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Laboratory for Molecular Medicine at PCPGM 

25% of testing is from  

Partners’ patients 

75% is from other US and 

International patients 

• CLIA accreditation in 2003 

• LMM offers >150 tests in cardiovascular disease, cancer, 

hearing loss, pharmacogenetics and genetic syndromes 

• Main focus of testing is large multi-gene panels using 

sequencing technologies (Sanger, chip-based, NGS) 

• Other technologies include TaqMan, Luminex, allele-specific 

PCR, MLPA, PNAs, STRs, droplet PCR 

•  WGS interpretation service will launch in Oct 2012 



Average Time to Assess a Novel Variant 

~25,000 variants curated to date 

NVAs 

Fellows/Residents 

Draft Reports 

Genetic 
Counselors 

Signout 

Geneticists 

Clinical 
Correlation 

Pathologists 

Somatic Cancer 

Average

22 min

25 min

120 min

Variant Assessment Type

Variant with no data

Variant with dbSNP/ESP data only

Varant with publications

~300 NVAs/month  



Lab Result 

Variant  

Annotation 

Variant  

classification 

Published + in house data 

Segregation studies 

Population frequency 

Amino acid conservation 

Predictions: PolyPhen, SIFT, etc 

Splicing predictions 

Likely 

Benign VUS 
Likely 

Pathogenic Pathogenic Benign 

• Family Testing 

• Additional Info 

Clinical Data 

Custom 

knowledge 

Clinical Report 

Clinical Grade Variant Assessment 

Courtesy of Birgit Funke 



NVA: Gene Characteristics and Variant Spectrum 



Gene-specific distribution of mutation types in HCM 

Silent and 

intronic variants 

are largely 

assumed benign 

for genes in 

which no 

truncating 

mutations have 

been observed 

or reported. 
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The Importance of Domain Location 

PRKAG2 – AMP-activated protein kinase 

CBS1 CBS2 CBS3 CBS4 

All pathogenic mutations are missense and occur in or 

very close to the CBS domains. 

All benign missense variants occur outside the CBS 

domain region. 

Benign variants 

Pathogenic variants 



NVA Form: Google, PubMed and LSDB Searches 



NVA: Case/Control Data from Literature and Databases 



NVA: In Silico Analysis 



NVA: Splicing Analysis 











Final Variant Interpretation 
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HCM Gene Mutations – 3000 cases tested 

>500 clinically significant mutations identified 

 
66% of clinically significant mutations are seen in 

only one family 
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MYBPC3 
E258K 

MYBPC3 MYH7 
R502W W792fs R663H 
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Hearing Loss Gene Mutations – 2000 Cases Tested 
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GJB2 

35delG 

GJB2 

V37I 

GJB2 

M34T 

USH2A 

2299delG 

SLC26A4 

81% (423/523) of clinically significant variants have been seen in only one family 



Human Gene Mutation Database 



Case 1: Hearing loss  

Variant Analysis for General Genome Report 

3,949,535 Substitutions and 694,511 Indels 

39,167 Substitutions and 3,718 Indels 

 42 “Pathogenic” Variants 

Run through HGMD 

Variants in Genes  

5 VUS 

0 PharmGKB class 1 variants 
26 PharmGKB class 2 variants 
31 PharmGKB class 3 variants 

57 Variants 

7 Likely Benign 30 Benign 

Run through PharmGKB 

Class 2 & 3: Weaker associations 

Take home:  

No variants met criteria for return as secondary findings in this patient 

HGMD (representing published literature, has many incorrect classifications) 



15% 

48% 
44% 

28% 

41% 

24% 

Nonsyndromic SNHL Usher

Positive

Inconclusive

Negative

Het Pathogenic 

OtoChip Results – 293 Cases Analyzed 

 

15/186 (8%) of early childhood 

(≤10yr) HL cases tested positive 

for an Usher gene mutation 

  

 





HCM Family 90 

Legend: 

= Affected Individuals 

+  = E187Q positive genotype 

- = E187Q negative genotype 

d. SCD, 49y d. SCD, 70y 

39y 

d. SCD, 7y 7y 

Normal ECHO 

6y                     3y 

SCD = Sudden Cardiac Death 

LVH = Left Ventricular Hypertrophy 

+ 

+ - - 

- 38y 

LVH 

Arrhythmia 

E187Q 

TPM1 





The Ala26Val variant has been reported in 10 HCM probands of Asian descent and was absent 

from 832 race-matched control chromosomes (Konno 2005, Liu 2005, Song 2005, Wang 2009). 

