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Hypomagnesemia with secondary hypocalcemia is a rare auteseceskive disorder
characterized by intensbypomagnesemia associated wittypocalcemia (HSH).
Mutations in theTRPM6gene, encoding the epithelial Mghannel TRPMG6, have been
proven to be the molecular cause of this disease. This study identified causal mutations
in patients of hypomagnesemia. Biochemical analyses indicated the diagnosis of HSH
due to primary gastrointestinal loss of magnesium. Whedene sequencing of the trio

LH SUREDQG DQG ERWK SDUHQWYV ZDV FDUULHG R:
ANNOVAR was used to annotate functional consequences of genetic variation from
exome sequencing data. After variant filtering and annotation, a nuaofbsingle
nucleotide variants (SNVs) anal novel2 bp deletion at exon26:c.4402_4403delCT
in TRPM6gene were identified. This deletion which resulted in a novel frameshift
mutation in exon 26 of this gene was confirmed by Sanger sequehtiognclusion,
among several candidate genes, pregemexome sequencing study identified a novel
homozygoudrame shift mutatio in TRPM6 gene of HSH patiertlowever, it should
be notedthat exome sequencing does wower large genomic rearrangement such as
copy rumbervariations (CNVS).



Medical Action Ontology (MAXO)

Leigh C. Carmody, Xingmin A. Zhang, Nicole A. Vasilevsky, Chris J. Mungall, Nico Matentzoglu,
Peter N. Robinson

A standardized, controlled vocabulary allows medical actions to be described in an
unambiguous fashion in medical publications and databases. The Medical Action Ontology
(MAXO) is being developed to provide a structured vocabulary for medical procedures,
interventions, therapies, and treatments for rare diseases. The ontology will capture medical
actions used to treat rare diseases from published manuscripts and will be utilized in new
computational algorithms that exploit semantic similarity between related medical actions,
phenotypic abnormalities as coded in the Human Phenotype Ontology (HPO), and related
genetic mutations using Exomiser to suggest new medical actions for rare diseases.
Annotations to publications about rare disease clinical management will be added to the HPO
resource. This ontology coupled with computer algorithms does not intend to replace SK\VLFLDQYV
advice, guidelines of medical societies, or textbooks, but rather to complement these sources of
information. It provides a convenient method for quickly extracting difficult to find information
about treatments for rare diseases. Currently, MAxXO contains approximately 300 terms and will
be expanded via more data mining from sources such as GeneReviews, PubMed queries, and
Rare Disease Network. MAXO is open source and will become freely available. A preliminary
version is available at https://github.com/monarch-initiative/MAXxO.
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Evaluating the consequences of abnormal gene dosage
Jannine DCody*?*, Jonatham. Gelfond
! Department of Pediatricd’he Chromosome 18 Clinical Research Centégniversity of Texas
HealthScience Center ata® Antonig San Antonio, Texas, 78229, USAhe Chromosome 18
Registry and Research Society, San Antonio, Texas, 78229 D&rartment oEpidemiology
and BiostatisticsUniversity of Texas HealtBcience Center aia® Antonig San Antonio,
Texas, 78229, USA

Genomic copy number variatios a characteristic of the human genomeidatsoa major

contributor tocongenital disability andiseaseisk. This makes it imperative to understand

which regions of the genonoanwithstand copy number chaagvithout effet, which

predispose to disease and which cause outright disabilityjerous studies have created
bioinformatictools forpredicating which genes aredosage sensitiva genome wide scale
However, these studies have not katficiently robustdata withwhich totest thevalidity of

their predictions. We have created such a data set by individually curating the data for each gene
on chromosome 18 with regard to their potential effects when present in an abnormal\desage.
utilized data fronthe human genetic disease literature, animal models, the Database of Genomic
Variants as well as our own extensive longitudinal dataset on over 650 individuals with
chromosome 18 copy number changis. created novelclinical gene dosagelassification:

(1) no clinically adverse effect (2) a risk factor (3) a conditional factor (4) a low penetrance
effect (5) causal of an abnormal phenotype and (6) an embryonic &thalaluatechine
bioinformatic copy number sensitivigrediction tools with our classititions of the

chromosome 18 genéd/hile someof the ninebioinformaticpredictorswere statistically

associated with ouobustly curatedlinical classificationsRudefer et al., 2016&ExAC pLI

6 S HD U BD.22Tp£0.001), w foundlittle predictive accracy of thesepredictionswhich

explained from <1% to 5% of the variation of clinical dosage sensitivity.
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Improving the quality of genome annotations allows a more accurate prediction of gene function
and thus a more accurate imputation of its role in disease etiology. To this end, the Apollo
genome annotation editing tool (https://github.com/GMOD/Apollo / http://genomearchitect.org/ /
https://github.com/GMOD/docker-apollo) provides a way for teams of researchers to
collaboratively refine automated gene predictions using experimental evidence in a manner
similar to Google Docs. Our current work focuses on annotating the effects of individual variants
on gene structure in order to identify candidate causal variants for changes in gene expression
and phenotype.

Apollo servers are highly customizable and can scale to support the annotations of multiple
genomes. Its suite of web services enables Apollo to be readily integrated into bioinformatics
workflow environments. These web services can be accessed directly via a Python library
http://bit.ly/python-apollo-client-reference, and are also used by the Monarch Initiative (e.qg.
https://monarchinitiative.org/gene/MGI:104537) and the Alliance of Genome Resources (e.g.
https://www.alliancegenome.org/gene/MGI:104537) to display gene structure on disease pages
using a cross-browser widget (https://www.npmjs.com/package/genomefeaturecomponent).
Additionally, because it is built on top of the JBrowse genome browser
(https://github.com/GMOD/jbrowse) and its rich plugin ecosystem
(https://gmod.github.io/jbrowse-reqgistry/), Apollo has been integrated into external web services
such as http://myvariant.info/ via a simple plugin (http://bit.ly/jorowse-myvariantinfo-plugin /
demo [http://bit.ly/ibrowse-myvariantinfo-plugin-demo]) to provide clinical genome annotation
data with minimal configuration.




Apollo provides many time-saving features for editing genomic elements such as maintaining a
revertible history of structural edits and the ability to change the type of a genome feature.
Apollo can read and display multiple tracks of variants as well as predictions of those variant
effects.

Apollo is used in over one hundred genome annotation projects around the world, ranging from
annotation of a single species to lineage-specific efforts supporting the annotation of dozens of
species at a time.
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Large whole genome sequencing datasets facilitates curation of reported variants
and detection of unreported changes: Gabriella Miller Kids First Data Resource
Center as an example

Yiran Guo?, Yuankun Zhu?, Allison P. Heath PhD?, Bo Zhang?, Miguel Brown?, Krutika Gaonkar?, Pichai Raman
PhD?, Jena Lilly MS?, Deanne M. Taylor PhD*7, Phillip B. Storm MD®, Angela J. Waanders MD*”7, Vincent Ferretti
PhD?1° Michele Mattioni PhD?, Brandi Davis-Dusenbery PhD?, Zachary L. Flamig PhD#, Robert L. Grossman PhD?,
Samuel L. Volchenboum MD PhD##8, Sabine Mueller MD PhD®, Javad Nazarian PhD®, Nicole Vasilevsky PhD?,
Melissa Haendel PhD112, Adam Resnick PhD?1?

1&KLOGUHQYV +RVSLWDO RI 3KLOD G HO®KdIBstit@edf OdhceHRR & tH) Tobsito, OBthrio,
Canada; 3Seven Bridges Genomics, Cambridge, MA, USA; “Center for Research Informatics, The University of
Chicago, Chicago, lllinois, USA; ®University of San Francisco, San Francisco, CA, USA, éChildren's National Medical
Center, Washington, DC, USA; "Department of Pediatrics, Perelman School of Medicine, University of Pennsylvania,
Philadelphia, PA, USA; 8Department of Pediatrics, Biological Sciences Division, The University of Chicago, Chicago,
llinois, USA, °Department of Neurosurgery, Perelman School of Medicine, University of Pennsylvania, Philadelphia,
PA, USA; %Centre Hospitalier Universitaire Sainte-Justine, Montreal, Quebec, Canada; 1*Oregon Health & Science
University, Portland, Oregon, USA; 2Oregon State University, Corvallis, Oregon, USA.

Gene panels, as well as whole exome sequencing (WES), have been widely used in the genetic
diagnosis in rare disorders and cancer. Previous publications of pathogenic/likely pathogenic

genetic changes, e.g. those cataloged in the Human Gene Mutation Database * (HGMD), are an

essential reference for determining if variants identified in clinical practice are related or even
causal to disease presentations. While the majority of the published changes are exonic (87.1%,
or 137,815 of the total 158,223 variants labeled as DM[?]/[likely] pathological in the 2018Q4
professional version of HGMD) plus splicing (10.9% or 17,230), the non-coding variants,
especially intronic ones published in the literature (1.1% or 1,501) are significantly less likely to
be charted by clinical labs such as ClinVar submitters or reviewed by curators like the ClinGen
Expert Groups. In the HGMD, 63.7% (87,845 out of 137,815) of exonic variants are not
submitted/reviewed (according to ClinVar version 20180603), and the numbers are significantly
higher as 70.0% (12,056 of 17,230; p<le-15) and 69.2% (1,039 of 1,501; p<le-15) for splicing
and intronic changes, respectively. Previous pilot efforts with small sample sizes showed that
whole genome sequencing (WGS) can provide more insight about non-coding regions of the
human genome, increase genetic diagnostic rate in clinical settings, facilitate curation of
reported variants, and discover novel genomic changes responsible for the clinical
manifestations that could be missed by panel sequencing or WES.

