
Program	  Schedule	  
•  Introduc2on	  to	  ClinGen	  (Jonathan	  Berg,	  10	  mins)	  
	  

•  Clinical	  Gene	  Validity	  (Erin	  Riggs,	  25	  mins)	  
	  

•  Variant	  Classifica2on	  (Heidi	  Rehm,	  35	  mins)	  
	  

•  Pathogenicity	  Calculator	  (Aleks	  Milosavljevic,	  20	  mins)	  	  

InteracCve	  Invited	  Workshop:	  Growing	  the	  Public	  Knowledge	  Base	  for	  
Clinical	  Genome	  InterpretaCon	  -‐	  Harnessing	  the	  Resources	  of	  the	  

ClinGen	  Project	  	  
Workshop	  materials:	  	  

h>p://calculator.clinicalgenome.org/ashg-‐2015	  



Using	  the	  Audience	  Response	  System	  
	  
From	  browser,	  respond	  at	  PollEv.com/ashgbcm	  .	  	  Click	  on	  your	  
response	  and	  you	  will	  see	  “Vote	  recorded”.	  
	  
From	  cell	  phone,	  text	  “ASHGBCM”	  to	  22333.	  
	  
You	  will	  see	  the	  reply	  “You’ve	  joined	  Elke	  Eastaugh’s	  session	  
(ASHGBCM)”.	  You	  may	  submit	  your	  answer	  now.	  
	  
You	  will	  be	  allowed	  to	  answer	  each	  quesCon	  only	  once.	  	  
	  
When	  you’re	  done	  answering	  all	  quesCons,	  text	  “LEAVE”.	  



Introduc2on	  to	  ClinGen:	  
Tools	  and	  Resources	  

	  

Jonathan	  S.	  Berg,	  MD,	  Ph.D.	  	  
Department	  of	  Gene2cs,	  UNC	  School	  of	  Medicine	  

	  

	  ASHG	  Workshop	  
October	  6,	  2015	  

Improving	  our	  knowledge	  of	  genomic	  varia4on	  requires	  a	  
massive	  effort	  in	  data	  sharing	  and	  collabora4ve	  cura4on	  

	  



•  >80	  million	  genomic	  variants	  and	  
>19,000	  genes	  
Ø Most	  we	  don’t	  understand	  

•  Ability	  to	  detect	  DNA	  variants	  has	  
greatly	  surpassed	  the	  ability	  to	  
interpret	  their	  clinical	  impact	  

•  No	  centralized	  database	  or	  
standard	  approaches	  for	  
cataloguing	  this	  gene2c	  data	  

The Problem 



•  In	  addiCon	  to	  the	  lack	  of	  a	  centralized	  
database	  for	  cataloguing	  geneCc	  data,	  
gene2c	  tes2ng	  interpreta2ons	  can	  differ	  

Likely	  
pathogenic	  

Uncertain	  
significance	  

Likely	  	  
Benign	  



“Building	  a	  genomic	  knowledge	  base	  
to	  improve	  pa7ent	  care.”	  

6	  



ClinGen Overview 

•  The	  Clinical	  Genome	  Resource	  (ClinGen)	  aims	  to	  
create	  an	  authoritaCve	  central	  resource	  that	  defines	  
the	  clinical	  relevance	  of	  genomic	  variants	  for	  use	  in	  
precision	  medicine	  and	  research.	  

•  NHGRI-‐funded	  program	  launched	  Sept.	  2013	  
-  FY13-‐FY16	  =	  $28M	  Total	  Costs	  	  	  
-  3	  U	  grants,	  working	  closely	  with	  
	  	  	  	  NCBI’s	  ClinVar	  
-  Co-‐funding	  from	  the	  NICHD	  and	  NCI	  	  
-  >	  375	  researchers	  &	  clinicians	  
	  	  	  	  from	  >90	  insCtuCons	  

hkps://www.clinicalgenome.org/	  



U41	  

U01	   U01	  

ClinVar	  

Steering	  
Commikee	   NHGRI	  

NICHD	  
NCI	  

Cura7on	  

hkp://www.ncbi.nlm.nih.gov/clinvar/	  

ClinGen	  Organiza2on	  



 

ClinGen database 
(curation interface) 

Clinical working groups - expert curation 

Other	  Resources	  	  
	  -‐	  GenomeConnect	  	  	  
	  -‐	  Literature	  
	  -‐	  PopulaCon	  data	  
	  -‐	  OMIM	  

Cardiovascular	  
Disease	  

Inborn	  Errors	  
of	  Metabolism	  

Hereditary	  
Cancer	   PGx	  

 

ClinVar:  
Variant-level data 

InSiGHT	  

CFTR2	  PharmGKB	  

Expert	  Groups	  

Clinical	  Labs	  

SomaCc	  
Cancer	  

Research	  
Projects	  

ClinGen	  
Public	  	  
Portal	  

ClinGen	  Data	  Flow	  





ClinGen	  Tools	  and	  Resources	  
hkps://www.clinicalgenome.org/tools-‐resources/	  

•  Dosage	  sensiCvity	  map	  
•  Array	  analysis	  toolkit	  
•  Structural	  variant	  database	  (ISCA)	  
hkps://www.clinicalgenome.org/knowledge-‐curaCon/structural-‐variant-‐curaCon/	  

hkps://www.clinicalgenome.org/tools/web-‐resources/	  

•  Web	  resources	  landing	  page	  

hkp://interacCve.clinicalgenome.org/clingen-‐resource-‐system-‐map/	  

•  ClinGen	  system	  map	  



Clinical Actionability 

•  Focus	  on	  findings	  associated	  
with	  specific	  therapeuCc	  or	  
surveillance	  intervenCons	  in	  
pre-‐symptomaCc	  individuals	  
1.  Define	  elements	  of	  

acConability	  
2.  Standardize	  evidence	  

reviews	  
3.  Score	  gene-‐disease	  pairs	  

with	  a	  semi-‐quanCtaCve	  
acConability	  metric	  

•  Develop	  clear	  and	  robust	  criteria	  to	  guide	  decisions	  
regarding	  acConable	  secondary	  findings	  

Katrina Goddard Jim Evans 

hkps://www.clinicalgenome.org/knowledge-‐curaCon/acConability/	  



GenomeConnect 

•  Collects	  paCent-‐entered	  phenotypic	  
informaCon	  and	  geneCc	  tesCng	  reports	  
through	  PaCentCrossroads	  registry	  
plamorm	  

•  Transfers	  associated	  phenotypic	  and	  
genotypic	  data	  into	  ClinGen-‐hosted	  
database	  

•  Connects	  parCcipants	  with	  other	  
families/individuals	  with	  same	  geneCc	  
variant(s)	  and	  researchers	  

Andy	  
Faucek	  

Brianne	  
Kirkpatrick	  

hkps://www.clinicalgenome.org/genomeconnect/	  



•  ClinGen’s	  Gene	  CuraCon	  WG	  has	  developed	  
a	  clinical	  validity	  classifica2on	  for	  assessing	  
which	  genes	  play	  a	  role	  in	  disease	  diagnosis,	  
prognosis,	  and	  drug	  response.	  	  

	  

•  PublicaCon	  describing	  clinical	  validity	  
framework	  expected	  late	  2015	  

	  

• More	  details	  in	  presenta2on	  by	  Erin	  Riggs	  
14	  

Clinical Validity 



15	  

Clinical	  Validity	  Cura2on	  Interface	  

•  Stanford	  is	  developing	  a	  curaCon	  interface	  to	  
assist	  with	  the	  analysis	  of	  gene-‐disease	  pairs	  
– Prototype	  of	  interface	  released	  this	  month	  
– Beta	  version	  in	  October	  2015	  
	  

•  IteraCve	  improvements	  with	  feedback	  from	  
ClinGen	  working	  groups	  
– The	  Stanford	  development	  team	  expects	  this	  system	  
to	  be	  accessible	  by	  community	  curators	  in	  2017	  



16	  

Clinical	  Validity	  Cura2on	  Interface	  

•  ClinGen	  is	  developing	  a	  curaCon	  interface	  to	  
assist	  with	  the	  analysis	  of	  gene-‐disease	  pairs	  
– Prototype	  of	  interface	  released	  this	  month	  
– Beta	  version	  in	  October	  2015	  
	  

•  By	  2017,	  we	  expect	  this	  system	  to	  be	  
assessable	  by	  community	  curators	  



17	  
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Variant Assessment 

19	  

•  ClinGen	  is	  uClizing	  the	  new	  ACMG	  sequence	  
variant	  interpretaCon	  guidelines	  for	  assessment	  
of	  variant	  pathogenicity	  	  
– More	  details	  in	  presenta2on	  by	  Heidi	  Rehm	  

•  ClinGen	  is	  also	  working	  with	  ClinVar	  to:	  
–  Encourage	  data	  submission	  	  
–  Resolve	  variant	  discrepancies	  
–  Define	  the	  review	  level	  of	  a	  submission	  
–  Review	  Expert	  Panel	  submissions	  



