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Mutations in a novel member of the chromodomain gene family cause CHARGE syndrome. L.E.L.M. Vissers!,

C.M.A. van Ravenswaaijl, R. Admiraal?, J.A. Hurst®, B.B.A. de Vriesl, I.M. Janssen!, W.A. van der Vliet!, E.H.L.P.G.

Huys!, P.J. de Jong?, B.C.J. Hamell, E.F.P.M. Schoenmakers®, H.G. Brunner!, A. Geurts van Kessel!, J.A. Veltman?. 1)
Dept Human Genetics, UMC Nijmegen, Nijmegen, Netherlands; 2) Dept Otorhinolaryngology, UMC Nijmegen,
Nijmegen, Netherlands; 3) Dept Clinical Genetics, The Churchill Hospital, Oxford, United Kingdom; 4) Children's
Hospital Oakland Research Institute, BACPAC Resources, Oakland, CA.

CHARGE association denotes the non-random occurrence of ocular coloboma, heart defects, choanal atresia, retarded
growth and development, genital hypoplasia, ear anomalies and deafness (OMIM #214800). Almost all patients with
CHARGE association are sporadic and its cause was unknown. We and others hypothesized that CHARGE association
is due to a genomic microdeletion or to a mutation in a gene affecting early embryonic development. In this study array-
based comparative genomic hybridization (array CGH) was used to screen patients with CHARGE association for
submicroscopic DNA copy number alterations. De novo overlapping microdeletions in 8q12 were identified in two
patients on a genome-wide 1 Mb resolution BAC array. A 2.3 Mb region of deletion overlap was defined using a tiling
resolution chromosome 8 microarray. Sequence analysis of genes residing within this critical region revealed mutations
in the CHD7 gene in 10 of the 17 CHARGE patients without microdeletions, including 7 heterozygous stop-codon
mutations. These findings indicate that haploinsufficiency of this gene explains the majority of patients with CHARGE
association. CHD7 encodes a novel member of the chromodomain helicase DNA protein family and is an essential gene
in early embryonic development affecting multiple organ systems, including heart, inner ear and retina. Microdeletions
encompassing the causative gene have been reported to occur at low frequencies in single gene disorders. We show that
high-resolution genome-wide screening by array CGH is an effective new approach for the localization of such
causative genes. This approach is of special interest for sporadic malformation syndromes that cannot be tackled by
other mapping approaches because of reproductive lethality.
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Disruption of the microRNA pathway by the targeted loss of el F2C2 resultsin embryonic lethality and failure of
neural tube closure. R.S Alisch, P. Jin, ST. Warren. Department of Human Genetics, Emory University School of
Medicine, Atlanta, GA.

MicroRNAs are a class of noncoding RNASs that play a critical role in development by regulating the trandlation of
target MRNAs and possibly through chromatin modifications. MicroRNA function requires the formation of a RNA-
induced silencing complex (RISC). The Argonaute family of proteins are highly conserved members of the RISC and
one member, Agol and its mammalian ortholog el F2C2, have recently been shown to interact with FMRP, whose
deficiency causes fragile X syndrome. In order to more fully understand the microRNA pathway in mammals, we
disrupted the el F2C2 locus in mice. Two independent el F2C2 knockout lines were found to transmit the interrupted
allele without an obvious heterozygous phenotype. Of the mice born from heterozygous crosses, none were homozygous
for the el F2C2 mutation suggesting the absence of el F2C2 is a developmental lethal. While homozygous embryos were
not observed at embryonic day (€)13.5, homozygous embryos were recovered at €9.5 in appropriate genetic ratios.
Inspection of the homozygous embryos revealed a failure of neural tube closure resembling anencephaly. Using these
el F2C2 knockout lines, in which the -gal actasidase gene was incorporated into the el F2C2 locus, we observed strong
expression of elF2C2 in the brain and testes, which correlates well with the failure of neural tube closure. These data
indicate the importance of the microRNA pathway in the devel opment of the mammalian brain and are consistent with
the widespread expression of microRNA loci in the brain. These el F2C2 knockout mouse lines will further elucidate
RISC function, help understand the role of microRNAsin FMRP function and allow testing of the hypothesis, derived
from lower organisms, that the microRNA pathway isinvolved in targeted chromatin modification perhaps including
genomic imprinting.
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High Density SNP Map Reveals Interrupted and Interlaced Organization of Linkage Disequilibrium Among
Markers. J. Belmont?, F. Yul, P. Hardenbol?, X. Lul, M. Moorhead?, G. Scott!, S Ghosel, S Pasternak?, T. Willis?, M.

Faham?, SM. Leal?, J. Taylor3, R. Morris*, N. Kaplan3, RA. Gibbs. 1) Dept Molecular & Human Gen, Baylor Col
Medicine, Houston, TX; 2) ParAllele Biosciences, South SanFransisco; 3) NIEHS; 4) Duke University, Durham, NC.

Dense SNP marker maps are expected to facilitate the interpretation of genetic association studies by identifying
markers that optimally tag the most common haplotypes. Here we have analyzed genotype data from 17,528 SNP
markers Chromosome 12 in areference set of 30 Northern European parent-offspring trios to evaluate the performance
of anovel approach to the construction of alinkage disequilibrium map. Applying matrix decomposition to the
standardized composite linkage disequilibrium (AB) matrix identified subsets of markers that exhibit significant LD
with one another. These subsets may be composed of strictly adjacent markers but often members of the groups are not
contiguous in their sequence positions. Two or more subsets may overlap creating an interlaced pattern. The marker
subsets correspond closely to the observed haplotypes. On chromosome 12 the mean number of markers per subset was
3.4-4.8 (depending on the parameters used to identify subsets of markers with LD), and the mean and median genomic
distance encompassed by subsets were 88.3 Kb and 53.2 Kb, respectively. Marker assignment to a specific subset was
found to be stable to marker density, minor alele frequency, analysis window, and to some extent analysis window
length. Maps of marker subsets can be constructed from whole chromosome SNP data and such maps illustrate useful
features of the underlying linkage disequilibrium relationships among markers. This approach overcomes some of the
problems associated with haplotype block definitions based on confidence intervals alone.
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The Correlation Structure of 1,586,383 SNPs Within and Between Diver se Human Populations Definesa L arge
Fraction of All Common Human DNA Variation. D.R. Cox, D. Hinds, L. Stuve, W. Barrett, P. Sarink, P. Hickey, D.
Ballinger, K.A. Frazer. Perlegen Sciences Inc., Mountain View, CA.

We have defined the allele frequencies and correlation structure between 1,586,383 SNPs determined to be
polymorphic in one or more of 71 unrelated individuals (24 European American, 23 African American, and 24 Han
Chinese), and have submitted these 112 million genotypes to dbSNP. The average distance between adjacent SNPsis
1.7 kb, with 95% of the genome covered with gap sizes of <50kb. A SNP is present within 10 kb of 93% of 22,904
protein-coding genes. A total of 20,165 SNPs are present in exons, with 10,795 SNPs resulting in synonomous and 9370
SNPs resulting in nonsynonomous amino acid changes. Of the 1,586,383 SNPs, 80% have aminor alele frequency
greater than 5% in the African American sample, while 71% and 65% of SNPs have a minor alele frequency greater
than 5% in the European American and the Chinese samples, respectively.

In an effort to determine the fraction of all common human DNA variation captured by this set of 1,586,383 SNPs,
we have taken advantage of the fact that the African American and European samples used in our study have been
completely re-sequenced for 152 genes by the Seattle SNP Project (http://www.pga.uwashington.edu). We cal cul ated
the fraction of al common SNP information present in the 152 genes that was defined by our SNP set by determining
the coefficient of determination (r2) between the genotype of each >10% minor allele SNP discovered by the Seattle
SNP project and the most correlated SNP genotype in our data. The results reveal that even though our SNP set contains
only 23% and 21% of all SNPswith aminor allele >10% in the European American sample and the African American
sample, respectively, these SNPs have average r? values of 84% and 72% , respectively, when considering the complete
set of >10% minor allele frequency SNPs present in these samples. These results indicate that the set of 1,586,383 SNPs
defines alarge fraction of common DNA variation in diverse human populations, providing a powerful reagent for
assessing the causal role of common DNA variation in complex human traits.
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A common, sex-dependent RET enhancer mutation underlies Hir schsprung disease: use of compar ative genomics
and genetic association to interrogate a disease locus. E.S. Emison?, A.S. McCallion!, C.S Kashuk!, RT. Bush?, E.

Gricel, S Linl, M.E. Portnoy?, D.J. Cutlerl, E.D. Green?, A. Chakravartil, NIH Intramural Sequencing Center. 1) Inst
Genetic Medicine, Johns Hopkins Univ, Baltimore, MD; 2) Genome Technology Branch, National Human Genome
Research Inst, National Institutes of Health, Bethesda, Maryland.

Comparative genomics reveals that 5% of the human genome is under selection; only 1.5% of the genomeis protein-
encoding while the function of the remaining 3.5% is unknown. We report the use of anovel, integrated strategy of
comparative genomics and a family-based genetic association study (TDT) to identify putative functional sequences
outside coding elements and refine the genetic interval associated with disease. The multifactorially inherited birth
defect Hirschsprung disease (HSCR) represents a disorder in which mutations within non-coding elements are predicted.
HSCR is arelatively common non-Mendelian disorder in which the receptor tyrosine kinase RET harbors rare coding
sequence mutations in less than 50% of cases. We show that a common, non-coding variant at RET contributes
significantly to risk and explains the remaining cases. Alignment of 350 kb of human genomic sequence at RET with the
orthol ogous sequences from 12 vertebrates identified 120 conserved sequences (CS), 68 of which are non-coding. By
overlaying the CS elements with the peak of transmission distortion observed among 30 SNP markersin 126 trios, we
identified a common variant (>25% frequency) within a conserved, enhancer-like sequence of RET intron 1 which is
significantly associated with HSCR. Intriguingly, transmission to affected boys is much greater than to affected girls, as
predicted for acomplex trait with a4:1 sex bias. Consequently, the sex-dependence is a property of the specific RET
mutation. We further demonstrate that the mutation significantly abrogatesin vitro enhancer functionin a
neuroblastoma cell line, decreasing reporter gene expression 5-fold relative to the wild type alele.
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A comprehensive review of the health and developmental outcomes of children conceived through Assisted
Reproductive Technologies (ART). K.L. Hudson2, K.A. Robinson3, A. Ananthakrishnan®, D.E. Pritchard?, S

Goodman®. 1) ART Children's Health Panel, GPPC, SARM, AAP, coordinated by Johns Hopkins Univ., Washington,
DC; 2) Genetics & Public Policy Ctr, Johns Hopkins Univ., Washington, DC; 3) Department of Medicine, Johns
Hopkins School of Medicine, Baltimore, MD; 4) Bloomberg School of Public Health, Johns Hopkins Univ., Baltimore,
MD; 5) Department of Oncology, Division of Biostatistics, Johns Hopkins School of Medicine, Baltimore, MD.

An increasing number of families are using Assisted Reproductive Technologies (ART). Some recent reports suggest
apossible link between children conceived through ART and certain adverse health and developmental outcomes. The
response to these reports by the popular press has caused concern and confusion among patients, providers, and
policymakers. A panel of expertsin pediatrics, obstetrics/gynecology, reproductive-endocrinology, biostatistics,
epidemiology and genetics was assembled to systematically review the published literature addressing ART childrens
health outcomes. The outcomes studied fell into five categories. genetic syndromes and malformations, postnatal
growth, medical outcomes beyond one year, cancer, and psychosocial and developmental outcomes. We performed
electronic and manual literature searching through January 2004 to identify English-language studies that compared
outcomes for children of ART versus natural conception, and studies that compared outcomes between types of ART.
Of over 2000 citations identified, data from approximately 200 studies were determined to be eligible for inclusion in
our review. This systematic review did not find strong evidence of an increased risk of any adverse clinical outcomes
associated with ART, although for some outcomes the evidence was of insufficient quantity, quality or consistency to
make firm conclusions. We identified limitations in the existing studies, such as use of inappropriate controls and
inconsistent data reporting. The report includes recommendations for additional research and database creation to
generate higher quality evidence for future investigations.
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Identification of mammalian target mRNAsfor microRNAs. M. Nakamoto, P. Jin, ST. Warren. Dept Human
Genetics, Emory Univ Sch Medicine, Atlanta, GA.

MicroRNAs (miRNAs) are arecently recognized class of non-coding RNA that play acritical role in development and
regulation of gene expression by mediating gene silencing in plants and animals. Much of the silencing is by
trandlational suppression of MRNAs with sequence partially complementing the miRNA sequence. While there are
hundreds of miRNA loci in humans, each potentially recognizing many mRNAS, the process of matching individual
mMiRNAs with their target MRNASs is largely computational and not exceptionally robust. Here we have developed an in
vivo approach to identify miRNA targets by identifying mRNAs exhibiting atrangational shift in their polysome profile
following sSIRNA knock down of individual endogenous miRNAs in the human HepG2 cell line. To test this approach,
we transfected a luciferase reporter construct containing the 3' UTR of the FMR1 gene within which the target sequence
of the endogenous miRNA mir30 was embedded. Following siRNA knock down of mir30 RNA, we observed a shift in
the target reporter mRNA to heavier polysome fractions, as expected from arelease of translational suppression. A
control mMRNA without mir30 target sequence exhibited no polysome shift with or without mir30 knock down. By
similarly knocking down individual endogenous miRNAs and using mRNA isolated from selected polysome fractions
to interrogate oligonucleotide microarrays, we can now identify potential target mMRNAS by their profile shift compared
to control cells. By identifying the mRNA targets of miRNA loci, we can begin to assess the contribution of miRNA
mutations to human disease.
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An imprinted, non-coding transcript potentially encoding miRNAsin the mouse Prader-Willi syndromeregion.
K. Yamasaki, M. Sefan, R.D. Nicholls. University of Pennsylvania, Philadelphia, PA.

Prader-Willi syndrome (PWY) is associated with neonatal failure-to-thrive, hyperphagia and obesity, and other clinical
features. Loss of function of 10 known imprinted, paternally expressed genes in chromosome 15g11-g13 occur in PWS:
5 each encode proteins or box C/D snoRNAS. Nevertheless, the functions of PWS-genes remain unknown. Mouse
models of PWS recapitul ate the neonatal phenotype, with nine of the imprinted loci conserved. In both species, these
genes split into two clusters, with 3 (in human) or 4 (in mouse) intronless, protein-coding genes separated by ~ 1 Mb
from the SNURF-SNRPN-snoRNA polycistronic gene cluster. Although the region between these clusters in the mouse
isnot fully covered by genomic sequence, we examined whether additional imprinted genes occur in thisinterval. We
first built aBAC contig spanning Ndn to the imprinting center (1C), a genetic element controlling imprinting across the
entire domain, with just 2 small gaps. In silico analyses of mouse sequence databases identified several ESTsin this
region, primarily from embryonic cDNA libraries. Subsequently, using EST, RT-PCR, and 5-RACE strategies, we
assembled a long non-coding, alternatively spliced transcript spanning at least 59 exons, termed Nccr (for non-coding,
clustered repeat). Fourteen additional exons map 3 but could not yet be definitely linked. Nccr showed imprinted,
paternal only, brain-specific expression, primarily in the last half of embryogenesis. Analysis of genomic sequence from
3 Nccr identified 35 copies of an ~ 1.2 kb clustered repeat, and, using mFold, include two potential RNA hairpin
structures (G=-19 and -31.4 kcal/mole) reminiscent of microRNAs (miRNA). This hypothesisis being examined by
RNA expression studies. The putative promoter-exon 1 of Nccr and two intronic elements show differential alelic
methylation in brain. One of the intronic elements and the promoter-exon 1 are highly conserved, suggesting that a
similar imprinted transcript may occur in human. A potential role for the Nccr locus in the PWS phenotype in mouse
and human may thus exist.
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Nuclear respiratory factor-1 (NRF-1) isa master regulator of the Prader-Willi syndrome imprinted gene domain.

M. Stefan?, K. Yamasakil, T. Ohtal, S Rodriguez, T.P. Yang?, RA. Smmonst, RD. Nichollsl. 1) University of
Pennsylvania, Philadelphia, PA; 2) University of Florida, Gainesville, FL.

Prader-Willi syndrome (PWS) patients have neonatal hypotonia and failure to thrive followed by hyperphagia and
severe obesity, due to loss of imprinted expression of 10 genes of unknown function. Imprinting at these loci is
coordinated by an imprinting center (IC) and we recently identified in vitro binding for the transcription factors (TFs)
NRF-1 and CTCF within alternative promoters of the Shurf-Shprn IC locus, correlating germ cell and embryo
expression of alternative transcripts with the establishment of parental imprinting. However, the mechanistic
relationship to somatic expression of PWS genes and the phenotypic basis of the syndrome were unknown. In aPWS-
deletion mouse model with neonatal |ethality we found embryonic deficits of - and -cells in pancreatic islets with
postnatal impairment in glucose homeostasis, deficits in energy metabolism and significantly reduced liver
mitochondrial complex 1+111 activity. To examine a potential broader role for NRF-1, amajor TF for nuclear genes
encoding mitochondrial functions, in silico analyses of mammalian genome sequence using permutations of the NRF-1
binding motif revealed that most PWS-imprinted genes possess conserved NRF-1 sites. Using allele-specific chromatin
immunoprecipitation (ChlP), and other assays, we demonstrate that NRF-1 binds in vivo to an intronic activator and all
11 alternative promoters of the Snhurf-Sarpn-snoRNA locus, the Ndn promoter, and a mini-CpG island near Mkrn3 and
Magel2. A conserved, non-coding cluster of 4 stereospecific NRF-1 sites within the PWS domain, hypothesized to act
as a neuronal-specific regulatory element, is also under study. ChlP shows the NRF-1:DNA interactions are limited to
open chromatin [acetylated H4 and di-methylated H3 (Lys4) histones] and unmethylated CpG-islands of the active,
paternally-derived allele in mouse fibroblasts and brain tissue. In conclusion, NRF-1 acts as a master TF for PWS gene
expression and establishment of imprinting, providing a molecular link to mitochondrial and energy pathways and
explaining the pathophysiological basis of the PWS phenotype.
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Alternative transcription start site and polyadenylation site usage in the FMR1 gene. C. Carosi2, A. beilina2, C.

Bagnil, P.H. Schwartz®, P.J. Hagerman?, F. Tassone?. 1) Department of Biology, University of Rome, Tor Vergata,
Italy; 2) Molecular Medicine, University of California, Davis, CA, USA; 3) Nationa Human Neural Stem Cell
Resource, Childrens Hospital of Orange County, Orange, Ca.

We have recently identified three transcription start sitesin the FMR1 promoter (sitel, |1 and I11), aresult that has
been observed for other TATA-less promoters. The remarkable finding is that the fractional utilization of the
transcription start sitesis a function of the CGG repeat number. Premutation alleles appear to preferentially express the
longer FMR1 mMRNA (upstream site longer transcript) compared to alleles in the normal range. In human brain tissue,
including cerebellum and hippocampus, derived from both normal and premutation brains, an additional transcriptional
start site located between Sites | and I11 in the FMR1 gene has been aso identified. The current results indicate that the
CGG repeat element in the FMR1 gene directly influences transcription initiation, and suggests that modification in the
5end of the FMRL transcript could play arolein the reduced trandlation efficiency observed in premutation alleles. In
addition, alternative usage appears to occur in different tissues. A polyadenylation site in the human FMR1 gene at
about 2 kb downstream of the stop codon has been previously reported. We have now identified additional
polyadenylation sites in the 3UTR of both the mouse and the human FMR1 gene. More importantly, alternative
polyadenylation generate several mouse transcripts, and only the shorter form appears to be efficiently transported at the
synapses. These results suggest that post-transcriptional events can modulate the subcellular localization of the FMR1
MRNA, suggesting the involvement of a specific localization signal. Thus, a differential usage of polyadenylation sites
utilized for a specific sub-cellular localization could aso occur in humans. This studies are currently under
investigation.
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Genedesertsflanking the Gdfé and Bmp2 genes contain numer ous conserved, long-range regulatory enhancers
that function during embryonic development. D.P. Mortlock, RL. Chandler, K.J. McDermott, L. Ramirez. Center for
Human Genetics, Vanderbilt Univ, Nashville, TN.

Comparisons of mammalian genome sequences suggest that much noncoding DNA is conserved and likely contains
functional elements, such as cis-acting enhancers that activate tissue-specific gene transcription. However, enhancers
can be hundreds of kilobases from their cognate genes. We are analyzing the regulatory landscape around the Bmp2 and
Gdf6 genes, two members of the murine BMP (Bone Morphogenetic Protein) family of secreted signaling proteins.
Both genes are important for embryonic development of various soft tissues and skeletal elements. A large gene desert
adjacent to Gdf6 is postulated to contain enhancers that drive Gdf6 transcription in embryonic limb, spine and skull
joints, and paw interdigits. To verify this, we have tested BAC transgenes by using an in vivo transgenic reporter assay.
Intergenic BACs were coinjected with a promoter/LacZ minigene to generate transgenic mouse embryos. This revea ed
distant Gdf6 cis-regulatory domains controlling expression in the interdigits, heart outflow tract, and developing
wrist/ankle. Theinterdigit and heart enhancers were mapped over 130 kilobases from Gdf6 and a wrist/ankle enhancer
isover 400 kb distant, thus they are among the farthest known cis-regulatory elements. Each of the regulatory domains
contains highly conserved sequences. Like Gdf6, Bmp2 has a complex expression pattern in development and is also
flanked by large intergenic regions. To assess for potential long-range regulatory elements flanking Bmp2, two Bmp2-
LacZ BACswere tested in transgenic mice. This revealed complex Bmp2 expression in skeletal cartilages, digits, brain,
kidney, mammary glands, hair follicles and other tissues. The two-BAC strategy allowed us to assay almost 400 kb of
the Bmp2 locus and assigned many regulatory elements to specific, potentially distant intergenic regions. We suggest
long-distance regulatory elements are not unusual, but instead are a hallmark of genesinvolved in developmental
signaling pathways. These data confirm that gene deserts can contain distant, dispersed regulatory sequences for
adjacent genes.
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Homozygosity for a Dominant-negative Type | Collagen Mutation Attenuatesthe Type |V Ol Phenotype of the
Heter ozygous Brtl Mouse: Insight into Disease M echanism. J.C. Marinil, S Leikin?, C. Bergwitz!, T.E. Uveges!,

K.M. Kozoff3, A. Forlinol, N.V. Kuznetsova?, SA. Goldstein®, G. GronowicZ*. 1) BEMB, NICHD/NIH, Bethesda, MD;
2) Sect Phys Biochem, NICHD/NIH, Bethesda, MD; 3) 30rtho Res Labs, U Mich, Ann Arbor, Ml; 4) 4U Conn Health
Ctr, Farmington, CT.

The Brtl mouse is a dominant-negative model for type IV osteogenesis imperfecta (Ol) caused by aglycine
substitution (G349C) knocked-into one col1al allele. This study characterizes the novel genetic situation in which
homozygosity for a dominant mutation (Brtl/Brtl) attenuates the heterozygous phenotype. Given the 30% perinatal
mortality and moderately severe bone disease of surviving Brtl/+ mice, we expected homozygosity to be lethal.
Surprisingly, perinatal survival for Brtl/Brtl was equal to WT and their weight at 2 mos was intermediate to WT and
Brtl/+. Brtl/Brtl skeletal staining revealed decreased osteoporosis, less flared thorax and fewer intrauterine rib fractures
compared to Brtl/+. Brtl/Brtl 1 fibroblasts synthesize only mutant 1(I) mRNA and virtually all 1 chains form disulfide-
linked homodimers. Brtl/Brtl procollagen is efficiently secreted from cells and well-incorporated into matrix while

Brtl/+ demonstrates selective secretion of the mutant collagen. Type 1 collagen containing one 3°S Cys mutant 1(1)
chain is selectively retained by Brtl/+ cells with only 30-50% of these heterotrimers secreted into media. Thisresultsin
decreased collagen levelsin Brtl/+ matrix. In vivo collagen molecules with one mutant chain are deficient in Brtl/+ skin
and lung. Bone strength and histology of Brtl/Brtl femurs were studied. Areal and vBMD are normal in Brtl/Brtl while
femoral cross sectional area, trabecular thickness, and BV/TV are intermediate between Brtl/+ and WT. Brtl/Brtl femurs
withstand normal loading to fracture and are less brittle than Brtl/+. Histomophometry at 2 moswas similar in al
genotypes. The attenuated bone phenotype in Brtl/Brtl, as compared to Brtl/+, suggests several potential mechanisms of
OlI: the direct dominant negative effect of mutant type | collagen, the extent of matrix insufficiency, and potential
detrimental interactions between reactive-SH moieties and non-collagenous proteins.
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Toxic effects of expanded polyalanine repeatsin Drosophila. D.C. Rubinsztein!, Z. Berger!2, J.E. Davies!, C.J.

O'Kane?. 1) Medical Gen, Cambridge Univ, Cambridge Inst Medical Res, Cambridge, United Kingdom; 2) Department
of Genetics, Cambridge University, CB2 3EH, UK.

The expansion or duplication of polyalanine repeats is the primary mutation causing at least 9 diseases. In one of these
diseases, oculopharyngeal muscular dystrophy, polyal anine expansions in the polyadenine binding protein 2 (PABP2)
lead to the formation of intranuclear aggregates similar to those seen in polyglutamine diseases. Expression of
polyal anine expansions has been previously shown to form aggregates and cause toxicity in mammalian cells,
independent of the protein context. In order to study the effects of polyalanine expansion mutations in vivo, we have
generated a Drosophila model expressing nuclear-targeted green fluorescent protein tagged with short and long
polyalanine tracts. Expanded alanines form aggregates in vivo and cause toxic effects when expressed in a variety of
different tissues in Drosophila. The pathogenic effects are alleviated by the aggregation inhibitor Congo red. These data
suggest that the toxicity of polyalanine expansionsis at least partially associated with their tendency to aggregate.
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Determinants of CAG/CTG repeat instability: Identification of cis-acting elements and trans-acting factors. RT.

Libby®, K.A. Hagerman?3, SL. Baccam!, C.E. Pearson®3, A.R. La Spadal*®. 1) Dept of Lab Medicine, Univ
Washington Med Citr, Seattle, WA; 2) Program of Genetics & Genomic Biology, Hospital for Sick Children, Toronto,
ON, Canada; 3) Dept of Molecular & Medical Genetics, University of Toronto, Toronto, ON, Canada; 4) Division of
Medical Genetics, Dept of Medicine, Univ Washington Med Ctr, Seattle, WA; 5) Division of Neurogenetics, Dept of
Neurology, Univ Washington Med Ctr, Seattle, WA.

Mouse models of CAG/CTG trinucleotide repeat expansions have provided useful clues asto the factors that control
repeat instability. We focused our studies on the spinocerebellar ataxiatype 7 (SCA7) CAG/CTG repeat, as expanded
SCAT7 repeats display marked instability with a dramatic propensity for expansion in humans. Our analysis of SCA7
transgenic mice has revealed that genomic context is an important determinant of repeat instability: The human DNA
region 3' of the SCA7 CAG repeat isrequired for instability in transgenic mice, as its deletion abrogates instability. One
intriguing motif within the SCA7 locus 3' region is a binding site for CTCF, a DNA-binding protein with avariety of
regulatory functionsthat likely stem from its ability to modulate DNA structure upon binding. Multiple disease loci
associated with unstable CAG/CTG repeats, including HD, SCA2, SCA3 and DM1 contain adjacent CTCF binding
sites. To test the hypothesis that CTCF binding is a determinant of CAG/CTG repeat instability, we mutated the CTCF
binding site 3' of the SCA7 (CAG)92 repeat in a13.5 kb SCA7 genomic construct (RL-SCA7 92R) previously shown to
produce marked repeat expansions in transgenic mice. After demonstrating that the resulting construct (RL-SCA7 92R
CTCF-) had lost its ability to bind CTCF, we used it to derive transgenic mice. Independent lines of RL-SCA7 92R
CTCF- mice display asignificant reduction in CAG/CTG repeat instability upon intergenerational transmission. These
results suggest that an intact CTCF binding site is required for repeat instability at the SCA7 locus.
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Genetic deter minants of quantitative variation in human long- and middle-wave photor eceptors. S Deeb?, T.

Kutyavin?, A. Shafer2, M. Hawrylycz, J. Samatoyannopoulos?. 1) Dept Medicine/Med Genetics, Univ Washington,
Seattle, WA; 2) Dept of Molecular Biology, Regulome, 551 N 34th St, Seattle, WA 98103.

The human retina contains three classes of cone photoreceptors, the short-wave (S), middle-wave (M) and long-wave
(L) sensitive cones that allow trichromatic color vision. The genes encoding the L (OPN1LW) and M (OPN1IMW)
pigments are tandemly arrayed on the X-chromosome, where one L gene isfollowed by a variable number of M genes,
of which only thefirst isfunctional. The L:M cone ratio in the retina varies widely (>10-fold) between individuals, and
is strongly correlated with the ratios of OPN1LW:OPN1IMW mRNA. We hypothesized that such variability results from
genetic variation in cis-acting regulatory elements. To identify such elements comprehensively, we applied a novel
technique - Quantitative Chromatin Profiling - in the context of human retinoblastoma cells (WERI)to effect high-
resolution localization of functional non-coding elements throughout a 35kb region encompassing the OPN1LW gene
and 20kb of upstream sequence. We readily identified the OPN1LW promoter and the previously described LCR, and
show that the latter in fact comprises two distict elements which are differentially affected by previously described
deletions that give rise to blue cone monochromacy. We also identified a novel element further upstream from the LCR,
aswell asonein the distal 4th intron of OPN1LW. We then resequenced the four upstream elements (OPN1LW
promoter, proximal LCR element, distal LCR element, novel upstream element) in 31 males for whom the L:M mRNA
ratios had been accuratly determined in retinal samples. Surprisingly, the promoter and LCR elements lacked sequence
diversity, effectively eliminating primary lesions in these elements as the cause of interindividua variability in the L:M
MRNA ratio. By contrast, we show that variation in the novel upstream element we identified is significantly associated
with high L:M ratios (p<0.0078). The results provide insight into the mechanism of L and M gene regulation and
suggest ageneral strategy for dissection of quantitative traits linked to specific candidate loci.
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SL C19A3 encodes a novel transporter. W. Zeng, J.F. Gusella. Molecular Neurogenetics Unit, Massachusetts General
Hospital, Harvard University, Charlestown, MA 02129.

