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Abbreviations 
 
AMD   allelic message display 
B6   C57BL/6J 
BAC   bacterial artificial chromosome 
bp   base pair 
BLCAP   bladder cancer-associated protein 
cDNA   complementary deoxyribonucleic acid 
DMGDH  dimethylglycine dehydrogenase 
DMR   differentially methylated region 
DMSO   dimethylsulfoxide 
DNase   deoxyribonuclease 
dNTP   deoxynucleoside triphosphate 
DT-A   A domain of diphtheria toxin 
EDTA   ethylenediaminetetraacetic acid 
EST   expressed sequence tag 
FISH   fluorescence in situ hybridization 
%GC   percentage of G+C content 
GPCR   G-protein-coupled receptor 
HRH4   histamine H4 receptor 
I.M.A.G.E.  Integrated Molecular Analysis of Genomes and their Expression 
JF   JF1/Msf 
kb   kilobase (1000 DNA bases) 
LINE   long interspersed transposable element 
mRNA   messenger ribonucleic acid 
NCBI   National Center for Biotechnology Information 
Obs/Exp CpG  ratio of observed versus expected CpG dinucleotides 
ORF   open reading frame 
OSBP   oxysterol binding protein 
OSBPL1  oxysterol binding protein-like 1 
PAGE   polyacrylamide gel electrophoresis 
PCR   polymerase chain reaction 
PH    pleckstrin homology 
RFLP   restriction fragment length polymorphism 
RNase   ribonuclease 
RT-PCR  reverse transcription polymerase chain reaction 
SDS   sodium dodecyl sulfate 
SINE   short interspersed transposable element 
SNP   single nucleotide polymorphism 
STS   sequence-tagged site 
Tris-HCl  tris(hydroxymethyl)aminomethane-hydrochloride 
UTR   untranslated region 
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Abstract 
 
    Genomic imprinting is an epigenetic modification of the gamete or zygote that 
leads to exclusive or preferential expression of a specific parental allele in somatic cells 
of the offspring.  Mouse Impact is a maternally imprinted or a paternally expressed 
gene encoding an evolutionarily conserved protein of unknown function.  While this 
gene is expressed exclusively from the paternal allele, its human homologue IMPACT is 
not imprinted or expressed biallelically.  For almost all imprinted genes, 
parent-of-origin-specific expression is conserved between mouse and human.  
However, this is not the case but serves as a good model to understand the molecular 
mechanism of genomic imprinting.  To reveal the structural basis for the difference in 
allelic expression between the two species, I elucidated complete nucleotide sequences 
for both mouse Impact (38 kb) and human IMPACT (30 kb) by a unique nested deletion 
strategy.  Sequence comparison revealed that the two genes share a well-conserved 
exon-intron organization but bear significantly different CpG islands.  The mouse 
island lies in the first intron and contains characteristic tandem repeats.  To examine 
the methylation status, a methylation-specific PCR assay was developed and it clearly 
demonstrated that this island serves as a differentially methylated region (DMR) 
consisting of a hypermethylated maternal allele and an unmethylated paternal allele.  
Intriguingly, this intronic island is missing from nonimprinted human IMPACT, whose 
sole CpG island spans the first exon, lacks any apparent repeats, and escapes 
methylation on both chromosomes.  Subsequently, taking advantage of results of the 
human genome project, I found neighboring genes lying next to human IMPACT.  One 
is the HRH4 gene residing downstream of IMPACT, and the other is the OSBPL1 gene 
upstream.  Allelic expression analysis using mRNAs from peripheral blood leukocytes 
revealed that these human genes are also expressed biallelically like IMPACT is.  Then 
I successfully found their mouse homologues, the Hrh4 and Osbpl1 genes, at the 
corresponding loci in the mouse genome.  As for Osbpl1, I identified two transcripts, 
short Osbpl1a and long Osbpl1b, whose human homologues had already been reported.  
The two have their own promoters and have different tissue distribution and 
expressional quantities.  Although Osbpl1a is expressed biallelically, the longer 
transcript, Osbpl1b, whose promoter is located near that of Impact, is a little 
preferentially expressed from the paternal allele.  Because DNA methylation analyses 
gave no more DMRs in these mouse and human regions except for the CpG island and 
the promoter region of mouse Impact, the expression of mouse Osbpl1b may be due to 
the allele-specific chromatin structure of the promoter region of Impact.  Apart from 
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this biased transcription, the Impact locus fails to show any evidence for imprinted 
cluster even though clustering into chromosomal domain is one of the characteristic 
features of such genes.  Although two genes were also documented as solitary 
imprinted genes, there are several differences between Impact and the two.  Since the 
two imprinted genes occur in introns of nonimprinted genes and have few introns, they 
were conceivably generated by as retrotransposons, which are often subject to 
imprinting.  In contrast, Impact consists of 11 exons and is not embedded in an intron 
of another gene but having nearby genes that are not imprinted.  It is unlikely that 
Impact was generated by a retrotranspositional event.  Hence, this gene appears to 
have a unique structure as an isolated imprinted gene.  Fortunately, the human 
orthologue IMPACT does not exhibit allele-specific expression.  Therefore, the 
structural element unique to mouse Impact, such as the differentially-methylated 
intronic CpG island containing characteristic tandem repeats, may represent the basis 
for the species-specific imprinting.  Sizes of introns of mouse Impact are relatively 
shorter than those of IMPACT throughout these genes.  However, the first intron 
harboring the island is exceptional and the human IMPACT lacks a corresponding 
sequence to the mouse CpG island.  These results suggest that the intronic DMR plays 
a crucial role in the imprinting of this gene.  Thus, Impact would serve as an ideal 
model for the investigation of imprinted expression achieved by a unique mechanism 
independent of the regulation as a chromosomal domain. 
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Introduction 
 
    Mammals have a pair of genomes, one is maternal and the other is paternal.  But 
not all the genes are expressed equally from both genomes.  For instance, one of the X 
chromosomes in female cells is almost totally inactivated or silenced (Lyon 1961; 
Boumil and Lee 2001).  It is also known that a small number of mammalian genes are 
expressed predominantly or exclusively from one of the two chromosomes.  Selection 
of the expressed allele in such monoallelic expression can be either random or 
parent-of-origin dependent.  The former type of monoallelic expression is observed in 
particular combinations of genes and cells, including odorant receptor genes in olfactory 
neurons (Chess et al. 1994) and genes for immunoglobulin (Alt et al. 1984) and several 
cytokines (Hollander et al. 1998) in lymphocytes.  In contrast, the latter type of 
monoallelic expression occurs in almost all the mammalian cells.  This 
parent-of-origin dependent gene expression is termed parental imprinting or genomic 
imprinting (Barlow 1997; Constancia et al. 1998; Tilghman 1999), which shows 
non-Mendelian modes of inheritance.  The concept of "imprinting" was fist introduced 
by Crouse who studied chromosome behavior in a certain insect (Crouse 1960).  The 
imprint is a mark established during gametogenesis for the cell to distinguish between 
maternal and paternal alleles.  While genomic imprinting is observed not only in 
mammals but also in insects (Lloyd 2000) and plants (Baroux et al. 2002), it is most 
well characterized in mammals to provide evidence for a role of DNA methylation and 
chromatin structure in epigenetic marking of the chromosome.  Nearly 50 mammalian 
imprinted genes have been discovered since 1991 (Barlow et al. 1991), nevertheless, 
why and how some mammalian genes are imprinted still remains largely elusive. 
    It is well known that both maternal and paternal genomes are required for 
mammalian development (Solter 1988), suggesting that they are functionally 
nonequivalent.  This is due, in part, to the existence of imprinted genes playing 
essential roles in the development.  In fact, imprinted genes identified so far include 
those regulating proliferation and differentiation of the cell and playing pivotal roles in 
early development, postnatal growth, and behavior of the animal.  Accordingly, defects 
in imprinted genes lead to a variety of pathological states.  Besides the characteristic 
congenital defects such as Prader-Willi syndrome, Angelman syndrome and 
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Beckwith-Wiedemann syndrome, common diseases including atopic hypersensitivity, 
diabetes mellitus, bipolar affective disorder, and various malignant tumors may also 
involve genomic imprinting in their pathogenesis (Deal 1995).  Recently the 
importance of genomic imprinting has been realized again after several mammals 
cloned from somatic cells were reported (Wilmut et al. 1997; Wakayama et al. 1998), 
because phenotypic anomalies observed among them may be caused by epigenetic 
alterations, especially those of imprinted genes (Rideout et al. 2001; Inoue et al. 2002).  
Thus, the identification of novel imprinted genes is of particular importance not only for 
the elucidation of the molecular mechanisms for imprinting but for the identification of 
genes potentially involved in these and other pathological states. 
    Our laboratory previously developed a novel screening for imprinted genes by 
allelic message display (AMD) and this tour de force identified a paternally expressed 
gene Impact (Hagiwara et al. 1997), which encodes a protein of unknown function but 
of remarkable evolutionary conservation (Kubota et al. 2000).  It is the first imprinted 
gene mapped to mouse chromosome 18, which was suggested to bear at least one 
imprinted gene by a genetic study using mice with the Robertsonian translocation 
chromosomes (Oakey et al. 1995).  Recently, our team and other researchers have 
isolated the cDNA for its human homologue IMPACT and mapped it to human 
chromosome 18q12.1 (Okamura et al. 2000; Kosaki et al. 2001), a region syntenic to 
the mouse Impact locus (O'Brien et al. 1993; Gregory et al. 2002).  Unexpectedly, 
human IMPACT was found to be expressed biallelically in various human tissues, in 
contrast to the mouse Impact that is expressed exclusively from paternal genome in all 
the tissues examined (Hagiwara et al. 1997). 
    I assume that the monoallelically expressed mouse Impact and the biallelically 
expressed human IMPACT could serve as an ideal case to reveal structural elements 
laying the basis for imprinted gene expression through comparative structural analysis, 
because they encode highly conserved proteins.  Henceforth, I thus elucidated the 
genomic structures of these genes by means of bacterial artificial chromosome (BAC) 
cloning and a unique nested deletion strategy.  This comparative genome analysis 
revealed a characteristic structure that may explain the difference in allelic expression 
between the two species. 
    Because most imprinted genes showed close physical clustering, it is supposable 
that mouse Impact provides a lead to the putative imprinted region on mouse 
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chromosome 18A1.  The identification and characterization of genes adjacent to 
Impact excite my curiosity.  As for humans, a parent-of-origin effect was seen in 
bipolar affective disorder (McMahon et al. 1995) and several groups have reported 
evidence suggesting possible linkage of the trait to the pericentric region of the human 
chromosome 18 (McMahon et al. 1997).  Since human IMPACT is a nonimprinted 
gene, there may be some imprinted genes around this region which is related to the 
disease.  Therefore, the identification of human genes adjacent to IMPACT is also very 
attractive.  Nevertheless adjacent genes were not found to be imprinted in either 
humans or mice.  A differentially methylated region (DMR) was found only in the 
mouse Impact locus.  This study provides the first view of the architecture of a 
species-specific and solitary imprinted gene and gives a candidate sequence element for 
subsequent functional analyses. 
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Materials and Methods 
 
PCR-based genome walking of Impact and IMPACT 
    In order to walk in genomic DNAs from the 5' ends of the mouse and human 
cDNAs, I utilized GenomeWalker Kits (Clontech).  The gene-specific primers used 
were MIM051 as the mouse first primer, MIM052 as the mouse nested primer, HIM093 
as the human first primer, and HIM094 as the human nested primer.  Amplified PCR 
products were cloned into pT7Blue(R) T-Vector (Novagen) and sequenced using a 
primer-walk method. 
 
Screening of mouse and human BAC libraries 
    The BAC clones were isolated from a genomic libraries in pBeloBAC11 vector 
(Kim et al. 1996).  The BACs' host was DH10B/r and the mouse genomic DNA was 
derived from male 129/Sv strain.  These libraries were generated by partial digestion 
of the genomic DNAs with Hind III, followed by pulsed field gel electrophoresis.  
Only large fragments (100-150 kb) were excised from the gel and cloned.  The PCR 
screening of pooled mouse and human BAC libraries was performed by Research 
Genetics.  The primers for the mouse Impact 5' STS were MIM064 (forward) and 
MIM061 (reverse), and those for the Impact 3' STS were MIM029 (forward) and 
MIM049 (reverse).  The primers for the human IMPACT 5' and 3' STS were HIM093 
(forward) and HIM097 (reverse), and HIM049 (forward) and HIM064 (reverse), 
respectively.  Two more mouse STSs were developed from the end sequences of 
365M4 which was screened by the Impact 3' STS.  One was later mapped to an intron 
of Osbpl1b, and the other to downstream region of Hrh4.  Primers and product sizes 
for the two STSs are MIG068 and MIG069 (319 bp); MIG072 and MIG073 (230 bp), 
respectively. 
 
