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Hypomagnesemia with secondary hypocalcemia is a rare autosomal-recessive disorder 
characterized by intense hypomagnesemia associated with hypocalcemia (HSH). 
Mutations in the TRPM6 gene, encoding the epithelial Mg2+ channel TRPM6, 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. Whole exome sequencing of the trio 
���L���H���� �S�U�R�E�D�Q�G�� �D�Q�G�� �E�R�W�K�� �S�D�U�H�Q�W�V���� �Z�D�V�� �F�D�U�U�L�H�G�� �R�X�W�� �Z�L�W�K�� �P�H�D�Q�� �F�R�Y�H�U�D�J�H�� �R�I�� �!�×�������î����
ANNOVAR was used to annotate functional consequences of genetic variation from 
exome sequencing data. After variant filtering and annotation, a number of single 
nucleotide variants (SNVs) and a novel 2 bp deletion at exon26:c.4402_4403delCT 
in TRPM6 gene were identified. This deletion which resulted in a novel frameshift 
mutation in exon 26 of this gene was confirmed by Sanger sequencing. In conclusion, 
among several candidate genes, present trio exome sequencing study identified a novel 
homozygous frame shift mutation in TRPM6 gene of HSH patient. However, it should 
be noted that exome sequencing does not cover large genomic rearrangement such as 
copy number variations (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 �S�K�\�V�L�F�L�D�Q�¶�V��
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, MAxO 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/MAxO.   
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Genomic copy number variation is a characteristic of the human genome but is also a major 
contributor to congenital disability and disease risk. This makes it imperative to understand 
which regions of the genome can withstand copy number change without effect, which 
predispose to disease and which cause outright disability. Numerous studies have created 
bioinformatic tools for predicating which genes aredosage sensitive on a genome wide scale. 
However, these studies have not had sufficiently robust data with which to test the validity 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 dosage. We 
utilized data from the 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 changes. We created a novel clinical gene dosage classification: 
(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 lethal. We evaluated nine 
bioinformatic copy number sensitivity prediction tools with our classifications of the 
chromosome 18 genes. While some of the nine bioinformatic predictors were statistically 
associated with our robustly curated clinical classifications (Rudefer et al., 2016, ExAC pLI 
�6�S�H�D�U�P�D�Q�¶�V��r=0.22, p=0.001), we found little predictive accuracy of these predictions which 
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.g. 
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-registry/), Apollo has been integrated into external web services 
such as http://myvariant.info/ via a simple plugin (http://bit.ly/jbrowse-myvariantinfo-plugin / 
demo [http://bit.ly/jbrowse-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 Guo1, Yuankun Zhu1, Allison P. Heath PhD1, Bo Zhang1, Miguel Brown1, Krutika Gaonkar1, Pichai Raman 
PhD1, Jena Lilly MS1, Deanne M. Taylor PhD1,7, Phillip B. Storm MD1,9, Angela J. Waanders MD1,7, Vincent Ferretti 
PhD2,10, Michele Mattioni PhD3, Brandi Davis-Dusenbery PhD3, Zachary L. Flamig PhD4, Robert L. Grossman PhD4, 
Samuel L. Volchenboum MD PhD4,8, Sabine Mueller MD PhD5, Javad Nazarian PhD6, Nicole Vasilevsky PhD11, 
Melissa Haendel PhD11,12, Adam Resnick PhD1,9 

 
1�&�K�L�O�G�U�H�Q�¶�V���+�R�V�S�L�W�D�O���R�I���3�K�L�O�D�G�H�O�S�K�L�D�����3�K�L�O�D�G�H�O�S�K�L�D�����3�$�����8�6�$����2Ontario Institute of Cancer Research, Toronto, Ontario, 
Canada; 3Seven Bridges Genomics, Cambridge, MA, USA; 4Center for Research Informatics, The University of 
Chicago, Chicago, Illinois, USA; 5University of San Francisco, San Francisco, CA, USA; 6Children's National Medical 
Center, Washington, DC, USA; 7Department of Pediatrics, Perelman School of Medicine, University of Pennsylvania, 
Philadelphia, PA, USA; 8Department of Pediatrics, Biological Sciences Division, The University of Chicago, Chicago, 
Illinois, USA; 9Department of Neurosurgery, Perelman School of Medicine, University of Pennsylvania, Philadelphia, 
PA, USA; 10Centre Hospitalier Universitaire Sainte-Justine, Montreal, Quebec, Canada; 11Oregon Health & Science 
University, Portland, Oregon, USA; 12Oregon 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<1e-15) and 69.2% (1,039 of 1,501; p<1e-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. 
 



