, 2000). SERCAs mostly are involved in muscle contractions and predominate
in skeletal and cardiac muscles (for review, see East. 2000: Shull, 2000). but the role of
PMCAs is much less obvious. Mineralization of bones involves the laying down of
extracellular matrix, calcium transport into the matrix and formation of hydroxyapatite.
These processes are regulated by cells that line the surface of bone. including bone-
resorbing osteoclasts and bone-forming osteoblasts. One possible role for PMCAs,
suggested by Abramowitz and Suki (1996). is that the efflux of calcium from bone cells
to the mineralizing matrix involves osteoblastic PMCAs. There are at least four genes
that encode the human PMCAs which map to 12q21-23, 3p25-36. Xq28 and 1q25-37.
The QTL of BMD at mouse 1q21-23 is in a region of conserved linkage between
mouse and human. but no known PMCAs map to this region. However. the putative
calcium-ATPases. encoded by genes located in this region of mouse chromosome . do
contain domains that are similar to calcium-ATPase domains. and therefore may have

functions similar to those of the bone mineralization PMCAs. Thus, the putative
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calcium-ATPase genes are primary candidates for BMD regulation in the QTL located
on mouse 1q21-23.

Interestingly. a gene involved in a metabolic disorder known as absorptive
hypercalciuria (AH) has been mapped to this 1q23.3-24 region by Reed er al. (1999).
AH is a biological syndrome marked by an excretion in the urine of more than 0.1
mmol/kg/24 hours of calcium and caused by an intestinal hyperabsorption of calcium. a
defective reabsorption of calcium by the renal tubule or an increased bone resorption
(Audran and Legrand. 2000). Pietschmann er al. (1992) previously demonstrated that
patients with AH displayed a significantly lower lumbar bone density compared with
healthy subjects, and therefore were more at risk for vertebral factures. Thus. the putative
calcium-ATPases whose genes are located in this region may be involved in maintaining
calcium homeostasis inside the bone cell. and a defect in this calcium-ATPase-encoding

gene could be involved in bone readsorption .

The mouse BAC clones mgsi-68¢20 and mgsl-166nl4. and the mouse BAC
clones rp22-225p5 and mgs1-423c02 encompassing the Ifi200 gene cluster. are located
in the neighborhood of the 0.37-Mb contig containing the QTL of bone mineral density
(see Fig. 3.81). These Ifi200 genes encode inteferon-activatable proteins with cell
growth regulation and inflammation-associated functions (see Introduction). When the
best characterized "200 family” proteins, p202a and p204. are overexpressed. they retard
cell proliferation in vitro (see Introduction). Interestingly. the nearby QTL region
associated with BMD encodes several genes that are involved in immune- and
inflammation-associated functions. These genes include the [gE receptors alpha and
gamma subunit (Fcerla and Fcertg. respectively). the Duffy blood group antigen. the
serum amyloid P-component (Sap). which is a constituent of amyloid deposits in
secondary amyloidosis. a chronic inflammatory condition (de Haas, 1999), and a series

of membrane proteins from immune cells involved in antigen recognition (CD150.



CD48, 19A24, Ly108, CD84, Ly9 and 2B4). Interestingly, one effect of T cells-derived
interferon gamma is to induce the enhanced expression of MHC class II antigens en
accessory cells, such as monocytes and macrophages. which either do not express class
I antigens constitutively or express them at a very low level (Liu and Janeway, 1990).
An additional effect of interferons is to increase expression of the IgE receptor gamma
subunit on mast cells (Woolhiser er al., 2001). Thus, this region of chromosome |,
which is highly conserved in humans and mice, contains a complex gene set which have
immunomodulatory and cell growth regulatory functions. and whose expression is
influenced by cytokines. Further studies should establish whether there is a complex of
genes in this region whose transcription is regulated by common elements -i.e.

cytokines, and whose translation products are involved in immunomodulatory functions.

Finally. molecular phylogeny can be considered as the ultimate tool for
determining evolutionary relationships. As the full genomes of several major eukaryotes
become available. the phylogenic trees of these different species. as well as an accurate
understanding of how the cells and genomes of these species evolved. can be answered
through comparison and integration of the analysis of a large number of independent
molecular loci. These comparative genomic studies have confirmed the earlier
observations that were obtained from ribosomal RNA phylogenic studies (Field er al..
1988). such as the partition of the cellufur living world into three domains (archaea.
bacteria and eucarya), as well as the monophyly of each domains (Sicheritz-Ponten and
Andersson. 2001: Woese, 1987). In addition. these comparative genomic studies also
reveal an unexpected degree of genome plasticity. and the wider than expected
occurrence of horizontal gene transter. These events likely are a major evolutionary
force in both prokaryotes and eukaryotes (Ball and Cherry. 2001). These events also
could be the main reason behind intermixing of species from different domains in