Pathogenicity Calculator 
•  Uses	  curated	  and	  derived	  evidence	  and	  then	  applies	  the	  
ACMG	  rules	  to	  compute	  a	  preliminary	  conclusion	  

More	  details	  in	  presenta2on	  
by	  Aleks	  Milosavljevic	  



Sharon	  Plon,	  Baylor	  	  
Erin	  Ramos,	  NHGRI	  
Heidi	  Rehm,	  Harvard	  
Steve	  Sherry,	  NCBI	  
Michael	  Watson,	  ACMG	  
Kirk	  Wilhelmsen,	  UNC	  	  
Marc	  Williams,	  Geisinger	  	  

Katrina	  Goddard,	  Kaiser	  Permanente	  
Danuta	  Krotoski,	  NICHD	  
Melissa	  Landrum,	  NCBI	  
David	  Ledbe>er,	  Geisinger	  
Christa	  Lese	  Mar2n,	  Geisinger	  	  
Aleks	  Milosavljevic,	  Baylor	  	  
Kelly	  Ormond,	  Stanford	  

Clinical	  Domain	  WGs	  

Hereditary	  Cancer	  :	  Makhew	  
Ferber,	  Ken	  Offit,	  Sharon	  Plon	  

Soma2c	  Cancer:	  Shashi	  
Kulkarni,	  Subha	  Madhavan	  

Cardiovascular	  :	  Euan	  Ashley,	  
Birgit	  Funke,	  Ray	  Hershberger	  	  

Metabolic:	  Rong	  Mao,	  Robert	  
Steiner,	  Bill	  Craigen	  

Pharmacogenomic:	  Teri	  Klein,	  
Howard	  McLeod	  

ClinGen	  Working	  Groups	  (WG)	  

Ac2onability	  WG	  

Chairs:	  Jim	  Evans,	  Katrina	  
Goddard	  

Informa2cs	  WG	  

Chair:	  Carlos	  Bustamante	  

EHR	  WG	  

Chair:	  Marc	  Williams	  

Gene	  Cura2on	  WG	  

Chairs:	  Jonathan	  Berg,	  
Christa	  MarCn	  

Genomic	  Variant	  WG	  

Chairs:	  Christa	  MarCn,	  
Sharon	  Plon,	  Heidi	  Rehm	  

Consent	  and	  Disclosure	  
Recommenda2ons	  (CADRe)	  

WG	  	  
Chairs:	  Andy	  Faucek,	  Kelly	  

Ormond	  

Educa2on,	  Engagement,	  
Access	  WG	  	  

Chairs:	  Andy	  Faucek,	  Erin	  
Riggs	  

Phenotyping	  WG	  

Chair:	  David	  Miller	  
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Data	  Model	  WG	  

Chairs:	  Larry	  Babb	  
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Danielle	  AzzariC,	  Miranda	  Hallquist,	  Brianne	  Kirkpatrick,	  Jules	  Koenig,	  Kristy	  Lee,	  Laura	  Milko,	  

Annie	  Niehaus,	  Erin	  Riggs,	  Andy	  Rivera,	  Cody	  Sam,	  Meredith	  Weaver,	  Kira	  Wong	  

ClinGen	  Steering	  Commi>ee	  



The	  ClinGen	  Gene	  CuraCon	  Process	  

Erin	  Rooney	  Riggs,	  MS,	  CGC	  
Geisinger	  Health	  System	  

ClinGen	  Gene	  CuraCon	  Working	  Group	  
	  



Clinical	  validity	  
	  

• 	  A	  test’s	  ability	  to	  “consistently	  and	  accurately	  
	  	  detect	  or	  predict	  the	  outcome	  of	  interest”*	  
	  
• 	  Requires	  correctly	  idenCfying	  the	  causaCve	  
	  	  	  variant	  within	  the	  appropriate	  gene	  
	  
• 	  How	  strong	  is	  the	  evidence	  that	  variaCon	  in	  	  
	  	  	  that	  gene	  causes	  the	  disease	  in	  quesCon?	  

*Haddow,	  J.,	  Palomacki,	  G.	  ACCE:	  A	  Model	  Process	  for	  EvaluaCng	  Data	  on	  Emerging	  GeneCc	  Tests.	  in	  Human	  Genome	  
Epidemiology:	  A	  Scien4fic	  Founda4on	  for	  Using	  Gene4c	  Informa4on	  to	  Improve	  Health	  and	  Prevent	  Disease	  (ed.	  Khoury,	  M.,	  
Likle,	  J.,	  Burke,	  W.)	  217-‐233	  (Oxford	  University	  Press,	  2003).	  
	  



ClinGen	  Clinical	  Validity	  Classifica2ons	  
DEFINITIVE	  

STRONG	  

MODERATE	  

LIMITED	  

NO	  EVIDENCE	  REPORTED	  
CONFLICTING	  EVIDENCE	  

REPORTED	  
See	  handout	  for	  detailed	  informaCon.	  	  Explanatory	  video	  also	  available	  at:	  

hkp://calculator.clinicalgenome.org/ashg-‐2015	  	  



Assigning	  a	  Clinical	  Validity	  Classifica2on	  

• Need	  to	  be	  able	  to	  summarize	  key	  data	  in	  
a	  systemaCc	  and	  concise	  manner	  

	  
•  Key	  Data:	  

– #	  Probands	  
– #	  of	  Clinical	  PublicaCons	  
– Experimental	  Evidence	  
– Time	  passed	  since	  iniCal	  gene-‐disease	  associaCon	  
– Presence	  or	  Absence	  of	  compelling	  contradictory	  
evidence	  



ClinGen	  Clinical	  Validity	  Summary	  Matrix	  
Assertion 

criteria Description Number of Points 
0 1 2 3 4 5 6 7 

# Probands 
Total # of unrelated probands with 
variants that provide convincing 
evidence for disease causality across 
all curated literature 

N/A 1-3 4-6 7-9 10-12 13-15 16-18 19+ 

Experimental 
evidence 

Points given based on the gene-level 
functional evidence supporting a role 
for this gene in disease 

0 1 2 3 4 5 6+   

# 
Publications   

# of curated Independent publications 
reporting human variants in the gene 
under consideration 

N/A 1 2 3 4 5+     

Time (yrs) 
# of years since first publication 
reporting a disease association (if ≤2 
publications --> then 1 is max 
score for time) 

this yr 1-3 yr ≥3 yr           

Is there valid contradictory evidence? Y/N? Classification Total 
Score 

     Assertion:  Description of 
Contradictory 

Evidence: 
  

Limited: 0-8 
Moderate: 9-12 

Strong: 13-16 
Definitive: 17-20 

See	  handout	  for	  detailed	  informaCon.	  	  Explanatory	  video	  also	  available	  
at:	  hkp://calculator.clinicalgenome.org/ashg-‐2015	  	  



Experimental	  Evidence	  

Consistent	  with	  MacArthur	  et	  al.	  Nature.	  2014	  Apr	  24;508(7497):469-‐76	  



Experimental	  Evidence	  (cont’d)	  

Consistent	  with	  MacArthur	  et	  al.	  Nature.	  2014	  Apr	  24;508(7497):469-‐76	  



Experimental	  Evidence	  Scoring	  -‐>	  	  
Max	  Score	  6*	  

Assertion 
criteria Description Number of Points 

0 1 2 3 4 5 6 7 

Experimental 
evidence 

Points given based on the gene-level 
functional evidence supporting a role 
for this gene in disease 

0 1 2 3 4 5 6+ 

*The	  total	  number	  of	  available	  experimental	  “points”	  is	  8	  to	  allow	  for	  flexibility	  in	  the	  
types	  of	  evidence	  that	  are	  combined	  to	  achieve	  a	  maximum	  score	  of	  6	  in	  the	  matrix.	  

Experimental 
evidence 

Points given based on the gene-level 
functional evidence supporting a role 
for this gene in disease 

0 1 2 3 4 5 6+ 

!

Evidence 
Category 

Evidence Type Score 
Range 

Suggested 
points/ 

evidence 

Max 
Score 

Function 

Biochemical Function 0-2 ½ for each 
piece of 

evidence in 
any category  

2 Protein Interaction 0-2 

Expression 0-2 

Functional 
Alteration 

Patient cells 1-2 1  
2 

Non-patient cells 0-1 ½ 

Models 
and 

Rescue 

Animal model 2-4 2  

4 Cell culture model 0-2 1 

Rescue 2-4 2 

Total Final Score 0-8 



Examples	  



NHP2	  and	  Dyskeratosis	  Congenita	  
	  

Dyskeratosis	  Congenita	  (DC)	  
CharacterisCcs	   DefecCve	  Cssue	  maintenance,	  impaired	  

stem	  cell	  funcCon,	  cancer	  predisposiCon	  

Cause	   Shortened	  telomeres	  resulCng	  from	  a	  
defect	  in	  telomerase	  

Clinical	  Features	  
(includes)	  

•  Leukoplakia	  
•  Nail	  dystrophy	  
•  ReCcular	  pigmentaCon	  
•  Pancytopenia	  
•  Lung	  fibrosis	  
•  etc.	  



