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Implications of an admixed Brazilian population

in schizophrenia polygenic risk score
The Psychiatric Genomics Consortium (PGC) has implemented a tool,
called Polygenic Risk Score (PRS), which compiles data from hundreds to
millions of common variants into a single measure, making it a valuable
instrument to investigate the genetic risk of complex diseases, like schizo-
phrenia (SCZ) (Dudbridge, 2013; Purcell et al., 2009). To calculate the
SCZ-PRS, a reference sample must be defined, but most subjects in cur-
rently available samples are Caucasian, and doubts remain about the reli-
ability and efficiency of SCZ-PRS in admixed samples (Birnbaum and
Weinberger, 2017; Vassos et al., 2017).We tested if SCZ-PRSwould differ-
entiate patients with schizophrenia and healthy controls in a Brazilian
sample, producing a higher mean PRS in patients. In addition, we investi-
gated if interracial admixture influences the results.

We genotyped 177 patients with SCZ (from the Schizophrenia Pro-
gram of Universidade Federal de São Paulo - UNIFESP) and 242 controls
(HumanOmniExpress BeadChips – Illumina, USA, which interrogate up
to 730,525 genetic markers). This study was approved by the Research
Ethics Committee of the Universidade Federal de São Paulo/CEP –
UNIFESP and all participants agreed their participation on the study
signing an informed consent. The genomic imputation was performed
by the Sanger Imputation Server using Eagle2 for phasing and the
1000 Genomes sample (version 3) as a reference panel. To generate
the PRS we used PRSice software using the default options. The SCZ
sample from PGC was set as a reference sample and our genomic im-
puted and non-imputed samples as targets.

Initially, we calculated the PRS for all the 419 individuals without
imputation (649,401 SNPs), which could explain 6.8% of the variance
with p-value threshold of 0.5 (Supplementary Table 1, Supplementary
Fig. 1A). The same was done in our genomic imputed samples
(10,704,150 SNPs) and the PRS tool could explain 5.2% of variance,
with a p-value threshold of 0.001 (Table S1, Fig. S1B). Then,we explored
the PRS distribution of the non-genomic imputation samples, along
with the PRS distribution of five ethnicities from 1000 Genomes Project
and observed that the Caucasian group showed a lower PRSmeanwhen
compared with the other groups, followed by Mexicans and Asians
(Supplementary Fig. 2). The African group had the highest PRS mean
while the Brazilian population showed an intermediate value with an
overlap among the other ancestries.

Subsequently, we calculated PRS for only individuals who self-
declared as Caucasian (red dots in the PC graph – Supplementary
Fig. 3), excluding from the analysis those who self-declared as other de-
scent. We found an explained variance of 9.2% without genomic imputa-
tion, with a 0.5 threshold (Supplementary Table 1; Supplementary
Fig. 1C). In our genomic imputed samples, the PRS tool could explain
6.7% of variance, with a p-value threshold of 0.001 (Supplementary
Fig. 1D).
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Even considering only self-declaredCaucasian individuals (BR_CEU),
our sample continues to be highly heterogeneous. Thus, we used
ENIGMA protocol to plot the principal components of our sample
along with the 1000 Genomes sample to observe how individuals are
distributed according to their ancestry (ENIGMA, 2013) and divided
them into four different groups, arbitrarily, based on the PC graph: Cau-
casians (PC-selected), Latin 1, Latin 2, and Asians (see Supplementary
Table 2). The explained variance and the p-value threshold of each
group are described in Table S1 and the PRS distribution of the non-
imputed samples can be seen in Fig. 1.

Lastly, we compared the PRS p-threshold mean between cases and
controls for all analyses using a t-test in R Studio for each analysis
(with and without genomic imputation). We found a statistical differ-
ence in the PC-selected Caucasians and Latin 2 groups, both with and
without genomic imputation (p-values: Caucasians = 8.4 × 10−8 and
3.6 × 10−7, respectively; p-values Latin 2 = 2.7 × 10−5 and 8.5
× 10−5, respectively) (Supplementary Table 3).

We were able to observe the influence of an admixed population
from our results. The larger GWAS and genomic imputation tools avail-
able for SCZhave been designed based on European, North America, and
Asian population samples (Martin et al., 2017). But even in a small and
admixed sample, we could to differentiate cases and controls with the
PRS tool, even though the discriminative power of PRS differed signifi-
cantly according to ancestry and to the use of imputed and non-
imputed data.

Although producing similar results to those of PGC, that found an ex-
plained variance around 20%, our results may have been less effective
because PGC have a very homogenous cohort from European and East
Asian ancestry (Schizophrenia Working Group of the Psychiatric
Genomics Consortium, 2014), while our cohort has a very mixed ances-
try pattern.

Furthermore, we believe that our imputation (considering all indi-
viduals, self-declared Caucasians, Latin 1, and Latin 2 groups)may intro-
duce more errors than expected for this approach (Huang et al., 2009),
mainly in the phasing stage, since these group's results showed lower
variance explained with imputed samples. We believe the reason of
these results is due to the lack of representative of the Brazilian admixed
pattern in the reference panel.

The best models to differentiate patients with schizophrenia and
controls in our cohort was selecting only PC-selected Caucasians and
PC-selected Asians, because we could diminish the heterogeneity of
the sample. The PC-selected Asians is the most homogenous group in
our cohort andwe found a better result with our genomic imputed sam-
ples, corroborating the idea that PRS tool show better results with more
homogeneous samples and for ancestries widely explored in themajor-
ity of studies.

In conclusion, new approaches should be developed to apply PRS
with equal explained variance from those homogenous populations.
Furthermore, we need to identify the differences between patients
with schizophrenia and controls beyond PRS results, as environmental
factors also contribute to the disease's onset (Rethelyi et al., 2013).
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Fig. 1. PRS distribution of the non-imputed samples for the PC-selected Caucasian, Latin 1, Latin 2 and PC-selected Asians.
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