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Genome-Wide Association St

e GWAS: Examininig the associations between single-nucleotide
polymorphisms (SNPs) and a phenotype!
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e Nowadays testing more than a million SNPs simultaneously?

e E(#(FP)) = 0.05 x 10° = 50000
e Severe multiple testing corrections, e.g., 5 x 10~8 with the Bonferroni

*
https://neuroendoimmune . wordpress . com/2014/03/27/dna-rna- snp-alphabet-soup-or-an- introduction-to-genetics/
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Gene-Based Testing and Independence Assumption

LLinked SNPs
outside of gene k
e Combining the p-values of SNPs that belong to a e production
or function
gene
\Causative SNPs
A . 5 e
e Accounts for polygenic effects Non-coding SNP:
) o changes amount of
o #(Genes) << #(SNPs) — May improve power” proein poduced
o ] 5 S orangesamino
e Several methods for combining p-values: Fisher?, 200 seavence v
Stouffer®, Binomial Tests’, Bonferroni®, Tippett® @ .

d10,11

e Independence assumption — linkage disequilibrium (LD) is ignore

e Common adjustment techniques: Effective number of tests!?71%,

permutation tests!®, deriving the test statistic under dependence!”

T

https://learn.genetics.utah.edu/content/precision/snips/
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Available R Packages and Missing Points

e Available packages via CRAN and Bioconductor

e Independent Tests: metap'®, survcomp'®, aggregation®, gap®
e Dependent Tests: CombinePValue?®?, EmpiricalBrownsMethod??,

TFisher?*, harmonicmeanp25
e Points still to be addressed

e Identicality assumption between the LD and correlation/covariance matrices
(effective number of tests and Stouffer under dependence)

e Need for raw data and high computation time (permutation tests)

e Applicable only to one-sided tests (under dependence)

e Imprecise approximations to the covariance matrix (under dependence)



The poolr package - Base Functions

e fisher(), stouffer(), invchisq(), binotest(), bonferroni(),
tippett ()

> args(fisher)

function (p, adjust = "none", R, m, size = 10000, threshold,
side = 2, batchsize, ...)
NULL
e The vector of p-values (p) and the LD matrix (R) are sufficient
e Adjustment techniques for dependence (adjust)
e Effective number of tests (c("nyholt", "1liji", "gao", "galwey"))

e Empirically-derived null distributions
e Test statistic under dependence (for both one- and two-sided tests)



The poolr package - Multivariate Theory

e mvnconv(): Covariances among the (transformed) p-values!’
> args(mvnconv)

function (R, side = 2, target, cov2cor = FALSE)
NULL

e target is set to

e "m21p" for fisher()

e "z" for stouffer()

e "chisql" for invchisq()

e "p" for effective number of tests



An Example Data

> round(grid2ip.p[1:4], 3) # p-values in the gene GRID2IP
[1] 0.524 0.032 0.039 0.923

> length(grid2ip.p) # Number of SNPs in the gene

[1] 23

> round(grid2ip.1d[1:4, 1:4], 3) # LD matrix

rs10267908 rs112305062 rs117541653 rs11761490

rs10267908 1.000 0.199 -0.185 -0.143
rs112305062 0.199 1.000 0.144 -0.004
rs117541653 -0.185 0.144 1.000 -0.098

rs11761490 -0.143 -0.004 -0.098 1.000



Applying poolr on the Example Data

> fisher(p = grid2ip.p, adjust = "empirical", R = grid2ip.1d)

number of p-values combined (k): 23

combined p-value: 0.0024 (95% CI: 0.00154, 0.00357)
test statistic: 118.292 ~ chi-square(46)
adjustment: empirical

> # Stepwise algorithm

\%

fisher(p = grid2ip.p, adjust = "empirical", R = grid2ip.1d,
size = ¢(1000, 10000, 100000), threshold = c(.5, .05, 0))

+

# Using batches to avoid memory allocation problems when

fisher(p = grid2ip.p, adjust = "empirical", R = grid2ip.ld,

>

> # generating a large empirical distribution
>

+ size = 1000000, batchsize = 1000)



Applying poolr on the Example Data

> fisher(p = grid2ip.p, adjust = "generalized",
+ R = mvnconv(R = grid2ip.1ld, side = 2))

number of p-values combined (k): 23
combined p-value: 0.000765

test statistic: 38.338 ~ chi-square(14.908)
adjustment: Brown's method



Getting poolr and Future Works

e Available at: https://github.com/ozancinar/poolr

> require(devtools)

> install_github("ozancinar/poolr")

e Adding poolr to CRAN
e Papers to be published

e Presentation of the package
e Comparison of the methods with a simulation

e Adding methods to estimate the covariances from the p-values alone
(assuming compound symmetry)


https://github.com/ozancinar/poolr

Thanks for the Listening

ozan.cinar@maastrichtuniversity.nl
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