Biotin-responsive basal ganglia disease (BBGD) is a autosomal recessive disorder characterized as early onset of a
subacute encephal opathy with confusion, dysarthria and dysphagia, then progress to severe cogwhesl rigidity, dystonia
and quadriparesis. We have mapped the BBDG gene to 2036.3 and identified two missense mutations in this gene,
which has also been named SLC19A3. In order to examine the SLC19A3 protein for its normal function, we use
expression constructs using SLC19A3 cDNAs and transfect into cultured cells. [3H] labeled biotin and [3H] thiamine,
[14C] pantothenate, [3,5,7,9-3H] folic acid, D-[14C] pyridoxine and [3,5,7-3H] methotrexate have been used for uptake
assay's based on published procedures. Comparison of biotin and thiamine uptake capacity with normal S.C19A3 and
mutant, empty vectors showed a significantly higher uptake capacity in normal S_.C19A3 transfected cells. Confocal
microscopy using V5 monoantibody reveals the SLC19A3 protein localizing on cell plasma membrane. These findings
indicate that S_LC19A3 coding a novel membrane protein capable of transporting two substrates: biotin and thiamine.
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Association of the Organic Cation Transporter (OCTN) SLC22A4 and SL C22A5 geneswith Psoriatic Arthritis.

A. Barton, P. Hol, J. Bowesl, S Eyrel, B. Newman?, I. Brucel, A. Siman?, J. Worthington®. 1) ARC-EU, Univ
Manchester, Manchester, United Kingdom; 2) Academic Dept of Medical Genetics, Univ Manchester, United Kingdom.

Two recent studies of complex diseases, Crohns disease (CD) and rheumatoid arthritis (RA), have reported association
to genes mapping to the cytokine gene cluster on 5g31. In particular, afunctional single nucleotide polymorphism
(SNP) mapping to intron 1 of the OCTN1 (SLC22A4) gene has been associated with RA (1) whilst a haplotype of a
different SNP in the same gene and one in an adjacent gene, OCTN2 (SLC22A5), has been associated with CD (2). As
patients with CD have an increased risk of developing psoriatic arthritis (PsA) and because joint inflammation is
common to both RA and PsA, we hypothesized that polymorphism in the OCTN gene cluster may also be important in
the aetiology of PsA. We, therefore, investigated the association of 10 SNPs spanning the SLC22A4 and SLC22A5
genesin 471 Caucasian PsA patients and 605 population controls using 5 alelic discrimination assays (Tagman, ABI).
Allele and haplotype frequencies, estimated using the EM algorithm, were compared between PsA patients and controls.
Genotypes for all cases and controls were in Hardy-Weinberg equilibrium. Using single-point analysis, 2 SNPs
(rs3763112 mapping to SLC22A4 and rs2631367 mapping to SL C22A5) were significantly associated with PsA (p =
0.0074 and p = 0.0008, respectively). Furthermore, a haplotype of 2 adjacent SNPs (rs1050152 and rs2631367) was
strongly associated with PsA (p=0.00025). Interestingly, this is the same haplotype as is associated with CD, and has
been shown to alter OCTN transcription and transporter function. In conclusion, a strong association to afunctional
hapl otype of SNPs across the SLC22A4/5 locus implicates arole for these genes in susceptibility to PsA. Given that CD
and PsA occur together more than would be expected by chance alone, the fact that the same haplotype has now been
associated with both conditions suggests that common pathways may underlie these inflammatory diseases.
Refs:1.Tokuhiro Set a. Nat Genet 2003; 35: 341-8. 2.Peltekova VD et al. Nat Genet 2004; 36: 471-5.
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A risk haplotypein the SL C22A4/SL C22A5 gene cluster influences phenotypic expression of Crohn's disease. W.

Newman®2, X. Gu, RF. Wintle?, D. Cescon?, V.D. Peltekoval®, M. van Oene?, C.I. Amos3, K.A. Sminovitchl4. 1)
Samuel Lunenfeld and Toronto General Research Institutes, Mount Sinai Hospital and the University Health Network,
Toronto, Canada; 2) Academic Department of Medical Genetics, St Mary's Hospital, Manchester, UK; 3) Department of
Epidemiology, University of Texas, MD Anderson Cancer Centre, Houston, Tx; 4) Ellipsis Biotherapeutics
Corporation, Toronto, Canada.

Previously we identified two functionally-relevant polymorphismsin the SLC22A4 and SLC22A5 genes at the IBD5
locus which alter gene/protein function and comprise atwo allele haplotype (SLC22A-TC) associated with increased
risk for Crohns disease. We examined the contribution of this susceptibility haplotype alone and in combination with
CARD15 to Crohns disease subphenotypes and to susceptibility to ulcerative colitis.

Phenotype-genotype associations were evaluated in a Canadian cohort including 507 Crohns disease, 216 ulcerative
colitis and 487 ethnically-matched controls genotyped for the SLC22A4 1672 C>T, SLC22A5 -207G>C and the major
Crohns disease-associated CARD15 variants. The SLC22A-TC haplotype was strongly associated (p<0.0001) with
Crohns disease in the non-Jewish subgroup of this cohort and the combination of SLC22A-TC homozygosity and one or
more of the common CARD15 disease susceptibility alleles engendered a7 fold increase in risk for Crohns disease (p =

9 x 108) and a4 fold increase in risk for ileal disease (p = 0.001). The risk haplotype showed only a suggestive
association with Crohns disease in the Jewish subgroup and no association with ulcerative colitis in the cohort or in
subgroups stratified by CARD15 genotypes. The SLC22A-TC haplotype acts together with CARD15 disease
susceptibility allelesto increase risk for Crohns disease and ileal disease anong Crohns patients, but does not contribute
to risk for ulcerative colitis in this Canadian cohort. The association of the SLC22A-TC haplotype and CARD15 alleles
with ileal disease suggests that these variants have biologically intertwined effects in Crohns disease pathogenesis.
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Variation within NOS2A and susceptibility to multiple sclerosis (M S). J.R. Oksenberg?, L.F. Barcellos? 1, G.

McNeill2, SJ. Caillierl, S Schmidt3, B.A. Creel, M.A. Pericak-Vance®, J.L. Haines®, SL. Hauser®. 1) Dept Neurology,
UC San Francisco; 2) School of Public Health, UC Berkeley; 3) Center for Human Genetics, Duke University; 4) Center
for Human Genetics Research, Vanderbilt University.

A large body of research supports acomplex etiology in MS involving genetic contributions from both HLA and non-
HLA loci. Our recent analysis of four polymorphisms located within NOS2A on ch.17g11 in 427 Caucasian-American
families (1706 individuals, 427 affecteds) and an African-American case-control data set (442 and 292, respectively)
revealed significant evidence for both single locus and extended haplotype disease associations (Ann Neurol
55:793;2004). This effect was most prominent in HLA-DR2 positive families. Extensive re-sequencing of NOS2A (27
exons and promoter region) in 20 individualsidentified 39 additional variants. Pairwise measures of linkage
disequilibrium were calculated across NOS2A revealing varied patterns of association. We selected four informative
promoter SNPs (positions: -2477, -1026, -954, -277) for further study in the M S datasets. Disease associations were
present for -277 -1026 and -2447 in the Caucasian-American families (p=0.003, 0.01, and 0.005, respectively), and for
-954 in the African-American dataset (p=0.005). Haplotype analyses were extended to include the four original
polymorphisms and the new promoter SNPs. The strongest evidence for over-transmission was observed for NOS2A
hapl otypes comprised of -1026, TAAA, -277, (p=0.0004), TAAA, -277, exon10 (p=0.0003) and -277, exon10, exon16
(p=0.0013) polymorphisms in the Caucasian families. In addition, we aso performed linkage analysisin 184 multicase
MS families (1104 individuals; 464 affecteds) for the NOS2A polymorphisms and seven flanking microsatellites. Our
results revealed evidence for linkage to NOS2A only (HLOD=2.4), and were also restricted to HLA-DR2 positive
families (HLOD=2.7). These findings provide strong support for both linkage and association to a new candidate
disease gene on ch.17g11 in MS, and suggest that variation within NOS2A contributes to disease susceptibility, and
may also interact with HLA-DR.
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Modeling the effects of HLA-DR and -A loci in multiple sclerosis (M S) familiesreveals a complex genetic
contribution to susceptibility. L.F. Barcellos-8, J.M. Penko?, G. McNeill1, S Sawcer2, A. Compston?, A.B. Begovich?,

S Schmidt?, M.A. Pericak-Vance®, J.L. Haines®, SL. Hauser®, J.R. Oksenberg®. 1) School of Pub Hith, UC Berkeley; 2)
Univ of Cambridge, UK; 3) Roche Molecular Systems, Alameda, CA; 4) Center for Human Genetics, Duke Univ; 5)
Center for Human Genetics Research, Vanderbilt Univ; 6) Dept Neurology, UC San Francisco.

The underlying etiology of MS is unknown, involving both genetic and environmental contributions. In arecent study
of HLA-DR genotypesin 549 Caucasian American families, we demonstrated a dose effect of DR2 on diseaserisk. In
these families, genotypes with one or two copies of DR2 conferred, respectively, 2.7 and 6.7 fold risks as compared to
DR2-negative genotypes (AJHG 72:710;2003). Additional reports have suggested that DR3, aswell as genesin the
HLA class| region may also contribute independently, or in combination, respectively, with the HLA-DR2 associated
susceptibility to MS. We performed similar analyses in an independent dataset of 492 M S families recruited in the UK.
All family members were categorized by disease status and HLA-DR2 genotype (DR2/DR2, DR2/DRX and DRX/DRX,
where X denotes other DR alleles), and analyzed using CLR modeling. Results for observed risks conferred by DR2/2

and DR2/X in the UK dataset were very similar to our previous report (OR=7.5, p<10™4 and OR=3.4, p<107%,
respectively), confirming a dominant dose effect (DR2/DR2 vs. DR2/X, OR=2.2, p=0.0003). Similarly, a dose effect
was al so detected for DR3 in the combined UK/US dataset (3856 individuals; 1300 cases); however, in contrast to DR2,
the risk conferred by DR3 appears to be recessive, with two copies (DR3/DR3) increasing risk 2.0 fold (p=0.009)
compared to no risk for DR3/DRX individuals (OR=0.9, p=ns). A comparison to DR2/DRX, of risk conferred by the
DR2/DR3 genotype, further demonstrates that one copy of DR3 has no effect (OR=1.3,p=ns). Modeling of cisand trans
effects of HLA-DR and -A loci in 472 Caucasian American families also indicates that particular genotypic
combinations comprised of both loci confer greater disease risk. These results underscore the importance of considering
mode of inheritance for genetic studiesin complex diseases.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 21 from the 2004 ASHG Annual Meeting

The Haplotype HL A-B*(0700, DRB1* 1501, DQA1*0102, DQB1*0602 Augmentsthe Risk for the Development of
ASin Addition to HLA-B27. L. Jin, G. Zhang®, M.H. Weisman?, J. Bruckel3, H.R. Schumacher®, M.A. Khan®, RB.

Inman®, W.P. Maksymowych’, T.M. Martin, D.T.Y. Yu?, J.T. Rosenbaum®, J.D. Reveille?. 1) Dept Environmental
Health, Univ Cincinnati, Cincinnati, OH; 2) UCLA, Los Angeles, CA; 3) The Spondylitis Association of America,
Sherman Oaks, CA; 4) The University of Pennsylvania, Philadelphia, OR; 5) Case Western Reserve University,
Cleveland, OH; 6) The University of Toronto, Toronto, ON, Canada8The; 7) The University of Alberta, Edmonton, AB,
Canada; 8) Oregon Health & Science University, Portland, OR; 9) The University of Texas-Houston Health Science
Center, Houston, TX.

The overwhelming influence of HLA-B27 has proven a confounder in determining the contribution of other MHC
genes to susceptibility to AS. Other studies also suggested that the HLA-B7 Cross Reactive Group(B7, B22(B55),
B22(B56), B40 and B42) further influences susceptibility to AS. In order to clarify whether there exist other MHC loci
or other allele(s) besides HLA-B27 associated with AS, we developed a model free conditional TDT analysis method to
remove the effects of known causal allele(s)(i.e.HLA-B27). All patients met modified New Y ork Criteriafor AS (1984).
MHC class | genotypes were determined by SSCP typing and class 1 alleles by oligotyping, with high resolution DRB1
typing by sequence analysis. The parents carrying HLA-B27 were removed in counting the number of transmissions.
HLA-B* 2705 was strongly associated with AS (p=10-35). After applying Bonferroni's correction only two other MHC
alleles showed significant negative associations (HLA-B* 1800-pc=0.005 and B* 4400-pc=0.0009) After conditioning on
the presence of the two major B27 alleles (* 2705 and *2702), no individual HLA-B, DRB1, DQA1, DQB1 or DPB1
alleles were significantly associated with AS after Bonferroni's correction. Further multi-locus TDT analysis following
the same conditional schema revealed one MHC haplotype to be highly unbalanced in transmission. Such unbalance
was not observed in other HLA-DRB1 haplotypes containing HLA-B*0700. These results suggest the haplotype HLA-
B*0700, HLA-DRB1* 1501, DQA1*0102, DQB1*0602 augments the susceptibility to AS.
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Genetic dissection of Selenoprotein Sreveals a quantitativetrait nucleotide variant influencing plasma levels of
pro-inflammatory cytokines. J. Curran, K. Elliott!, J. Jowett!:2, Y. Gao®, K. Gluschenko!, G. Cai?, A. Comuzze®, T.

Dyer?, K. Walder23, P. Zimmet!2, G. Collier®3, A. Kissebah®, J. Blangero®4. 1) International Diabetes Institute,
Caulfield, Au; 2) AGT BiosciencesLTD, Victoria, Au; 3) Metabolic Research Unit, Deakin University, Geelong, Au; 4)
Southwest Foundation for Biomedical Research, San Antonio, TX; 5) Medical College of Wisconsin, WI.

Recent studies heightened the importance of circulating cytokines in the pathogenesis of the metabolic syndromes
chronic complications including diabetes and CVD. We recently identified Selenoprotein S (SELS) as a candidate
influencing the pro-inflammatory events. SELS (formerly Tanis) was identified by differential gene expression in
Psammomys obesus, a polygenic animal model of the metabolic syndrome. SELSislocated on human chromosome
15026.3, aregion containing QTLs influencing pro-inflammatory disorders. To comprehensively assess the role of SELS
genetic variation in inflammation, we resequenced 9.2kb of the gene identifying 13 SNPs and genotyped these in 522
individual s distributed over 92 families. Asindicators of inflammation, we measured plasma levels of three pro-
inflammatory markers (IL-6, IL-1 and TNF-). Bayesian quantitative trait nucleotide analysis revealed strong
associations between genetic variation in SELSand all three cytokines. Four polymorphisms showed a significant
association with these cytokines. In particular, one promoter polymorphism exhibited strong evidence for amajor
association with IL-1 levels (p=0.000016), IL-6 levels (p=0.0005), and TNF- levels (p=0.00089). We estimated a
posterior probability of 0.94 that this variant is of direct functional consequence (or is highly correlated with a
functional variant). To confirm our statistical prediction, we performed molecular functional analysis of this
polymorphism. Results revealed this variant altered promoter activity and SELS expression when cells were exposed to
ER stress agents (p=0.00006). These results suggest that SELS plays a direct functional role in mediation of the pro-
inflammatory processes and consequently chronic complications of the metabolic syndrome.
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Gene-by-geneinteraction effectson asthma: results of a genome-wide ordered subset linkage analysis. D. Meyers,
L.A. Lange, J. Xu, E. Bleecker, The Collaborative Sudy on the Genetics of Asthma (CSGA). Ctr Human Genomics,
Wake Forest Sch of Med, Winston Salem, NC.

Linkage analyses have shown inconsistent results for asthmain different populations, possibly due to epistatic
effects(gene-gene interaction). Ordered subset analysis(OSA) (Hauser 2004) is a powerful new approach that may be
used to determine if linkage at one location is independent of linkage at another. A genome-wide scan for asthma
susceptibility has been performed on families in the NHL BI-funded Collaborative Study on the Genetics of
Asthma(CSGA) (Xu 2001). 144 Caucasian families and 107 African-American families were ascertained through two
sibs with asthma. We have performed a genome-by-genome OSA using the CSGA data. There was significant evidence
for interaction between regions previously reported in genome scans, but not necessarily in the CSGA. The highest lod
difference (the difference between the conditional, obtained by subsetting conditional on the reference location, and
unconditional lod scores) in Caucasians was for chromosome 2 at 60.4cM conditional on 14 at 16.7cM
(lod=4.21;p=0.0005) and for chromosome 15 at 65.4cM conditional on 5 at 30cM in African-Americans
(lod=3.79;p=0.0001). For OSA, the p-valueis the estimated significance obtained when testing the null hypothesis that
the evidence for linkage at the target region is independent of the evidence for linkage at the reference region. The
second highest lod difference both in the African-American and Caucasian families was for chromosome 20p
conditional on chromosome 6 in the African-Americans (lod =3.63;p<0.0005) and conditional on chromosome 8 in the
Caucasians (lod=4.19;p=0.0002). The 20p linkage isin the region of the asthma susceptibility gene, ADAM33
(VanEerdewegh 2002; Howard 2003), which has been replicated in a CSGA case-control population (Howard 2003).
Identifying regions where evidence for linkage is not independent facilitates subsetting pedigrees into more
homogenous groups, and should increase overall power to detect linkage at the target location. These results suggest that
epistatic effects from previously identified chromosomal regions may contribute to asthma susceptibility.
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CD14 polymor phisms and endotoxin exposur e interact in the development of aller gic sensitisation. S John?, A.

Custovic?, F. Juryl, A. Woodcock?, R. Niven2, W. Ollierl, A. Smpson?. 1) CIGMR, Univ Manchester, United Kingdom:;
2) North West Lung Centre, Univ Manchester, United Kingdom.

Introduction: High exposure to endotoxin in the home is associated with reduced risk of allergic sensitisation. CD14 is
areceptor for endotoxin, and a promoter polymorphism in the CD14 gene at position -159 (C to T) is associated with
more severe allergy. Within the setting of an unselected birth cohort study, we investigated whether polymorphismsin
CD14 interact with endotoxin exposure in modifying the risk of allergic sensitisation at age 5 years. Methods. 442
children were genotyped for the SNP at position 159 in CD14. We measured specific IgE to mite, cat, dog, grass, egg,
milk and peanut and defined sensitisation as IgE>0.2 kU/L to at least one allergen. Endotoxin levels were measured in
dust samples collected from homes, and the results expressed as total endotoxin recovered (EU/m2). Data were analysed
using logistic regression. Results: Genotype frequencies were consistent with other populations (TT 25%;, CT 47%;, CC
28%;) and in Hardy-Weinberg equilibrium. The frequency of allergic sensitisation was 33% and was hot associated with
CD14 genotype (p=0.40). Endotoxin exposures covered a wide range (0.01-544,748 EU/m2). For the whole population,
increasing endotoxin exposure was associated with a decreased risk of sensitisation (ODDS ratio 0.85 95%; confidence
interval (Cl) [0.76-0.95], p=0.005). However, for the TT and CT genotypes, there was no association between endotoxin
exposure and sensitisation (ODDS 0.95 CI [0.71-1.23], p=0.71 and ODDS 0.90 CI [0.77-1.04], p=0.16 respectively). In
children with the genotype CC, increasing endotoxin exposure was associated with a marked and significant reduction
in therisk of allergic sensitisation (ODDS 0.70 CI [0.55-0.89], p=0.004. Conclusions: Increasing endotoxin exposuresis
associated with areduced risk of allergic sensitisation, but only in children homozygous for the C alele in the SNP 159
in CD14. With respect to the design of intervention studies aimed at prevention of sensitisation, only individuals with
CC genotype at position 159 in CD14 may benefit from high exposure to endotoxin.
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Identification and Analysis of Polymor phismswithin CFALR, CASP10, and CASP8: Association with Asthma
and Related Phenotypes. A.K. Smith, L.A. Lange, E.J. Ampleford, D.A. Meyers, E.R. Bleecker, T.D. Howard. Ctr
Human Genomics, Wake Forest Univ Sch Med, Winston-Salem, NC.

Asthmais a complex disease characterized by bronchial hyperresponsiveness (BHR), inflammation, and intermittent
airway obstruction, which occurs as aresult of the interaction between host susceptibility and environmental exposures.
CFALR, Caspase 10, and Caspase 8 are clustered in aregion on chromosome 2q which has been linked to asthma-
related phenotypes in multiple studies. They are integral in the regulation of the immune response because of their
involvement in eliminating activated T cells after initial expansion, thereby protecting against autoimmunity. We have
performed association studies with novel and previously identified polymorphisms throughout these genesin three
ethnically diverse asthma populations - African Americans (168 cases, 269 controls), US Caucasians (233 cases, 245
controls), and US Hispanics (116 cases, 130 controls). Asthma and total serum IgE levels were examined in both cases
and controls while PCy (the methacholine concentration that causes a 20% fall in pulmonary function measured by

FEV ) and FEV1/FVC ratio were examined in cases only. Associations in each population were observed with asthma
(p = 0.0064-0.027), PCyq (p = 0.0004-0.041) total serum IgE levels (p = 0.0039-0.046), and FEV1/FVC rétio (p =
0.0003-0.048). Estimated haplotypes in each population were also associated with asthma (p = 0.007-0.038), PCyq (p =
0.001-0.037), total serum IgE levels (p = 0.001-0.034) and with FEV 1/FVC ratio (p = 0.00049). The majority of the
single SNP and haplotype associations were in or near CASP10, suggesting its importance in these phenotypes.
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The SERPINE2 geneis associated with Chronic Obstructive Pulmonary Disease. D.L. DeMeo', T. Mariani?, C.
Lange3, A. Litonjual, J. Celeddn?, J. Reilly?, H.A. Chapman?, D. Sparrow®, B.H. Mecham?, S. Srisuma?, A. Spira®, J.

Beane®, V. Pinto-Plata’, F.E. Seizerl, S Shapiro?, ST. Weisst, E.K. Slvermant2. 1) Brigham & Women's
Hospital,Channing Laboratory, Boston, MA; 2) Brigham & Women's Hospital, Dept Medicine,Pulmonary Division,
Boston, MA; 3) Harvard School of Public Health, Boston, MA; 4) U of Californiaat San Franscisco, Div Pulmonary &
Critical Care, San Francisco,CA; 5) Veterans Affairs Medical Center, Boston, MA; 6) Boston University Medical
Center, Boston, MA; 7) St. Elizabeth's Hospital, Boston, MA.

Innovative approaches are crucial for identifying novel susceptibility genes for complex diseases. We integrated
results from murine and human gene expression microarray studies of lung tissue with whole genome scan linkage
results to select a candidate gene (SERPINE2) for investigation in chronic obstructive pulmonary disease (COPD).
SERPINEZ islocated on chromosome 2g33-35, a genomic region linked to COPD phenotypes.We genotyped 18 SNPs
in SERPINEZ2 and performed association analysis with spirometric phenotypesin 127 severe, early-onset COPD
pedigrees in the Boston Early-Onset COPD Study. Using the family-based association test implemented in PBAT, we
observed significant association of quantitative COPD phenotypes and five SNPsin SERPINEZ2 (p ranging between
0.0002 and 0.05). With models including a gene-by-smoking interaction term we observed significant association of
COPD phenotypes with eight SERPINE2 SNPs (p ranging between 0.0001 and 0.02).Association of three of these eight
SERPINE2 variants was replicated in a case-control association analysis of COPD cases from the National Emphysema
Treatment Trial and smoking controls with normal spirometry from the Normative Aging Study; two additional SNPs
demonstrated atrend for association. Using expression array analysis we have prioritized candidate gene selection, and
we have demonstrated association and replication of association of SERPINEZ as a potential COPD susceptibility gene.
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A 100 kb region in 3g13.31 is significantly associated with coronary artery disease: the power of genome-wide
linkage combined with peak-wide association analysis. J. Vancel, L. Wang!, C. Haynes!, L. Huang!, S Gregory?, W.

Kraus'?, E. Hauser!, P. Goldschmidt!?2, GENECARD and AGENDA Investigators. 1) Center for Human Genetics,; 2)
Department of Medicine and Division of Cardiology, Duke University Medical Center, Durham, NC.

Epidemiology studies suggested that coronary artery disease (CAD) has a strong genetic component. A genome wide
screening in 420 families with early-onset CAD disease (GENECARD study) found significant linkage evidence
(multipoint lod score=3.5) in chromosome 3g13 spanning over 60 mega bases. Our goal isto narrow the critical region
and identify genetic variants conferring susceptibility to CAD. Systematic association analysis using single nucleotide
polymorphism (SNP) was performed in case-control sets from the CATHGEN study. Subjects were selected based on
their CAD index (CAD:i), avalidated angiographical measure of the extent of CAD. CATHGEN included 301 young
affected (YA: age55, CADi>32), 168 older affected (OA: age>55, CADi>74), and 204 controls (ON: age >60,
CADI<23). We took atwo-stage approach: a preliminary screening in pooled DNA followed by individual genotyping
around significant markers at higher density to define the boundaries of the linkage disequilibrium (LD) block. Initia
screening of 16 SNPs by DNA pooling revealed that the frequency of the G allele of rs1875518 is significantly higher in
OA than ON (OA-ON=12.2%, p=0.001), which is confirmed by individual genotyping (OA=57.2%; ON=45.5%).
Additional genotyping around rs1875518 defined an LD block extending ~100 kb that is highly associated with OA in
Caucasians. Moreover, preliminary evidence supports the association of this block in the GENECARD probands versus
Cathgen ON. Finally, we identified a novel microsatellite marker (3M0238) within the block, which breaks the LD and
formed a significant risk haplotype (P<.005) with rs1875518: rs1875518 G-3M0238 253 istwice as prevalent in OA
(21.39%) asin ON (11.39%). In conclusion, we identified a 100 kb region in 3q13.31containing genetic susceptibility
for CAD. Our data suggest that carriers of rs1875518 G-3M0238 253 are at higher risk of developing CAD.
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LD based GWSfor Crohn's Susceptibility Genes using the Quebec Founder Population. J. Raelson!, P. Croteaul,
D. Ballinger?, H. Fournier, N. Laplantel, Q. Nguyen Huul, B. Paquint, R. Allard!, R. Paulussent, J-M. Vidall, R.

Govindarajul, J. Hooperl, G. te Meermand, D. Cox2, M. Belouchil. 1) Galileo Genomics, Ville St-Laurent (Montreal),
PQ, Canada; 2) Perlegen Sciences, Mountain View, CA; 3) University of Groningen, Netherlands.

A linkage disequilibrium (LD) based genome wide scan (GWS) for Crohn's disease genes was performed using 1500
individuals of French Canadian descent (500 trios) from the Quebec Founder Population (QFP). All individuals were
genotyped for 248,000 SNP markers (average gap size, 15 kb) for atotal of 372 million genotypes. Cases were either
affected children (365 trios), for which parental non-transmitted chromosomes were used as controls, or affected parents
(135 trios), for which spousal chromosomes served as controls. Phase and hapl oty pe frequencies were deduced from trio
genotypes with ambiguities resolved using the E-M agorithm. Case-Control association analysis for single markers and
for multi-marker haplotypes was performed using a proprietary algorithm (LDSTATS). Two previously published
Crohn's genes, NOD2/CARD15 (- log10 P value for best single marker association = 6.6; - 10g10 P for best 9 marker
haplotype = 7.6) and OCTN/SLC22A4-5 (- log10 P for best single marker = 5.2; - log10 P for best 9 marker haplotype =
6.2) aswell asover 10 additional disease associated candidate loci (- log10 P > 6.0 for 9 marker haplotypes), each
narrow enough to contain 1 - 4 genes, were identified. Fine mapping in the NOD2 region at adensity of 1 SNP per kb
resolved the peak to aregion of less than 20 kb containing the P268S mutation previously associated with Crohn's.
Statistically significant LD was observed over distances ranging from 200 to over 1500 kb in differnt regions. Individual
genotype data was used to make a fine scale recombination map accross the entire genome in order to develop a marker
map reflecting the LD in the QFP (the Quebec LD Map) for usein future GWSs.
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Genomewide scan for epistasisin multiplex nonsyndromic cleft lip with or without palate families. B.S Maher?,

T.H. Goldstein!, M.E. Cooperl, M.A. Mansilla2, S Daack-Hirsch?, M.L. Maraztal, J.C. Murray?. 1) Univ Pittsburgh;
2) Univ lowa.

