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What is personal genomics? 

• All human beings are genetically different from 
each other (except for identical twins) 

• Each individual’s genome influences 
predisposition to disease, response to drugs, 
risk of passing deleterious mutations to 
offspring 

• Personal genomics documents differences 
between individuals at the genome level and 
helps make lifestyle and therapeutic decisions 

• Cancer genomics documents damage done to 
the genome in cancer 



Personal genomics – where 

are we? 
• Initial expectations were 

high 

 

• Failure to deliver so far 

 

• Clear evidence that detailed 

genomic information will 

have high clinical value 

 

• Is a reality in a few places 

today, hampered by high 

costs and lack of standards 

 

Today 



How are individuals different? 

• Average of ~1M differences between unrelated 
individuals (out of 6B nucleotides) 

• Types of differences: 
– Single nucleotide polymorphisms (SNP) 

– Insertions & deletions (indels) 

– Copy number variations (CNV) 

– Rearrangements 

– Presence / absence of entire regions 

• The older the variation, the more frequent it will 
be in the population 



How different are we? 

Data from 1000 Genomes project 

(Nov 2012) 

 

a. Variation across populations 

(Americas, Africa, East Asia, 

Europe) in a 90 kb genome 

interval 

b. Frequency of private, 

continent-specific and 

population-specific variants 

c. Density of variants as a 

function of their frequency 



The current paradigm 

• Interrogate 700k positions in the 

genome known to be variable 

between individuals (out of 3 B); 

use only common variants (>1% 

minor allele frequency) 

• Try to deduce personal 

characteristics from this 

information, update with new 

discoveries 

 

Nice for tracing ancestry, but not 

much actionable information… 



What’s next? 
• Obtain the sequence of the entire 

genome of each individual, or at 

least of the exome 

 

• Examine all differences between 

individuals and try to interpret them 

 

Pilot project: “1000 Genomes” 

 

Technology driver: “$1000 genome” 

 

Generating all the necessary data for 

$1000 will be possible soon 

 

How about computational costs??? 



“Next-generation” sequencing 

Throughput 

400-600 million high-quality, filter-

passed bases per run* 

1 billion bases per day 

Run Time 10 hours 

Read Length Average length = 400 bases 

Accuracy 

Q20 read length of 400 bases (99% 

at 400 bases and higher for prior 

bases) 

Reads per run >1 million high-quality reads 

Computing Requirements 
Cluster recommended (Roche GS 

FLX Titanium Cluster available) 

Throughput/Run ** Up to 300 Gigabases 

System Accuracy 99.99% 

Cost/Genome *** As low as $3,000 

Read Length • Fragment: 75 bp 

• Mate-pair: 2 x 75 bp 

• Paired-end: 75 x 35 bp 

Multiplexing • 96 RNA barcodes 

• 96 DNA barcodes 

Run Time • 3 days for 35 bp 

• 12 days for 75 x 35 bp 

• 14 days for 2 x 75 bp 

454 / Roche 

Illumina / Solexa 

Life Technologies /ABI 



Slide from Mark de Pristo, Broad Institute of Harvard & MIT 

300M  100bp 



Slide from Mark de Pristo, Broad Institute of Harvard & MIT 

Bowtie, BWA. Novoalign Technology obsolete Bowtie, BWA. Novoalign 



Slide from Mark de Pristo, Broad Institute of Harvard & MIT 



Where do we go from there?? 



Making sense of variant calls 



Genome-wide VAAST analysis of Utah Miller Syndrome Quartet.  

Yandell M et al. Genome Res. 2011;21:1529-1542 

Copyright © 2011 by Cold Spring Harbor Laboratory Press 



Computational challenges in 

personal genomics 
• Large amounts of data (1 TB/sample) have to be analyzed 

using complex and rapidly evolving workflows → high-
throughput computing 

• Processing of 50x coverage data for a full human genome 
takes 2 weeks on a typical server, parallelization is 
possible at the data level only (splitting up the genome) 

• Storage and stewardship of raw data is an unresolved 
issue 

• Extraction of “relevant” information from genome 
sequence data is currently not automated and very labor-
intensive 

• Data analytics and pattern discovery on large numbers of 
genomes will be required to produce robust phenotype 
predictions from genotypes 