Subcloning of restriction fragments from BAC clones 
    The mouse and human BAC clones were cultured in L-broth in the presence of 
chloramphenicol (50 µg/ml), and the DNAs were isolated by an automated plasmid 
isolator PI100 (Kurabo).  The crude DNAs were treated with RNase A (Roche) 
followed by purification with salt and polyethylene glycol (Sigma) precipitation.  The 
precipitates were rinsed with 75% ethanol, dried, and then dissolved in TE (10 mM 
Tris-HCl [pH 8.0], 1 mM EDTA).  For the sequencing of BAC ends, plasmid DNAs 
were prepared using Qiagen-tips according to the manufacturer instructions. 
    The BAC DNAs were digested with Avr II, BamH I, Nco I, or Xba I (New England 
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Biolabs) overnight, followed by treatment with Klenow fragments of DNA polymerase I 
(TaKaRa) to partially fill the cohesive ends.  For instance, Avr II digests were treated 
with Klenow fragment and 0.2 mM dCTP/dTTP and ligated to the partially filled Hind 
III site of pSFI-CV2, a cloning vector developed for large-scale genome sequencing 
(Hattori et al. 1997).  Similarly, BamH I, Nco I, and Xba I digests were appropriately 
filled in and ligated to the partially filled Sal I, BamH I, and Hind III sites of pSFI-CV2, 
respectively.  Each ligation mixture was transformed into E. coli DH5! (TaKaRa).  
For each digest, I randomly selected 100 colonies, and the plasmid DNAs were prepared 
and digested with Hae III (Nippon Gene) for fingerprinting.  For the sizing of the 
inserts of these subclones, I cut them with Sfi I (New England Biolabs) and 
electrophoresed the digests, because each restriction fragment was cloned between the 
two Sfi I sites of pSFI-CV2. 
 
Construction of the nested deletion libraries 
    The subclone plasmids prepared as above were digested with Sfi I and ligated at a 
high concentration to generate concatenated DNAs, which were subsequently sonicated 
to pieces.  The variously sized fragments were directionally cloned into pSFI-SV1 and 
pSFI-SV10 vectors, which had been designed for the construction of nested deletion 
libraries (Hattori et al. 1997).  The inserts of these clones were amplified by colony 
PCR and sized by gel electrophoresis.  I then chose minimum clones to fully cover the 
insert and subjected them to DNA sequencing. 
 
DNA sequencing and data assembly 
    Plasmids and PCR products were sequenced using ABI PRISM BigDye Terminator 
Ready Reaction Kit (PE Applied Biosystems) by ABI PRISM 377, 3100, or 3700 DNA 
sequencers.  For the sequencing of purine-rich regions, I used ABI PRISM dGTP 
BigDye Terminator Kit instead of the standard one.  PCR products were directly 
sequenced, after treating with shrimp alkaline phosphatase and E. coli exonuclease I 
(Amersham) at 37oC for 20 min followed by heating at 80oC for 20 min.  Sequence 
data were analyzed and assembled using the sequence analysis software package 
SEQUENCHER (Gene Codes).  The sequence data for mouse Impact and human 
IMPACT have been submitted to GenBank under the accession nos. AF232228 and 
AF232229, respectively. 
 
Search of the genomes for CpG islands 
    The presence of CpG islands was first predicted with Grail 1.3 at 
http://compbio.ornl.gov/Grail-1.3/ or an open source software, newcpgreport, at 
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http://www.hgmp.mrc.ac.uk/Software/EMBOSS/ .  The values of CpG islands were 
calculated by software developed by myself.  The program is provided as ANSI C code.  
It should be compiled on any system with an ANSI C compiler, although it has been 
tested on only one common Unix platform, SunOS 5.6. 
 
Mouse resource 
    The JF1/Msf (JF) mice were obtained from the Genetic Stock Research Center, 
National Institute of Genetics (Mishima).  JF, B6, ICR, and their hybrid mice were 
bred in the Animal Center, Institute of Medical Science, University of Tokyo. 
 
Methylation-specific PCR assay 
    The four kinds of mouse genomic DNAs, each from JF, B6, and their reciprocal F1 
hybrids, were prepared from tails and spleens.  Human genomic DNAs were extracted 
from peripheral blood.  These native genomic DNAs were digested with Hha I, Hpa II, 
Msp I (TaKaRa), or McrBC (New England Biolabs) overnight in the recommended 
buffer solution for each enzyme.  Following the heat inactivation of the enzymes at 
80oC for 20 min, DNAs were extracted by phenol/chloroform, precipitated by ethanol 
and used as templates for PCR.  As a matter of fact, I actually used Hap II (TaKaRa) 
instead of Hpa II in this study.  Because Hap II is less familiar than well-known Hpa II 
which is often used in DNA methylation study, I call the TaKaRa's enzyme Hpa II 
throughout this dissertation. 
    For examination of the methylation status, the assay for the mouse Impact CpG 
island were performed using primers MIG054 (forward) and MIG55 (reverse) with the 
following thermal cycling parameter: 94oC for 180 s plus (94oC for 30 s, 58oC for 40 s, 
72oC for 80 s) for 35 cycles, and 72oC for 180 s.  Amplified products were resolved on 
gel electrophoresis followed by ethidium bromide staining.  The PCR for the human 
IMPACT CpG island was performed using primers HIG013 (forward) and HIG014 
(reverse).  The PCR for the mouse Impact promoter region was performed using 
primers MIM064 (forward) and MIM052 (reverse), and sequenced directly with 
MIM066.  The PCR for the upstream region of mouse Impact was performed using 
primers MIG080 (forward) and MIG081 (reverse), and sequenced directly with MIG081.  
The PCR for the mouse Impact 3' UTR was performed using primers MIG076 (forward) 
and MIG077 (reverse), and sequenced directly with MIM018.  The PCR for the 
promoter region of mouse Hrh4 was performed using primers MIG092 (forward) and 
MIG093 (reverse), and sequenced directly with MHG013.  The PCR for the promoter 
region of human HRH4 was performed using primers HHG013 (forward) and HHG10 
(reverse).  The PCR for the mouse Osbpl1a CpG island was performed using primers 
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MOG007 (forward) and MOG008 (reverse).  The PCR for the human OSBPL1A CpG 
island was performed using primers HOG017 (forward) and HOG016 (reverse).  The 
PCR for the mouse Osbpl1b CpG island was performed using primers MLG015 
(forward) and MLG016 (reverse), and sequenced directly with MLG015.  The 
B6-specific PCR for the island was performed using primers MLG019 (forward) and 
MLG022 (reverse).  The PCR for the human OSBPL1B CpG island was performed 
using primers HOG021 (forward) and HOG022 (reverse).  The PCR assay for CpG 
islands were performed in the presence of 5% DMSO.  But I did not add it for the 
mouse Impact CpG island, whose %GC is the smallest among the CpG islands I 
studied. 
    Before the assay, the mouse Impact CpG island was amplified from JF and B6 
genomic DNAs using the following primers: MIM075 (forward) and MIM048 (reverse).  
Amplified products were directly sequenced to find polymorphisms.  The 
oligonucleotides for this primer-walk sequencing were MIG025, MIG030, MIG031, 
MIG053, MIG054, MIG055, and MIM047. 
 
Bisulfite based cytosine methylation analysis 
    Native genomic DNAs of hybrid mice were denatured by 0.3 M sodium hydroxide 
at 37oC for 15 min.  The bisulfite (Sigma) solution, which was adjusted the pH to 5 
with sodium hydroxide, and freshly prepared hydroquinone (Sigma) were then added to 
the denatured DNAs to final concentrations of 3.2 M and 0.5 mM, respectively.  The 
reaction mixes overlaid with 100 µl of mineral oil were incubated at 55oC overnight.  
The bisulfite treated DNAs were purified by Wizard DNA Clean-Up System (Promega) 
followed by desulfonation in 0.3 M sodium hydroxide for 15 min.  Finally the DNAs 
were precipitated by ethanol and used as templates for PCR.  The primers used for the 
Impact CpG island were MIG111 (forward) and MIG112 (reverse), and sequenced 
directly with MIG111.  Those for the Osbpl1b CpG island were MLG025 (forward) 
and MLG026 (reverse), and sequenced directly with MLG026.  These PCRs were 
performed with Platinum Taq DNA Polymerase (Invitrogen) which was complexed with 
proprietary antibody in order to inhibit polymerase activity until heat denaturation. 
 
Southern blot hybridization for DNA methylation analysis 
    5 µg of human genomic DNA was completely digested with restriction 
endonucleases and electrophoresed in 1% agarose gel.  Southern blot were transferred 
to nylon membrane and hybridized under high stringency conditions to the 32P-labeled 
PCR fragment that had been amplified with HIG017 (forward) and HIG018 (reverse).  
Probe labeling was done with [!-32P]dCTP using RadPrime DNA Labeling System 
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(Invitrogen). 
 
RT-PCR and RFLP assay 
     RNAs were prepared by homogenizing frozen tissues in TRIZOL Reagent (Gibco 
BRL) with subsequent steps carried out according to the supplier's recommendations.  
As for the extraction from whole blood, I used QIAamp RNA Blood Mini Kits (Qiagen) 
for the preparation of total cellular RNA.  After DNase treatment, reverse transcriptase 
reactions were performed using 1 µg of RNA and oligo(dT) primer (Gibco BRL). 
    The following primers were used to amplify mouse Impact, MIM025 (forward) 
and MIM016 (reverse).  The amplified products were digested with Tsp509 I (New 
England BioLabs) at 65oC for more than two hours, then subjected to gel 
electrophoresis.  The PCR for mouse Hrh4 was performed using primers MHG001 
(forward) and MHG004 (reverse), and sequenced directly with MHG003.  The 
amplified products were digested with Hha I (TaKaRa) at 37oC overnight.  The PCR 
for human HRH4 was performed using primers HHG005 (forward) and HHG002 
(reverse), and sequenced directly with HHG007 (forward) or HHG008 (reverse).  The 
PCR for mouse Osbpl1a was performed using primers MOG001 (forward) and 
MOG004 (reverse), and sequenced directly with MOG001.  The amplified products 
were digested with Alu I (New England Biolabs) overnight.  The PCR for mouse 
Osbpl1b was performed using primers MLG007 (forward) and MLG006 (reverse), and 
sequenced directly with MLG007.  Its genomic DNAs were amplified with MOG013 
(forward) and MOG012 (reverse), and sequenced directly with MOG015.  The 
amplified products were digested with Alu I overnight.  The PCR for human OSBPL1 
was performed using primers HOG005 (forward) and HOG006 (reverse), and 
sequenced directly with HOG003.  The SNP was discovered by a genomic PCR with 
HOG003 (forward) and HOG004 (reverse), which was subsequently sequenced with 
HOG003. 
 
Northern blot hybridization 
    Tissue distribution analyses were examined by Northern blot hybridization using 
filters containing poly(A)+ RNAs isolated from multiple tissues (Clontech).  These 
analyses were also performed in order to identify splicing valiants.  Probes were 
purified by agarose gel and labeled with [!-32P]dCTP (Amersham) using RadPrime 
DNA Labeling System (Invitrogen).  And then they were hybridized to the filters for 
more than two hours at 68oC in Expresshyb solution (Clontech).  The filters were 
subsequently washed two times according to the manufacturer's instructions.  And they 
were exposed to Imaging-Plates (Fuji Film) to be analyzed on Fuji BioImaging 
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Analyzer BAS2000 system.  The hybridized probes were stripped from the filters with 
boiling water containing 0.5% SDS for the next use. 
    The probe for the human IMPACT ORF was prepared by a nested PCR of human 
brain cDNA.  The primers for the 1st PCR were HIM110 (forward) and HIM006 
(reverse), and those for the nested amplification were HIM028 (forward) and HIM007 
(reverse).  The probe for the 3' UTR was amplified from 457A4 with HIM021 
(forward) and HIM064 (reverse).  The probe for human OSBPL1 was amplified from 
human leukocyte cDNA with HOG005 (forward) and HOG006 (reverse).  The probe 
for mouse Osbpl1a was amplified from mouse brain cDNA with MOG001 (forward) 
and MOG004 (reverse).  The Osbpl1b-specific probe was amplified from mouse brain 
cDNA with MLG011 (forward) and MLG012 (reverse). 
 
Identification of the mouse Osbpl1b gene 
    The first RT-PCR was performed using MLG011 (forward) and MOG004 (reverse).  
The forward and reverse primers were designed from the sequences of LOC211564 and 
the mouse Osbpl1a cDNA, respectively.  B6 brain cDNA was used as the template.  
Its end sequence of the PCR product had high homology to I.M.A.G.E. clone 3990991.  
Further RT-PCR was performed on these DNA sequences and its 3.12-kb cDNA 
fragment covering the whole ORF was determined using MLG001, MLG003, MLG004, 
MLG005, MLG007, MLG013, MLG021, MLG023, MLG024, MOG010, and MOG011 
by direct sequencing.   
 