Implementing WGS, the NIH Common Fund Gabriella Miller Kids First Pediatric Research
Program (Kids First) represents a national collaboration focused on large-scale genomic and
clinical data sharing for childhood cancers and structural birth defects, which present a huge
burden to families and the healthcare system. As part of this program, the Gabriella Miller Kids
First Data Resource Center (DRC) empowers collaborative discovery across Kids First
datasets. Through newly developed platforms and cloud-based resources, researchers are able
to access standardized genomic and clinical data in a timely fashion. Datasets harmonized by
the Kids First DRC also enable curation of reported variants and discovery of new genetic
changes, both coding and non-coding. In total there will be data for >27,600 whole genomes
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and currently, ~30,000 genomic/phenotypic files are available on the Kids First Data Resource
Portal, making it one of the largest pediatric data resources across a wide range of diseases.
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New Avenues of Inquiry: Visualizing OMIM Phenotype-Gene Relationships at
OMIM.org

Ada Hamosh?, Carol A. Bocchini', Cassandra K. Arnold?, Franeois Schiettecatte 2, Marla
M. J. O'Neill, Anne Stumpf?, Joanna Amberger!

McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University School of
Medicine
2FS Consulting, LLC

The relationship between diseases and genes is a rapidly growing and complex
body of information. As of February 2019, OMIM has over 24,900 entries
describing genes and phenotypes and has compiled the molecular relationship
between over 4,000 genes and 6,300 phenotypes. In addition to curating these
relationships, OMIM has been centrally involved in the classification and naming
of genetic phenotypes. In the same way that grouping genes of similar function
or structure by name opens a window to biology, grouping similar phenotypes
using clinical naming provides a clinical view of the human genome. Clinical
naming as an organizing principle of OMIM permits collection and comparison of
the genes underlying clinically related phenotypes (Phenotypic Series). OMIM
has more than 440 Phenotypic Series comprising more than 3,600 disorders. To
facilitate molecular genetic inquiry, OMIM has leveraged this classification of
genetic disease to create visualizations of phenotype-gene relationships. These
PheneGene graphics are available in linear and radial formats. Nodes represent
phenotypes, genes, and Phenotypic Series; branching occurs when a gene
causes more than one phenotype or when a phenotype is genetically
heterogeneous. These views can be altered to place a different node at the
center, thus illuminating further connections or placing emphasis on a particular
gene or phenotype. The graphics are created on-the-fly from current OMIM

data. No hierarchy is implied with either graphic format. These dynamic views of
the connections between phenotypes and genes may suggest novel biological or
clinical relationships. Clinical naming of genetic disorders enhances analysis of
the relationship between phenotypes and their molecular basis, and provides
new avenues of investigation through increased understanding of the molecular

basis of disease.
I
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Data sharing, supported decision making and clinical duties in genomics

Amalia M. Issa, PhD, MPH, FCP
University of the Sciences in Philadelphia

We currently live in the era of data sharing. Certainly patients and consumers in
general are calling for more data sharing of genomic and other clinical, family
and health-related data, as well as through apps, mobile and digital health.
Indeed, it seems that we are rapidly entering a disruptive shift in the culture of
biomedicine toward greater data sharing with patients to the degree that the
patient views him or herself as the owner of all the data and the decisions
associated with the data. Such new technological and social trends are
illustrative of the increasing complexity related to a the debate about the duty of
clinicians to re-contact patients as the meaning of data is updated and changes
over time. From a clinical perspective, any duty to re-contact patients needs to be
considered within the broader question of when the clinician-patient relationship
begins and ends. The new and emerging technological trends delineated above
call into question whether there is or ever can be a definitive end to the clinician-
patient relationship. To date, certain circumstances, such as when a patient
moves to another locale or when a pediatric patient reaches the age of majority
and needs to find another physician for care, dictates the end of the clinician-
patient relationship. However, in the context of the new precision medicine
ecosystem where new interpretations of genomic data and previously collected
and stored DNA sequences are possible, it may be that a physicianOs moral and
legal responsibility (and therefore a duty to re-contact and update knowledge) to
a particular patient endures for the remainder of the patientOs natural life. If there
is a duty to re-contact, should it be governed differently under different
circumstances (e.g. pediatric cases until the age of majority vs adult patients)?
Should limits be placed on the duty to re-contact depending on the type of
information, with the clinician acting as final arbiter (i.e. for new interpretations
from stored genomic data that provides a possible new diagnosis but with no
known interventions or treatments)? The objective of this presentation is to
examine how novel and emerging social trends and technologies for clinical
decision support might influence clinician duties and obligations, and the
potential effect on genomics, precision medicine and data sharing, and what

might be some of the regulatory governance options.
!
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Assessment of VCEP Functional Study Specifications and Development of Structured
Framework for Evidence Curation!
|

Meera K. Jairath:, Dona M. Kanavy:, Shannon M. McNulty:, Sarah E. Brnich=, Chris Bizon,
Bradford Powell:, Jonathan S. Berg:!

:Department of Genetics, School of Medicine, University of North Carolina at Chapel Hill,
Chapel Hill, North Carolina, USA!

:Curriculum in Genetics and Molecular Biology, School of Medicine, University of North Carolina
at Chapel Hill, Chapel Hill, North Carolina, USA!

‘Renaissance Computing Institute, University of North Carolina at Chapel Hill, Chapel Hill, North

Carolina, USA!
I

The Clinical Genome Resource (ClinGen), since its inception in 2011, has established
sixteen Variant Curation Expert Panels (VCEPSs). The goal of these VCEPs is to make gene-level
modifications to the 2015 ACMG/AMP guidelines to improve the evaluation of evidence for variant
interpretation through completion of a four-step approval process. As of 2019, six VCEPs have
been fully approved and their recommendations have been published. We are particularly
interested in the disease-specific modifications VCEPs have made to the functional study
JXLGHOLQHV 36 %6 VSHFLILHG E\ WKH $&0* $03 7KHVH JJXLGHOLC(
establLVKHG ™ IXQFWLRQDO DVVD\ EXW WKLV WHUPLQRORJ\ LV QRW
WKH PHDQLQJHRWPEAHODQAO®KHG” IRU WKHLU GLVHDVH DUHD E\ LGHQ
validation parameters that are sufficient to provide evidence at a strong, moderate, or supporting
level for classifying a given variant. To determine the attributes VCEPSs identified as important for
functional assays used to support PS3/BS3 assertions, we assessed whether each VCEP
specified requirements for the following parameters: replication, controls, thresholds, and
validation. In our assessment of their recommendations, we observed a high level of variation in
the frequency and methods by which these parameters were specified, with most VCEPs only
detailing a need for one to two of these parameters to be fulfilled by an individual instance of a
functional assay. Given this variation, we developed a standardized framework for assessing
VCEP recommendations and curating evidence provided by functional assays for clinical variant
interpretation. This includes identifying the disease mechanism and general class of assay used
and cataloguing details of the specific instance of assay being performed using a structured
ontology. We used this framework to analyze the primary literature cited by each individual VCEP.
We anticipate that application of a standardized approach for evaluating the clinical validity of
functional assays and variant-level functional evidence will lead to greater consistency between
VCEPs. The results from this work will also be used to inform a SEPIO-compliant data model to

structure evidence regarding functional data in the Variant Curation Interface. !
|
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RefSeqGene (RSG) and Locus Reference Genomic (LRG) resources for reporting of clinically
relevant sequence variants

K. McGarvey?, V. Joardar!, J. Morales?, A. Astashyn?, R. Bennett?, C. Davidson?, A. Frankish?,
L. Gil?2, M. Kay?, J. Loveland?, A. McMahon?, G. Threadgold?, F. Cunningham?, Murphy*

INational Center for Biotechnology Information, National Library of Medicine, Bethesda, MD,
U.S.A. 20894

2European Molecular Biology Laboratory, European Bioinformatics Institute, Wellcome Genome
Campus, Hinxton, Cambridge CB10 1SD

RefSeqGene (RSG) is a subset of NCBI's Reference Sequence (RefSeq) project that defines
manually curated genomic sequences to be used as reference standards for well-characterized
genes (https://www.ncbi.nlm.nih.gov/refsea/rsq/). Each RSG sequence provides gene-specific
genomic sequence, including intronic regions and upstream and downstream flanking regions,
and is annotated with one or more representative transcripts as reference standards. These
sequences serve as a stable foundation for reporting mutations, establish conventions for exon-
and intron-numbering, and for defining the coordinates of other sequence variations. RSG
sequences are versioned and may be updated, but the sequences are independent from
upgrades to the reference genome assembly and may represent better supported alleles,
making them useful for consistent variant reporting over time. A subset of RSGs form the
foundation of the Locus Reference Genomic (LRG) project, a manually curated resource
designed specifically for the reporting of clinically relevant variants (http://www.Irg-
sequence.org/). LRG records, created jointly by the NCBI (https://www.ncbi.nIm.nih.gov) and
EMBL-EBI (http://www.ebi.ac.uk), are similar to RSGs but are not versioned and have fixed
sequence, and include additional annotation. Transcripts for which there is currently good
biological understanding are selected for inclusion, with input from members of the clinical
research community. The number of records available for community use currently stands at
6,847 for RSG, and >1,260 for LRG. The RSG and LRG resources are coordinating with the
collaborative Matched Annotation from NCBI and EMBL-EBI (MANE) project to facilitate
convergence on key high value annotations to ensure identity between RefSeq and Ensembl
transcripts, including those used as reference standards for RSGs and LRGs. However, MANE
transcripts must match the GRCh38 genome sequence, whereas RSGs and LRGs can be used
to represent alternate alleles where the GRCh38 sequence is defective or otherwise not suitable
for clinical reporting. Thus, RSGs and LRGs serve as valuable clinical reporting standards
especially for individual genes, complementing the genome-wide MANE project.

