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Background & aim: Genetic variability in drug absorption, distribution, metabolism and excretion
(ADME) genes contributes to the high heterogeneity of drug responses. The present study investigated
polymorphisms of ADME genes frequencies and compared the findings with populations from other con-
tinents, available in the 1000 Genome Project (1 KGP) and the Exome Aggregation Consortium (ExAC)
databases. Methodology & results: We conducted a study of 100 patients in Brazil and a total of 2003
SNPs were evaluated by targeted next-generation sequencing in 148 genes, including Phase I enzymes
(n = 50), Phase II enzymes (n = 38) and drug transporters (n = 60). Overall, the distribution of minor allele
frequency (MAF) suggests that the distribution of 2003 SNPs is similar between Brazilian cohort, 1 KGP and
ExAC; however, we found moderate SNP allele-frequency divergence between Brazilian cohort and both
1000 KGP and ExAC. These differences were observed in several relevant genes including CYP3A4, NAT2
and SLCO1B1. Conclusion: We concluded that the Brazilian population needs clinical assessment of drug
treatment based on individual genotype rather than ethnicity.
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Genetic variation in genes encoding drug absorption, distribution, metabolism and excretion (ADME) proteins is
one of the factors that affects drug pharmacokinetics and contributes to variability of drug efficacy and safety [1].
Based on such genetic variability, pharmacogenetics of several drugs in current clinical practice has been described
by several international consortia to predict adverse drug response and improve the treatment outcome. This is
reflected by a growing number of drugs with pharmacogenetic information provided in their drug labels by the US
FDA, so far issued 404 guidelines for 285 drugs, 86 biomarkers and 19 therapeutic areas (March 2020) [2].

Population studies have shown that interethnic variability occurs in the frequency of genetic variants [3] and that
significant genetic differences in the ADME genes between different populations could result in therapeutic failure
or adverse drug response. For example, the anticoagulant warfarin has the highest dose requirements in African–
Americans, the lowest dose requirements in Asians and intermediate requirements in Caucasian populations [4].
Limdi et al. [5] showed that race-stratified analysis improves dose prediction in the USA. However, it is different
in admixed populations, such as Brazil and other Latin American countries that predictive power of two such
algorithms did not differ between white and black Brazilian: this was explained by the higher frequency of the
rs9923231T allele in black Brazilians, as a result of the extensive European–African admixture [6].
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Brazil, with more than 200 million people, is the most populous country in South America and has mainly a
trichotomous ancestral contribution of the following distant parental populations: Europeans, Native Americans
and Africans [7]. The Brazilian Institute of Geography and Statistics (IBGE) classifies individuals by self-reported
color and they are categorized as white (48%), mixed ‘pardo’ (43%), black (7.6%), Asian descendant ‘amarelo’
(1.1%) and Native American (0.4%) [8]. In particular, the genetic admixture influences the genomic diversity of
ADME genes and may cause high heterogeneity of drug responses in admixed populations such as Brazilians.

This brings up one major topic in pharmacogenetics studies: facing ethnic genetic difference [9]. Given the
importance of developing drugs for patients worldwide and the increasing globalization of clinical drug develop-
ment, identifying and quantifying all ADME genetic variations that contribute to interethnic differences in drug
pharmacokinetics, efficacy and safety is of extreme interest [10]. Some initiatives have addressed genetic variation
among populations. The 1000 Genome Project (1 KGP) created the largest public catalogue of human variation
and sequencing data, aiming to identify most genetic variants with frequencies of at least 1% in the popula-
tions studied [11]. The Exome Aggregation Consortium (ExAC) grouped exome sequencing data from a number
of disease-specific and population studies, making it publicly available [12]. However, there is an overrepresenta-
tion of European descendant populations in pharmacogenetic studies and the extrapolation of those findings to
other populations are factors that undermine the strong evidence that supports the incorporation of precision
medicine [13].

