
INTRODUCTION 
Ultra-high throughput sequencing is becoming a cost-effective method for the analysis 
of human genomes to discover genetic variation which might have implications in health 
and disease. Three HapMap samples were sequenced via the ligation–based approach 
utilized in the SOLiD™ sequencing system: two Yoruba samples NA18507 (18x) and 
NA19240 (26x), and one CEPH sample NA12878 (12x) using paired-end libraries with 
various insert sizes (600bp-3.5kb) as well as several fragment libraries. All the raw 
data used is available in the public domain at the NCBI Short Read Archive and was 
generated either independently or as part of the 1000 Genomes project. 

A total of 6.9M distinct variant-allele SNPs were detected across the three genomes 
via a heuristic approach which considers the number of reads per allele as well as a 
score which weights the SNP calls based on the error profile of the reads.  The total 
numbers of heterozygous SNPs, homozygous SNPs, and %dbSNP v129 concordance 
per sample detected (presented in this order) are as follows: NA18507 (2.33M, 1.53M, 
81%), NA19240 (2.51M, 1.54M, 79.1%), and NA12878 (1.46M, 1.68M, 87.9%). The 
higher concordance of NA12878  to dbSNP may reflect a bias in dbSNP toward entries 
for the CEPH population. 

Of the coding SNPs, 54% are silent, 45% are missense, and 0.6% are nonsense. 
We categorized the function of these genes using the Panther classification system, 
and annotated the damaging potential of non-synonymous SNPs (nsSNPs) using 
predictions from PolyPhen. About 20% of nsSNPs in these samples are predicted 
to be damaging. There are fewer damaging SNPs in the homozygote than in the 
heterozygote state, consistent with the role of purifying selection, this reduction being 
statistically significant as compared with benign SNP zygosity. We identified nsSNP 
alleles previously associated with human disease (as described in the OMIM database), 
and found very few in the homozygous state and none of them in a highly penetrant 
Mendelian disease.

RESULTS
Figure 1.  Cumulative Coverage for NA18507, NA19240, and NA12878

Figure 1: Cumulative Sequence Coverage for NA18507, NA19240, and NA12878 
Sequenced by SOLiD™ (i.e. 10% of NA12878 is sequenced to >=20x).

Table 1. Average Paired-End and Fragment Coverage per Genome

Total Coverage Mate Pair Fragment Sequenced by
Yoruba male 
(NA18507) 

17.9x 14.9x 3x AB

Yoruba female 
(NA19240)

26X 14.6x 11.4x Baylor & AB 

CEPH female  
(NA12878)

12.1X 12.1x n/a  Broad

Table 1: Average Sequence Coverage for NA18507, NA19240, and NA12878 
Sequenced by SOLiD™. NA18507 and NA19240 were sequenced with a mixture of 
Fragment and Paired-end libraries, and NA12878 was sequenced with Paired-end 
libraries only.  These coverage levels along with the cumulative coverage (Figure 1) is 
for non-redundant pairs and uniquely mapping fragment reads; it is these reads which 
were used for SNP calling these three genomes.

Figure 2. Total Heterozygous and Homozygous SNPs for NA18507, NA19240, and 
NA12878 per chromosome with dbSNP concordance.
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Figure 2: The total number (left y-axis) of heterozygous (left half) and homozygous 
(right half) SNPs discovered in NA18507 (dark blue), NA19240 (violet) and NA12878 
(light blue). Also shown is the dbSNP2 concordance (version 129) for the SNPs 
discovered in all three genomes. For all genomes, fewer of the heterozygous SNPs 
are also found in dbSNP compared to homozygous SNPs. This is likely because 
heterozygous SNPs are less likely to be found in dbSNP, perhaps because they are 
more difficult to detect. Despite the lower coverage for NA12878 (12.1x) compared 
to NA18507 (17.9x) and NA19240 (26x), there are a higher percentage known 
heterozygous SNPs likely because SNPs from the CEPH individual are more likely to 
be in dbSNP compared to the two Yoruba samples less Yoruba SNPs being discovered 
to date and consequently deposited into dbSNP.

Figure 3. Overlapping SNPs Between 3 Human Genomes
A.
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Figure 3: A: Venn diagrams for overlapping reference-variant SNPs across the 3 
genomes sequenced with SOLiD™, NA18507, NA19240, and As expected, the two 
Yoruba samples have the most overlap between each other. Also, the two Yoruba 
samples have more SNPs unique to themselves. B: Venn diagram of the overlaps of 
OMIM disease related alleles identified in the 3 genomes.