New Avenues of Inquiry:  Visualizing OMIM Phenotype-Gene Relationships at 
OMIM.org 
 
Ada Hamosh1, Carol A. Bocchini1, Cassandra K. Arnold1, Fran•ois Schiettecatte 2, Marla 
M. J. O'Neill, Anne Stumpf1, Joanna Amberger1   
 
1McKusick-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. 
!
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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 physicianÕs moral and 
legal responsibility (and therefore a duty to re-contact and update knowledge) to 
a particular patient endures for the remainder of the patientÕs 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. Jairath1, Dona M. Kanavy1, Shannon M. McNulty1, Sarah E. Brnich1,2, Chris Bizon3, 
Bradford Powell1, Jonathan S. Berg1!
1Department of Genetics, School of Medicine, University of North Carolina at Chapel Hill, 
Chapel   Hill, North Carolina, USA!
2Curriculum in Genetics and Molecular Biology, School of Medicine, University of North Carolina 
at Chapel Hill, Chapel Hill, North Carolina, USA!
3Renaissance Computing Institute, University of North Carolina at Chapel Hill, Chapel Hill, North 
Carolina, USA!
!

The Clinical Genome Resource (ClinGen), since its inception in 2011, has established 
sixteen Variant Curation Expert Panels (VCEPs). 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 
�J�X�L�G�H�O�L�Q�H�V�����3�6�����%�6�������V�S�H�F�L�I�L�H�G���E�\���W�K�H���$�&�0�*���$�0�3�����7�K�H�V�H���J�X�L�G�H�O�L�Q�H�V���E�U�R�D�G�O�\���D�S�S�U�R�Y�H���D�Q�\���³�Z�H�O�O-
establ�L�V�K�H�G�´�� �I�X�Q�F�W�L�R�Q�D�O���D�V�V�D�\���� �E�X�W���W�K�L�V�� �W�H�U�P�L�Q�R�O�R�J�\�� �L�V�� �Q�R�W���Z�H�O�O���G�H�I�L�Q�H�G���� �9�&�(�3�V�� �K�D�Y�H���L�Q�W�H�U�S�U�H�W�H�G��
�W�K�H�� �P�H�D�Q�L�Q�J�� �R�I�� �³�Z�H�O�O-�H�V�W�D�E�O�L�V�K�H�G�´�� �I�R�U�� �W�K�H�L�U�� �G�L�V�H�D�V�H�� �D�U�H�D�� �E�\�� �L�G�H�Q�W�L�I�\�L�Q�J�� �V�S�H�F�L�I�L�F�� �D�V�V�D�\�V�� �D�Q�G��
validation parameters that are sufficient to provide evidence at a strong, moderate, or supporting 
level for classifying a given variant. To determine the attributes VCEPs 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. McGarvey1, V. Joardar1,  J. Morales2, A. Astashyn1, R. Bennett2, C. Davidson2, A. Frankish2, 
L. Gil2, M. Kay2, J. Loveland2,  A. McMahon2, G. Threadgold2, F. Cunningham2, Murphy1 
 
1 National 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/refseq/rsg/). 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.lrg-
sequence.org/). LRG records, created jointly by the NCBI (https://www.ncbi.nlm.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 Karabachev1, Dylan Martini1.2, David Hermel1,3, Dana Solcz1, Indra Neil 
Sarkar4, Marc Greenblatt1*, University of Vermont, Burlington VT1; Emory University, 
Atlanta, GA2; Keck School of Medicine of USC3, Los Angeles, CA; Brown University, 
Providence, RI4     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 �I�R�U���W�K�H���F�R�Q�F�O�X�V�L�R�Q���R�I���³�D�Esolute amino acid �F�R�Q�V�H�U�Y�D�W�L�R�Q�´����Among the 
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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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.Ile200Thr in CHEK2, p.Ile1307Lys 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 
�F�R�Y�H�U�L�Q�J���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���³�U�L�V�N���D�O�O�H�O�H�V�´���Z�R�X�O�G���E�H���D�Q���L�P�Sortant area of future standards 
�G�H�Y�H�O�R�S�P�H�Q�W�����&�O�L�Q�*�H�Q�¶�V���/�R�Z-penetrance/Risk Allele 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. 
  
 



A rigorous study of the need for Sanger confirmation in clinical genetic testing  
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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 
(CI 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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Duplication of 17q is rare chromosomal disorder described in patients with dysmorphic 

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 
describe a series of four cases with partial trisomy of distal 17q detected by chromosomal 
microarray analysis and confirmed by fluorescence in situ hybridization (FISH).  
 

Two cases were mosaic in nature and a product of an unbalanced translocation. The first 
featured a 5.7 Mb duplication at 17q25.3 involving approximately 139 genes in a 43 year old 
female with severe intellectual disabilities, dysmorphic facial features, and hypothyroidism. 
FISH confirmed this variant to be in 47% of metaphases. The second was a 14.2 Mb terminal 
duplication at 17q24.2 including 275 genes in a 1 day old male with reported craniosynostosis 
and facial anomalies. This variant was present in 80% of metaphases.  

 
Another two cases were constitutional in nature with a 2.5 Mb duplication from 17q25.1 

to 17q25.3 involving 69 genes. This variant was observed in a 3 year old female with reported 
global developmental delay, autism spectrum disorder, insomnia, speech delay, and aggressive 
behavior. The second constitutional variant uncovered was a 10 Mb terminal duplication at 
17q25.1 involving approximately 246 genes. This variant was observed in an 8 year old male 
with failure to thrive, short stature, gross motor delay, learning disability, seizures, structural 
brain anomaly, ventricular septal defect, dysmorphic facial features, microcephaly, hydro 
nephrosis, and undescended testes.   
 