This work was supported in part by the intramural research program of the National Library of

Medicine, National Institutes of Health.
!
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Pathogenicity Predictions Using Multiple Sequence Alignment -Based Algorithms
For APC Missense Variants Reported in ClinVar

Alexander Karabachev?, Dylan Martini*?, David Hermel**, Dana Solcz*, Indra Neil
Sarkar®, Marc Greenblatt'*, University of Vermont, Burlington VT?; Emory University,
Atlanta, GA?; Keck School of Medicine of USC?, Los Angeles, CA; Brown University,
Providence, RI*  Marc.Greenblatt@uvmhealth.org

Aim:

Variants in the APC gene cause Familial Adenomatous Polyposis. Most are non-
missense, protein-truncating changes. However, 40% of the 4,891 total variants in the
ClinVar database are reported as missense. The total number of missense variants
increased from 47 in 2013 to 1,988 in 2018. We used Protein Multiple Sequence
Alignment (PMSA)- based methods to assess the proportion of missense APC variants
that are Pathogenic/Likely Pathogenic (P/LP), Benign/Likely Benign (B/LB), or Variants
of Uncertain Significance (VUS); whether altered APC splicing may be a mechanism of
P/LP; and how PMSA-based in silico tools predict the effects of missense variants.

Methods :

We created PMSAs for APC of different evolutionary depths. We curated the APC
missense variants that have assertions of P/LP and B/LB in ClinVar. We used 5 PMSA-
based methods (Align-GVGD, SIFT, PolyPhen2, MAPP, REVEL) to generate
pathogenicity predictions for APC missense variants.

Results :

An APC PMSA using 10 species (evolutionary depth through sea urchin), which required
significant curation to optimize alignment, achieved our threshold for statistical
significance IRU WKH FR QF @ulaRifo &id 3FDREQ V H U YAIrdhg e *
reported missense variants in ClinVar in July 2018, 91.5% are reported as VUS. All but 2
missense variants listed as P/LP occur at canonical splice sites or Exonic Splice
Enhancer sites. In silico tools differed widely in predictions of P/LP (range 17.5 £75%)
and B/LB (range 25 #82.5%) for all APC missense variants found in ClinVar. When
applied only to the 22 variants that have been classified in ClinVar as Benign, the 5
methods ranged in accuracy from 78-100%. Some methods favored predictions of B/LB
and some favored P/LP.

Conclu sion s:

PMSA-based in silico methods can be excellent classifiers for variants of some
hereditary cancer genes. However, missense classifiers are not appropriate for variants
in APC, and likely other hereditary cancer genes, in which missense is not a known
mechanism of pathogenicity. Some variants in ClinVar that are classified as missense
actually affect splicing. In silico missense classifiers vary widely when applied to the
large set of APC VUS. There may be characteristics of the APC gene and protein that
confound the results of in silico algorithms. A systematic study of these features could
greatly improve the use of predictive algorithms in hereditary cancer genes and improve
assessment of the health risks of inherited genetic variation.
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,GHQWLILFDWLRQ RI 1RYHO OXWDWLRQV RI 0O\RVLQ

OHQGHOLDQ ,QKHULWDQFH Rl +HUHGLWDU\ +HDULQ

+\HOLQ .LP1® 5\X %\XQJK\HRQ<BHH.LP OL®.LP 'HRK\XQ
&KRL+RQ-RRQ 3BWONXQJ .LP

'HSDUWPHQW RI %LRORJ\ &ROOHJH RI 1DWXUDO 6FLHQFHYV
.RUHD

6FKRRO RI /LIH 6FLHQFHV .18 BGRX¥D WiLY H3%XR5HYRIDWFW .\
1IDWLRQDO 8QLYHUVLW\ 'DHJX 5HSXEOLF RI .RUHD

6RUHH (DU &OLQLF 6HRXO .RUHD

$EVWUDFW

+HUHG IHWDPDUQBVORYM RI WKH PRVW FRPPRQ JHQHWLFDOO
KX P DIE RXW RI KHUHGLWDU\ KHDULWYDD ®RRFLE VK BB ULLQH C
VKRZLQJ ORVV RI KHDULQJ DELOLW)\ ZLWWR)GH QDL IRWE HY Q
DVVRFLDWHGB\QGWRPQREHDULQJ ORVV DUH LQFOXGLQJ
JHQHV IRU ")1% %HFDXVH RI KLJK OHYHOV RI KHWHURJHQHL
IDFWRUV IRU KHDULQJ ORVV XVLQJ 6DQJEH)\WN & XD QMR
VHTXHQFLQJ WHFKQLT X HH YRR H QNHHTVXW IQIFCHIY EIR IDRRRAGBH.. R\ H L W K
VIQGURPLF KHUHGLWDU\ KHDULQJ MRWRVROB R GWR HQID® WOLL
SDWWHUQ RI KHDULQJ ORVV DQG WKH RWKHU V2KRZBIGP DX W
ZDV WR GHWHFW FDXVDWL%BWBRWHRQWF DRXGV DAY R @W D WKW F
ZLWKLQ WKH FDQGLGDWH IDPLDIQGRY HY BDUNBRIWRQOEH LGHQ
LO<2 $JHQHQ WKH IDPLO\ ZLWK WKH DXWRVRPDO GRPLQDQ'

FRPSRXQG KHWHWRRF\JRWH PDXMEDMW LL@4Z $IHQHQ WKH IDPLO
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ZLWK WKH DXWRVRPDO UHFHVVLYHESUQKBSEHW D GEE B/IKWMW H L
PRWRU KHDG GRPDLQ RI 0\RVLQ@ QG $ HERMMEQXCSIW PR WH | $M8Q F
F *1$ DQG F SWURGSFHEO DBW$UJ 6WHRBSHFWLYHO\ LQ
ILUVW DQIMHERPBZRNY VWXG\ LV WKH LUV W DWRLEBD S RALW IS
0<2 $JHQH LQ .RUHDQ IDPLOLHY DQG RXU GDWD ZRXOG IDFL

KHUHGLWDU\ KHDULQJ ORVV LQ .RUHDQ
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There are well-recognized challenges in interpreting variants in genes associated with
Mendelian disease that have significantly reduced penetrance or small effect sizes, such as
p.1le200Thr in CHEK2, p.lle1307Lys in APC, and recurrent 16p13.11 deletions. Risk alleles
(those with very low penetrance or small effect sizes) and low-penetrance variants (those with
reduced but appreciable penetrance) represent a significant source of the interpretation
discrepancies in ClinVar. These types of variants often have population frequencies that are
incompatible with highly penetrant Mendelian disease despite genetic evidence suggesting an
association with disease. Further, as there is no established terminology to describe the role
these variants may play in disease, laboratories are describing them differently, leading to
confusion between laboratories, clinicians, and patients.

The current ACMG/AMP germline sequence variant interpretation guidelines do not address

whether low-penetrance Mendelian variants should be a separate category that warrants a

distinct classification or terminology framework but acknowledge that additional guidance

FRYHULQJ LQWHUSUHWDWLRQ R Grtant ¥rida bf Qudrnd QdandardZ RXOG EH DQ LP
GHYHORSPHQW & Peheramt&Risk AlRle Working Group aims to address this

problem by 1) developing consensus on the terminology needed to categorize both risk alleles

and low-penetrance Mendelian variants and 2) developing a standardized classification

framework to evaluate these types of variants.

As a first step toward defining the terminology, thresholds, and data that will be used to create a
standardized classification framework, we have developed a Delphi survey that will be deployed
to the ClinGen community (currently over 800 individuals) to understand community preferences
surrounding risk alleles and low-penetrance variants. We will present the current progress of our
working group, including the results of this survey, which will guide our work over the coming
year.

Future steps for the working group will involve setting the terminology and framework based on
the survey results and applying the classification methods to a set of SNVs, indels, and CNVs
with known or suspected low effect size and/or low penetrance.
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A rigorous study of the need for Sanger confirmation in clinical genetic testing

Stephen Lincoln!, Matthew Lebo23, Justin Zook4, Rebecca Truty?, Chiago-Feng Lin2, Marc Salit35, Heidi Rehm#4,
Robert Nussbaum?1.6
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Background: The confirmation of variants identified by next-generation sequencing (NGS) by using orthogonal
assays is standard practice, particularly in situations where false positives can have substantial consequences (e.g.
clinical testing). Published studies have examined this issue, concluding that confirmation of the highest-quality NGS
calls may not always be necessary. However, these studies are generally underpowered and explore limited aspects
of the underlying data. Rigorously choosing criteria that separate high accuracy calls from those which benefit from
confirmation remains a critical open issue.

Methods: We examined NGS data from two clinical laboratories. Over 80,000 patient specimens and five well-
characterized reference samples (Genome in a Bottle) were analyzed. In total, 200,000 variant calls with orthogonal
data were examined in detail including 1,600 primary variant caller false positives.

