Principal component analysis of the MESA-SHARE data

Population stratification and admixture can cause type I error inflation and/or loss of power in genetic association studies. They are known to affect studies that collect data from multi-ethnic samples and even those that target a single ethnicity in some cases [Pritchard et al., 2000; Seldin et al., 2006]. Genomic control (GC) [Devlin et al., 1999] and structured association tests (SATs) [Pritchard et al., 2001] have been used in efforts to limit the confounding effect of population stratification and admixture in these tests. Recent work by [Patterson et al., 2006; Price et al., 2006; Zhang et al., 2003] have shown that principal component analysis (PCA) can provide control variables that yield type I error control similar to what was previously observed with SAT. More importantly, this method does not require that a panel of ancestry informative markers and is readily available as is the case with the SAT approach. Here, we describe our approach to compute principal components in the MESA-SHARE study. 
SNP selection for PCA

We excluded the 23,428 SNPs that were already flagged in the data that was downloaded from DBGAP. We also removed 6,849 SNPs in genomic regions that have been shown to harbor long range LD. These regions have been shown to influence the choice of principal components (PCs). The genomic regions that have been removed can be seen in the table below:

Table1: Regions of genome where SNPs were removed before PCA
	Chromosome
	Start
	End

	5
	44,000,000
	51,500,000

	6
	25,000,000
	33,500,000

	8
	8,000,000
	12,000,000

	11
	45,000,000
	57,000,000

	17
	40,000,000
	43,000,000


No additional trimming for LD was performed beyond this point. However, we carefully inspected the projections obtained from each analysis for sign of additional regions with long-range LD that were influencing the choice and the number of principal components (PCs). There was a single case, which we described in more details in the result section. 
Sample selection for PCA
The PCs were computed on 8,227 individuals. 2,590 self-report as African-Americans, 2,174 as Hispanics-Americans, 2686 as European-Americans and 777 as Chinese. We should note that the eigenvectors are available for all individuals that were retained for PCA. These eigenvectors can be used to compute the projection in the principal component space for the related individuals that were removed prior to the PCA. 
Computation of the PCs

We compute the PC separately in each self-reported ethnic group as well as in the combined sample. We only report the results of the combined analysis in this document because we think that the information generated from this analysis may influence the composition of the sample that we will use for the ethnic specific analyses. We computed chromosome specific principal components to help reduce the computational burden. These PCs are later combined to provide the final set of eigenvalues, eigenvectors and projected data. The eigenvalues and projected data are included in the result files. The advantages of this approach are: (1) we do not needlessly throw away data, and (2) we have chromosome specific principal components available as a byproduct. As a final check we make sure that we understand what source of variation is explained by each PC. This step involves looking that the projected data as well as running association tests which each principal component as the outcome variable, which would allow us to determine whether there are more genomic regions that should be removed because their effect on the PCs is too strong. 
Analyses

We conducted the following analyses: 

1) Combined analyses ignoring relatedness;
2) Ethnic specific analyses ignoring relatedness;
3) Comparison between (1) and (2); 
4) Combined analyses unrelated only;
5) Ethnic specific analyses unrelated only;
6) Comparison between (1) and (4);
7) Admixture analyses accounting for relatedness;
8) Comparison between (1) and (7).

Results


The results of these analyses were presented during the last MESA meeting in Houston. The slides of this presentation are also available online. Briefly, the combined analysis showed that the first 2 principal components are the most important ones. Following the ‘elbow’ rule, we will consider the first 3 PCs for further analyses. The first 3 PC explains about 78% of the observed variation, the second about 16% and the third accounts for less than 1% of the observed variation. These PCs components together explained about 86% of the total observed variation. We show the projection of each individual in space represented by the first 3 PCs. These proportions increase slightly when the sample is reduced to unrelated individuals only. 

The projection in the space represented by the first 2 PCs in either the combined or the unrelated only analysis revealed 2 clines: the most important cline represents variations between European-African while the second one illustrates variation between European and Chinese. As expected, the self-reported Hispanics appeared to be the most heterogeneous group. There are members of this group who clustered with exactly one of the 3 other self-reported ethnicities in MESA while others displayed various level of admixture. 

The variable ‘site’ alone will not be sufficient to fully control for population stratification in analyses that involved self-reported Hispanics. In fact, we observed a V-shaped distribution for the Hispanics PCs independently of the sample that was used for the PCA. One side of this distribution contained mostly Hispanics recruited in the NYC area, while the other side is made of Hispanics from all the sites (including a subset of study participants recruited from the Columbia site). We hypothesize that the direction associated only with Hispanics recruited in the NYC is differentiating Caribbean Hispanics from other Hispanics.  

We also noted that the principal components obtained by considering the entire sample are highly correlated (minimum correlation = 0.9) with those computed on the sample that contained only unrelated individuals. This suggests that ignoring the familial relationships in computing the principal components will not greatly affect the ability to control for population stratification in association tests. 
Conclusions

In conclusion, PC3 in the combined analyses seemed to explain a 4th ancestral population that is not present in the dataset. However, this variation is clearly not as strong as what is explained by PC1 and PC2. 
We will provide the first 50 PC’s. We cannot unequivocally say which principal components and how many of them should be used to adequately remove confounding effect due population and admixture for each phenotype in a specific analysis. We recommend that this decision be made carefully by each investigating team. However, we would like to discourage the practice of blindly include principal component in an analysis without a clear idea of the role that this PC is supposed to play this particular analysis. The Wake analysis team would gladly assist all investigative teams that have questions regarding these principal components. We will produce global and local individual ancestry estimates as soon as a consensus has been reached on which populations to consider as ancestral populations for each admixed group represented in the MESA sample.  
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