
DEPTH: A Novel Algorithm for Feature Ranking 

with Application to Genome-Wide Association 

Studies 



DEPTH Algorithm 

• Novel algorithm for feature ranking 

 

• Ultra-high dimensional data sets 

– e.g., genome-wide association studies, epigenome-

wide association studies 

 

• Which features correspond to signal/noise? 



Conventional Analysis of GWAS data (1) 

• Genome-wide Association Studies 
 

– Case-control setup 

 

– N samples, p markers (SNPs) 

 

– Allele frequency in cases vs. controls 

 

– Report effect size as an odds ratio 

 

 

 

 



Conventional Analysis of GWAS data (2) 

• Conventional approach to analysis 
 

– Test each marker independently 

 

– Calculate frequentist p-value for each marker 

 

– Adjust for multiple testing 

 

– All p-values less than threshold considered true associations 

 
• e.g., Genome-wide significance threshold 

 

 

 

 

 



Manhattan Plot and Skyline 
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The primary analysis tested the association with T2D of the 568,976 

autosomal SNPs that had been directly genotyped and passed qual-

ity control testing among the South Asian GWAS participants. We 

chose to limit the primary analysis to directly genotyped rather than 

imputed SNPs, as a South-Asian–specific dense haplotype map has 

not been described. This approach was enabled by the use of Illumina 

microarrays for all samples (17,880 samples on the Illumina 610 or  

660 and 2,139 samples on the Illumina 317). We tested SNP associa-

tions with T2D separately among men and women in each study using 

logistic regression and an additive genetic model. We included princi-

pal components as covariates to adjust for population substructure9; 

there were no other covariates used in the regression analyses. We com-

bined the results from the separate studies using a fixed effects inverse 

variance meta-analysis implemented in METAL (see URLs) and out-

put association test results adjusted for the genomic control inflation  

factor. There was no evidence for inflation of the test statistics (  = 1.00 

to  = 1.03; Supplementary Table 2 and Supplementary Fig. 3).

In the primary analysis, one locus reached genome-wide significance 

(P < 5 × 10−8); the lead SNP was rs7903146 in TCF7L2, which is a well 

described T2D risk variant (Fig. 2)10. There were a further 59 inde-

pendent loci associated with T2D at P  1 × 10−4, of which 50 have not 

previously been described in GWAS of T2D (Supplementary Table 3).  

To help prioritize these loci for replication testing in stage two, we 

carried out a combined analysis of the South Asian discovery data 

with results from the DIAGRAM+ GWAS meta-analysis (8,130 cases 

with T2D and 38,987 controls of European ancestry)11. We then took 

forward for replication testing (i) all loci associated with T2D in South 

Asians alone at P  1 × 10−5 (N = 7) and (ii) among the loci associated 

with T2D in South Asians at P > 1 × 10−5 and P  1 × 10−4, the 12 inde-

pendent SNPs with the lowest P values in the combined analysis with 

results from DIAGRAM+ (corresponding to ~P < 10−3). This strategy 

was designed to maximize discovery of both genetic loci specific to 

South Asians as well as loci shared with European populations.

We carried out replication testing in 13,170 cases and 25,398 controls 

of South Asian ancestry (Supplementary Note and Supplementary 

Table 4). We tested SNP associations with T2D separately in each cohort 

and then combined the results by inverse variance meta-analysis. Six 

SNPs were associated with T2D in the South Asian replication samples 

at P < 2.5 × 10−3 (P < 0.05 after correction for multiple testing): 

rs3923113 near GRB14, rs16861329 in ST6GAL1, rs1802295 in VPS26A, 

rs2028299 near AP3S2, rs7178572 in HMG20A and rs4812829 in 

HNF4A (Table 1, Supplementary Table 5 and Supplementary Fig. 4).  

These six SNPs reached genome-wide significance (P < 5 × 10−8) in a 

combined analysis of GWAS data from South Asians and the results 

for South Asians from the replication samples (Table 1).

Of the 12 SNPs with modest statistical evidence in the South Asian 

GWAS (P > 1 × 10−5 and P  1 × 10−4) that we carried forward for  

replication testing based on the combined analysis with the 

DIAGRAM+ data, 3 showed replication and reached genome-wide 

significance in South Asians. This lends support to the view that selec-

tion of SNPs based on a combined analysis with Europeans is likely 

to enrich for true associations.