On the basis of this understanding, the objective of this study was to investigate similarities and differences in
genetic polymorphisms in genes involved in drug ADME among Brazilian, 1 KGP and ExAC databases. To this
end, a large number of genetic variants were assessed using the next-generation sequencing method. This study
might help evaluate the difficulty of extrapolating clinical data between populations, mainly admixture populations.
Also, we discussed the clinical implications of these genetic variations in drug safety and efficacy.

Materials & methods
Study design & participants
From December 2015 to December 2016, blood samples were collected from 100 patients with hepatitis C virus
enrolled at the Department of Gastroenterology, Clinics Hospital of University of Sao Paulo, Brazil. The study
protocol was approved by the local ethic committee of the Clinics Hospital (protocol no. 1142/09) and written
informed consent was obtained from each participant. The study was conducted in accordance to the ethical
guidelines of the 1975 Declaration of Helsinki.

ADME genes & polymorphisms selection
The design of the pharmacogenetics panel for all relevant ADME related genes (157 genes in total) included
publicly available lists derived from the Pharmacogenomics Knowledge Base (PharmGKB; June 2016) [14], FDA
table of pharmacogenomic biomarkers in drug labels (June 2016) [2] and PharmaADME.org core list [16,17]. In
addition, we added pharmacogenetic genes derived from PubMed database searches using combinations of variant
terms for drug response, ADME genes, genetic variations and polymorphisms (June 2016). For analysis, the genes
were assorted into functional groups as follows: Phase I enzymes (n = 56), Phase II enzymes (n = 42) and drug
transporters (n = 60), detailed in Supplementary Table 1.

Targeted ADME next-generation sequencing panel sequencing
Genomic DNA isolation from 200 μl blood and cell lines was performed using a QIAamp DNA Blood Mini Kit
(Qiagen, Hilden, Germany) according to the manufacturer’s instructions. The concentration of DNA samples was
measured by NanoDrop spectrophotometer (Thermo Fisher Scientific, MA, USA) and Qubit 2.0 (Invitrogen Life
Technologies, CA, USA) as recommended. In brief, 4210 targets including exons, introns, UTR3′ and UTR5′

gene regions of 157 ADME genes, including Phases I and II drug-metabolizing enzymes and drug transporters,
were specifically captured using SureSelectXT Target Enrichment System Kit for Illumina Paired-End Multiplexed
Sequencing Library customized 1–499kb (Agilent Technologies, CA, USA) and sequenced using an Illumina
NextSeq and MiSeq systems (Illumina Inc., CA, USA); see details in Supplementary Table 2.

Bioinformatics analyses
The raw data (fastq) was aligned to GRCh37/hg19 using BWA-MEM software [18] and ordered by the bamsort
tool of the biobambam2 package. The call for variants was made by the freebayes software (v0.9.10-3-g47a713e)
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Table 1. Baseline characteristics in study population based in self-reported race.
Characteristics Number White Brown Black Asian

Overall 100 69 15 8 8

Age (range) 59 (34–74) 60 (34–74) 54 (39–67) 59 (43–70) 64 (55–74)

Male 63 45 11 5 2

Female 37 24 4 3 6

BMI (range) 26.9 (18.8–40.7) 26.9 (18.8–38.5) 28.6 (22.3–40.7) 26.7 (19.4–29.6) 23.6 (21.5–26.9)

simultaneously, followed by filtering to exclude variants with low statistical support and strand bias (vcffilter tool of
the vcflib package). Subsequently, the breakdown of the multiallelic variants in individual lines and normalization
to the left of inDels was done by the vt software [19]. The annotation of the variants was done by ANNOVAR [20].