While the genes involved in these duplications are not known to correlate with specific 
phenotypes with increased dosage, no other copy number variant of clinical relevance was 
uncovered in any of the described patients. The clinical findings of intellectual disability; motor 
delay, craniofacial dysmorphisms, and seizures in these cases are consistent with those 
previously reported with duplication of �����T�������:���T�W�H�U.  Additionally, all four cases were found to 
be de novo events. Therefore, these variants are considered likely pathogenic.  
 
 
!
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Myeloid Malignancy Variant Curation Expert Panel: an ASH-sponsored ClinGen 
Expert Panel to optimize and validate ACMG/AMP variant interpretation 
guidelines for genes associated with inherited myeloid neoplasms   
 
X. Luo1,2, S. Mohan5, S. Feurstein3, S. Jackson6, J. Ross5, C. Porter11, C. Kesserwan10, A. Agarwal9, P. 
Baliakas21, A. Bertuch1,2, A. Brown7, M. Chicka16, C. DiNardo12, M. Fleming15, S. Keel4, Z. Li3, M. Luo18, L. 
Malcovati14, S. McWeeney9, K.E. Nichols10, A. Raimbault8, L. Rawlings7, M. Routbort12, G. Ryan13, J. 
Soulier8, N. Speck19, T. Vulliamy20, M. Walsh17, Y. Wang6, L. Zhang17, S.E. Plon1,2, D. Wu4*, L. Godley3*.  
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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, WI;  
17) Memorial Sloan Kettering Cancer Center, New York, NY;  
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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 ClinVar 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. 



Polygenic risk information for coronary artery disease - P5.fi FinHealth  

A. Minttu Marttila 1, B.!Teemu Paajanen1, C. Heidi Marjonen1, D. Niko Kallio1, E. Ari Haukkala2, 
F. Helena KŠŠriŠinen1, G. Kati Kristiansson1, H. Markus Perola1,3 
 
1National Institute for Health and Welfare, Helsinki, Finland  
2Faculty of Social Sciences, University of Helsinki, Finland 
3Research Program for Clinical and Molecular Metabolism, Faculty of Medicine, University of 
Helsinki, Finland 
 
Introduction: We have tested 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 population-based study FINRISK. We will also utilize NMR 
metabolomic risk information in disease prevention.  
 
Materials and Methods: Based on follow-up data from national health care registries we modelled 
PRS in whole genome genotyped population based FINRISK cohorts with multiple registry follow-
up for incident cases (N=21726) using Cox regression models. We modelled the impact of genetic 
and traditional risk factors on a risk of disease within the next 10 years.   
 
Results: We compared the CAD classification of Cox regression model with traditional risk factors 
and polygenic additive model with 6,6M variants. From basic model risk class 10-20% PRS 
reclassified 205 participants to highest >20% risk class. In FINRISK participants risk for CAD was 
higher for men and smoking adds to risk of disease in all PRS classes. Risk for disease increases 
with BMI being highest in BMI class 30-35.  
 
Conclusions: The validation showed that adding PRS to the traditional risk factors significantly  
changed the risk enabling reclassification of as many as 17% of the participants. PRS and metabolic 
risk information are returned to volunteering participants through an internet portal.  Changes in life 
style are followed up using questionnaires through the portal and the morbidity will be collected 
through health registers. P5 study is a pilot for P6 which will recruit 200 000 participants and study 
10-20 diseases.   

 
Grants: 
The Finnish Innovation Fund Sitra 
The Finnish Foundation for Cardiovascular Research  
Yrjš Jahnsson Foundation 
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The Pancreatic Cancer Taskforce  
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Ontario, Canada. 
5. National Cancer Institute, Thoracic and GI 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 
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Shruti Rao* 1, Deborah Ritter* 2, Arpad Danos 3, Killannin Krysiak 3, Gordana Raca 4, 
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University of Southern California 
5. Biometric Research Program, Division of Cancer Treatment and Diagnosis, National 

Cancer Institute 
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7. Baylor Genetics 

 

The Clinical Genome (ClinGen) Resource Somatic Cancer Working Group (WG) had published 
the first version of a consensus-based Minimum 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 public. The pediatric and 
pancreatic cancer task forces of the Somatic Cancer WG have 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 somatic cancer 
community. 

Here, we describe updates to the MVLD framework, i.e. MVLD v2.0. Firstly, the current levels 
and sub-levels of evidence in MVLD have been replaced by the somatic interpretation guidelines 
published by the Association of Molecular Pathologists (AMP), the College of American 
Pathologists (CAP) and the American Society of Clinical Oncology (ASCO). Secondly, we are 
expanding MVLD to capture other relevant somatic events, such as RNA fusions, gene 
amplifications, and chromosomal rearrangements, in addition to the currently acceptable single 
nucleotide variants, multi-nucleotide variants, insertions, and deletions. Thirdly, we are 
implementing MVLD  2.0 as the input format for case reports in cancer journals such as Cancer 
Genetics. These case reports in the MVLD 2.0 format will be automatically entered into Clinical 
Interpretations of Variants in Cancer (CIViC), which will, in turn, submit variants to ClinVar on 
a semi-annual basis. This workflow will help streamline and mediate the process of ClinVar 
submissions for case study publication.  

