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Obijectives

From the first description by Leo Kanner [1], autism has been an en-
igmatic neurobehavioral phenomenon. The new genetic/genomic
technologies of the past decade have not been as productive as ori-
ginally anticipated in unveiling the mysteries of autism. The specific
etiology of the majority of cases of autism spectrum disorder (ASD) is
unknown, although numerous genetic/genomic variants and alter-
ations of diverse cellular functions have been reported. Prompted by
this failure, we have investigated whether the metabolomics ap-
proach might yield results which could simultaneously lead to a
blood-based screening/diagnostic test and to treatment options.
Methods

Plasma samples from a clinically well-defined cohort of 100 male in-
dividuals, ages 2-16+ years, with ASD and 32 age-matched typically
developing (TD) controls were subjected to global metabolomic
analysis.

Results

We have identified more than 25 plasma metabolites among the ap-
proximately 650 metabolites analyzed, representing over 70 bio-
chemical pathways, that can discriminate children with ASD as
young as 2 years from children that are developing typically. The dis-
criminating power was greatest in the 2-10 year age group and
weaker in older age groups. The initial findings were validated in a
second cohort of 83 children, males and females, ages 2-10 years,
with ASD and 76 age and gender-matched TD children. The discrim-
inant metabolites were associated with several key biochemical path-
ways suggestive of potential contributions of increased oxidative
stress, mitochondrial dysfunction, inflammation and immune dysreg-
ulation in ASD. Further, targeted quantitative analysis of a subset of
discriminating metabolites using tandem mass spectrometry pro-
vided a reliable laboratory method to detect children with ASD.
Conclusion

Metabolic profiling appears to be a robust technique to identify
children with ASD ages 2-10 years and provides insights into the
altered metabolic pathways in ASD, which could lead to treatment
strategies.

References
1. Kanner, L. Autistic disturbances of affective contact. Nervous Child. 1943;
2. 217-250.
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Objectives

To uncover novel traits associated with nicotine and alcohol use gen-
etics, we performed a phenome-wide association study in a large
multi-ethnic cohort.

Methods

We investigated 7,688 African-Americans (AFR), 1,133 Asian-Americans
(ASN), 14,081 European-Americans (EUR), and 3,492 Hispanic-Americans
(HISP) from the Women's Health Initiative, analyzing risk alleles located
in the CHRNA5-CHRNA3 locus (rs8034191, rs1051730, rs12914385,
rs2036527, and rs16969968) for nicotine-related traits and ADH1B
(rs1229984 and rs2066702) and ALDH2 (rs671) for alcohol-related traits
with respect to anthropometric characteristics, dietary habits, social sta-
tus, psychological circumstances, reproductive history, health condi-
tions, and nicotine- and alcohol-related traits.

Results

The investigated loci resulted associated with novel traits: rs1229984
were associated with family income (p=4.1*10"*%), having a pet
(p=6.5*10"""), partner education (p=1.8*10""°), “usually expect the best”
(p=24*107"), “felt calm and peaceful” (p=2.6*10""), education (p=3.7*
107%), and number of term pregnancies (p=1.12*10"°) in EUR; rs1051730
and rs16969968 showed a suggestive association with “High cholesterol
requiring pills ever” (p=3.8*10"* and p=1.8*10"% in trans-ethnic meta-
analysis. We also replicated the known associations: rs80341911 was as-
sociated with cigarettes per day (CIGSDAY, p=34*10~%), smoking status
(p=6.7¥10"%), and “smoked at least 100 cigarettes” (p=7.3*10"%) in EUR;
rs1051730 and rs16969968 were associated with CIGSDAY (p=9.1*1078
and p=1.1*10"") and lung cancer (p=7.3*10"° and p=9.9*10"%) in EUR;
rs2036527 was associated with CIGSDAY (p=3.5*10"") in AFR; rs1229984
showed associations for alcohol servings (ALC, p=2.9*10"°), beer servings
(p=3*10"%), wine servings (WINE, p=3.9*10°), liquor servings (p=55*
107°), dietary alcohol (DIETALC, p:6.1*10’62, “Drinks alcohol (age 502”
(p=9.3*107%) in EUR and for ALC (p=5.2*10"°) and DIETALC (p=9.6*10"")
in HISP; rs671 resulted associated with alcohol intake (p=3.8*1075),
DIETALC (p=19*10""), ALC (p=1.3*10"%), WINE (p=1.1*10"%) and “Drank
12 alcoholic beverages ever” (p=1.2¥10"°) in ASN.

Conclusion

We provided novel genetic data regarding the consequences of smok-
ing and drinking behaviors and confirmed ethnic differences in their
genetic predisposition.
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Obijectives

Prenatal environment and genetic polymorphism can have a lasting
impact on offspring’s metabolic function by perturbing its epige-
nome. Birth weight is often used as a surrogate for the overall qual-
ity of the intrauterine environment. We present the first neonate
epigenome-wide association study in an Asian mother-offspring co-
hort, that interrogates the effects of prenatal environment variables,
umbilical cord DNA methylation and SNPs, on birth weight.
Methods

In GUSTO, a prospective mother-offspring cohort study (N=987), we
examined the associations between DNA methylation, SNPs, birth
weight and 11 prenatal environment variables. First, we investigated
the association between perinatal methylome and birth weight to
identify sites of variability in methylation. Second, we interrogated
the contribution of genetic and prenatal environmental factors on
this variability in the epigenome. Finally, we examined whether these
methylation marks at birth were associated with offspring size and
adiposity in early childhood.

Results

Methylation levels at 50 CpGs were significantly associated with birth
weight, and a subset of these CpGs was located in genes and miRNA
known to be involved in metabolic pathways/disorders. We further
examined the influence of environmental and genetic factors on
methylation at these 50 CpG sites. Sixteen CpGs were associated with
both, an additional 24 CpGs were associated with only environmental
factors, while only 3 CpGs were associated with genetic factors alone.
Environmental factors associated with methylation were predomin-
antly maternal-adiposity-related (pre-pregnancy body mass index,
pregnancy weight gain and maternal glucose levels). Methylation
levels at half of these CpGs were also associated with offspring size
and adiposity in early childhood.

Conclusion

Developmental pathways to obesity begin before birth and involve
genetic, epigenetic and environmental factors.
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Objectives

Genome-wide association studies (GWAS) have indicated that se-
quence variation in cis-regulatory elements (CRE) plays important
roles in common disease risk/trait variation, but identification of
these causal variants has remained a major challenge in complex
trait genetics. Here, we performed reporter assays for all common
variants at the QT interval associated SCN5A GWAS locus, with the
goal of identifying the underlying causal variants.

Methods

A target region of ~500kb at SCN5A was defined based on recombin-
ation hotspots (rate>10cM/Mb; HapMap) flanking the 5 independent
QT interval GWAS hits. Within the target region, all common variants
(minor allele frequency >5%) from the 1000 Genomes European an-
cestry populations in moderate linkage disequilibrium (r?>0.3) with
any of the 5 GWAS hits were selected. Both alleles of these variants
were amplified with flanking sequences and cloned upstream of a
minimal promoter driven firefly luciferase gene in pGL4.23. Human
cardiomyocyte cells, AC16, were transfected with test constructs and
Renilla luciferase vector (for transfection normalization) in triplicate
and luciferase assays were performed 24h later. Reporter assays on a
subset of variants were repeated for assessing allelic difference in
regulatory activity. All cloning and reporter assays were performed in
96- and 24-well plates.