Results: An optimization algorithm used these data to identify criteria that confidently flag 100% of false positive calls
(Cl lower bound: 99.74% overall) while minimizing the number of flagged true positives. Rather than relying on one or
two quality metrics, as most published methods do, a battery of criteria proved superior, consistent with current
clinical NGS guidelines [Roy et al. JMD 2018]. Indeed, our expanded criteria identify false positives that the currently
published criteria miss. We also find that historical performance (observing a variant as a true positive some number
of times) is an ineffective criterion.

Discussion: Although we see limitations with the currently published criteria, our large multi-laboratory study
reaffirms prior findings that high accuracy variant calls can be separated from those which merit confirmation. Our
rigorous methodology for determining test and laboratory-specific criteria can be generalized into a practical approach
which can be applied by many laboratories. This approach may help reduce the cost and time burden of confirmation
without impacting clinical accuracy.
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'H IRYS B UWUDWVRRPI\N'LVWID ®&DVH 6HULHV

Jaime Lope’s Nicole Hoppmah Hutton Kearny, Umut Aypat
1. Mayo Clinic, Department of Laboratory Medicine and Pathology, Rochestér USA

Duplicationof 17qis rare chromosomal disorder describegatients withdysmorphic
features, microcephaly intellectual disability brachyrhizomelia and cardiac abnormalities
among other features. There are few reported cases of 17q duplication specific to the distal
region and the phenotypic consequence of these variants is not well understood. Here we
describea series offour cases withpartial trisomyof distal 17q detected by chromosomal
microarray analysiand confirmedy fluorescence in sithybridization(FISH).

Two casesvere mosaic in naturand a product of an unbalanced translocation. The first
featureda 5.7Mb duplication at 17g25.81wolving approximately 139 genes in48 year old
female with severe intellectual disabilities, dysmorphic facial features, and hypothyroidism.
FISH confirmed this variant to be in %/ of metaphased.he second was a 14Mb terminal
duplication at 17924.2 including 275 genes ifh day old malaevith reported craniosynostosis
andfacial anomaliesThis variant was present in 80% of metaphases.

Another tvo casesvere constitutional in nature with 2.5Mb duplicationfrom 17g25.1
to 17g25.3involving 69 genes. This variant wakservedn a 3year oldfemale with reported
global developmentalelay, autism spetrum disorderjnsomnia, speech delay, and aggressive
behavior The second constitutional variant uncovered was avbOterminal duplication at
17925.1 invohing approximately 246 genes. This variant was observed i& gaarold male
with failure to thrive, short stature, gross top delay, learning disabilityseizures, structural
brain anomaly,ventricular septal defectdysmorphic facial featuresmicrocephaly, hydro
nephrosisandundescended testes

While the genes involvedn these duplications ameot knownto correlate with specific
phenotypes with increased dosage, no other copy number variant of clinical celevas
uncovered in any of the described patiefitse clinical findings ointellectualdisability; motor
delay, craniofacialdysmorphisms and seizuresin these cases are consistent witiose
previously reporteavith duplicationof T . T WAddlitionally, all four casesvere found to
bede novo events.Rerefore these variants ammonsidered likely pathogenic.
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Myeloid Malignancy Variant Curation ExpertPanet an ASH-sponsoredClinGen
Expert Panel to optimize and validate ACMG/AMP variant interpretation
guidelinesfor genesassociatedvith inherited myeloidneoplasms

X. Luo*?, S. Mohan®, S. Feurstein®, S. Jackson®, J. Ross®, C. Porter!!, C. Kesserwan'?, A. Agarwal®, P.
Baliakas?t, A. Bertuch2, A. Brown’, M. Chicka?®, C. DiNardo'?, M. Fleming®®, S. Keel%, Z. Li3, M. Luo*®, L.
Malcovati4, S. McWeeney®, K.E. Nichols'®, A. Raimbault®, L. Rawlings’, M. Routbort*?, G. Ryan?'3, J.
Soulier®, N. Speck?!®, T. Vulliamy?°, M. Walsh?’, Y. Wang®, L. Zhang'’, S.E. Plon'2, D. Wu**, L. Godley®*.

1) Baylor College of Medicine, Houston, TX;

2)Texas Children's Hospital, Houston, TX;

3) University of Chicago, Chicago, IL;

4) University of Washington, Seattle, WA;

5) University of North Carolina at Chapel Hill, Chapel Hill, NC;

6) GeneDx, Gaithersburg, MD;

7) SA Pathology, Adelaide, Australia;

8) University of Paris Diderot, Paris, France;

9) Oregon Health & Science University, Portland, OR;

10) St. Jude Children's Hospital, Memphis, TN;

11) Emory University, Atlanta, GA;

12) University of Texas MD Anderson Cancer Center, Houston, TX;
13) American Society of Hematology, Washington, DC;

14) University of Pavia, Pavia PV, Italy;

15) Boston Children's Hospital, Harvard Medical School Boston, MA,;
16) Prevention Genetics, Marshfield, W1,

17) Memorial Sloan Kettering Cancer Center, New York, NY;

18) Children's Hospital of Philadelphia, Philadelphia, PA;

19) University of Pennsylvania, Philadelphia, PA;

20) Queen Mary College London, London, UK;

21) Department of Immunology, Genetics and Pathology, Science for Life Laboratory, Uppsala University,
Sweden

Clinical Genome Resource (ClinGen) is a National Institutes of Health (NIH)-funded effort dedicated to
building an authoritative central resource that defines the clinical relevance of genes and variants for use
in precision medicine and research. ClinGen has developed both gene and variant expert panels to adapt
the American College of Medical Genetics and Genomics/Association for Molecular Pathology
(ACMG/AMP) guidelines for consistent and accurate variant classification of specific genes and diseases.
Here, we describe a new effort initiated in 2018 and supported by the American Society of Hematology
(ASH) in collaboration with ClinGen to develop expert panels. This effort was motivated by the increasing
use of genomics in clinical hematology and the lack of resources containing expert interpretation of germline
variation. This panel, named the ClinGen Myeloid Malignancy Variant Curation Expert Panel, is focused on
the curation and annotation of variants in genes associated with familial/inherited risk for myeloid
malignancies. Our team consists of expert clinicians, clinical laboratory diagnosticians, and researchers
interested in developing and implementing standardized protocols for sequence variant specific annotations
of genes in inherited myeloid malignancies. The optimization of the ACMG/AMP guidelines encompasses
disease-/gene-informed specifications or strength adjustments of existing rules, including defining gene-
specific  population frequency cutoffs, and specifying recommendations for the use of
computational/predictive data, as supported by published functional and clinical data in addition to guidance
on ACMG/AMP variant interpretation provided by the ClinGen effort. Our initial focus has been to organize
sub-groups of teams to develop approaches for evaluating ACMG/AMP codes to interpret germline variants
of the RUNX1 gene. Once the curation of RUNX1 variants is underway, we will extend our focus to include
CEBPA, DDX41, ETV6, and GATA2. These efforts will be bolstered by encouraging submission of existing
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variant interpretations to ClinvVar or other public variant databases by the Hematology community. In
summary, the ClinGen Myeloid Malignancy Variant Curation Expert Panel aims to develop
recommendations to optimize ACMG/AMP criteria for standardization of variant interpretation in myeloid
leukemia genes and make expert-reviewed and interpreted variants available to the hematology community
through ClinVar and the ClinGen website (www.clinicalgenome.org) to support patient care and research.
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Polygenicrisk information for coronary artery disease5.fi FinHealth

A. Minttu Marttila *, B.'Teemu PaajanénC. Heidi Marjoner, D. Niko Kallio, E. Ari Haukkalg,
F. Helena KSSriSinkrG. Kati Kristianssoh H. Markus Perofe?

INational Institute for Health and Welfare, Helsinki, Finland

2Faculty of Social Sciences, University of Helsinki, Finland

SResearch Program for Clinical and Molecular Metabolism, Faculty of Medicine, University of
Helsinki, Finland

Introduction:We havetested how polygenic risk scores (PRS) for coronary artery disease (CAD),
type 2 diabetes and venous thromboembolism affect the risk of disease within the following ten
years in participants from a populatibased study FINRISKWe will also utilize NMR
metabolomic risk information in disease prevention.

Materials and Method€Based on followup data from national health care registries we modelled
PRSin whole genome genotyped population based FINRISK colatttsmultiple registry follow

up for incident casefN=21726 using Cox regression models. We modelled the impact of genetic
and traditional riskdctors on aisk of disease within the next 10 years.

Results:We compared th€AD classification of Cox regression model with traditional risk factors
and polygenic additivemodel with 6,81 variants. From basic model risk class -P0% PRS
reclassified 205 participants highest >20% risk clasB1 FINRISK participantsisk for CAD was
higher for men and smoking adds to risk of disease in all PRS cl&iskdor disease increases
with BMI being highest in BMI clas30-35.

Conclusions:The validation showed that adding PRS to the traditional risk factors significantly
changed té risk enabling reclassification of as manyl@%o of the participant?RS and metabolic
risk information are returned tmlunteeringparticipantshrough an internet portalChanges in life
style are followed up using questionnairésroughthe portaland the morbidity will be collected
through health register®5 study is a pilot for P6 whichkill recruit 200000 participants and styd
10-20 diseases.