As secondary analyses, we carried out the following five GWAS 

meta-analyses: (i) male-gender specific; (ii) female-gender specific; 

(iii) body mass index (BMI) adjusted; (iv) lean T2D cases (BMI <  

25 kg/m2) compared to overweight controls (BMI > 25 kg/m2); and (v) 

analysis of GWAS data imputed with untyped SNPs from the HapMap2 

reference panel (for a total of 2,646,472 SNPs). One locus reached  

P < 5 × 10−8 for association with T2D among women (Supplementary 

Fig. 5). However, the sentinel SNP (rs17052370, near UBBP4, odds 

ratio (OR) = 1.37, 95% confidence interval (CI) 1.23–1.52, P = 8.9 ×  

10−9) did not replicate among South Asian women either in the repli-

cation samples (OR = 1.03, 95% CI 0.97–1.09, P = 0.32) or in the 

combined analysis of the GWAS and replication data (OR = 1.10, 95% 

CI 1.04–1.15, P = 3.4 × 10−4). There were no additional loci identified 

from the other secondary analysis (Supplementary Fig. 5).

Because overweight status and obesity are major risk factors for 

T2D12, we investigated whether the relationship of the sentinel SNPs 

with T2D might be mediated through adiposity. We found that the 

sentinel SNPs are not associated with BMI or waist-hip ratio in South 

Asians (Supplementary Table 6). Furthermore, the association of the 

sentinel SNPs with T2D is not materially influenced by additional 

adjustment for measures of obesity among South Asians in the replica-

tion samples (Supplementary Table 7). Adiposity therefore does not 

mediate the relationships between these SNPs and T2D.

To provide insight into the genetic mechanisms underlying the 

observed associations with T2D, we sequenced the six associated 

regions (1 Mb on either side of sentinel SNPs) in 109 South Asians. We 

identified 49,145 genetic variants at these loci in South Asians, of which 

24,902 are not present in the HapMap or 1000 Genomes Project13 data-

sets (see URLs; Supplementary Table 8). However, there were no path-

ogenic SNPs (coding, splice site or regulatory) in linkage disequilibrium 

(LD) at r2 > 0.5 with the sentinel SNPs; we obtained the same results in 

searches of the HapMap and 1000 Genomes Project datasets.
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Figure 2 Manhattan plot for the primary South Asian genome-wide 

association analysis of men and women using directly genotyped SNPs. 

At the six new loci reaching genome wide-significance, the sentinel SNPs 

are indicated with a green dot for the GWAS result and a red dot for the 

combined analysis of the GWAS and replication data in South Asians.

Stage one: genome-wide association in South Asians

5,561 T2D cases and 14,458 controls

Stage two: replication testing of 20 SNPs in South Asians

13,170 T2D cases and 25,398 controls

Combined analysis with South Asian GWAS result

Six SNPs reach P < 0.0025 in replication testing

and P < 5 ´ 10
–8

 in South Asian combined analysis

Stage three: population-specific effects and mechanisms

Sequencing LD structure Effect sizes eQTLs

Secondary

GWAS analyses

One SNP selected

SNPs at P £ 10
–5

Top SNP at all

7 loci selected

SNPs at P > 10
–5

 and P £ 10
–4

Combined analysis DIAGRAM +

Top SNP at 12/44 loci selected

Figure 1 Summary of study design.



Conventional Analysis of GWAS data (3) 

• Difficult statistical problem 
 

– Large number of markers 

 

– Correlated data 

 

– Disease causing variants not measured 

 

– Conventional analysis minimises family-wise error rate 

 
• Highly conservative publications 

 

 

 

 

 



DEPTH (1) 

• Our strategy: DEPTH 
 

– NHMRC Project grant 

 

– Designed to run in a parallel environment 

 

– Exploits data correlation structure 

 

– Examine all markers, or subset of markers 

 
• e.g., all markers in a gene or pathway of genes 

 

 

 

 

 

 

 

 





























Is this peak “statistically significant”? 



A non-parametric measure of signal 



DEPTH and CCFR Colorectal Cancer GWAS data (1) 

• CCFR Phase I GWAS data set 

 

– 1,179 cases and 998 controls 

 

– 2,121,264 markers 

 

– Standard QC 

 

– DEPTH genome-wide analysis (NHMRC Project Grant) 



DEPTH and CCFR Colorectal Cancer GWAS data (2) 

• DEPTH identified ~60 genomic regions associated with 

risk of CRC 

 

• The genomic regions: 

– Some already known (e.g., ERCC6, SMAD7, DCC) 

– Many novel regions (e.g., TUSC3, VIM, LIMA1)  



DEPTH and CCFR Colorectal Cancer GWAS data (3) 



Future work (1) 

• DEPTH sub-analyses 

– Proximal colon versus distal colon and rectum 

– Mismatch repair deficient versus proficient tumours  

– Case-case analysis (stratified by age) 

 

• DEPTH analysis of combined CRC GWAS and EWAS 

data 



Future work – Replication (2) 