Allele-specific quantitative PCR analysis of the mouse Osbpl1b gene 
    Allele-specific transcription of the mouse Osbpl1b was quantitatively confirmed by 
ABI PRISM 7900 using SYBR Green PCR Master Mix (PE Applied Biosystems).  
The primers used for B6 allele were MLG011 (forward) and MLG028 (reverse).  
Those for JF were MLG011 (forward) and MLG030 (reverse). 
 
Oligonucleotides used in this study 
    Primers used in this study are as follows. 

HHG002 : 5'- GGG CAG ACC TGA TTC ATT TAG -3' 
HHG005 : 5'- TAC CTG TCA GTC TCA AAT GCT -3' 
HHG007 : 5'- ACT CAA CAT ACT GGG GTC TT -3' 
HHG008 : 5'- CTT GGT TCT TGA GGA AAA CA -3' 
HHG010 : 5'- CCA GCC AGA CAA TTC TGA CA -3' 
HHG013 : 5'- AGA CCT CAT CCG TTC TCT CA -3' 
HIG013 : 5'- CCC TAG GAA TGT AAA GAC GAG -3' 
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HIG014 : 5'- CCA GAA GGA GTG AGA TTC GG -3' 
HIG017 : 5'- CTC TAC AGG TGT TGA ACT CC -3' 
HIG018 : 5'- GGA AGG GAC TCA AAC CTC AG -3' 
HIM006 : 5'- GTT GGT ATC CAT GCT GAA CTG G -3' 
HIM007 : 5'- CCT TAG ATG ACT CCT CAG GTG AA -3' 
HIM021 : 5'- CAA GGT AAC AGT TGC CCA GG -3' 
HIM028 : 5'- GGC GAG GAG TGG TGT GTC A -3' 
HIM049 : 5'- CGT AGA GTG GGA TAG AGG TGG CAG AAT G -3' 
HIM064 : 5'- CTG GAA GAT GAA AGA TAC AT -3' 
HIM093 : 5'- GGA CGG TGT CCT CGT CAA CCA TTA ACA -3' 
HIM094 : 5'- TGG GCC GAC GAA AAA CCG GGG TTT CGA -3' 
HIM097 : 5'- ACC TGC AGG GTC TGG GCT ATT GCC ATT -3' 
HIM110 : 5'- TGA GGA AAT TGA AGC AAT GG -3' 
HOG003 : 5'- CAG TTT TCT GCA GTC AGT ATC -3' 
HOG004 : 5'- TGG GGA ACA TTC TAA AGC CT -3' 
HOG005 : 5'- GAA GAG GAC TGG AAG ACG AG -3' 
HOG006 : 5'- TGA TAC TTA CAT GAG TGC AAC -3' 
HOG016 : 5'- GCG GCC TCT GAA GAG CGG AT -3' 
HOG017 : 5'- CAG GCT GCG CAA AGG TGA CT -3' 
HOG021 : 5'- GGG AGT GCC AGC CAG AGT T -3' 
HOG022 : 5'- GGC ACG CAG CTG AAG ATC TG -3' 
MHG001 : 5'- AAT ATT GTC CTC ATT AGC TAC GAT CG -3' 
MHG003 : 5'- TGT CTG TTC ACA ATT GTC CTT TCA AC -3' 
MHG004 : 5'- TGG TTG CTT TGT CAC ACA AAG TAT CT -3' 
MHG013 : 5'- GCA TGG TGG ACT GCA GGT -3' 
MIG025 : 5'- AAG TCA CAA TGC CGA GCT GA -3' 
MIG030 : 5'- CAG CGT TGT CAC ACA AGC AA -3' 
MIG031 : 5'- TGA GCA GGG ATT GCA CAC GT -3' 
MIG053 : 5'- GCT CAT ATG ATG CAG TAG ATG AA -3' 
MIG054 : 5'- CCG TAG CAT CAC ACT ACG TA -3' 
MIG055 : 5'- TCG AAC ACA CAC TCG AGG TA -3' 
MIG065 : 5'- GGC GCG GCC AAC TCT GCT -3' 
MIG068 : 5'- GCT TGT TAA CAT GTC AAC TTT C -3' 
MIG069 : 5'- GCA GTT GAG ACA TTG CAT TAG T -3' 
MIG072 : 5'- CAG ATG ACT AAC CCT GTT CA -3' 
MIG073 : 5'- CCT AGG GTA TAA GCA ACT AC -3' 
MIG076 : 5'- GCC ATG CTG TTA AGT GAG CAT TG -3' 
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MIG077 : 5'- GGC CAG AGT TCA AAT GGC AAA TG -3' 
MIG080 : 5'- CTC CCA TTC TCA TTC CAG AT -3' 
MIG081 : 5'- GTC CTG TCG GTG TTA CTC TT -3' 
MIG092 : 5'- TGG GGC TAG CTA AAC ATA GT -3' 
MIG093 : 5'- GAC GCT CGC AGG AGG CTT CA -3' 
MIG111 : 5'- TAT GAG TTA GTT TTG GGT TTA -3' 
MIG112 : 5'- TAA CCC TAC CCA TCT AAA CCA C -3' 
MIM016 : 5'- TAC GTG GAT GCC ATT TGC T-3' 
MIM018 : 5'- AAA CTG GTG CAT GTG GGC -3' 
MIM025 : 5'- CCT TCT TCA CCT CAT GGA G -3 
MIM029 : 5'- ACG TTT CCC CAT TTT ACA AG -3' 
MIM047 : 5'- CAC CAC TCC TCG CCA TAA ATG GCT GCC A -3' 
MIM048 : 5' -CCA TTT GGG GTC ATC CAT GAA GTC AGT G -3' 
MIM049 : 5'- AGT ATC ACT CAC CTG CCC TG -3' 
MIM051 : 5'- TTC CTC TTC AGC CAT GGT GCT CAG GAT C -3' 
MIM052 : 5'- TGG CAA GCA GCA AAT GAA TGC AAC TGC G- 3' 
MIM061 : 5'- TAG TGT AGA CTG GGC TCA -3' 
MIM064 : 5'- GTG GGG TAC AGT AAG AGT -3' 
MIM066 : 5'- TCT CCA GCT CTC GTT CAT -3' 
MIM075 : 5'- CGG AAG CAA TTC AGG AAG TGG GTG GTG T -3' 
MLG001 : 5'- CTG GCA GCC ATG GCA CGG AT -3' 
MLG003 : 5'- CAA TGC TGA AGA GGT GCG AA -3' 
MLG004 : 5'- CCC CCA TGT CGT TTA ACA TG -3' 
MLG005 : 5'- GTT AAA CGA CAT GGG GGA CA -3' 
MLG006 : 5'- CAG TTC ACA TCA GGA GGA TT -3' 
MLG007 : 5'- GTG GTC GAG GAT CTG TTG AA -3' 
MLG011 : 5'- GGT CGC TGA CAT CGA CTG TA -3' 
MLG012 : 5'- GCT TGA GTC AGG TGT TTG CAT 3' 
MLG013 : 5'- AGT ATC AGC TCT GCT CAG CA -3' 
MLG015 : 5'- TGC TGC CGC CCC TCT TTC AC -3' 
MLG016 : 5'- ACC CAC GCG GGC CGC TCT CA -3' 
MLG021 : 5'- GGA AAT TTA CAA CTT TCT CA -3' 
MLG023 : 5'- TAC CCG GGG CGT CCT CGT GA -3' 
MLG024 : 5'- GGT TTG TCC ATG TGT ATG CT -3' 
MLG025 : 5'- TCA CCC CCA CCT CCC CCA CCC AAA TCT -3' 
MLG026 : 5'- GGG TTA GGA GTA AGG AGG GTT TYG GGA A -3' 
MLG028 : 5'- CCT TTC GTC CTG TGA AGG CG -3' 
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MLG030 : 5'- CCT TTC GTC CTG TGA AGG CA -3' 
MOG001 : 5'- TGC AGA AGG GCT CAA CAA TG -3' 
MOG004 : 5'- AGT CCT CTT CCG ACT TGG AC -3' 
MOG007 : 5'- GCT ACA GCC AGG ATC CCT TA -3' 
MOG008 : 5'- CCT GGG CTG GGT CTT GAA GA -3' 
MOG010 : 5'- GGC CAT GAG CAG GGC TCC AA -3' 
MOG011 : 5'- AGA ACG GAG AGA TAG ATC TA -3' 
MOG012 : 5'- AAG CTG AGC ATG TTC AAT CA -3' 
MOG013 : 5'- CGT GGC AAT AAG CAG TGT TA -3' 
MOG015 : 5'- GTG TGT GTA TTT ACT AAT G -3' 
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Results 
 
1. Screening of mouse and human BAC libraries 
 
    To obtain genomic clones containing the mouse Impact gene and the human 
IMPACT gene, I adopted the BAC system based on a single-copy plasmid F factor of E. 

coli, which is suitable for a long-range genome analysis because of its high cloning 
capacity, easy manipulation of the cloned DNA, and stable maintenance of inserted 
DNA (Shizuya et al. 1992).  I used the BAC system not only to reveal entire genomic 
structures of Impact and IMPACT but also to gain access to their neighbors.  Since 
imprinted genes often cluster in the genome, allelic expression status of genes adjacent 
to mouse Impact and human IMPACT is of particular interest. 
    For the PCR screening of BAC libraries, I developed two STSs for each gene (Fig. 
1.1).  One STS is derived from the 5'-end portion of the gene, which was obtained by 
genome walking (Siebert et al. 1995) from the 5' end of cDNA clone, and the other is 
derived from the 3'-end portion of the cDNA.  Following the confirmation that these 
STSs can be readily amplified from genomic DNAs, they are used for PCR screening of 
mouse and human BAC libraries.  Consequently, I obtained two mouse BAC clones 
(200P19 and 365M4) and two human BAC clones (457A4 and 558E15).  Although 
STS content mapping showed that 200P19 lacks the 5'-end portion of Impact, the other 
clone, 365M4, includes both ends.  Both the human clones cover the IMPACT from its 
5'-end to 3'-end, and restriction digestion analysis indicated that 457A4 has a longer 
insert than 558E15.  These BAC clones were used as probes for fluorescence in situ 
hybridization (FISH).  The mouse clones were both mapped to chromosome 18A2-B1, 
to which Impact was mapped (Hagiwara et al. 1997).  Similarly, both the two human 
clones were mapped to chromosome 18q11.2-12.1, as was the IMPACT cDNA 
(Okamura et al. 2000).  No signs of chimerism were observed for these clones in these 
FISH analyses.  I thus decided to use 365M and 457A4 for the sequencing analysis of 
the mouse and the human genes, respectively. 
    For further analysis, two other STSs were also developed from both ends of 
365M4 to cover adjacent genes.  Some clones were screened, which is described in 
Figure 5.1. 
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Figure 1.1    Genomic organizations of mouse Impact and human IMPACT.  Physical maps of mouse (A) and human (B) genes are 
shown.  Minimum contig of subclones to cover each gene is also shown.  PCR and direct sequencing closed a gap between human 
subclones 4x32 and 4x03.  Exons are shown as solid boxes and numbered 1 to 11.  Arrows indicate the initiation and termination codons.  
The positions of SINEs, LINE-1, CpG islands, and STSs used for the library screening are also illustrated. 
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2. Sequencing of BAC clones by the nested deletion method 
 
    I used a unique nested deletion strategy for the sequencing of the BAC clones 
(Hattori et al. 1997).  The mouse 365M4 and human 457A4 were first digested with 
Avr II, BamH I, Nco I, or Xba I.  After partially filling the restriction ends in, the 
restriction fragments were cloned into pSFI-CV2, a cloning vector developed for this 
strategy.  The half-fill ligation approach were designed to minimize the possibility of 
chimeric clones.  I then randomly picked 100 colonies for each digest to prepare 400 
subclones for each BAC.  Plasmid DNAs were prepared from these clones for the 
sizing of the inserts and restriction fingerprinting.  Through these analyses, I selected 
about 150 apparently independent clones and subjected them to sequence tagging from 
both ends.  These sequence data helped us identify a minimum set of independent 
subclones covering each BAC.  It also allowed us to eliminate clones derived from 
pBeloBAC11 vector and E. coli genomic DNA, which had been contaminated during 
the preparation of BAC DNAs.  Finally, I obtained about 100 independent subclones 
for each BAC.  From these subclones, I first chose those containing exons of Impact or 
IMPACT in either end and subjected them to the nested deletion strategy. 
    The insertion of each deletion clone was amplified by colony PCR and directly 
sequenced as described (Hattori et al. 1997).  However, I encountered several 
difficulties in the direct sequencing of colony PCR products.  For instance, a few 
subclones including the first exon of IMPACT, which later turned out to contain a CpG 
island whose G+C content was 69%, were refractory to colony PCR.  For this region, I 
used the plasmid as the template.  Also, the amplification of DNA fragments 
containing poly(A) or poly(T) stretches resulted in DNAs heterogeneous in the length of 
the stretch, presumably due to the slippage during the PCR.  It is thus difficult to 
sequence beyond these repeats and is impossible to determine the exact length of the 
stretch.  For these regions, I took the primer-walking strategy on the plasmid templates.  
Another obstacle was a purine-rich repeat (AGGG)15 in the fourth intron of mouse 
Impact, which could not be sequenced unless I used dGTP in the deoxynucleoside 
triphosphate mix in the presence of 5% DMSO (Fig 2.1). 
    Sequencing of one subclone often indicated the next to be sequenced, and hence 
the contig of sequences gradually expanded.  Following the gap closure by long PCR 
from the BAC clones and resequencing of ambiguities by primer-walk, I finally 
elucidated 37,954 bp of contiguous finished sequence for mouse Impact and 29,644 bp 
for human IMPACT. 
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A 