Grants:

The Finnish Innovation Fund Sitra

TheFinnish Foundation for Cardiovascular Research
Yrj§ Jahnsson Foundation
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ClinGen Somatic Cancer Working Group:
The Pancreatic Cancer Taskforce

Matthew McCoy?, Shruti Rao!, Kaylee Barber?, Wan-Hsin Lin®, Andrea Vaags®*, Gagandeep

Brar®

1.
2.
3.
4

5.

Innovation Center for Biomedical Informatics, Georgetown University Medical Center
Bio-Reference Laboratories, Inc

Mayo Clinic, Department of Cancer Biology

Trillium Health Partners, Department of Laboratory Medicine and Genetics, Mississauga,
Ontario, Canada.

National Cancer Institute, Thoracic and Gl Malignancies Branch

Pancreatic cancer is among the deadliest cancers, largely due to its late stage diagnosis. The
poor prognosis and survival underpin the motivation for the Pancreatic Cancer Taskforce to
curate variants that are commonly seen in the patient population. The taskforce is part of the
Clinical Genome (ClinGen) Resource Somatic Cancer Working Group, and is composed of
genetic counselors, clinical professionals, and curation experts with a range of expertise in
pancreatic cancers. With the goal to centralize and share freely accessible genomic data, the
team has prioritized 25 genes that are commonly mutated in pancreatic cancer patients for
curation. We are currently compiling data elements from literature required to curate variants
within the updated MVLD (Ritter DI, et al., 2016) framework, and depositing these findings in the
Clinical Interpretation of Variants in Cancer (CIViC) database. Among the many challenges
facing the curation is the limited availability of experimental evidence for many variants,
especially in the context of pancreatic cancers. The taskforce is developing consensus-based
strategies to explore how the specific functional context and assertions made in other cancer
types can inform the curation of these variants of unknown significance.
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Updates to the Clinical Genome (ClinGen) Resource Somatic Cancer
"RUNLQJ *U RiXi®d§nvVariant Level Data (MVLD): v2.0

Shruti Rao* 1, Deborah Ritter*2, Arpad Danos 3Killannin Krysiak 3, Gordana Raca 4,
Angshumoy Roy2, Dmitriy Sonkin 5 Matthew McCoy 2, Malachi Griffith 3, Nikoletta
Sidiropoulos 7, Obi L. Griffith 3, Shashikant Kulkaé8, Subha Madhavah, on behalf of The
Clinical Genome ResouecSomatic Cancer Working Grotipo-first authors

1. Innovation Center for Biomedical informatics, Georgetown University

2. %9D\ORU &ROOHJH RI OHGLFLQH DQG '"HSDUWPHQW RI 3HGL

3. McDonnell Genome Institute, Washington University School of Medicine

4. Department of Pathology and LaboRU\ OHGLFLQH &KLOGUHQYV +RVSL
University of Southern California

5. Biometric Research Program, Division of Cancer Treatment and Diagnosis, National
Cancer Institute

6. Larner College of Medicine, University of Vermont Medical Center

7. Baylor Gendts

The Clinical GenoméClinGen) Resourc&omatic Cancer Working Group (W@&adpublished

the first version o consensudasedMinimum Variant Level Data (MVLD framework(Ritter

DI, et.al.,, 2016)to curate somatic cancer variants for clinical utility, and enable the rapid
communication and transfer of this data between multiple end users including clinicians,
molecular pathologists, research and data scientists, as well as the Ppbblipediatc and
pancreaticcancertask forces of the Somatic Cancer W@ave since been using the MVLD
framework to inform their curation efforts. This process highlighted several areas of
improvement to satisfy the need and harmonize ongoing efforts in the soraaterc
community.

Here, wedescribeupdats to the MVLD framework, i.e. MVLD/2.0. Firstly, the current levels
and sublevels of evidence in MVLD have been replaced bysbmatic interpretation guidelines
published by the Association of Molecular Pathadtgi (AMP), the College of American
Pathologists (CAP) and the American Society of Clinical Oncology (ASG@gondlywe are
expanihg MVLD to capture other relevant somatic events, such as RNA fusions, gene
amplifications, and chromosomal rearrangementaddition to the currently acceptaldangle
nucleotide variarg multi-nucleotide varia® insertiors, and deletioa Thirdly, we are
implementingMVLD 2.0 as the input format fotase reports in cancer journals such as Cancer
Genetics. Thse case reports the MVLD 2.0 formatwill be automatically enteremhto Clinical
Interpretations of Variants in CandgIViC), which will, in turn, submit variants to ClinVar on

a semiannual basis. This workflowvill help streamlineand mediate the pcess of Clinvar
submissions for case study publication.

Using MVLD, the Somatic Cancer WG is engaged in curation efforts in thseaseareas of
focus: pediatric cancergancreatic cancersnd norsmall cell lung cancersSignificant efforts
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The Open Custom-Ranked Analysis of Variants Toolkit (OpenCRAVAT): A customizable annotation and
prioritization pipeline for genes and variants

Kymberleigh Pagel, Lily Zheng:2, Rick Kim:, Kyle Moad:, Michael Ryan:, Rachel Karchinz:4ss

‘The Institute for Computational Medicine, The Johns Hopkins University, Baltimore, MD
2Institute of Genetic Medicine, The Johns Hopkins University School of Medicine, Baltimore, MD
:In Silico Solutions, Falls Church, VA

‘Department of Biomedical Engineering, The Johns Hopkins University, Baltimore, MD
sDepartment of Oncology, The Johns Hopkins University School of Medicine, Baltimore, MD
sDepartment of Computer Science, The Johns Hopkins University, Baltimore, MD

Abstract

More than 3,000 known Mendelian diseases have unknown genetic causes, and discovery and
interpretation of genetic variants underlying Mendelian and rare disease remains a complex and
daunting task. The modern genetics researcher is confronted with literally hundreds of published
methods to annotate and represent variants. There are databases of genes and variants,
phenotype-genotype relationships, algorithms that score and rank genes, and in silico variant
effect prediction tools. Because variant prioritization is a multi-factorial problem, a welcome
development in the field has been the emergence of decision support frameworks, which make
it easier for users to integrate many resources in an interactive environment. Current decision
support frameworks are limited by closed proprietary architectures, access to a restricted set of
tools, lack of customizability, web dependencies that expose protected data, and limited
scalability.

OpenCRAVAT is an open source, scalable decision support system with an extensive catalog of
resources to support variant and gene prioritization in Mendelian and rare diseases. It is highly
customizable, does not expose protected data over the web and scales to very large

datasets. As the term decision support implies, associating variants to disease ultimately relies
on manual human expert review and interpretation. Automated systems can make these tasks
tractable, by reducing the number of variants and genes to be considered to the most promising
few. Interactive environments for visual exploration of results are critical to manual review. To
our knowledge, OpenCRAVAT is the first open tool that provides both fast, configurable variant
and gene prioritization and an integrated graphical interface that facilitates expert manual review
of prioritized results.
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Curating the Clinical Genome (CCG) Annual Conference2019Platform Abstract
Title: Perspectives and Use Rae, Ethnidaty, and Ancesir in Clinical Curation

Authors: Popejoy, A.B%?, Bonham, V.L3, Carpten, }, Crooks, K3, Fullerton, S.M¢, Gignoux, C.R,
Hindorff, L.A.”, Kenny, EE.8, Koenig, BA.%, Lee, S.S? Oh, S, Ormond, K.E-®%2, Plon, S.E3, Ramos,
E.M.7, Ritter, DI.%3, Rivas, M?, Thornton, TA.*, Wright, M.W1, and Bustamante, C.13?
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and Behavioral Research Branch, National Human Genome Research InstitG&IJN# Institute of
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Abstract: The Ancestry and Diversity Working Group (ADWG) of Tl@inical Genome
Resource (ClinGen, clinicalgenome.org) and members of Clinical Sequencing Evidence
Generating Research (CSER) are working to improve the utility and application of clinical
genomics for all demographidsy investigating perspectives and practices around the use of race,
ethnicity, and ancestrfREA) in genetic testingin this study, ADWGand CSERdevelopeda

survey to reveal trends in current perspectives and practices on theREA of the context 6
genome curation and patient cafée survey wasalidated through 11 cognitive interviews and
disseminated through email lists of ClinGen and CSER, as well as the American College of
Medical Genetics and Genomics (ACN@e American Board of Genetic @aselors (ABGC)

and theAmerican Society of Human Genetics (ASH®&urvey respondents (N=19®)clude
clinical geneticists, laboratory directors, genetic counselors, and human genetics researchers from
eight different countries, with90% of respondents theU.S,, spread out acros3®? states.