Table 2. Non-synonymous SNP potentially impairing protein function in NA18507 
as predicted by PolyPhen

PolyPhen Predictions
Benign Possibly damaging Probably damaging

Total 4,581 807 466 

Heterozygous 2,320   (50.6%) 463  (57.4%) 263   (56.4%)

Homozygous 2,261   (49.4%) 344  (42.6%)* 203   (45.6%)*

We discovered 2,892 non-synonymous SNPs that are pre-annotated using PolyPhen 
for the expected degree of damage they will cause to the protein (Ramensky, Bork, 
and Sunyaev 2002). 2,055 of these non-synonymous SNPs are annotated as ‘benign’ 
(71.4%); 459 are ‘possibly damaging’ (15.9%); 275 are ‘probably damaging’  (9.5%); 
and 103 are ‘unknown’ (3.5%). This compares to the proportions of these categories 
among all 76,434 non-synonymous SNPs in the PolyPhen database. Of these, 65.1% 
are ‘benign’; 18.6% are ‘possibly damaging’; 14.6% are ‘probably damaging’, and 1.6% 
are ‘unknown’. The nonsynonymous SNPs in this Yoruba sample are significantly 
less damaging than the full collection of dbSNP nonsynonymous SNPs (p < 10-5). 
Homozygote state is significantly underrepresented for ‘probably damaging’ and 
‘possibly damaging’ alleles as compared to ‘benign’ variants in this individual genome 
(Table 2).

We investigated whether damaging SNPs were over or under represented in certain 
protein classes. There are 734 SNPs that are possibly or probably damaging on 655 
proteins with annotated function in the Panther protein classification database (ref) 
(http://www.pantherdb.org; 420 proteins with at least 1 possibly damaging mutation, 
257 Proteins with at least 1 probably damaging mutation and 78 proteins with 2 or more 
damaging mutations). When comparing with the distribution of proteins in Panther 
categories of the human proteome, we indentify protein families significantly under-
represented for damaging SNPs (binomial test, P<0.05), including transcription factors, 
nucleic acid binding proteins and membrane traffic proteins, intracellular protein traffic 
and nucleoside, nucleotide and nucleic acid metabolism. On the other hand, categories 
overrepresented in damaging SNPs include receptors (especially G-protein coupled 
receptors), defense/immunity proteins, cell adhesion molecules, and cytoskeletal 
proteins as well as biological functions of genes including olfaction (and sensory and 
chemosensory perception), immunity and defense and G-protein mediated signaling

Table 3. Non-synonymous SNP in our sample previously implicated in human 
disease

Sample
NA18507 NA19240 NA12878

Total 51 48 52
Heterozygous 37 36 45
Homozygous 14 12 7

To assess disease relevant variations present in the genome sequences as described 
previously in the literature, we used the disease variants as described in the Online 
Mendelian Inheritance in Man (OMIM) database (Hamosh et al. 2005; McKusick 
2007), a database of gene-disease relationships. Here we investigate only the amino 
acid allele variants from the OMIM database – as list of 9,239 variants of amino acid 
and terminator mutations that we could position uniquely and with confidence onto 
the genomic sequence. We then compared the sample sequence variants to this list 
encompassing 2,161 human genes found in OMIM as of August 2008. Within these 
9,239 mutations, Table 3 shows the list of OMIM variants for which each sample is a 
carrier of the disease allele in the homozygous or heterozygous states. In reviewing the 
disease associations for the homozygous alleles, each association is with a common, 
multi-factorial disease including susceptibility to obesity, drug addiction, atopy, 
thrombocytosis, bladder cancer as well as the trait of slow acetylation. As expected, 
from this initial analysis it seems none of the many Mendelian disease-causing variants 
listed in OMIM are found in any genome sequence in the homozygous state. 

Recent studies of genetic variation of functional significance in individual genomes 
have so far mostly focused on SNPs. However, it is becoming clear that structural 
variation can have functional implication in gene integrity and function. Therefore, we 
also studied the impact of large indels on gene integrity, by looking for breakpoints 
regions that overlapped with gene loci. Of the disrupted genes that we identified in this 
way, ~15% are contained in a curated collection of 3,600 human disease genes; the 
functional or disease impact of these events is currently unknown. 

CONCLUSION
Our results suggest that much more genetic variation 
remains to be uncovered in human populations, in particular 
structural, which must be considered to obtain a complete 
picture of their functional impact in individual genome 
sequences.
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