B  

 
Figure 2.1    Sequencing with dITP (A) and dGTP (B).  Standard dye terminator kits for DNA sequencing contain dITP instead of 
dGTP.  Replacement of dITP with dGTP allows successful extension through difficult-to-sequence regions, e.g. a purine-rich region 
in Impact. 
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3. Genomic organization of mouse Impact and human IMPACT 
 
   The genome structures of mouse Impact (GenBank acc. no. AF232228) and human 
IMPACT (GenBank acc. no. AF232229) are depicted in Figure 1.1 with the minimum 
contigs of the subclones.  Alignments of the genome sequences with those of cDNAs 
revealed that both genes have 11 exons.  The average size of the exons is about 100 bp 
except for the last ones, which contain the termination codon and are longer than 2 kb.  
All the splice junctions shown in Table 1 follow the Chambon rule (Breathnach and 
Chambon 1981).  And most of them split the open reading frames (ORFs) at the 
identical positions between the two species, although there is one exception (Table 1).  
Thus, the overall genome organizations of these genes are well conserved, thereby 
providing further evidence for their orthology. 
    A remarkable difference between the two genes was found in their upstream 
promoter regions.  The promoter region and the first exon of human IMPACT 
constitute the sole CpG island of this gene.  In contrast, the corresponding region of 
the mouse gene is rather AT rich; the %GC is 43.  Although the ratio of observed 
versus expected CpG dinucleotides (Obs/Exp CpG) of this region is 0.35, which is 
significantly higher than the average for the 38-kb region (0.25), it does not meet the 
criteria for a CpG island. 
    Instead, mouse Impact has a CpG island in its first intron.  The intronic island has 
many TCGGC sequences and a characteristic tandemly reiterated structure (Fig. 3.1).  
It is known that such tandem repeats often associate with imprinted genes (Constancia 
et al. 1998).  Notably, I failed to find any such tandemly repeated structures either in 
the CpG island or elsewhere in nonimprinted human IMPACT. 
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Figure 3.1    Structure of the CpG island in 
the first intron of Impact.  Tandem repeated 
structures are schematized by broad arrows (A).  
The island contains two units designated as 1 (B) 
and 2 (C), the nucleotide sequences of which are 
shown respectively.  Although many 
polymorphic sites are found between the two 
mouse strains, two Hha I sites and three Hpa II 
sites are conserved and indicated in the figure.  
A sequence numbered as 3 is inserted only in B6 
genome.  These sites were thus used for the 
methylation-specific PCR assay.  The reiterated 
structure was first recognized by means of Harr 
plot analysis (Harr et al. 1982).  The plot of a 
1.5-kb region containing the island shows a 
distinctive pattern (D). 
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4. Parent-of-origin specific methylation of the mouse Impact CpG island 
 
    Because tandem repeats often occur in imprinted genes and are implicated in the 
establishment of genomic imprinting (Constancia et al. 1998; Feil and Khosla 1999), I 
examined the methylation status of Impact.  For this, I prepared two parental mouse 
strains, M. musculus domesticus C57BL/6J (B6) and M. musculus molossinus JF1/Msf 
(JF), and reciprocal F1 hybrids between the two as described (Hagiwara et al. 1997).  
Then I amplified and sequenced the CpG islands from B6 and JF to search for 
polymorphisms between the two mouse strains.  Fortunately, the island of B6 is 181 bp 
longer than that of JF, owing to the difference in repeat organization.  This allows me 
to discriminate between the B6 and JF alleles simply by their lengths. 
    To examine the methylation status, I developed a methylation-specific PCR assay.  
In this assay, genomic DNAs are first digested with methylation-sensitive restriction 
endonucleases such as Hha I or Hpa II, and then used for PCR to amplify the locus of 
interest.  Although unmethylated targets are cut by the enzymes and will not be 
amplified, a methylated target survives the digestion to serve as the template for 
subsequent PCR.  In other words, the methylated allele is amplified.  Because both 
B6 and JF alleles for the CpG island of Impact share the same five 
methylation-sensitive restriction sites, namely, two Hha I sites and three Hpa II sites, I 
can apply the methylation-specific PCR assay to this island. 
    I digested the genomic DNAs from B6, JF, (B6 x JF) F1, and (JF x B6) F1 with Hha 
I, Hpa II, or Msp I and used them as the templates for PCR spanning the intronic island 
(Fig. 4.1).  When native undigested genomic DNAs of the F1 hybrid mice were used as 
the template, I readily obtained two bands derived from B6 and JF alleles that can be 
clearly separated by gel electrophoresis.  When the DNAs treated with Hha I or Hpa II 
were used for the PCR, only one of the two bands was obtained. The B6 allele was 
amplified from (B6 x JF) F1, whereas only the JF allele was detected from (JF x B6) F1.  
When I used Msp I, a methylation-insensitive isoschizomer of Hpa II, as a control, I 
could not amplify any bands at all.  These results manifestly demonstrated that the 
island is methylated in a parent-of-origin-dependent manner - the silenced maternal 
allele is hypermethylated, and the active paternal one is undermethylated.  Thus, the 
island serves as a differentially methylated region (DMR) for this gene.  This 
monoallelic methylation was confirmed by bisulphite based cytosine methylation 
analysis.  Native genomic DNAs of hybrid mice were denatured and treated with 
bisulphite to convert unmethylated cytosines to thymines (Clark et al. 1994).  Only one 
strand was amplified and analyzed by direct sequencing, because at some loci the two 
modified alleles clone with different efficiencies.   
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    An experiment using embryonic genomic DNAs were undertaken to investigate 
when the methylation pattern of the island is established (Fig. 4.2).  The result suggests 
that the pattern has already been fixed by 8.5 d.p.c. 
    I next examined the methylation status of the promoter region, which bears two 
Hpa II sites at positions -55 and -14.  I readily amplified the expected DNA fragments 
from the Hpa II-digested genomic DNAs derived from the parental strains and 
reciprocal F1 hybrids (Fig. 4.3).  This indicated that the region is at least partially 
methylated.  I thus sequenced the amplified fragments or the methylated allele to know 
their parental origins by SNP at the position -355.  When the amplified fragments from 
undigested genomic DNAs of F1 hybrid mice were used as the templates, I detected both 
T and C at this position, representing B6 and JF alleles, respectively.  In contrast, I can 
detect only T from the Hpa II-digested DNA from (B6 x JF) F1 and only C from (JF x 
B6) F1.  These results indicate that the imprinted maternal allele is methylated, and the 
expressed paternal one is not methylated, like the CpG island.  I also applied a similar 
assay to the regions flanking this gene and found that these sites are methylated on both 
alleles (Fig. 4.4). 
    I applied a similar methylation-specific PCR assay to the human CpG island, 
which spans the promoter region, the first exon, and the first intron.  In contrast to the 
mouse intronic island and promoter, not only Msp I digestion but also Hha I or Hpa II 
treatment completely abolished the amplification of the human island (Fig. 4.1), thereby 
suggesting its undermethylation.  Furthermore, Southern blot hybridization analysis 
revealed that Hpa II digests the island to tiny fragments as efficiently as Msp I does (Fig. 
4.5).  These results indicate that the whole island is unmethylated on both 
chromosomes as are conventional CpG islands (Gardiner-Garden and Frommer 1987; 
Takai and Jones 2002). 
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Figure 4.1    Parent-of-origin-specific methylation of Impact.  Methylation-specific PCR assays for the CpG island of mouse Impact 
(A). PCR products from native genomic DNA and those digested with Hha I, Hpa II, or Msp I (lanes 1 to 4, respectively) were subjected to 
1.5% agarose gel electrophoresis and stained with ethidium bromide. Sty I-digest ! DNA and 1 kb PLUS DNA LADDER (GIBCO BRL) 
were used as size standards in the left- and rightmost lanes, respectively. The mouse intronic CpG island was analyzed in JF, B6, (B6 x JF) 
F1, and (JF x B6) F1.  Methylation-specific PCR assays for the CpG island of human IMPACT (B). Human CpG island, which overlaps the 
promoter region and lacks length polymorphisms, was also analyzed as described in A.  Monoallelic DNA methylation of the mouse 
Impact CpG island was confirmed by bisulphite based cytosine methylation analysis (C).  The upper and lower chromatograms were 
obtained by direct sequencing of non-treated and bisulphite-treated genomic DNAs.  Unmethylated cytosines converted to thymies.  
Monoallelically methylated cytosines were detected as mixtures of the two pyrimidines. 

bisulphite modified genomic DNA 
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Figure 4.2  DNA methylation analysis of the Impact CpG island in embryonic stages.  The methylation-specific PCR assay was 
performed to know when the DMR is established.  Genomic DNAs were extracted from whole embryos of the reciprocal hybrid 
mice.  PCR products from native genomic DNA and those digested with Hha I or Hpa II (lanes 1 to 3, respectively) were subjected 
to agarose gel electrophoresis.  ! DNA-Sty I fragments were used as size standards.  The result suggests that the DNA methylation 
pattern has already been established by 8.5 d.p.c. 
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Figure 4.3    Methylation-specific PCR assays for the promoter region of Impact.  
PCR products were subjected to direct sequencing.  Each panel shows the 
chromatogram for the sequence around the 350 bp-upstream region from the initiation 
codon. Undigested genomic DNAs from B6, JF, and (JF x B6)F1 were used as the 
template in A to C, respectively. Hpa II-digested genomic DNAs from (B6 x JF) F1 and 
(JF x B6) F1 were used in D and E, respectively. 
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Figure 4.4    Methylation-specific PCR assays for upstream (left) and 3'-UTR (right) 
regions of mouse Impact.  PCR products were subjected to direct sequencing.  Each 
panel shows the chromatogram for the sequence around the 350-bp upstream region 
from the initiation codon.  Undigested genomic DNAs from B6, JF, and (JF x B6) F1 
were used as the template in A to C, respectively.  Hpa II-digested genomic DNAs 
from (B6 x JF) F1 and (JF x B6) F1 were used in D and E, respectively.  These regions 
are hypermethylated on both the maternal and paternal alleles. 
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Figure 4.5    Southern blot hybridization analysis of the human IMPACT CpG island.  
Human genomic DNA was digested with EcoR I, EcoR I and Hpa II, or EcoR I and Msp 
I and electrophoresed in an agarose gel.  The blot was probed with the 32P-labeled 
623-bp PCR product (A).  A schematic representation of the genomic structure around 
the CpG island (B).  The island has many Msp I sites, however, only the most 5' 
upstream Msp I site is shown.  The sequence of the probe (solid bar) was checked by 
Spe I digestion, whose site is also indicated. 
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5. Identification of genes lying next to IMPACT and Impact 
 