Results

Of a total 121 variants selected, 112 variants in 104 amplicons passed
primer design (amplicon size 256-617bp; median 397bp), and we
successfully cloned both alleles for 106 variants in 98 amplicons. In
reporter assays, compared to empty vector, 24 and 40 amplicons
showed enhancer (>2-fold) and suppressor (<0.5-fold) activities in
AC16 cells, respectively. Of these only 4 were observed as open chro-
matin regions in heart tissue in NIH Epigenomics data. Overall, 12
variants showed nominally significant allelic difference (P<0.05) in re-
porter activity and were repeated with 18 replicates and 7 variants
were identified to have repeated significant allelic difference in regu-
latory activity.

Conclusion

Independent of the available epigenomic data, which are of limited
relevance, an unbiased in vitro reporter screen for CREs overlapping
all common variants associated with QT interval at the SCN5A GWAS
locus identified 7 common cis-regulatory variants. Our immediate
next goals are to a) evaluate the effect of deleting these 7 CREs on
SCN5A expression in AC16 cells and b) identify the trans-acting fac-
tors regulating their functions.
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Objectives

Some cancers show a strong tendency to metastasize to bone, a tissue
of mesenchymal origin and a prominent site of mesenchymal stem
cells (MSC) residing in the stem cell niche. With bone metastasis forma-
tion being one of the most detrimental steps in cancer progression, a
better understanding of how bone metastases are initially formed is
key to successfully targeting bone metastasis of, for example, prostate
cancer. Recent reports have suggested that bone-metastasizing cancers
may mimic the process of homing of hematopoietic stem cells to their
bone niche.

Methods

In order to understand the role of MSC in metastasis formation, we
investigated the interaction of primary human bone marrow MSC
with established cancer cell lines able to metastasize to bone. With a
trans-well migration assay we could show that MSC induced a rapid
migration response of prostate and breast cancer cell lines already
within two hours after start of the experiment. In order to identify
factors stimulating cancer cell migration, MSC cell culture super-
natant was separated by size exclusion and ion exchange chroma-
tography. Migratory fractions then were further analyzed by mass
spectrometry and antibody array analysis.

Results

With this approach we identified the extracellular matrix proteins
type | and type Il collagen, fibronectin and laminin 421 as potential
drivers of cancer cell migration, which was confirmed by using re-
combinant proteins. RNAi experiments showed that the cancer cell
extracellular matrix receptor beta 1 integrin obviously plays a pivotal
role for cell migration.

Conclusion

From our results we conclude that the extracellular matrix as it is
produced by MSC obviously plays a crucial role for cancer metastasis
and therefore might be a promising anti-cancer drug target.

Disclosure of interest
None declared.
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Objectives

Trisomy 21 is a model disorder of altered gene expression. We have
previously used a pair of monozygotic twins discordant for trisomy
21 to study the global dysregulation of gene expression, without the
noise due to genetic variation among individuals (Nature:508; 345-
350;2014). The majority of previous studies focused on aneuploidies
were conducted n cell populations or tissues. Our study focusing on
gene and allelic expression behaviour of single cells (SC), aims to re-
veal biological insights regarding the cellular impact of aneuploidy
and uncover the mechanisms of gene dosage.

Methods

We estimated the allele specific expression (ASE) from RNAseq of
~1000 single cells in different aneuploidies. We used 352 SC fibro-
blasts (173 Normal and 179 T21 cells) from the pair of monozygotic
twins discordant for 721, 166 SC from a mosaic T21, 176 SC from a
mosaic T18, 151 SC from a mosaic T8, and 146 SC from a mosaic T13.
Results

In the monozygotic twins, a considerable number of heterozygous
sites at the non-chr21 genome showed monoallelic expression (MAE);
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(Normal: 73.5 % monoallelic in 564,668 observations, and T21: 78.7 %
monoallelic in 549,799 observations). There was also considerable MAE
for chr21 sites in Normal and, surprisingly, in T21 cells as well (Normal:
63,3 % monoallelic in 5,009 observations, and T21: 72.8 % monoallelic
in 6,456 observations). We classified the genes on chr21 in 3 classes ac-
cording to the level of the aggregate MAE of their corresponding sites
(9 monoallelic, 29 intermediate, 2 biallelic). Similar results, i.e. extensive
MAE on the supernumerary chromosome genes, were also observed in
the other aneuploidies.

Conclusion

We hypothesize that each class of genes contributes in a specific
way to the phenotypic variability of Down Syndrome. Our analysis
showed that, for genes with monoallelic expression, the abnormal
gene dosage induced by the aneuploid chromosome is maybe due
to the number of cells expressing the gene. This difference in the
fraction of expressing cells could contribute to the development and
the variability of phenotypes in aneuploidies. This study provides a
new fundamental understanding of the allele specific expression in
T21 and other aneuploidies.
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Objectives

A large number of EBV immortalized lymphoblastoid cell lines (LCLs)
have been generated and maintained in genetic/epidemiological
studies as a perpetual source of DNA and as a surrogate in-vitro cell
model. Recent successes in reprograming LCLs into induced pluri-
potent stem cells (iPSCs) have paved the way to generate more
relevant in-vitro disease models using this existing bio-resource.
However the effects of EBV encoded oncoproteins on cellular tran-
scription and function make LCLs a unique biomaterial to re-
programme. Accumulating evidence now provides support that
miRNAs play a critical role in transcription factor-induced repro-
gramming of iPSCs.

Methods

To investigate the role of miRNAs in regulating gene expression and
cellular functions during LCL to iPSC reprogramming, we performed
a parallel genome-wide miRNA and mRNA expression analysis in six
LCLs and their reprogrammed iPSCs.

Results

A total of 77 miRNAs and 5,228 mRNAs were significantly (FC-abs
2.0 and FDR  0.05) differentially expressed (DE) during LCL to iPSC
reprogramming out of which 29 miRNAs and 2,317 mRNAs were sig-
nificantly down-regulated and 48 miRNAs and 2,911mRNAs were sig-
nificantly up-regulated. The down-regulated miRNAs were highly
enriched for LCL specific miRNAs (miR-155, let-7a-i, miR-21, miR-142,
miR103, miR-320, miR-146a-b) and the up-regulated miRNAs were
highly enriched for iPSC specific miRNAs (miR-302a, miR-302c, miR-
371a, miR-302b, miR-302d, miR-372, miR-373miR-92a-1, miR-92a-2,
miR-92b, miR-17, miR-20a, miR-18a). Further we performed target pre-
diction analysis for all the significantly DE miRNAs using the miRNA
target prediction data bases. The 3,456 genes were predicted to be
the targets of the 29 miRNAs that were significantly down-regulated
during LCL to iPSC reprogramming. Out of these 3,456 predicted tar-
get genes 1,023 were significantly DE during LCL to iPSC reprogram-
ming. For the 48 miRNAs that were significantly up-regulated during
LCL to iPSC reprogramming 5,063 target genes were predicted out of
which 1,462 were significantly DE during LCL to iPSC reprogramming.
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The significantly DE genes that were also the predicted targets of the
significantly down or up regulated miRNAs were further analyzed for
functional annotations and pathway analysis using Ingenuity Path-
way Analysis Platform.

Conclusion

In summary, our analysis identifies DE miRNAs and their DE target
genes and a global role of miRNAs in broad resetting of cellular tran-
scriptome and function during LCL to iPSC reprogramming.
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Objectives

Common sequence variation in cis-regulatory elements (CREs) are
the suspected etiological causes of complex disorders. We exam-
ined all common (>10% minor allele frequency) non-coding vari-
ants within a ~153kb locus surrounding the gene for receptor
tyrosine kinase RET, which is most commonly mutated in Hirsch-
sprung disease (HSCR or congenital aganglionosis), a form of func-
tional intestinal obstruction in neonates (1 in 5,000 live births). We
hoped to find all causal non-coding polymorphisms disrupting en-
hancer function leading to the disease.

Methods

We used human and mouse fetal gut at relevant developmental time
points for transcriptional profiling, ChIP assays, transgenic enhancer
assays and siRNA mediate knockdowns of relevant transcription
factors.