NHP2	  is	  part	  of	  the	  telomerase	  enzyme	  
complex	  

Image	  from:	  World	  J	  Stem	  Cells.	  
2011	  October	  26;	  3(10):	  89-‐95.	  



Probands:	  Single	  Clinical	  Report	  (Vulliamy	  et	  
al.,	  2008);	  Two	  Unrelated	  Turkish	  Probands	  

Variants	   Findings	   Inheritance	   Control	  
Informa2on	  

PaCent	  1	   Homozygous	  
c.415T>C	  
(p.Tyr139His)	  

nail	  dystrophy,	  
thrombocytopenia,	  
tesCcular	  atrophy,	  
opportunisCc	  infecCons,	  
growth	  and	  mental	  
retardaCon,	  liver	  
cirrhosis,	  and	  intracranial	  
calcificaCon;	  shortened	  
telomeres	  

Heterozygous	  
unaffected	  
parents;	  reportedly	  
unrelated	  

Not	  detected	  in	  282	  
controls	  of	  mixed	  
ethnic	  origin	  or	  in	  98	  
Turkish	  individuals	  

PaCent	  2	   Compound	  
Heterozygous	  
c.376	  G>A	  
(p.Val126Met)/	  c.
460T>A	  
(p.X154ArgextX*5
2)	  

nail	  dystrophy	  ,	  
leucoplakia,	  	  reCculate	  
skin	  pigmentaCon,	  
peripheral	  pancytopenia,	  
progressive	  bone	  
marrow	  failure;	  
shortened	  telomeres	  

same	  
	  

same	  
	  



Experimental	  Evidence	  
Category	   Evidence_Type	   Descrip2on	   Given	  	   Max	  	  

Func2on	  

Biochemical	  
FuncCon	  

NHP2:	  part	  of	  the	  telomerase	  RNP	  
complex	  (PMID:	  11074001)	   0.5	  

2	  Protein	  
InteracCon	   None	  curated.	   -‐	  
Expression	   None	  curated.	   -‐	  

Gene	  
Disrup2on	  

Gene	  
DisrupCon	  

NHP2	  knockdown	  resulted	  in	  reducCon	  
in	  TERC	  levels	  observed	  in	  paCent	  
material	  (PMID:18523010)	   1	   2	  

Models	  &	  
Rescue	  

Model	  Systems	   None	  curated.	   -‐	  

4	  Rescue	   Expression	  of	  wild	  type	  NHP2	  increases	  
TERC	  accumulaCon	  compared	  with	  cells	  
with	  exogenous	  mutant	  NHP2	  (PMID:	  
18523010)	  

1	  

Total	   2.5	  !	  3	  



Number	  of	  Points	  
0	   1	   2	   3	   4	   5	   6	   7	  

As
se
r2
on

	  C
rit
er
ia
	  

#	  of	  probands	  with	  with	  variants	  
that	  provide	  a	  compelling	  

e2ology	  for	  their	  phenotype	  	  
0	   2	   4-‐6	   7-‐9	   10-‐12	   13-‐15	   16-‐18	   19+	  

#	  of	  Points	  for	  Experimental	  data	   0	   1	   2	   3	   4	   5	   6+	   	  	  

#	  of	  independent	  publica2ons	  
with	  cases	  suppor2ng	  the	  

associa2on	  
0	   1	   2	   3	   4	   5+	   	  	   	  	  

Time	  since	  first	  publica2on	  (if	  2	  or	  
fewer	  publica2ons	  linking	  the	  
gene	  to	  disease	  exist,	  then	  1	  is	  
the	  highest	  score	  that	  can	  be	  

assigned	  to	  2me)	  

this	  yr	   1-‐3	  yr	   ≥3	  yr	   	  	   	  	   	  	   	  	   	  	  

Contradictory	  Evidence	   NO	  
	  	  	  	  	  Asser2on 	  Total	  Score	  
	  	  	  	  	  Limited:	   	  0-‐8	  
	  	  	  	  	  Moderate: 	  9-‐12	  
	  	  	  	  	  Strong: 	  	  	  	  	  	  	  	  	  	  	  13-‐16	  
	  	  	  	  	  Defini2ve: 	  17-‐20	  

Descrip2on	   N/A	  

NHP2-‐Dyskeratosis	  Congenita	  Summary	  

Total	  Score:	  6	  
Preliminary	  Classifica2on:	  Limited	  



RPS24	  and	  Diamond-‐Blackfan	  
Anemia	  (DBA)	  



Diamond	  Blackfan	  Anemia	  (DBA)	  
	  

From	  OMIM:	  
General	   Inherited	  red	  blood	  cell	  aplasia	  that	  

usually	  presents	  in	  the	  first	  year	  of	  life	  

Cause	   Disorder	  of	  ribosome	  biogenesis	  

Clinical	  Features	  
(includes)	  

•  Normochromic	  macrocyCc	  anemia	  
•  ReCculocytopenia	  
•  Nearly	  absent	  erythroid	  progenitors	  in	  
bone	  marrow	  

•  Some	  pts	  with:	  growth	  retardaCon,	  
congenital	  anomalies	  of	  the	  heart,	  
upper	  limb,	  urinary	  system,	  etc.	  

•  Increased	  MCV;	  elevated	  eADA,	  HbF	  



RPS24	  

Adapted from: Inderjeet Dokal and Tom Vulliamy, Haematologica 
2010;95:1236-1240 

©2010 by Ferrata Storti Foundation 



5	  Unrelated	  Probands;	  3	  Clinical	  Publica2ons	  
PMID	   Author,	  

Year	   Variant	   Age	  
Diagnosed	   Family	  Tes2ng	   Control	  

Informa2on	  

17186470	   Gazda,	  
2006	  

Heterozygous	  
Gln106Ter	   N/A	  

5	  family	  members	  with	  
mutaCon,	  but	  only	  3	  
have	  clinical	  features	  	  

Not	  found	  in	  220	  
control	  

individuals	  

17186470	   Gazda,	  
2006	  

Heterozygous	  
Arg162Ter	   N/A	   sporadic	  

Not	  found	  in	  220	  
control	  

individuals	  

17186470	   Gazda,	  
2006	  

Heterozygous	  
Del	  22aa	   N/A	  

Found	  in	  proband	  and	  
father	  (who	  was	  

affected	  in	  childhood)	  

Not	  found	  in	  220	  
control	  

individuals	  

19773262	   Quarello,	  
2010	  

c.64_66delCAA	  à	  
del	  Gln22	  was	  
idenCfied	  in	  a	  
paCent	  without	  
somaCc	  
malformaCons	  and	  
in	  clinical	  remission	  
at	  last	  follow-‐up.	  

N/A	   de	  novo	   Not	  found	  in	  100	  
controls	  

23812780	   Landowski,	  
2013	  

Heterozygous	  
DeleCon	  of	  exons	  

1-‐3	  
N/A	   de	  novo	   No	  CNV	  in	  3	  

controls	  



Experimental	  Evidence	  
Category	   Evidence_Type	   Descrip2on	   Given	   Max	  

Func2on	  

Biochemical	  
FuncCon	  

RPS24	  funcCons	  in	  the	  maturaCon	  of	  the	  
5'-‐ETS	  (PMID:	  18230666)	   0.5	  

2	  
Protein	  
InteracCon	  

RPS24	  interacts	  with	  other	  ribosomal	  
proteins,	  which	  are	  associated	  with	  DBA	  
(PMID:	  22939629)	  

0.5	  

Expression	   Reduced	  mRNA	  expression	  and	  protein	  
expression	  of	  RPS24	  	  in	  paCent	  cell	  lines	  
(PMID:	  17186470)	  

0.5	  

Gene	  
Disrup2on	  

Gene	  
DisrupCon	  

• PaCent	  cell	  lines	  show	  	  a	  clear	  alteraCon	  
of	  pre-‐rRNA	  processing	  by	  Northern	  blot	  
• KD	  of	  RPS24	  in	  HeLa	  cells	  shows	  that	  
RPS24	  is	  essenCal	  in	  forming	  the	  small	  
ribosomal	  subunit	  

2	   2	  

Models	  &	  
Rescue	  

Model	  Systems	   None	  curated.	   -‐	  
4	  Rescue	   None	  curated.	   -‐	  

Total	   3.5	  !	  4	  





RPS24:	  DBA	  Summary	  Matrix	  
Assertion 

criteria Description Number of Points 
0 1 2 3 4 5 6 7 

# Probands 
Total # of unrelated probands with 
variants that provide a compelling 
etiology for their phenotype across 
all curated literature 