    At the beginning of 2001, the draft sequences of the human genome were 
published in detail (Lanader et al. 2001; Venter et al. 2001).  And a physical map of 
the mouse genome was recently constructed (Gregory et al. 2002).  Utilizing this 
information, the NCBI Annotation Project has been developing model reference 
sequences for mRNAs etc.  They are predicted by automated computational analysis 
using a gene prediction method: GenomeScan (Yeh et al. 2001), supported by EST 
evidence.  I identified some genes lying next to human IMPACT and mouse Impact 
using the information generated by the project.  Because almost every imprinted gene 
is embedded in a large imprinted region (Reik and Maher 1997; Vu and Hoffman 2000), 
it was quite interesting to elucidate genomic imprinting of genes around mouse Impact. 
    The first gene I found was the human HRH4 (histamine H4 receptor) gene, which 
resides only 7-kb downstream from 3' end of human IMPACT, and currently serves as 
the nearest neighbor of IMPACT (Fig. 5.1).  It is transcribed in the same orientation as 
IMPACT.  The HRH4 gene encodes for an orphan G-protein-coupled receptor (GPCR) 
having the highest (37.4%) homology with H3 receptor (Arrang et al. 1983) among 
known GPCRs.  The HRH4 was hunted making use of the similarity and it was already 
characterized (Nakamura et al. 2000; Oda et al. 2000). 
    A homology search using a protein-coding nucleotide sequence of human HRH4 
demonstrated that 365M4 harbored the mouse homologue in itself.  Then I expanded 
the mouse contig of the subclones to clarify the genomic structure of the mouse Hrh4 
gene.  Comparing with the human transcript, the genomic organization which has three 
exons spanning less than 20 kb was revealed, in which all the splice acceptor and donor 
sequences obey the Chambon rule (Breathnach and Chambon 1981) and all the 
junctions are conserved between the two species, although contiguous finished data has 
not been obtained yet.  The gene locates about 14-kb downstream from 3' end of 
mouse Impact, and no other genes have been found in this region for the time being.  It 
is also transcribed in the same orientation.  Recently the mouse gene was identified 
together with rat and guinea pig ones and they were characterized comparatively (Liu et 
al. 2001). 
    Later the project mapped an intracellular lipid receptor in the upstream region of 
human IMPACT.  It was the OSBPL1 (oxysterol binding protein-like 1) gene.  Human 
OSBPL1 was cloned based on primary sequence similarity to the ligand-binding domain 
of OSBP (Levanon et al. 1990) and characterized in detail (Xu et al. 2001).  This gene 
has a complicated means of expression, producing two quite different transcripts 
(Jaworski et al. 2001).  OSBPL1A is made up of 15 exons.  It encodes a protein of 
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437 amino acids and, like OSBPL2, contains only an OSBP domain.  An alternative 
transcript, OSBPL1B, is produced from an upstream starting point.  It includes 15 
additional exons at the 5' end, skipping the initial exon (exon 16) of OSBPL1A, and 
gives rise to a 950-amino-acid peptide containing both the OSBP and PH domains.  It 
adheres in a head-to-head orientation putting 29-kb intergenic region between the 5' 
ends of OSBPL1B and IMPACT.  No other genes have been found in the region. 
    After the physical map of the mouse genome released, the mouse homologue 
Osbpl1 gene was also annotated to the corresponding region in a head-to-head 
orientation to mouse Impact.  But the model reference sequence is split into two 
transcripts.  One is designated as Osbpl1a that corresponds to human OSBPL1A.  And 
the other, whose tentative name is LOC211564, has sequence similarity to N-terminus 
of human OSBPL1B.  These two transcripts are separated by 50-kb region in which a 
ribosomal protein gene is mapped.  There have been no publications of the mouse 
transcripts yet, although some researchers submitted their ESTs or cDNA sequences.  
If the gene structures were conserved between mouse and human, mouse would also 
have the longer transcripts, Osbpl1b.  LOC211564 was predicted by computational 
methods supported by some EST evidence.   One cDNA sequence which has a 
similarity to LOC211564 has been submitted (GenBank acc. no. BC031735), but its 
ochre codon suggests that this gene encodes a protein of only 338 amino acids unlike 
human OSBPL1B (950 amino acids).  The length of the cDNA is 1.2 kb and there is 
something like the poly(A) tail at the 3' terminus.  It seemed that mouse didn't have the 
longer transcript that encodes both the PH and the OSBP domains.  On the contrary 
Northern blot hybridization described in the next section revealed that the length of 
LOC211564 is up to 4 kb, but not 1 or 2 kb.  Subsequent RT-PCR analysis using the 
brain mRNAs identified the longer transcript, mouse Osbpl1b, whose hypothetical 
protein consists of 950 amino acids (Fig. 5.2).  The deduced primary sequences were 
98% identical and 92% similar to OSBPL1B and Osbpl1b.  This gene consists of 29 
exons and I designated all of them from exon 1 to exon 30 in proportion to human 
OSBPL1B.  Both Osbpl1b and OSBPL1B do not have exon 16 which is the initial exon 
for Osbpl1a and OSBPL1A.  Nucleotide sequences at all exon/intron junctions 
displayed similarity to the consensus boundary sequence with the GT-AG rule applied 
to the splicing point and are completely conserved in the two species.  This 
identification clearly demonstrated that LOC211564 is a part of Osbpl1b that is the 
mouse ortholog of human OSBPL1B.  Also, I discovered five SNPs in the ORF, one of 
which alters an amino acid from asparagine to serine in JF, and a repetitive 
polymorphism just after the ochre codon. 
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Figure 5.1    Overview of the mouse Impact (A) and human IMPACT (B) loci 
including their adjacent genes.  Physical distance is indicated at the bottom of the 
diagrams.  The units for each gene are shown as boxes, and the direction of 
transcription is denoted by arrows above the boxes.  The region where LOC211564 
was mapped is indicated by a broken line.  The locations of the screened BAC clones 
are depicted in blue.  244P4, 351H5, and 351H6 were obtained by the sequence of 
365M4.  But 351H6 turned out to be identical to 351H5 by their end sequences. 

A 
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Figure 5.2    The primary structure of the Osbpl1b cDNA.  Nucleotide sequence and 
deduced amino acid sequence are shown.  Numbers shown in the left and right indicate 
those for amino acid residues and nucleotides, respectively.  Five SNPs are written in 
red.  These C, A, C, G, and C (from 5' to 3') are replaced with the alternative 
pyrimidine or purine base, respectively, in JF.  The repetitive polymorphism is 
indicated in blue.  JF has two units of the 10-bp sequence. 
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6. Tissue distribution studies 
 
    To examine the tissue distribution of human IMPACT mRNA, I performed 
Northern blot hybridization using a probe derived from its ORF.  The probe detected 
two messages.  One is 4 kb long, showing good coincidence with the cDNA (accession. 
no. AB026264), and the other is 2 kb (Fig. 6.1).  Both are detected in all tissues 
examined and display an identical tissue preference pattern.  I found that a 3'-UTR 
probe detected only the longer RNA and thus assume that the shorter RNA is generated 
through differential polyadenylation or something else.  Although a modest tissue 
preference was observed in the distribution of IMPACT mRNA, its expression is 
basically ubiquitous.  This is in marked contrast with mouse Impact (Hagiwara et al. 
1997), which is preferentially expressed in the adult brain.  These results may raise the 
possibility that the human clone is derived from a paralog rather than the ortholog of 
Impact.  However, the striking structural conservation observed not only in the ORF 
but also in the 3' UTR, the syntenic localization, and homological correspondence of 
location and transcriptional orientation of neighboring genes support the idea that 
IMPACT is the ortholog of mouse Impact.  Also, every effort to find other homologues 
of Impact has so far been unsuccessful, except for a pseudogene found on human 
chromosomes 5 and 12 (Fig. 6.2).  I thus assume that the IMPACT gene reported here 
is the human ortholog of mouse Impact. 
    Northern blot and PCR analyses of human HRH4 were already performed (Oda et 
al. 2000).  According to the report, the expression was detected only in peripheral 
blood leukocytes by Northern blot analysis, which forms a striking contrast to the tissue 
distribution of IMPACT.  Human IMPACT mRNA was less expressed in leukocytes 
among the tissues examined.  The regulatory mechanisms of gene expression seem to 
be quite different between the two genes.  PCR analysis showed a little expression in 
thymus, small intestine, spleen, and colon (Oda et al. 2000), all of which are tissues 
related to the immune system.  A similar result was presented in rodents (Liu et al. 
2001).  These facts are notable as contrasted with that of the Hrh3 and HRH3 genes, 
which were exclusively found in brains (Lovenberg et al. 1999). 
    Expressions of the human OSBP genes were surveyed extensively (Jaworski et al. 
2001).  Their RT-PCR analysis revealed that the OSBPL1A gene was expressed 
ubiquitously.  In the article they reported that the gene has a complicated means of 
expression, producing two very different transcripts.  They suggested the longer one 
included 15 additional exons at the 5' end, skipping the first exon of the alternative 
transcript, and presumptive promoters were upstream of each initial exon.  The 
expression of the shorter valiant, in contrast to the longer product of the same gene, was 
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limited to brain and retina.  I did not know whether these transcripts were expressed in 
peripheral blood leukocytes, so I performed Northern blot hybridization using a probe 
which can detect both OSBPL1A and OSBPL1B simultaneously (Fig. 6.3).  The result 
showed that OSBPL1A (4 kb) is preferentially expressed in skeletal muscle, heart, and 
brain.  On the other hand, OSBPL1B (5 kb) was barely detected on one membrane, but 
diffuse bands were observed in placenta, kidney, liver, and skeletal muscle on another 
filter (data not shown).  This difference might be due to physiological condition when 
human RNAs were extracted.  At any rate, little messages of these genes were detected 
in leukocytes, from which mRNA would be extracted for allelic expression analysis in 
this study.  I also performed the same analysis for the mouse Osbpl1a and Osbpl1b 
(Fig. 6.4) and the probe detected both Osbpl1a (3 kb) and Osbpl1b (4 kb) in some 
tissues.  Osbpl1b seemed to be much less expressed than Osbpl1a in the tissues where 
the shorter message was detected, e.g. heart and brain.  Then I prepared an 
Osbpl1b-specific probe which didn't hybridize the shorter mRNA.  The analysis using 
this ascertains that the mouse Osbpl1 gene has an alternative longer transcript, Osbpl1b, 
which was first identified in this study. 
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Figure 6.1    Tissue distribution of the human IMPACT mRNA.  Northern blot 
hybridization using RNAs from the indicated tissues was performed with hybridization 
probe derived from the ORF (A) or 3' UTR (B) of IMPACT.  The former probe 
detected two distinguishable mRNAs.  Lower panels show the control hybridization 
with human !-actin probe. 
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Figure 6.2  Alignment of the human IMPACT cDNA and its pseudogene found by 
genome walking.  Because this pseudogene does not have a CpG island, it can be 
readily obtained by such a technique utilizing PCR.  It covers the whole coding region, 
howerer, exons 1 to 4 are shown in this figure.  Numbers written in the left and right 
indicate those for amino acid residues and nucleotides, respectively.  There are many 
alterations of amino acids which are shown in red.  Details are discussed later.  This 
pseudogene is mapped to 5q13.3.  And another one is discovered on 12p12.1. 
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Figure 6.3    Tissue distribution of human OSBPL1 mRNA by Northern blot 
hybridization.  The probe used here is derived from a region that both the shorter and 
the longer transcripts have.  The lower panels show the control hybridization with 
human !-actin probe. 
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Figure 6.4    Tissue distribution of mouse Osbpl1 mRNA by Northen blot 
hybridization.  B is a shor-exposure result of A.  The probe used in A and B is derived 
from a region that both Osbpl1a and Osboplb have.  On the other hand, the probe used 
in C is derived from an Osbpl1b-specific region.  Each lower panel shows the control 
hybridization with human !-actin probe. 
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7. Allelic expression and DNA methylation analyses of Hrh4 
 