Using MVLD, the Somatic Cancer WG is engaged in curation efforts in three disease areas of 
focus: pediatric cancers, pancreatic cancers and non-small cell lung cancers. Significant efforts 
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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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Abstract:  The Ancestry and Diversity Working Group (ADWG) of The Clinical 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 demographics, by investigating perspectives and practices around the use of race, 
ethnicity, and ancestry (REA) in genetic testing. In this study, ADWG and CSER developed a 
survey to reveal trends in current perspectives and practices on the use of REA in the context of 
genome curation and patient care. The survey was validated through 11 cognitive interviews and 
disseminated through email lists of ClinGen and CSER, as well as the American College of 
Medical Genetics and Genomics (ACMG), the American Board of Genetic Counselors (ABGC), 
and the American Society of Human Genetics (ASHG). Survey respondents (N=193) include 
clinical geneticists, laboratory directors, genetic counselors, and human genetics researchers from 
eight different countries, with ~90% of respondents in the U.S., spread out across 32 states. 
 
Our results indicate that the majority of respondents (N=188, 97%) use information such as 
population allele frequencies, self-reported 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 (N=88, 46%), 
or both (N=55, 29%). Respondents who order genetic tests or return results to patients (N=113) 
were asked an additional subset of questions related to the importance of diversity measures in 
their work. Among these respondents, more than half report that race (N=60, 53%), ethnicity 
(N=75, 66%), and ancestry (N=81, 72%) are �³�V�R�P�H�Z�K�D�W�� �L�P�S�R�U�W�D�Q�W�´���� �³�L�P�S�R�U�W�D�Q�W�´���� �R�U�� �³�Y�H�U�\��
�L�P�S�R�U�W�D�Q�W�´��when ordering a genetic test. Similarly, the majority of those who conduct clinical 
variant interpretation (N=114), report that race (N=66, 58%), ethnicity (N=65, 57%), and ancestry 
(N=79, 69%) are at least somewhat important for their clinical curation work. However, nearly 
one-�W�K�L�U�G�� �R�I�� �D�O�O�� �V�X�U�Y�H�\�� �U�H�V�S�R�Q�G�H�Q�W�V�� �U�H�S�R�U�W�H�G�� �I�H�H�O�L�Q�J�� �³�Q�R�W�� �D�W�� �D�O�O�� �F�R�Q�I�L�G�H�Q�W�´�� �L�Q�� �W�K�H�L�U��command of 
these measures (N=56, 29%) and the majority (N=124, 65%) felt that new guidelines would be 
helpful for directing the collection, use, and communication of REA data. We anticipate that this 
work, and the future development of guidelines, will be beneficial for researchers and clinical 
professionals, with strong potential to improve the quality of clinical curation and care. 
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are also ongoing to adapt and extend the use of MVLD 2.0 to curation activities in publically 
accessible clinical cancer databases such as CIViC and ClinVar. To date, we have 217 evidence 
items submitted in CIViC, three assertions, and 133 revisions, comments, and source 
suggestions. We have created a curation volunteer outreach process, and trained 10 new 
volunteers to date. We are actively seeking to develop additional cancer curation task teams and 
seeking input of the cancer community on areas of interest.   
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Neurodevelopmental defects due to haploinsufficiency of  KMT2E 
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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 �W�R���E�H���D���³�F�R�Q�I�L�U�P�H�G�´��
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. �7�K�L�V���S�D�W�L�H�Q�W�¶�V���K�H�D�O�W�K�\��
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�±disease 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 
ClinVar, 18 variant classification updates being identified and shared with interested 
participants, and numerous requests for additional information from clinicians and researchers. 
�*�L�Y�H�Q���*�H�Q�R�P�H�&�R�Q�Q�H�F�W�¶�V���V�X�F�F�H�V�V���L�Q���H�Q�J�D�J�L�Q�J���S�D�W�L�H�Q�W�V���L�Q���W�K�H���J�H�Q�R�P�L�F���G�D�W�D���V�K�D�U�L�Q�J���S�U�R�F�H�V�V�����Z�H��
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 
option to �U�H�F�H�L�Y�H���X�S�G�D�W�H�V���U�H�J�D�U�G�L�Q�J���W�K�H���U�H�S�R�U�W�L�Q�J���O�D�E�R�U�D�W�R�U�\�¶�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���W�K�H�L�U���Y�D�U�L�D�Q�W����
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 participants, a total of 49 
variants were shared, of which 55.1% (n=27/49) were novel to ClinVar.  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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 The ClinGen Hearing Loss Gene Curation Expert Panel (HL GCEP) is focused on 
defining the validity of gene-disease 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 multiple 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 gene-disease pair claims and prioritize a list for curation. The method, 
�U�H�I�H�U�U�H�G���W�R���D�V���µ�V�\�Q�G�U�R�P�L�F���F�X�U�D�W�L�R�Q���¶���Z�D�V���S�H�U�I�R�U�P�H�G���W�R���S�U�L�R�U�L�W�L�]�H���W�K�H���F�X�U�D�W�L�R�Q���R�I�����������J�H�Q�H�V��
associated with nonsyndromic HL and 104 genes associated with syndromic diseases in which 
HL is a presenting feature or in which additional features of the syndrome could be overlooked 
during clinical evaluation (DiStefano et al. 2019, https://doi.org/10.1101/534040). 