N/A 1-3 4-6 7-9 10-12 13-15 16-18 19+ 

Functional 
evidence 

points 

Points given based on the gene-
level functional evidence 
supporting a role for this gene in 
disease 

0 1 2 3 4 5 6+   

# 
Independent 
Publications   

# of Independent publications 
identifying human variants in the 
gene in association with disease 

N/A 1 2 3 4 5+     

Time 
# of years since first publication 
reporting a disease association (if 
≤2 publications --> then 1 is max 
score for time) 

this yr 1-3 yr ≥3 yr           

Is there valid contradictory evidence? No Classification Total 
Score 

Total Score: 
 Assertion:  Description:  N/A 

Limited: 0-8 
Moderate: 9-12 

Strong: 13-16 
Definitive: 17-20 

5	  

4	  

3	  
9	  
yrs	  

Total	  Score:	  10	   	  Asser2on:	  Moderate	  



PALB2	  and	  Hereditary	  Breast	  
Cancer	  



PALB2	  

Buisson	  et	  al.	  2010,	  Nat	  Struc	  
&	  Molec	  Biol	  17:1247-‐1254	  



Reference Muta2on(s) OR	  for	  HBC #	  	  BC	  probands	  
tested #	  Controls 

Rahman	  et	  al.	  
2007 

Mult.	  TruncaCng	  
variants 2.3	  (p	  =	  0.0025) 

923	  	  
(10	  w/	  mut) 1084 

Erkko	  et	  al.	  
2007 

(c.1592delT,	  
p.Leu531Fs) 

11.3	  (p	  =	  0.005)	  
3.94	  (p	  =	  0.003) 

113	  	  
(3	  with	  mut)	  

1,918	  	  
(18	  w/	  mut) 

2401	  	  
(6	  with	  mut) 

Tischkowitz	  et	  
al.	  2007 

c.229delT,	  
p.C77fs 

N/A	  –segregaCon	  
and	  other	  
funcConal	  

evidence	  support	  
variant 

119	  	  
(1	  w/	  mut) N/A 

Relevant	  Clinical	  Evidence	  

and	  more…	  



Experimental	  Evidence	  
Category	   Evidence_Type	   Descrip2on	   Given	   Max	  

Func2on	  

Biochemical	  
FuncCon	  

•  PALB2	  enables	  nuclear	  funcCons	  of	  
BRCA2	  (16793542)	  

•  BRCA2	  mutaCons	  that	  disrupt	  the	  
interacCon	  with	  PALB2	  cause	  breast	  
cancer	  (16793542)	  

0.5	  

2	  
Protein	  
InteracCon	   PALB2	  interacts	  with	  BRCA2	  (16793542)	   0.5	  
Expression	   None	  curated.	   -‐	  

Gene	  
Disrup2on	  

Gene	  
DisrupCon	  

PALB2	  frameshiz	  results	  in	  loss	  of	  
funcCon	  (no	  longer	  binds	  BRCA2	  or	  
properly	  undergoes	  HR)	  (17287723)	  

2	   2	  

Models	  &	  
Rescue	  

Model	  Systems	  

Palb2-‐deficient	  murine	  ES	  cells	  
recapitulate	  DNA	  damage	  caused	  by	  
PALB2	  depleCon	  in	  human	  cells	  
(23657012)	  	  

2	  
4	  

Rescue	   None	  curated.	   -‐	  
Total	   5	  





Summary	  and	  Asser2on	  
Assertion 

criteria Description Number of Points 
0 1 2 3 4 5 6 7 

# Probands 
Total # of unrelated probands with 
variants that provide a compelling 
etiology for their phenotype across 
all curated literature 

N/A 3 4-6 7-9 10-12 13-15 16-18 19+ 

Functional 
evidence 

points 

Points given based on the gene-
level functional evidence 
supporting a role for this gene in 
disease 

0 1 2 3 4 5 6+   

# 
Independent 
Publications   

# of Independent publications 
identifying human variants in the 
gene in association with disease 

N/A 1 2 3 4 5+     

Time 
# of years since first publication 
reporting a disease association (if 
≤2 publications --> then 1 is max 
score for time) 

this yr 1-3 yr ≥3 yr           

Is there valid contradictory evidence? N Classification Total 
Score 

     Score: 
     Assertion: Description:  N/A 

Limited: 0-8 
Moderate: 9-12 

Strong: 13-16 
Definitive: 17-20 

32+	  

5	  

3+	  

8	  
yrs	  

Total	  Score:	  17	   	  Asser2on:	  Defini2ve	  



ClinGen	  Gene	  Cura2on	  Working	  Group	  

Gene	  Cura2on	  Small	  Group:	  
•  Ozge	  Birsoy	  
•  Adam	  Buchanan	  
•  Selina	  Dwight	  
•  Raj	  Ghosh	  
•  Erin	  Rooney	  Riggs	  
•  Tasha	  Strande	  
•  Tam	  Sneddon	  

WG	  Chairs:	  
•  Jonathan	  Berg	  
•  Christa	  Lese	  MarCn	  

	  
	  
	  

Other	  WG	  Members:	  
•  Danielle	  AzzariC	  
•  Mak	  Ferber	  
•  Birgit	  Funke	  
•  Monica	  Giovanni	  
•  Katrina	  Goddard	  
•  Steven	  Harrison	  
•  Laura	  Milko	  
•  Mike	  Murray	  
•  Annie	  Niehaus	  
•  Julianne	  O’Daniel	  
•  Sharon	  Plon	  

•  Erin	  Ramos	  
•  Andy	  Rivera	  
•  Heidi	  Rehm	  
•  Avni	  Santani	  
•  Alan	  Scok	  
•  Bryce	  Seiffert	  
•  Mike	  Watson	  
•  Meredith	  Weaver	  
•  Bob	  Wildin	  
•  Dane	  Witmer	  
•  Kira	  Wong	  

Ques2ons?	  
Email	  eriggs@geisinger.edu	  or	  
clingen@clinicalgenome.org	  
	  



Standardizing	  Variant	  ClassificaCon	  
and	  Resolving	  Differences	  
	  
	  
Heidi	  L.	  Rehm,	  PhD,	  FACMG	  
Director,	  Partners	  Healthcare	  Laboratory	  for	  Molecular	  Medicine	  
Clinical	  Director,	  Broad	  InsCtute	  Clinical	  Research	  Sequencing	  Plamorm	  
Associate	  Professor	  of	  Pathology,	  Brigham	  and	  Women’s	  Hospital	  and	  
Harvard	  Medical	  School	  
	  



Data	  Submission	  to	  ClinVar	  

Variant-level Data 
ClinVar 

Linked	  Databases	  

Researcher
s	   Clinics	   PaCents	  

Sharing	  Clinical	  
Reports	  Project	  

Genome	  Connect	  and	  
Free-‐the-‐Data	  

Patient Registries 

Clinical	  
Labs	  

Unpublished	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  or	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Literature	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CitaCons	  

InSiGHT	  

CFTR2	  OMIM 

Expert	  
Groups	  

>382	  ClinVar	  submikers	  
>160,470	  submissions	  
>112,496	  unique	  interpreted	  variants	  

BIC	  

PharmGKB	  

ClinVar	  as	  of	  Oct	  2nd,	  2015	  



Expert Panel 

Single Submitter – Criteria Provided 

Single Submitter – No Criteria Provided  

Multi-Source Consistency 

Practice  
Guideline 

No stars 

No Assertion N/A 

AsserCon	  Levels	  in	  ClinVar	  

ACMG,	  CPIC	  

CFTR2,	  InSiGHT,	  ENIGMA,	  PharmGKB	  	  



11%	  (12,895/118,169)	  of	  variants	  	  
have	  ≥2	  submikers	  in	  ClinVar	  

	  
	  
	  
	  

17%	  (2229/12,895)	  	  
are	  interpreted	  differently	  	  	  

ClinVar	  Variant	  InterpretaCon	  Comparisons	  

ClinVar	  Data	  from	  May	  4th,	  2015	  

Rehm	  et	  al.	  ClinGen	  –	  The	  Clinical	  Genome	  Resource.	  NEJM.	  May	  27th,	  2015	  



Searching	  ClinVar	  
•  Enter	  “p.Ala1777Thr”	  into	  Search	  field	  (or	  c.
5329G>A)	  

OR	  



ClinVar	  Variant	  View	  



www.acmg.net	  



Popula2on	  
Data	  

Computa2onal	  	  
And	  Predic2ve	  	  
Data	  

Segrega2on	  	  
Data	  

Other	  
Database	  

Prevalence	  in	  
affecteds	  staCsCcally	  
increased	  over	  
controls	  PS4	  

MAF	  is	  too	  high	  for	  
disorder	  BA1/BS1	  OR	  
observaCon	  in	  controls	  
inconsistent	  with	  	  
disease	  penetrance	  BS2	  
	  
