Estimation of the Null Distribution of Fisher’s Exact Test P-values in GWA Studies.

Yukinori Okadal#, Kazuhiko Yamamoto4, and Ryo Yamada?!s.

I Functional Genomics, Human Genome Center, Institute of Medical Science, The University of Tokyo, Tokyo, Japan.
2 Department of Allergy and Rheumatology, Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

3 Center for Genomic Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan.

/ Abstract \ a Methods N\

The assessment of variable inflation of test statistics is an essential Estimation of the null distribution of Fisher’s Suppose sample space Q which consists
process in genome-wide association studies. Variable inflation can exact test p-values for 2 X 2 contingency tables.  of k 2 x 2 contingency tables. We define
be qua_mtifigc by qomparing th§ ol:_)ser\_/ed distribution of test | Consider a 2 x 2 contingency table as below. F(X| Q}, the summation of Q()f) over Q, as
statistics with their expected distribution under the null hypothesis the estimator of the c.d.f. of Fisher’s exact
without the inflation. Here, we planned to estimate the null "o M My test p-values under the null hypothesis

n71 n?? n?
n, n, n

without variable inflation.

distribution of Fisher’s exact test p-values, that Is not given
arithmetically.

When there is no bias in the distribution of cell F (x| Q) _1 S Q(x[n.n,.n,)
For each table in the table set, we calculated the cumulative counts under the given fixed marginal values, BT N RALED.
distribution function (c.d.f.) of p-values that the marginal counts of | | the distribution of the cell counts follow the o
the table could give, and averaged the c.d.f.s of all the tables in the hypergeometric distribution. The occurrence Simulation analysis
table set, which was our estimated null distribution of exact test p- srobability of the observed table is expressed as We generated simulation case-control

values for the table set. n,'n,!n,!n,! SNP genotype data in a range of variable

inflation (Wright’s F¢;r = 0, 0.0025, 0.005,

- - - Pr(n,n,,n,,n,,) =
We generated simulation case-control genotype data in a range of ALTRALEERL NI )
g YN s nin,!n.n,.!n,,!

variable inflation, using Wright’s F<;. For each genotype data, we 0.0075, 0.01). Sample size was 100 cases

calculated Fisher's exact test p-values of the allelic 2 X 2 tables of and the two-tailed Fisher’s exact test p-value of ~ and 100 controls, and number of SNPs

the SNPs, and estimated the null distribution of Fisher's exact test the tables is expressed as was 500,000. Allele frequencies of the

p-values. respective SNPs were randomly obtained

e . P(n,n.,n;,n,)= Pr(n,n.,n,, Ny, ), from the uniform distribution of (0,1). For
When no variable inflation was induced, observed p-values (0.1, M) o );,r(ns i ) (0.1)

. SN o MuNaMy) < PR MMy each value of F.., genotype data were

followed their estimated null distributions. Observed Fisher's exact o created 10 times separately

test p-values indicated higher variable inflation, as Fg; increased. where n’y, satisties all of n’;;>0. |

Estimated null distributions of Fisher's exact test p-values were Let Q(X) be the c.d.f. of Fisher’s exact test p- For each genotype data, we calculated

Fisher's exact test p-values of the allelic
2 X 2 tables of the SNPs, and then

identical regardless of Fgr. values of the tables with marginal values of (n,

VOIW mv\elg?hod (tes\}lrrr;algeld itrr:](‘el ntlijllndfrtr:gliﬂon (';f Fllcstr;]ers erﬁ?r?t t?t P 15 M) estimated the null distribution of Fisher's
AlEeS out varlable Inriation, o e sets T the CONtngency Q(x|n,n ,n,)= ZPr(n, n,Ng,N,). exact test p-values.

t\ables that included the variable inflation. / \ P(nn, NN’y <X /
- Results N

Quantile-Quantile Plots of Fisher’s Exact Test P-values Type | Error Rates of
Fsr=0 Fsr = 0.0025 Fsr =0.005 Fsr = 0.0075 Fsr=0.01 Fisher’s Exact Test P-values
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(1) When no variable inflation was induced (Fs: =0), observed Fisher's exact test p-values followed their estimated null distributions.
(11) Observed Fisher's exact test p-values indicated higher variable inflation, as the value of F<; Increased from 0 to 0.01.
\ (111) Estimated null distributions of Fisher‘s exact test p-values were identical regardless of the value of F-. /
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