various phylogenic trees (Doolittle, 1999). In recent studies. Brown er al. (2001)
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reduced the risk of error linked to the analysis of individual protein trees by analyzing
widely distributed genes as concatenated protein sequence data sets, rather than
individual protein sequences. In this approach, the accumulation of sampled gene loci
lowers the statistical error rate in the data. During this dissertation research, a similar
quantitative genetic analysis was applied to the genes present on the two mouse
chromosome | contigs sequenced. The amino acid sequences of the coded proteins of
the orthologous human genes therefore were systematically compared. using BLAST,
with the amino acid sequences of their orthologs in other species. The results ot this
analysis from mouse, rat. cow, fish, fly, worm, plant, yeast and E. coli. and their resulting
percentage of sequence identity are plotted in table 3.68. The resulting data for each
species then were combined to draw a comparison of the average percentage of coding
sequence identity in this region between humans and each of the species depicted in
table 3.68. As shown on table 3.68. while prokaryotes and yeast are further separated
from humans, in terms of coding sequence identity, vertebrates, such as rat, mouse. and
cow, are the closest and share an average of approximately 70% of their coding
sequences with humans. These data of course confirms that vertebrates. such as rat.
mouse and cow. are closer to humans. in term of gene coding sequences. than are lower
eukaryotes, such as worms, and prokaryotes (Dacks and Doolittle. 2001).

The proteins coded by genes present in this region may be classified in two
categories. First. this region encodes proteins involved in housekeeping activities. such
as protoporphyrinogen oxidase. nitrilase. or beta- I 4-galactosyltransferase. that appeared
early in the evolution. In addition. this region also encodes proteins present only in
eukaryote that are involved in regulatory activities. such as the ubiquitin-specific
protease Usp23. or the nuclear receptor CAR. or that are involved in eukaryote cell-
specific functions, such as the lymphocyte antigen Ly-9. or the IgE gamma subunit
Fcerlg. According to Rubin er al. (2000), many eukaryote-only gene encoded proteins

have extracellular domains involved in cell-cell and cell-substrates contacts. [ntelectin,
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Rattus Mus Bos Fugu Drosophila C. A. S. E. coli
NOTVERICHS musculus Laurus rubtipes helanogaster]  clegans thaliana cerevisiae

19A24 397

D48 49.8 522

D84 56.2

CDISO 51.2 05.5

Ly-9 604.0 531

2B4 308 48.2

Feerlg 90.7 88.4 93.0 60.0

Feerla 15.7 471 268 217

Intln 812

Nectin-like 96.0 87.3 42.7

Usftl 98.4 98.4 49.0

SAP 69.3 68.3 40.5

PEA-1S 100 9.2 79.2

nhthl 925 04.0

DEDD 98.4 98.7 377

Myclin PO 353 35.7 316 2.6

Apo A-11 559 58.8 50.0 248

JAM 718 68.1 74.6 40.7
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Rattus Mus Bos Fugu Drosophila C. A. S. E. coli
norvegicus musculus taurus rubripes [nelanogaster]  clegans thaliana cerevisie
Dufty 601.8 60.8 028
Timm23 95.7 96.2 31.0 24.8
nicastrin 90.9 77.1 529 26.7 20.3 20.1
ken)Y 99.0 93.06 47.1 67.5 38.8 339
kenjl0 90.0 99.2 30.3 70.06 314 27.3
Adamtsd 91.7 90.2 959 45.2 36.6 40.1
CAR 70.5 575 34.8 RYN 17.9 291
Pxf 85.4 90.3 39.3 30.1 30.5 277 12.2
Casql 70.3 92.7 67.0 19.1 33 228
Usp23 u8.5 90.5 45.0 234 18.7 17.2 15.3
Prefoldin 2 UARY) 935 55.3 44.0 38 37.3 20.9
Nitl 8§9.0 841 332 317 23.6 245 194 34
ppox 80.1 88.7 55.0 38.0 253 24.0 19.0
NDUFS2 92.7 92.4 88.8 87.7 71.8 628 60.0 30.0
betagal 70.9 8315 836 56.1 319 217 17.3 17.2 142
79.0 76.4 60.8 50.7 34.0 309 28.6 199 23.6
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Table 3.68: phylogenic analysis of the proteins coded by the genes present on the two 0.37- and 1.4-Mb
mousc contigs.Each proteins were compared with the proteins coded by the human orthologs of the
mousc genes, using BLASTP and ALIGN, and the percentage of sequence identity plotted on the table.
The data in italics under the rat column were obtained by comparing rat ESTs with the corresponding
segment of the human coding sequence. The data in bold indicates the average percent of sequence
identity in this region for cach species. (19A24) Sayos er al., 2001; (CD48) Wong ¢1 al., 1990; (CD84) de
la Fuente er al., 1997; (CD150) Wang ¢r al., 2001; (Ly-9) Mathicson et al., 1980; (2B4) Boles ¢r al.,
1999, (Feerlg) Ra et al., 1989; (Feerla) Blank ¢f al., 1989; (Intln: intelectin) Komiya er al., 1998;
(Nectin-like: nectin-like protein 1) Tachibana ef al., 2000; (Usf1: upstream stimulatory factor 1) Halle er
al., 1995; (SAP: scrum amyloid-P component) de Haas, 1999; (PEA-15: astrocytic phosphoprotein 15)
Estelles et al., 1999; (nhlh1) Murdoch et al., 1999; (DEDD: death effector domain-containing protein)
Stegh et al., 1998; (myelin PO: myelin protem zero) Roomi er al., 1978; (Apo A-II: apolipoprotein A-I1)
Tall, 1990; (JAM: Junction Adhesion Molecule) Martin-Padura er al., 1998; (Duffy: blood group antigen