The syndromic curation method involves gathering phenotypic information for 
syndromic patients reported to have pathogenic variants in the gene of interest, 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 not undergo the rigorous approval process applied to 
full curations. The syndromic curation of 104 genes led to the inclusion of 46 gene-syndromic 
disease pairs in the HL GCEPs first round of full curation, along with 105 gene-nonsyndromic 
HL pairs. The 46 gene-syndromic 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 domain involves 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 missed. Additionally, 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 gene-syndromic disease pairs, with planned discussion for adoption by other ClinGen 
EPs. 
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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 MYH7. 
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 �L�Q���R�U�G�H�U���W�R���³�F�X�U�D�W�H���W�K�H���F�O�L�Q�L�F�D�O��
�J�H�Q�R�P�H���´ 
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�8�V�H�U�V�R�I �W�K�H�9�3�7 �V�W�D�U�W�Z�L�W�K�D�O�L�V�W�R�I �Y�D�U�L�D�Q�W�V�Z�L�W�K�L�Q�D�V�L�Q�J�O�H�J�H�Q�H�� �7�K�L�V�O�L�V�W�F�D�Q�E�H�D�X�V�H�U���J�L�Y�H�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�O�L�V�W�R�I �Y�D�U�L�D�Q�W�V�� �R�U�D�O�O�W�K�H�Y�D�U�L�D�Q�W�V�Z�L�W�K�L�Q�D�J�L�Y�H�Q�J�H�Q�H�� �9�D�U�L�D�Q�W�V�D�U�H�L�G�H�Q�W�L�I�L�H�G�X�V�L�Q�J�W�K�H�&�O�L�Q�* �H�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�$�O�O�H�O�H�5�H�J�L�V�W�U�\ �L�G�H�Q�W�L�I�L�H�U�V���&�$�L�G�V���� �7�K�H�9�3�7 �W�K�H�Q�S�U�R�J�U�D�P�P�D�W�L�F�D�O�O�\ �U�H�W�U�L�H�Y�H�V�Y�D�U�L�R�X�V�W�\�S�H�V�R�I�� �� �� �� �� �� �� �� �� �� �� ��
�J�H�Q�R�P�L�F�G�D�W�D�D�E�R�X�W�W�K�H�V�H�Y�D�U�L�D�Q�W�V���H���J���S�R�S�X�O�D�W�L�R�Q�I�U�H�T�X�H�Q�F�\�����L�Q�V�L�O�L�F�R�S�U�H�G�L�F�W�R�U�V�F�R�U�H�V���&�O�L�Q�9�D�U�� �� �� �� �� �� �� �� �� �� �� �� ��
�V�W�D�W�X�V�� �P�R�O�H�F�X�O�D�U�F�R�Q�V�H�T�X�H�Q�F�H�� �H�W�F���� �I�U�R�P �&�O�L�Q�* �H�Q�¶�V �/�L�Q�N�H�G �' �D�W�D �+�X�E ���/�' �+���� �D �S�X�E�O�L�F�O�\�� �� �� �� �� �� �� �� �� �� �� ��
�D�F�F�H�V�V�L�E�O�H�� �F�R�Q�W�U�L�E�X�W�R�U���P�D�Q�D�J�H�G�� �Z�H�E���$�3�, �D�F�F�H�V�V�L�E�O�H �U�H�S�R�V�L�W�R�U�\ �R�I �H�Y�L�G�H�Q�F�H�� �8�V�H�U�V �F�D�Q�� �� �� �� �� �� �� �� ��
�V�L�P�X�O�W�D�Q�H�R�X�V�O�\ �Y�L�H�Z �D�J�J�U�H�J�D�W�H�G �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W�W�K�H �Y�D�U�L�D�Q�W�V�� �D�Q�G �S�U�L�R�U�L�W�L�]�H �W�K�H�L�U�O�L�V�W�R�I�� �� �� �� �� �� �� �� �� �� �� ��
�Y�D�U�L�D�Q�W�V�I�R�U�F�X�U�D�W�L�R�Q�D�F�F�R�U�G�L�Q�J �W�R�X�V�H�U���V�S�H�F�L�I�L�H�G�I�L�O�W�H�U�L�Q�J �D�Q�G���R�U�V�R�U�W�L�Q�J �U�H�T�X�L�U�H�P�H�Q�W�V�R�I �W�K�H�V�H�� �� �� �� �� �� �� �� �� �� �� ��
�J�H�Q�R�P�L�F�G�D�W�D�I�L�H�O�G�V�� �7�K�L�V�W�R�R�O�L�V�R�S�H�Q�W�R�D�Q�\ �X�V�H�U�D�V�D�Q�D�Q�R�Q�\�P�R�X�V�V�H�D�U�F�K���E�X�W�U�H�J�L�V�W�H�U�H�G�9�&�,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�X�V�H�U�V�Z�L�O�O�K�D�Y�H�W�K�H�D�E�L�O�L�W�\ �W�R�W�D�N�H�W�K�H�L�U�S�U�L�R�U�L�W�L�]�H�G�O�L�V�W�R�I �Y�D�U�L�D�Q�W�V�D�Q�G�E�D�W�F�K�L�P�S�R�U�W�W�K�H�P �G�L�U�H�F�W�O�\�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�L�Q�W�R�W�K�H�9�&�, �W�R�V�W�D�U�W�W�K�H�F�X�U�D�W�L�R�Q�S�U�R�F�H�V�V�� �5�H�J�L�V�W�H�U�H�G�X�V�H�U�V�F�D�Q�D�O�V�R�V�W�R�U�H�W�K�H�L�U�V�H�D�U�F�K�L�Q�S�X�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�D�Q�G���I�L�O�W�H�U���V�H�W�W�L�Q�J�V����
��
�,�W�L�V�L�Q�W�H�Q�G�H�G�W�K�D�W�W�K�H�9�3�7 �Z�L�O�O�E�H�H�[�S�D�Q�G�H�G�W�R�L�Q�F�O�X�G�H�I�X�U�W�K�H�U�I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V�Q�H�F�H�V�V�D�U�\ �I�R�U�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�F�X�U�D�W�L�R�Q�D�W�V�F�D�O�H�� �)�R�U�L�Q�V�W�D�Q�F�H�� �L�W�S�D�Y�H�V�W�K�H�Z�D�\ �I�R�U�I�X�W�X�U�H�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�I�R�U�D�X�W�R�P�D�W�H�G�F�U�L�W�H�U�L�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�H�Y�D�O�X�D�W�L�R�Q�Z�K�H�U�H�E�\ �Y�D�U�L�D�Q�W�V�P�H�H�W�L�Q�J �V�S�H�F�L�I�L�H�G�F�U�L�W�H�U�L�D�W�K�U�H�V�K�R�O�G�V�F�R�X�O�G�E�H�D�X�W�R�P�D�W�L�F�D�O�O�\ �V�F�R�U�H�G�� �� �� �� �� �� �� �� �� �� ��
�Z�L�W�K�W�K�H�D�V�V�R�F�L�D�W�H�G�$�&�0�* �H�Y�L�G�H�Q�F�H�F�R�G�H���: �H�D�O�V�R�Z�H�O�F�R�P�H�\�R�X�U�I�H�H�G�E�D�F�N�R�Q�D�Q�\ �I�H�D�W�X�U�H�V�\�R�X�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�Z�R�X�O�G���O�L�N�H���V�H�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���9�3�7����
��
�7�K�H�9�3�7 �Z�D�V�L�Q�L�W�L�D�O�O�\ �G�H�Y�H�O�R�S�H�G�Y�L�D�D�F�R�O�O�D�E�R�U�D�W�L�R�Q�E�H�W�Z�H�H�Q�W�K�H�6�W�D�Q�I�R�U�G�8�Q�L�Y�H�U�V�L�W�\ �	 �%�D�\�O�R�U�� �� �� �� �� �� �� �� �� �� �� �� �� ��
�&�R�O�O�H�J�H���R�I���0�H�G�L�F�L�Q�H���&�O�L�Q�* �H�Q���W�H�D�P�V���D�Q�G���W�K�H�L�U���F�O�R�X�G���S�U�R�Y�L�G�H�U�����$�P�D�]�R�Q���: �H�E���6�H�U�Y�L�F�H�V�����$�: �6������
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�$�O�L�V�W�D�L�U���: �D�U�G���������������7�R�Q�\�D���' �L���6�H�U�D�����������0�D�W�W���9�H�O�L�Q�G�H�U�����������$�G�L�W�\�D���( �N�D�Z�D�G�H�����������* �D�E�R�U���0�D�U�W�K����������
�����8�Q�L�Y�H�U�V�L�W�\���R�I���8�W�D�K�����' �H�S�D�U�W�P�H�Q�W���R�I���+�X�P�D�Q���* �H�Q�H�W�L�F�V�����6�D�O�W���/�D�N�H���&�L�W�\�����8�7��
�����)�U�D�P�H�V�K�L�I�W���* �H�Q�R�P�L�F�V�����%�R�V�W�R�Q�����0�$��
��
�: �H�E���W�R�R�O�V���I�R�U���S�K�\�V�L�F�L�D�Q���G�U�L�Y�H�Q���J�H�Q�R�P�L�F���D�Q�D�O�\�V�L�V��
�' �1�$ �V�H�T�X�H�Q�F�L�Q�J �L�V�D�O�U�H�D�G�\ �V�X�S�S�R�U�W�L�Q�J �W�K�H�G�L�D�J�Q�R�V�L�V�R�I �L�Q�K�H�U�L�W�H�G�G�L�V�H�D�V�H�V�� �F�D�Q�F�H�U�V�D�Q�G�R�W�K�H�U�� �� �� �� �� �� �� �� �� �� �� �� ��
�J�H�Q�H�W�L�F�G�L�V�R�U�G�H�U�V�� �,�W�L�V�E�H�F�R�P�L�Q�J �L�Q�F�U�H�D�V�L�Q�J�O�\ �L�P�S�R�U�W�D�Q�W�I�R�U�V�X�E�V�S�H�F�L�D�O�W�\ �F�O�L�Q�L�F�L�D�Q�V�W�R�F�D�U�U�\ �R�X�W�� �� �� �� �� �� �� �� �� �� �� �� ��
�D�Q�D�O�\�V�L�V�L�Q�W�K�H�L�U�R�Z�Q�S�D�W�L�H�Q�W�V�¶�J�H�Q�R�P�L�F�G�D�W�D�� �K�R�Z�H�Y�H�U�� �H�[�L�V�W�L�Q�J�J�H�Q�R�P�L�F�D�Q�D�O�\�V�L�V�V�R�I�W�Z�D�U�H�W�R�R�O�V�� �� �� �� �� �� �� �� �� �� �� �� ��
�U�H�T�X�L�U�H �V�X�E�V�W�D�Q�W�L�D�O�L�Q�Y�R�O�Y�H�P�H�Q�W�I�U�R�P �E�L�R�L�Q�I�R�U�P�D�W�L�F�L�D�Q�V�� �: �H �D�U�H �G�H�Y�H�O�R�S�L�Q�J �D �W�R�R�O�W�R �J�X�L�G�H�� �� �� �� �� �� �� �� �� �� �� ��
�S�K�\�V�L�F�L�D�Q�V�W�K�U�R�X�J�K�D�O�O�Q�H�F�H�V�V�D�U�\ �V�W�H�S�V�R�I�F�O�L�Q�L�F�D�O�G�L�D�J�Q�R�V�W�L�F�J�H�Q�R�P�L�F�D�Q�D�O�\�V�L�V���I�U�R�P �G�D�W�D�T�X�D�O�L�W�\�� �� �� �� �� �� �� �� �� �� �� �� ��
�U�H�Y�L�H�Z�� �F�D�Q�G�L�G�D�W�H�J�H�Q�H�J�H�Q�H�U�D�W�L�R�Q�� �Y�D�U�L�D�Q�W�L�Q�W�H�U�U�R�J�D�W�L�R�Q�D�Q�G�S�U�L�R�U�L�W�L�]�D�W�L�R�Q�� �W�R�U�H�S�R�U�W�L�Q�J �R�I �D�O�O�� �� �� �� �� �� �� �� �� �� �� ��
�I�L�Q�G�L�Q�J�V�� �L�Q�D�Y�L�V�X�D�O�� �F�R�P�S�H�O�O�L�Q�J �I�D�V�K�L�R�Q�� �7�K�L�V�W�R�R�O�� ���F�O�L�Q���L�R�E�L�R���� �L�V�E�D�V�H�G�R�Q�R�X�U�S�R�S�X�O�D�U�,�2�%�,�2�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�Z�H�E���D�S�S�V�����D�Q�G���S�H�U�I�R�U�P�V���D�Q�D�O�\�V�H�V���L�Q���U�H�D�O���W�L�P�H�����Z�L�W�K�R�X�W���U�H�T�X�L�U�L�Q�J���W�K�H���K�H�O�S���R�I���E�L�R�L�Q�I�R�U�P�D�W�L�F�L�D�Q�V����
��
�&�O�L�Q���L�R�E�L�R �S�U�R�Y�L�G�H�V�D�G�L�U�H�F�W�H�G�Z�R�U�N�I�O�R�Z �W�K�U�R�X�J�K �W�K�H�D�Q�D�O�\�V�L�V�S�U�R�F�H�V�V�� �E�\ �F�R�P�E�L�Q�L�Q�J �P�X�O�W�L�S�O�H�� �� �� �� �� �� �� �� �� �� �� ��
�,�2�%�,�2 �D�S�S�V�L�Q�W�R�D�V�L�Q�J�O�H�S�O�D�W�I�R�U�P���)�R�O�O�R�Z�L�Q�J�W�K�H�O�H�D�G�R�I�R�W�K�H�U�P�H�G�L�F�D�O�S�U�R�F�H�G�X�U�H�V���D�F�K�H�F�N�O�L�V�W�R�I�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�W�D�V�N�V�S�U�R�P�R�W�H�V�D�Q�D�O�\�V�L�V�F�R�Q�V�L�V�W�H�Q�F�\ �D�Q�G�U�H�S�H�D�W�D�E�L�O�L�W�\�� �$ �X�V�H�U�E�H�J�L�Q�V�E�\ �E�X�L�O�G�L�Q�J �D�F�D�Q�G�L�G�D�W�H�� �� �� �� �� �� �� �� �� �� �� �� ��
�J�H�Q�H�O�L�V�W�X�V�L�Q�J ���J�H�Q�H�S�D�Q�H�O���L�R�E�L�R�����K�W�W�S�������J�H�Q�H�S�D�Q�H�O���L�R�E�L�R���L�R������ �7�K�L�V�D�S�S�F�R�P�E�L�Q�H�V�1�&�%�,�¶�V�J�H�Q�H�W�L�F�� �� �� �� �� �� �� �� �� ��
�W�H�V�W�L�Q�J �U�H�J�L�V�W�U�\�� �W�K�H�3�K�H�Q�R�O�\�]�H�U�W�R�R�O�� �D�Q�G�W�K�H�X�V�H�U�¶�V�N�Q�R�Z�O�H�G�J�H�R�I �O�L�N�H�O�\ �J�H�Q�H�V���W�R�J�H�Q�H�U�D�W�H�W�K�L�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
�J�H�Q�H�O�L�V�W�� ���7�K�H�V�H�J�H�Q�H�V�D�U�H�W�K�H�Q�S�U�R�S�D�J�D�W�H�G�W�R���J�H�Q�H���L�R�E�L�R�����K�W�W�S�������J�H�Q�H���L�R�E�L�R���L�R���� �I�R�U�U�H�D�O���W�L�P�H�� �� �� �� �� �� �� �� �� �� �� ��
�Y�D�U�L�D�Q�W�D�Q�Q�R�W�D�W�L�R�Q�D�Q�G�D�Q�D�O�\�V�L�V�� �9�D�U�L�D�Q�W�V�D�U�H���D�X�W�R�P�D�W�L�F�D�O�O�\ ���S�U�L�R�U�L�W�L�]�H�G�E�\ ���J�H�Q�H���L�R�E�L�R�����D�Q�G���X�V�H�U�V�� �� �� �� �� �� �� �� �� �� �� ��
�D�U�H �H�Q�F�R�X�U�D�J�H�G �W�R �D�V�V�L�J�Q �D �V�L�J�Q�L�I�L�F�D�Q�F�H �O�H�Y�H�O�D�Q�G �D�W�W�D�F�K �Q�R�W�H�V �W�R �Y�D�U�L�D�Q�W�V �W�R �S�U�R�P�R�W�H�� �� �� �� �� �� �� �� �� �� �� �� �� ��
�F�R�O�O�D�E�R�U�D�W�L�R�Q�� �)�L�Q�D�O�O�\���� �Y�D�U�L�D�Q�W�V�G�U�D�Z�Q�I�U�R�P �W�K�H�Z�K�R�O�H�H�[�R�P�H�R�U�J�H�Q�R�P�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�R�I �W�K�H�� �� �� �� �� �� �� �� �� �� �� �� ��
�F�D�Q�G�L�G�D�W�H �J�H�Q�H �O�L�V�W�� �D�Q�G�F�R�Q�I�R�U�P�L�Q�J �W�R�S�U�H�G�H�W�H�U�P�L�Q�H�G�I�L�O�W�H�U�V���D�U�H�S�U�H�V�H�Q�W�H�G�I�R�U�U�H�Y�L�H�Z�� �7�K�L�V�� �� �� �� �� �� �� �� �� �� �� �� ��
�H�Q�V�X�U�H�V�D�O�O�S�R�W�H�Q�W�L�D�O�O�\ �G�L�V�H�D�V�H���F�D�X�V�L�Q�J�Y�D�U�L�D�Q�W�V�L�Q�D�O�O�J�H�Q�H�V�D�U�H�H�[�D�P�L�Q�H�G�����7�K�H�D�Q�D�O�\�V�L�V�I�L�Q�G�L�Q�J�V�� �� �� �� �� �� �� �� �� �� �� �� ��
�D�U�H �V�X�P�P�D�U�L�]�H�G �L�Q�D �I�L�Q�D�O�� �L�Q�W�H�U�D�F�W�L�Y�H �U�H�S�R�U�W���� �$�Q�L�P�S�R�U�W�D�Q�W�I�H�D�W�X�U�H �R�I ���F�O�L�Q���L�R�E�L�R���� �L�V �W�K�D�W�L�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� ��
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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. 
  
�7�K�H�� �&�O�L�Q�L�F�D�O�� �*�H�Q�R�P�H�� �5�H�V�R�X�U�F�H�� ���&�O�L�Q�*�H�Q���¶�V�� �)�D�P�L�O�L�D�O�� �+�\�S�H�U�F�K�R�O�H�V�W�H�U�R�O�H�P�L�D�� ���)�+���� �9�D�U�L�D�Q�W�� �&�X�U�D�W�L�R�Q�� �(�[�S�H�U�W��
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 GO: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���� �O�L�N�H�� �W�K�H�� �&�O�L�Q�*�H�Q�¶�V�� �)�+-VCEP, deliberating 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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