Nonsyndromic cleft lip with or without palate (CL/P) is one of the most common congenital anomalies affecting
approximately 1 in 1000 live births. Although the inheritance of CL/P is believed to be complex in nature, much recent
progress has been made in understanding some specific contributions of genes or genomic regions. Complex
phenotypes, like CL/P, are likely due to the interaction of several genes. Recently, linkage methods for detecting
epistasis have been developed, refined and discussed at length in the literature. As an approach for assessing gene-gene
interactions in 220 (1676 genotyped pedigree members, 567 affected) Filipino multiplex CL/P families, we utilized a
model-free linkage analysis method to assess multipoint linkage across 373 10 cM genome scan markers with the
inclusion of 37 markers at candidate loci as covariates. The general conditional logistic model for linkage analysis
(Olson, 1999) allows for the inclusion of covariates and all affected relative pair types in large multiplex pedigrees.
Multipoint linkage parameters were first estimated under the base model (i.e. no covariates), then the genome scan
analysis was repeated for each candidate locus as a covariate. Regions in which the LOD score with a covariate was
significantly increased versus the base model are presumably regions with genes that interact with the candidate |ocus
(covariate). To address concerns that the behavior of the test statistic when applied to large multiplex familiesis
influenced by both family and marker characteristics, we performed genomewide simulations to determine the null
distribution of the test statistic when no disease locus is present. Evidence for a genomewide-corrected significant
interaction was detected between D15s816 (15026.2) and a SNP in the WRN gene (p=0.0001). Additional moderately
significant interactions were detected between markers at 621 and two candidate genes (M SX 1: p=0.0005 and PTCH:
p=0.0003), between 16g12.1 and NRG (p=0.0002), and between 1923-g31 and ROR2. Grant support: CIDR NO1-HG-
65403; SR01DE008559.
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L od score and MCMC methods applied to a complex trait: LDL size. G.P. Jarvik, M.D. Badzioch, RP. Igo, F.
Gagnon, J.D. Brunzell, RM. Krauss, A.G. Motulsky, E.M. Wijsman. University of Washington, Seattle, WA, USA.

Low density lipoprotein (LDL) size is associated with vascular disease and with familial combined hyperlipidemia
(FCHL). We used 1 and 2 marker lod score and whole chromosome multipoint Bayesian Markov chain Monte Carlo
(MCMC) oligogenic linkage analysis methods for a 10 cM genome scan of LDL peak particle diameter and adjusted for
age, sex, body mass index, and triglycerides (PPD aqyt), in 4 large families with FCHL (N=185). Complex segregation
analyses (CSA) found a codominant PPD g, model with the portion of the total variance attributable to the major locus
(Vg/Vt) =0.6, vs. 0.36 without triglyceride (TG) adjustment. CSA models were used for the lod score analyses. MCMC
analyses used joint segregation/linkage analyses with an oligogenic model. We identified significant evidence of
PPD 44t linkage to a chromosome (chr) 9p locus (multipoint 100,y,5=3.7, MCMC intensity ratio, IR=21) in family 1, and
across al 4 families to chrs 16023 (10d,,5x=3.0, IR=43) near CETP and 11922 (I0dy,5x=3.7, IR=120). Chr 14924-31, a
region with prior suggestive PPD 44 linkage evidence in another sample, yielded an IR=71 and lod,5,=1.8 in the
combined families and IR=24 and lod,,,5,=2.4 in family 4. Without TG adjustment, no significant lod scores were
obtained. These large FCHL pedigrees demonstrate that LDL size isatrait influenced by multipleloci, and is
confounded by TG. This underscores the use of relatively homogeneous families enriched for the trait. Lod score
methods performed well, despite locus heterogeneity. However, oligogenic MCMC joint segregation/linkage analysis
methods were required to detect the previously reported 14q locus. These results a'so demonstrate the applicability of
MCMC methods to single large families.
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Guidelinesfor genotyping in genome wide linkage studies. SNP ver sus micro-satellite maps. D. Evans, L. Cardon.
Wellcome Trust Centre for Human Genetics, Oxford University, Oxford, Oxfordshire, United Kingdom.

Genome wide linkage scans have traditionally employed panels of micro-satellite markers spaced at intervals of ~10
cM across the genome. However, there is growing realization that a map of closely spaced SNPs may offer equal or
superior power to detect linkage than low density micro-satellite maps. We performed a series of simulations to
calculate the information content associated with micro-satellite and SNP maps across arange of different marker
densities, heterozygosities and pedigree structures. In the case of micro-satellite markers we varied density across 11
levels (1 marker every 0.5, 1, 2, 3,4, 5, 6, 7, 8, 9 or 10 cM) and marker heterozygosity across 6 levels (2, 3, 4, 5, 10 or
20 equally frequent alleles), whilst in the case of SNPs we varied marker density across 4 levels (1 marker every 0.1,
0.2, 0.5 0r 1 cM) and minor alele frequency across 7 levels (0.5, 0.4, 0.3, 0.2, 0.1, 0.05, and 0.01). When parental
genotypes were available, a map consisting of micro-satellites spaced every 2 cM, or arelatively sparse map of SNPs
(i.e. at least 1 SNP per cM) was sufficient to extract the majority of inheritance information from the map (i.e. > 95% in
most cases). However, when parental genotypes were unavailable, it was important to use as dense a map of markers as
possible in order to extract the greatest amount of inheritance information. Importantly, the information content
associated with atraditional map of micro-satellite markers (i.e. 1 marker every ~10 cM) was significantly lower than
the information content associated with a dense map of SNPs or micro-satellites. These results strongly suggest that
previous linkage studies that have employed sparse micro-satellite maps could benefit substantially from reanalysis
using adenser map of markers.
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Decision diagram based multipoint linkage analysis; ALLEGRO2. D. Gudbjartsson?, T.A. Thorvaldsson?, G.

Gunnarsson?, A. Kongl, A. Ingolfsdottir3. 1) Dept Statistics, DeCode Genetics, Reykjavik, Iceland; 2) Mathematics
Department, University of California Santa Barbara, CA; 3) BRICS, Dept of Computer Science, Aalborg University,
Denmark.

We have developed a multipoint linkage analysis algorithm based on Algebraic Decision Diagrams (ADDs). ADDs
are an extension of Binary Decision Diagrams (BDDs). The ADD data structure allows for compact storage of
probability distributions over inheritance vectors, and allows for reuse of repeated calculations. Our new
implementation is based on the CUDD package.

In addition to the savings offered directly by using ADDs, our algorithm incorporates improvements that increase the
speed of the implementation. Among these are delaying the convolution of uninformative bits at the locus to which a
distribution is being convolved, and only calculating convolution probabilities that are needed at the locus to which a
distribution is being convolved.

Our implementation takes advantage of genetic information and is therefore able to handle almost arbitrarily large
pedigrees if genetic information is close to being complete, but it is also a significant improvement when genetic
information is not complete. As an example we take areal pedigree with 25 non-founding and 11 founding members (39
bits) with data available for 19 microsatellite markers. Our implementation is able to analyze this pedigree in 5 minutes,
while neither the current publicly available version of MERLIN (version 0.10.2) or GENEHUNTER (version 2.1 r5)
are able to make any progress. By removing family members until complexity level of the pedigree is down to 25 bits
MERLIN was able to analyzeit in just over two minutes while GENEHUNTER needed 33 minutes, and our
implementation took a second. If the complexity was moved back up to 27 bits MERLIN ran out of memory (needed
over 3.5Gb), while GENEHUNTER did not run because of foreseeable lack of memory, and our implementation took a
second.

This new multipoint linkage analysis algorithm has been implemented into a new version of our linkage analysis
package, ALLEGROZ2, and will be made publicly available.
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A method for targeted marker selection. C.L. Smpson, V. Hansen®, P.C. Sham?, J.F. Powell2, A. Al-Chalabil. 1)
Department of Neurology, Institute of Psychiatry, London, United Kingdom; 2) Department of Neuroscience, Institute
of Psychiatry, London, United Kingdom; 3) Statistical Genetics, Ingtitute of Psychiatry, London, United Kingdom.

Genome-wide and other |arge-scal e association studies must balance the need for the densest possible marker set with
the problems of limiting cost and effort required. Here we present a program (MaGIC), which we have designed as part
of agenome wide search for susceptibility genes for amyotrophic lateral sclerosis. This exploits genome assembly data
to create lists of markers correlated with genes or other genomic features at a user-specified density and
spacing.Publicly available assembly data was used to generate a comprehensive database of SNPs and microsatellite
markers. The genome was treated as comprising bins of user-defined width. Genomic features were treated as point
sources based on start position. From each bin containing a target feature, a specified number of markers were chosen.
For targeting at a given density, rank ordering of genomic features per bin was used to select the threshold. Commercial
marker sets were imported and used as the source marker set to assess the method for targeting and the set for
relevance.A targeted marker set typically contains a fraction of the markers of an evenly spaced marker set with little
loss of information. For example, a marker set evenly spaced at 50K b intervals would require 60,000 markers but using
MaGIC produces a set of 41,771 markers with no loss of power. Analysis of the Affymetrix human 100K GeneChip
microarray showed that about 44% of exons were targeted, whereas the same number of markers can target nearly 100%
of exons when selected using MaGIC. Targeted markers sets are therefore more efficient and cost-effective than an
evenly spaced marker set.
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Linkage disequilibrium inflates Typel error ratesin multipoint linkage analysis when parental genotypesare
missing. A.L. Boyles, W.K. Scott, E.R. Martin, S Schmidt, Y.J. Li, A. Ashley-Koch, M.P. Bass, M.A. Pericak-Vance,
M.C. Speer, E.R. Hauser. Ctr Human Genetics, Duke Univ Medical Ctr, Durham, NC.

The effect of linkage disequilibrium (LD) between markers on linkage analysis has been an issue of much concern to
statistical geneticists, but few studies have examined the magnitude of its effects. Using simulated nuclear families and
affected sibling pairs, we identified a dramatic increase in the false positive rate in multipoint linkage analysis when LD
was present but unaccounted for, when parental genotypes were missing. Even at low levels of LD, such asaDof 0.6,
multipoint linkage analysis produced LOD scores over 2 in 5% of the replicates when there was no true linkage to
disease. In the extreme case, aD of 1 produced a multipoint LOD score over 3 in 76% of replicates under the recessive
model. Type | error rates were not inflated in two-point LOD scores or when parents were fully typed in the simulated
data. Increased sample size also increased the proportion of false positives observed. When there was a mixture of
markersin strong LD and markersin equilibrium, the increase in false positives was reduced, but not eliminated.
Misspecification of the population haplotype frequencies by assuming linkage equilibrium is the likely cause of the
inflated multipoint LOD scores. This strongly supports the evaluation of LD in all multipoint linkage analyses,
particularly when parental genotypes are missing, and further suggests that unrecognized LD may be suspected when
two-point and multipoint linkage analyses show a marked disparity. Given the higher density and increasing popularity
of genome-wide SNP screens, it islikely that LD will be problematic in future linkage analysis studies.
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Enhanced linkage maps from family-based genetics studies. C. Hel, G. Abecasis?, X. Kong?, P. Concannon?, X. Xu?,

S Buyskel, D.E. Weeks?, T. Matisel. 1) Rutgers Univ, Piscataway, NJ; 2) University of Michigan, Ann Arbor, MI; 3)
Benaroya Research Institute, Seattle, WA; 4) Harvard School of Public Health, Boston, MA; 5) University of
Pittsburgh, PA.

Meiotic linkage maps are the foundation of both linkage and linkage disequilibrium studies for mapping disease
genes. Existing genome-wide linkage maps were built using only small collections of pedigrees, and so have wide
confidence intervals surrounding estimates of map distance. Incorrect marker order and map distances can lead to
incorrect or imprecise results from linkage analyses, so thereis a clear need for more accurate genetic maps. Accurate
estimates of meiotic map distance cannot be obtained by any means other than by linkage analysis using genotype data.
We have collected avery large sample of genotype data from disease-mapping studies genotyped by the Mammalian
Genotyping Servicein Marshfield, IL. This sample includes genotypes for more than 15,000 individuals from over
3,000 pedigrees for markers on the Marshfield screening sets 8-11. These sets have average map resolutions of 8-10 cM.
Several ethnic groups are represented in this sample. We have cleaned numerous pedigree structure and genotyping
errorsin these data, as well as verified the marker orders. Using anovel error modeling feature in the Merlin program,
we are using this dataset to a) test for population-specific distribution of recombination; and b) re-estimate the distances
on these screening set maps, both sex-averaged and sex-specific. Comparison of alarge Caucasian sample (956
meioses) with alarge Chinese sample (1626 meioses) showed that these two linkage maps are in quite good agreement
with each other, with only one map interval showing significantly different estimates of meiotic distance. The variances
of most distance estimates are smaller for the larger sample than for the smaller sample, supporting our hypothesis that
larger datasets lead to better estimates of map distance. Our analyses result in screening set maps with improved
accuracy, which can in turn be used to improve the accuracy of results of disease-mapping studies.
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The Effect of Ethnicity on the Construction of Human Genetic Linkage M aps. E. Jorgenson2, H. Tang®, M.

Gadde?, M. Province®, M. Leppert®, S Kardia®, N. Schork’, R. Cooper8, DC. Rao?, E. Boerwinkle®, N. Risch?, Family
Blood Pressure Program (FBPP), which is supported by the NHLBI. 1) Epidemiology and Biostatistics, UCSF, San
Francisco, CA; 2) Genetics, Stanford University, Stanford, CA; 3) Public Health Sciences, Fred Hutchinson Cancer
Research Center, Seattle, WA; 4) Biostatistics, Washington University School of Medicine, St. Louis, MO; 5) EIHG,
University of Utah,Salt Lake City, UT; 6) Dept. of Epidemiology, University of Michigan School of Public Health, Ann
Arbor, MI; 7) Psychiatry, University of California, San Diego,La Jolla, CA; 8) Loyola University Medical
Center,Maywood, IL; 9) Human Genetics, University of Texas-Houston Health Science Center, Houston, TX.

Human genetic linkage maps are based on rates of recombination across the genome. These rates in humans vary by
the sex of the parent from which alleles are inherited, chromosomal position and genomic features such as GC content
and repeat density. We demonstrate for the first time that ethnicity affects genetic map length in humans. We
constructed genetics maps in four racial/ethnic groups. Caucasians, African-Americans, Mexican-Americans, and East
Asians (Chinese and Japanese) based on 353 microsatellite markers. These maps were generated from the largest
number of human subjects of any map constructed to date. We identified regional and genome-wide differences across
ethnic groups. Some, but not all, of this variation was explained by the presence of null alleles at many of the loci and
ethnic differencesin null allele frequencies. The results of our investigation are instructive both for inferences of
possible genetic influences on human recombination as well as for future linkage studies, especially those involving
populations of non-Caucasian ethnicity.
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Genotype-phenotype correlation at the PHOX2B locus allows prediction of tumour risk in patients with
congenital central hypoventilation syndrome (CCHS). J. Amiell, D. Trochet!, L.M. O'Brien?, D. Gozal?, H. Trang®,

A. Munnich?, C. Gaultier3, O. Delattre®, S Lyonnetl. 1) Genetics, INSERM U-393, Necker Hospital, Paris, France; 2)
Department of Pediatrics, Kosair Children's Hospital, Louisville, Kentucky, USA; 3) Physiology, Robert Debre
Hospital, Paris, France; 4) INSERM U-509, Institut Curie, Paris, France.

CCHS (Ondin€'s curse) is a complex dysautonomic disorder primarily manifesting as sleep-associated respiratory
insufficiency and markedly impaired ventilatory responses to hypercarbia and hypoxaemia. CCHS patients present
Hirschsprung disease (HSCR) and tumours of the sympathetic nervous system (TSNS), such as neuroblastoma, in 20%
and 5% of cases respectively. We undertook a candidate gene approach and screened genes involved in the
developmental cascade of neural crest cell progenitors. We identified PHOX?2B as the disease causing gene with an
autosomal dominant mode of inheritance and de novo mutation at the first generation. We have subsequently shown that
heterozygous mutations of PHOX2B may also account for TSNS either familial or syndromic (+ HSCR).We report on
the clinical and molecular assessments of a multicentric series of 188 CCHS patients, either isolated or associated with
HSCR (21%) and/or TSNS (5%). The mutation detection rate was 90% in our series and the most preval ent mutation
was an in-frame duplication resulting in an expansion of + 5 to + 13 alanines in the 20 alanine stretch at the carboxy
terminal of the protein homeodomain. Somatic mosacism in parents could be detected in 8% of families with important
consequences regarding genetic counselling. In aminority of patients (11 cases) the PHOX 2B heterozygous mutation
was either a missense or a frameshifting mutation. Analysis of genotype-phenotype interactions strongly supports the
contention that CCHS patients who developed malignant TSNS will harbor either a missense or a frameshift
heterozygous mutation of the PHOX2B gene. Thus, PHOX 2B molecular testing points to a subset of CCHS patients
who are at very high risk for developing tumours, and therefore justify avery careful clinical follow-up, at least during
thefirst 2 years of life. .
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Tumor Formation Observed in aModel for the Carney Complex. L. Kirschner, W. Towns!, D. Kusewitt?, C.

Sratakis®. 1) Dept Human Cancer Genetics, Ohio State Univ, Columbus, OH; 2) Dept of Vet Biosciences, Ohio State
Univ, Columbus, OH; 3) Sect. Genetics and Endocrinology, NIH, Bethesda, MD.

Carney Complex (CNC, MIM #160980) is a multiple endocrine neoplasia syndrome characterized by spotty skin
pigmentation, myxomas, schwannomas, and endocrine tumors. We have demonstrated that this autosomal dominant
condition is caused by inactivating mutations of PRKAR1A, the gene that encodes the type 1A regulatory subunit of
Protein Kinase A (PKA, cyclic-AMP dependent protein kinase). In order to better understand the molecular mechanisms
by which loss of PRKAR1A causes tumors in patients, we have attempted to create a mouse model for this condition.
Using homol ogous gene targeting, we generated mice carrying an allele of this gene that lacks exon 2, which encodes
theinitiator ATG codon. Previous studies from human patients had indicated that mutation of exon 2 was sufficient to
produce anull alele of the gene, and we have confirmed that the mouse aleleis aso null. In this abstract, we report the

preliminary characterization of the phenotype of our Prkar1a*™/~ micein amixed genetic background. Mice that are
homozygous null for Prkarla diein utero by day €9.5, in agreement with prior studies. Heterozygous null mice are born
with the expected frequency, and exhibit no increase in early mortality. Mice begin to develop tumorsin the 7th month,
and the incidence increases as the mice age. Although endocrine tumors have not been detected, spindle-cell neoplasms
have been observed, as well as a malignant thymoma. In addition to these tumors, the majority of mice develop multiple
tumors on the tail after the age of 1 year. These tumors appear to originate in the vertebral bones and destroy the normal
architecture. Interestingly, these lesions have not been observed in vertebral bodies proximal to the pelvis. Molecular

analysis of the tumors observed in Prkar 1a*/" miceisat an early phase, but analysis to date suggests that there is loss of
heterozygosity in the tumors. These mice should provide an excellent model system for understanding the tumorigenesis
associated with heterozygous loss of the Prkarla gene as observed in patients with the Carney Complex.
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Molecular classification of gastrointestinal hamartomatous polyposis as a diagnostic adjunct to genetic
counsealing. K. Sweetl, X.P. Zhoul, J. Heinzl, R. Pilarskil, J. Willis?, T. Prior®, T. Frebourg®, B. Teh?® L. Aaltonen®, C.

Engl. 1) Ohio State Univ, USA; 2) Case Western Reserve Univ, USA; 3) INSERM EMI-9906, Faculté de Médecine,
France; 4) Van Andel Research Inst, USA; 5) Univ Helsinki, Finland.

The elucidation of the genetic etiology of the inherited hamartoma polyps syndromes (HPS) only began in 1997 when
germline mutations in PTEN were found in Cowden and Bannayan-Riley-Ruval caba syndromes, and in LKBL/STK 11
in Peutz-Jegher syndrome (PJS). Subsequently, germline mutationsin MADH4 and BMPR1A were found in juvenile
polyposis syndrome (JPS). Although classic presentations of each are easily recognized, the number and distribution of
polyps differ among these syndromes, and there can be considerable variation in the determination of histologic subtype
by pathologists. Subsets of patients with HPS remain molecularly unexplained, as do families with serrated adenomas,
hyperplastic polyposis and admixed polyps, thus making genetic counseling a challenge. We sought to determine if
molecular classification of various HPS was possible and useful for genetic counseling. We accrued 46 probands with
hamartomatous or mixed polyps who met 1 of the following 4 criteria: 1, JPS (N=10) or PJS (3) but mutation negative at
their respective susceptibility genes; I, undefined HPS (9); 111, combination of hyperplastic, serrated adenomas or
adenomatous polyps (19), ranging from 5-40 polyps (mean 18); IV mixed polyposis, each with hamartoma, adenoma
and hyperplastic polyps (5). Germline mutation and deletion analysis at the 4 known susceptibility genesin addition to
BHD, BRAF and MY H were performed. Among the first 27 probands, a hemizygous deletion encompassing BMPR1A
and PTEN was found in 1 (8%) member of Group |, and PTEN mutations (612insC and IVS3-7 delCTTT, respectively)
in 2 (10%) from Group I11. Review of the clinical phenotype for the 3 individuals reveal ed features reminiscent of, but
not classic for, Cowden syndrome. One, an Ashkenazim, from Group 1V was found to have linkage to the CRAC2 locus
on 15g. Thus, genetic classification of HPS may be helpful in genetic counseling as each has different component
neoplasias.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 40 from the 2004 ASHG Annual Meeting

Expression and modulation of the U-box type Ubiquitin Ligase UBE4A in human cancers. G. Contino, S. Pucci, F.
Pichiorri, F. Sesti, L. Baghermajad Salhei, L.G. Spagnoli, G. Novelli. Biopathology, Univ. of Rome "Tor Vergata',
Rome, Italy.

The UBE4A gene is human homologue of S.Cerevisiae Ufd2 and encodes for an U-box type Ubiquitin Ligase (E3).
Ubiquitin represents the degradation signal for the proteasome, a multi subunit ATP-dependent protease responsible for
degradation of protein whose levels are regulated either constitutively or in response it changes in cellular environment.
Ubiquitin-Proteasome Pathway (UPP) isabasic cellular processinvolved in cell cycle progression, proliferation and
differentiation, apoptosis, DNA repair and stress response. Particularly, interactions with VVCP/p97, ataxin-3, HSC-70
have been reported in many U-box proteins. We first analyzed the expression of UBE4A gene both at mRNA and
protein level in several human and fetal tissues and then examined UBE4A expression in different pathological
conditions including 17 different type of tumors. Results showed that UBE4A expression and subcellular localization
was significantly altered in all the desmoplastic reactions and modulated in some specific tumors such as ovarian,
gastric and colon cancer and lymphomas. Particularly, gastric and colon cancer showed that UBE4A over-expression
was associated with tumor size, lymphatic permeation, lymph node metastasis, and proliferative activity. We then
analyzed the in vitro expression and subcellular localization of the UBE4A protein in human colonic carcinomacell line
CaCo2, after apoptotic stimuli. Immunocitochemistry and Western blot analysis showed arelocalization of UBE4A
during oxidative stress and apoptosis. These data suggest that UBE4A may play arole in oxidative stress and apoptosis
and possibly be a marker of tumors with enterocytic differentiation. Furthermore these data confirm arole of UPP in
progression of tumorigenesis.
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Cowden syndrome susceptibility gene, PTEN, regulates phospholipase-C (PL C) and phospholipaseD (PL D). C.
Alvarez-Breckenridge, K. Waite, C. Eng. Hum Cancer Genet, Ohio State Univ, Columbus.

Germline mutationsin PTEN cause 85% of Cowden syndrome (CS), characterized by hamartomas and arisk of breast
and thyroid cancer, and 65% of Bannayan-Riley-Ruval caba syndrome (BRRS) characterized by lipomatosis,
hemangiomas and speckled penis. Often, BRRS patients have a lipid myopathy believed to be due to long-chain
hydroxyacyl-coA dehydrogenase (LCHAD) deficiency although thisis controversial. Somatic PTEN alterations are
found in sporadic breast cancer. PTEN modulates cellular levels of phosphatidylinositol-4,5-bisphosphate (PIP2) and
phosphatidylinositol-3,4,5-triphosphate (PIP3) and is an antagonist of the PI3K/AKT pathway. Beyond this apoptotic
pathway, little is known about the role of PTEN in regulating other lipid signaling events. Since phospholipids have
been shown to play acritical role in signal transduction and cellular proliferation and PTEN to control cellular
phospholipid levels, we hypothesized that PTEN functions as a regulator of lipid signaling and homeostasis. PLD and
PL C activation are regulated by PIP2/3 levels and have been shown to play an important rolein cell division. Thus, we
examined the ability of PTEN to regulate PLD activity and PLC transocation (as a measure of its activity). Increased
PTEN expression in unstimulated MCF-7 breast cancer cells resultsin 51% increase in phosphatidic acid with a
decrease in phosphatidylcholine, suggesting that PTEN may regulate PLD. PTEN overexpression results in 30%
increase in basal PLD activity. Since PLC isinvolved in PLD activation and is regulated by PIP2/3 levels, we
investigated the role of PTEN on PLC activation. Estrogen stimulation resulted in PTEN-dependent translocation of
PLC to the plasma membrane. PLC translocation did not occur in cells expressing dominant negative C124S PTEN
mutation. PLC translocation is accompanied by an increase in PLD activity in response to estrogen. Our data suggest
that PTEN plays arolein modulating the PLC:PLD activation pathways and indicates that the pathogenesis of
CS/BRRS has a more complex biochemical basis beyond ssmple over-activation of the PI3K pathway, and may also
begin to explain the etiology of lipid myopathy in BRRS.
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Genetic mapping of a third Li-Fraumeni syndrome (LFS) predisposition locusto human chromosome 1g23. L.L.

Bachinskil, SE. Olufemil, X. Zhou?, C.-C. Wu2, S. Shete?, G. Lozano?, C.I. Amos?, L.C. Srong®, R. Krahel4. 1)
Section of Cancer Genetics, University of Texas M. D. Anderson Cancer Center, Houston, TX; 2) Department of
Epidemiology University of Texas M. D. Anderson Cancer Center, Houston, TX; 3) Clinical Cancer Genetics,
Department of Molecular Genetics University of Texas M. D. Anderson Cancer Center, Houston, TX; 4) Human Cancer
Genetics Program, Department of Molecular Virology, Immunology and Medical Genetics, Comprehensive Cancer
Center, Ohio State University, Columbus, OH.

Li-Fraumeni syndrome (LFS) isaclinically and genetically heterogeneous inherited cancer syndrome. Most cases
(~70%) identified and characterized to date are associated with dominant germline mutations in the tumor suppressor
gene TP53 (p53) located in 17p13.1. Based on segregating germline mutations, CHEK 2 in 22g12.2 was also recently
implicated as a minor predisposing LFS locus. Out of alarge cohort of LFS kindreds, our initial genome-wide scan
focused on four extended, non-p53 LFS pedigrees. We have shown that there is additional genetic heterogeneity in LFS
kindreds with inherited predisposition at loci other than p53 and CHEK 2. Using a genome-wide scan for linkage with
complementing parametric and non-parametric analysis methods, we have identified linkage to a region of about 4 cM
in 1923, agenomic region not previously implicated in this disease. We obtained definitive evidence for linkage with
multi-point LOD scores >3.00 between D1S2635/154.28 cM and D1S1677/161.50 cM (SIMWALK, HLOD = 3.57).
The same region appeared to be excluded in one of the 4 families with LOD scores <-2.00 throughout, indicating
possible additional genetic heterogeneity. Identification of the major non-p53 predisposing gene and its underlying
mutations should provide insight into other genetic events that predispose to the genesis of the diverse tumor types
associated with LFS and its variants.
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Thetruestory of Gastrointestinal Neurofibromatosis. T. De Raedt?, H. Brems!, J. Cools!, R. Sciot?, J. HimpensS, P.

Marynen?, E. Legius!. 1) Dept Human Genetics, Catholic Univ Leuven, Leuven, Belgium; 2) Department of Pathology,
KULeuven, Leuven, Belgium; 3) AZ Sint Blasius, Dendermonde, Belgium.

The neurofibromatoses are a heterogeneous set of conditions. One of these is gastrointestinal neurofibromatosis. At
present very few families with gastrointestinal NF have been published (Lipton and Zuckerbrod, 1966 and Heimann et
al., 1988). Gastrointestinal neurofibromatosis is phenotypically described as. neurofibromas strictly limited to the
intestine, adult onset with incomplete penetrance, variable expression, autosomal dominant inheritance pattern and
absence of other features of NF1 or NF2. We reanalysed the Belgian family with intestinal neurofibromatosis published
by Heimann et al. (1988) and found an inherited mutation in the juxtamembrane region of PDGFRa. Somatic activating
mutationsin KIT and PDGFRa are often found in sporadic GIST (gastrointestinal stromal tumours). These activating
mutations result in downstream activation of the INK/STAT, MAPK and Akt pathways. GIST is also one of the
tumours that occur at an increased frequency in NF1 patients and is defined as a non-epithelial gastro-intestinal tumour
expressing ¢c-KIT. It isthought that they arise from the interstitial cells of Cajal or their precursor cells. Recently a
mutation in PDGFRawas found in afamily with familial GIST (Chompret et a. 2004). We aso reanalysed the
pathology of the gastrointestinal tumorsin our family and conclude that they show the typical features of neurofibromas
with infiltrating mast cells. The proliferating cells are c-KIT negative. The presence of S-100 expression and scattered
neurofilament positive axons further supports the diagnosis of neurofibroma. We argue that the lesions described as
intestinal neurofibromas are related to GISTs, and that gastrointestinal neurofibromatosisis alelic to familial GIST.
Sporadic GISTswith mutationsin ¢c-KIT or PDGFRa and familial GISTswith a constitutional ¢-KIT mutation are
usually responsive to treatment with Gleevec (STI-571). It remainsto be seen if tumorsin families with a constitutional
PDGFRa mutation are equally sensitive to Gleevec therapy.
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TheY-Located TSPY Gene Co-Expresseswith Biological Markersfor Testicular Germ Cell Tumorsin

Gonadoblastoma. Y.-F.C. Laul, Y.M. Li%, P.M. Chou?, E. Vilain3. 1) Dept of Medicine, VA Med. Center, University of
Cadlifornia, San Francisco, CA; 2) Dept of Pathology, Northwestern University, Chicago, IL; 3) Dept. of Hum Genetics,
University of California, Los Angeles, CA.