Quality control
Quality control tests were performed on data using PLINK v1.07 [21]. A total of 7065 SNPs passed through
the first quality control filter with call rate of 0.95%. Then, 4231 SNPs were included for the evaluation of
genetic frequency after considering the quality control filter that removes SNPs that were not in Hardy–Weinberg
equilibrium 0.0001, minor allele frequency (MAF) 0.01 and chromosome X. After quality control, the final dataset
was based on 2003 genetic markers in 148 genes, Phase I enzymes (n = 50), Phase II enzymes (n = 38) and drug
transporters (n = 60) (Figure 1).

Results
Patient characteristics
The cohort of 100 patients was recruited from the Clinics Hospital of University of Sao Paulo. Most of the subjects
were white (69%), male (63%) and had a median age of 59 years (range 34–74 years) (Table 1). The description
of hepatitis C virus treatment is detailed in Supplementary Table 3.

Impact of population admixture on pharmacogenomic implementation
Pharmacogenomic (PGx) studies focus on the genetic diversity patterns of functional genes, that is, the variants
that play a significant role in drug response variability. In the present study, we used public databases such as
PharmaADME.org and PharmGKB, to classify all genes into three categories as described Supplementary Table
1. We explored the possibility to estimate the frequencies of functional SNPs in the admixed population, which
was sampled for deep sequencing to explore the polymorphic state of functional variants. From our dataset, we
described the MAF of 2003 SNPs in 148 ADME-related genes in Brazilians and we compared with 1 KGP and
ExAC as shown in Figure 1. Overall, the distribution of MAF suggests that the distribution of 2003 SNPs is similar
between Brazilian cohort, 1 KGP and ExAC; however, we observed moderate SNP allele-frequency divergence
between Brazilian cohort and both 1000 KGP and ExAC databases (Figures 2).

MAF profiling of common functional polymorphisms of Phase I enzymes genes
The MAF was described for 655 polymorphisms of 50 genes of Phase I and compared with 1 KGP and ExAC
databases, as shown in Supplementary Table 4. Our study showed that several polymorphisms such as rs4079369
of CYP2A6 have similar MAF (6%) among the same ethnic groups of 1 KGP (6%) and ExAC (8%). However,
there are several variants such as rs915909 (CYP2E1) and rs1809810 (CYP2A6) which have MAF of 1%, while
1 KGP and ExAC shows a frequency of 98 and 99%, respectively (Figure 2).

When comparing populations of similar ethnicities, such as African population, for variant rs1799853 (CYP2C9),
our results showed that MAF was 13% for black, ExAC shows 2% for African (AFR) and another Brazilian cohort
described 7% for black [22]. On the other hand, populations with less admixture, such as the Asian population,
have a similar frequency. For instance, our results showed a MAF of 43% for black and 25% for Asian, while ExAC
shows 73% for African and 26% for East Asian for this variant rs2242480 located in CYP3A4 gene.

MAF profiling of common functional polymorphisms of Phase II enzymes genes
The MAF was described for 374 polymorphisms of 38 genes of Phase II and compared with 1 KGP and ExAC
databases, as shown in Supplementary Table 4. Several variants such as rs650985 (GSTM4) have MAF of 1%,
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Figure 1. Study overview. Schematic overview of the workflow for the ADME NGS panel sequencing. Composition of ADME NGS target
genes displayed as Phase I, Phase I enzymes (n = 50); Phase II, Phase II enzymes (n = 38); and transporters (n = 60). For further details see
Figures 2–4.
1 KGP: 1000 Genome Project; ADME: Absorption, distribution, metabolism and excretion; ExAC: Exome Aggregation Consortium; HWE:
Hardy–Weinberg equilibrium; MAF: Minor allele frequency; Mind: Missingness per individual; NGS: Next-generation sequencing.
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Figure 2. The minor allele frequency of 64 Phase I enzyme genes variants.
1 KGP: 1000 Genome Project; ExAC: Exome Aggregation Consortium.
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Figure 3. The minor allele frequency of 37 Phase II enzyme genes variants.
1 KGP: 1000 Genome Project; ExAC: Exome Aggregation Consortium.
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Figure 4. The minor allele frequency of 62 transporters genes variants.
1 KGP: 1000 Genome Project; ExAC: Exome Aggregation Consortium.