    In order to examine genomic imprinting of human HRH4, I first had to find some 
polymorphisms in the gene.  Fortunately, I could find a SNP in one Japanese family 
(family N).  Since I failed to find this SNP in any databases, it seemed to be a novel 
one.  Intriguingly, it was found in the ORF and alters an amino acid from a histidine to 
an arginine (Fig. 7.1).  This gene encodes for a typical seven-transmembrane 
G-protein-coupled receptor.  The region containing the SNP is remarkably conserved 
in rodents and humans (Liu et al. 2001), however, the histidine is not conserved for all 
these species.  The arginine allele was inherited from the mother to her daughter.  As 
this gene is preferentially expressed in leukocytes (Oda et al. 2000), I extracted total 
RNA from her blood. 
    According to the database, the human HRH4 gene (accession no. AB044934) 
consists of only three exons.  All the splice donors and acceptors are shown in Table 2.  
I designed PCR primers, one on the second exon and the other on the third exon in order 
to avoid amplification from genomic DNA.  These exons are separated by a 7.8-kb 
intron.  Then the RT-PCR product was directly sequenced (Fig. 7.2).  As one can see 
in the figure, the result indicates that both alleles are transcribed, although her paternal 
allele seemed to be preferentially expressed.  I also performed sequencing with a 
reverse primer, which supported the biallelic expression.  I thus concluded human 
HRH4 is expressed biallelically, although I cannot exclude the possibility of imprinted 
expression in other tissues and other individuals.  This conclusion is conceivable 
taking account of the fact that neighboring IMPACT is expressed from the both alleles. 
    Human HRH4 has no CpG island.  Furthermore, its promoter region has few CpG 
dinucleotides.  As for a 3-kb upstream region including the first exon, there is no Hha I 
and Hpa II sites and the ratio of observed versus expected CpG dinucleotides (Obs/Exp 
CpG) is 0.12 in contrast to 0.3 for the 30-kb IMPACT locus.  It might be nonsense to 
discuss its DNA methylation status, however, I performed the methylation-specific PCR 
assay using McrBC (Sutherland et al. 1992).  Hpa II-McrBC PCR assay was 
developed and two DMRs were successfully identified on the human chromosome 21 
(Yamada et al. unpublished data).  While the cleavage with Hpa II is blocked by 
methylation, McrBC cleaves only the methylated DNAs.  Thus, the PCR from Hap 
II-digested and McrBC-digested DNAs amplifies methylated and unmethylated alleles, 
respectively.  Practically, its application to the Impact CpG island clearly discriminates 
between the hypermethylated maternal allele and the undermethylated paternal allele 
(Fig. 7.3).  As for the promoter region of HRH4, McrBC digestion diminished the 
subsequent PCR amplification (Fig. 7.4), which indicates that the upstream region of 
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human HRH4 is hypermethylated. 
    Next I intended to know whether the mouse homolog is imprinted or not.  I 
extracted spleen RNAs from four kinds of mice, JF, B6, and their reciprocal hybrid mice, 
JF x B6 and B6 x JF.  I designed a forward PCR primer on the second exon and the 
other reverse one on the last exon.  The RT-PCR product has a polymorphic Hha I site, 
so I performed a RFLP analysis that showed biallelic expression (Fig. 7.5).  And the 
products were directly sequenced to confirm this result.  The sequencing also 
supported that mouse Hrh4 is expressed from both the maternal and paternal alleles.  
Hence, similar to its human homologue, mouse Hrh4 is not imprinted. 
    Lastly I examined the DNA methylation status of mouse Hrh4.  In contrast with 
Impact, this mouse gene also lacks any CpG islands.  Because there are four Hpa II 
sites around the promoter region, I performed the methylation-specific PCR using 
spleen DNAs.  After the treatment with Hpa II and McrBC, digested genomic DNAs 
were used as templates for the PCR assay.  Each digestion didn't abolish the following 
amplification (Fig. 7.6).  Unfortunately I couldn't find any polymorphisms enabling to 
perform RFLP analysis, so the PCR products were directly sequenced.  The results 
indicated that not only Hpa II but also McrBC cleaved neither the maternal nor paternal 
alleles of the hybrid mice.  It is difficult to tell the methylation status using McrBC 
digestion, so I adopted the consequence obtained by Hpa II digestion, i.e. both alleles 
are hypermethylated around the promoter region of mouse Hrh4. 
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Figure 7.1    Deduced amino acid sequences of the HRH4 genes.  The secondary 
structure of human HRH4 (A) was predicted by SOSUI system (Mitaku and Hirokawa 
1999).  A SNP alters a histidine, which is indicated by an arrow, to an arginine.  
Multiple sequence alignment (B) was performed by CLUSTAL W (Thompson et al. 
1994).  Family N has an allele that encodes an arginine instead of a histidine in 
histamine H4 receptor.  Its position is indicated by a plus sign. 
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Figure 7.2    Allelic expression analysis of human HRH4.  Father's, mother's, 
daughter's genomic DNA sequences, and daughter's cDNA sequences were obtained by 
direct sequencing of PCR products.  Daughter's sequences were determined using both 
forward and reverse primers.  The SNP can be seen in the center of each 
chromatogram. 
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Figure 7.3    DNA Methylation analysis by Hpa II-McrBC PCR assay.  Here I applied this assay to the Impact CpG island.  The 
PCR from Hap II-digested and McrBC-digested DNAs amplifies methylated and unmethylated alleles, respectively.  Capital letters 
beneath the picture, H and M, indicate PCR templates, Hpa II-digested and McrBC-digested genomic DNAs, respectively.  ! DNA-Sty 
I digest was used as size standard.  
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             Table 2.  Aligned Exon-Intron Organizations of Mouse Hrh4 and Human HRH4 
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1 2 3 

Figure 7.4    DNA methylation analysis of the promoter region of human HRH4.  
807-bp PCR products amplified from non-digested, Hpa II-treated, and McrBC-treated 
human genomic DNAs were electrophoresed in lanes 1 to 3, respectively, on agarose gel.  
Hae III-digested !X174 DNA was used as size standards.  This result indicates that the 
region is hypermethylated on the maternal and paternal alleles. 
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Figure 7.5    Allelic expression analyses of mouse Hrh4.  Hha I sites in the 834-bp 
fragment amplified from the RT-PCR are delineated (A).  Hha I treatment of B6 
product gives a 206-bp fragment.  On the other hand, JF gives a shorter one.  They 
could be easily distinguished by electrophoresis (B).  The RT-PCR products of JF, B6, 
JF x B6, and B6 x JF were directly sequenced (C) to confirm biallelic expression of this 
gene. 
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Figure 7.6    DNA methylation analysis of the promoter region of mouse Hrh4.  
Genomic PCR products are shown by electrophoresis (A).  Right four are amplified 
from DNAs treated with specified endonucleases.  Sty I-digested ! and Hae 
III-digested "X174 DNAs were used as size standards in the leftmost and rightmost 

lanes, respectively.  The right four products, numbered 1 to 4, were directly sequenced 
to check parent-of-origin-specific methylation (B).  An available SNP can be seen in 
the center of chromatograms. 
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8. Allelic expression and DNA methylation analyses of Osbpl1 
 
    To survey genomic imprinting of human OSBPL1, I tried to find polymorphisms in 
the transcribed region of this gene.  I found an available SNP in two Japanese families 
(families N and S).  They have the same polymorphism in the 3' UTR of human 
OSBPL1, which resides 803 bp downstream from the ochre termination codon.  This 
region is shared between the shorter OSBPL1A and the longer OSBPL1B transcripts, so 
it is impossible to discriminate between these two, and expressional quantity in 
peripheral leukocytes is very low for both of them (Fig. 6.3).  In any case, I extracted 
total RNAs from their blood and performed an allelic expression analysis.  I designed 
PCR primers, one on exon 29 and the other on the last one, exon 30, to avoid 
amplification from genomic DNAs.  Direct sequencing of the 975-bp RT-PCR 
products indicated biallelic expression of human OSBPL1 (Fig. 9.1).  Because both 
OSBPL1A and OSBPL1B have their own CpG island around each promoter region, their 
methylation status might give suggestion of their allelic expression. 
    The CpG island of human OSBPL1A spans the first exon (exon 16) and the first 
intron.  Exon 16 is a part of 5' UTR of OSBPL1A and it doesn't serve as an exon of 
OSBPL1B.  In other words, the CpG island resides in the 15th intron of OSBPL1B.  
Its length is 0.80 kb, %GC is 75, and Obs/Exp CpG is 0.85.  It has a poly(A) stretch 
close by, but no apparent repeats.  I performed DNA methylation analyses using Hpa II 
and McrBC.  The region that would be amplified by the PCR has five Hpa II sites.  
The enzymatic digestion abolished the 621-bp amplification, which means that this 
region is undermethylated on both chromosomes (Fig. 8.2).  Three nonspecific 
fragments were observed when non-treated genomic DNA was used as template.  
McrBC treatment also seemed to cut this region.  This result may indicate that 
unmethylated region is not long, because the endonuclease can digest up to 2-kb region 
if both its ends have methylcytosines. 
    The CpG island associated with human OSBPL1B encompasses the first exon of 
this long transcript.  Its length is 0.74 kb, %GC is 71, and Obs/Exp CpG is 0.95.  The 
same DNA methylation assay was performed.  The 444-bp PCR product covering the 
latter half of the island has five Hpa II sites.  The digestion thoroughly abolished the 
PCR.  Therefore the CpG island of OSBPL1B is also undermethylated on both 
chromosomes. 
    Then I examined allelic expression of the mouse transcripts using brain mRNA.  I 
made PCR primers, one on exon 23 and the other on exon 29.  This region is 
transcribed for both the short and long transcripts. However, the expressional quantity 
of Osbpl1a is twenty times as much as that of Osbpl1b in brain (Fig. 6.4).  So the 
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contribution of Osbpl1b is negligible.  The 793-bp RT-PCR products obtained with 
these primers contains a T/C SNP at position 2272 in exon 24 (Fig. 5.2).  Direct 
sequencing of the SNP of the reciprocal hybrid mice revealed that mouse Osbpl1a was 
expressed biallelically (Fig. 8.3).  I also designed Osbpl1b-specific primers, one on 
exon 3 and the other on exon 7, which gave a 326-bp RT-PCR product.  This fragment 
has a T/C SNP at position 355 in exon 4, which serves as a polymorphic Alu I site, so I 
performed RFLP assay (Fig.8.4).  It looked as though Osbpl1b was also expressed 
from both chromosomes, but the paternal allele was a little preferentially expressed.  
This inclination was clearly shown by direct sequencing of the RT-PCR products of not 
only a lot of JF x B6 and B6 x JF but also a JF x ICR and an ICR x JF hybrid mice (Fig. 
8.5).  Indeed mouse Osbpl1b was expressed biallelically, but the paternal allele was 
slightly more transcribed than the maternal one.  A quantitative PCR analysis also 
demonstrated the allele-specific preference. 
    The CpG island of mouse Osbpl1a spans the promoter region and the first exon 
(exon 16).  The island resides in the 15th intron of Osbpl1b like the human genome.  
Its length is 0.38 kb, %GC is 71, and Obs/Exp CpG is 0.80.  The same DNA 
methylation assay was performed with a PCR product containing four Hpa II sites (Fig. 
8.6).  This 555-bp region covers the whole CpG island.  Hpa II digestion diminished 
the amplification from genomic DNAs, which suggested both chromosomes were 
undermethylated in the CpG island. 
    The CpG island associated with mouse Osbpl1b lies encompassing the first exon.  
Its length is 0.56 kb, %GC is 66, and Obs/Exp CpG is 0.91.  The methylation assay 
was done with a 300-bp PCR fragment which has three Hpa II sites and three Hha I 
sites (Fig. 8.7).  Hpa II or Hha I treatment abolished the amplification from genomic 
DNAs.  On the other hand, this locus survived McrBC digestion to serve as the 
templates for subsequent PCR.  The PCR products amplified from McrBC-treated 
genomic DNAs were directly sequenced in order to check allele-specific methylation 
status.  But the sequencing result showed McrBC cut neither the maternal nor the 
paternal alleles.  A similar assay was performed with a B6-specific primer combination.  
The methylation status of this CpG island was also examined by sodium bisulfite 
treatment (Fig. 8.8).  Bisulfite-treated B6 genomic DNA was used as the template and 
the PCR product was directly sequenced.  All cytosines in CpG dinucleotides were 
detected as thymines like other cytosines.  All these results suggested that both 
chromosomes escaped from methylation in the Osbpl1b CpG island.  That is usual for 
a common CpG island, although this gene is preferentially expressed from the paternal 
allele. 
    These allelic expression and DNA methylation analyses are summarized 
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schematically (Fig. 8.9).  Apart from the Impact DMR, no more characteristic 
tandemly repeated structures were found in not only CpG islands but all of the regions 
examined in this study. 
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Figure 8.1    Allelic expression analysis of human OSBPL1.  Direct sequencing 
results of genomic DNAs and children's cDNAs were depicted by chromatograms.  
Family N (A) and family S (B) are shown.  The SNP can be seen in the center of each 
chromatogram. 
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Figure 8.2    Methylation-specific PCR assay for the CpG islands of human OSBPL1.  
PCR products amplified from native genomic DNA and those digested with Hpa II or 
McrBC were subjected to agarose gel electrophoresis in lanes 1 to 3, respectively.  
pBR322 DNA-Msp I digest was used as a size standard in the rightmost lanes.  No 
amplification from Hpa II-treated genomic DNAs implies undermethylation of both the 
OSBPL1A (A) and OSBPL1B (B) CpG islands. 
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Figure 8.3    Allelic expression analysis of mouse Osbpl1a.  The RT-PCR products 
were directly sequenced and investigated using the SNP that can be seen in the center of 
each chromatogram (A).  RFLP analysis was also done (B).  The PCR products 
amplified from B6 has an additional polymorphic Alu I site that divides the JF's longest 
266-bp fragment into 144-bp and 122-bp fragments.  pBR322 DNA-Msp I digest was 
used as a size standard.  In reciprocal F1 hybrid mice, JF x B6 and B6 x JF, both the 
maternal and paternal alleles were transcribed. 
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Figure 8.4    RFLP analysis of mouse Osbpl1b.  Alu I sites in the 326-bp fragment 
amplified from the Osbpl1b mRNA are shown (A).  JF allele harbors an additional Alu 
I site which gives a 76-bp fragment.  PCR products from brain cDNAs of JF, B6, JF x 
B6, and B6 x JF (from left to right) were digested with Alu I and subjected to PAGE (B).  
pBR322-Msp I fragments were used as a size standard.  Note that small fragments 
whose sizes were not indicated were not resolved on the gel used. 
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Figure 8.5    Allelic expression analysis of mouse Osbpl1b.  The RT-PCR products 
were directly sequenced (lower four chromatograms) and investigated using the SNP 
that can be seen in the center of chromatograms.  In reciprocal F1 hybrid mice, the 
paternal alleles were preferentially expressed.  Sequencing chromatograms of hybrid 
genomic DNAs were also shown on upper right for comparison. 
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Figure 8.6    DNA methylation analysis of the mouse Osbpl1a CpG island.  The 
DNA methylation status was examined by 555-bp PCR amplification of 
endonuclease-treated genomic DNAs.  While McrBC did not cut this region, Hpa II 
digested and abolished the following amplification.  pBR322-Msp I fragments were 
used as a size standard. 
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Figure 8.7    DNA methylation analysis of the mouse Osbpl1b CpG island.  The 
DNA methylation status was examined by PCR amplification of endonuclease-treated 
genomic DNAs.  While McrBC did not cut this region, both Hpa II and Hha I digested 
and abolished the following amplification (A).  PCR was performed with B6-specific 
primer, too (B).  These results suggested that the CpG island was undermethylated on 
both chromosomes. 
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Figure 8.8    Bisulfite based cytosine methylation analysis of the mouse Osbpl1b CpG island.  Since the paternal allele is 
preferentially expressed, the methylation status of the CpG island was examined by sodium bisulfite treatment.  Bisulfite-treated B6 
genomic DNA was used as the template and the PCR product was directly sequenced.  The genomic DNA sequence is shown above the 
chromatogram, in which seven CpG dinucleotides are indicated by solid bars.  All these cytosines were detected as thymines like other 
cytosines.  This result indicates that the both maternal and paternal alleles of the Osbpl1b CpG island are not methylated in the same 
manner of usual CpG islands. 
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Figure 8.9    Summary of the allelic expression and DNA methylation analyses of all 
genes examined in this study.  Mouse (upper) and human (lower) genomic regions 
spanning about 300-400 kb are schematized.  Arrows above and below the boxes 
denote the directions of transcription for maternally and paternally expressions, 
respectively.  Weak transcription is illustrated by a broken arrow.  Black circles stand 
for hypermethylation and white circles stands for undermethylation.  The locations of 
CpG islands are indicated by bold lines. 
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Discussion 
 