Results

We demonstrate that; (i) the three polymorphisms residing in 3 dis-
tinct enhancers that increase risk of the disease by 4-, 2- and 1.7-fold.
Haplotypes for these three independent variants display wide vari-
ation in risk. (ii) the three CREs are Ret enhancers with distinct tem-
poral activities during mouse gut development; (iii) the CREs are
bound by the transcription factors Rarb, Gata2/3 and Sox10, respect-
ively, each developmentally expressed concordant with its cognate
enhancer activity; (iv) variants in these CREs lead to their loss of ac-
tivity and reduce Ret expression; (v) Ret is a positive feedback regula-
tor of Sox10 and Gata2/3 transcription; and, (vi) additional feedback
interactions affect its ligand Gdnf, co-receptor Gfral and signal ter-
minator Cbl.

Conclusion

These results explain how individually common, small effect non-
coding polymorphisms can lead to large genetic effects in HSCR,
since transcription attenuation of Ret from enhancer mutations are
amplified through its auto-regulation. These results implicate RET
as a key rate limiting step in early enteric nervous system (ENS) de-
velopment and explains why >95% of HSCR cases have at least one
RET loss-of-function allele. More generally, the phenotypic impact
of a complex disorder can only be understood by assessing gene
effects in the context of their gene regulatory networks.

Disclosure of interest
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Objectives

In individuals presenting with undifferentiated phenotypes such as
developmental delay, hypotonia, and seizures, the list of differential
diagnoses is often very long and includes metabolic/neurometabolic,
genomic, and other Mendelian disorders. Here we want to demon-
strate the utility of untargeted metabolomic profiling to screen for a
wide range of neurometabolic disorders.

Methods

Untargeted small molecule metabolomic profiling was performed as
described previously [1] on plasma samples from 12 patients sus-
pected to have a neurometabolic disorder with a presentation of sei-
zures, developmental delay and hypotonia.

Results

We identified 5 different neurometabolic disorders in these 12 patients.
We observed elevations of 3-methoxytyrosine and decreased levels of
dopamine and vanillylmandelate in AADC deficiency, elevations of 2-
pyrrolidinone in ABAT deficiency, elevations of succinyladenosine in
ADSL deficiency, increased citrate in citrate transporter deficiency, and
elevations of imidazole propionic acid, cis and trans-urocanate in uroca-
nase deficiency. The perturbations in the metabolomic profiles of plasma
from these patients are unique, specific and not previously seen in over
300 other samples analyzed as normal controls or for other indications.
Conclusion

The standard diagnostic test for AADC, ABAT, and ADSL deficiency is
CSF neurotransmitter analysis, while testing for urocanase deficiency re-
quires an enzyme activity assay from a liver biopsy. These cases dem-
onstrate the ability of untargeted metabolomic profiling for the
functional confirmation of pathogenicity of VUS found via WES; more-
over, disorders for which there is no biochemical testing or where test-
ing is only available on CSF are able to be diagnosed in a plasma
sample. This also demonstrates the utility of metabolomic profiling
alone to screen for a wide range of neurometabolic disorders.
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Objectives

Alzheimer’s disease (AD) is the most common progressive neurode-
generative disease and represents a major cause of disability for eld-
erly patients. DNA methylation—are increasingly seen as playing an
important role in AD development. However its causal mechanisms
remain unclear. Recent studies indicate that AD develops essentially
as a result of dysfunction of molecular networks. Our purpose is de-
velop large-scale causal methylation networks to uncover the mech-
anism of AD development.

Methods

We propose to use causal graphs as a major concept and a general
framework for causal methylation network analysis and develop
“score and search”-based methods for exact learning causal graphs
of methylation networks to find the best-scoring structures for a
given methylation dataset. Specifically, we develop novel functional
structural equations for modeling methylation networks and use in-
teger programming to search the network with optimal score.
Results

The proposed methods were applied to AD data with 460045 CpG
sites from 748 samples. At the first stage, the methylation data of
168 gene from the pathway ‘Alzheimer’s disease were used to create
a causal network describing the connection among the methylation
sites between these genes. According to the current result, 148 gene
was matched and tested in the model. We identified a largest con-
nected causal methylation network with 47 nodes and 96 edges.
Most genes were confirmed to play an important role in the AD de-
velopment from the literature.

Conclusion

The proposed methods provide a highly flexible general framework
for causal methylation network analysis and provide more rich infor-
mation than co-methylation network. The exact learning algorithms
will guarantee to find optimal solutions and hence provide accurate
estimations of causal graphs of methylation networks. The causal
methylation networks are able to uncover the mechanism of AD
development.
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Objectives

Triple negative breast cancer (TNBC) represents a challenging tumor
type due to their poor prognosis and limited treatment options. It is
well recognize that clinical and molecular heterogeneity of TNBC is
driven in part by post-transcriptional regulators such as miRNAs. To
stratify TNBCs, we profiled 1050 miRNAs in 132 adjuvant TNBC tu-
mors and 40 tumors from other immunophenotypes using an Affy-
metrix microarray platform.

Methods

A NMF clustering analysis allowed us to identify 4 TNBC subtypes
featuring unique miRNA expression patterns, disease free and overall
survival rates and particular gene ontology enrichments. Our agglom-
erative approach was cross-validated by using two other clustering
algorithms. 3 cell line models were classified according to our miRNA
signature, recapitulating two different miRNA subgroups. The TNBC
tumors were compared against other phenotypes identifying differ-
entially expressed miRNAs to define interesting miRNAs for further
functional analysis.
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Results

We found low expression levels of miR-342-3p in TNBC tumors com-
pared with other breast cancer phenotypes, and this down-regulation
characterizes one of our miRNA subgroups with high risk to re-
lapse. To characterize its functional role, miR-342-3p was transi-
ently transfected in the cell line MDA-MB-468, showing a decrease
in cell proliferation, viability and migration rates. A gene expres-
sion profile revealed 140 altered mRNAs, from which 35 are poten-
tial direct targets of miR-342-3p defined by an in-silico analysis.
The monocarboxylate transporter 1(MCT1), was confirmed as one
target of miR-342-3p by a luciferase assay and western blot analy-
sis. MCT1 repression by the miRNA promotes lactate efflux changes
in the tumor cells, reflected in the accumulation of exogenous lac-
tate and the increase in levels of extracellular endogenous lactate
together with a decrease level of intra and inter cellular glucose
concentration.

Conclusion

These data suggest a metabolic change that favors a more glycolytic
environment, which lead to a glucose deprivation context that may
contribute to the reduction in proliferation, viability and migration
capabilities already described.
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Objectives

We aim to find genes that are frequently deregulated in cancer and
thus can be useful as diagnostic markers for early detection, and po-
tentially as therapeutic targets. We focus on biomarkers with pan-
cancer potential that can be applicable to multiple cancer types.
Methods

We used the Cap Analysis of Gene Expression (CAGE) profiles of 225
cancer cell lines and 339 normal primary cells from FANTOMS pro-
ject. CAGE is a 5' sequence tag technology that enables promoter-
level expression analysis and can be used to estimate the activity of
enhancers from bidirectional transcription of enhancer RNAs. As a
complementary data set, we used RNA-seq data from 14 tumor
types profiled by The Cancer Genome Atlas (TCGA). In both data
sets (FANTOMS5 and TCGA), we performed cancer vs. normal differ-
ential expression analysis in all cancer types.