while 1 KGP and ExAC shows a frequency of 98 and 96%, respectively (see Figure 3). Our study identified that
polymorphism rs1800822 (FMO3) presented a similar minor allele T frequency among white, black and Asian
when compared with 1 KGP and ExAC databases. For the variant rs1208 of the NAT2 gene, the frequency of the
minor allele G is similar between Caucasian populations, such as white Brazilian (46%), European 1 KGP (44%)
and Finnish European ExAC (43%). On the other hand, the frequency of rs4680 variant (COMT) is different
between our white population (37%) and the Caucasian populations European and Finnish European (50 and
53%). It should be noted that the polymorphism rs28365062 of the UGT2B7 has a similar minor allele frequency
among Brazilian white, mixed and black, but it has a different frequency between Asian descendant (0%), Japanese
1 KGP (10%) and East Asian ExAC (5%).

Allele frequency distribution of common functional polymorphisms of drug transporter genes
The MAF was described for 974 polymorphisms of 60 genes of drug-transporter genes and compared with 1 KGP
and ExAC databases, as shown in Supplementary Table 4. Several variants such as rs9524765 (ABCC4) have MAF
of 1%, while 1 KGP and ExAC shows a frequency of 93 and 95%, respectively (Figure 4). The polymorphism
rs717620 (ABCC2) affects the response of antiepileptic drugs [23], influences the metabolism of erythromycin [24]

and is associated with toxicity among patients treated with fluorouracil, leucovorin and oxaliplatin [25]. Our study
shows that this polymorphism presents a similar lower allele frequency among the ethnic groups when comparing
the Brazilian population with 1 KGP and ExAC databases. However, there are several variants such as rs2306283
(SLCO1B1) which has a general lower allele frequency of 46%, whereas 1 KGP and ExAC showed an allele
frequency of less than 38 and 52%, respectively. The variant rs1867351 (SLC22A1) has a frequency of the allele
less than 19% for black Brazilians, whereas 1 KGP and ExAC showed a frequency lower than 33 and 30%. On the
other hand, the ABCG2 variant rs2231142 (G>T) had a frequency of the minor allele T of 15, 10, 6 and 25%
among white, mixed, black and Asian, respectively. We observed a similar frequency when compared with 1 KGP
(9, 14, 1 and 32%, respectively) and ExAC (10, 24, 3 and 30%, respectively). This polymorphism is associated
with increased plasma concentration of rosuvastatin [26,27].

Discussion
Pharmacogenetics studies have been conducted primarily on study cohorts consisting of European non-Hispanic
whites. A collapse of the genetic diversity associated with the first human colonization of Europe during the
Paleolithic period, followed by the recent mixture of African, European and Native American ancestors resulted in
different ethnic groups with varying degrees of genetic diversity [28]. There is robust evidence from clinical trials for
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different medical conditions that show that individuals from different ethnic groups experience varying responses
to specific therapeutic agents [21].

CYP2C19 *2 (rs4244285) and *3 (rs4986893) are known to affect the metabolism and responses of several
commonly prescribed medications, including antidepressants [29], antiplatelets [30] and antiulcer drugs [31]. The
most commonly mutated allele is CYP2C19 *2 in slow metabolizing Caucasians [32], while CYP2C19 *3 is rare
among Caucasian individuals [33]. In the present study, we found the same results that the incidence of CYP2C19 *2
among white Brazilians (18%) was similar to that found in other Caucasian populations, 1 KGP (15%) and ExAC
(15%), while CYP2C19 *3 is also rare in the Brazilian white population (0%).