Our resultsindicate that the majority afespondent§N=188, 97%9 use information such as
population allele frequencies, sedfported race or ethnicity, and/or ancestral origin(s) of a patient

or family members in some aspect of their research (N=45, 23%), clinical practice (N6&88, 4

or both (N=55, 2%). Respondentgvho ordergenetic tests areturn resultgo patients (N£13)

were asked an additional subset of questions relatdtetonportancef diversity measures

their work Among theseespondentsmore than hdlreportthat race (N=60, 53%), ethnicity

(N=75, 66%), and ancestry (N=8¥2%) are 3\VRPHZKDW LPSERWDQWW "  3IRRJ 3Y
L P S R Uwhen@rdéring a genetic tes8imilarly, the majority of thosevho conduct clinical

variant interpretatioiN=114), reporthatrace (N=66, 58%), ethniciffN=65, 57%) and ancestry

(N=79, 69%) areat least somewhat important fthrer clinical curation work However nearly

one WKLUG RI DOO VXUYH\ UHVSRQGHQWYV UHSRbohwhen@ of HHOLQJ
these measurg®=56, 29%)and the majority (N=124, 65%) felt that new guidelimesuld be

helpful for directing the collection, use, and communication of REA ddé&anticipate that this

work, and the future development of guidelined| be beneficial for researchers and clinical
professionals, witlstrongpotential to improvehe quality of clinical curation and care.
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arealsoongoing to adapt and extend the use of MVLD 2.0 to curation activities in publically
accessible clinical cancer databases sudblegC and ClinVar.To date, we hav@17 evidence

items submittd in CIVIC, three assertions, and 3B revisions, comments, and source
suggestions. We have created a curation volunteer outreach processaiaed 10 new
volunteers to datéNe are actively seeking to develop additional cancer curation task teams and
seeking input of the canceommunity on areas of interest.
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Samin A. Sajan *, Deepali N. Shinde *, Sha Tang?, Rachel Saunders 2, Vikas Bhambhani 2,

Sarah L. Dugan *, Kelly Radtke *
! Department of Clinical Genomics, Ambry Genetics, Aliso Viejo, CA
2 WuXi NextCODE, Cambridge, MA

*'HSDUWPHQW RI OHGLFDO *HQHWLFV &KLOGUHQYV +RVSLWDOV DQ
MN

* Department of Pediatrics, Division of Medical Genetics, University of Utah School of Medicine,
Salt Lake City, UT

The lysine-specific methyltransferase 2E (KMT2E aka MLL5) gene is known to play a role in cell
cycle regulation and hematopoiesis. It has recently also been shown to result in
neurodevelopmental defects due to three patients having been reported with de novo alterations
predicted to result in haploinsufficiency (for example DECIPHER patient #263273). An
additional line of support for the involvement of KMT2E in neurological function is that proper
control of histone methylation is critical for neural development and pathogenic alterations in
other histone lysine methyltransferase genes such as KMT2A, KMT2B, and KMT2D are well
known to cause neurodevelopmental disorders. Moreover, the Developmental Disorders
Genotype-Phenotype Database (DDG2P) database already regards KMT2E WR EH D 3FRQILUPHC
gene for neurodevelopmental disorders. Here we present three additional patients with
alterations in KMT2E predicted to cause its haploinsufficiency. The first patient had the de novo
nonsense alteration NM_182931 p.Y779* (c.2337C>A) and had global developmental delay,
craniosynostosis, high head circumference, abnormal gait, hypertonic/hypotonic mixed muscle
tone, static encephalopathy, congenital torticollis, and mild dysmorphic facial features. The
second patient had the maternally inherited nonsense alteration p.C723* (c.2169T>A) and had
developmental delay, intellectual disability, mild scoliosis, behavior problems, some dysmorphic
facial features, and tetralogy of Fallot. The mother was reported to have required learning
assistance in grade school and high school. The third patient had the frameshift p.W1067QFS*2
(c.3198 _3234DEL37) and presented with developmental delay, intellectual disability,
nystagmus, overgrowth including macrocephaly, and dysmorphic features. 7KLV SDWLHQW TV KHL
mother and healthy paternal uncle did not harbor this alteration. Our report bolsters the notion
that gene disrupting alterations in KMT2E cause a neurodevelopmental disorder in humans and
expands its molecular (both de novo and inherited) and phenotypic spectrum.
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Abstract:

The Clinical Genome Resource (ClinGen) collaborates with laboratories, researchers, clinicians,
and patients to promote broad sharing of genomic and phenotypic data to inform variant
classification and gene iisease validity. ClinGen has facilitated patient data sharing through its
patient registry, GenomeConnect, since 2014. The registry is open to anyone who has
undergone genetic testing, and, to date, has shared 969 sequence variants with ClinVar. These
efforts have resulted in 491 (51%) previously unsubmitted sequence variants being added to
ClinVvar, 18 variant classification updates being identified and shared with interested
participants, and numerous requests for additional information from clinicians and researchers.
*LYHQ *HQRPH&RQQHFWIV VXFFHVV LQ HQJDJLQJ SDWLHQWYV LQ WK
wanted to make those same opportunities available to patients participating in other registries
who are not currently sharing data.

These external registries, many of which are disease-specific, can have ClinGen genetic
counselors review participant genetic test reports to ensure standardized data collection and
submit de-identified data from participants that opt to share with databases, such as ClinVar.
Registry participants control their participation in data sharing efforts via an online consent
within their registry. Those that opt to share are asked to upload a copy of their genetic testing
report to their account, may be invited to complete additional surveys, and are provided with the
optonto UHFHLYH XSGDWHV UHJDUGLQJ WKH UHSRUWLQJ ODERUDWRU
Since July 2018, three registries have begun recruiting participants into data sharing efforts +
Association for Creatine Deficiencies, Cardio-Facio-Cutaneous Syndrome (CFC) International,
and CureCADASIL. From these registries, 67 participants have opted to share data and 44.8%
(n=30/67) have uploaded their genetic testing report. From these 30 patrticipants, a total of 49
variants were shared, of which 55.1% (n=27/49) were novel to ClinvVar. Of variants that were
previously submitted by the reporting laboratory, 14% (n=2/14) were out of date compared to
the current submission. Both participants have opted to receive updates regarding their results
and will be informed of the update via email. Patient data sharing contributes valuable
information to the public knowledge base that may not be otherwise available, benefiting both
patients and the genetics community.
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A new syndromic curation method useful for gene curationprioritization
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MA, USA

3Dept. of Otolaryngology and RPPXQLFDWLRQ (QKDQFHPHQW %RVWRQ &K
Boston, MA, USA

“$0 -DOLOD &KLOGUHQTY 6SHFLDOW\ +RVSLWDO $/ -DGGDI 'X
5John P. Hussman Institute for Human Genomics, University of Miami, Miami, FL, USA

%Department oOtorhinolaryngology, Clinical Genomics and Biochemistry and Molecular

Biology, Mayo Clinic, Rochester, MN, USA

’Harvard Medical School, Boston, MA

The ClinGen Hearing Loss Gene Curation Expert Panel (HL GCEP) is focused on
defining the validity of genelisease pairs involving both nonsyndromic and syndromic HL.
While HL is the only feature in nonsyndromic cases, it can vary in age of onset and penetrance
compared to the other phenotypes in a given syndrome. Additionally, many genes have been
linked to mutiple syndromes. Before curation, the HL GCEP developed a precuration method,
modified from the process developed by the ClinGen Lumping and Splitting Working Group, in
order to parse through gedesease pair claims and prioritize a list for curation. ifie¢hod,
UHIHUUHG WR DV pV\QGURPLF FXUDWLRQ 9 ZzDV SHUIRUPHG W
associated with nonsyndromic HL and 104 genes associated with syndromic diseases in which
HL is a presenting feature or in which additional features afyhdrome could be overlooked
during clinical evaluation (DiStefano et al. 20b®ps://doi.org/10.1101/5340%0

The syndromic curation method involves gathering phenotypic information for
syndromic patients reported to have pathogenic variants in theofemerest, including
penetrance, age of onset, diagnostic or presenting features. We have developed a table display
format for the recording of this information. The curated information was then reviewed by
experts from the HL GCEP, though it did notdergo the rigorous approval process applied to
full curations. The syndromic curation of 104 genes led to the inclusion of 4&gedemic
disease pairs in the HL GCEPs first round of full curation, along with 105 @msyndromic
HL pairs. The 46 gensyndromic disease pairs were selected because HL has been reported as a
presenting feature in at least one individual.

The syndromic curation method can be utilized for gene list prioritization by other
Clinical Domain Working Groups whose disease dontamlves a phenotype that presents as
nonsyndromic and syndromic. Use is also intended to inform inclusion of certain genes on
sequencing panels that cover primarily nonsyndromic presentations but wish to include
syndromes where other features might be edsédditionally, this information is useful to
inform clinical care of patients where the characteristics and penetrance of the isolated feature is
not well understood within the syndrome. The syndromic curation has currently been performed
for 104 HL ger-syndromic disease pairs, with planned discussion for adoption by other ClinGen
EPs.
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& HQ $ FPMRQDEIDN FXUIDWRQ VRRAY DQG NORZ GIGJ H LHSRVIVRUY

6 DL/ D\VKP L6 XELDP DQDQ $QAMZ 5 -DFNVRQ 1 HHAMX 6 KDK 6 DP HHU3 DMWDQNDU 5 RQDN
3DWMO - HWIED ( ]] HO XQMJ ( @ DEHWNO : HEEHU . DKOHQO MWWMQGRU . WMV/ HH %DARG
3RZHD . DMCD* RGADE  $GNVDQEDUO IBVDYMYIE  RQEHKDOR! \WH & QQIFDO* HQRP H
5 HVRXUFH

0 RBFXOUDQG + XP DQ* HQHWFV' HSDUW HOAD\ BUSRBUH R 0 HAFIQH + RARQ 7;
&HQMUIRU+ HDOK 5 HVHDUFK . DIVHU3 HUP DQHQM 1 RUKZ HVW3 RUBQG 2 5