Results

We identified a set of pan-cancer markers (of both coding and non-
coding transcripts) that are recurrently perturbed in both the can-
cer cell lines (FANTOMS5) and clinical tumors (TCGA). The FANTOMS
CAGE data provided novel insights into cancer transcriptome. We
used the genomic location of the CAGE TSSs to show that pro-
moters that overlap repetitive elements (especially SINE/Alu and
LTR/ERV1 elements) are often upregulated in cancer. Specifically, a
little known repeat family, REP522 (~1.8Kb in size, largely palin-
dromic, unclassified interspersed repeat), was strongly enriched for
the most cancer-activated promoters. Here we present previously
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un-published, follow-up results that detail the REP522 activation in
cancer. Finally, we present 90 enhancers that are activated in can-
cer cell lines. With ENCODE ChlIA-PET data, we linked 16 of those
enhancers to promoters of known cancer genes.

Conclusion

Our transcriptome analysis identified candidate biomarkers with pan-
cancer potential and provided new insights into enhancers and re-
petitive elements that are recurrently activated in cancer.
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Obijectives

Disruption of gene regulation is thought to play major roles in car-
cinogenesis and tumour progression. Here, we characterize the mu-
tational profiles of diverse transcription factor binding sites (TFBSs)
across 1,574 completely sequenced cancer genomes encompassing
11 tumour types. We assess the relative rates and impact of muta-
tion at the binding sites of 87 different transcription factors (TFs)
by comparing the abundance and patterns of single base substitu-
tions within putatively functional binding sites to matched control
sites.

Methods

To detect putatively regulatory binding sites in the genome, we used
a combination of computational prediction and experimental data.
Position weight matrices for 118 transcription factor binding motifs
were used to find TFBS motif matches in the genome. We intersected
these motif matches with experimentally defined open chromatin re-
gions to define putatively functional TFBSs. Motif matches not occur-
ring within open chromatin were used as control, putatively non-
functional sites. Comparisons between these functional and control
sites underlie our methods, and we develop novel metrics to assess
the relative rates and functional impact of cancer mutations at puta-
tively funcitonal regulatory sites.

Results

We observe a strong and significant excess of mutations at func-
tional binding sites across TFs, and show that the substitutions that
accumulate in cancers are often more disruptive than those that
are tolerated as germline variants. Putatively functional CTCF bind-
ing sites suffer an exceptionally high mutational load in cancer
relative to control sites, and those involved in the architecture of
higher order chromatin structures are the most highly mutated. The
mutational load at CTCF-binding sites appears to be dominantly de-
termined by replication timing and the mutational signature of the
tumor sample in question, suggesting that selectively neutral pro-
cesses underlie the unusual mutation patterns seen at CTCF sites
across tumor types.

Conclusion

We show that mutations at active TFBSs are common in tumours,
they appear to accumulate largely unchecked by selective pro-
cesses and are independent of mutations in coding sequences,
exhibiting distinct rates among tumor types. Our study thus under-
lines the functional importance and fragility of the regulatory gen-
ome in cancer.
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Objectives

In the U.S,, the lifetime risk of developing colorectal cancer (CRC) is
4.5%. ~5% of cases carry an identified pathogenic variant in known
causal genes. In another 20%, CRC appears inherited but no known
pathogenic variant has been detected. This is partly due to lack of
evidence to classify variants as pathogenic when they occur in genes
that are implicated (GWAS, linkage, or biological pathway informa-
tion), but not proven, to be associated with CRC.

Methods

To find evidence of association for 1128 suspected CRC associated
genes, we compared the number of rare (MAF < 0.005), potentially
disruptive variants (PDV) (stop gain (SG), splice acceptor/donor
change (SA, SD), and frameshift (FS)) found in 169 CRC cases and
3524 controls. Cases included individuals from the Clinical Sequen-
cing Exploratory Research NEXT Medicine study (CSER, N=78),
Women's Health Initiative (WHI, N=76), and Northwest Institute of
Genetic Medicine Family Polyposis Study (NWIGM, N=15). Controls
were selected randomly with respect to CRC from the Exome Se-
quencing Project (ESP), and were not known to have any Lynch asso-
ciated cancers or to carry a known pathogenic CRC variant.

Results

We found a significant association between case status and rare
PDV carrier status: 25% of CRC cases carried a rare PDV compared
to 4% of controls (p<2e-16, OR 8.1). 96 genes had 174 rare PDVs:
92 SGs, 24 SDs, 15 SAs and 43 FSs. Rare PDVs occurred in cases only
for 35 genes, in controls only for 55 genes, and in both for 6 genes.
Among cases, there were 11 SGs, 2 SDs, 6 SAs and 26 FSs. Among
controls, there were 81 SGs, 22 SDs, 9 SAs and 17 FSs. Case specific
genes had <2 rare PDVs: those with 2 were MKL2 and PMSL. Inter-
estingly, ATM, ATR and BRCA2 contained PDVs in both cases and
controls.

Conclusion

We show the power of aggregate information to find support for dis-
ease association in a subset of CRC implicated genes. Additionally,
we provide evidence that ATM, ATR and BRCA2 may be associated
with CRC in addition to the known association with breast cancer.

Disclosure of interest
None declared.

015

The tandem duplicator phenotype as a distinct genomic
configuration in cancer

F. Menghi*, K. Inaki*, X. Woo!, P. Kumar*, K. Grzeda®, A. Malhotra®, H.
Kim*, D. Ucar’, P. Shreckengast, K. Karuturi®, J. Keck?, J. Chuang®, E. T.
Liu*

The Jackson Laboratory, Farmington, CT, USA; 2The Jackson Laboratory,
Sacramento, CA, USA

Correspondence: F. Menghi — The Jackson Laboratory, Farmington, CT,
USA

Human Genomics 2016, 10(Suppl 1):015

Objectives

Next generation sequencing studies have revealed genome-wide
structural variation patterns in cancer, such as chromothripsis and
chromoplexy that do not engage a single discernable driver muta-
tion, and that currently have no clinical relevance. We aimed at a
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detailed molecular characterization of one of these genomic configu-
rations, the tandem duplicator phenotype (TDP).

Methods

We combined whole genome sequencing (WGS) data from 277 hu-
man genomes representing 11 cancer types and devised a robust
genomic metric able to identify cancers with a chromotype called
tandem duplicator phenotype (TDP) characterized by frequent and
distributed tandem duplications (TDs).

Results

Enriched only in triple negative breast, ovarian, endometrial, and liver
cancers, TDP tumors conjointly exhibit TP53-mutations, low expres-
sion of BRCAL, and increased expression of DNA replication genes
pointing at re-replication in a defective checkpoint environment as a
plausible causal mechanism. The resultant TDs in TDP augment glo-
bal oncogene expression and disrupt tumor suppressor genes. Im-
portantly the TDP strongly correlates with cisplatin sensitivity in both
triple negative breast cancer cell lines and primary patient-derived
xenografts.

Conclusion

We conclude that the TDP is a common cancer chromotype that co-
ordinately alters oncogene/tumor suppressor expression with poten-
tial as a marker for chemotherapeutic response.
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Objectives

The characterization of mRNA-expression subtypes in breast cancer
facilitates genomic and genetic studies to identify biological pro-
cesses that drive distinct molecular subtypes and elucidates the po-
tential feasibility of subtype-specific drug targets. However, such
therapies tend to have limited efficacy, often due to unpredicted
compensation in the network of mutations. Polygenic models that
account for multiple somatic mutations and their interactions can po-
tentially improve target selection and provide a more detailed view
of tumor genetic architecture.

Methods

We addressed this problem with a multi-trait genetic interaction
analysis of copy-number variation and gene expression data from
breast cancer samples in The Cancer Genome Atlas. Modules of co-
expressed genes were derived and assessed for biological function
and genetic association with mutations in oncogenes and tumor
suppressors. Summary module phenotypes with pleiotropic associ-
ated loci were simultaneously analyzed to infer direct genetic ef-
fects as well as effects mediated by genetic interactions for each
module.