A pseudogene and a cryptic exon found by genome walking 
    At the beginning of this study, I intended to obtain genomic clones using STSs 
which were developed from cDNA sequences.  For the PCR screening of BAC 
libraries, an STS should be at least 150-bp long.  However, lengths of mammalian 
exons are usually shorter than the minimum with the exception of the last exons.  
Since no information was available on the exon-intron organizations of the genes, I 
performed genome walking from the 5' ends of the cDNA clones.  As for human 
IMPACT, I first identified a genomic region which had similarity to the IMPACT cDNA 
(Fig. 6.2).  It, however, had many alterations of amino acid residues and seemed to 
have no intron, suggesting that it might be a pseudogene of IMPACT.  I failed to walk 
from its first exon after all.  The exon turned out to be a part of a CpG island 
whose %GC is nearly 70, after I determined the genomic DNA sequence.  When I 
determined the sequence of the mouse Impact CpG island, I had some difficulty.  In 
various genome projects, sequences of such regions tend to be underrepresented in early 
stages, because it is technically difficult to perform PCR on regions that have high G+C 
content.  In such a case, plasmid DNAs are prepared and used as templates for the 
sequencing reaction.  Later the pseudogene was mapped on human chromosome 5.  It 
was inserted into an intron of the DMGDH gene.  The pseudogene does not have any 
introns but an additional 96-bp fragment between exons 4 and 5.  A sequence 
homologous to the inserted fragment was found in the 4th intron of both Impact and 
IMPACT.  Intriguingly, in both mouse and human, the inserted sequences are flanked 
by AG and GT at their 5' and 3' ends, respectively, suggesting that they function as 
cryptic exons.  However, the 96-bp sequence in Impact contains a conserved 
termination codon, and the one in human IMPACT is 95-bp long to result in a frame 
shift leading to protein truncation.  The 4th introns are the longest ones in both mouse 
and human genes.  The conserved sequences, which is unique lacking any other 
homologous regions in the genomes, may have some important roles.  The shorter 
transcript detected by Northern blot hybridization (Fig. 6.1) could be related to an 
mRNA with the cryptic exon which might be subsequently generated through 
differential polyadenylation.  The smaller protein coded by the mRNA would contain 
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most part of GI domain (Kubota et al. 2000), which could repress the function of 
IMPACT via a dominant negative effect.  I did not examined the transcription in this 
study.  However, analyses of the mRNA and the smaller protein should be required for 
the functional analysis of the Impact and IMPACT proteins. 
 
The sequencing strategy 
    The shot-gun strategy has been most widely used for large-scale sequencing 
because its process in general is simple.  However, it requires a high redundancy of 
sequencing, which often causes difficulty in assembling sequencing data.  And the 
process using DNA sequencers had been time-consuming before capillary 
electrophoresis was applied to the machines.  To reduce the process, I used a unique 
nested deletion strategy (Hattori et al. 1997) for the sequencing of the BAC clones.  
The BAC clones seem to have a large number of repetitive sequences, for example 
SINEs and LINEs.  Similar sequences would be misassembled together in the former 
strategy.  In the nested deletion method, however, relatively small subclones, i.e. up to 
10 kb, are thoroughly sequenced so that the possibility of misassembling is reduced 
compared to the shot-gun strategy.  I can offer confident sequence data by the nested 
deletion method.  And sequenced subclones can be used for further analyses, such as 
for gene targeting. 
 
Intron sizes and SINEs in an imprinted locus 
    Although some researchers suggested that imprinted genes have few or no introns 
(Hurst et al. 1996; Haig 1996), these cognate genes consist of at least 11 exons.  
Average size of these exons is about 100 bp except for the last ones.  The last exons 
containing the ochre codons are more than 2-kb long, which are eccentric for others.  
In their study, they also insisted that the average intron size in imprinted genes is 
significantly smaller than in the control group.  They listed a parameter which was 
given by dividing total intron size by total exon size, combining mouse and human 
genes.  The values are 1.4 and 7.6 for imprinted genes and the control set respectively.  
For Impact and IMPACT, they are 5.0 and 6.3 respectively.  It is true that the value is 
lower for imprinted mouse gene, however, I cannot conclude that the difference of 
intron sizes causes the different expression pattern.  An in silico study revealed that 
SINEs were excluded from imprinted regions in the human genome (Greally 2002), 
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which may retain short introns.  Indeed, much more SINEs were found in the 
nonimprinted human IMPACT locus than the imprinted Impact locus (Fig. 1.1).  
Nowadays more and more imprinted genes have been identifeid and genomic sequences 
are being available.  It is high time that the hypothesis were reconsidered.  The 
situation has been significantly changed since I started this study five years ago. 
 
The genomic organization of the Impact family 
    Recent advance of genome projects has revealed that hypothetical proteins 
homologous to Impact throughout the reading frame are found in the genomes of the 
nematode C. elegans, the fission yeast S. pombe, etc.  These exons are predicted by 
computer software, Genefinder (Favello et al. 1995).  While experimental data were 
not available, their deduced amino acid sequences were aligned with Impact and 
IMPACT to compare the splice junctions.  All the splice junctions are well conserved 
between mouse and human genes.  But the sixth junctions are slightly different (Table 
1).  This may have something to do with one amino acid deletion in the exon 6 of 
mouse Impact.  The Impact family is known to consist of three domains (Yamada et al. 
1999).  But the junctions are scattered relatively equally on the whole amino acid 
sequences regardless of the domains.  Comparing mammals with the nematode, one 
junction is located in the same position, but others are not conserved.  As compared to 
the fission yeast whose ORF is predicted to be split into three exons in silico, no 
conservation was observed.  Because these results make me suspicious whether they 
are orthologous, empirical evidences are desired for functional analysis of the gene 
family with totally unknown function. 
 
Homologous sequences found by comparative analysis 
    This study paid attention to differences, however, comparative sequence analysis 
also identifies homologous sequences of currently unknown function.  Some of them 
are highly conserved like the intronic sequence mentioned at the beginning of this 
chapter.  These show no homology to any repetitive sequences known in mammalian 
genome, therefore they should play an important role in cells.  It is intriguing that the 
splice donors of exon 6 are conserved, where the junctions are shifted.  I could also 
find small conserved regions upstream of human CpG island, whereas G+C content has 
been considerably changed between them.  Annotation of these conserved sequences 
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provides the basis for future experimental analysis of these potential functional 
elements. 
 
A LINE-1 lying around the promoter region of Impact 
    More than half of all LINE-1 are believed to be inserted into the genome before the 
mammalian radiation, based on their presence at orthologous sites in different 
mammalian genomes (Smit et al. 1995).  However, I discovered that only mouse 
Impact has a LINE-1 fragment upstream of the first exon.  It encodes a piece of reverse 
transcriptase but includes several termination codons.  I cannot deny that the gene 
expression of Impact is affected by the parasitic sequence.  Presence of a LINE-1 
around the promoter region may cause the different expression manner between mouse 
and human.  FISH analysis indicated that 365M4 seemed to be rich in repetitive 
sequences.  But I have not found any LINE-1 fragment in the human IMPACT Locus.  
Because imprinted genes might be regulated by chromosomal domains, investigation 
between these parasitic elements and genomic imprinting could disclose its molecular 
mechanism. 
 
CpG islands and their methylation status 
    Besides this LINE-1 fragment, there is another significant difference around the 5' 
region of Impact and IMPACT.  As in most cases, human IMPACT has a CpG island 
located around 5' portion of the gene.  This island encompasses exon 1 and extends 
into the 1st intron.  On the other hand, mouse Impact has a CpG island within the 1st 
intron.  A CpG island is a genomic region with a high G+C content and a high ratio of 
observed versus expected CpG dinucleotides (Gardiner-Garden et al. 1987).  While the 
human IMPACT CpG island meets the criteria, the corresponding region of mouse does 
not (Fig. 1.1).  The %GC of the mouse region is 43 and the Obs/Exp CpG is 0.35.  
Although 0.35 is higher than average (0.25 for the 37,954-bp region sequenced in this 
study), it may not work as a CpG island any longer.  Even though introns of 
nonimprinted human IMPACT are longer than those of mouse Impact on the whole, the 
1st intron of IMPACT is shorter than that of mouse gene.  And the mouse and human 
introns do not share any homology at all.  These facts tell that the mouse CpG island 
was generated or the human sequence was deleted after the mammalian radiation.  This 
unique Impact CpG island has a highly repeated structure, which is one of the curious 
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characteristics of imprinted genes (Neumann et al. 1995).  Repetitive sequences in 
genomic DNA have been suggested to induce gene silencing by pairing or 
heterochromatin formation.  This study detected another reiterated structure in the 
human genome.  The 4th intron of IMPACT has such a 4-kb region whose %GC is 42.  
The sequence consists of a number of Alu and some of which are inserted reversely.  
An Alu element is usually much longer those that often found around imprinted genes 
(Neumann et al. 1995) including mouse Impact (Fig. 3.1).  Hence, the reiterate 
structure of the 4-kb region is different from the tandem repeats that are considered to 
be relative to genomic imprinting.  Any other repeat-rich regions were not found in the 
mouse and human genomic sequences surveyed in this study. 
    In addition to the six CpG islands that I examined DNA methylation status, there is 
one more small CpG island in the mouse genome surveyed in this study.  A ribosomal 
protein gene, which has a 0.23-kb CpG island, is mapped in the 11th intron of Osbpl1b.  
No such a gene is found in the human locus.  Because I cannot exclude the possibility 
of misassebling, I have not analyzed it yet.  But this difference might cause the biased 
expression.  The mouse genomic sequence is being elucidated day by day (Mural et al. 
2002), and the results allow us to identify novel CpG islands.  CpG islands still 
intrigue a number of researchers (Takai and Jones 2002), especially if they are 
differentially methylated (Strichman-Almashanu et al. 2002).  For allelic DNA 
methylation analysis, I used McrBC to support the result obtained by methylation 
sensitive restriction enzymes.  McrBC digests DNA containing methylcytosine on one 
or both strands (5'...RmC(N40-2000)RmC...3').  It worked well at the Impact CpG island 
(Fig. 7.3), but it did not for the assay in some cases (Fig. 7.6).  I need an additional 
experiment, e.g. bisulfite based analysis, to evaluate their methylation status, but they 
seemed to be usual CpG islands.  As polymorphisms are often found in repeated 
structured regions, I found many polymorphisms in the Impact CpG island between B6 
and JF.  The length polymorphism (181 bp) easily led me to the clear demonstration of 
the differential methylation (Fig. 4.1).  This finding introduces a very convenient 
technique for researchers.  Some mechanisms have been proposed for gene silencing 
by methylation, but in this case allele-specific differential methylation was found in an 
intron.  The mechanisms do not seem to be so simple.  But I can safely say that this 
region plays an important role in the imprinting of Impact.  A model has been 
proposed to explain how the allele-specific methylation patterns are established at 
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imprinted loci (Constancia et al. 1998).  According to the model, allele-specific 
methylation patterns are the result of the interaction of opposing methylation and 
demethylation signals.  Tandem repeats may act as methylation centers, attracting or 
inducing the spread of methylation over a stretch of DNA.  The extent of methylation 
may be limited by counteracting demethylation signals induced by CpG-rich 
environment.  In the case of Impact, for instance, a male germ-line-specific 
trans-acting factor could demonstrate the parent-of-origin-specific methylation status.  
It is likely that such a factor interfere with the methylation signal in spermatogenesis 
and the methylation status is maintained throughout the subsequent fertilization and 
development.  To verify the model and this hypothesis, I need to get much more data 
about regional and temporal methylation status.  This methylation-specific PCR assay 
will help understand more about the imprinting of Impact.  This can be applied to 
various examinations, for example changes of methylation levels during development 
(Fig. 4.2).  It has been shown that DNA methylation status changes during aging (Issa 
et al. 1994) and the change can induce tumorigenesis (Jones and Laird 1999).  Such 
islands may provide comprehensive access to these regions.  Since some genes exhibit 
stage-specific imprinting (Latham 1999), genomic imprinting may play some important 
roles in aging and subsequent carcinogenesis. 
    I showed only the Impact CpG island contains characteristic tandem repeats and 
serves as a differentially methylated region.  Intriguingly, this intronic island is missing 
from the nonimprinted human IMPACT.  These result suggest that the intronic DMR 
plays a crucial role in the imprinting of Impact. 
 