The gonadoblastomaon the Y chromosome (GBY) is the only oncogenic locus on this male-specific chromosome.
Recent complete sequencing of the human Y chromosome revealed that the testis-specific protein Y -encoded (TSPY)
geneisthe only functional gene residing on the critical region for GBY/, thereby establishing this gene to be a strong
candidate for this oncogenic locus. TSPY is atandemly repeated gene that encodes a protein with significant homology
to the oncoprotein, SET. TSPY bindsto cyclin B and possibly playsarolein cell cycle regulation. The GBY gene(s)
predisposes the dysgenetic gonads of XY sex reversed patients to devel op gonadoblastoma that shares significant
morphologica and pathological properties with the more common testicular germ cell tumors (TGCTs). TGCTs are
hypothesized to arise from mutational events during the differentiation of primordial germ cells and gonocytes since
many of the early germ cell markers, such as Oct3/4, c-kit and PLAP, are expressed in TGCTs. Using various
immunofluorescence techniques, we have demonstrated the co-expression of TSPY and early germ cell markersin two
cases of gonadoblastoma. TSPY was first detected in minute foci of tumor precursor cells localized at the epithelial cell
layer of empty and dysfunctional follicles. TSPY persisted in the tumor cells that grew from these minute foci and
gradually and completely filled up the empty follicles. The follicular tumors grew in size, but in confined morphology.
At late stages, such confined growth could progress into a network of more loosely organized tumor cell clustersthat, in
turn, could take on more aggressive properties. Since TSPY isinvolved in cell cycle regulation, its abnormal expression
in the germ cells of dysgenetic gonads suggests that it might play acritical role in the initiation and progression of
gonadoblastoma. Co-expression of TSPY and early germ cell markersin both gonadoblastoma and TGCTs supports a
common etiological origin for both germ cell cancers.
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Somatic mosaicism and cancer: An examination into the role of the androgen receptor genein prostate cancer. B.

Gottlieb?, C. Alvarado?, L.K. Beitell, K. Srcar?, A. Aprikian®, M.A. Trifiro12. 1) Dept. Cell Genetics, Lady Davis Inst
Medical Res, Montreal, PQ, Canada; 2) Dept. Medicine, McGill University, Montreal, Quebec, PQ, Canada; 3) Dept.
Urology, MUHC, Montreal General Hospital, Montreal, PQ, Canada; 4) Dept. Pathology, MUHC, Montreal General
Hospital, Montreal, PQ, Canada.

The ontology of most cancersis unknown asin very few casesis a single genetic or environmental event implicated as
the sole causal agent. To understand the origin of prostate cancer we have investigated the tissue heterogeneity of
tumors, i.e. that they consist of normal (benign), pre-cancerous and cancerous cells, by examining whether tissue
heterozygosity is an indication of genetic heterozygosity. We have used laser capture microdissection (LCM) to dissect
and then sequence different areas of prostate tumors that had been identified as homozygous according to their cancer
pathology. All of these dissected tissues showed a remarkable degree of somatic mosaicism in the androgen receptor
(AR) gene, with the presence of several different lengths of the exon 1 CAG repeat, a well-known polymorphism,
already implicated as a possible risk factor in prostate cancer. Overall, there was a clear trend of tissues with higher
Gleason scores to have shorter tract lengths, sometimes even shorter than the shortest reported in normal tissues. It
should be noted that while benign tissue did show some somatic mosaicism the tract length changes tended to be limited
to one or two CAG repeats from the normal mean length of 21, and that only cancerous tissues exhibited significantly
shorter length repeats. Based on the inverse relationship between CAG repeat length and AR gene responsiveness, this
somatic mosaicism would likely result in cells that are considerably more responsive to androgens. The high degree of
somatic instability of the AR genein prostate, as compared to other tissues, is likely to be extremely significant. Our
results indicate that the somatic mosaicism of the AR gene exhibited in prostate cancer tissue may serve as an important
marker for early detection of onset and subsequent development of the disease.
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A germline DNA polymor phism enhances alter native splicing of the KLF6 tumor suppressor geneand is
associated with increased prostate cancer risk. J. Martignettil, G. Narlal, A. DiFeol, S Friedman®, D. Schaid?, W.
Isaacs®, S Hebbring?, A. Komiya3, S Jacobsen?, D. Friedrichsen®, J. Sanford?, E. Ostrander®, A. Chinnaiyan®, M.

Rubin®, J. Xu’, S Thibodeau?. 1) Mount Sinai School of Medicine, New York, NY; 2) Mayo Clinic/Foundation,
Rochester, MN; 3) Johns Hopkins Medical Institution, Baltimore, MD; 4) Fred Hutchinson Cancer Research Center,
Sesttle, WA; 5) University of Michigan Medical School, Ann Arbor, Ml; 6) Harvard Medical School, Brigham and
Womens Hospital, Boston, MA; 7) Wake Forest University School of Medicine, Winston-Salem, NC.

Prostate cancer (PCa) isaleading and increasingly prevalent cause of cancer death in men. While family history of
disease is one of the strongest PCarisk factors and suggests a hereditary component, the predisposing genetic factors
remain unknown. We first demonstrated that KLF6 is atumor suppressor inactivated in PCa, and since then its
functional loss has been further established in other human cancers. Wild type KLF6, but not patient-derived mutants,
suppresses cell growth through p53-independent transactivation of p21. We now demonstrate the existence of three
alternatively spliced, dominant negative KLF6 isoforms which are upregulated in tumor versus normal prostatic tissue.
Two KLF6 variant proteins, KLF6-SV1 and SV 2, are mislocalized to the cytoplasm and antagonize wtK L F6 function,
leading to decreased p21 expression and increased cell growth. Interestingly, alternative splicing is significantly
upregulated by the presence of arelatively common single nucleotide polymorphism (SNP) which generates a novel
functional SRp40 DNA binding site. Moreover, in atri-institutional study of 3,411 men, we identified a significant
association of this single KLF6 SNP with an increased relative risk of prostate cancer in men with both hereditary and
sporadic forms of the disease. Thus, these results are the first to identify a novel mechanism of self-encoded tumor
suppressor gene inactivation and then link arelatively common SNP to both regulation of alternative splicing and an
increased risk in amajor human cancer.
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Mutationsin the EP300 gene cause Rubinstein/Taybi Syndrome. M.H. Breuning?!, J.H. Roelfsemal, S Whitel, Y.
Ariyrekd, D. Bartholdi2, D. Niedrist?, F. Carnavale®, J.T. den Dunnen?, G.-J.B. van Ommen?, R.C. Hennekan'*, D.J.M.

Petersl. 1) Center for Human and Clinical Genetics, Leiden Univ, Leiden, Netherlands; 2) Inst. Medical Genetics, Univ.
Zurich, Switzerland; 3) Dept. Obst. & Gynaekol. Bari Univ, Italy; 4) Dept. Clinical Genetics, Acad. Med. Center,
Amsterdam, Netherlands.

CBP and p300 function as transcriptional coactivators in the regulation of gene expression by various signal
transduction pathways. The level of CBP isvital for normal development, as inactivation of one allele causes
Rubinstein-Taybi syndrome. We now present evidence that mutations in EP300 also cause this disorder. EP300 was a
potential candidate, being a close homologue of CBP, with both proteins serving in similar fashion as transcriptional
coactivators. No mutations, however, had been found in the gene. After screening the entire CBP gene we found 29
mutations in 91 patients. We subsequently screened these patients for p300 mutations. Indeed, 3 inactivating mutations
were detected in the EP300 gene. Two mutations were found using Denaturing Gradient Gel Electrophoresis (DGGE):
one mutation, in exon 10, isatransition (c.1942C>T) that converts the triplet coding for the arginine at position 648 into
astop codon. The other mutation, in exon 15, is a deletion of 8 nucleotides that predicts a frameshift from codon 959
with a stop codon after 7 amino acids. The exact location of the 8bp deletion (¢.2877_2884 del) was confirmed with an
alele specific PCR. We analyzed DNA from the healthy parents of both patients with DGGE and sequencing and
confirmed that the mutations occurred de novo as expected. Both mutations predict proteins less than half their normal
size. The HAT domain will be entirely removed and it is known that loss of HAT activity of CBP is sufficient to cause
RSTS. The third mutation, adeletion of the first exon, was found using Multiplex Ligation-dependent Probe
Amplification (MLPA). Two probes, one within exon 1 and a second in intron 1, close to the first exon, revealed this
deletion, whereas a probe in exon 2 showed a normal dosage. The effect of this deletion will most likely be no
expression from the affected allele.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 48 from the 2004 ASHG Annual Meeting

Array-based CGH and FISH fail to confirm duplication of 8p22-p23.1 in association with Kabuki syndrome. J.E.

Mingl, J.D. Hoffman?, Y. Zhang?, J. Greshock?, K.L. Ciprerol, B.S Emanuell, E.H. Zackail, B.L. Weber2. 1) Division
of Human Genetics, The Children's Hospital of Philadelphiaand The University of Pennsylvania School of Medicine,
Philadelphia, PA; 2) Abramson Family Cancer Research Institute, The University of Pennsylvania, Philadelphia, PA.

Kabuki (Niikawa-Kuroki) syndrome is associated with a characteristic facial appearance, cleft palate, congenital heart
disease, and developmental delay. Although avariety of cytogenetically visible chromosomal rearrangements have been
reported in single cases, the molecular genetic basis of the condition has not been conclusively established. A recent
report described a duplication of 8p22-23.1 in 13 out of 13 Kabuki syndrome patients. We sought to determine the
frequency of this duplication in our cohort of patients with Kabuki syndrome. Using two independent methods, array-
based comparative genomic hybridization and fluorescence in situ hybridization, we assessed for this duplication in 15
patients with a definitive clinical diagnosis of Kabuki syndrome. No evidence for a duplication of 8p was obtained in
this patient group by either method. We conclude that the 8p22-23.1 duplication may not be a common mechanism for
Kabuki syndrome and that another genetic abnormality islikely to be responsible for the etiology of Kabuki syndrome
in many patients.
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A prospective analysis of the inheritance, pathogenesis, and natural history of bicuspid aortic valve with thoracic
aortic aneurysm. M.L. Loscalzo, D. Goh, P.J. Spevak, H.C. Dietz. HHMI, Inst of Genet Med, and Dept Ped, Johns
Hopkins Univ Sch Med, Baltimore, MD.

The autosomal dominant inheritance of bicommissural aortic valve (BAV) iswell documented. However, the
inheritance of BAV with thoracic aortic aneurysm (TAA) isless clear. Whether aneurysm is secondary to hemodynamic
perturbation due to the BAV or a primary manifestation of the disorder remains controversia. Guidelines are needed
regarding the follow-up and treatment of patients and their families. Here we present prospective analysis of eleven
familieswith BAV and TAA. Affected status was determined by the echocardiographic presence of BAV and/or TAA
or a history of aortic dissection, rupture, or surgical repair. Six of eleven families had at least two family members with
both BAV and TAA, often in successive generations. Either partial penetrance (BAV aone) or complete nonpenetrance
was observed in obligate carriers. Informatively, all 11 families had at least one family member with TAA in the
absence of BAV. Of the 96 comprehensively evaluated relatives of affected probands, 45 (47%) had TAA with or
without BAV. Among individuals with combined BAV/TAA, the mgority had no hemodynamic consequence of the
valve abnormality. In addition, many individuals with TAA aso had dilatation of the main pulmonary artery (MPA). In
the majority of families (9 of 11) aortic dilatation was either restricted to or maximal above the sinotubular junction
(STJ), alowing distinction from Marfan syndrome and other described forms of familial TAA where dilatation is
generally confined to the aortic root. Vascular dissection was observed in 6 of 11 families and occurred in individuals
with or without BAV. These data document that BAV/TAA is an autosoma dominant disorder with variable
expressivity and incomplete penetrance. The component features are both primary manifestations of the underlying gene
defect. All family members, including those without BAV, require follow-up using imaging protocols that specifically
assess aortic segments beyond the STJ. Aggressive medical and surgical management is required to modify the
significant risk of sudden death due to aortic dissection and rupture.
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A novel common and clinically aggr essive autosomal dominant aortic aneurysm syndrome. B. Loeys, H. Dietz.
McKusick-Nathans Institute for Genetic Medicine, Johns Hopkins Univ, Baltimore, MD.

Aortic aneurysm and dissection is the cause of death in about 2% of individualsin industrialized countries. While
abdominal aortic aneurysm is most commonly observed in old age and in association with risk factors that include
atherosclerosis and smoking, ascending aortic aneurysm commonly occurs in young individuals in the absence of
known risk factors, suggesting a major genetic contribution to predisposition. Familial ascending aortic aneurysm can
occur in the context of defined heritable disorders of connective tissue (eg. Marfan syndrome) or as an isolated
cardiovascular manifestation (eg. familial thoracic aortic aneurysm). Here we describe a novel aortic aneurysm
syndrome characterized by the triad of hypertelorism, bifid uvula/cleft palate, and arterial tortuosity with ascending
aortic aneurysm/dissection. In the absence of dedicated recruitment, over the past two years we have identified 15
patients from 7 unrelated families among a population of individuals presenting with aortic aneurysm, suggesting that
thisisarelatively common condition. The disease is characterized by autosomal dominant inheritance with high albeit
incomplete penetrance. Other variable manifestations include malar hypoplasia, joint hypermobility, scoliosis, and
patent ductus arteriosus. All adults with this condition have died from acute ascending aortic dissection before age 40.
Importantly, in the one case that was followed prospectively, aortic dissection occurred in association with a maximal
aortic dimension of 4.0 cm, far below the critical threshold of 5.5 cm that has been established for other forms of
ascending aortic aneurysm. Light- and electronmicroscopic study of the aortic wall demonstrated a profound decreasein
elastin content and loss of intimate spatial association between elastic lamellae and vascular smooth muscle cells,
suggesting a severe defect in elastogenesis. We are currently examining candidate genes involved in elastic fiber
formation and expanding selected pedigrees for use in positional cloning. Importantly, given the atypical behavior of
this phenotype, early diagnosis and aggressive surgical intervention are mandatory to optimize outcome.
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Mutationsin the beta subunit of the epithelial sodium channel in patients presenting with a cystic fibrosis-like
syndrome. M.B. Sheridan?, J.D. Groman?, P. Fong!, C. Conrad?, P. Flume®, R. Diaz*, C. Harris®, M. Knowles®, G.R.

Cuttingl. 1) Johns Hopkins Univ., Baltimore, MD; 2) Stanford Univ., Palo Alto, CA; 3) Medical Univ. of SC,
Charleston, SC; 4) Univ. of NV, LasVegas, NV; 5) Vanderbilt Univ., Nashville, TN; 6) Univ. of NC, Chapel Hill, NC.

Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in CFTR that manifests as elevated sweat
electrolytes, respiratory disease, and exocrine pancreatic insufficiency. There are some patients with CF-like disease in
only a subset of these organ systems who do not have mutations in CFTR. The epithelial sodium channel (ENaC), a
protein regulated by CFTR, is a key component of epithelial ion transport in the lung and sweat gland. To determine if
mutations in ENaC can produce CF-like disease, we sequenced the ENaC subunit genes (, , and ) in 23 patients. Two
previously observed benign mutations in ENaC (A334T and T663A) were found in four and 12 patients, respectively.
We identified novel mutationsin ENaC in three patients: two compound heterozygotes (P267L and 1670-2 AG; G294S
and E539K) and one patient with a single mutation (S82C). Each substitution changes an amino acid highly conserved
in ENaC orthologues and paralogues, or the canonical splice junction sequence, suggesting functional significance.
P267L and G294S were not found in 176 and 324 ethnic specific control alleles, respectively, indicating they are not
common polymorphisms. E539K causes loss of ENaC function when expressed in an oocyte expression system. Thus,
the two compound heterozygotes carry putative deleterious mutations in each ENaC gene. Both patients have elevated

sweat CI™ and pulmonary disease, yet do not exhibit the salt wasting or elevated aldosterone and renin characteristic of
pseudohypoal dosteronism, a recessive condition primarily associated with null mutationsin , , or ENaC. These findings
suggest that these patients have sufficient ENaC function for sodium absorption in the kidney, but not in the sweat gland
or lungs. Thus, defectsin ENaC can give rise to anovel phenotype with clinical features that overlap with CF.
Supported by CFF and HL62927, DK 44003, RR00046, and 1 U54 RR019480 01.
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Craniofrontonasal Syndromeis caused by mutations of the Ephrin-B1 gene. P.F. Wieackerl, I. Widland?, S.
Jakubiczkal, P. Muschkel, M. Cohen?, H. Thiele3, K.L. Gerlach?, R.H. Adams?, W. Reardon®, B. Franco’, P. Thierry5,

R. Koenig®. 1) Inst Human Genetics, Otto-von-Guericke Univ, Magdeburg, Germany; 2) Medizinische Genetik,
Kinderzentrum, Muenchen, Germany; 3) Inst Human Genetics, Martin-Luther Univ, Halle, Germany; 4) Klinik MKG
Chirurgie, Otto-von-Guericke Univ, Magdeburg, Germany; 5) London Research Institute, Cancer Research UK,
London, United Kingdom; 6) National Centre for Medical Genetics, Dublin, Ireland; 7) Telethon Institute of Genetics
and Medicine, Naples, Italy; 8) Service de Pediatrie, Centre Hospitalier Vesoul, France; 9) Inst Human Genetics,
Johann-Wolfgang Univ, Frankfurt, Germany.

Craniofrontonasal syndrome (CFNS [MIM 304110]) is an X-linked disorder with unusual manifestation pattern
because affected females show skeletal malformations including orbital asymmetry and hypertelorism as well as midline
defects whereas male carriers are not or only mildly affected. We have mapped a CFNS gene in aregion including the
EFNB1 gene (MIM 300035). Since Efnb1l mutant mice display a spectrum of malformations and unusual inheritance
reminiscent of CFNS, we analysed the EFNB1 genein three CFNS families. A deletion of exons 2 to 5 and two
missense mutations located in multimerization and receptor interaction motifs were found. Mutations were consistently
found in obligate male carriers, affected males and affected heterozygous females. We conclude that mutations in
EFNB1 cause CFNS. Meanwhile, 16 further mutations (11 missense mutations, 4 frameshift and 1 splice site mutations)
in sporadic (12)and familia (4) cases. Most mutations were found in exons 2 and 3 corresponding to the extracellular
domain. EFNB1 mutations were detected in all cases analysed so far. These results show for the first time that mutations
of the ephrin receptor/ephrin signal transduction system are associated with a Mendelian disorder and that ephrin
signaling isinvolved in human skeletal development. The sex-dependent manifestation of CFNS may be explained by
the promiscuity of ephrin receptors and their ligands and as the consequence of random X inactivation. For this
mechanism we propose the term cellular interference.
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Craniofrontonasal syndrome: mutations, mosaicism and X-inactivation. SR.F. Twigg?, K. Matsumoto?, A.M.J.
Kidd?, J. Dixon2, J.B. Mulliken3, H.G. Brunner4, I.M.J. Mathijssen®, J.M. Vaandrager®, J. Morton®, SA. Wall’, A.O.M.

Wilkiel:”. 1) Weatherall Institute of Molecular Medicine, Oxford, UK; 2) Central Regional Genetics Services,
Wellington, New Zealand; 3) Dept Plastic Surgery, Children's Hospital, Boston, MA; 4) Dept Human Genetics,
Nijmegen, The Netherlands; 5) Inst Plastic Surgery, Erasmus University Rotterdam, The Netherlands; 6) Clinical
Genetics Unit, Birmingham, UK; 7) Craniofacial Unit, Oxford, UK.

Craniofrontonasal syndrome (CFNS) is an X-linked dominant disorder characterised by coronal synostosis,
hypertelorism, bifid nasal tip, clavicular and thoracic abnormalities, digital webbing and longitudinally grooved nails.
Unusually, females are more severely affected than males, who may only manifest hypertelorism and occasional cleft
lip. Mutations of ephrin-B1 (EFNB1) were recently shown to cause CFNS. We describe the mutations found in 34
unrelated families that include 43 affected females and 3 mildly affected males. We found 31 distinct mutations: 6
frameshifting, 4 splicing, 4 nonsense, 16 missense and 1 large deletion. Thisis consistent with loss or reduction of
ephrin-B1 function; almost half of the mutations are predicted to disrupt the protein, while many of the missense
mutations are in regions of secondary structure or receptor binding. We did not observe any genotype-phenotype
correlation. However in one family with 2 affected siblings (male and female) and a phenotypically normal mother, we
demonstrated, by analysing samples from blood, hair roots and buccal mucosa, that the mother isahigh level
gonosomal mosaic. This has important implications for genetic counselling. Although EFNBL is normally subject to X-
inactivation, extreme skewing is not observed in the blood of CFNS females. As the X-inactivation status may differ
between tissues, we analysed sections of cranial periosteum overlying the coronal sutures from afamilia case. Although
extreme skewing was not present, there was marked variation in the ratio of X-inactivation along the periosteum. Thisis
consistent with the proposal that the manifestation of EFNB1 mutation in females results from ephrin B1-mediated
sorting of cells, into patches expressing the normal and mutant alleles.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 54 from the 2004 ASHG Annual Meeting

Warning: Hear Hoofbeats - Think ZebrasIn The 22q11.2 Deletion! D.M. McDonald-McGinn, M. Maisenbacher, K.
Ciprero, T. Hoffman, J. Catanzaro, C. Armeli, E. Goldmuntz, M. Gleason, L. Gillis, M. Mascarenhas, B. Porter, H.
Hedricks, P. Nance, S Adzick, D. Drummond, P. Pasquariello, D. Driscoll, B. Emanuel, E.H. Zackai. Children's
Hospital of Philadelphia, Philadelphia, PA.

It has become routine to provide anticipatory care for the associated features of the 22g11.2 deletion. However, weve
observed a number of medical problems that are rare in the general population within our cohort of 600 patients. Most
presented with chronic worsening symptomatology attributed to common childhood illnesses. Awareness of these
problems may increase the rapidity of treatment & avoid prolonged illness. Findings include: vascular ring(36);
intestinal malrotation(9), Hirshsprungs (5), late presentation of diaphragmatic hernia(4), cervical spine compression due
to vertebral anomalies(3), Graves disease & hepatoblastoma. These abnormalities were identified due to respiratory
distress & stridor in most patients with a vascular ring, chronic constipation from Hirshsprungs & dysphagia due to
intestinal malrotation. The D-hernias were ascertained due to abdominal painina3 1/2 yo & incidentally in 3 others (2,
9, & 10 months). Cervical spine compression was found due to toe-walking, hyperreflexia & seizure-like behavior ina2
1/2 yo & incidentally in 2 others (5 & 8 years).Graves disease with unusually early presentation was diagnosed
following unexplained tachycardia & irritability in a 31 mo. The patient failed medical therapy & required total
thyroidectomy. Of note, Kawame reported Graves disease in 4 other patients. Hepatoblastoma was found as an
abdominal massin a4 yo. The link with neoplastic disease is emerging as Scattone recently reported hepatoblastoma &
renal cell carcinoma. Additional tumors include: hepatoblastoma (Adams M, p.c.), Wilms (Wallgren C, p.c.) &
neuroblastoma. The latter neoplasm was found at autopsy in a newborn with DiGeorge syndrome whom we diagnosed
prior to deletion studies (Patrone et al. 1990). Thus, it isimportant to be aware of these complications & recognize that
patients with a 22q11.2 deletion will require careful medical surveillance in order to ascertain the occasional patient
with significant morbidity.
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Lifetime and current psychosocial and occupational functioning in adultswith 22q11 Deletion Syndrome. E.

Chow!2, M. Watson?, V. Wong?, A.S. Bassett2. 1) Dept Psychiatry, Univ Toronto, Toronto, ON, Canada; 2) Centre for
Addiction and Mental Health, Toronto, ON, Canada.

Background: Little is known about the level of functioning in adults with 22g11 Deletion Syndrome (22gDYS),
although mental retardation and psychiatric disorders are commonly associated with the syndrome. Objective: To assess
lifetime and current psychosocial, occupational, and adaptive functioning levelsin alarge group of adults with 22gDS.
Methods: Lifetime and current marital/relationship status, housing situation, education/training history, occupational
level, psychosocial functioning (Global Assessment of Functioning, GAF), and Vineland Adaptive Behavior Scale
(VABS) scores were assessed in 79 adults (mean age=30.8y, SD=10.4; 38 M 41 F). 38 subjects had DSM-IV
schizophrenia (SZ), and 41 subjects had no history of psychosis (NP). 1Q scores were obtained using WAIS-R or
WAIS-11. Results: There was awide range of levels of functioning in subjects. Overall, 22D S subjects had a mean 1Q
of 70.6 (SD=9.2, range=95 to 45), a GAF score of 57.5 (SD=15.6, range=85 to 10) and on average functioned at an age-
equivalent level of 11y 9m on VABS (SD=3y 9m, range= 18y to 2y 1m). NP and SZ subjects did not differ significantly
in sex distribution or mean |Q, but the SZ subjects were significantly older (mean age 34.0y v 27.8y, p= 0.007), had a
lower VABS score (mean age equivalent (10y v 13y 2m, p<0.001), alower GAF score (47.7 v 66.9, p<0.001), alower
education level (11.2y v 12.2y, p=0.03) and were less likely to be married (7.7% v 24.4%, p=0.04), had children (2.6%
v 19.5%, p=0.02), lived independently (7.7% v 26.8%, p=0.02) and had gainful employment (25.6% v 53.7%, p=0.01).
Conclusions. The level of functioning in adults with 22gDS is highly variable, with individuals with a psychotic illness
functioning at alower level.
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Antenatal presentation of Bardet-Biedl : the so-called M eckel-like syndrome. H. KARMOUS-BENAILLY?, J.
MARTINOVICL, M.C. GUBLER?, C. 0zILOUY, J. AUGE!L, S AUDOLLENT?, F. RAZAVIL, M. VEKEMANS!, T.

ATTIE-BITACHL. 1) Department of Genetics and INSERM U-393, Hopital Necker, Paris, France; 2) INSERM U-574,
Hopital Necker, Paris, France.

Bardet-Biedl syndrome (BBS, OMIM 209900) is a multisystemic disorder characterized by progressive retina
dystrophy, postaxial polydactyly, obesity, hypogonadism, learning difficulty and renal dysfunction. Other
manifestations include diabetes mellitus, neurological signs, heart disease, and hepatic fibrosis. The condition is
genetically heterogeneous and 5 genes are identified among the 6 mapped loci (BBS1-BBS6). Based on their homology
to BBS genes, two more genes have been uncovered namely BBS7 and BBS8. A mutation of BBS1 on chromosome
11g13isresponsible for 40-50 % of BBS cases. In addition, a complex triallelic inheritance has been established in this
disorder, i.e. in some families, three mutations at two BBS loci are necessary for the expression of the disease. The only
clinical features that can be observed prenatally include polydactyly, a kidney anomaly and hepatic fibrosis. Cystic
kidney dysplasia, polydactyly, occipital encephalocele and liver anomalies (hepatic fibrosis and bile duct proliferation)
also characterise Meckel syndrome (MK'S). Based on these observations, we have decided to sequence 4 BBS genes
(BBS1, BBS2, BBS4 and BBS6) in a series of 13 antenatal cases mostly referred as Meckel or Meckel-like ( because of
association of akidney anomaly, polydactyly and/or hepatic fibrosis to a brain anomaly, or the familial history or the
kidney histology). In 6 cases, we identified a recessive mutation in a BBS gene (respectively BBS2: 3 cases, BB4: 2
cases and BBS6: 1 case. We also found heterozygous BBS6 mutations in 3 additional cases. No BBS1 mutation could
be identified in our series. These results extend the clinical spectrum of BBS with possible brain anomalies or severe
cystic kidney dysplasia and strongly suggest that MK S and BBS are overlapping conditions.
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Mutationsin thefibraoblast growth factor 10 (FGF 10) genein autosomal dominant aplasia of lacrimal- and

salivary glands. M. Entesariant, H. Matsson, J. Klarl, B. Bergendal?, L. Olson?, B. Falahat?, N. Dahl%. 1)
Department of Genetics & Pathology, Uppsala University, Uppsala, Sweden; 2) National Oral Disability Centre, The
Institute for Postgraduate Dental Education, Jonkoping, Sweden; 3) Department of Pediatric Dentistry, The Institute for
Postgraduate Dental Education, Jonkoping, Sweden; 4) Department of Dentomaxillofacial Radiology, The Institute for
Postgraduate Dental Education, Jonkoping, Sweden.

We have identified two families from Sweden with autosomal dominant aplasia of lacrimal and salivary glands
(LSGA). The disorder is rare with a variable expressivity. Affected individuals show a combination of
aplasialhypoplasia of the lacrimal-, parotid-, submandibular- and sublingual glands. The patients present with irritable
eyes and dryness of the mouth. No abnormalities in addition to aplasia’lhypoplasia of lacrimal and magjor salivary glands
were observed in the families investigated. A genome wide linkage screen using the two families revealed linkage to a
single 22 cM region on chromosome 5p13.2-g13.1 flanked by markers D5395 and D5S2046. We obtained a maximum
lod score of 5.72 (theta=0.00) with the marker locus D5S398. The linked region coincides with the fibroblast growth
factor 10 (FGF10) gene locus. Previous studies in mouse have shown that FGF10 isinvolved in multiorgan
development including the formation of lacrimal- and salivary glands. We analyzed the FGF10 gene in samples from
affected individuals and we identified gene alterations with a predicted loss of function in both families. One family
segregates for a deletion spanning part of the FGF10 gene and the second family have a single nucleotide substitution in
exon 3 resulting in a premature stop codon. The penetrance for LSGA among carriers of the mutationsis 100% in the
two families analyzed. We show for the first time that LSGA may be inherited as an autosomal dominant trait and
associated with FGF10 mutations.
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Homozygous Mutationsin LPIN2 are Responsible for the Syndrome of Chronic Recurrent Multifocal
Osteomyelitis and Congenital Dyserythropoietic Anemia (M ajeed Syndrome). H. El-Shanti, P. Ferguson?, H.

Majeed?, J. Alami4, S Chen®, M. Tayeh®, L. Ochoal, S Leal?, A. Pelet3, S Lyonnet3, A. Munnich®. 1) Dept Ped, Univ
lowa Hosps & Clinics, lowa City, |A; 2) Department of Molecular and Human Genetics, Baylor College of Medicine,
Houston, TX; 3) Department of Medical Genetics, INSERM U393, Hopital Necker-Enfants Malades, Paris, France; 4)
Department of Pediatrics, University of Jordan, Amman, Jordan.