CAR and JAM. as well as the immunoglobulin-related 19A24, CD48, CD84, CD150.
Ly-9 and 2B4 proteins are involved in such contacts. Also. these immunoglobulin-
related proteins are part of a large protein family generated by gene duplication of a
common ancestor (Wong er al.. 1990). The observation that these genes only are
present in higher eukaryotes (table 3.68). confirms the idea that gene duplication, as well
as gene loss, were major forces in speciation (Ball and Cherry, 2001, Rubin et al..

2000).

{ A thaliana I
! 5. cerevisiae I

jl C. elegans I

! D. Inelannvmlcrl

! Fugu rubnEw\ l

Homao sapiens

Mus musculus

Fig. 3.82: Phylogenic tree tor the concatenated set of pxt. Usp23. prefoldin subunit 2, NDUFS2 and beta-1.4-
galactosyltransterase trom human, mouse. fish, fly. worm. plant and yeast.

To further investigate the above evolutionary hypothesis. a phylogenic tree was
built for the proteins described in table 3.68 that are widely distributed throughout
evolution using the strategy described by Brown er al. (2001). Briefly. the protein
sequences of the human pxf. Usp23. prefoldin subunit 2. NDUFS2 and beta-1.4-

galactosyltransferase. and of their orthologs in mouse. fish. fly. worm. plant and veast,



were manually concatenated for each species and aligned using CLUSTALW. Then, a
phylogenic tree was created using TreeView (Fig. 3.82). These studies confirms that, in
the case of worm. fly, fish, mouse and human, the successive grades of complexity that
appeared in metazoans relied mostly on the progressive evolution of an already existing
system, rather than the generation of a new one (Fig. 3.82) (Rubin er al.. 2000). In
addition, the early demarcation of plants, as shown in Fig. 3.82, confirms the data
presented by Adoutte ef «l. (2000) which indicated that plants and fungi bifurcated early
from the metazoan tree of life. Finally. the demarcations of fish. mouse and human are
in accord with the vertebrate phylogenic tree presented by Pollock et al. (2000). It must
be noted that several proteins present in this region in lower organisms are part of large
protein families (such as kenj. Adamts. Usp. and galactosyltransferase), and that the
determination of true orthologs determined by the “highest-hit™ method (i.e. BLAST)
therefore may not be truly accurate. This is because the existence of paralogs within the
same species (Xie and Ding. 2000) might have led to new functions. in contrast to
orthologs which retain the same function during evolution (Fitch. 1970). Although this
may be true in cases when the compared species are not phylogenically distant. and
when the orthologous relationships are simple. domain shuffling and domain sharing
may lead to complex orthologous relationships. and the possibility of ditferent functions
among orthologs. For example. orthologs of Adamts4. a protein involved in the erosion
of human articular cartilage (Tortorella et «l.. 1999) are present in lower organisms
(table 3.68). Thus. although Adamts4 (one of the gene studied on mouse chromosome
l) contains a mosaic of domains that may have been evolutionary conserved, these
domains clearly perform different functions than those carried out by their early
ancestors. Thus. it has been suggested that domain shuffling and domain sharing among
proteins may be an important factor in determining the function of a protein during

evolution (Li er «l., 2001).
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The rapid increase in the availability of large amounts of DNA sequence data
from a variety of organisms will dictate a continuing reevaluation of the evolutionary
relationships between species (Adoutte ez al., 2000). This will be an ongoing process as
the sequences of the genomes of additional animals, such as rat, mouse, cow or fish,
become available. Therefore, over the next few vears, as this new data emerges.
additional evolutionary relationships will emerge to provide a deeper analysis of the

complex relationships that developed between species throughout evolution.
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