Trans-acting factors involved with genomic imprinting 
    Until now a number of studies on cis-acting centers have been done and 
successfully identified many elements responsible for genomic imprinting.  For 
example, in case of the H19 gene, a transgenic study was performed to search the 
minimal sequence required for the imprinting (Cranston et al. 2001).  Although 
trans-acting factors encoded on different chromosomes are presumed to be equally 
important, very few factors have been discovered.  CTCF, which was originally found 
as a DNA-binding protein to a boundary element at the chicken globin locus, is one of a 
few candidates of trans-acting factors (Bell et al. 1999).  It was shown to regulate 
enhancer access to the H19-Igf2 imprinted genes (Bell et al. 2000) and recently to be 
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implicated in X-inactivation choice (Chao et al. 2002).  Another factor, BOLIS, which 
is a male germ-line-specific insulator protein, was also discovered (Loukinov et al. 
2002).  It is more and more important to identify such factors and their binding sites.  
In the case of the U2af1-rs1 gene, the multicopy transgene (8.3-kb genomic fragment 
that contained the whole coding of U2af1-rs1 and a repeat-rich CpG island) seemed to 
titrate the trans-acting factor which was involved in genomic imprinting, and as a result 
the machinery was disturbed so that imprinting of endogenous Usaf1-rs1 was affected 
(Hatada et al. 1997).  Hence, a transgenic study was performed for mouse Impact to 
define the region where a putative trans-acting factor binds (data not shown).  If the 
factor interacted with the Impact CpG island, additional multicopy islands would absorb 
it and endogenous ones would be freed from the factor.  As the result of this titration, 
the allele-specific expression of Impact would be expected to be disturbed.  However, 
no aberration was observed in this study.  While a large number of researchers insist 
upon the importance of such CpG islands, this region has been demonstrated to be 
dispensable by a gene targeting technique as for U2af1-rs1 (Sunahara et al. 2000).  
This is consistent with this transgenic study, although the mechanisms between 
U2af1-rs1 and Impact might be different. 
 
The histamine receptor H4 genes 
    Histamine is an important physiological amine that works as a chemical messenger 
to exert numerous functions in central and peripheral tissues.  These effects are 
mediated through three pharmacologically distinct subtypes of receptors, i.e. the H1, H2, 
and H3 receptors, which are all members of the GPCR family (Hill et al. 1997).  With 
hundreds of members populating the family and many more awaiting discovery in the 
human genome, they are of interest to the pharmaceutical industry because of the 
opportunities they afford for yielding potentially lucrative drug targets.  The HRH4 
gene was one of them and mapped to just downstream of IMPACT.  Unexpectedly, I 
found a SNP, which was a prerequisite for this study, in the ORF which alters an amino 
acid.  While the amino acid residue is not evolutionarily conserved among mammals, it 
may intrigue some investigators.  I successfully identified its mouse homologue and 
knew that both the mouse and human genes were expressed biallelically.  They have 
neither CpG islands nor regions whose %GC is high.  According to the tissue 
distribution analyses, the regulation of Impact and Hrh4 transcription seems to be 
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independent each other.  It is not so much a boundary of an imprinted region as that 
Impact is an isolated imprinted gene. 
 
The oxysterol binding protein like 1 genes 
    Oxysterols are oxygenated derivatives of cholesterol.  Their physiological 
functions are regulation of cholesterol synthesis (Kandutsch et al. 1978), modulation of 
vesicular movement (Fang et al. 1996), induction of differentiation (Hanley et al. 2000), 
and involvement with cell cycle regulation and apoptosis (Schroepfer 2000).  
Presumably, these functions are mediated by proteins that bind the lipid.  Oxysterol 
binding proteins are known to be part of multi-gene families in eukaryotes including 
yeasts, nematodes, fruit fries, and mammals.  As the human OSBP genes show many 
examples of alternative splicing (Jaworski et al. 2001), the Osbpl1 genes that lie just 
upstream of Impact use alternative promoters.  One gene product is twice as large and 
features N-terminal PH domain.  Similar diversity in the structures of OSBPs is found 
in the genomes of many eukaryotes, which have forms with and without PH domains.  
Intriguingly, the two initiation sites make the two different forms for this locus.  This 
was first reported in human genes (Jaworski et al. 2001), and I showed the mechanism 
was conserved in mice. 
    It is of particular interest that the Osbpl1 genes and the imprinted Impact gene 
reside in head-to-head orientation.  Osbpl1a is expressed equally from the maternal 
and paternal alleles, however, Osbpl1b is preferentially expressed from the paternal one.  
That three transcripts have their own CpG islands suggests the transcription of each 
gene is regulated independently to one another.  But Northern blot analysis showed 
similar tissue distribution for Osbpl1a and Osbpl1b except for that in spleen.  The 
transcription might be coordinated.  The Osbpl1a promoter region is far from Impact, 
but that of Osbpl1b is located much closer to the Impact one.  It is conceivable that 
mouse Impact is an isolated imprinted gene and its allele-specific difference of 
chromatin structure has an influence on expression of a nearby gene, Osbpl1b.  It is 
likely that the allele-specific expression of Impact involves Osbpl1b in its skewed 
transcription. 
    Some theories, e.g. the genetic conflict theory (Constancia et al. 2002), have been 
presented for biological meanings of genomic imprinting.  Now that many imprinted 
genes which have various functions have been identified, it is becoming difficult to get 
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the manifold functions into one theory.  It seems that several adjacent genes get 
involved with parent-of-origin-specific expression manner regardless of the 
physiological significance, because such genes usually flank each other on a 
chromosomal region.  In any case, the allelic expression manner is different between 
the two transcripts of Osbpl1.  The structural difference is whether the protein has a 
PH domain or not.  It is a kind of functional domain containing about 120 amino acids, 
which exists on many proteins that are involved in cellular signal transduction.  And 
the OSBP PH domains have been shown to bind to the Golgi apparatus in yeast and 
mammalian cells.  In spleen, the Osbpl1b mRNA that encodes PH domain is 
exclusively expressed.  If there were a meaning of the biased expression of the gene, 
the functional difference would take on importance for the study of genomic imprinting. 
 
Species-specific imprinting of Impact 
    I have difficulty in enumerating the actual number of imprinted genes because of 
the ambiguous definition of a gene.  According to a catalogue of imprinted genes 
(Morison et al. 2001), 41 genes were reported to be preferentially or exclusively 
expressed from one of the two parental alleles in mouse and human.  For most of them, 
parent-of-origin-specific expression is evolutionarily conserved between the two 
organisms.  However, some human homologues, e.g. those of imprinted mouse 
U2af1-rs1 (Pearsall et al. 1996), Igf2r (Kalscheuer et al. 1993), and Tssc4 (Paulsen et al. 
2000), have been documented as nonimprinted genes.  The imprinting of human 
IMPACT is also leaky, polymorphic, or lost, therefore mouse gene exhibits 
species-specific imprinting (Okamura et al. 2002).  As I mention in the next section, 
the human U2AF1-RS1 is thought to be the homolog of nonimprinted U2af1-rs2 on the 
X chromosome rather than U2af1-rs1 (Nabetani et al. 1997).  As for IGF2R, a 
differentially methylated region that is not accompanied by allele-specific transcription 
was reported (Riesewijk et al. 1996).  On the other hand, no parent-of-origin effect has 
been observed for IMPACT yet, hence mouse Impact appears to be an exceptional case.  
To understand the mechanisms underlying genomic imprinting, several research groups 
have focused on the identification and characterization of genomic regions that are 
conserved between mouse and human (Vu and Hoffman 2000).  This comparative 
study, however, sheds light on the mechanisms by the difference between the two 
species.  The imprinted Impact and the nonimprinted IMPACT genes will serve as a 
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nice model to solve the mystery. 
 
A Unique type of genomic imprinting 
    Apart from the biased expression of Osbpl1b, mouse Impact appears to be a 
solitary imprinted gene, whereas clustering into chromosomal domains is one of the 
characteristic features of imprinted genes.  Only U2af1-rs1 (Nabetani et al. 1997) and 
NNAT (Evans et al. 2001) have been recognized as such genes so far.  The mouse 
U2af1-rs1 gene is located within an intron of the Murr1 gene that is transcribed 
biallelically.  The isolated imprinted gene is thought to originate in a retrotransposition 
of U2af1-rs2 on another chromosome into the intron of Murr1 due to the following 
reasons.  First, U2af1-rs1 is intron less, which is one of the characteristic features of 
imprinted genes, while U2af1-rs2 has introns.  Second, the human U2AF1-RS1 does 
not sit within the human MURR1 locus on human chromosome 2, which has conserved 
synteny to the mouse Murr1 locus.  And U2AF1-RS1 is not so much the human 
homologue of U2af1-rs1 as that of U2af1-rs2, judging from sequence similarity.  The 
transposition might have occurred after mice and humans diverged.  This view could 
be concordant with the absence of imprinting of U2AF1-RS1 (Pearsall et al. 1996).  
Third, because it has been shown that some transgenes exhibit parent-of-origin-specific 
expression and methylation (Reik et al. 1987), the neomorphic U2af1-rs1 gene can be 
thought to bahave like an imprinted transgene.  The human NNAT gene that is 
transcribed specifically from the paternal allele lies within the singular intron of BLCAP 
which is not imprinted (Evans et al. 2001).  In contrast to U2af1-rs1, the genomic 
structure and imprint status seem to be conserved between mouse and human, and both 
mouse Nnat and human NNAT have two introns.  Although BLCAP homologues are 
present in species such as D. rerio and D. melanogaster, NNAT homologues are not 
found outside the mammalian lineage.  These indicate that the gene structure could 
originate through a retrotransposition event early in mammalian evolution.  
Surprisingly, tandem repeat sequences have not been detected within this domain. 
    I have demonstrated here that mouse Impact is also a solitary imprinted gene as 
above.  However, there are two remarkable differences in their genomic structures.  
One is the numbers of introns, and the other is whether one lies within an intron of 
another gene.  The Impact gene has ten introns unlike typical imprinted genes.  And 
the sizes (Table 1) are not smaller than those of genes whose origins were thought as 
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transposition.  In contrast to U2af1-rs1 and NNAT, Impact does not reside in introns of 
other genes but has nonimprinted genes close on the chromosomal domain.  It seems 
far from a retrotranspositional gene, while such an insertion is thought as a common 
mechanism for the formation of imprinted genes (Nabetani et al. 1997).  These 
findings indicate the mouse Impact has a unique mechanism for genomic imprinting 
compared to not only the two retrotranspositional genes but also most imprinted genes 
clustered.  Fortunately, the human orthologue IMPACT does not exhibit allele-specific 
expression.  Hence, differences restricted in this locus, e.g. the intronic CpG island, 
would represent the modification necessary for Impact to be imprinted.  The 
neomorphic island itself could be derived from a transposition after the mammalian 
radiation.   
    This study presented the first analysis of this unique type of genomic imprinting 
elucidating the genomic structures comparing to its nonimprinted human homologue.  
The comparative analysis gave an intronic sequence as the cis-acting region responsible 
for the imprinting, however, there might be other regions playing roles in it.  I could 
also show the Impact gene is suited for investigating the control elements required for 
localized regulation of genomic imprinting. 
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