The syndrome of chronic recurrent multifocal osteomyelitis and congenital dyserythropoietic anemiaisarare
autosomal recessive disorder of unknown etiology. Patients with this syndrome have chronic recurrent multifocal
osteomyelitis that starts early in life and is sometimes associated with Sweet syndrome, a neutrophilic dermatosis. The
congenital dyserythropoietic anemiais characterized by microcytosis, both peripheraly and in the bone marrow. We
identified six individuals with the syndrome of chronic recurrent multifocal osteomyelitis and congenital
dyserythropoietic anemiafrom two unrelated families. We utilized homozygosity mapping and parametric linkage
analysis as an approach to localize the gene responsible for this complex syndrome. The gene was mapped to a5.5 cM
interval (1.8 million base pairs) on the short arm of chromosome 18. On the examination of the genesin thisinterval,
homozygous mutations were identified in LPIN2 in affected individuals from the two families. We examined the pattern
of expression of LPIN2 and found it to be expressed in almost all tissues. The function of LPIN2 remains unknown. We
conclude that mutations in LPIN2 result in an autoinflammatory condition of the bone and probably the skin, as well.
Understanding the abberant immune response in this condition may shed light on the etiology of other inflammatory
disorders including isolated chronic recurrent multifocal osteomyelitis, Sweet syndrome, SAPHO syndrome and
psoriasis.
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Mapping of sudden infant death with dysgenesis of the testes syndrome (SIDDT) by a high-density SNP genome
scan and identification of TSPYL loss-of-function. D.H. Lincel, E.G. Puffenberger2, J.M. Parod?, D.W. Craig!, SE.
Dobrint, A.R. Conway?, E.A. Donarum®, K.A. Srauss?, T. Dunckley!, J.F. Cardenast, K.R. Melmed!, C.A. Wright®, W.

Liang?, P.N.M.I. Stafford?, C.R. Flynn®, D.H. Morton2, D.A. Sephant. 1) Neurogenomics, TGEN, Phoenix, AZ; 2)
Clinic for Special Children, Strasburg, PA; 3) Silicon Genetics, Redwood City, CA; 4) Neurodevelopmental Genetics,
Barrow Neurological Institute, Phoenix, AZ; 5) Bioengineering, Arizona BioDesign Institute, Tempe, AZ.

We have identified anovel, lethal phenotype characterized by sudden infant death (from cardiac and respiratory arrest)
with dysgenesis of the testesin males (SIDDT; OMIM # pending). Twenty-one affected individuals with this autosomal
recessive syndrome were ascertained in nine separate sibships among the Old Order Amish. High-density single
nucleotide polymorphism (SNP) genotyping arrays containing 11,555 SNPs evenly distributed across the human
genome were employed to map the disease locus. A genome-wide autozygosity scan localized the disease geneto a 3.6
Mb interval on chromosome 6¢22.1-g22.31. Thisinterval contained 27 genes, including two testis-specific Y -like genes
(TSPYL and TSPYL4) of unknown function. Sequence analysis of the TSPY L genein affected individualsidentified a
homozygous frameshift mutation (457_458insG) at codon 153 resulting in truncation of tranglation at codon 1609.
Truncation leads to loss of a peptide domain with strong homology to the nucleosome assembly protein family. GFP-
fusion expression constructs were constructed and illustrated |oss of nuclear localization of truncated TSPYL,
suggesting loss of a nuclear localization patch in addition to loss of the nucleosome assembly domain. These results
shed light on the pathogenesis of a new disorder of sexual differentiation and brain stem-mediated sudden death, as well
as giveinsight into a new mechanism of transcriptional regulation.
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Interaction of the Cerebral Cavernous Malformationstype 1 and 2 gene products. J.S Zawistowski®, M.T. Uhlik?,

G.L. Johnson2, D.A. Marchuk. 1) Department of Molecular Genetics and Microbiology, Duke University Medical
Center, Durham, NC; 2) Department of Pharmacology, University of North Carolina at Chapel Hill, Chapel Hill, NC.

Cerebral cavernous malformations are vascular lesions of the central nervous system consisting of clusters of dilated
thin-walled blood vessels without intervening brain parenchyma. Hemorrhaging of these lesions can result in migraines,
seizures, or lethal stroke. Three forms of autosomal dominant cerebral cavernous malformations have been mapped, and
the disease gene products are known for two of the mapped loci. CCML1 is caused by truncating mutations in KRIT1.
CCM2 results from mutations in MGC4607 encoding the phosphotyrosine binding (PTB) domain protein malcavernin,
the murine ortholog of which was concurrently characterized as osmosensing scaffold for MEKK3 (OSM). Here we
provide three lines of evidence that suggest the CCM1 gene product KRIT1 interacts with the CCM2 gene product
mal cavernin. First, co-immunoprecipitation experiments with epitope-tagged molecules indicate strong
KRIT1/malcavernin binding. To assess KRIT1/malcavernin binding in live cells, we employed micro-FRET analysis
and show Y FP-KRIT1and CFP-malcavernin associate in COS7 cells. Thirdly, Y FP-KRIT1 exhibits both nuclear and
cytoplasmic localization in COS7 cells, but when co-expressed with CFP-malcavernin, remains exclusively
cytoplasmic--suggesting that malcavernin is capable of sequestering KRIT1. The interaction of PTB protein domains
with NPxY amino acid motifs of betaintegrin cytoplasmic tailsiswell characterized. To this end, we show here that
mutation of the KRIT1 NPxY motif reduces the strength of the KRIT1/malcavernin interaction, as does a malcavernin
point mutation in a PTB residue critical for structure of the domain. Taken together, these data provide evidence that the
CCM1 and CCM2 gene products associate and may be involved in a complex integrin signaling network. It is therefore
possible that cerebral cavernous malformations genetic heterogeneity may, at least in part, reflect different molecular
components of the same signaling pathway.
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Pathogenesis of cerebral cavernous malformation: Depletion of Kritl leadsto perturbation of 1integrin-

mediated endothelial cell mobility and survival. J. Zhang?, RE. Clatterbuck?, S Basul, D. Rigamontil, H.C. Dietzl2.
1) Dept of Neurosurgery, Johns Hopkins Univ Sch Med, Baltimore, MD; 2) HHMI and Inst Genet Med, Johns Hopkins
Univ Sch Med, Baltimore, MD.

Cerebral cavernous malformation (CCM) is an autosomal dominant microvascular disease characterized by vascular
sinusoids that predispose to intracranial hemorrhage and seizure. Mutations in Kritl (CCM1) and malcavernin (CCM2)
account for the majority of familial CCM cases; however, little is known about the cellular functions of either protein.
We have previously shown that full-length kritl interacts with icapl, a modulator of 1 integrin signaling. Using RNA
interference technology (RNAI), we demonstrate that kritl plays acritical rolein 1 integrin-mediated cell mobility, cell
survival and ultimately angiogenesis. RNAi-mediated depletion of kritl or icapl reduces endothelial cell migration and
invasion viathe Racl signaling pathway. Kritl modulates this pathway through positive regulation of GTP binding to
Racl. Depletion of kritl or icapl aso inhibits 1 integrin-mediated cell survival viathe ILK-AKT-BAD signaling
pathway, increasing endothelial cell apoptosis in a caspase cleavage-dependent fashion. Kritl influences this pathway
through positive regulation of serine phosphorylation of ILK. Furthermore, depletion of kritl or icapl leadsto an
increased number of disorganized focal adhesions with decreased interaction of ILK and FAK with the focal adhesion
docking protein paxillin, providing a potential mechanism for regulation of phosphorylation along these signaling
pathways. The concordant effects of kritl and icapl on all signaling pathways can be explained by our observation that
upon depletion of kritl, icapl decreases in the cytoplasm and is no longer detected in the nucleus, suggesting that kritl
both stabilizes and shuttlesicapl and thus modulates its regulation of 1 integrin-mediated signaling. Further elucidation
of the detailed molecular and cellular significance of these interactions will better define the role of kritlin
angiogenesis and yield more information about the molecular pathogenesis of CCM, thus facilitating the development of
rational therapeutic strategies.
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Mutations of SGM 1 cause K lippel-Feil syndrome - Segmental patterning in development of the spine, face,
mouth and larynx. RA. Clarke, Z.M. Fang. School of Medicine, St George Hospital, University of NSW, Sydney,
NSW, Australia.

Klippel-Feil syndrome (KFS) is characterised by vertebral fusions that appear to arise from errorsin axial
segmentation. The resulting spinal deformities range in severity from dight restrictions to severe scoliosis and lethality.
There are four classes of KFS (KF1-4) affecting 1 in 5000 births with very few KFS families reported. The KF2 classis
the most prevalent form of KFS. KF2 can usually be distinguished from skeletal dysplasias, having the odd occurrence
of vertebral fusion, by the minimum dominant expression of the fusion of the 2nd and 3rd cervical (C) vertebraein
common association with Sprengles Shoulder and/or some degree of craniofacial involvement.

We have identified KFS segregating with a paracentric inversion inv(8)(g22.2923.3) within afive generation
autosomal dominant KF2 family (KF2-01). FISH analysisusing YAC, BAC and candidate gene probes positioned the
inversion breakpoint within the 3rd intron of the SGM 1 gene. Further screening identified a second autosomal dominant
KF2 family (KF2-02) with a point mutation / nucleotide substitution within the 2nd exon of the SGM1 gene causing a
putative missense proline to threonine transition. SGM 1 is the first KFS gene to be identified.

Overlap between the complex phenotypes of these two KF2 families provides invaluable insight into SGM 1s
regulation of axial segmentation and spinal development. The sequential segmentation of the axial mesoderm into pre-
vertebral somites proceeds in a cranio-caudal direction during embryogenesis. Within both the KF2 families described
here the incidence of fusion was aways cumulative in a cranio-caudal direction. And the overall frequency of vertebral
fusion diminished cranio-caudally along the spine in gradient fashion. And vertebral fusion only recurred at identical
periodic positions along the spine in skipping fashion. This proof of overlapping periodicities with skipped and graded
patterns of control in multiple KF2 families with SGM 1 mutations confirms SGM1srole in axial patterning,
segmentation and spinal development.
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L oss of function mutationsin MAN1 result in osteopoikilosis, Buschke-Ollendor ff syndrome and melor heostosis.
J. Hellemans!, L. Preobrazhenska?, A. Willaertl, P. Debeer®, P. Verdonk?, B. Menten®, N. Van Roy!, S. Vermeulen?, T.
Costab, R. Savarirayan’, W. Van Hul®, F. Vanhoenacker®, D. Huylebroeck?, A. De Paepel, IM. Naeyaert3, F.

Selemant, K. Verschueren?, P. Couckel, G. Mortier®. 1) Dept of Medical Genetics, Ghent Univ Hosp, Belgium; 2)
Dept of Orthopedic Surgery, Ghent Univ Hosp, Belgium; 3) Dept of Dermatol ogy, Ghent Univ Hosp, Belgium; 4) Dept
of Developmental Biology, Univ of Leuven, Belgium; 5) Center for Human Genetics, Univ of Leuven, Belgium; 6)
Medical Genetics Service, Sainte-Justine Hospital and University of Montral, Canada; 7) Genetic Health Services
Victoria, Murdoch Childrens Research Institute and University of Melbourne, Australia; 8) Dept of Medical Genetics,
Univ Hosp and University of Antwerp, Belgium; 9) Dept of Radiology, Univ Hosp and University of Antwerp,
Belgium.

Osteopoikilosis, Buschke-Ollendorff syndrome (BOS) and melorheostosis are disorders characterized by increased
bone density. The occurrence of one or more of these phenotypesin the same individual or family suggested that these
entities might be allelic. We have collected three families in which affected individuals had osteopoikilosis with or
without manifestations of BOS or melorheostosis. A genome wide linkage analysis in these families linked the locus to
120g12-g14.3 with a combined maximum two-point LOD score of 6.7 at =0 for markers D12S1661 and D12S1691. The
identification of amicrodeletion in an unrelated patient with osteopoikilois, short stature and microcephaly allowed us
to reduce the linkage interval to a 3.07 Mb critical region. Sequencing of MAN1 (candidate gene approach) showed
heterozygosity for aloss of function mutation in all affected individuals of the 3 families and in 3 unrelated patients
with osteopoikilosis. MAN1 is an integral protein of the inner nuclear membrane. Xenopus homologues of MAN1
specifically interact with BMP receptor activated Smads and antagonize BMP signaling during embryogenesis. Defects
in the BMP/TGF signaling pathway have been shown to cause hyperostotic bone dysplasiasin humans. We are
currently investigating the specific role and interactions of MAN1 in the human BMP/TGF signaling pathway.
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Cartilage Hair Hypoplasia - New Pathogenetic Aspects. P. Hermanns!, J.G. Leroy2, A. Bertuch?, T. Bertin, B.

Dawson®>, A. Tranl, M. Schmitt3, B. Zabel*, B. Lee*°. 1) Dept Molecular & Human Gen, Baylor College of Medicine,
Houston, TX; 2) Ghent University Medical School, Ghent, Belgium; 3) Upstate University Syracuse, NY; 4) Children's
Hospital, University of Mainz, Germany; 5) Howard Hughes Medical Institute, Houston, TX.

Cartilage Hair Hypoplasia (CHH) or metaphyseal chondrodysplasia McKusick type (MIM #250250) is an autosomal
recessive multisystemic disease with osteochondrodysplasia, dwarfism, fine and sparse hair, deficient cellular immunity
and a predisposition to malignancy. CHH is one of the few Mendelian diseases caused by mutation in a non-coding
RNA gene, RMRP. RMRP is anuclear encoded RNA that isthe RNA component of aribonucleoprotein complex that
functions as an endonuclease. Y east studies suggest its involvement in processing of pre-rRNA in the nucleolus,
cleavage of mitochondrial RNA priming mitochondrial DNA replication, and progression of the cell cycle at the end of
mitosis. Mutation analysis was performed in 32 patients, referred with the clinical diagnosis of probable CHH. RMRP
mutations were found in 24 subjects. The combination of significantly reduced birth length, subsequent severe growth
failure and deficient hair growth appeared to be highly correlated with the detection of mutations in the RMRP gene. A
study of the Pollll RMRP promoter suggests that promoter duplications found in CHH patients abolish transcription of
the RMRP gene, afinding confirmed by quantitative RT-PCR analysis of patient lymphoblasts. RMRP mutations
introduced into the yeast ortholog NMEL neither altered mitochondrial function nor, affected mitochondrial depletionin
a CHH patient fibroblast cell line. Interestingly, the most commonly found mutation 70A>G causes an ateration in the
ribosomal processing and microarray studies performed with two patients suggest that RMRP mutation is associated
with significant up-regulation of severa cytokine family and cell cycle regulatory genes. These data suggest that
alteration of ribosomal processing leads to altered cytokine signaling and cell cycle progression in terminally
differentiated cell typesinvolved in CHH pathogenesis, i.e., lymphocytic and chondrocytic lineages.
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Mutationsin the NODAL signaling pathway ar e associated with human heterotaxy. SM. Warel, B. Mohapatra?, T.
Ho-Dawson?, E. Weihe?, H. Li2, L. Smith?, SD. Fernbach?, L. Molinaril, B. Casey3, N. Kaplan?, K.L. McBridel, J.A.

Towbin2, J.W. Belmont!. 1) Dept Molecular & Human Genetics, Baylor College of Medicine, Houston, TX; 2) Dept of
Pediatrics (Cardiology), Baylor College of Medicine, Houston, TX; 3) Children's & Women's Health Centre, Vancouver
BC V6H 3V4; 4) Biostatistics Branch, National Institute for Environmental Health Sciences, Research Triangle Park,
NC.

Most occurrences of heterotaxy and mechanistically related non-syndromic cardiovascular malformations are sporadic
and epidemiological features are consistent with complex genetic mechanisms. Data from animal models indicate that
the nodal signaling pathway is critical for proper left-right patterning and cardiac development, and mutationsin three
genes within this pathway have been identified in a small minority of patients with heterotaxy. In order to test the
hypothesis that multiple genes within the nodal pathway are causally associated with congenital heart defects, nine
genes within the pathway, NODAL, CRIPTO, ACVR2B, ALK4, ALK7, SMAD2, SMAD3, FOXH1 and PITX2, have been
analyzed in patients with heterotaxy and mechanistically related congenital heart defects. A comprehensive mutation
scanning and sequencing approach was used to examine 21.8 Kb of coding sequence in 227 sporadic cases and 298
controls (128 European-Americans, 17 African Americans, and 82 Hispanics). Non-synonymous rare variants were
identified in 7 of 9 NODAL pathway genes. Logistic regression controlling for ethnicity demonstrated a significant
association of non-synonymous rare variants in these genes with heart malformation (OR= 4.1; 95% CI 2.2-7.6; p.0001).
Thus, testing the association of rare non-synonymous variants as a class allows definitive assessment of the impact of
the NODAL pathway on this type of congenital heart disease. This study represents the first systematic characterization
of therole of rare genetic variantsin an entire developmenta pathway and it establishes a novel paradigm for
elaborating the molecular underpinnings of congenital heart defects.
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Familial short stature associated with a mutation in the growth hor mone secr etagogue r eceptor (GHSR). J.
Pantell, S Cabrol?, M. Legendrel, L. Hilal®, S Nivot?, Y. Hajaji®, M.P. Vie-Luton?, S Morisset®, D. Grouselle®, M. de

Kerdanet”, A. Kadiri®, J. Epelbaum®, Y. Le Bouc?, S Amselemt. 1) INSERM U468, Creteil, France; 2) Hopital Armand-
Trousseau, Paris, France; 3) Universite Ibn Tofail, Morroco; 4) CHU de Caen, France; 5) INSERM U573, Paris, France;
6) INSERM U549, Paris, France; 7) CHR de Rennes, France; 8) CHU Ibn Sina, Morroco.

Idiopathic short stature (1SS) is a disease condition particularly common in pediatric endocrinology. The term ISSis
actually used for children in whom the etiology of the short stature is undefined. Therefore, the diagnosis of this
heterogeneous disorder is currently based on exclusion criteria, including normal plasma GH valuesin response to
classical pharmacological provocative tests. In very rare instances, patients with adiagnosis of 1SS have secondarily
been shown to carry a gene abnormality. The first endogenous ligand of the GH secretagogue receptor (GHSR) has been
discovered in 1999. Thisligand, called Ghrelin, is ahormone that stimulates GH secretion, induces appetite and weight
gain. Consistent with these biological properties, transgenic rats with GHSR deficiency have been found to be smaller
and leaner than controls. On the basis of these observations, we postulated that children with |SS may carry mutations in
the GHSR gene, in spite of anormal response to classical pharmacological provocative tests. To test the possible
involvement of the GHSR in the disease phenotype of patients with ISS, we screened its coding sequence for mutations
in afamily in which several members had a short stature of unknown origin. Sequence analysis of the GHSR gene
within this family revealed a missense mutation that segregates with the growth retardation phenotype. If trandlated, this
GHSR mutation would generate a charge change at a highly conserved position of the extracellular region of this seven
transmembrane G protein-coupled receptor. As shown by transient expression studies, the binding of this mutant

receptor to 12%|-Ghrelin is severely impaired. Overall, this first deleterious GHSR mutation, which elucidates the
molecular basis of the I SS phenotype in this family, highlights the role of normal secretagogue signaling in the human.
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Mice heter ozygousfor the GTF2I transcription factors exhibit behaviours seen Williams-Beuren syndrome. T.

Onayl2, E. Young?, T. Lipina3, A. Mandel2, Z. Jial, J. Roder3, L.C. Tsui?, L.R. Osborne?. 1) Hospital for Sick Children,
Toronto, Canada; 2) Medicine, University of Toronto, Toronto, Canada; 3) Samuel Lunenfeld Research Institute,
Toronto, Canada; 4) University of Hong Kong, Hong Kong, China.

Williams-Beuren syndrome (WBYS) is a complex disorder, caused by the hemizygous deletion of genes on
chromosome 7qg11.23. The elastin gene has been shown to contribute to the phenotype, but no other gene has been
unequivocally linked to this disorder. A family of general transcription factor genes (GTF2l) lie at the telomeric end of
the WBS deletion, and since haploinsufficiency of transcription factors has been shown to underlie a number of
developmental disorders, they make attractive candidates.

In order to dissect the role of hemizygosity for these genesin WBS, we have used gene targeting of Gtf2i and Gtf2irdl
in mice. Gtf2ird1 homozygous animals are viable and grossly normal, in agreement with a previous insertional Gtf2irdl
mutant, whilst Gtf2i homozygous mutant embryos are present at 7.5 dpc but resorb by 9.5 dpc. Preliminary analysis has
revealed no gross anatomical abnormalitiesin either Gtf2i +/-, Gtf2ird1 +/- or double heterozygous mice. Behavioural
analyses have reveal ed abnormalities associated with the mutation of both genes. Gtf2i +/- mice show normal motor
activity but reduced anxiety and attentional deficits, while Gtf2irdl -/- mice show increased motor activity and acoustic
startle response. In addition, the Gtf2i +/- (but not the Gtf2ird1 -/- mice) show changes in basal synaptic function as
measured by excitatory postsynaptic potential after stimulation of the CA1 region of the hippocampus.

The finding of behaviours similar to those seen in individuals with WBS (hyperactivity, attention deficit,
hypersensitivity) in these mice suggests that the GTF2I transcription factor genes may contribute to the clinical
symptoms seen in WBS. Further characterization of these mice, and of double heterozygous animals, will be important
in determining the role of these genesin WBS.
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Inducible transgenic mouse model of oculopharyngeal muscular dystrophy (OPMD). A. Mankodil, M. Becher?,

C.A. Thornton. 1) Neurology, University of Rochester, Rochester, NY; 2) Pathology, University of New Mexico,
Albuqguerque, NM.

OPMD is an adult onset neurodegenerative disease with worldwide prevalence. The genetic basisis a short expansion
of alanine codons (normal: Aqq; mutant: A1,_17) inthefirst exon of PABPN1. PABPNL1 is a ubiquitous nuclear protein

that regulates formation of poly(A) tails on mRNA. Mutant PABPN1 protein forms intranuclear aggregates and
inclusionsin patients with OPMD. To investigate the molecular pathogenesis of OPMD, we derived an inducible
transgenic mouse model, i.e., one in which the disease gene can be turned on and off. First, we derived lines of
transgenic mice expressing the RU486-regul able transactivator, GLV P, under the control of the CMV/ actin
enhancer/promoter. Second, we derived target lines in which expression of human wild-type (hPABwt, 10 alanine
codons) or mutant (hPABmut, 16 alanine codons) PABPNL1 is controlled by GLVP. Next, we determined that
administration of RU486 to hPAB/GLV P bitransgenic mice induces hPABwt or hPABmut mRNA. Long-term induction
of hPABmut by RU486 led to progressive multi-system disease characterized by muscle wasting, axial myoclonus,
impaired rotorod performance and cardiomyopathy. The phenotype was consistent in 3 of 4 hPABmut founder lines.
The neurological impairment began at 2 months and reached survival endpoints in more than 70% of mice after 10
months of induction. Histologic analysis showed degeneration of skeletal and cardiac muscle fibers. Cytoplasmic
rimmed vacuoles and intranuclear inclusions of ubiquitinated PABPN1, which are hallmarks of OPMD histopathol ogy,
were present in mice that expressed hPABmut. Uninduced bitransgenic mice remained healthy. Preliminary data
indicate that neurologic impairment is reversible if induction of hPABmut is discontinued. To our knowledge, thisisthe
first inducible mouse model of a muscular dystrophy. The consistency of the phenotype and the rapid progression of
disease suggest that this transgenic model may be suitable for testing therapeutic strategies to reduce PABPN1

aggregation.
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The chromatin remodeling protein ATRX iscritical for neuronal survival during corticogenesis. D.J. Picketts!-3,

M. Jaglal, J. Vanderluit?, D. Garrick?, R.J. Gibbons?, D.R. Higgs®, R.S Sack?, N.G. Bérubé®. 1) Molecular Medicine
Program, Ottawa Health Research Inst, Ottawa, ON, Canada; 2) Neuroscience Program, Ottawa Health Research Inst,
Ottawa, ON, Canada; 3) Departments of Medicine and Biochemistry, Microbiology, and Immunology, University of
Ottawa, Ottawa, ON, Canada; 4) Weatherall Institute of Molecular Medicine John Radcliffe Hospital, Oxford, OX3
9DS; 5) Present Address: Departments of Biochemistry and Paediatrics, University of Western Ontario and Scientist,
Child Health Research Institute, London, ON, N6C 6B5.

Mutations in chromatin remodeling genes, such as ATRX, underlie a number of genetic disordersincluding several X-
linked mental retardation syndromes, yet their role in normal CNS development is unknown. Here, we used a
conditional gene-targeting approach to inactivate ATRX specifically in the forebrain. Loss of ATRX causes widespread
hypocellularity in the neocortex and hippocampus, and a pronounced reduction in forebrain size. Neuronal birthdating
confirmed that fewer neurons reach the superficial cortical layers, despite normal progenitor cell proliferation. The loss
of cortical mass results from an 8-fold increase in neuronal apoptosis during early stages of corticogenesisin the mutant
animals. Moreover, cortical progenitorsisolated from ATRX-null mice undergo enhanced apoptosis upon differentiation.
Taken together, our resultsindicate that ATRX is a critical mediator of cell survival during early neuronal differentiation.
As such, increased neuronal loss may contribute to the severe mental retardation observed in human patients.
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Glial expression of polyglutamine-expanded ataxin-7 is sufficient to produce neuronal dysfunction in GFAP-

SCA7 transgenic mice. SK. Grotel, B.L. Sopherl, AR. La Spadal'%3. 1) Department of Laboratory Medicine,
University of Washington, Seattle, WA; 2) Division of Medical Genetics, Department of Medicine, University of
Washington, Seattle, WA ; 3) Division of Neurogenetics, Department of Neurology, University of Washington, Seattle,
WA.

Spinocerebellar ataxiatype 7 (SCA7) is an autosomal dominant disorder characterized by gait ataxia and retinal
degeneration, and is caused by a CAG / polyglutamine repeat expansion. We recently generated a transgenic mouse
model of SCA7, and documented a non-cell autonomous degeneration of Purkinje cell neurons in the cerebellum of
mice expressing ataxin-7 with 92 glutamines. One possible explanation for the non-cell autonomous Purkinje cell
degeneration in the SCA7 mouse model is dysfunction of a population of glia (the so-called Bergmann glia) that
surround, support, and sustain Purkinje cells. To determine if Bergmann glia dysfunction plays arolein the non-cell
autonomous Purkinje cell degeneration seen in our SCA7 model, we obtained a modified version of the human glial
fibrillary acidic protein (GFAP) promoter to target expression of polyglutamine-expanded ataxin-7 to Bergmann glia.
Three lines of GFAP-SCA7-92Q transgenic mice have been produced, and display an age-dependent neurological
phenotype of tremor, clasping, and gait instability. One line of GFAP-SCA7-10Q transgenic mice thus far appears
normal. Ataxin-7 IHC of GFAP-SCA7-92Q mice reveal s intense immunostaining of Bergmann glia soma and
processes, but without detectable neuronal immunoreactivity in the cerebella of such mice. Our preliminary analysis of
the GFAP-SCA7-92Q mice suggests that expression of mutant ataxin-7 restricted to glia of the cerebellum is sufficient
to induce neuronal dysfunction.
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Molecular Basis of Pituitary Dysfunction: M echanism of PROP1 Action. SA. Camper, R.D. Ward, M.L.
Brinkmeier, 1.0. Nasonkin, A.H. Vesper, M.A. Potok, B.M. Stone, F. Beuschlein, H. Suh, G.D. Hammer, L.T. Raetzman.
Depts. Human Genetics and Internal Medicine, 4301 MSRB |11, Univ Michigan Medical Sch, Ann Arbor, MI.

Lesions in the homeodomain transcription factor PROP1 are the most common known cause of autosomal recessive
hypopituitarism in humans. GH, TSH, PRL, LH and FSH are usually deficient, and hypocortisolism occasionally
develops. Some patientsinitially have pituitary hyperplasia that resolves to hypoplasia. We investigated the mechanism
of PROP1 action using mice with altered PROPL levels, including a putative hypomorph, a novel, null mutant, and a
transgenic over-expressor. Many features of the human patients are mimicked in PROPL deficient mice. Adult mutants
are consistently deficient in GH, TSH, PRL, LH and FSH, athough there is no evidence of hypocortisolism. Genetic
background profoundly influences the mutant phenotype, which islethal respiratory distress syndrome, juvenile wasting
associated with hypoglycemia, or viable adult dwarfism. Propl is expressed transiently in early fetal development, but
the total mass of the mutant pituitary prirmordium is indistinguishable from normal mice until aweek after birth.
Undifferentiated mutant progenitor cells appear unable to migrate to the anterior lobe, causing dorsal overgrowth. The
lack of progenitors and enhanced apoptosis in young mice causes hypoplasia, analogous to the pituitary hyperplasia and
degeneration of some human patients. Propl mutants have persistent, mislocalized expression of the HESX 1, TLE3
repressor complex and are unabl e to activate expression of NOTCH2 and PIT1. Deficiency of AES, an antagonist of the
repressor complex, causes pituitary anomalies, misexpression of NOTCH2 is sufficient for disruption of gonadotrope
differentiation, and PIT1 isrequired for specification of cells expressing GH, TSH and PRL. Gonadotrope function is
disrupted by reduced or elevated Propl expression, suggesting that the concentration of PROPL is critical for normal
pituitary function. In summary, Propl mutant mice are valuable tools for understanding the mechanism of PROP1
action.
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Mitf repression by the microphthalmia-associated transcription factor Chx10 isrequired for the maintenance of
mammalian neuroretinal identity. D.J. Horsford?, M.-T. Nguyen?, G.C. Sellar3, R. Kothary?, H. Arnheiter?, RR.