' HSDUWW HQAR * HQHIFV 8 QYHWAW R 1 RW & DUIRTED & KDSHOF LOV1 &

$ EVWDFW

7KH & @ HQ$ GXODQG 3 HADWE $ PMRCDEIMY : RINQJ * IRXSV $: *  DIP \IR DWHW \MH FEIEDO
IP SEDMRQV R KXP DQ JHQHV DQG XVH D WBIQEDUAE] HG SURRIFROR SURGXFH HYIGHQRH EDVHG
VXP P DIV UHSRWW Z MK VFRUHV | RUMEH DPIRCDELOW R JHQH GVHDVH SDILY 7 KHVH UHSRW R

H SHWEXUDWMG J HQH GVHDVH SDILY Z L@BURYLGH IQUDQ) XIGDQFH R UAVHDUFKHWY DQG FERFIDQY

UHI DWEQ) 1QEQIV EDVHG RQ FOIFDCDRIRCDEIOW DQG | DALOEAM FOFDOGHAMRQP DNQJ 7KH
DRURQDEIOW Z RINBZ. IQFGGHV \KH $ PURQDELDN & XUMRQ , QMUIDFH $&, ZKIEK IV D Z HE EDVHG
FXUDIRQ SRMBCDQG5 ( 67 $3,V VR SURIUDP P DIWFD@® DFFHW \WKPYUHG FROMQA7 KH $ &, DQG
DWRFIDMG VHIYIEHV DUH GHYHBSHG XVIQJ * HQERUHH 6 \BFN IR@Z 1Q) \WH P LEIRVHIIEHV
DUFKLMPMUH DQG IP SBP HQMG DV 5 HGP IQH 5 XE\ RQ 5 DI SOUIQV 7 KH DSSTFDIRQ IQFOGHV
VHYIEHV | RUDXWHQUIFDMRQ  URBI EDVHG DFFHW FRQARODEBZ V WDFNQ) YHWIRQ KIMRUHY DQG KDV
D XVHUIUHQED Z HE IQMUDFH IRUEUIRZ VIQ) 1IGMUQ) VHDURKIQ) DQG H SRR FXUMRQ GDW 7 KH

P IFIRVHYIEH P RGHIDT@Z V XV \R XSCDM FRP SRQHOW Rl \WH DSSTDMRQ\R P HHWKH UHTXILHP HOW
R \KH FXUDRY

7KH$ &, KDV EHHQ GHYHBSHG \R VWHDP @QH \WH FXUDIRQ SURFHW 1Q ERW DGXODQG SHADWE
FROM W Z KIEK IQFOGHY VHDURKIQ) \WH QMUDMUH [RUHYIGHGRH GRAXP HQI \WH VHDURK SURFHW
DQG UHHWHQAHY SHURWP LQJ DQ HDU® KB RAVWXLYH R GHWUP ICH LL \WH \RSLE IV DRIRCDE®! DQG
DEVINDAIY GOV IQR D WKPWUHG IRUP DWS &, DOR DARZ V DSSTFDMRQ R VHP L TXDQIMAMYH
VFRUQ) P HAE B\ H SHW JHCHIMRQR! VXP P DY UHSRW DQG AWHP IQDIRQR! \WHVH UHSRW 1Q
ERWK KXP DQ DQG P DFKIQH UHDGDE®! IRWP DNV 7 KH DSSTFDMRQ ARUAY \WH O\WMAI XIGHTHY DQG
SURVIGHV D WDQVSDUHQADQG A VAP DIF Z D\ \IR DFFHW VXSSRMZ HYLGHQFH DQG SUHYIRXV
VXP P DU UHSRUWWHWARQY WXV I DFLOBAEY FUMFDCHYDODMRQ R FXWHQADY Z HODV SURU

UHFRP P HQEDIRQY [Q M KWR HYROIQ) HYIGHQFH

7KHS$: * VDRYHO XVH \KH $&, VR FXUDW DQG VFRUH \RSIEV R IQMIAVWS VR ) HELKDU

JHQHE QVREHY KDYH EHHQ HYDODWG DQG UHBDVHG IQ \WH DGXOWVRQM W0QG  1Q\WH SHADWE
FRQM W7 KH UHSRWV DUH SXETGF® DFFHVWIEG! \WURXJ K DRIRCDEIOW FAIFDOHCRP H R DQG DU
LOMI UDIMG Z W RKHUPXUMRQ HIRW R & @) HQWURXI K FEFDOHORP HRU 5 ( 67 $3,V HQDE®!
UHAIHYDCR! UHSRWV DQG VXP P DUHV R! LQAYIGXDCDQG FROVHQVXY VFRUAV 7 RIHWHU WIHVH HIRW
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Annotation assisted biocuration expedites curation and enhances data capture.

Courtney Thaxton, Jen McGlaughon, Jenny Goldstein, Justyne Ross, Megan Mayers, May
Flowers, C.Lisa Kurtz, Jonathan Berg

Curation of biologically relevant evidence (aka biocuration) is a fundamental aspect of the
expert evaluation of genes and variants performed by ClinGen. The process of biocuration
includes four major steps:

(1) searching, acquiring, and analyzing relevant literature (including clinical, genetic, and

experimental evidence);

(2) assessing the evidence supporting the pathogenicity of the genetic variant(s)

described;

(3) annotating the phenotypic features of each clinical case of interest; and

(4) applying the evidence based framework for gene or variant assessment.
Currently, ClinGen biocuration is largely a manual process, which can be laborious and time
consuming. There are several areas within the biocuration process that may benefit from
software development in order to expedite the curation process and reduce the amount of
manual curation. The UNC Biocuration Core evaluated Hypothes.is, a freely available open
source web annotation software platform, as a potential tool to reduce curation time, for both
gene and variant level curation. For gene curation, two skill-matched biocurators were tasked to
compare the time expenditure in curating 6 gene-disease relationships, one using Hypothesis
annotation and the other using standard manual processes. In order to assess whether
Hypothesis assisted annotation of literature could enhance variant curation, we tasked
undergraduate volunteers to preannotate evidence on two genes of interest, GAA and MYH?7.
Blinded, skill-matched expert biocurators then compared the time and evidence captured over
specific variants using either standard search platforms versus Hypothes.is pre-annotated
information. Here, we will present the results of the gene and variant time trials which indicate
that annotation not only expedites curation, but also enhances the curation experience through
standardized and transparent data capture. Furthermore, we will outline our development of
standardized tagging, future plans for automating Hypothes.is annotations and integration of the
data within our software platforms, as well as present future aims to expand the crowd-sourcing

to the greater community using Hypothes.is based annotation LQ RUGHU WR 3FXUDWH WKH F

JHQRPH
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&XUDWQY \WH & @IFDC HQRP H &&* $ EVADRW

7 @
&@Y HYV 9 DUDQAB URIMYDIRQ 7RRO937  $ 7RRORU3 URIMYIQ) & @IFDCH DUDQN D6 FDB!

$ XWRW/
' DG + 3UMRQ &* : WKWO : /RSH 3ICHAD $ : XD % S5MKU' , 3DWO5 <
0 IBVDYMYIE $ &RWD + 3@Q 6 ( %XMIPDOM &' &EIFDC HQRP H5 HVRXUH &@) HQ

$ EVWDFW

&@Y HJV 9 DUDQARXUMRY ,QMIDFH 9&, IV D FRP P XQW FXUDIRQ \RROWDWZ DV GHVIGHG \R
VXSSRWAWDUDQARXUDMRQ EDVHG RQ WH $&0 * $0 3 * XIGHIHY DQG VHYHV DV D SOWRP IRUWH
ADQEDUE] HG FXUDIRQ R FERFDOYDUDQW B\ & @Y HQV 9 DUDQAR XUMRQ ( [ SHWB DQHY 9&( 3V

3URUWR DFFHWIQ) WH 9&, FXUDRY QHHG \R DWHW Z KIEK YDUDQW VKRX@ EH SURIMYHG IRU
FXUDIRQ 6 HBIFILY \WH YDUDQW R IQMIHAWY EDVHG XSRQJHQH RUGRP DIQ VSHALLE UHTXILHP HONV
VHWE\ HDFK 9&( 3 DQG UHIHV RQ UMVHDUKIQ) FEIED® UHBIYDQACDWY DERXWHDFK YDUDQAIURP

P XQBG! COW VRXUFHV 7KLY \BWN IV QRZ IDALMBAMG E\ WH 9 DUDQAB URIMY DMRQ 7RRO937  D\RRO

H WLLDOR WH 9 &, Z KIFK HQDE®NV XVHUCGHLQHG ILGMUQJ) DQG VR R YDUDQN \R SURGXFH D VHW
R SURUMY HG YDUDQW IRUIP SRWDQG FXUDMRQ DW/FD®! Z WIQWWH 9 &,