Results

We observed widespread evidence of genetic redundancy, in which
two mutations combine to yield a less than additive effect that is
similar to either mutation in isolation. In addition, we also identified
interacting mutations that combinatorially associate with distinct
modules and subtypes in a non-additive manner. These somatic mu-
tant combinations were often predictive of molecular subtypes when
single mutations were not.

Conclusion

Accounting for interactions among somatic mutations in tumor samples
reveals high genetic redundancy and complex regulatory hypotheses
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for breast cancer subtypes. Our work demonstrates how integrative
genetic and genomic analysis can be used to generate more precise hy-
potheses for tumor genetics, which may be used to prioritize thera-
peutic targets for robust tumor suppression.
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Objectives

Activation of MYC pathway has been shown in diverse cancers. MYC
Associated Factor X (MAX) plays a key role in the MYC-MAX-MAD
gene regulatory network; however, its direct involvement in cancer
has not yet been reported. Here we report discovery of a novel recur-
rent somatic mutation in MAX in brain tumors and study its effects
on the development and progression of tumors.

Methods

We found a mutation on Arg 51 residue to Glu in MAX gene in
a patient with bilateral thalamic pediatric astrocytoma in which
the primary tumors (left and right thalamus) had nearly identical
mutation profiles except for the presence of the MAX R51Q only
in one.

We used this unique opportunity to study the effects of this muta-
tion on the progression and development of brain tumors.

We performed differential expression on these samples to find the
pathways affected by this mutation. Using ChipSeq we studied
changes in the chromatin conformation in genes regulated by this
network. We used CD experiments, to study how this mutation af-
fects the affinity between Max and other proteins in this family and
with DNA.

Results

We screened our dataset and found 7 cases in 180 HGAs exome se-
quenced by our group (3.8%) with this mutation. We also identified
14 cases in published datasets.

We found that this mutation always appears later in tumor develop-
ment in subclonal fashion and is accompanied by at least one driver
such as H3 K27M.

Our differential expression and ChipSeq experiments revealed lack of
a global effect of this mutation but specific effects on groups of
genes involved in some pathways such as apoptosis.

We also demonstrate that this mutation has no effect on the binding
efficacy between proteins in its regulatory network, but a Max R51Q
homodimer binds less efficiently to nonspecific DNA than its wild
type. It however, only affects the binding between Myc/Max hetero-
dimer to DNA in E-boxes.

Conclusion

We identify MAX as a new cancer gene, particularly relevant to brain
cancer.

Our results show the possible effects of MAX mutation in promoting
tumor progression and development. It also suggests the effect of
this mutation on the spread of the tumor.

These findings shed new light on the mechanisms underlying cancer
progression and the involvement of MYC signalling in development
of brain tumors which, in turn, can point us towards new targets for
therapeutic approaches.
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Objectives

In 2015, we demonstrated that a strong family history of BRCA re-
lated tumors portends a better prognosis in metastatic pancreatic
cancer patients. We now investigate if this holds true for more recent
patients treated with standard-of-care FOLFIRINOX (FNX) or Gemcita-
bine/nab-paclitaxel (GA). We hypothesize that targeted sequencing
of these tumors for DNA repair pathway aberrations will better pre-
dict outcomes than the surrogate marker of family history, which
may be subject to patient bias.

Methods

We identified patients with de novo stage 4 pancreatic cancer ini-
tially treated at MD Anderson Cancer Center with first-line FNX or
GA. We excluded patients with prior surgical resection (bypass was
allowed) or radiation as initial therapy, and patients with unknown
family history. Survival analysis was performed using the Kaplan-
Meier method.

Results

We identified 153 patients initially treated with FNX and 80 pa-
tients treated with GA. Median age of the entire cohort was 62
years (36-84), 58% were male. Median OS was 286 and 295 days,
respectively. Approximately 5% of patients had a family history of
3 or more BRCA tumors (breast, ovarian, prostate, pancreas). Me-
dian OS for these patients was 469 days, as compared to 285, 268,
and 296 days for patients with 0, 1, and 2 affected family members.
Median survival in patients with 3+ family members affected was
463 days and 511 days for patients on FNX and GA respectively
(95% CI 240-636d, 0-1092 d). For patients with 0-2 such family
members, median OS was 283 and 268 days, respectively. As ex-
pected, ECOG 0-1 and the absence of liver metastases were associ-
ated with longer survival. We identified 126 of 153 FNX patients
and 51 of 80 GA patients with pathology specimens available for
targeted sequencing.

Conclusion

As in our earlier report, we see a trend towards increased survival in
patients with 3 or more family members with BRCA related tumors.
However, the small number of these patients precludes a definitive
assessment. We believe that targeted sequencing of DNA repair
pathway and associated genes will better elucidate the mechanism
of survival benefit over biased family history.
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Objectives

The DDIT4 gene (DNA-damage-inducible transcript 4) encodes a pro-
tein related to adverse environmental conditions, whose action is the
inhibition of mMTOR. In a recent work we found DDIT4 levels was asso-
ciated with the outcome in triple negative breast cancer (J Clin Oncol
33, 2015 (suppl; abstr 1097)). There are not previous reports relating
DDIT4 with prognosis of cancer patients. Our aim in this study was
to explore the influence of this gene in several types of malignant
tumors.

Methods

We evaluated the influence of DDIT4 expression in the outcome
(either, disease-free survival or progression-free survival or overall
survival). Univariate Cox regression analysis of DDIT4 in the online
platforms KM Plotter (http://kmplot.com/) and SurvExpress (http://
bioinformatica.mty.itesm.mx/) was done. Datasets were split based in
the median of expression. Cancer types evaluated include: Acute
Myeloid Leukemia, Brain Cancer, Breast Cancer, Bone Cancer, Cervical
Cancer, Head and Neck Cancer, Hematological Cancer, Liver Cancer,
Lung Cancer, Pancreatic Cancer, Ovarian Cancer and Prostate Cancer.
Results

A high level of DDIT4 was significantly associated with a worse out-
come in breast cancer (n=4142), P=3x10"** (HR=1.64, CI95%: 1.44-
1.87); acute myeloid leukemia (n=168), P=3.47x107° (HR=2.31, CI95%:
1.55-3.43), glioblastoma multiforme (n=538), P=0.005809 (HR=1.31,
Cl95%:1.08-1.59); ovarian cancer (n=1648), P=0.0096 (HR=1.2, IC95%:
1.04-1.37); head and neck squamous cell carcinoma (n=283), P=0.03347
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(HR=1.49, 1C95%:1.03-2.15) and lung adenocarcinoma (n=866), P=0.0038
(HR=1.4, CI95%: 1.02-1.91). In contrast, a high level of DDIT4 was associ-
ated with a better prognosis in gastric cancer (n=641), P=1.7x10°
(HR=0.62, Cl95%:0.5-0.75) and lung squamous cell carcinoma (n=675),
P=0.0015 (HR=0.42, 1C95%:0.24-0.73). Frequency of structural alteration
of DDIT4 found at cbioportal.org, indicate that 0 to 5.1% of primary tu-
mors where DDIT4 was related with the prognostic had mutations, how-
ever in breast tumors xenografts, gene amplification occurs in 17.4%
elucidating an key role in tumor aggressiveness.