Mclnnest. 1) Prog Develop Biol, Hosp Sick Children, Toronto, ON, Canada; 2) Lab of Develop Neurogenetics, NINDS,
NIH, Bethesda, MD, USA; 3) MRC Human Genetics Unit, Edinburgh, UK; 4) Ottawa Health Res Inst, Ottawa, ON,
Canada.

In mammalian retinal development, a neuroectodermal cell undergoes a cell fate decision to become either a
presumptive neuroretinal cell (under the influence of FGF) that expresses the homeodomain transcription factor Chx10
or apresumptive retinal pigment epithelium (RPE) cell that expresses the basic helix-loop-helix protein Mitf. Chx10
loss-of -function mutations in human and mouse result in the orthologous phenotype of microphthalmia due to defectsin
neuroretina progenitor cell proliferation. Mitf mutants have a dorsal RPE-to-neuroretinal phenotypic transformation,

indicating that Mitf is a determinant of RPE identity. We report here that Mitf is expressed ectopically in the Chx10°"
JYor-J neuroretina (NR), demonstrating that Chx10 normally represses the neuroretinal expression of Mitf. The ectopic

expression of Mitf in the Chx10°¥0r-J NR deflects it towards an RPE-like identity; this phenotype results from from a
partial loss of neuroretinal maintenance. Using Chx10 and Mitf transgenic and mutant mice we identified an antagonistic
interaction between Chx10 and Mitf in regulating retinal cell identity. High Chx10:Mitf levels are essential for
neuroretinal cell identity, while elevated Mitf:Chx10 levels ensure RPE cell identity. Double Chx10; Mitf mutant mice
have adramatically improved retinal phenotype, confirming that Mitf is necessary for the Chx10 retinal phenotype and
vice versa. Importantly, we also isolated a small number of Chx10 mutant individuals of a mixed genetic background
with a dramatic NR-to-RPE-like change in cell identity. Chx10 is thus the first gene identified that is necessary for
mammalian neuroretinal cell identity. Finally, FGF exposure in a developing OV has also been shown to repress Mitf
expression. We demonstrate that the repression of Mitf by FGF is Chx10-dependent, indicating that FGF, Chx10 and
Mitf are components of a pathway that determines and maintains the identity of the NR.
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Generation of mouse models of human congenital malfor mation syndromes using ENU mutagenesis. D.R. Beier,
K.G. Ackerman, B.C. Bjork, T.L. Harboe, J.L. Moran, P. Tran. Genetics Division, Brigham and Womens Hospital,
Harvard Medical School, Boston, MA.

The characterization of mouse developmental mutants can be useful for understanding human dysmorphol ogies and
disease. We are screening embryos from mice mutagenized with N-ethyl-N-nitrosourea (ENU) for recessive phenotypes
similar to human congenital defects. Third generation progeny are evaluated for developmental anomalies at embryonic
d18.5; we thusidentify defects in organogenesis that are consistent with survival in utero to late gestation but may cause
post-natal lethality. Affected progeny are used directly for genetic mapping utilizing a 400-marker SNP panel we have
developed that allows arapid genome-wide analysis. With this strategy, we are able to localize the mutation to a
recombinant interval by genotyping 8-10 affected mice. The main component of the mutation screen is an inspection of
major organs after embryo dissection, followed by a more detailed analysis for craniofacial, kidney, brain and skel etal
abnormalities. We have generated over 25 monogenic developmental mutants and we have identified the causal gene for
9 of these. The abnormalities observed are highly varied and many are similar to human malformation syndromes.
Examples of models we have generated include congenital diaphragmatic defect, non-syndromic cleft palate, Robin
sequence, spondylocostal dysostosis, omphal ocele, non-bullous congenital icthyosiform erythroderma, epidermal
bullosa, polycystic kidney disease, and structural heart disease. In several cases the mutated locus correspondsto a
known human disease-associated gene. More importantly, for syndromes in which the molecular basisis less well
understood (e.g., CDH and cleft palate), analysis of affected patients has revealed missense and nonsense mutations in
the orthologs of genesidentified in the analysis of our mutant models. Our results demonstrate that a recessive screen
can be extremely productive for the purpose of generating abnormal developmental phenotypes. The utilization of a
phenotype-driven analysis has proven useful for the identification of candidate loci that can be studied in human
populations.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 74 from the 2004 ASHG Annual Meeting

Identification of a Genetic Cause of Congenital Diaphragmatic Defect and Pulmonary Hypoplasia Through
Characterization of an ENU-induced Mutant Mouse Model. K.G. Ackerman?, SO. Vargas?, M. Russel|3, K.

Parkerl, B.R. Pober3, P.K. Donahoe®, D.R. Beierl. 1) Genetics, Brig & Wmns Hosp, Boston, MA; 2) Pathology,
Children's Hosp, Boston, MA; 3) Surgery, Mass Gen Hosp, Boston, MA.

We use an ENU-mutagenesis screen to identify mutations causing developmental defects in late term mouse embryos.
From our mutagenesis screen, we identified a mutant line with bilateral pulmonary hypoplasia and a diaphragmatic
muscul arization defect (eventration). Positional cloning revealed that this line carries a hypomorphic mutation of the
transcriptional co-factor Fog2 (Zfpm2). As pulmonary hypoplasia may be secondary to a diaphragmatic defect in other
models, characterization of Fog2 mutants included the evaluation of lung growth in culture. Lung explants performed
prior to digphragmatic muscularization demonstrated bilateral hypoplasia with lack of accessory lobe devel opment.
Thus, Fog2 plays a primary role in pulmonary development. The similarity of these defects to the human spectrum of
diaphragmatic defects makes FOG2 an excellent a candidate gene for congenital diaphragmatic hernia (CDH). In
addition, human FOG2 maps to 8922.3 and translocations or deletions involving this region have been associated with
CDH. To evaluate FOG2 as a candidate gene for CDH, sequence analysis was done on autopsy tissue from 30 patients
with diaphragmatic defect and pulmonary hypoplasia. In this cohort, a heterozygote base change resulting in a
premature stop codon (R112X) was identified in one case. Analysis of the parents revealed that this was a de novo
mutation in the affected child, which strongly implicates the FOG2 mutation as causal for CDH in this patient. SNP
genotyping in a control population of 400 healthy adults revealed no changes at this site. Our identification of FOG2 as
thefirst causal gene for developmental diaphragmatic defects and congenital pulmonary hypoplasia very clearly
demonstrates the utility of ENU mutagenesis as atool for finding candidate genes for human developmental defects.
Thismodel isthe first to demonstrate that the pulmonary hypoplasia associated with human diaphragmatic defects can
result from a primary developmental defect in lung development.
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TGF-dependent pathogenesis of mitral valve prolapsein a mouse model of Marfan syndrome. C.M. Ngt, A.

Cheng?, D.P. Judge?, H.C. Dietz2. 1) HHMI and Inst of Genet Med, Johns Hopkins Univ Sch Med, Baltimore, MD; 2)
Dept of Medicine, Johns Hopkins Univ Sch Med, Baltimore, MD.

Mitral valve prolapse (MVP) is acommon human phenotype, yet little is known regarding disease pathogenesis. MV P
can occur in the context of genetic syndromes including Marfan syndrome (MFS), an autosomal dominant condition
caused by mutations in fibrillin-1. Myxomatous degeneration of the mitral valve with progressive dysfunction represents
the leading indication for cardiovascular surgery and cause of death in children with MFS. Here we validate Fbn1-
targeted mice as a genetically defined model of postnatally acquired myxomatous degeneration of the atrioventricular
(AV) valves. Our prior use of fibrillin-1 deficient mice revealed that fibrillin-1 regulates the activation of the cytokine
transforming growth factor beta (TGF) in the developing lung and that excessive signaling contributes directly to failed
distal alveolar septation and the evolution of emphysema. We hypothesized that a similar mechanism is relevant to the
multisystem pathogenesis of MFS, including the devel opment of myxomatous changes of the AV valves. Mutant valves
exhibited alterations in leaflet length, cellularity, and matrix content that correlated both temporally and spatially with
excess TGF activation and signaling. Moreover, TGF antagonism in vivo rescued the valve phenotype in mouse models
of MFS, suggesting a cause and effect relationship. Importantly, these studies also demonstrated that TGF isa
physiologic regulator of AV valve morphogenesis. Expression analyses of developing fibrillin-1 deficient AV valve
leaflets demonstrated upregulation of multiple TGF-responsive genesincluding igh3, Ednl, and Timpl. These are
excellent candidate effectors of the valve phenotype due to their known influence on cellular proliferation and survival.
In keeping with this hypothesis, we have observed a dramatic increase in cellular proliferation and suppression of
apoptosis in the developing valve leaflets of Fbnl-targeted mice. These data provide critical insight into the
pathogenesis of myxomatous mitral valve changesin MFS and perhaps in more common, nonsyndromic variants of
mitral valve prolapse.
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Apoptosisin glycerol kinase deficiency (GKD): investigationsin Drosophila melanogaster. J.A. Martinez, E.R.B.
McCabe. Department of Pediatrics, David Geffen School of Medicine at UCLA, Los Angeles, CA.

Mutationsin the glycerol kinase (GK) gene of plant and animal organismsreveal that the glycerol metabolic pathway
affects avariety of biological processes, including growth, energy metabolism, and stress resistance. In humans,
mutations in GK produce a variable clinical presentation with clear evidence that modifiers influence phenotypic
variability. We generated GK deficient (GKD) Drosophila melanogaster in order to identify candidate modifier loci
mediating this phenotypic variability. Combining classical genetic and genome-wide methods, we confirmed the
existence of several glycerol kinase loci in Drosophila, with Gyk and CG7995 having closest similarity to human Xp21
GK. Weisolated flies with recessive lethal loss-of-function or hypomorphic alleles. Loss-of-function alleles caused
recessive lethality in the homozygous state. Ectopic bristle formation, consistent with a block in apoptosis, was observed
in flieswith heterozygous null or homozygous hypomorphic alleles. Conversely, ectopic expression of glycerol kinase
in the Drosophila eye and mechanosensory neuron precursors led to photoreceptor cell death and cuticular bristle loss.
Based on a candidate gene approach, we identified several modifiers of these phenotypes: cytoplasmic and
mitochondrial glycerol 3-phosphate dehydrogenase (cGpd, Gpo), voltage dependent anion channel (VDAC/porin), and
apoptotic protease-activating factor-1 (Apaf-1/dArk). Immunostaining confirmed mitochondrial co-localization of GK
with Apaf-1 and VDAC. We further carried out a modifier screen using these phenotypes and identified additional
members of the mitochondrial apoptosis cascade: an adenine nucleotide translocator, mitochondrial respiratory chain
complex |, and the microRNA mir-14, a key regulator of cell death and fat metabolism in Drosophila. Investigationsin
the fly model of GKD identified modifier loci of the GKD phenotype as members of the apoptotic cascade, indicating
that GK isinvolved in apoptosis. We speculate that studies in the fly and other model organisms will give usinsight into
novel pathogenic mechanisms and unanticipated modifier genes.
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Microcephalin: linking human brain size and chromosome condensation. A.P. Jacksonl, M. Trimbornz, SM. Belll,

K.H. Surinyal, C. Felix3, L.M. Neumann?, K. Sperling?, H. Neitzel2. 1) Molec Medicine Unit, CSB, Univ Leeds, Leeds,
United Kingdom,; 2) Institute of Human Genetics, Charit Universitary Medicine Berlin, Campus Virchow, Humbol dt
University, Berlin, Germany; 3) Regional Cytogenetics Unit, St. Jamess University Hospital, Leeds, UK.

Microcephalin (MCPH1) is a gene mutated in primary microcephaly, an autosomal recessive neurodevelopmental
disorder in which there is a marked reduction in brain volume to a size comparable with that of early hominids. PCC
syndrome is arecently described disorder of microcephaly, short stature and misregulated chromosome condensation.
Here, we report the finding that MCPH1 primary microcephaly and PCC syndrome are allelic disorders, both having
mutations in the microcephalin gene. We establish that the two conditions share a common cellular phenotype of
premature chromosome condensation (PCC) in the G2 phase of the cell cycle. This phenotype isidentifiable on routine
cytogenetic preparations and therefore will be a useful diagnostic marker for identifying individuals with MCPH1 gene
mutations.Furthermore neuronal heterotopias are present in some patients with microcephalin mutations, raising
interesting questions regarding the possible extension of the MCPH1 primary microcephaly phenotype into neuronal
migration disorders.We demonstrate that microcephalin is a nuclear protein by transient expression of a GFP-tagged
expression construct and by SiIRNA that knockdown of MCPHL1 is sufficient to reproduce the PCC phenotype. We also
show that MCPH1-deficient cells exhibit delayed decondensation post-mitosis. These findings implicate microcephalin
asanovel regulator of chromosome condensation and link the apparently disparate fields of neurogenesis and
chromosome biology. Further characterisation of MCPHL1 isthus likely to lead to fundamental insights into both the
regulation of chromosome condensation and neurodevel opment.
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Mutation in thetelomeric regulator PIP1 causes urogenital and caudal dysgenesisin acd mutant mice. C.

Keeganl, J. HutzL, T. Elsel, M. Adamskal, S. Shah?, A. Kent!, J. Howes!, W. Beamer2, G. Hammer®. 1) Univ Michigan,
Ann Arbor, MI; 2) Jackson Laboratory, Bar Harbor, ME.

Adrenocortical dysplasia (acd) is a spontaneous autosomal recessive mouse mutant with developmental defectsin
organs derived from the urogenital ridge. In surviving adult mutants, adrenocortical dysplasia and hypofunction are
predominant features. Adults are infertile due to lack of mature germ cells, and fifty percent develop hydronephrosis due
to ureteral hyperplasia. In addition, mutants exhibit growth retardation from birth, and many have decreased fur and
flaky skin. We report that the acd phenotype is caused by a splice donor mutation in Pipl (POT-1 interacting protein,
also known as Ptop) in acd mice. This gene has recently been characterized by others as anovel component of the
protein complex that controls telomere elongation by telomerase. Characterization of Pipl transcripts in acd mutants
reveals two abnormal transcripts, consistent with a splicing defect. Expression of awild-type Pipl transgene in acd
mutants rescues the observed phenotype. Most mutants die within 1-2 days of life on the original genetic background.
Analysis of these mutant embryos reveals variable, yet striking defectsin caudal specification, limb patterning and axial
skeleton formation. In the tail bud, reduced expression of Wht3a and DII1 correlates with phenotypic severity of caudal
regression. In the limbs, expression of Fgf8 is expanded in the dorsal-ventral axis of the apical ectodermal ridge and
shortened in the anterior-posterior axis, consistent with the observed loss of anterior digitsin older embryos. The axial
skeleton of mutant embryos shows abnormal vertebral fusions in the cervical, lumbar, and caudal regions. The growth
retardation, skin, and germ cell abnormalities observed in adult acd mutants are reminiscent of premature aging
syndromes caused by genomic instability in humans. However, thisisthe first report to show that atelomeric regulator
isrequired for proper urogenital ridge differentiation, axial skeleton specification, and limb patterning in the mouse.
Further studies are in progress to evaluate evidence of genomic instability in acd mutant animals.
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Genetic interaction of MEN1 with ATM in a Drosophila model. L.R. Marek, V. Busygina, A.E. Bale. Dept Genetics,
Y ale Univ, New Haven, CT.

MENL1 is a cancer predisposition syndrome caused by mutations in a novel transcriptional co-repressor (menin). The
MEN1 gene is conserved from humans to Drosophila, and our laboratory has previously shown that MEN1 mutant flies
are hypersensitive to ionizing radiation and DNA cross-linking agents. The mechanism of action of MENL1 in response
to DNA damage is unknown. To place the gene in a context of known DNA repair pathways, we are performing genetic
interaction studies with key genesinvolved in response to DNA damage.

A genetic interaction with ATM was shown in both transgenic flies overexpressing MEN1 and in MEN1 |l oss-of -
function mutants. Drosophila heterozygous for ATM and overexpressing MEN1 in the dorsal ectoderm had loss of
mechanosensory organs (microchaete) in the thoracic region. This finding suggests that the two genes may act together
in neuronal cells. Homozygous loss of the ATM gene in humans is associated with dropout of cerebellar neurons. A role
for MEN1 in the nervous system has not been previously reported, but homozygous loss of this genein mammalsis
lethal and heterozygosity may not be sufficient to cause a neurologic phenotype.

The combination of homozygous MEN1 loss-of-function and heterozygous ATM deletion resulted in increased gene
conversion, not seen with either mutation, alone. Thisfinding probably correlates with the high rates of spontaneous
recombination found in A-T cells and indicates that MEN1 may cooperate in this phenomenon. Heterozygosity for
ATM and MENL1 did not significantly enhance or suppress the radiation-sensitive phenotype of MEN1 mutant flies as
measured by survival. However, there appeared to be a synergistic effect on arough eye phenotype as well as an
increased number of flieswith a cleft in the eye. These eye phenotypes are associated with arrest of proliferation or
increased apoptosis in the devel oping eye and probably indicate that MEN1 and ATM interact in the radiation response
in eye tissue.
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Investigation of therole of the Drosophila MEN1 homolog in DNA repair through gene expression analysis. V.
Busygina, L.R. Marek, A.E. Bale. Dept Genetics, Yae Univ Sch Medicine, New Haven, CT.

Multiple Endocrine Neoplasiatype 1 (MEN1) isafamilial cancer predisposition disorder characterized primarily by
tumors of the pituitary, the parathyroid, and the pancreatic islets. The MEN1 gene encodes a nuclear protein, menin,
which is atranscriptional co-modulator and regulates the activity of several transcription factors such as JunD, Smad3,
NF-kB and others.

MENL1 is conserved from Drosophila to mammals. We previously reported that homozygous loss of menin function in
Drosophila causes hypersensitivity to ionizing radiation and DNA cross-linkers (nitrogen mustard and cisplatin). Here
we report that MEN1 mutant Drosophila are also hypermutable. The rate of sporadic and radiation induced mutations
was increased 2-3 timesin MEN1 mutants compared to controls. After trestment with nitrogen mustard the mutants
showed a 7 fold increase in mutation frequency. These data indicate that menin participatesin DNA damage sensing or
repair.

Since menin has been shown to function in regulation of transcription, it is possible that its effect on DNA repair is
mediated through regulation of gene expression. We used Affymetrix microarrays to compare the changesin gene
expression of control and MEN1 mutant fliesin response to ionizing radiation. We identified 95 genes that were
differentially expressed in this experiment (p0.05). Among these genes, two were also identified in a genetic screen for
potential MEN1 interactors: Kismet, a DNA helicase, and LK 6, a homolog of ayeast serine-threonine kinase that
participates in DNA damage response. Genetic interaction studies are in progress to determine if there is an epistatic
relationship between these two genes and Menl in DNA damage response.
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Fanconi anemia proteins associate with telomeric proteinsin AL T-immortalized human cells. H. Root! 2, M.S

Meynl 2 3, 1) Molecular and Medical Genetics, University of Toronto, Toronto, ON; 2) Genetics and Genomic Biology,
Hospital for Sick Children, Toronto, ON; 3) Paediatrics, University of Toronto, Toronto, ON.

Fanconi anemia (FA) homozygotes have short telomeres, an abnormality which correlates with genomic instability
and risk of bone marrow failure. FA proteins have been implicated in genetic recombination, a process thought to be
involved in the Alternative Lengthening of Telomeres (ALT) pathways that function in the ~10% of human tumors that
lack telomerase. We now report data supporting arole for FA proteinsin ALT telomere maintenance.

FANCD2, FANCA, and FANCG form discrete nuclear foci that localize to telomeric foci (TRF1) and PML bodiesin
ALT human fibroblasts, but not in telomerase-positive cells. Colocalization of FANCD2 and TRF1 predominately
occurs within PML bodiesin late SG2. Colocalization of FANCD2 with TRF1 is not dependent on the continuing
presence of BRCA1, as only one third of FANCD2 foci that colocalize with TRF1 also colocalize with BRCA L.
Inlate /G2 ALT cells, ~90% of those FANCD2 foci that colocalize with TRF1 also colocalize with the BLM DNA
helicase. We previously reported that BLM associates with the telomeric binding protein TRF2in ALT cells. We now
find that FANCD2 co-immunoprecipitates with TRF2 and with BLM in late /G2 ALT cells. None of these interactions
are seen in telomerase-positive cells, suggesting that, in ALT cells, FANCD2, BLM and TRF2 form an interacting
complex at telomeres during DNA replication.

We are currently using sSiRNA to investigate the function of the FA proteinsin ALT cells. Clones expressing sShRNA
targeting FANCD2 were isolated and O of 82 ALT clones had reduced FANCD2 expression. This differed from
telomerase-positive clones, where 8 of 30 clones had reduced FANCD?2 expression, suggesting that FANCD2 may be
required for ALT function. Together, our results support amodel in which FA proteins, along with BLM, facilitate
recombinationdriven replication of telomeresin ALT cells.
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Embryonic lethality in Snm1/Fancd2 double mutant mice. A. Hemphill1, D. Bruun?, Y. Akkaril, Y. Torimarul, L.

Thrunt, J. Hejnal, M. Grompel2, SB. Olson®, S Jones®, R.E. Mosest. 1) Department of Molecular & Medical
Genetics, Oregon Health & Science Univ, Portland, OR; 2) Department of Pediatrics, Oregon Health & Science Univ,
Portland, OR; 3) Department of Cell Biology, UMass, Worcester, MA.

The protein encoded by SNM1 in Saccharomyces cerevisiae has been shown to be involved specifically in the repair
of interstrand crosslinks (ICLs). Mice with a disruption in the murine SNM1 homolog are sensitive to the ICL agent
mitomycin C (MMC). Fanconi anemia (FA) is an autosomal recessive disorder characterized by sensitivity to ICL
agents, as manifest by cell death and chromosome breaks and radials, indicating genome instability. To study the
relationship between Shml and the FA pathway, we constructed mice with disruptions in both Shml and Fancd2. There
isasignificant decrease from predicted ratios for the number of mice born with the genotype Saml -/-, Fancd2 -/- (4 vs.
14 expected) in a mixed background, indicating embryonic lethality, not found in the Fancd2-/- or Shm1-/- mice.
Interestingly, we also find a decrease in the number of mice born with the genotype Shm1+/-, Fancd2 -/- (2 vs. 10
expected), giving a P<0.01 for both sets. These results suggest that a defect in Shml is additive to a defect in Fancd2
alone, indicating non-epistasis, and that the effect appears in animals hemizygous for Shml . To evaluate thisin human
cells, we used siRNA to deplete SNM 1. Depletion of SNM1 in normal cells produces increased cell death and radial
formation after MM C. Depletion of SNM1in FA cellsleadsto an increase in radial formation and cell death with
MMC, indicating additivity of the FA and SNM1 pathways. The breast cancer susceptibility gene, BRCAL, is known to
act in the FA pathway, plus at least one other pathway for repair of ICLs. Depletion of both SNM1 and BRCAlina
normal cell lineresultsin no increase in sensitivity over that of BRCA1 alone, indicating that SNM 1 functionsin a
pathway for ICL repair, dependent on BRCA 1 and separate from the FA pathway. Thus both SSRNA depletion and
mouse models argue for a non-epistatic relationship of SNM1 and FANC proteinsin ICL repair.
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Fanconi anemia (FA) and oxidative stress; The FA protein complex regulates the activity and cleavage of the
major mitochondrial peroxidase, peroxiredoxin 3. S. Plon! 2, SS Mukhopadhyay?!, K.S Leung?, P.J. Hastings?, H.

Youssoufian3. 1) Dept Pediatrics, Baylor Col Medicine, Houston, TX; 2) Dept Molecular and Human Genetics, Baylor
Col Medicine, Houston, TX; 3) Aventis Pharmaceuticals, Bridgewater, NJ.

Fanconi anemia (FA) is an inherited disorder of bone marrow failure, congenital anomalies and predisposition to
cancer. Hematopoietic progenitor cells experience apoptosis-mediated death and FA cells are reported to have increased
sensitivity to oxidative stress. Here, we show, through yeast two-hybrid interaction, co-immunoprecipitation and co-
localization, that the FA group G protein (FANCG) interacts with the mitochondrial protein peroxiredoxin 3 (PRDX3).
PRDX3 isa 2-cysteine protein of the peroxiredoxin family, which catalyzes the reduction of mitochondrial H,O, and

inhibits apoptosis. In FA-G lymphoblasts (but not FANCG-corrected cells), endogenous mitochondrial PRDX3 is
cleaved by a calpain-like cysteine protease. A similar cleavage product (PRDX3-S) is seen in corrected FA-G cells after
exposure to 1 mM H,0,. In vitro analyses demonstrate cleavage of PRDX3 by recombinant calpain |1, which is blocked

by addition of in vitro translated FANCG protein. In vivo immunoflourescence studies demonstrate that unlike normal
fibroblasts, PRDX3 is not fully localized to the mitochondria of FA-G fibroblasts. Consistent with the similar clinical
phenotype of patients in different FA subgroups, we find the PRDX3-S cleavage product in lymphoblasts from FA
patients subtypes G, C and A. Structural changes of PRDX3 are associated with significant functional deficits.
Mitochondrial extracts from FA-G, FA-C and FA-A lymphoblasts have a nine-fold decrease in peroxidase activity.
These data are consistent with amodel of FA pathogenesisin which defective mitochondrial peroxidase activity results
in increased reactive oxygen species, apoptosis, DNA damage, cancer susceptibility and bone marrow failure. Strategies
to decrease oxidative stress may improve the FA phenotype.
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Bloom syndrome protein isarequired part of the Fanconi anemia pathway for crosslink repair. R.E. Moses!, A.

Hemphilll, Y. Akkaril, Y. Torimarul, A. Hanlon Newell, R. Schultz2, M. Grompel3, SB. Olsont. 1) Department of
Molecular and Medical Genetics, Oregon Health & Sci Univ, Portland, OR; 2) Department of Pathology, UT
Southwestern, Dallas, TX; 3) Department of Pediatrics, Oregon Health & Sci Univ, Portland, OR.

Bloom syndrome (BS), characterized by growth defects, immunodeficiency and increased risk of cancers, is caused by
defectsin the BLM RecQ helicase. BS cells demonstrate genome instability, manifest as sister chromatid exchanges
(SCE). BLM protein co-purifiesin cell extracts with RPA and TOPO 111 along with the Fanconi anemia (FA) core
complex of proteins. This observation led usto investigate whether the BLM protein functions in the FA pathway for
genome stability following formation of interstrand crosslinks (ICLs). FA cells manifest genome instability by
chromosomal breaks and radial formation following ICL damage. We used sSIRNA to deplete BLM in normal human
fibroblasts, and following exposure to mitomycin C (MMC), they showed decreased cell survival compared to untreated
cellsand an increase in radials and breaks, closely resembling FA cells. The pattern seen was very similar to that of a
BS cell line (GM08505) treated with MM C. Additionally, increased SCE formation was observed in normal fibroblasts
following BLM depletion. However, depletion of BLM did not alter formation of FANCD2-mono-ubiquitin, a
modification required for FA pathway function. Depletion of BLM in FA cells produced no increase in breaks or radial
formation. When BS cells were depleted for FANCA protein, once again, no increase in radial formation was noted.
These findings indicate that BLM is required for normal ICL repair and functions exclusively in the FA pathway,
downstream from the formation of FANCDZ2-Ub. In agreement with the hypothesis that BLM and FANC proteins
function epistatically, a mouse deficient in Fancd2 and BIm (the m3 hypomorphic allele) was constructed and showed
normal viability, normal reproduction, and no increase in tumors by six months of age in a mixed background,
comparable to the Fancd2-/- mouse.
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Application of restriction enzyme digest BAC finger printsto detect chromosomal aberrationsin cancer. M.
Krzywinskil, S Volik?, I. Bosdet!, J. Brebner2, C. Mathewson, R. Chiul, D. Leel, A. Sddiquil, S. Jonesl, C. Collins?,

J. Schein®, M. Marral. 1) Genome Sciences Centre, BC Cancer Agency, Vancouver, Canada; 2) Cancer Research
Institute, UCSF, San Francisco, CA.

| dentification of genome rearrangements is a major focus in the study of susceptibility and cause of diseases such as
cancer. High-resolution, cost-effective methods are needed to generate genome-wide profiles of cancers to routinely
identify causative, diagnostic and prognostic aterations. We are investigating the application of restriction enzyme
digest fingerprinting of Bacterial Artificial Chromosome (BAC) clones for identification and classification of structural
changes in tumor genomes. Fingerprinted BACs have certain advantages in the detection of genome rearrangements
over other approaches, such as end sequence profiling (ESP) and microarray comparative genomic hybridization.
Fingerprints permit the detection of rearrangements contained within a BAC, and alignment to the sequence assembly
can be achieved in certain repeat-rich regions. Detected genomic alterations are also not restricted to those producing a
copy number change. In silico simulations indicate that the early version of our method can be used to localize regions
as small as 20kb with >95% specificity and 80% sensitivity.

We generated 5 independent restriction digest fingerprints for 700 BAC clones derived from tumor cell line and
primary tumor DNA, the majority containing rearrangements identified by ESP. We compared the fingerprintsto an in
silico digest of the human sequence assembly to map the experimental fingerprint fragments onto the sequence. We
observed fragments derived from single BACs mapping to non-contiguous regions of the genome, corresponding to
potentially rearranged DNA. We corroborated ESP alignment positions to within 10 kb for 80% of the BAC ends, with a
median error in end alignment position of 2.7 kb. Additionally, we detected complex and internal rearrangements of
BACs, not detected by ESP. We are modifying our method to devel op a high throughput application for detecting and
cataloging genomic anomalies of tumor genomes.
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Adaptive Chromosomal Mechanisms of Tumor Progression:- I dentification of Complicons Arising from Bridge
breakage Fusion Eventsin Genomic Regions Containing Fragile Sites. J.A. Squirel, G. Lim?, J. Bayanil, B.
Vukovicl, M. Yoshimoto?, I. Braudel, B. Beheshtil, P. Marrano?, A. Evanst, P. Thorner2, W. Lam®, S Watson?, M.