CYP2C8 is a Phase I metabolizing enzyme that plays an integral role in the biotransformation of structurally
diverse xenobiotic and endogenous compounds. CYP2C8 *2 is common in African (19%), but it is rare in white
and Asian [34]. The results are similar for the frequency in our Brazilian black population of 13% and rare for white
and Asian Brazilians, 1 and 0%, respectively. In vitro, CYP2C8 *2 was associated with a decrease in enzyme activity
and a lower intrinsic clearance of paclitaxel, ibuprofen and repaglinide compared with the wild-type enzyme [35].

The rs1057910 (A) at CYP2C9 most commonly encodes the amino acid isoleucine at position 359 and the
resulting allele is also known as CYP2C9 *1. The rs1057910 (C) encodes a leucine at this same position and the
resulting allele is termed CYP2C9 *3 (Ile359Leu). Individuals with this SNP may be at increased risk of developing
acute gastrointestinal bleeding during the use of NSAIDs, such as, celecoxib, diclofenac and ibuprofen [36]. In
addition, there is a risk of severe skin reactions when taking phenytoin, an antiepileptic drug [37]. According to
1 KGP, the CYP2C9 *3 allele has a frequency of 7% in European, 4% in American, 0% in African and 2%
in Japanese. Our results corroborate allelic frequencies of 5, 7, 0 and 0% in Brazilian white, mixed, black and
Asian individuals, respectively. This finding is similar to that of other populations in which the frequency of the
CYP2C9 *3 allele. Lower frequencies have been reported for the CYP2C9 *3 variant in East Asian populations;
Japanese (1.1–2.1%) [38] and Korean [39] and the highest frequency of CYP2C9 *3 was reported in Tamil Sri Lankans
living in England (0.5%) [11].

Nakamura et al. [40] suggest that instabilities and reduction of intrinsic clearance by the protein encoded by
the rs1065852 (T) allele are the main reasons why Asian have lower metabolic activities than Caucasian for drugs
metabolized by CYP2D6, since this (T) allele occurs more frequently in Asians. In Korean women with metastatic
breast cancer, the CYP2D6 *10 genotype is associated with significantly lower steady-state plasma concentrations
of endoxifen (the active metabolite of tamoxifen). It is found more frequently among non-responders [41], although
another large randomized study (BIG 1–98) involving mainly white patients (>98%) found no such association
between CYP2D6 variants and disease control [42]. The allelic frequency of CYP2D6 *10 (rs1065852) varies among
different ethnic groups: 21% in white, 20% in mixed, 13% in black and 50% in Asian.

CYP4F2 regulates the bioavailability of vitamin E and vitamin K, a critical co-factor for blood clotting. Variations
in CYP4F2 that affect the bioavailability of vitamin K also affect the dosage of vitamin K antagonists, such as
warfarin or acenocoumarol [43]. A study in three separate Caucasian populations was the first to report that the
T allele in rs2108622 on CYP4F2 was associated with an increase in the dose of warfarin. The study calculated
that each T allele in rs2108622 is associated with a 4–12% increase in the warfarin dose, so that a patient with
TT genotype could require an approximate dose of 1 mg/day of warfarin compared with a patient with CC
genotype [32]. Our results show that the frequency of rs2108622 was the closest to that reported for Caucasian
populations (30%), European 1 KGP (29%) and ExAC (29%).

The variants in COMT, the metabolizing enzyme of Phase II, have been associated with psychiatric disorders,
including schizophrenia, perception of pain mediated by opioid receptors and breast cancer. COMT is one of the
main pathways of dopamine degradation and COMT Val/Met polymorphisms are associated with enzyme activity
which is related to the involvement of dopamine in the process of nicotine addiction. This meta-analysis found
that patients with AA genotype who are treated with nicotine replacement therapy have an increased likelihood of
smoking cessation compared with patients with GG genotype [44]. The variant rs4680 in the COMT has an allele
frequency of less than approximately 50% in Caucasian, in our study population, it was 37%.