	   Predicted	  null	  

variant	  in	  a	  gene	  
where	  LOF	  is	  a	  
known	  
mechanism	  of	  
disease	  
PVS1	  

De	  novo	  (paternity	  &	  
maternity	  confirmed)	  
PS2	  

Well-‐established	  
funcConal	  studies	  
show	  a	  deleterious	  
effect	  	  PS3	  

Novel	  missense	  change	  
at	  an	  amino	  acid	  residue	  
where	  a	  different	  
pathogenic	  missense	  
change	  has	  been	  seen	  
before	  PM5	  

MulCple	  lines	  of	  
computaConal	  
evidence	  support	  a	  
deleterious	  effect	  
on	  the	  gene	  /gene	  
product	  	  PP3	  

De	  novo	  (without	  
paternity	  &	  maternity	  
confirmed)	  PM6	  

Non-‐segregaCon	  
with	  disease	  BS4	  

	  
PaCent’s	  phenotype	  or	  
FH	  highly	  specific	  for	  	  
gene	  PP4	  

For	  recessive	  disorders,	  
detected	  in	  trans	  with	  
a	  pathogenic	  variant	  
PM3	  
	  

Found	  in	  case	  with	  an	  
alternate	  cause	  BP5	  

MulCple	  lines	  of	  	  
computaConal	  evidence	  	  
suggest	  no	  impact	  BP4	  
	  

Missense	  when	  only	  	  
truncaCng	  cause	  disease	  BP1	  
	  

Silent	  variant	  with	  non	  	  
predicted	  splice	  impact	  BP7	  
	  

In-‐frame	  indels	  in	  repeat	  	  
w/out	  known	  funcCon	  BP3	  	  
	  Well-‐established	  

funcConal	  studies	  show	  
no	  deleterious	  effect	  BS3	  

MutaConal	  hot	  spot	  
or	  well-‐studied	  
funcConal	  domain	  
without	  benign	  
variaCon	  PM1	  	  

Same	  amino	  acid	  
change	  as	  an	  
established	  pathogenic	  
variant	  	  
PS1	  

Protein	  length	  changing	  
variant	  PM4	  

Observed	  in	  trans	  with	  
a	  dominant	  variant	  BP2	  

Func2onal	  	  
Data	  

Co-‐segregaCon	  with	  
disease	  in	  mulCple	  
affected	  family	  
members	  PP1	  

De	  novo	  
Data	  

Allelic	  Data	  

Absent	  	  in	  populaCon	  
databases	  PM2	  

Strong	  

Observed	  in	  cis	  with	  a	  
pathogenic	  variant	  	  BP2	  

Reputable	  source	  w/out	  
shared	  data	  =	  benign	  BP6	  

Strong	   Very	  Strong	  Moderate	  Suppor2ng	   Suppor2ng	  

Reputable	  source	  	  
=	  pathogenic	  PP5	  

Missense	  in	  gene	  with	  
low	  rate	  of	  benign	  
missense	  variants	  and	  
path.	  missenses	  
common	  	  PP2	  

Other	  Data	  

Benign	   Pathogenic	  

Increased	  segregaCon	  data	  



Monogenic	  disease	  terms	  
Pathogenic	  
Likely	  pathogenic	  
Uncertain	  significance	  (VUS)	  
Likely	  benign	  
Benign	  



	  
Resolving	  differences	  in	  interpretaCon	  

and	  applying	  the	  ACMG	  rules	  	  



CSER	  Variant	  Bakeoff	  

Acknowledgements:	  	  
Laura	  Amendola,	  Heather	  McLaughlin,	  Gail	  Jarvik,	  Heidi	  Rehm	  
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same	   1	  off	   2	  off	   3	  off	   4	  off	  

Lab	  class	  

ACMG	  class	  

Co
un

t	  	  

Difference	  in	  ClassificaCons	  Across	  Labs	  

Benign	  vs	  
Pathogenic	  

Labs	  agree	  

19%	  

26%	  

10%	  

1%	   <1%	  

9	  sites,	  11	  variants	  submiked	  by	  
each	  lab	  =	  99	  variants	  total	  	  
	  

9	  variants	  evaluated	  by	  all	  9	  sites	  
and	  90	  variants	  by	  3	  sites	  –	  used	  
both	  lab	  rules	  and	  ACMG	  rules	  
	  

No	  staCsCcally	  significant	  
difference	  comparing	  rule	  sets	  
	  

52%	  of	  differences	  resolved	  

ASHG	  2015	  Poster	  
1986-‐F	  	  



GLA	  c.639+919G>A;	  Fabry	  disease	  
•  Reported	  in	  6	  individuals	  with	  a	  later-‐onset,	  cardiac	  variant	  of	  Fabry	  

disease	  -‐	  all	  individuals	  had	  reduced	  GLA	  enzyme	  acCvity	  (Ishii	  2002).	  	  
•  Variant	  causes	  abnormal	  splicing	  with	  57	  bases	  added	  causing	  a	  

truncaCon	  (Ishi	  2002).	  	  	  
•  In	  94	  adults	  (22	  men	  +	  72	  women)	  found	  with	  variant,	  GLA	  acCvity	  was	  

10%	  of	  normal	  in	  the	  men	  and	  50%	  of	  normal	  in	  the	  women.	  LVH	  was	  
detected	  in	  21%	  overall	  and	  67%	  in	  the	  men	  (Lin	  2010).	  

•  Newborn	  screen	  of	  110,027	  newborns	  detected	  reduced	  GLA	  acCvity	  in	  
37	  infants	  with	  the	  639+919G>A	  variant.	  This	  study	  also	  evaluated	  20	  
maternal	  grandparents	  of	  these	  infants	  and	  found	  that	  3/9	  grandfathers	  
with	  this	  variant	  had	  HCM.	  Finally,	  4/16	  males	  who	  had	  been	  diagnosed	  
with	  idiopathic	  HCM	  had	  reduced	  GLA	  acCvity	  in	  combinaCon	  with	  the	  
639+919G>A	  variant.	  

•  Variant	  absent	  from	  528	  race-‐matched	  controls	  (case-‐control	  staCsCcal	  
difference	  calculated	  in	  Lin	  2010).	  





GLA	  (NM_000169.2):c.639+919G>A;	  Fabry	  disease	  
	  Site	  	   Lab	  Rules	   ACMG	  Rules	   PVS1	   PS3	   PS4	   PM4	   PP1	   PP5	   PP3	   BP4	  

Site	  1	   Pathogenic	   Pathogenic	   ?	   X	   X	   	  	   M	   	  	   	  	   	  	  
Site	  2	   Pathogenic	   Uncertain	  Significance	   	  	   X	   	  	   X	   X	   X	   	  	   X	  
Site	  3	   Pathogenic	   Likely	  Pathogenic	  	   	  	   X	   	  	   	  	   X	   	  	   X	   	  	  

PVS1	  _	  Null	  variant	  

Yes,	  but	  reduce	  rule	  
strength	  to	  “strong”	  
due	  to	  reliance	  on	  
funcConal	  assay	  to	  
prove	  LOF	  

ACMG	  Rule:	  
PVS1	  Null	  variant	  (nonsense,	  frameshiz,	  canonical	  +/-‐1	  or	  2	  
splice	  sites,	  iniCaCon	  codon,	  single	  or	  mulC-‐exon	  deleCon)	  
in	  a	  gene	  where	  loss	  of	  funcCon	  (LOF)	  is	  a	  known	  
mechanism	  of	  disease	  



hkp://www.ncbi.nlm.nih.gov/projects/dbvar/clingen/	  





GLA	  (NM_000169.2):c.639+919G>A;	  Fabry	  disease	  
	  

PP5	  –	  	  
Reputable	  
source	  =	  
pathogenic	  

?	  

