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Defining edges of enrichment strata

A

The predicted relative enrichment scores, Y, we computed as the fitted value of

logit(Y)= X where Y is the probability that a SNP has p value smaller than a certain
threshold, pthresh, and the X matrix contains enrichment categories, using the gim
function with logistic link from the R statistical program. In order to make the stratified Q-Q

plots equally spaced (horizontally) at the pthresh=3 level, we deployed follow procedures.
First, we applied the log4 transformation to Y . Then we obtain ¥ by applying a regression

spline algorithm, using the Y on the ordinate axis and the Y on the absissa. This spline is

then evaluated at 1,000 quantiles of Y . We found the bin edges, for the 10 enrichment

strata, of the conditional Q-Q by using the regression spline algorithm with ¥ on the

ordinate axis and Y on the absissa. We then applied the spline function on the 10

quantiles of ¥ .

Random Pruning

We performed random pruning before generating the empirical replication effect sizes for
each iteration in the resampling procedure. Specifically, N, number of SNPs, random
numbers were generated from the uniform distribution (0, 1). Then, using the LD matrix
from the 1000 Genomes Project European population, only the data with maximum value
in each LD block, defined by r? < 0.8, was marked. Finally, SNPs corresponding to the
marked data point were retained and the rest were removed.

Parameter estimation of mixture model

With the two components scale mixture model, the expected posterior effect size ¢, given

Z. =z are given by,
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It is straightforward to show the posterior variance is given by

Var(8.1Z=z)=0,
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where n is the effective sample size, o; the error variance, f(z,) the density of observed
z-score, z,, Vi the genotypic variance, fdr(z,) the local false discovery rate, tdr(z,) the

true discovery rate for SNP J.

To estimate model parameters in the mixture model, o;,0;,0; and x,, we divided
the PGC SCZ sub-studies into two disjoint groups. One group was assigned as the
discovery and the other as replication samples. The number of sub-studies assigned as
discovery sample was varied in increments of 10% from 20-50% (10, 17, 20 and 26 sub-
studies) of all PGC sub-studies, and, for each scenario the complement sub-studies were
used as replication sample. SNPs in the MHC region were first removed then pruned at LD
r’ < 0.1 before parameter estimation. Each scenario was iterated 500 times, with random
selection of sub-studies and random pruning at each iteration. For each iteration k, k=1,2,

..., K(=500), we computed the meta-analysis discovery (Z,,,) and replication (Z,,, ) Z-

scores, i=1, 2, ..., N, SNPs, using the fixed effect size formula®, independently for

discovery and replication samples. Then Z,,, were binned into intervals
I =[-10+(m-1)h,—10 + mh] of width h on the interval [-10, 10), where m=1,2, ..., M for
M=1,001. Let X ,,={Zy,: Z;, €1,,}, and let n,, = card{X .} . We computed the sample

means
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which are the nonparametric (empirical) estimates of E{Z
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are the nonparametric estimates of the variance Var{Z

romlk

12,4} - By entering equation (1)

and (2) into the quadratic estimating equations, the parameters were estimated by
minimizing the differences between the empirical (equation (3) and (4)) and model
predicted expectation and variances (equation (1) and (2)).

Gene discovery

Finally, we used all PGC SCZ sample as discovery and assume there were a replication
sample with the same size to compute the predicted replication probability for each SNPs.



Procedure of CM3 computation

S={s;1i=1,2, ..., m}, set of sub-studies available (m=52)

M={m k=12, ...k}, set of enrichment strata (k=10)

F={fIfE(02,03,04,05)}

N= {n;1j=1,2, ..., J}, set of iterations for random sampling for a specific split fraction, f

H, average heterozygosity of SNPs based on allele frequencies from the 1000 Genomes Project

Predicted enrichment score
Meta-analysis of all sub-studies
Pruning SNPs at LD 1* > 0.8, i.e., SNPs with pair-wise 1> <0.8 are assumed to be independent and the SNP with
smallest p value in a LD block was kept.
Computing predicted enrichment score using enrichment factors.

Stratifying SNPs
Dividing predicted enrichment score into k evenly distributed intervals
Assigning SNPs into the corresponding interval based on the predicted enrichment scores

Construct empirical discovery/replication dataset
forne N

forfEF
compute the number of discovery sub-studies as discovery sample, n,=round(m * f)
Randomly select n, sub-studies, S, , as discovery sample

The complementary sub-studies, S, ,=S\S

n,r n,d?

as replication sample
Compute meta-analysis z score for discovery sample and replication sample z, ;, and z

N, ,and N,

nro * Vnd nro

respectively

n,d? o

Compute the effect sample size of S, ;and § respectively

Randomly prune SNPs using discovery sample, LD 1> < 0.8
form €M
Compute the observed condition replication z score for stratum m, z, 1, = E(Z,,, ulZ, 40> 1)

Predict posterior effect size
form €M

Estimate JT Oy,n-0 05, forstratum mbasedon H,z_,,,2 4., N 4and N ,

Im° d,m>

i.e., the set of empirical data across all J iterations of resampling and all F split fractions
forn€ N

Predict posterior effect size, z

pndm DAsEdoONZ, 0 T Oy, .0, .0, N, andN,,

ILm ?

Predict replication probability, repl

wanbased on 2, 7T, Oy .0y, .0, N, and N,

1Lm >
Compute average predicted posterior effect size z,, = Ex (2,4
Compute average predicted posterior effect size repl,, = Ey (repl

pdm

), i.e., averaged over J iterations
- ), i.e., averaged over J iterations
Predicted replication probability

Construct smooth 2-D lookup table of predicted replication probability for all SNPs based on the estimated parameter
values (assuming there exists an independent sample with effective sample size equal to the current sample size, and, using
the meta-analysis z score of all PGC2 sub-studies as discovery z scores)

Empirical replication rate
forfEF

forne N
Number of discovery sub-studies as discovery sample, n, = round(m * f)
Randomly sample n, sub-studies, S, , as discovery sample

The complementary sub-studies, S, , = S\S

o .q» as replication sample

Compute meta-analysis z scores and p values for discovery sample and replication sample, z,
Puaandz,, p,, respectively.

Compute predicted replication probability, repl, ,, based on estimated parameters
T 00 01,05, . form €M, and z

Prune SNPs using discovery sample, LD 1* < 0.1, i.e., SNPs having pair-wise LD r* < 0.1 are
assumed to be independent and keep the SNP with the highest replication rate or lowest p, ,
in each LD block
Sort p, by repl, ,;, descendingly and by p, , increasingly, separately
Compute empirical replication rates as the proportion SNPs with p, . . <= 0.05 in the top X SNPs
Compute the average empirical replication rate for split f over J iterations

n,d?

n.d
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