Zielenska?. 1) Department of Cellular & Molecular Biology, Ontario Cancer Institute, Toronto, Ontario, Canada; 2)
Department of Pediatric Laboratory Medicine, Hospital for Sick Children, University of Toronto, Ontario, Canada; 3)
British Columbia Cancer Agency, Vancouver, British Columbia, Canada.

We have been applying advanced molecular cytogenetics (SKY and mBAND) and tiling array comparative genomic
hybridization to fine map genomic changes associated with focal gene amplification and microdeletionsin tumors. The
aCGH was performed using a submegabase resolution tiling set microarray that was recently developed for CGH, and
consists of 32,433 BAC clones at atiling aresolution of 80 kb, giving complete coverage of the human genome
(Ishkanian, Malloff et al. 2004). This presentation will focus on fine mapping of the genomic sequences that may
facilitate tumor-specific genomic rearrangement in tumors such as prostate cancer and osteosarcoma. We have shown
that there is critical telomere shortening in preneoplasia associated with prostate cancer resulting in genomic instability
including end to-end chromosome fusion, formation of dicentrics, ring chromosomes, and aneuploidy. In osteosarcomas
we have identified a consistent pattern of gene amplification affecting cytobands at 6p21, 8924 and 17p11.2. Molecular
cytogenetics and aCGH performed on a larger series of tumors highlight the role of the bridge-breakage-fusion cycle,
and telomere end-joining as critical mechanisms that fuel the adaptive chromosomal changes that accompany tumor
progression n both tumor types. Moreover, our recent studies have identified patterns of inverted duplications and focal
gene amplification/microdel etion taking place in regions of the genome populated by fragile sites and/or segmental
duplications. Examples will be presented drawn from our recent studies using patient tumors and the prognostic
implications of these observations will be discussed.
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Quantitative allelic expression differences are common in humans. K.A. Frazer, H. Tao, K. Pant, D.R. Cox.
Perlegen Sciences, Mountain View, CA.

Differences in gene regulation have been proposed to account for amajor part of the genetic basis underlying variation
in heritable traits both within and between species. Expression differences between alleles of the same gene have been
observed in humans by comparing the relative amounts of mMRNA transcripts in normal individuals who are
heterozygous for exonic SNPs. Here, we use genotyping arrays to analyze 8563 exonic SNPs located in 4102 genes for
allelic expression differencesin 12 individua lymphoblast cell lines. 2223 exonic SNPs located in 1500 genes are
expressed in the lymphaoblast cell lines and are heterozygousin at |east one of the 12 individuals. 733 genes (49% of
those expressed) have an indication of differential allelic expression. On average, each of the 12 individuals were
heterozygous for 522 of the expressed genes, of which 106 (20%) were differentially expressed in that sample. These
data indicate that alleles are commonly differentially expressed in humans. To study the transcriptional mechanisms
responsible for alelic expression differences we have examined one locus, keratin 1 (KRT1), in experimental detail. For
KRT1, one alele was expressed higher than the second allele in every heterozygous individual examined, suggesting
that the regulatory SNPs responsible for the allelic expression differences are in linkage disequilibrium with each other
aswell as the assayed exonic SNP. Experimental analysis of 29 non-coding SNPsin the KRT1 interval has resulted in
the identification and characterization of 5 functional SNPs which act additively and are responsible for the observed
alele-specific differential expression. It iswell established that KRT1 expression must be down regulated for epithelial
migration to occur during skin regeneration. Here, experimental analysis suggests that epithelial cells derived from
individuals homozygous for the high expressed KRT1 allele migrate slower than those derived from individuals
homozygous for the low expressed KRT1 alele. Our data provide critical insights into the mechanisms underlying
transcriptional regulation of allelic expression differences. Furthermore, we demonstrate that allelic expression
differences can contribute to complex phenotypic traits.
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A functional genomics approach to the investigation ofhuman 6p gene function. I. Ragoussist, D. Bogani2, J.

Davies?, C. Willoughby?, G. Duncan?, K. Kaurl, G. Mirzal, R. McCeone?, P. Denny?, P. Sharpe’, R. Arkell2. 1)
Wellcome Trust Ctr Human Gen, Univ Oxford, Oxford, UK; 2) Mammalian Genetics Unit, MRC Harwell, Oxfordshire,
OX11 ORD, UK; 3) Craniofacial Development Unit, Kings College, Guys Campus, Guys Hospital, London SE1 9RT,
UK.

The telomeric region of human 6p contains genes required for many aspects of embryonic development. Deletions of
thisregion, including six new cases, have been characterised in detail and are associated with a variety of congenital
abnormalities that include orofacial clefting and other craniofacial defects, CNS defects, anterior eye devliopmetal
abnormalities, ear abnormalities and deafness, heart, kidney and limb defects. We have used functional genomics to
generate mouse models that identify the 6p genes involved in the development of these structures. To achieve this, we
have taken advantage of alarge region of synteny between human 6p and the proximal portion of mouse chromosome
13. Mice monozygous for aregion of chromosome 13 (corresponding to 6p25 and 6p22) are viable and fertile and
replicate features of the human 6p deletion syndromes. Detailed characterisation of these mice from day 11pc to day 20
pb revealed that they lag 0.5-1 day behind in skeletal development and overall growth until birth and remain smaller
than their normal siblings after that. In addition, homozygous loss of function of the Foxgl gene that resides within the
deleted material produces mice with aglossy coat. This has enabled a two-generation region specific screen for
recessive, ENU induced mutations to be carried out. Screening of 1729 pedigrees hasidentified 11 heritable mutations
that are linked to Foxql. All of the mutations are embryonic lethal and phenotypes include clefting and other
craniofacial defects, holoprosencephaly, heart, kidney and lung defects. Recombination mapping has been used to
further refine the location of the mutations within the deleted area and mutation detection in candidate genesis
underway for the majority of the mutant lines. The location and or identity of the mutated genes and associated
phenotypes will be discussed with reference to the human 6p deletion syndromes.
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Two-stage sampling designs for gene association studies. D. Thomas, R. Xie, M. Gebregzibher. Preventive Medicine,
Univ Southern California, Los Angeles, CA.

We consider two-stage case-control designs for testing associations between single nucleotide polymorphisms (SNPs)
and disease, in which a subsample of subjectsis used to select a panel of ““tagging” SNPs that will be considered in the
main study. We propose a pseudolikelihood (Pepe and Flemming, JASA 1991;86:108-113) that combines the
information from both the main study and the substudy to test the association with any polymorphism in the original set.
SNP-tagging (Chapman et al, Hum Hered 2003;56:18-31) and haplotype-tagging (Stram et al, Hum Hered 2003;55:27-
36) approaches are compared. We show that the cost-efficiency of such adesign for estimating the relative risk
associated with the causal polymorphism can be considerably better than for a single-stage design, even if the causal
polymorphism is not included in the tag-SNP set. We also consider the optimal selection of cases and controls in such
designs and the relative efficiency for estimating the location of a causal variant in linkage disequilibrium mapping.
Nevertheless, as the cost of high-volume genotyping plummets and hapl otype tagging information from the
International HapMap project (Gibbs et al, Nature 2003;426:789-96) rapidly accumulates in public databases, such two-
stage designs may soon become unnecessary. Mativation for this approach comes from the design of a study of CHEK 2
polymorphisms in breast cancer and their interactions with ionizing radiation and other genesinvolved in repair of
double strand breaks (BRCA1/2, ATM, p53 binding protein, and others). This counter-matched study allows for the
possibility of further efficiency gains for testing interaction effects by subsampling on the basis of exposure information
(Bernstein et al. Breast Cancer Res 2004;6:R199-214).
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Analysis of disease-marker association studies via Bayesian partition modelling of haplotypes. A. Morris.
Wellcome Trust Ctr Human Gen, Oxford, United Kingdom.

The most promising approach for mapping complex disease genesis generally accepted to be association studies of
samples of unrelated cases and controls using high-density maps of single nucleotide polymorphisms (SNPs). The
power of this approach depends, in part, on the extent of linkage disequilibrium (LD) of high-risk variants with alleles at
flanking SNPs, generated as a result of their shared ancestry at the disease gene. Although each individual SNP provides
relatively little information about LD, analyses of SNP haplotypes may jointly provide evidence of association for
modest gene effects with realistic sample sizes.

Two major drawbacks of haplotype-based analyses are: (i) lack of parssmony and (ii) unknown phase. Here, we
describe a novel method for estimating hapl otype risks and testing for association in candidate genes or regions using
unphased SNP genotypes directly. We begin by estimating the relative frequencies of haplotypes consistent with
observed SNP genotypes. Under the Bayesian partition model, we specify cluster centres from this set of SNP
haplotypes. The remaining SNP haplotypes are then assigned to the cluster with the "nearest" centre, defined in terms of
marker allele matches. Within alogistic regression framework, each cluster of haplotypesis assigned the same disease
risk, reducing the number of parameters required. Uncertainty in phase assignment is addressed by considering all
possible haplotype configurations consistent with each unphased genotype, weighted in likelihood cal cul ations by their
relative frequencies. We develop a Markov chain Monte Carlo (MCMC) algorithm to sample over the space of
haplotype clusters and corresponding risks, allowing for covariates that might include environmental risk factors or
genotypes at unlinked SNPs to control for population stratification.

We illustrate the method by application to high-density unphased SNP genotype data collected across an 890kb region
flanking the CY P2D6 gene for association with poor drug metaboliser (PDM) phenotype.
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Haplotype Block Analysis Using 116,000 SNPs throughout the Human Genome. C. Rosenow?, K. Hao?, C. Li3, W.

Wong®. 1) Genomics Collaboration, Affymetrix, Santa Clara, CA; 2) Department of Biostatistics, Harvard School of
Public Health, Boston, MA; 3) Department of Biostatistics, Dana Farber Cancer Institute, Boston, MA; 4) Department
of Statistics, Harvard University, Cambridge, MA.

Thereis considerable interest in using single nucleotide polymorphisms (SNPs) for mapping of complex traits. For the
identification of disease associated SNPs, their non-random association with neighboring markers are analyzed in
affected and unaffected individuals. Haplotype analysis has become a promising tool for this type of linkage
disequilibrium (LD) -based gene searching. We have analyzed genotype data from more than one hundred thousand
(116,000) SNPs throughout the genome of 54 ethnically diverse individuals using the Affymetrix Mapping 100K array.
Hapl otype blocks were inferred using the Wang et. al. and the Gabriel et. al. algorithm and compared to data from the
HapMap project. We found a reverse correlation between haplotype block size and SNP density, indicating the
identification of additional recombination sites with increasing SNP density. At the current density, more than 80 % of
the typed SNPs are in haplotype blocks. On chromosome 22, most blocks contain a small number of SNPs, resulting in
an average of 2.99 SNPs per block. At a haplotype block size of about 50 to 100 kb (depending on the popul ation
structure analyzed) additional SNPs did not further reduce the block size indicating the average haplotype block sizein
the human population is about 50 kb. Our results demonstrate the existence of haplotype block structures throughout the
human chromosomes, and that the block size varies throughout the genome. Using current microarray density, the
majority of the investigated SNPs are located in haplotype blocks, suggesting the untyped SNPs are likely to bein LD
with the typed markers. This feature could serve as the foundation to carry out genome-wide LD mapping.
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L ong-range polony haplotyping in high-throughput. K. Zhang, G.M. Church. Department of Genetics, Harvard
Medical School, Boston, MA, 02115.

Obtaining haplotypesis essential in linkage disequilibrium mapping. However, the throughput of current haplotyping
technologies is several orders of magnitude lower than that of the state-of-the-art genotyping technologies. With such a
huge gap, most association studies rely on haplotypes reconstructed from genotypes based on statistical methods,
without taking account of the uncertainty of inferred haplotype frequencies. We have previously developed a molecular
hapl otyping technology based on in-gel amplification of polymerase colonies (polonies) from single DNA molecules
and subsequent in situ single-base extensions (SBEs). Here we present a second generation of polony haplotyping
technology, which has a throughput that is at least three orders of magnitude higher than the previous one. We improved
hapl otyping throughput by (1) reducing the feature size to 50~100 m in diameter, which translates to 3000~5000
polonies per slide and allows direct measuring haplotype frequencies in pooled DNA samples from several hundred
individuals on asingle dlide; (2) performing multiple amplification from single molecules (MASMO) and multiple
rounds of in situ SBEsin order to determine multi-locus haplotypes. Furthermore, we developed an experimental
protocol to perform multiple amplifications from single gel-trapped intact metaphase chromosomes instead of DNA
fragments, such that chromosome-wide haplotypes could be typed unambiguously without any limit of physical distance
between adjacent loci. Finally, the parallel nature of polony amplification and in situ SBE permits haplotyping with a
reagent cost as low as $0.10 per base call. This polony-based haplotyping technology can be directly applied to
candidate gene based association studies.
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Ignoring Linkage Disequilibrium Between Markers I nduces False Positive Evidence of Linkage for Affected Sib-
Pair Analysis. Q. Huang, S. Shete, C. Amos. Epidemiology, Univ Texas MD Anderson Cancer , Houston, TX.

Most multipoint linkage programs assume linkage equilibrium among the markers being studied. The assumptionis
appropriate for the study of sparsely spaced markers with inter-marker distances exceeding afew centiMorgans, because
linkage equilibrium is expected over these intervals for almost al populations. However, with recent advancementsin
high-throughput genotyping technology, much denser markers are available and linkage disequilibrium (LD) may exist
between the markers. Applying linkage analyses that assumes linkage equilibrium to dense markers may lead to bias.
Here we used simulation studies to demonstrate that LD between tightly linked markers can cause apparent over-sharing
of multipoint identical by descent (IBD) between sib-pairs and false positive evidence for multipoint nonparametric
linkage analysis of affected sib-pair data. LD can also mimic linkage between a disease |ocus and multiple tightly linked
markersin certain families and thus cause fal se positive evidence of linkage when heterogeneity LOD score approaches
are applied. This bias can be eliminated with parental data and can be reduced when additional unaffected siblings are
included in the analysis.
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Linkage Analysiswith Markersthat Arein Linkage Disequilibrium. G.R. Abecasis, J.E. Wigginton. Center for
Statistical Genetics, Department of Biostatistics, University of Michigan, Ann Arbor, MI.

Traditionally, pedigree analyses have assumed that genetic markers are in linkage equilibrium. With the advent of
high-throughput SNP genotyping, closely linked SNPs are replacing microsatellites in many genome-wide scans and
fine-mapping studies and this assumption can be violated. Here, we review the impact of linkage disequilibrium
between markers on the results of traditional pedigree analyses, with afocus on complex trait linkage analysis. We show
examples of situations where the failure to account for linkage disequilibrium between markers can result in noticeable
biasin LOD scores.

We have implemented an alternative approach based on the clustering of tightly linked markers that allows for pedigree
analysisin the presence of linkage disequilibrium. The approach is computationally efficient and results only in a small
performance penalty, compared to traditional analyses that assume linkage equilibrium. In addition, our approach can
use family samples to generate estimates of haplotype frequencies in the presence of linkage disequilibrium using a
gene-counting algorithm. Our new approach isimplemented in the Merlin package which can carry out many common
pedigree analyses, such as parametric and non-parametric linkage analysis of discrete traits, variance components and
regression-based analysis of quantitative traits and IBD estimation.
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Gene Expression Profiling of Human Normal Adrenocortical Tissue and Primary Pigmented Nodular
Adrenocortical Dysplasia by Serial Analysis of Gene Expression. A.D. Horvath, Q. Vong, V. Baxendale, W. Chan,
C.A. Stratakis. NICHD, NIH, Bethesda, MD.

Serial analysis of gene expression (SAGE) is a powerful genomics tool that allows the analysis of all transcriptsin a
tissue or cell type, in a quantitative manner without prior knowledge of their sequence. To identify novel adrenal-
specific genes putatively involved in the pathogenesis of adrenocortical tumors, we prepared SAGE libraries of human
normal adrenocortical tissue (NAT) and primary pigmented nodular adrenocortical dysplasia (PPNAD) caused by a
germline mutation of the PRKAR1A gene. The libraries consisted of 28,705 and 31,278 tags, representing 14,846 and
16,698 unique mMRNA species from NAT and PPNAD, respectively. A total of 502 tags from the two generated libraries
did not match any known expressed sequence in the GeneBank database and thus represent potentially novel transcripts.
To identify tissue specifically expressed genes, we compared the relative abundance of NAT and PPNAD sequences
with the corresponding expression levelsin 14 other SAGE libraries from normal human tissues. A total of 128 tags,
including 42 no-match tags, were found to be expressed ailmost exclusively in NAT and/or PPNAD and very little or not
at al in other human tissues (p<0.001). To correctly identify the corresponding to the most adrenal-specific "no-match”
tags transcripts and genes, we applied 3'RACE technique. The most 12 tissue specific "no-match” tags were converted
into their corresponding longer 3' cDNA fragments using a sense primer, containing the 10-bp SAGE tag, and asingle
base anchored oligo(dT) antisense primer. The resulted fragments were cloned and sequenced. Differential expression
between libraries was defined as afivefold or higher tag ratio difference, combined with a P<0.01. In overall, 101 tags
were differentially expressed in the two studied tissues. The majority of the differentially expressed tags (57%) either
could not be matched to known expressed sequencies, or matched to genes with no known function, or to
uncharacterized ESTs. We specul ate that these genes mediate tumorigenesisin PPNAD and are potential molecular
targets for this disease.
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High-resolution genetic variation in classical inbred mice: implicationsfor a haplotype map and its applications.
M.J. Dalyl2, C.M. Wadel, A. Kirby!, K. Frazer3, T. Petryshen?, E.J. Kulbokas?, M.C. Zody?, E.S Lander!:2, D. Cox3,

K. Lindblad-Toh2. 1) Whitehead Inst Biomed Res, Cambridge, MA; 2) Broad Institute, Cambridge, MA; 3) Perlegen
Sciences, Inc., Mountain View, CA.

We have previously described the mosaic haplotype structure of classical inbred lab strains of mice and suggested that
a characterization of this structure would enable considerable efficiency in positional cloning efforts involving these
strains. We have now obtained a detailed look at the structure of mouse variation and its applications. We describe here:

a phylogenetic analysis of the sequence of 15 strains of mice across 4.5 Mb (generated at Perlegen Sciences) which
provides a detailed look at the segmental relationships and diversity in classical inbred mice

the design of and progress towards a detailed murine haplotype map of ~100,000 SNPs across an extensive panel of
classical inbred strains based on these and other similar observations

the successful use of haplotype structure to guide and accelerate positional cloning efforts

the combined use of live murine resources and haplotype structure to shed light on the genetics of gene expression

The work to date suggests that a murine haplotype map, in conjunction with novel mapping resources such as crosses
involving chromosome substitution strains, has the potential to dramatically increase the effectiveness of mapping
complex phenotypesin mice.
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Discovery of segmental polymor phismsin the human genome using complete genome BAC arrays. W. Cail, D.

Khuranal, T. Jiang?, Q. Lil, E. Laritsky!, C.A. Chadl, SE. Schererl2, RA. Gibbs2, SW. Cheung?, J.W. Belmeont®. 1)
Department of Molecular & Human Genetics,; 2) Human Genome Sequencing Center, Baylor College of Medicine,
Houston, TX.

Chromosomal abnormalities are common causes of many human disorders. Recent development of array based
comparative genome hybridization (array-CGH) has increased the detection resolution to 50-100 fold higher than that of
conventional cytogentic technique, enabling detection of subtle rearrangementsin the genome as small as 100 kb. Using
an innovative array construction method, we have developed BAC arrays that completely cover the entire human
genome. We used a computer program to select a new set of BAC clones (over 21,500) that are optimal for array CGH.
All the selected BA Cs have unique sequences at both ends, tightly distributed insert size and minimal repeat sequence
content. The new complete human genome arrays have been validated using samples with known abnormalitiesin a
series of blinded hybridizations. These complete genome arrays have achieved the resolution limit that is possible for
the BAC cloning system. These high-resolution arrays will have huge potentials in revealing subtle cryptic
rearrangements in various human syndromes. However, as the resolution of the technology improves we start to see
more and more subtle abnormalities that are benign polymorphisms existing in the normal population. To distinguish the
causal abnormalities from normal variants detected in patients samples we must have an extensive documentation of the
popul ation baseline variability in genomic sequence copy number (segmenta polymorphisms). Toward this end, we
initiated a systematic study of segmental polymorphismsin 6 different populations using our complete genome CGH
arrays. Our initial results indicated that abnormalities distributed across the whole genome but the subtelomeric regions
were the most variable. In each population, we will analyze samples of 100 unrelated normal individuals. This study
thus will allow usto distinguish normal segmental polymorphisms from potentially causal abnormalities specific to a
popul ation with 95% confidence and over 99% confidence in the general population.
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Detection of mor e than 200 lar ge-size polymor phismsin the human genome. A.J. lafratel2, L. Feuk®4, L. Van

Puymbroeck!, M.N. Riveral2, M.L. Listewnik!, Y. Qi34, SW. Scherer34, C. Leel:2. 1) Department of Pathology,
Brigham and Women's Hospital, Boston, Massachusetts, USA; 2) Harvard Medical School, Boston, M assachusetts,
USA; 3) Department of Genetics and Genomic Biology and Genetics, University of Toronto, Toronto, Ontario,
CANADA; 4) Department of Molecular and Medical Genetics, The Hospital for Sick Children, Toronto, Ontario,
CANADA.

Using 1 megabase interval microarrays containing Bacterial Artificial Chromosome (BAC)-based DNA clones, we
have identified over 200 loci in the human genome that are targets for large-size variations. Array-based comparative
genomic hybridization (array-CGH) experiments were performed in pair-wise analyses using genomic DNAs from 30
unrelated and apparently healthy individuals. These experiments led to the identification of large-size polymorphisms
that are scattered throughout the human genome and account for locus-specific variations, some of which involve
hundreds of kilobases of DNA. An average of 11 large-size polymorphisms were detected in agiven individual when a
pooled DNA source containing 10 unrelated, healthy individualsis used as the control. Over 50% of these genomic
regions overlap with known genes and approximately 20% of the identified loci map to regions previously thought to
contain segmental duplications. Interestingly, some 10% of the loci reside within 100 kb of gapsin the current
presentation of the human genome. We have established a searchabl e database that will provide an updated catal og of
these large-size variations for accurate interpretation of whole-genome-directed array-based CGH assays in the research
and clinical settings. This previously unappreciated large-scale genomic heterogeneity argues for a more dynamic
impression of the structure of human genome.
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Ultra-high resolution analysis of chromosome aberrations using ROMA. D. Warburton?, V. Jobanputral, J. Sebat?,

W.K. Chungl, K. Anyane-Yeboal, M. Wigler12. 1) Columbia University, New York, NY; 2) Cold Spring Harbor
Laboratory, NY .

Comparative genomic hybridization on genomic microarrays permits high-resolution analysis of genomic copy
number variation. In traditional methods genomic DNA is hybridized to an array of BACs or cDNAs. Our new method,
Representational Oligonucleotide Microarray Analysis (ROMA), (Lucito et al. 2003), substantially enhances the
resolution of genomic microarray analysis. We report the first application of ROMA to patients with known cytogenetic
abnormalities. After Bglll digestion and adaptor-mediated PCR, patient DNA was co-hybridized with control DNA to
an 85k array of oligonucleotides designed to hybridize to 200-1200 bp restriction fragments. This achieves 35 Kb
resolution, >3-fold higher than a BAC array with a complete tiling path. Surprisingly, ROMA demonstrated that a 13q
deletion detected by cytogenetic analysis was noncontiguous, with two distinct deletions extending from 53.08 to 61.40
Mb and from 72.88 to 74.83 Mb. The deletions occurred within a gene desert in chromosome 13, with only 6 known
genesin the 10 Mb deleted region, explaining the nearly normal phenotype of the patient. FISH confirmed the
noncontiguous nature of the deletion, aswell as asmall familial amplification involving parkin in 6g. In a second case
with an unbalanced terminal rearrangement detected only by subtelomeric FISH, ROMA delineated a 6 Mb deletion of
229 and an 8 Mb duplication of 16g. This subtelomeric rearrangement thus involved unexpectedly large segments. In a
third case, a del(4) was found by ROMA to extend from 58.8 Mb to 81.9 Mb, in agreement with the cytogenetically
assigned breakpoints. The deleted genes explained some of the phenotypic features in this patient. In all cases the
ROMA analysis agreed with the cytogenetic interpretation, but provided much more information. The ability to define
rearrangements with great precision will enable more accurate prognosis both prenatally and postnatally for individuals
with chromosomal aberrations. We are now applying ROMA to patients with congenital malformations and normal
karyotypes, to identify pathogenic copy number changes below the resolution of standard cytogenetics.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 100 from the 2004 ASHG Annua Meeting

Lineage-specific gene duplication and lossin human and great ape evolution. J. Skelal, A. Fortnal, Y. Kin?, E.

MacLaren!, M. Brentont, J. Pollack?. 1) Department of Pharmacology and Human Medical Genetics Program,
University of Colorado Health Sciences Center, Denver, CO; 2) Department of Pathology, Stanford University,
Stanford, CA.

We have previously used cDNA aCGH to carry out a genome-wide survey of gene copy number variation among the
human and great ape lineages and identified most of the major gene copy number changes that have occurred over the
past 15 MY of hominoid evolution (Fortna, et al, 2004). Over 29,000 human genes (>39,000 cDNAS) were studied in
human, bonobo, chimpanzee, gorilla and orangutan lineages and 1,005 genes were identified that showed lineage-
specific copy number variations. In addition, 3,100 genes were identified for which the human copy number was
different than one or more great ape lineage. The chromosomal locations of these genes showed positional biases toward
rearrangement-prone genomic regions such as pericentromeric and subtelomeric regions, regions of recent chromosomal
inversions and fusions, and heterochromatic regions such as C-band regions on human chromosomes 1, 9, 16 and Y. In
addition, there was an increase in the frequency of lineage-specific gene copy number variantsin regions associated
with diseases of genomic instability such as DiGeorge syndrome, Williams-Burren syndrome, Angelmann and Prader-
Willi syndromes. These findings suggest a link between hominoid genome instability, recent evolutionary adaptation
and human disease.

Interestingly, while such regions contained genes increased specifically in the human lineage, they aso contained genes
showing copy number variations specific to one or more great ape lineage. For example, the DiGeorge critical region
contained several genes that were highly increased in copy number specifically in the gorillalineage, suggesting that
lineage-specific gene copy number variations that have occurred in non-human primates may be relevant to diseases of
genomic instability found in humans. Finally, this aCGH dataset should provide new insights into the inter-relationship
of gene duplication, genome instability, genetic disease and the genes that underlie the phenotypic differences that
distinguish the human and great ape lineages.
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Evolutionary fates of gene duplicationsin related low copy repeats on human chromosomes 7 and 12. A.R.

Carson’2, J. Cheungl, G. Occhi®, M. Rocchi?, SW. Scherer12. 1) Genetics and Genomic Biology, The Hospital for
Sick Children, Toronto, Canada; 2) Department of Medical and Molecular Genetics, University of Toronto, Toronto,
Canada; 3) Department of Biology, University of Padua, Padua, Italy; 4) Sezione di Genetica-DAPEG, University of
Bari, Bari, Italy.

Here we describe the genomic structure and evolution of eight related low copy repeats (LCRS) on human
chromosomes 7 and 12. These LCRsrange in size from 13kb to 337kb with 93% to 98% DNA sequence identity.
Comparative FISH and sequence analyses indicate that the dynamic dispersal of the duplications began approximately
35 Myaduring the divergence of New World monkeys. Two related genes of unknown function were identified in these
L CRs and show sequence similarity to the C. elegans transmembrane gene DPY-19. These genes, DPY19L1 and
DPY19L 2, have been copied during the LCR expansion and relaxed selection has led to pseudogenization, maintaining
one functional gene. We identified two putative pseudogenes of DPY19L1 and four putative pseudogenes of DPY19L2,
each with adisrupted or partial open reading frame. Notably, the functional copy of DPY19L2 islocated at 12g14.2,
which is not syntenic to the mouse region containing Dpy1912. Instead, this mouse gene is syntenic to a putative
pseudogene, DPY19L2P1, at 7p14.3. This depicts relocation of afunctional gene through pseudogenization of the
ancestral copy after gene duplication. To our knowledge, thisisthe first example showing arecent LCR as the causative
factor of a small-scale gene rearrangement. Additionally, the two functional genes, DPY19L1 and DPY19L2, share an
average nucleotide sequence identity of 61% with each other, indicating that they are distantly related. Thus, the genes
contained within the LCRsillustrate two fates of duplicated genes. The two related functional genes are an example of
gene duplication followed by maintenance of both copies, possibly suggesting neo- or sub-functionalization.
Alternately, the recent gene duplicates exemplify pseudogenization, wherein one gene copy islost through the fixation
of silencing mutations. This process can cause small-scale gene rearrangements when the ancestral copy is silenced, as
is seen with DPY19L2.
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Statistical methodsfor theidentification of microdeletions. Y. Lit, C.I. Amos?, M.S McPeek?. 1) Department of
Statistics, University of Chicago, 5734 South University Ave, Chicago, IL; 2) Department of Epidemiology, U.T. M.D.
Anderson Cancer Center, 1515 Holcombe Bld, Houston, TX.