Site	  	   Lab	  Rules	   ACMG	  Rules	   PVS1	   PS3	   PS4	   PM4	   PP1	   PP5	   PP3	   BP4	  
Site	  1	   Pathogenic	   Pathogenic	   ?	   X	   X	   	  	   M	   	  	   	  	   	  	  
Site	  2	   Pathogenic	   Uncertain	  Significance	   	  	   X	   	  	   X	   X	   X	   	  	   X	  
Site	  3	   Pathogenic	   Likely	  Pathogenic	  	   	  	   X	   	  	   	  	   X	   	  	   X	   	  	  

PP3,	  BP4	  –	  
MulCple	  lines	  of	  	  
computaConal	  	  
evidence	  

No	  (All	  programs	  
must	  be	  
consistent)	  

PM4	  -‐	  Protein	  length	  
changing	  variant	  

No,	  only	  applicable	  for	  
in-‐frame	  deleCons,	  not	  
a	  splice	  variant	  that	  
leads	  to	  a	  frameshiz	  



Search	  ClinVar	  

•  Enter	  “c.639+919G>A”	  into	  Search	  field	  

OR	  





GLA	  (NM_000169.2):c.639+919G>A;	  Fabry	  disease	  
	  

PP5	  –	  	  
Reputable	  
source	  =	  
pathogenic	  

No	  –	  only	  use	  if	  evidence	  not	  available	  

Site	  	   Lab	  Rules	   ACMG	  Rules	   PVS1	   PS3	   PS4	   PM4	   PP1	   PP5	   PP3	   BP4	  
Site	  1	   Pathogenic	   Pathogenic	   ?	   X	   X	   	  	   M	   	  	   	  	   	  	  
Site	  2	   Pathogenic	   Uncertain	  Significance	   	  	   X	   	  	   X	   X	   X	   	  	   X	  
Site	  3	   Pathogenic	   Likely	  Pathogenic	  	   	  	   X	   	  	   	  	   X	   	  	   X	   	  	  



GLA	  (NM_000169.2):c.639+919G>A;	  Fabry	  disease	  
	  

PS3	  –	  Fx	  studies	  

Yes,	  α-‐gal	  tesCng	  
well-‐established	  

Site	  	   Lab	  Rules	   Lab	  Rules	  
Site	  1	   Pathogenic	   Pathogenic	  
Site	  2	   Pathogenic	   Uncertain	  Significance	  
Site	  3	   Pathogenic	   Likely	  Pathogenic	  	  

PS4	  –	  Case>controls	  

Yes,	  at	  least	  one	  
publicaCon	  with	  a	  
staCsCcally	  sig	  p	  value.	  
Other	  papers	  show	  
staCsCcal	  increase	  
though	  one	  must	  
calculate	  manually	  

PP1	  –	  SegregaCon	  

Yes,	  one	  site	  increased	  to	  
“moderate”	  due	  to	  3	  segregaCons	  

PVS1	   PS3	   PS4	   PM4	   PP1	   PP3	   PP5	   BP4	  
?	   X	   X	   	  	   M	   	  	   	  	   	  	  
	  	   X	   	  	   X	   X	   	  	   X	   X	  
	  	   X	   	  	   	  	   X	   X	   	  	   	  	  



GLA	  (NM_000169.2):c.639+919G>A;	  Fabry	  disease	  
	  

PS4	  –	  Case>controls	  

PS3	  –	  Fx	  studies	  

Site	  	   Lab	  Rules	   ACMG	  Rules	   Post	  Discussion	   PVS1	   PS3	   PS4	   PM4	   PP1	   PP3	   PP5	   BP4	  
Site	  1	   Pathogenic	   Pathogenic	   Pathogenic	   ?	   X	   X	   	  	   M	   	  	   	  	   	  	  
Site	  2	   Pathogenic	   Uncertain	  Significance	   Pathogenic	   	  	   X	   	  	   X	   X	   	  	   X	   X	  
Site	  3	   Pathogenic	   Likely	  Pathogenic	  	   Pathogenic	   	  	   X	   	  	   	  	   X	   X	   	  	   	  	  

Consensus	   Pathogenic	   Pathogenic	   Pathogenic	   S	   X	   X	   	  	   X	   	  	   	  	   	  	  

PP1	  –	  SegregaCon	  

Final	  

PVS1	  (Strong)	  _	  Null	  variant	  
ACMG	  rules:	  
≥2	  strong	  =	  Pathogenic	  

Consensus	  interpretaCon	  of	  all	  3	  sites:	  Pathogenic	  

*	   *	   *	   *	  



For	  the	  CSER	  bakeoff,	  we	  observed	  
several	  examples	  where	  the	  rules	  
were	  added	  up	  incorrectly	  
	  
A	  calculator	  is	  needed!	  



ClinGen Pathogenicity Calculator: 
Use case 2  
Step-by-step instructions for the interactive exercise to be presented at the 
ClinGen Workshop at ASHG 2015. 
Workshop page: http://calculator.clinicalgenome.org/ashg-2015 
Variant: NM_000169.2:c.639+919G>A  
Gene: GLA/Fabry Disease 



Pathogenicity Calculator and ACMG guidelines for variant 
interpretation 

Previous presentation (Heidi Rehm) reviewed ACMG guidelines. 
 
ACMG guidelines provide: 

Systematic categorization of evidence types and their strength 
Rules for making conclusions about pathogenicity based on the evidence 

 
Rule application may be a tedious, sometimes error-prone process that may be hard 
to track and document and may involve personnel at various competence levels 
 
Pathogenicity Calculator eliminates error in rule application and provides tracking of 
evidence used to reach specific conclusions. 



BS1, BS2, BS3, BS4, 
BP4, BP1, BP7, BP3, BP2, BP6, BP5, 
PP1, PP2, PP3, PP4, PP5 
PM2, PM5, PM4, PM1, PM6, PM3, 
PS1, PS2, PS3, PS4, 
PVS1 

BS1-Supporting, BS2-Supporting 
PP1-Strong, PS1-Supporting 

ACMG guidelines provide categorization of evidence and explicit 
rules for reaching conclusions about pathogenicity 

ACMG Evidence Tags Upgrading/Downgrading Strength 
(Examples) 



Pathogenicity Evidence 
grid 

Five cells contain one piece of 
evidence each in favor of 
pathogenicity. 
 
One may be inclined to assert the 
variant is pathogenic. 
 
However, the strongest assertion that 
can be reached using ACMG rules is 
“Likely Pathogenic”. 
 
Thus, application of rule-based 
reasoning is important when 
interpreting evidence. 



Step 1: Identify Allele 
Step 2: Launch the Calculator 
Step 3: Create evidence document and input evidence 
Step 4: Calculate conclusions and examine reasoning 
Step 5: Retrieve stored evidence and conclusions 

Overview of Use Case 2 

Allele: NM_000169.2:c.639+919G>A 



Allele: NM_000169.2:c.639+919G>A 

Gene:GLA (alpha galactosidase) 

Allele selected for curation in clinical sequencing and exploratory research (CSER) 

Three groups curated the variant with PP1-Moderate,PS3, PS4,PVS1, PM4,PP1,PP5, 

BP4,PP3 tags, leading to 3 different conclusions per ACMG Guidelines: 

Pathogenic, Likely Pathogenic, Uncertain Significance 

Consensus curation agreed on the following evidence tags for Fabry disease: PS4, 

PVS1-Strong, PS3, PP1 

In the present use case, these four evidence tags will be used for this allele to 

calculate conclusion based on ACMG guidelines 



Step 1:  Identify allele: Click on search 



Step 1:  Identify allele: Click on HGVS 

 
Click HGVS 



Step 1:  Identify allele: The allele Search panel pops up 



Step 1:  Identify allele: The allele search panel pops up.  
Search: NM_000169.2:c.639+919G>A 



Step 1:  Identify allele: View search results 



Step 1: Identify allele: Inspect equivalent allele representations 
and confirm allele identity 



Step 2: Launch the calculator 

 
Click on the calculator icon 



Learn more about gene/
allele 



Step 2: Launch the calculator: 
Open the calculator tab 

Because the evidence document is 
empty, the tab is not displayed 
 
Click on the red circle (with “-” sign) in 
“Toggle Evidence” row 



Step 3: Create evidence 
document and input 
evidence 

The new evidence document that you 
will create now will be populated by 
evidence tags for this allele 
 
 
 



Step 3: Create evidence 
document and input evidence: 
Provide basic information 

Provide information about 
condition and mode of inheritance 



Step 3: Create evidence 
document and input 
evidence 

Click OK to notification 
 



Step 3: Create evidence 
document and input 
evidence: Turn PS4 tag on 



Step 3: Create evidence 
document and input 
evidence: Turn PS4 tag on 

Click Add Tag 



Step 3: Create evidence 
document and input 
evidence: Turn PS4 tag on 

1.  Add “Tag PS4” in “Evidence Tag 
ID” column 
This must be any unique string of 
characters 

1.  Select one of the tags from the 
pull-down menu 

2.  Optional text explaining why the 
tag is turned on 
This text may help remind you 
why you turned the tag on when 
you revisit this allele in the future 

1.  Press the Update button 
2.  Press the Save Edits button in the 

menu 



Step 3: Create evidence 
document and input 
evidence: Turn PVS1-
Strong tag ON 



Step 3: Create evidence 
document and input 
evidence: Turn PVS1-
Strong tag ON 

See slide #21 for details 



Step 3: Create evidence 
document and input 
evidence: Turn PS3 tag 
ON 



Step 3: Create evidence 
document and input 
evidence: Turn PS3 tag 
ON 

See slide #21 for details 



Step 3: Create evidence 
document and input 
evidence: Turn PS3 tag 
ON 



Step 3: Create evidence 
document and input 
evidence: Turn PS3 tag 
ON 

See slide #21 for details 



Conclusion and Reasoning 

The conclusion reached is “Pathogenic”.  
 
The rule that is satisfied is highlighted 
next to the conclusion. 
 
The rules that are not satisfied are also 
listed below but are not highlighted. 
 