Conclusion

DDIT4 is a promising molecular marker for outcome in several types
of cancer. In addition elucidation of DDIT4 participation in cancer ag-
gressiveness could lead to improve the therapeutic strategies, mainly
those related with mTOR inhibition.
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Obijectives

The hierarchical folding of genomic DNA within the nucleus is closely re-
lated with transcriptional regulation. Recent chromosome conformation
studies have suggested that mammalian chromosomes are structured
into tissue-invariant topologically associating domains (TADs) where the
DNA within a domain is interacting more frequently than with regions in
other domains. Genes within the same TADs represent similar gene-
expression, histone-modification profiles. Therefore regions separating
different TADs (boundaries) have important roles in reinforcing the sta-
bility of these domain-wide organizations. TAD boundary disruptions in
human limb malformations and cancer lead to dysregulation of certain
genes, due to de novo promiscuous enhancer exposure to promoters.
Here we sought to identify relationship between genomic architec-
ture and genomic alterations in human cancers.
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Methods

We utilized approximately 200 thousand somatic genomic alterations
(deletions, inversions, duplications) and more than 34 million somatic
mutations from 2575 high-coverage whole genome sequencing data
across 45 different cancer studies with paired normal samples. We in-
tegrated mutations, gene expression and structural alterations with
TAD boundaries that we have identified from 5 different human cell
lines, representing three different germ layers.

Results

Our analysis revealed a strong correlation between the mutational
landscape and the TAD organization of the genome. In addition, we
found that TAD boundaries inflicted structural alterations that not
only affected nearby gene regulation but also the distribution of mu-
tations in human cancers.

Conclusion

Structural alterations affecting the spatial organization of the human
genome, could lead to dysregulation of genes as well as aberrant
mutation distributions in human cancers.
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Objectives

Precision medicine initiatives in oncology focus on specific genetic
aberrations as predictive biomarkers for targeted therapies. Next-
generation sequencing technologies have driven a projectile shift in
patient management through somatic tumor profiling. Due to the
rapid pace of this ensuing momentum, it is difficult to grasp such a
dynamic landscape. Therefore, an analysis of the targeted therapy
landscape was conducted and methods employed are disseminated
to foster interoperability among datasets.

Methods

A Clinical Knowledgebase (CKB) was created to capture and rapidly re-
trieve therapeutic information related to patient molecular aberrations.
One requirement was the development of a drug class controlled vo-
cabulary to categorize drugs relative to their target specificity, including
both pan-level and more gene specific targeted drugs. Additionally, to
support capture of combination therapies, one or more single drug en-
tries can be concatenated to a therapy. Drug classes are annotated to
molecular variants and therapies are annotated to complex molecular
profiles. Using the JAX-CKB, an analysis was conducted on the number
and types of targeted therapies for solid tumors associated with 358
genes and in actively recruiting clinical trials.

Results

The CKB drug class ontology currently contains 198 terms, consisting
of 113 parent and 83 child terms. There are 1006 targeted therapies
in CKB and of these, 59 are FDA approved. Pan drug classes include
PI3K inhibitors and mTOR inhibitors, which contain 34 and 41 indi-
vidual drugs within each class, respectively. The drug class VEGFR
inhibitors (Pan) has the highest number of hits in actively recruit-
ing clinical trials, and 19 drug classes, including EZH2 inhibitor and
p53 activator, are represented in a single solid tumor clinical trial.
Furthermore, the most common drug in solid tumor clinical trials is
Bevacizumab.

Conclusion

Consistency and interoperability of knowledgebases to support cli-
nical next-generation sequencing is pivotal. The JAX-CKB, described
here, is built upon controlled vocabularies and ontologies to achieve
this mission. Methods on the design and build are shared to foster
collaborative processes in this rapidly evolving NGS domain. Further-
more, analysis of content regarding targeted therapies provides an
objective view of clinical trial research investigating targeted thera-
pies in solid tumors.
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Obijectives

Basal cell carcinoma of the skin (BCC) is the most common malignant
neoplasm in humans. BCC is primarily driven by aberrant activation
of the Sonic Hedgehog (Hh) pathway. However, its extensive pheno-
typical variation remains to be explained.

Methods

The genetic profiling of 293 BCCs revealed the highest mutation rate
observed in cancer (65 Mutations/Mb), with strong prevalence of UV-
light signature mutations.

Results

85% of BCCs harbored mutations in Hh pathway genes: mutually ex-
clusive PTCH1 (73%) and SMO (20%) (P=6.6x10"°), SUFU (8%), and in
TP53 (61%). 85% of BCCs also harbored additional driver mutations in
other genes implicated in BCC tumorigenesis. Recurrent driver muta-
tions were observed in MYCN (30%), PPP6C (15%), STK19 (10%),LATS1
(8%), ERBB2 (4%), PIK3CA (2%), RAC1 (1%) and N/K/H-RAS (2%). Loss
of function (LoF) and deleterious missense mutations were observed
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in PTPN14 (23%), RB1 (8%) and FBXW7 (5%). In line with the muta-
tional profiles detected by DNA sequencing, we observed activation
of the Hh pathway as well as upregulation of target genes of the
Hippo-YAP pathway and activation of MYCN target genes in RNAseq
experiments.

Conclusion

The functional analysis of the novel tumorigenic driver mutations in
MYCN, PTPN14 and LATS1 demonstrates their relevance in BCC
tumorigenesis and provides an expanded molecular understanding
of BCC.
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Objectives

Hepatocellular carcinoma (HCC) and cholangiocarcinoma (CCA) are
the members of hepato-biliary diseases. As both HCC and CCA arise
from similar cell types, they often exert high levels of similarity in
terms of phenotypic characteristics, thus leading to difficulties in
HCC and CCA differential diagnoses. In this study, a meta-analysis
was performed on HCC and CCA transcriptome microarray data for
the purpose of investigating differential transcriptome networks and
potential biomarkers of CCA and HCC.

Methods

Raw data from 9 HCC and CCA gene expression microarray datasets,
consisting 1,185 samples in total, were methodologically compiled
and analyzed. For determining differentially-expressed genes in the
cancers, gene expression were compared between cancer and its re-
spective normal samples (HCC vs Normal Liver and CCA vs Normal
Bile Duct) using t-test and k-fold validation (P < 0.05).

Results

Comparing to normal samples, 226 differentially-expressed genes
were specifically observed in HCC, 249 genes in CCA, and 41 genes
in both. Gene Ontology and KEGG pathway enrichment analyses
showed different patterns between functional transcriptome net-
works of HCC and CCA. Cell cycle and glycolysis/gluconeogenesis
pathways were specifically affected in HCC whereas complement and
coagulation cascades as well as glycine, serine and threonine metab-
olism were predominantly presented in CCA.

Conclusion

Our meta-analysis revealed different dysregulation in transcriptome
networks between HCC and CCA. Some genes in these networks
were selectively discussed in the context of HCC-CCA transition, unique
characteristics of HCC and CCA, and their potentiality as HCC/CCA dif-
ferential biomarkers.
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Objectives

Clinical genetic testing is rapidly evolving with the introduction of
next-generation sequencing (NGS) however questions remain about
these new tests. First, can NGS methods be deployed that deliver
equal or improved performance vs. traditional methods on the full
spectrum of (often complex) disease causing variants? Second, do ex-
panded NGS tests provide medical benefits which outweigh the in-
creased uncertainty that naturally follows from testing more genes in
more patients? In recently published work [1,2] we tested a large
panel of cancer risk genes by NGS in a clinically representative popu-
lation to evaluate these questions. Here we expand upon that work
with additional cases including patients with expanded indications
for testing and complex presentations.

Methods

We tested a large panel of 25-32 cancer risk genes by NGS in a rep-
resentative cohort of over 1000 patients meeting current medical
guidelines for BRCA1/2 testing. Traditional genetic test results were
available for the patients for comparison. Using an interpretation sys-
tem (Sherloc) based on ACMG 2015 guidelines and employing only
publicly available data, variants uncovered by NGS were classified.
We established a uniform algorithm based on current practice guide-
lines to recommend management actions for the non-BRCA1/2 posi-
tive individuals, and we evaluated which of these recommendations
would represent changes in management above and beyond any
recommendations based on personal and family history alone.
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Results

We find 100% concordance with traditional methods on both sequence
and copy-number alterations using a battery of 5 calling algorithms
and associated biochemistries, we find 99.8% concordance with
BRCA1/2 classifications produced by a different laboratory that uses a
large proprietary database. Finally, we find that 52% of genetic test re-
sults positive for genes other than BRCA1/2 would warrant consider-
ation of a change in care for mutation-positive patients under current
medical practice guidelines.