8VHY R \WH 937 ABWZ W D QMR YDUDQW Z WIQ D MQI®! JHQH 7KLY QAMFDQ EH D XVHUILYHQ
QMR YDUDQW RUD@WH YDUDQN Z MIQ D JLYHQ JHQH 9 DUDQW DUH IGHQIMHG XVIQJ \KH & @Y HQ
$@GI 5 HIMY IGHOMHY &$IGV 7KH 937 WHQ SURIUDP P DWD® UAMHYHV YDURXY WSHV R
JHQRP IE GD\Y DERXWKHVH YDUDQW HJ  SRSXOMRQ IBHTXHGR  1QVITFR SUHARRUVFRUAY & @B DU
VDMV P RBFXOU FROQHTXHQFH HW  IRP &@) HQV /IQNHG ' DW +XE /' + D SXETF®
DFFHWIEGI FRQUEXWUP DQDIHG ZHE $3, DFFHWIEG! BSRMMRY R HYIGHQFH 8VHY FDQ
VP XGBQHRX\VO YIHZ  DIJUHIDMG LQRWP DIRQ DERXWWH YDUDQW DQG SURWYH \WHU QAVRI
YDUDQN 1RU FXUDIRQ DFFREQ) \R XVHUVSHALLHG [1GMIQ) DQG RUVRMQ) UHTXIHP HQN R \KHVH
JHQRP IE GDW IIHGV 7KLY \RROY RSHQ W DQ XVHUDV DQ DQRQ P RXV VHDUFK EXWIHI MMUHG 9 &,
XVHWY Z IO@KDYH \KH DEIOWV R \BNH \WHUSURIMY HG QMR YDUDQN DQG EDWK [P SRWWKHP QUHA®
QR WH 9&, \R WBWWKH FXUDIRQ SURFHW 5 HI MMUIHG XVHY FDQ DOR WRUH WHUMHDURK LOBXW

DQG | LGMUVHWNIRT

WY IQMQGHG WDWWH 937 ZIO@EH H SDQGHG W IGFOGH IXUKHU IXQRIRQDOY QHFHWDUY 1RU
FXUDMRQ DWFDG! ) RUIQABIGFH IMSDYHV \WH Z Dh [RUIXWYUH P SBP HQBMRQ | RUDXVRP DIMG FUMAID

HYDODURQ Z KHIHE\ YDUDQN P HAID) VSHALLIHG FUAMUD \WWUHVKRGV FRX@ EH DX\WRP DIFD® VFRUHG
Z W \WH DAWRFIDMG $ &0 * HYIGHQFH FRGH :  H DOR Z HBRP H\ RXUIHHGEDFNRQDQ. |HDMWUAV\ RX
Z RX@ @\H VHH IGFOGHG IQWH 937

7KH 937 ZDV IQUWD® GHYHBSHG YID D FRERIMRQ EHEZHHQ \WH 6\BQREG 8 QYHWW %D\ BU
&RGUHR 0 HAFAH & @Y HQWDP V DQG\WHUFBXG SIRYIGHU $P D RQ: HEG6HYIEHV $: 6
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$OMMU: DG 7RQD' L6HD 0 DW®HEGHU $AWD ( NDZDGH * DERUO DU
8 QYHWW R 8K ' HSDWW HOMNR + XP DQ* HCGHWF 6 DOV DNH &IW 87
) WP HWKLW HOQRP IEV YRWRQ 0 $

© HE VRROY |RUSK\ VIFIDQ GUYHQ J HQRP LF DQDO VLY

' 1$ VHTXHQAQ IV DOHDG VXSSRMQ WH GDIQRVY R LQKHIMMG AVHDVHY  FDQRHWY DQG RNHU
JHCHIF QVREHY WY EHFRP IQ) IQFUDMQI® 1P SRUBQAIRUVXEVSHAD@Y FEIEIDQY VR FDUWY RXW
DQDOWY 1Q WHURZ Q SDWHQMJHQRP IE GO KRZ HYHU H MIQY JHQRP LIE DQDOMY VRIE DUH \RRY
UHTXIH VXEVBQIDO IQYROHP HQWVILRP  EIRQIRWP DWFDQY : H DUH GHYHBSIQ) D \WROWR JXICH
SK\ VIFLDQV WURXJ K DOQHFHWDL VMSV R FARIFDOEDI CRAIF JHQRP LIE DQDOMY 1URP GDVB TXDIW
UHYLZ  FDQAGDWM JHH JHCHIDMRQ  YDUDQMQMURI DURQ DQG SURIMYDIRQ \R UHSRWMZ) R
IIOAQIV 1Q D YIVXDO FRP SHAY IDVKIRQ 7KLY \RRO FOQ IREIR 1V EDVHG RQ RXUSRSXOU,2 %2
Z HE DSSV DQG SHURWP V DQDOVHV [Q UHDOIP H Z MRXWIHTXILIQ) \WH KHS R EIRIQIRUP DWFADQY

&M IREIR SRYIGHV D AUHAMG ZRINGZ WURXIK \WH DQDOMY SIRFHW B\ FRP EIQQ) P XSG
2%2 DSSV IQR DMQIGI SODWRP ) RIBZIQJ \WH GDG R RKHUP HAFDCSURFHGXUAV D FKHANDAAR
\BV\V SURP RV DQDOMY FROUMMGQR. DQG UHSHDWBEIOW $ XVHUEHIIQV B\ EXX@IQ) D FDQACDM
JHQH QMXMQI JHQHSDQHAREIR _KWB  JHCHSDOHOREIR IR 7K1V DSS FRP EICHV 1 &%V JHQHF
WA UHIDAN  \WWH 3 KHQR®] HUVRRO DQG \WH XVHIY NGRZ BIGIH R OHO JHQHV R JHQHIDM KLY
JHQH QMW 7KHVH JHGHV DUH \WHQ SURSDUDMG W JHQH IREIR _KWB JHOH IREIR R |RUUHDOWP H
YDUDQADQCRIBMRQ DQG DQDOVY 9 DUDQN DUH DX\VRP DWFD® SURIMYHG E\ JHQH LRELIR DQG XVHLY
DU HQFRXWDIHG \R DAMJQ D VJQUEDQFH ®GIYHO DQG DWIFK QRWV \R YDUDQN \R SURP RM
FRDERDIRQ ) IQD® YDUDQN GIZQ IRP WH ZKRBI HRPH RUJHQRP H  IQGHSHQGHOAR \WH
FDQACDM JHQH @MW DQG FRQRWP 1Q) \R SUHGHWP IQHG [IGMY DUH SUVHQING IRUUHYLEZ 7KLY
HQVXUHV DQSRMQAID® GVHDVH FDXVIQ] YDUDQW 1Q D@ HQHV DUH H DP ICHG 7 KH DQDOWY IIQEAQIV
DUH VXP P DU HG 1Q D 11GDO IQMIDAMYH UHSRW $Q [P SRUBQMHDWUH R FOQIREIR IV \KDMW
IDAQBWY G QDP IE DQDOMY DQG UH DQDOMY | QR FDQAGDW YDUDQN DUH QVFRYHUHG \WH XVHU
FDQ TXIEND FUHDW D P RUH H SDQVYH JHH QMWEUQIIQ) 1Q DEAMRGDOYDUDQW IRUMHYLEZ 7KLY
G QP IF DQG FRMERDIWYH DDOMY SOWRP  Z LOKHS P RYH JHQRP [E DQDOWY IQR WH FEQEDO
SUDRIFH R VXEVSHADOY FEFIDQY
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Waulf, BS?, Ronak Y. Patel, PhD#, Aleksandar Milosavljevic, PhD*, Deborah Ritter, PhD*, Snehit Prabhu,

PhD?, Helio A. Costa, PhD?, Joana R. Chora, MS2, Mafalda Bourbon, PhD?, Sharon E. Plon, MD, PhD?,
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1. Stanford University, Stanford, California, USA

2. Western University, London, Ontario, Canada

3. Instituto Nacional de Sacede Doutor Ricardo Jorge, Lisbon, Portugal
4. Baylor College of Medicine, Houston, Texas, USA

Abstract:

There is an important need to understand the functional consequence of a specific genomic change to a
gene or protein when interpreting a variant in the context of pathogenicity determination. The joint
guidelines of the American College of Medical Genetics and Genomics (ACMG) and the Association for
Molecular Pathology (AMP) requires the assessment of well established in vivo or in vitro functional
studies showing no damaging effect (BS3) or supportive of damaging effect (PS3) on protein function or
splicing.

7KH &OLQLFDO *HQRPH 5HVRXUFH &OLQ*HQ YV )DPLOLDO +\SHUFKROHVW
Panel manually curated a comprehensive list of 128 peer-reviewed publications describing functional

studies of variants identified in FH patients. This body of literature identified 305 variants in three genes:

APOB (19 variants), LDLR (263 variants), and PCSK9 (23 variants). We reviewed the diversity of

biochemical experiments, and heterogeneity of results with the goal to find a pattern that could promote

consistency across the aggregated results.

We propose the use of structured narratives with the structure of 1) method, 2) material, and 3) effect
(with or without a quantifier), using standardized terminology from BioAssay Ontology (BAO), Methods
and Materials Ontology (MMO), Cell Line Ontology (CLO), and Gene Ontology (GO). For example, a
given publication could refer to the use of the luciferase reporter gene assay (method assigned to
BAO:0002661) with Hep G2 cells (material assigned to CLO:0003704) finding 12% gene expression
(effect assigned to G0O:0010467, with a quantifier of 12%). For qualitative findings (i.e. abnormal
transcript lenght), the quantifier would not be used.

We found that only 13 terms were used to describe methods, 17 for materials, and 22 for effects. For a
panel of experts OLNH WKH & &/CEP HI€ilfevatipg about the correct assignment of a reduced
number of terms is far less challenging than being familiar with all available literature.

Our structured narrative have the potential to be used by other expert panels and working groups in the
ClinGen ecosystem. With the proper validation and expansion of existing ontologies, we believe that our
framework can accelerate the curation of functional data in accordance with the BS3/PS3 criteria of the
ACMG/AMP guidelines. In the future, with defined rules for numerical thresholds, this framework could
pave the way for automated scoring of BS3/PS3.
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