However, one of the probands had another pathogenic HCM variant on the same copy of the 

gene which segregated with all 8 affected family members (Wang 2009). Although segregation in 

3 family members was observed in one other family, an additional 5 individuals had the variant 

without disease including three over age 70 (Liu 2005). Our laboratory has observed this variant 

in one HCM proband and one DCM proband, neither with a family history of disease, out of over 

3500 cases tested (1/215 Asian probands). Across all published and internal studies, this leads to 

a cumulative allele frequency of 1% (7/652) in Asian HCM probands or 0.1% (8/7848) across all 

probands. This variant has been observed at a frequency of 0.3% (7/2177) in the 1000 Genomes 

project with a sub-population frequency of 1.5% (6/388) in the Chinese population. Computational 

analyses (biochemical amino acid properties, conservation, AlignGVGD, PolyPhen2, and SIFT) 

suggest that the Ala26Val variant is less likely to impact the protein, particularly given the lack of 

conservation of the alanine residue in mammals (horse has an aspartic acid) and minimal 

biochemical change of the alanine to valine substitution. In summary, although additional data is 

necessary to conclusively determine the clinical significance of this variant, based upon the 

higher frequency in a race-matched control population (1.5% vs. 1%), the absence of statistically 

significant segregation data, the lack of a predictive effect from computational algorithms, 

observations in both HCM and DCM which have different mutational mechanisms, and presence 

on the background of another pathogenic mutation, this variant is more likely benign. 

Documenting Logic 
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Variant Interpretations Maintained in GeneInsight 

27 

Tests Genes Variants Disease References 



Variant Classification Changes – HCM Data 

Likely Benign 

Benign 

Likely Pathogenic 

Pathogenic 

Unknown Significance 

4 

99 

27 

90 

31 

1 

44 

High Alerts 

Medium Alerts 

Low Alerts 

~300 category changes over 5 year (~4% of reports/yr) 

1 

Aronson SJ, Clark EH, Varugheese M, Baxter S, Babb LJ, Rehm HL. Communicating new 

knowledge on previously reported genetic variants. Genet Med 2012:14(8):713-719. 

 



GeneInsight ClinicSM Interface 

Registered with FDA as a Class I Exempt Medical Device 

Integrated into EMR at MGH and BWH  



Updated Variant Information 

Data in this slide should not be used for any clinical purpose. 

• Physicians receive alerts via email to be notified of variant changes on 

their patients 



The Ala26Val variant has been reported in 10 HCM probands of Asian descent and was absent 

from 832 race-matched control chromosomes (Konno 2005, Liu 2005, Song 2005, Wang 2009). 

However, one of the probands had another pathogenic HCM variant on the same copy of the 

gene which segregated with all 8 affected family members (Wang 2009). Although segregation in 

3 family members was observed in one other family, an additional 5 individuals had the variant 

without disease including three over age 70 (Liu 2005). Our laboratory has observed this variant 

in one HCM proband and one DCM proband, neither with a family history of disease, out of over 

3500 cases tested (1/215 Asian probands). Across all published and internal studies, this leads to 

a cumulative allele frequency of 1% (7/652) in Asian HCM probands or 0.1% (8/7848) across all 

probands. This variant has been observed at a frequency of 0.3% (7/2177) in the 1000 Genomes 

project with a sub-population frequency of 1.5% (6/388) in the Chinese population. Computational 

analyses (biochemical amino acid properties, conservation, AlignGVGD, PolyPhen2, and SIFT) 

suggest that the Ala26Val variant is less likely to impact the protein, particularly given the lack of 

conservation of the alanine residue in mammals (horse has an aspartic acid) and minimal 

biochemical change of the alanine to valine substitution. In summary, although additional data is 

necessary to conclusively determine the clinical significance of this variant, based upon the 

higher frequency in a race-matched control population (1.5% vs. 1%), the absence of statistically 

significant segregation data, the lack of a predictive effect from computational algorithms, 

observations in both HCM and DCM which have different mutational mechanisms, and presence 

on the background of another pathogenic mutation, this variant is more likely benign. 

Documenting Logic 



Caution! 

Control samples, can, and do, have pathogenic 

variants, particularly for recessive, late-onset, or 

low-penetrant diseases. 



A common MYBPC3 (cardiac myosin binding protein C)  
variant associated with cardiomyopathies in South Asia 

Variant found in 4-8% 

of South Asians 

Dhandapany et al. Nat Genet.  

2009. 41(2):187-91 



Case-Control Study 

(D,D)(D,W)    (W,W)    Total  

Cases      49 (3DD) 305  354 

Controls      7 231 238 

(D,D)(D,W)    (W,W)    Total  

Cases      38 (3DD) 408  446 

Controls      5 461 466 

- two homozygotes died as children younger than 3 years 

- controls matched for ancestry, age, sex and geography. 

 

Combined odds ratio from both studied = 6.99 

Group 1 

Group 2 OR=8.59 

OR=5.30 



MYBPC3 Intron 32 variant in congenital HCM Case 

P 

+/- +/- 

+/+ -/- 