Conclusion

In appropriately referred patients, multi-gene panel testing yields
clinically relevant findings with potential management impact for
substantially more patients than does BRCA1/2 testing alone.
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Objectives

Neuroblastoma, the most common extra-cranial solid tumor in the
pediatric population, is a histologically and clinically heterogeneous
neoplasm. Tumors characterized only by whole chromosome changes
tend to act favorably, whereas tumors with MYCN gene amplification
and/or segmental chromosomal aberrations have poor outcomes.
Given the clinical relevance, our aim was to verify the accuracy of
OncoScan FFPE SNP Array (Affymetrix) in assessing genome-wide copy
number changes in tumor samples by comparison to other tumor
ploidy testing methods.

Methods

39 neuroblastic tumors from 38 patients were analyzed using the
OncoScan FFPE SNP Array at a pediatric hospital. Tumor slides were
macrodissected to increase tumor purity, genomic DNA was isolated
and arrays hybridized according to manufacturer’s protocol. Data was
analyzed using the OncoScan Console and results viewed using
Chromosome Analysis Suite (ChAS) and OncoScan Nexus Express.
Copy number results determined by SNP array were compared to
ploidy results obtained by karyotype analysis and/or flow cytometry.
Additionally, chromosome 1 and 2 aneuploidy data were used as a
surrogate ploidy marker in cases where cytogenetics and flow cytom-
etry were unavailable.

Results

Data were obtained for 33 of the 39 samples. Review showed that 3
of the 33 samples required recentering of the tumor ploidy baseline.
Two samples from 2 lesions in one patient showed widely discordant
copy number calls by the software, with one assigned a near tetra-
ploid status and the other a near diploid status. Karyotype analysis
confirmed a near tetraploid state. Correlation by karyotype, flow cy-
tometry or chromosome 1 and 2 aneuploidy revealed an additional 4
discordant cases (total of 5/33 cases or 15%).
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Conclusion

Despite complex algorithms used by the OncoScan software to as-
sign copy number calls, in 15% of the analyzed cases a 2nd method
was necessary to correctly assign tumor ploidy baseline. The complex
chromosomal copy number changes present in tumors, in addition
to tumor impurity, heterogeneity, and poor sample quality, can chal-
lenge the software’s ability to correctly assign ploidy state. Our
results demonstrate that a second independent method may be ne-
cessary in complex tumor cases to correctly assign ploidy that truly
reflects tumor biology and that may be necessary for correct patient
management.
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Obijectives

Structurally complex loci underlie many diseases. These loci can be
very challenging to resolve by currently available methods such as
karyotyping, clinical array, PCR-based tests, and NGS. Next-generation
mapping by BioNano Genomics Irys® System offers a high-throughput,
genome-wide method able to interrogate genome structural differ-
ences hundreds of kilobase pairs and span interspersed and even
long tandem repeats making it ideally suitable for elucidating the
structure and copy number of complex regions of the genome,
such as complex pseudogene and paralogous gene families. Clinic-
ally relevant regions often contain genes with paralogs and other
complex repetitive structures complicating the interpretation of
data and diagnosis of disease. We present several examples of gen-
etic loci that can be easily interrogated with genome map data in-
cluding tandem repeats, paralogous gene families, and loci flanked
by segmental duplications.

Methods

Some open reading frames or entire genes are randomly amplified
with variable copy number such as tRNAs, kringle IV, and D4Z4. The
LPA gene contains variable copies of a repeat, kringle 1V, that results
in different lengths of the resultant Lp(a) protein; related to coronary
heart disease, cerebrovascular disease, atherosclerosis, thrombosis,
and stroke. Tandem repeat is D4Z4, associated with facioscapulo-
humeral muscular dystrophy (FSHD), with a low copy number (<10
units), occurring in 95% of FSHD cases.

Results

We show that the Irys System can accurately measure the copy
number of the kringle IV domain and D4Z4. A second class of com-
plex structural variation are those that involve genes with paralogs
such as amylase and UGT2B17, two genes whose copy number have
been shown to be involved in human health. We show deletions of
UGT2B17 in a family trio and > 10 different structures at the Amyl-
ase region. The third class of genomic variation are those flanked
by segmental duplications, especially important because spontan-
eous rearrangements are common between paralogous segmental
duplications causing copy number aberrations and translocation,
thus resulting in developmental disorders, such as the 22q11.2 deletion
syndrome mediated by segmental duplication rearrangements.
Conclusion

We show the assembly of the region, including the normal and
pathogenic alleles, using molecules that span and disambiguate the
structure of the segmental duplications.
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Objectives

To identify the genetic determinants of Pulmonary Arterial Hyperten-
sion (PAH) in a cohort of pediatric PAH patients.

Methods

We performed whole-exome sequencing (WES) in a cohort of 60 pro-
bands with PAH and family members when available (180 total indi-
viduals) without a molecular diagnosis after most of the series was
screened for mutations in BMPR2. In addition, we performed WES in
additional 118 singleton cases. We screened all samples for variants
in known PAH associated genes and performed trio-based analysis to
identify novel candidate PAH genes.

Results

We identified known and novel mutations in the known PAH genes.
In addition we identified novel truncating variants in TBX4 occurring
de novo or inherited from an asymptomatic parent in 5 patients and
a de novo predicted deleterious nonsynonymous variant in one add-
itional patient.

TBX4 is a transcription factor of the T-box gene family. It is expressed
in a variety of tissues during early mouse development including the
atrium of the heart, the limbs, and the mesenchyme of the lung and
trachea. TBX4, jointly with TBX5, has been shown to interact with
FGF10 during lung growth and branching. Mutations in TBX4 have been
previously reported to cause small patella syndrome, an autosomal-
dominant skeletal dysplasia characterized by patellar aplasia or hypo-
plasia. A study in 2012 [1] identified an association of TBX4 mutations
with PAH in 6 patients.

Conclusion

We identified 6 different deleterious variants in TBX4 (2 inherited and
5 de novo) in our initial cohort of trios where patients were as-
certained for primary pulmonary arterial hypertension, accounting
for ~10% of the probands in this series. Subsequently we confirmed
this association in additional 4 singleton cases, including a patient
with a large intragenic microdeletion of TBX4. Our results confirm
the role of TBX4 as an important cause of hereditary PAH, account-
ing for ~5% of our whole PAH cohort.
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Obijectives

To identify mutations causing North Carolina macular dystrophy
(NCMD, MCDR1).

Methods

We performed targeted Nex Gen sequencing of the MCDR1 region
(870kb) in 8 affected individuals from 3 families representing 3 differ-
ent haplotypes affected with chromosome 6 linked NCMD (MCDR1).
In addition to our original 11 MCDR1 families recently published (141
total subjects), we now have an additional cohort of 23 families with
the NCMD phenotype available for study (total of 367 subjects, 32
families).

Results

We initially found 14 rare variants spanning 870kb of the disease-
causing allele. One of these variants (V1, ch6:1000400906) was absent
from all published databases and all 261 controls, but was found in a
total of 13 NCMD kindreds. This variant lies in a DNase 1 hypersensi-
tivity site (DHS) upstream of both the PRDM13 and CCNC genes.
Sanger sequencing of 1 kb centered on V1 was performed in the
remaining NCMD probands, and 2 additional novel single nucleotide
variants (V2, ch6:10000987, in 6 families and V3, ch6:100041040 in 1
family) were identified in the DHS within 134 bp of the location of
V1. A complete duplication of the PRDM13 gene was also discovered
in a single family (V4). The 4 mutations V1 to V4 segregated perfectly
in the 118 affected and 33 unaffected members of the 21 NCMD
families.

