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The personalized genome 

• Amy, age 21 years, visits with her physician and elects to have complete genome 

sequencing.  

• At a follow-up visit, Amy chooses to learn of her genetic risk factors for heart disease, 

diabetes, breast cancer, and colon cancer. Amy’s physician provides her with risk scores for 

those disorders, and with suggestions for lifestyle modifications. Specifically, Amy is alerted to 

her particularly high risk of developing type 2 diabetes, and her physician recommends a 

rigorous program of diet and exercise that had been shown in a controlled study to delay or 

prevent disease onset.  

• The next year, Amy develops mild asthma and her physician selects an optimal therapy 

based on Amy’s genetic profile.  

• Five years later, Amy informs her physician that she and her husband are planning to start a 

family, and they request information regarding the risk of having a child affected by a serious 

genetic disease, based on their genome sequence data. She learns that both she and her 

husband are carriers for the recessive lethal childhood disorder spinal muscular 

atrophy, and they seek further counseling.  

• When Amy turns 40, she begins colorectal cancer screening based on her higher-than- 

average risk factors, and at age 45 a precancerous polyp is detected in her colon and is 

successfully removed. 

Predictions for 2020  

Feero, Guttmacher, and Collins, JAMA 2008 



Sequencing costs 

Cost of DNA sequencing 

(per million bases) 

Cost of the first human genome (1990-2003):   $2.7 Billion 

Cost of a human genome in 2009 $20,000 

Cost of a human genome in 2013 $2,500 

Cost of a human “exome” in 2013 $800 (< brain MRI) 

NCBI 

Next generation sequencing 

454, Illumina, SOLiD, Helicos… 



Advances in the last 5 years have made it easy to 

generate whole genome sequencing data. 

 

The challenge is interpretation. 



Next-generation sequencing 

DNA Libraries  
 

Flowcells 
 

ATGTACCAGAGGATGC

TCCGGTGCGGC… 

Sequenc

e 
Blood samples 



What does a personal genome sequencing 

experiment look like? Millions of reads are mapped 

en masse to a reference genome 



Reads can effectively cover 95% of the 

genome or exome  

Genes 

Read depth 

Coverage of chr7 in a typical 

whole exome sequencing experiment 



What does a personal genome sequencing 

experiment look like? Variants are detected when enough reads 

disagree with reference 



Variants are detected when enough reads 

disagree with reference 



What does a personal genome sequencing 

experiment look like? Variants are detected when enough reads 

disagree with reference 

Position 

Reference sequence 

Inferred patient sequence 

Raw sequence reads from patient 

C > T variant 



The human genome is big 

             3 billion basepairs  

 

X                                0.1% 

 

 

3 million sites of variation 

between any two individuals 



A parts list of variants from one individual 

Lupski et al, NEJM 2010 



Of these 3 million, which are medically relevant? 

silent 

(millions) 

traits 

(hundreds to thousands?) 

risk factors 

(dozens?) 

disease-associated 

(handful?) 



How do you interpret 3,000,000 variants? 

Commonly encountered? 
5-10% of variants have not been seen frequently in controls 

 

In a gene coding region? 
0.25% of rare variants lie within a gene coding region 

 

Alter protein (or affect splicing)? 
~50% of variants in genes alter protein or affect splicing 

 

Affect a known disease gene? 
~10% of genes have been associated with human disease 

3,000,000 

~20-40 



~20-40 

Inheritance 

pattern 

Single disease genes! 

WGS has revolutionized Mendelian genetics 

Sequencing parents  

& available siblings 



Three siblings w/intellectual disability, cataracts and seizures 

3,655,904 variants 

9,521 protein-altering 

935 rare and protein-altering 

Only 4 shared by all affected 

children in the family 

MAP3K5,*  

LFDH,* 

NHSL1,*  

PEX7 

Rhizomelic chondrodysplasia 

punctata 



• A “data deluge” 

 

• Many results are of uncertain medical significance 

 

• Insufficient numbers of geneticists and genetic counselors to 

handle the flood of clinical data 

 

• Clinicians and patients will need education and training 

 

• Collaborative efforts will be required to amass and organize 

data 

 

• Birth of a new specialty? 