Microdeletions play an important role in many genetic diseases. |dentifying regions of microdeletion related to a
genetic disease could lead us to the causal gene(s) located within the microdel etion. High density genotyping gives
considerably more information about microdel etion. We have devel oped methods for the identification of
microdel etions from independently sampled cases and controls using dense markers. Our methods could be easily
extended to parent-offspring trios. We developed a hidden Markov model for microdeletions. This framework leads to
efficient algorithms for likelihood cal culation and maximization, which allow usto perform likelihood-based inference
to detect and localize microdel etions associated with atrait. The model includes gamma-distributed deletion lengths and
allows for heterogeneity (i.e. some proportion of the case haplotypes do not carry deletion). We have aso devel oped
permutation tests that allow us to detect microdel etions by combining information from all available markers. One test
involves using the maximum z score statistic over all loci for the difference in homozygosity between cases and
controls. The second test takes into account the length of the region over which there is excess homozygosity. We are
testing our methods using simulation based on a dense map of markers on chromosome 18 (2300 SNPsina10cM
region). Supported by HG02275, HG001645 and DK 55889.
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Role of Genomic Architecturein PLP1 Duplication Causing Pelizacus-Mer zbacher Disease. J. Lee!, M. Dean?, B.

Gold?, K. Inoue3, J.R. Lupskil4. 1) Department of Molecular and Human Genetics, Baylor College of Medicine,
Houston, TX; 2) Human Genetics Section, Laboratory of Genomic Diversity, NCI-Frederick, Frederick, MD; 3)
Department of Mental Retardation and Birth Defect Research, National Institute of Neuroscience, National Center of
Neurology and Psychiatry, Tokyo, Japan; 4) Department of Pediatrics, Baylor College of Medicine, Houston, TX.

Genomic architecture, a higher order structural feature of the human genome, can provide molecular substrates for
recurrent submicroscopic chromosomal rearrangements, including deletion and duplication. Such rearrangements lead to
gene dosage alterations within the rearranged genomic segment that may result in genomic disorders. Many disease-
causing genomic rearrangements are mediated by homol ogous recombination between flanking low-copy repeats
(LCRs), yielding common recombinant genomic segments. Pelizaeus-Merzbacher disease (PMD) is a genomic disorder
that most commonly (60-70%) arises from genomic duplications of the dosage-sensitive proteolipid protein gene
(PLP1). Interestingly, the breakpoints of the PLP1 duplication are not common, yielding duplicated genomic segments
of varying lengths. This suggests that the molecular mechanism underlying PLP1 duplication eventsislikely distinct
from the common mechanism. To determine whether genomic architecture also facilitates PLP1 duplication events, we
performed |arge-scale genome sequence analyses and identified several LCRs within the PLP1 region. To further
examine whether these LCRs may stimulate the genomic rearrangements resulting in PLP1 duplications, we employed
pulsed-field gel electrophoresis (PFGE). PFGE analyses using probes adjacent to these L CRs detected recombination-
specific junction fragments on both the proximal and distal ends of PLP1 duplicationsin three families. These data
suggest that these LCRs may be involved in mediating the duplication events. Our study provides evidence that genomic
architectural features may stimulate, although not necessarily mediate, the genomic duplications responsible for the
majority of PMD cases.
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Clinical diagnosisin developmentally delayed patients; which FISH alternative to use, array-CGH or
MLPA/MAPH. J.T. Den Dunnen®, M. Kriek!, SJ. Whitel, J. Knijnenburg?, G.J. van Ommen?, M.H. Breuning?, C.

Rosenberg?, K. Szuhai2. 1) Human & Clinical Genetics, Leiden Univ Medical Ctr, Leiden, Netherlands; 2) Molecular
Cell Biology, Leiden, Netherlands.

Copy number changes, i.e. deletions and duplications in genomic DNA, are known to be involved in many genetic
diseases. The current method of choice for their detection is karyotyping in combination with FISH. This methodol ogy
has several limitations, including alimited resolution for detecting changes and the workload and cost involved. Recent
developments, such as arrayCGH and Multiplex Amplifiable Probe Hybridisation (MAPH) / Multiplex Ligation-
dependent Probe Amplification (MLPA), now provide significantly improved and efficient methods facilitating the
scanning for copy number changes in many genomic regionsin parallel. To test and compare the performance of these
technigues in a diagnostic setting we have tested 49 developmental delayed (DD) patients using both technologies.
ArrayCGH analysis was performed using a 3,500 BAC array, covering the whole genome at a1 Mb resolution.
MLPA/MAPH analysisincluded 264 loci including the subtelomeric and acrocentric regions (n=48), regions known to
be involved in microdeletion syndromes (n=25) and 191 other loci. The arrayCGH screen detected 8 independently
confirmed alterations; MAPH analysis detected 5 of these, 3 alterations were not detected since these regions were not
covered by the assay. MAPH analysis detected 2 alterations that were not detected by arrayCGH; in both casesthe BAC
array did not contain a probe for the altered region. The parallel testing shows both the reliability as well as the specific
strengths of both techniques. Based on these results we suggest the following strategy as most time- and cost-effective
way to screen DD patients. First, MLPA/MAPH analysis for regions known to be frequently involved (subtelomeres and
microdel etion regions), subsequently arrayCGH analysis for the remaining cases.
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Theuseof array CGH for identifying sub-microscopic chromosomal changesin patients with intellectual
disability (ID). C. Tysonl, C. Harvard!, J.M. Friedman?, S Langlois?, B. McGillivray?, L. Arbour?, S Lewis?, SL.

Yong?, L. Clarke?, M. Van Allen?, R. Locker?, M. Somerville3, J. Segel-Bartel?, E. Rajcan-Separovicl. 1) Cytogenetics,
Department of Pathology, University of British Columbia, Vancouver, Canada; 2) Department of Medical Genetics,
University of British Columbia, Vancouver, Canada; 3) Department of Medical Genetics, University of Alberta,
Edmonton, Canada; 4) Spectral Genomics, Houston, Texas.

The recent development of whole genome microarrays offers a new approach to identifying small chromosomal
imbalances at aresolution 10 times higher than routine cytogenetic analysis. We used commercial whole genome arrays
with 1IMb resolution(Spectral Genomics) to look for submicroscopic gain or loss of chromosomal materia in 21 patients
with idiopathic ID and normal karyotypes, 2 children with ID and de-novo, apparently-balanced complex chromosomal
rearrangements, and several phenotypically different but karyotypically identical members of two families with
chromosomal deletions/ duplications. Our initial results show that unique changes in genomic copy number affecting
one or more clones and confirmed by FISH and real time PCR were present in 2/21 children with ID. Both individuals
with ID and complex chromosomal rearrangements were found by array-CGH to have submicroscopic deletions at the
breakpoints not detectable by routine cytogenetic analysis. No difference in the extent of genomic loss or gain was
found in phenotypically-different members of two families who carried apparently identical chromosomal
rearrangements. In addition, we found evidence for frequent genomic copy number variants that do not appear to be
associated with ID. Twelve clones showed apparent gain or |oss in more than 1 patient, nine of which were also noted to
show copy number variation in 8 normal individuals. We suspect that these recurrent sub-microscopic chromosomal
abnormalities are polymorphisms, as the copy number changes were inherited from one of the parentsin several cases.
Our study therefore detected not only novel clinically relevant microdeletions and microduplications but also novel
areas of genomic variability that may be relevant to future studies of human disease.

Copyright © 2004 The American Society of Human Genetics. All rights reserved.



Program Nr: 106 from the 2004 ASHG Annua Meeting

Charcot-Marie-Tooth disease and related her editary polyneur opathies: management based on molecular

diagnostics. C.A. Garcial, K. Szigeti?, J.R. LupskiZ. 1) Neurology and Pathology, Tulane Univ Health Sciences Ce,
New Orleans, LA; 2) Dept of Genetics, Baylor Col Med, Houston, TX.

Thirty-seven loci and 24 genes have been identified in CMT and related peripheral neuropathies generating a
complicated molecular classification, making it challenging to apply the vast amount of information in clinical practice.
We have ascertained and clinically classified 153 consecutive unrelated CM T cases prior to the availability of genetic
testing in commercial laboratories. We have screened 14 genes/genomic rearrangements (PM P22 dup/del, point
mutationsin Cx32, MPZ, PMP22, EGR2, PRX, NEFL, SOX10, SIMPLE, GDAPL, LMNA, TDP1, MTMR?2) in this
cohort to estimate the relative frequency of pathogenic mutations in these genes. Subsequently we have performed a
combined analysis of 9 population-based studies from various ethnic backgrounds. Surprisingly similar mutation
frequencies were detected in the various studies, revealing a uniform distribution of pathogenic mutations. Althoughitis
a heterogeneous group of disorders at the molecular level, testing for afew genes/mutations yields an accurate
molecular diagnosisin 65% of patients. If we apply asimple clinical classification (axonal versus demyelinating), the
yield of detecting a molecular defect increases to 70% in the demyelinating group with asingle test. To generate a
testing scheme we have to consider that the focus and the reasons for obtaining a molecular diagnosis are different in the
adult and pediatric populations. In adults with the CMT phenotype the primary aim isto establish a molecular diagnosis
cost effectively to identify patients for forth-coming treatment trials and to avoid unnecessary treatment, such as
immunosuppressant therapy. PMP22 duplication and Cx32 mutation analysis establishes the molecular diagnosisin
65% of patients. In the pediatric population the parents mgjor concerns are prognosis and recurrence risk, thus a
molecular diagnosis is imperative. In children, after testing for the common causes of peripheral neuropathy, PM P22
duplication and Cx32 mutations, the physician should proceed to panel testing for al the genes.
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The Poly(ADP-ribose) Polymerase 1 M odulatesthe Sry Function in Sex Determination. Y.M. Li, H.J. Oh, Y.-F.C.
Lau. Dept. of Medicine, VAMC-111C5, University of California, San Francisco, CA.

Mammalian male sex determination isinitiated by activation of the Sry gene on the Y chromosome. The Sry gene
encodes a protein harboring a high mobility group (HMG) box that binds and bends its target DNA. Currently, the
mechanism(s) by which Sry mediates this developmental processis still uncertain. Previous studies had demonstrated
that the mouse Sry protein is capable of binding in vitro to specific proteinsin both adult testis and embryonic gonads.
We have adopted a strategy utilizing an in vitro affinity chromatography and ProteinChip technology to isolate and
identify Sry interactive proteins (Sips). A 113-kDa protein was initially purified from adult mouse testis extracts with a
GST-Sry fusion protein as abait. Analysis of its tryptic peptides with SEL DI-TOF mass spectrometry and database
search identified the purified protein to be the mouse poly(ADP-ribose) polymerase 1 (PARP-1). Immunofluorescence
staining and confocal microscopy demonstrated that PARP-1 is preferentially expressed in mouse fetal gonads at the
time of sex determination and its protein co-localizes with Sry in the nuclei of Sertoli cells. GST pull-down and deletion
analysis mapped the interactive domains at the HM G box of Sry and the zinc fingers of the PARP-1 protein
respectively. PARP-1 binding is evolutionarily conserved among all mammalian Sry proteins. PARP-1 can be co-
immunoprecipitated with an Sry antibody from protein lysate of cells co-transfected with both genes. Sry protein can be
poly(ADP-ribosyl)ated by PARP-1. Electrophoretic mobility shift assays show that PARP-1 interaction decreases the
binding of Sry to its target sequence and poly(ADP-ribosyl)ation of the Sry protein further abolishesits DNA binding
activity. We conclude that PARP-1 modulates Sry function(s) at two levels: 1) interacting and interfering the HM G box,
and 2) poly(ADP-ribosyl)ating and abolishing the Sry binding activities to its target sequence(s). Hence, PARP-1 could
serve as amodulator for Sry activities in testis determination and differentiation during embryogenesis.
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Male-specific transcription of the human and mouse Spam1 genes by a conserved endogenous r etrovir al

promoter. C.A. Dunn!2, D.L. Mager12. 1) Terry Fox Laboratory, BC Cancer Agency, Vancouver, Canada; 2) Dept.
Medical Genetics, UBC, Vancouver.

Throughout the course of vertebrate evolution, germline retroviral infections have resulted in heritable provirus
insertions into host DNA. While most of these endogenous retrovirus (ERV) insertions were lost, some became fixed in
the genome. As aresult, around 8% of the human and 10% of the mouse genome is derived from ERVs. ERVs contain
promoter and enhancer elements that regulate transcription of retroviral genes; these signals can be adopted by nearby
host genes and assume roles in their regulation. One such example is sperm adhesion molecule 1 (Spaml). Spamlisa
cell-surface hyaluronidase enzyme involved in egg cell fertilisation, and has also been implicated in metastasis by
certain cancer cells. Examination of the genome sequence revealed that human, mouse and rat Spam1 transcripts initiate
within the pol gene of a conserved ERV element. Thisis highly unusual, as all previoudly identified ERV transcripts
initiate within the long terminal repeat viral promoter. The Spam1 locus therefore represents an example of the
evolution of a promoter from protein-coding sequence. RT-PCR experiments demonstrated that mMRNASs containing the
human Spam1 coding region were expressed in arange of tissues. In contrast, transcripts initiating within the ERV were
male-specific, expressed only in the testis and prostate. This suggests that multiple promoters are used in the regulation
of human Spam1. We used 5'-RACE to determine the transcriptional start sites of Spam1 in human testis. We identified
both the known ERV exon, and a nearby aternative first exon which is aso derived from an ERV. Both ERV promoters
were shown to be active in the testis and prostate. This represents the first known example of ERV-derived promoters
acting in a gender-specific manner. We determined that only one of the two human ERV promotersis conserved in the
mouse genome. RT-PCR was used to demonstrate that ERV -derived mouse Spaml transcripts were also expressed in a
male-specific manner. This ancient ERV element therefore evolved to play arole in mammalian gene regulation at least
80 million years ago.
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Meiotic synaptic patterning in the human male. P. Brown, L. Judis, E. Chan, T. Hassold. Genetics, Case Western
Reserve Univ, Cleveland, OH.

While many studies acknowledge the importance of the synaptonemal complex (SC) to meiosis, few focus on its
creation. Thisis especially true for humans. Most researchers have turned to model organisms and have shown that SC
defects lead to abnormalities in recombination and, ultimately, nondisjunction. While these studies have been crucial to
our understanding of meiotic control, most analyses have involved meiotic mutants and, therefore, their relevance to
humansis unclear. Thus, we initiated a study of synapsisin the human male, analyzing testicular biopsies from men
attending infertility clinics. We have studied over 1000 prophase spermatocytes from 8 control individuals, using a
combination of reagents (antibodies against SCP3 to visualize the SC, CREST anti-serato label centromeres, pan-
telomeric PNA and FISH probes) to examine cells at prophase . Initial studies suggested the importance of sub-
telomeric regions in synapsis. Our more recent analyses confirm that association and provide important data on the
Kinetics of the synaptic process. Specifically, our results suggest that synapsis proceeds telomericly towards the
centromere at a constant rate, with little evidence that specific sequences affect the process. However, in instances
where one arm of a non-acrocentric chromosome is zippered up before the other, the centromere acts as abarrier to
further movement from that arm. For example, in studies of chromosome 9, 43 cells had a completely synapsed p arm
but a partially synapsed long arm; in 91% of these, synapsis appeared to have stopped at the centromere, and waited for
the long arm to catch-up. This centromeric barrier phenotype likely extends to all males, as we were unable to detect
obviousinter-individual differencesin synaptic patterns. However, it is not yet clear whether all chromosomes display
this behavior. To date, we have only focused on chromosomes with prominent heterochromatic blocks (9 and 16). By
comparing the synaptic patterns of these chromosomes with their recombination and nondisjunction profiles, we may
finally be able to determine, for the human male, factors that make individual chromosomes more or less likely to
nondigoin during meiosis.
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Dominant mutationsin the human homologue of the Drosophila Nanos mor phogen cause a lack of germ cellsand
pure sterility phenotypein men. K. Kuszl, A. Spikl, A. Latos-Bielenska?, M. Koteck?, J. Bierla®, P. Jedrzejczak®, L.

Pawelczyk?, J. Jaruzelskal. 1) Developmental Genetics, Institute of Human Genetics, Poznan, Poland; 2) Department
and Chair of Medical Genetics, University of Medical Sciences, Poznan, Poland; 3) Department of Histology,
University of Medical Sciences, Poznan, Poland; 4) Clinic of Infertility and Reproductive Endocrinology, University of
Medical Sciences, Poznan, Poland.

Nanos was first identified as key regulator acting in concert with a second protein, Pumilio, to repress trandlation of
specific MRNASs in Drosophila morphogenesis and germ cell development. The highly homol ogous human proteins,
NANOSL and PUMILIO2, were only recently identified. These proteins form a stable complex, which is specifically
expressed in the male germ line of the adult. High evolutionary conservation of this interaction indicates that both
proteins may also play important roles in development of the male germ line in humans.Here, we report three types of
point mutations of the NANOS1 gene resulting in a pure sterility phenotypein five patients. All three types of NANOS1
mutations were associated with a complete lack of germ cellsin the seminiferous tubules with no sterility phenotypein
females. Therefore, our study shows that NANOS1 may be involved in allocation and/or self-renewal of spermatogonia
stem cells. Pedigree analysis suggests that inheritance of the NANOS1 gene mutations is dominant with penetration
limited to males. Thisisthe first report on autosomal point mutations causing pure sterility phenotype in men.
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Mapping of PCOS susceptibility on chromosome 19p13.2 - Narrowing the candidate region around D19S884. M.
Urbanek!, D. Sewart?, R.S. Legro®, J.F. Srauss?, K.G. Ewens?, J. D'Souzal, W.M. Ankener2, A. Dunaifl, R.S.

Spielman?. 1) Department of Medicine, Northwestern University, Chicago, IL; 2) Department of Genetics, University of
Pennsylvania, Philadelphia, PA; 3) Department of Obstetrics and Gynecology, Pennsylvania State University, Hershey,
PA; 4) Department of Obstetrics and Gynecology, University of Pennsylvania, Philadelphia, PA.

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder among reproductive-age women. It is
characterized by hyperandrogenemia and oligomenorrhea/amenorrhea, and often insulin resistance. We have identified a
region near the insulin receptor gene (INSR) on chromosome 19p13.2 that shows evidence for both linkage and
association with PCOS. Mean IBD in 124 affected sister pairsis 0.57 (P=.015). The evidence for association is strongest
with allele 8 (A8) of D19S884, a dinucleotide repeat marker located 800 kb centromeric to INSR; TDT chi-square for
datafrom 470 familiesis 17.9 (P = 2.3 x 10-5). For sequencing, we identified 10 PCOS probands who shared at |east
one D19S884 A8 alleleidentical by descent with an affected sister, with the goal of preferentially detecting PCOS-
associated variants. For three genes (ELAVL1, CCL25, and FBN3) located within 100 kb of D19S884, we have
sequenced more than 90% of exons, plus 1000 bp proximal promoter region, and 200 bp flanking intronic sequences.
We identified 118 single nucleotide polymorphisms (SNPs). The 46 most informative SNPs, and 18 SNPs found in
public sources, were genotyped in 329 families. None of the variants shows significant evidence for association with
PCOS. Near D19S884, strong linkage disequilibrium (D > 0.5) extends less than 10 kb. Thus we cannot exclude the
possibility that the functional variant is D19S884 itself. D19S884 is located in a 3 intron of FBN3, and might affect
expression of this gene or the other nearby genes, or even more distant genes such as INSR.
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Meiotic defectsin infertile men. R. Martin® 2, F. Sun®: 2, E. Ko?, A. Rademaker3, C. Greene®, P. Turek®. 1)
Department of Medical Genetics, University of Calgary, Calgary, Canada; 2) Department of Genetics, Alberta Childrens
Hospital, Calgary, Canada; 3) Cancer Center, Northwestern University Medical School, Chicago, USA; 4) Department
of Obstetrics and Gynecology, University of Calgary, Calgary, Canada; 5) Department of Urology and Reproductive
Science, University of Californiaat San Francisco, CA, USA.

Infertile men have an increased frequency of aneuploid sperm. We have determined that decreased recombination is
associated with the production of aneuploid sperm in humans. The aim of this study was to determine if some cases of
infertility are associated with decreased meiotic recombination. Analysis of the early stages of meiosis was performed in
7 men with nonobstructive azoospermia (NOA), 6 men with obstructive azoospermia (OA) and 11 men with normal
spermatogenesis. Newly-devel oped immunocytogenetic techniques were used to identify the synaptonemal complex
(SC) in various stages of prophase. Antibodies to meiotic proteinsidentified the SC (SY N1/SCP3), the centromere
(CREST) and recombination sites (MLH1). Approximately 100 spermatocytes were analyzed for each man. The mean
(SD) frequency of recombination was 42 (9.5) for men with NOA and 44 (6.7) for men with OA, both significantly
reduced compared to controls 48.0 (4.7) (p<.0001, nested ANOVA). Three individual men with NOA and 4 men with
OA had asignificantly increased frequency of gapsin the SC compared to controls (p<.05, Z test). The mean frequency
of cellswith unsynapsed chromosome regions was significantly increased in 4 men with NOA and one with OA (p<.05,
Z test). The mean percentage of cells containing bivalents with no recombination foci was 26.6 in men with NOA, 15.0
in the OA group and 3.9 in controls. 4 men with NOA and 3 men with OA had a significantly increased frequency of
cells with nonrecombinant bivalents (p<.05, Z test). Thus significant numbers of men with both OA and NOA have
abnormalities in chromosome pairing, a decreased frequency of recombination and an increased frequency of bivalents
with no recombination foci. These meiotic abnormalities could lead to meiotic arrest or an increased frequency of
aneuploid sperm.
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Subfertility isassociated with an increased risk of conceiving a child with an imprinting defect. B. Horsthemkel, S

Grosst, A. Katalinic?, A. Sutcliffe3, R. Varon?, M. Ludwig®. 1) Inst Humangenetik, Universitatsklinkum, Essen,
Germany; 2) Inst Krebsepidemiologie, Medizinische Universitat L uebeck, Germany; 3) Dept Paediatrics, University
College, London, UK; 4) Inst Humangenetik, Humboldt Universitat Berlin, Germany; 5) Endokrinologikum, Hamburg,
Germany.

Recent reports on children who were conceived by intracytoplasmic sperm injection (ICSl) and have Angelman
syndrome (AS) as the result of an imprinting defect (ID) have suggested that assisted reproduction may increase the risk
of anID. ASis caused by the loss of function of the maternal UBE3A allele on chromosome 15. In approximately 4% of
AS patients, the maternal UBE3A alleleis silenced by an ID. To investigate a possible correlation between infertility
treatment and 1Ds, we have performed a cohort study using data from the German Angelman Syndrome Support Group.
Among 79 patients we identified 16 children who were born to subfertile couples (defined as having had atime to
pregnancy (TTP) >2 years and/or infertility treatment). Four of these children (25%) have a sporadic ID. Assuming that
an ID accounts for 4% of AS patients, the relative risk (RR) was significantly increased in this group of patients (RR,
6.25; 95% Cl, 1.68; 16.00). The RR was increased by the same factor in the untreated subgroup of couples with TTP >2
years (n=8) as well asin the subgroup of couples who underwent hormone (n=5) or ICSI (n=3) treatment (total, n=8),
although the increase did not reach statistical significance. The increased RR in untreated couples with TTP >2 years
suggests that 1Ds and subfertility may have a common, possibly genetic cause. The RR was highest in couples with TTP
>2 years and infertility treatment (n=4; RR 12.5; 95 % CI 1.40; 45.13), suggesting that infertility treatment further
increases the risk of conceiving a child with ID. One possible explanation is that these couples suffered from a more
severe form of subfertility that necessitated treatment. Alternatively, hormonal stimulation may increase the frequency
of epigenetically impaired oocytes. In summary, we suggest that genetic predisposition and superovulation, rather than
ICSl, increases the risk of conceiving a child with an imprrinting defect.
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Advancing age among healthy malesis associated with increased frequencies of sperm with DNA fragmentation
and ACH gene mutations, but not aneuploidies or diploidies. A.J. Wyrobek!, S. Young?, F. Hilll, D. Evenson?, I.

Tiegmann-Boerg®, N. Arnheint*, B. Eskenazi®. 1) Biol Biot Res Prog, Lawrence Lawrence Livermore Natl Lab,
Livermore, CA; 2) Sch Public Health, UC Berkeley, CA; 3) S Dakota State Univ, Brookings, SD; 4) Univ Southern
Cdlifornia, Los Angeles, CA.

The trend for older men to become fathers raises concerns as the probability of producing children with chromosomal
or genetic defects may also increase with age. Our study contrasts the effects of male age on the relative production of
severa types of genetically defective sperm: DNA fragmentation (DFI) measured by SCSA; achondroplasia (ACH)
gene mutations by allele-specific PCR; and numerical abnormalities by sperm FISH for chromosomes X, Y, and 21.
Semen was provided by a non-clinical group of ~90 healthy non-smoking men (range 22-80y, mean 46.4) in a Cross-
sectional design. Linear regression models were adjusted for confounders identified by questionnaire. DFI increased
with age, predicting a steady decreasein fertility potential beginning in a mans early reproductive years. DFI increased
from 12.4% in 20-29 year olds to 59.9% in 70-80 year olds, (p<0.001 for trend). Linear regression showed arelative
3.1% increase in DFI per year of age (p<0.001, R2=0.55) after adjusting for duration of abstinence. The frequency of
ACH mutations also increased significantly across age decades, with a2.0% increase in ACH mutations per year
(p=0.01) predicted from an adjusted negative binomial regression model. However, there were no detectable age effects
on sperm aneuploidies (disomy 21, X, Y, XY, sex-null), or diploidies (Ml and I1). Aneuploidies and diploidies were
highly inter-correlated but DFI, ACH, and numerical abnormalities were not. Only DFI was correlated with semen
quality: DFI vs. motility, r="-0.65; p<0.001. Our findings suggest that advancing age reduces the DNA integrity of
sperm and increases the frequencies of sperm with specific gene mutations, but unlike in the female, age appeared to
have no effect on sperm aneuploidy or diploidy. [This work was conducted under the auspices of the US DOE by Univ
of California, LLNL under contract W-7405-ENG-48 with support from NIEHS P42 ES04705 (BE and AW)].
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M eiotic outcome of translocations based on preimplantation genetic diagnosis (PGD). Y. Verlinsky, J. Ciedak, V.
Galat, A. Kuliev. Dept Molec Genet, Reproductive Genetic Inst, Chicago, IL.

Carriers of translocations have an extremely poor reproductive outcome, with more than three quarters of their
pregnancies resulting in spontaneous abortions. PGD isthe only realistic option for such couples to have anormal child,
showing that the proportion of abnormal oocytes and embryos may vary depending on the type of translocations and
their origin. To investigate the meiotic outcome of translocationsin relation to the type and origin, a segregation
patterns from 112 patients carrying balanced translocations were analyzed. The meiotic outcomes were inferred either
from the first and second polar body (PB1 and PB2), or blastomere analysis. Meoitic outcome detection rates by each of
these methods were comparable, except for chromatid exchanges, detected only by sequencial PB1 and PB2 analysis
(16.4%), and complex errors which were higher in PB analysis (17.3% vs.4.2%), 3:1 segregation found more frequently
in blastomere analysis (7.7% vs.23%). Segregation patterns for paternally and maternally derived translocation showed
similar tendencies, predominantly represented by alternate (35 and 34%, respectively) and adjacent | (28 and 34%,
respectively), and much low adjacent 11 (9.1 and 11.4%, respectively). These meiotic outcomes may explain the
proportion of balanced and unbalanced embryos detected, which were predicted in 76.4% embryos obtained from
maternally derived reciprocal translocations, leaving only 23.6% suitable for transfer, including 11.3% balanced and
12.3% normal. On the other hand, unbalanced embryos were predicted in 68.2% embryos obtained from paternally
derived reciprocal translocations, leaving 31.8% embryos suitable for transfer, including 13.1% balanced and 18.7%
normal. Clinical pregnancies were obtained in 30.3% of transfer cycles, with 25% overall delivering healthy children.
The data on the meiotic outcome may explain the observed 85% spontaneous abortion rate in patients prior to
undertaking PGD procedure, which was reduced to 17.9% after PGD, demonstrates the tremendous positive impact
PGD on the clinical outcome of pregnancies in couples carrying translocations.
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Spermatozoal RNAs contribute to the early embryo. G.C. Ostermeier:2, RJ. Goodrich?, J.S Moldenhauerl, D.

Miller4, J.D. Huntriss?, M.P. Diamond!, SA. Krawetz123. 1) Department of Obstetrics & Gynecology; 2) Center for
Molecular Medicine and Genetics; 3) Center for Scientific Computing, Wayne State University, Detroit, MI; 4)
Reproductive and Early Development Group, University of Leeds, UK.

Until the embryonic genome is activated, zygotic maintenance is dependent on stored MRNASs and proteins. These
stores alone however, are insufficient to maintain parthenogenic development and appear |ess than optimal for
sustaining embryos derived by nuclear transfer. It has recently been demonstrated that eaculate sperm contain a
complex suite of RNASs. This has |lead to the question of whether paternal RNAs are requisite for fertilization and
subsequent development. To determine if unique paternal transcripts exist, cONAs from human sperm and unfertilized
human oocytes were interrogated by RT-PCR. Of the 11 candidates tested, 6 were identified as unique to sperm. A
zona-free hamster egg penetration assay was employed to determine whether sperm deliver any paternal RNAs to the
ooplasm at fertilization. REAL-TIME PCR was used to interrogate cDNAS produced from human sperm, hamster
oocyte and hamster/human zygotic RNA. Of the 6 paternal RNAs investigated, only 2 were consistently detected in the
zygote. These observations suggest that sperm deliver distinct portions of the paternal transcriptome to the ooplasm at
fertilization. The presence of SI RNAs has been shown to regul ate differentiation. To further explore sperm transcript
functionality, a unique microarray system ideal for identifying antisense RNAs was utilized. With this approach RNA
isolated from the gjaculate sperm of 6 normal fertile men was directly hybridized to olgionucleotide arrays containing
10,000 elements and the RNA-DNA hybrids were labeled with a fluorescein tagged antibody. Common to the normal
fertile men, 68 candidate antisense RNAs were identified. The developmental influence of this population is being
elucidated. Perhaps these and other unidentified molecules participate in processes like oocyte activation, pronuclear
formation, the transition from maternal to embryonic gene control and/or the establishment of imprintsin early
embryos.
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The Diagnostic Yield of a Genetics Evaluation in Pervasive Devel