Conclusion

We identified 4 rare mutations in a non-coding region, each capable
of arresting human macular development by causing over expression
of PRDM13. Additional families with the NCMD phenotype continue
to support that these mutations are causative of MCDR1 / NCMD.
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Objectives

To identify the causative variant(s) and gene(s) of rare Mendelian
phenotypes by the re-analysis of unsolved whole exome sequecing
(WES) data.

Methods

To address some of these cases, we have incorporated maternal and
paternal imprinting analysis and polygenic analysis to the PhenoDB
Variant Analysis tool. We also analyzed WES data from 1063 samples
for rare, functional variants in known imprinted genes, in the genes
on pseudoautosomal regions, genes that escape X-inactivation, and
genes on chromosome Y. To facilitate data sharing as well as im-
prove the search for patients or model organisms with variants in
specific candidate genes we have also been adding capabilities to
GeneMatcher (www.genematcher.org). In GeneMatcher there is an
option to match based upon OMIM® number, genomic location and,
as of October 2015, on phenotypic features. As part of the Match-
maker Exchange (MME) (http://matchmakerexchange.org/), we have
also developed an API that was implemented in August 2015 and al-
lows the GeneMatcher users to submit their data to query Phenome-
Central and/or DECIPHER. Also, as part of the MME we have been
working with other matchmaker databases on the APl implementa-
tion to connect them to GeneMatcher and have been working on
the version 2.0 of the API that will allow for more detailed queries.
Results

We found that the genes in the pseudoautosomal regions are not
captured by the Agilent SureSelect v4 baits that we used to se-
quence these samples. The analysis of variants in the genes on
chromosome Y identified 52 rare functional variants and the analysis
of variants in the 242 imprinted genes identified 4,337 rare functional
variants. These variants are being further evaluated to define causal-
ity. As of December 2015, 3,568 genes were submitted to Gene-
Matcher by 984 individuals from 48 countries and 1252 matches (60
matches with PhenomeCentral and 34 matches with DECIPHER).
Conclusion

The GeneMatcher approach has enabled collaborations and the de-
scription of novel Mendelian phenotypes and novel Mendelian genes
like SPATA5, HNRNPK and TELO2. We expect that further use of Gene-
Matcher and other MME matchmaker databases will enable many
new gene/phenotype connections and that the full impact this ap-
proach will be revealed in the published literature over the next
years.
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Objectives

At its inception in 2011 the Baylor-Johns Hopkins Center for Mendel-
ian Genomics (BHCMG), as one of three NIH funded Centers for Men-
delian Genomics (CMGs), began its efforts towards: i) novel gene/
mutation discovery, ii) elucidating the molecular bases of disease, iii)
understanding the genetic susceptibility to disease traits, and iv) de-
termining the genetic/genomic architecture of disease. Collectively
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the CMGs have sequenced ~19,000 patient samples in collaboration
with more than 500 investigators from 36 countries in the past four
years. The BHCMG has learned many lessons from its contribution
of 5,200 exomes ranging in 475 phenotypes and presented in 82
publications.

Methods

The Human Genome Sequencing Center (HGSC) at the Baylor College
of Medicine has generated 46 TB of whole exome sequencing
(WES) data using the HGSC-VCRome capture reagent and now in-
cludes ‘Spike-in PKv2' to capture more difficult regions and add-
itional gene targets. The HGSC-VCRome capture reagent, along
with a multiplex strategy and use of full-length blocking oligos
employed for hybridization, has yielded 7.7Gb of data per exome
providing a coverage of 96% at 20X or greater. The Spike-in PKv2
reagent is comprised of 3,643 additional unique gene targets de-
rived from GeneTests, OMIM, selected cancer genes and Baylor
Miraca Genetics Laboratory positive cases. The addition of this re-
agent converts >700-800 genes from partially covered to fully cov-
ered at = 20X coverage.

Results

Success rates in this program have varied by phenotype and cohort
collections ranging from 37% to 85%. The BHCMG has established
valuable sample acquisition approaches and resources, enhanced se-
quencing methodology, curated a well-characterized phenotype-rich
genetic database enabling genotype/phenotype relationships and
encouraged collaborative efforts (i.e. GeneMatcher) to implicate 491
disease genes including 192 novel, 152 known and 147 phenotypic
expansion genes.

Conclusion

Each discovery has shown the diagnostic capabilities in using WES
and has taught lessons in disease mechanisms that continue to drive
investigation into those cases that remain unsolved.
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Obijectives

Accurately identifying genetic differences between individuals or
within samples taken from the same individual (tumor with normal
control) is important to understanding the etiology of diseases, par-
ticularly for disease areas where large structural changes in the gen-
ome have been associated with the disease, such as neurological
conditions, cardiological conditions and cancer. In clinical practice,
identifying a previously uncharacterized de novo SV in an offspring
that could be causing a condition is challenging with current
methods that often have high false discovery rates.

Methods

Here, we present Biograph Anchored Assembly (BAA), an SV caller
using whole read overlap assembly of reads that do match the refer-
ence exactly. In a previous study with next-generation sequencing of
the reference individual HS1011 (English et al. (2015)), the method
has been shown to have high sensitivity compared to other SV cal-
lers and a false discovery rate of less than 5%. The method is based
upon the BioGraph data storage format (BAF). The BAF is a special-
ized index of the read overlap graph of a genome that can be quer-
ied up to one million times a second. Querying by both coordinate
and sequence is particularly applicable to SV typing.
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Results

Using BAA on a trio sequenced by the Personal Genome Project
(PGP), the BAA variant caller detected a 3.4kb insertion inherited in
the offspring that matched an alternate allele assembly now in
GRCh38. The breakpoint and sequence of the insertion were reported.
The resolution of this inserted sequence allowed for five SNPs and an
indel that were inherited from the father and a single SNP inherited
from the mother to be distinguished in the offspring.

Conclusion

This level of resolution and accuracy in calling allows for structural
variants, and even differences between structural variants, to be
compared across individuals. This is important both for understand-
ing the etiology of disease in larger studies as well as identifying de
novo variants in an offspring in a clinical setting. Here, we further
present results from 100 HiSeq X samples sequenced at 30x, includ-
ing multiple classes of structural variants and multi-sample classifica-
tion of shared breakpoints.
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Objectives

The successful translation of genomic discovery into improvements
in human health hinges on the effective and responsible sharing of
genomic and health related data. The Global Alliance for Genomics
and Health (GA4GH) brings together over 375 leading healthcare,
research, disease advocacy, life science, and information technol-
ogy organizations committed to establishing harmonized approa-
ches to data sharing. The Regulatory and Ethics Working Group
(REWG) of the GA4GH specifically promotes the legal interoperability
of data.

Methods

The REWG establishes Task Teams with diverse, international mem-
bership across sectors to develop tools and solutions to facilitate
data sharing. Existing Task Teams address Consent, Privacy & Secur-
ity, Accountability, Paediatrics, Ageing and Dementia, Registered Ac-
cess, Participant Values, and Machine Readable Consent.

Results

The REWG has developed a Framework for Responsible Sharing of
Genomic and Health-Related Data, which aims to activate the human
right of every citizen to benefit from the progress of science. This hu-
man rights basis gives the Framework political and legal dimensions
that reach beyond the moral appeals of bioethics. Specific policies
build on the Framework. The Consent policy provides guidance for
balancing individual autonomy with the public good, and addresses
sharing of legacy data where consent is silent on data sharing. The
Privacy and Security policy emphasizes that safeguards should be
proportionate to the risk of harm to patients. The new Accountability
Policy provides best practices for transparency of data handling, as
well as processes for monitoring and responding to non-compliance
with data sharing standards.
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