SUPPLEMENTARY MATERIALS AND METHODS

Pleiotropic enrichment estimation

We performed conditional Q-Q plots based on varying
levels of significance in the conditional phenotype to
visualize the difference between observed distribution
in the principal trait and theoretical distribution. We
plotted the QQ curve for the quantile of
nominal -logl0(p) values for the association of the
subset of SNPs that were below each different
significance threshold in the conditional phenotype. The
quantile of the nominal p-values are plotted on the
x-axis, and the nominal -log10(p) values are plotted on
the y-axis for T2D and BW respectively. Under the null
hypothesis, the strength of pleiotropy enrichment can be
reflected by the degree of the leftward shift from the
null line. The Q-Q plot falls on the X =Y, which means
no enrichment of pleiotropic genetic effect. By contrast,
an earlier leftward shift from the null line indicates the
existence of pleiotropic enrichment. Greater spacing in
the Q-Q plots shows a stronger trend of pleiotropic
enrichment shared between the principal and
conditional phenotypes.

Then, we presented fold-enrichment plots with “ggplot2
package in R software” [1] to assess further the
pleiotropic enrichment between T2D and BW. The plots
were formed by nominal -log10(p) values at different
stratifications which were divided by the p-value of
SNPs for the conditional phenotype (p < 1; p < 0.1;
p < 0.01; p < 0.001). Nominal p values (-log10(p)) are
plotted on the x-axis and fold enrichments are plotted
on the y-axis. In each cut-off category, we computed the
fold-enrichment values (En, as defined below) for all
possible p values on the x-axis (between 0 and 10),

and N; is the proportion of SNPs with -log10(p) > X, No
is the number of all SNPs in each cut-off category, and
i is from 1 to No. We can observe an upward shift from
the expected baseline as the presence of pleiotropy.
Also, the greater separation between different
stratification indicated a stronger pleiotropy.

The calculation of cFDR and conjunctional cFDR
(ccFDR)

The cFDR is an extension of traditional FDR, and this
method is well-established and has been widely applied
[2], [3-5]. We performed to integrating the two
independent GWASs with summary statistics to assess
the probability that an SNP has a false positive
association with the principal phenotypes under the

given p-value for both the principal and conditional
phenotypes are smaller than the pre-defined significance
thresholds. cFDR was expressed as:

cFDR(p;|p;) = Pr (H(El)|Pi <piP <pj))

Where pi is the strength of association for the SNP with
the ‘principal phenotype’, and p; is the strength of
association for the same SNP with the ‘conditional
phenotype’. Then the Ho® stand for the null hypothesis
that there is no association between this given SNP and
the principal trait. After the data preparation, we
computed the cFDR for each SNP where T2D is the
principal phenotype conditioned on the strength of
association with BW (T2D|BW) and vice versa
(BW|T2D). Using this approach, we identified the loci
significantly associated with T2D and BW (FDR < 0.5),
respectively.

After the calculation of cFDR, we computed the
conjunction cFDR (ccFDR) to find the pleiotropic loci.
The maximum cFDR value of the two traits was token
as the ccFDR value of each variant. An SNP with the
ccFDR value smaller than 0.05 was considered to be
significantly associated with both T2D and BW.

Manhattan plots for conditional statistics and
conjunction statistics

Using “qgqman” package in R software [6], we
constructed Manhattan plots to visualize the locations of
the genetic markers. All SNPs were present in relation
to their chromosomal locations. We plotted locations of
the 22 chromosomal on the x-axis, and plotted the
—log10 the SNPs' values on the y-axis. The SNP with a
-loglO(cFDR) > 1.3 was considered as a locus
associated with the principal phenotype given the
conditional phenotype. Then, an SNP with — logl0
conjunction FDR value is > 1.3 was determined to be
associated with both the principal trait.
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