For each rule that is not satisfied, the 
number of missing evidence items is 
listed. 
 
By clicking on the rule that is not 
satisfied, missing evidence items (grid 
columns) are highlighted, helping identify 
evidence tags that may lead to a 
conclusion. 
 



Step 5: Retrieve stored evidence and conclusions: Activate 
HGVS based search 

Visit: Perform the HGVS search for the same allele: 
calculator.clinicalgenome.org/java-bin/clingenV2.0.jsp 

 
Click Search 



Step 5: Retrieve stored evidence and conclusions: Activate 
HGVS based search 

 
Click HGVS 



Step 5: Retrieve stored evidence and conclusions: Search for 
NM_000169.2:c.639+919G>A 

Enter HGVS and Click Search 



Step 5: Retrieve stored evidence and conclusions: Launch the 
calculator to view evidence and conclusion 



Step 5: Retrieve stored 
evidence and conclusion 



Next: repeat exercise for the 
second variant 

Search for: 
NM_001369.2:c.7468_7488del 
 
Turn the following evidence tags on: 
PM2, PM3, PM4 for Primary ciliary 
dyskinesia  
 
Use tag helper to locate the tags: 
http://calculator.clinicalgenome.org/site/
cg-grid-guide 
 
Check the conclusion 
 
Examine the rules applied to reach the 
conclusion. 
 
Examine evidence that--if present--may 
lead to a different conclusion. 
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DNAH5	  (NM_001369.2):	  c.7468_7488del	  (p.Trp2490_Leu2496del)	  	  
Primary	  ciliary	  dyskinesia	  

	  Site	  	   ACMG	  Rules	   Lab	  Rules	  
Site	  1	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  2	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  3	   Uncertain	  Significance	   Likely	  Pathogenic	  
Site	  4	   Uncertain	  Significance	   Likely	  Pathogenic	  
Site	  5	   Likely	  Pathogenic	   Uncertain	  Significance	  
Site	  6	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  7	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  8	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  9	   Likely	  Pathogenic	   Likely	  Pathogenic	  

PS1	   PM2	   PM3	   PM4	   PP3	   PP4	   PP5	  
	  	   X	   	  	   X	   ?	   X	   	  	  
	  	   X	   	  	   X	   	  	   	  	   	  	  
	  	   	  	   X	   X	   	  	   	  	   	  	  
	  	   P	  	   X	   X	   	  	   	  	   	  	  
	  	   X	   P	  	  	   X	   	  	   	  	   X	  
	  	   X	   	  	   X	   X	   X	   	  	  
	  	   X	   X	   X	   	  	   	  	   	  	  
X	   	  	   X	   X	   	  	   X	   	  	  
	  	   X	   	  	   X	   	  	   X	   X	  

PS1	  _	  Same	  amino	  acid	  
change	  as	  an	  established	  
pathogenic	  variant	  	  

No	  (must	  be	  different	  
nucleoCde	  and	  
“established	  
pathogenic”)	  

PM2	  -‐	  Absent	  	  in	  
pop.	  databases	  

No	  (can’t	  assume	  long	  indels	  in	  pop	  
dbs)	  →But	  yes	  with	  ClinSeq	  data	  review	  

PP3	  -‐	  MulCple	  lines	  of	  
computaConal	  evidence	  

No	  (must	  be	  “all”)	  

PP5	  -‐	  Reputable	  
source	  =	  pathogenic	  
No	  –	  only	  use	  if	  
evidence	  not	  	  
available	  and	  likely	  
novel	  

PM4	  -‐	  Protein	  
length	  changing	  
variant	   Yes	  





DNAH5	  (NM_001369.2):	  c.7468_7488del	  (p.Trp2490_Leu2496del)	  	  
Primary	  ciliary	  dyskinesia	  

	  
Site	  	   ACMG	  Rules	   Lab	  Rules	  
Site	  1	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  2	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  3	   Uncertain	  Significance	   Likely	  Pathogenic	  
Site	  4	   Uncertain	  Significance	   Likely	  Pathogenic	  
Site	  5	   Likely	  Pathogenic	   Uncertain	  Significance	  
Site	  6	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  7	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  8	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  9	   Likely	  Pathogenic	   Likely	  Pathogenic	  

PS1	   PM2	   PM3	   PM4	   PP3	   PP4	   PP5	  
	  	   X	   	  	   X	   ?	   X	   	  	  
	  	   X	   	  	   X	   	  	   	  	   	  	  
	  	   	  	   X	   X	   	  	   	  	   	  	  
	  	   P	  	   X	   X	   	  	   	  	   	  	  
	  	   X	   P	  	  	   X	   	  	   	  	   X	  
	  	   X	   	  	   X	   X	   X	   	  	  
	  	   X	   X	   X	   	  	   	  	   	  	  
X	   	  	   X	   X	   	  	   X	   	  	  
	  	   X	   	  	   X	   	  	   X	   X	  

PP4	  -‐	  PaCent’s	  phenotype	  or	  FH	  
highly	  specific	  for	  gene	  

Disagreement	  on	  whether	  this	  rule	  applied.	  	  	  
LMM	  Case:	  “Suspected	  diagnosis	  of	  primary	  
ciliary	  dyskinesia”;	  situs	  inversus	  totalis,	  nasal	  
biopsy	  suggesCve	  of	  PCD;	  	  
Berg	  case:	  neonatal	  respiratory	  distress,	  
bronchiectasis,	  situs	  inversus,	  sinusiCs,	  
frequent	  oCCs	  media,	  and	  outer	  dynein	  arm	  
defect	  observed	  on	  EM	  

PM3	  -‐	  Detected	  in	  trans	  
with	  a	  pathogenic	  variant	  

This	  evidence	  was	  not	  found	  by	  all	  sites	  in	  LMM’s	  
ClinVar	  entry	  and	  in	  Berg	  publicaCon.	  	  	  
Through	  consensus	  we	  agreed	  on	  2	  instances	  of	  
trans	  observaCon.	  	  
Decided	  guidance	  needed	  on	  how	  to	  count	  
strength	  of	  more	  than	  1	  trans	  observaCon.	  

Yes	  



DNAH5	  (NM_001369.2):	  c.7468_7488del	  (p.Trp2490_Leu2496del)	  	  
Primary	  ciliary	  dyskinesia	  

Site	  	   ACMG	  Rules	   Lab	  Rules	   Post	  Discussion	  
Site	  1	   Uncertain	  Significance	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  2	   Uncertain	  Significance	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  3	   Uncertain	  Significance	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  4	   Uncertain	  Significance	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  5	   Likely	  Pathogenic	   Uncertain	  Significance	   Uncertain	  Significance	  
Site	  6	   Likely	  Pathogenic	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  7	   Likely	  Pathogenic	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  8	   Likely	  Pathogenic	   Likely	  Pathogenic	   Likely	  Pathogenic	  
Site	  9	   Likely	  Pathogenic	   Likely	  Pathogenic	   Likely	  Pathogenic	  

Consensus	   Likely	  Pathogenic	   Not	  reached	  

PS1	   PM2	   PM3	   PM4	   PP3	   PP4	   PP5	  
	  	   X	   	  	   X	   ?	   X	   	  	  
	  	   X	   	  	   X	   	  	   	  	   	  	  
	  	   	  	   X	   X	   	  	   	  	   	  	  
	  	   P	  	   X	   X	   	  	   	  	   	  	  
	  	   X	   P	  	  	   X	   	  	   	  	   X	  
	  	   X	   	  	   X	   X	   X	   	  	  
	  	   X	   X	   X	   	  	   	  	   	  	  
X	   	  	   X	   X	   	  	   X	   	  	  
	  	   X	   	  	   X	   	  	   X	   X	  
	  	   X	   X	   X	   	  	   Mixed	   	  	  

•  6	  sites	  agree	  and	  3	  sites	  remain	  skepCcal	  and	  stay	  with	  VUS	  classificaCon	  
•  Note:	  ACMG	  rules	  allow	  for	  professional	  judgement	  to	  overrule	  calculated	  class	  

Final	  

PM3	  -‐	  Detected	  in	  trans	  with	  a	  pathogenic	  variant	  

PM2	  –	  Absent	  from	  pop	  db	  

PM4	  -‐	  Protein	  length	  changing	  variant	  

ACMG	  rules:	  
3	  moderate	  =	  Likely	  Pathogenic	  

*	   *	   *	  





•  Variant	  classificaCon	  ozen	  requires	  professional	  judgment	  and	  therefore	  
complete	  consensus	  may	  not	  occur	  –	  this	  is	  OK!	  

•  But,	  all	  evidence	  must	  be	  accessible	  and	  rules	  should	  be	  applied	  correctly	  

•  And,	  it	  is	  useful	  for	  paCents	  and	  physicians	  to	  have	  access	  to	  all	  opinions	  
on	  a	  variant	  so……	  

	   	  Submit	  your	  classified	  variants	  to	  ClinVar!	  