Challenges to clinical adoption 



Challenges to clinical adoption 

• Genomic medicine requires cross-disciplinary skills 

• Genetics 

• Genomics 

• Lab Medicine 

• Informatics 

 

• Example: 

• Processing time for 1 human genome: one week 

• Requires highly specialized computer systems and 

expertise that stresses most hospital infrastructures 



Challenges to clinical adoption 

• 3 billion bases & 3 million variants don’t fit in a patient chart 

 

• 1 patient’s whole genome data = 1 terabyte hard drive 

 

• Costs of secure storage! 

 

• Electronic Medical Records are not yet equipped to handle 

this 

40 patient whole genomes, on a shelf 



Ethical, legal, & social issues 

 

• Privacy and confidentiality 

 

• Stigmatization, and discrimination 

 

• Results of uncertain medical significance, emotional 

distress, follow-up tests, and cost 

 

• Genetic paternalism vs. right to control your genomic 

information 



Standards of evidence 

• Need to be careful applying what we think we know 

 

• Many currently reported disease associations are 

based on old studies of with small sample sizes, or 

using outdated technologies 

 

• These will need to be re-evaluated as we get better at 

interpreting genetic results 

 

• We also need to be cost-effective, and demonstrate 

that this leads to better care 



The importance of functional follow-up 

✓Family with three children with autism, 

intellectual disability, and seizures 

 

✓WES performed in 3 children + parents 

 

✓Homozygous I308F mutation in AMT, a 

cause of glycine encephalopathy  

 

✓Rare (never before seen in controls) 

 

✓Alters a highly conserved residue, “looks 

deleterious” 

 

✓But patients with glycine encephalopathy 

often die in the neonatal period 



AMT p.I308F is a hypomorphic LOF mutation 

• I308F: defects in protein 

folding and enzyme function, 

but retains some residual 

activity 

[T. Yu, M. Chahrour, et al, Neuron 2013] 

 

✓ These children had a mild version of glycine encephalopathy with autism and epilepsy 

 

✓ Had been previously undiagnosed in the family (requires lumbar puncture, liver biopsy) 



Grappling with “incidental findings” 



Other open issues in genomic medicine  

• Primary vs. Secondary Findings 

 

• Genes of Uncertain Significance 

 

• Research vs. Clinical boundaries 

 

• Stretching our definitions of disease 

 

• Collaborative resources and standards 



 

One of the first demonstrations of using NGS in humans 

Identification of a new gene for human microcephaly from 6 families 

 

[Yu et al, Nat Genetics, 2010] 

If you’re interested in this, you’re in a pretty good place 



Whole exome sequencing of children with endocrine disorders: 

new genes for pediatric hypercalcemia and dwarfism 

 

[Dauber et al, JCEM 2012] 

If you’re interested in this, you’re in a pretty good place 



Larger cohorts:  

WES in 19 families identifies a novel gene responsible for  

a well-known neuromuscular disorder 

 

[Manzini et al, AJHG, 2012] 

If you’re interested in this, you’re in a pretty good place 



Larger cohorts:  

WES in >150 consanguineous families 

 to find new recessive autism genes 

 

[Yu et al, Neuron 2013] 

If you’re interested in this, you’re in a pretty good place 



BabySeq: 

WES and WGS on 120 normal newborns and 120 NICU patients 

 -> Clinical outcomes, healthcare utilization, and safety 

If you’re interested in this, you’re in a pretty good place 



Starting an Interpretive Genomics Service 

at Boston Children’s Hospital 

If you’re interested in this, you’re in a pretty good place 

What is Claritas Genomics? 

A Diagnostic Testing Company 

Arose out of Boston Children’s Hospital 

• CLIA licensed molecular lab for genomic medicine 

• Specialty testing based on Boston Children’s research and clinical knowledge 

Partnership with major pediatric hospitals in the US 

Partnering with industry (Life Technologies, Cerner) 

Partnering with country health systems (Saudi Genome Project, US 

Million Veterans Project)  



Questions! 