	  

•  When	  we	  find	  differences,	  we	  can	  all	  work	  to	  resolve	  them	  and	  improvbe	  
paCent	  care.	  

•  For	  those	  we	  don’t	  understand,	  we	  can	  provide	  a	  source	  for	  others	  to	  
decipher	  their	  effects	  

	  

	  

Take	  Home	  Points	  
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Appendix	  



Expert	  
Curated	  
Variants	  

ClinVar	  

Variants	  

Linked	  Databases	  

Clinics	   PaCents	  

Sharing	  Clinical	  	  
Reports	  Project	  

Genome	  Connect	  and	  	  
Free-‐the-‐Data	  

PaCent	  Registries	  

Clinical	  
Labs	  

Unpublished	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  or	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Literature	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CitaCons	  

InSiGHT	  

CFTR2	  OMIM	  

Expert	  
Groups	  

BIC	  

PharmGKB	  

CuraCon	  Interface	  

Cardiovascular	  
Disease	  WG	  

Inborn	  Errors	  of	  
Metabolism	  WG	  

Hereditary	  
Cancer	  WG	  

PGx	  
WG	  

Case-‐level	  	  
data	  store	  

SomaCc	  
Cancer	  WG	  

Machine-‐learning	  algorithms	  
Data	  
resources	  

ClinGenKB	  

Researchers	  

SupporCng	  a	  CuraCon	  Environment	  	  
for	  both	  Crowd-‐Sourcing	  and	  Expert	  Consensus	  	  



ClinGen	  Sequence	  Variant	  
InterpretaCon	  Work	  Group	  

(Co-‐Chairs	  Les	  Beisecker	  and	  Marc	  Greenblat)	  

Interlab	  Seq	  Var	  
Discrepancy	  
ResoluCon	  
Task	  Team	  

Noonan	  
Spectrum	  

Expert	  Panel	  

Developmental	  
Delay	  Pilot	  
Project	  

PTEN	  
Expert	  
Panel	  

Congenital	  
Muscular	  

Dystrophy	  Pilot	  
Project	  

Cardiomyopathy	  
Expert	  Panel	  

Metabolic	  Disease	  
Expert	  Panel	  

ACMG	  	  
Rules	  

Each	  expert	  panel	  provides	  gene	  and	  disease-‐specific	  	  
recommendaCons	  for	  ACMG	  rule	  specificaCon	  (frequency	  thresholds,	  acceptable	  

funcConal	  assays,	  define	  genes/regions	  for	  certain	  rule	  usage,	  etc)	  

1.  Review	  and	  harmonize	  requested	  specificaCons	  from	  expert	  panels	  
2.  Develop	  more	  quanCtaCve	  approaches	  to	  enhance	  objecCve	  use	  of	  ACMG	  guidelines	  

(segregaCon,	  mulCple	  occurrences	  of	  the	  same	  rules;	  computaConal	  approaches;	  
Baysesian	  models;	  mulCple	  likelihood	  raCos)	  



Popula2on	  
Data	  

Computa2onal	  	  
And	  Predic2ve	  	  
Data	  

Segrega2on	  	  
Data	  

Other	  
Database	  

Prevalence	  in	  
affecteds	  staCsCcally	  
increased	  over	  
controls	  PS4	  

MAF	  frequency	  is	  too	  
high	  for	  disorder	  BSI	  OR	  
observaCon	  in	  controls	  
inconsistent	  with	  	  
disease	  penetrance	  BS2	  
	  
	   TruncaCng	  variant	  

in	  a	  gene	  where	  
LOF	  is	  a	  known	  
mechanism	  of	  
disease	  
PVS1	  

De	  novo	  (paternity	  &	  
maternity	  confirmed)	  
PS2	  

Well-‐established	  
funcConal	  studies	  
show	  a	  deleterious	  
effect	  	  PS3	  

Novel	  missense	  change	  
at	  an	  amino	  acid	  residue	  
where	  a	  different	  
pathogenic	  missense	  
change	  has	  been	  seen	  
before	  PM5	  

MulCple	  lines	  of	  
computaConal	  
evidence	  support	  a	  
deleterious	  effect	  
on	  the	  gene	  /gene	  
product	  	  PP3	  

De	  novo	  (without	  
paternity	  &	  maternity	  
confirmed)	  PM6	  

Non-‐segregaCon	  
with	  disease	  BS4	  

	  
PaCent’s	  phenotype	  or	  
FH	  highly	  specific	  for	  	  
gene	  PP4	  

For	  recessive	  
disorders,	  detected	  
in	  trans	  with	  a	  
pathogenic	  variant	  
PM3	  
	  

Found	  in	  case	  with	  
an	  alternate	  cause	  
BP5	  

Missense	  in	  gene	  
where	  only	  
truncaCng	  cause	  
disease	  BP1	  

MulCple	  lines	  of	  
computaConal	  
evidence	  suggest	  no	  
impact	  on	  gene	  /
gene	  product	  BP4	  

Well-‐established	  
funcConal	  studies	  show	  
no	  deleterious	  effect	  BS3	  

Located	  in	  a	  
mutaConal	  hot	  spot	  
and/or	  known	  
funcConal	  domain	  
PM1	  	  

In-‐frame	  indels	  in	  a	  
repeCCve	  region	  
without	  a	  known	  
funcCon	  BP3	  

Same	  amino	  acid	  
change	  as	  an	  
established	  pathogenic	  
variant	  	  
PS1	  

In-‐frame	  indels	  in	  a	  
non-‐repeat	  region	  or	  
stop-‐loss	  variants	  	  PM4	  

Observed	  in	  trans	  with	  
a	  dominant	  variant	  BP2	  

Func2onal	  	  
Data	  

Co-‐segregaCon	  with	  
disease	  in	  mulCple	  
affected	  family	  
members	  PP1	  

De	  novo	  
Data	  

Allelic	  Data	  

Absent	  	  in	  1000G	  and	  
ESP	  PM2	  

Strong	  

Observed	  in	  cis	  with	  a	  
pathogenic	  variant	  	  BP2	  

Reputable	  source	  
=	  benign	  BP6	  

Strong	   Very	  Strong	  Moderate	  Suppor2ng	   Suppor2ng	  

Reputable	  source	  
=	  pathogenic	  PP5	  

Missense	  in	  gene	  with	  
low	  rate	  of	  benign	  
missense	  variants	  and	  
path.	  missenses	  
common	  	  PP2	  

Other	  Data	  

Benign	   Pathogenic	  

Increased	  segregaCon	  data	  

Quan2fiable	  
Need	  tool/resource	  



Emory LMM Chicago 

60 variants 
(3-Level) 

22 variants 
(Confidence
differences) 

43 variants 
consistent 

17 variants 
still discrepant 

8 variants 
(Confidence
differences) 

14 variants 
(3-Level) 

3 variants 
consistent 

11 variants 
still discrepant 

Discrepancy  
Identification 

Variant 
Reassessment 

Main reasons for discrepancies 
was variant classification rules 
• Novel silent: LB vs VUS 
• Missense (freq cut-offs; MOI) 

Discussion 
between labs 

1/104 
differences 
need expert 
panel input 

104	  	  
differences	  

28	  	  
differences	  

Work	  of:	  
Birgit	  Funke	  
Steven	  Harrison	  
Melissa	  Kelly	  
Lori	  Bean	  
Amy	  Knight	  
Madhuri	  Hegde	  



Comparison	  of	  ClinVar	  Submiked	  Variants	  Across	  Four	  Labs:	  	  
Ambry,	  GeneDx,	  Partners	  LMM,	  Univ.	  Chicago	  

Submi>ed	  by	   # shared 
variants 

# Agreed 
(%) 

# VUS to LB/
B differences 

# actionable 
differences 

Site	  A/Site	  D	   2246 1993 (89%) 207 (9%) 46 (2%) 

Site	  D/Site	  B	   1793 1534 (86%) 61 (3%) 197 (11%) 

Site	  C/Site	  B	   463 422 (91%) 36 (8%) 5 (1%) 

Site	  A/Site	  C	   43 41 (95%) 2 (5%) 0 

Site	  A/Site	  B	   63 60 (95%) 2 (35) 1 (2%) 

Site	  D/Site	  C	   914 835 (91%) 79 (95) 0 

All	  4	  Labs	   4878 4253 (87%) 375 (8%) 250 (5%) 

Steven	  Harrison,	  Jill	  Dolinsky,	  Lisa	  Vincent,	  Amy	  Knight	  Johnson,	  
Elizabeth	  Chao,	  Danielle	  AzzariC,	  Soma	  Das,	  Sherri	  Bale,	  Heidi	  Rehm	  	  	  	  



Basis for Interpretation Differences and 
Resolution Outcome of 115 Discordant Variants	  

Consensus	  not	  reached	  	  
due	  to	  differences	  in:	  

71%	  Resolved!	  
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