Glutathione S-transferases, also Phase II metabolizing enzymes, are responsible for the detoxification of a number
of drugs and potential carcinogens through glutathione conjugation. Patients with advanced rectal colon cancer
with a homozygous variant genotype for GSTP1 were more likely to discontinue FOLFOX (folinic acid, fluorouracil
and oxaliplatin) because of neurotoxicity (24 vs 10%; p = 0.01) [45]. The GSTP1 rs4147581 high frequency in
Asians of 1 KGP (64%) and ExAC (69%) showed a higher chance of adverse events compared with the Brazilian
Asian (25%).
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N-acetyltransferase encodes enzymes genes involved in acetylation of aromatic amines and heterocyclic com-
pounds [46]. The rs1799930 AA genotype is associated with an increased risk of hepatotoxicity when treated with
isoniazid in subjects with tuberculosis compared with the GG genotype [47]. Women with ovarian neoplasms with
C allele and T allele (CT) compared with TT of rs1801280 present an increased anemia risk when treated with
cisplatin and cyclophosphamide [48]. The rs1801280 has a high frequency (40%) in Brazilian individuals, but low
in Asians (6%). This result corroborates with other populations of 1 KGP and ExAC.

TPMT encodes S-methyltransferase thiopurine, which catalyzes the S-methylation of thiopurine drugs and aro-
matic and heterocyclic sulfhydryl compounds. TPMT variation may lead to thiopurine toxicity [49]. Polymorphism
rs1800462 occurred with an overall frequency of 1% in white Brazilian subjects, the same as the 1% in Europeans
and 0% in other ethnicities.

UGT1A1 is the only enzyme responsible for bilirubin glucuronidation, allowing its excretion. It is also responsible
for glucuronidation of other xenobiotics, such as SN-38, the active metabolite of irinotecan [50]. Epileptic patients
with G/G genotype in UGT2B7 *2 and *3, rs7439366 and rs12233719, respectively, are associated with increased
concentrations of valproic acid compared with T/T genotype. Therefore, patients with epilepsy with these genotypes
may need to increase (or decrease) the dose of valproic acid to ensure its therapeutic effect [49]. Individuals
homozygous for the present allele have 32% of normal enzyme activity and may present with Gilbert’s syndrome [51].

ABCB1 is one of the most important genes involved in transport including antidepressants, antipsychotics,
antihypertensive and analgesics. The rs1045642 showed a frequency of 47% in white, 43% in mixed, 25% in
black and 38% in Asian and the frequency of these polymorphisms in 1 KGP and ExAC were similar to those
found in our study. The A allele of this polymorphism is associated with a decreased risk of hepatotoxicity when
treated with nevirapine in HIV-positive individuals compared with G allele [52]. The polymorphism rs1128503 of the
ABCB1 gene is associated with an increase in the overall survival period from 0.34 to 0.44 among oxaliplatin-treated
patients for colorectal neoplasms [53]. On the other hand, rs10276036 is associated with an increased risk of death in
patients with osteosarcoma after chemotherapy [54]. Rs1045642 is associated with increased serum concentrations
of digoxin and hepatotoxicity induced by nevirapine [55,56] and rs212091 of virologic failure in antiretroviral
therapy [57]. In the present study, we observed that the general frequency of ABCB1 gene polymorphisms among
Brazilians was similar to that found in other general populations, in 1 KPG and ExAC. Larger frequencies of variant
rs1128503 were reported for Asian populations in the three databases.

The rs22273697, also known as c1249G>A or p.V471I, is a nonsynonymous polymorphism of the ABCC2 trans-
porter gene. From an initial case–control study of 146 patients with epilepsy, followed by replication in another
279 patients, the allele rs2273697 (A) was associated with neurological adverse reactions to the use of carbamazepine
(p = 0.001). Functional studies have shown that this SNP selectively reduced the transport of carbamazepine through
the cell membrane [58]. In addition, rs2273697 influences the pharmacokinetics of talinolol and irinotecan [59,60].
The frequency of the Brazilian population corroborates with 1 KGP and ExAC databases for the four ethnic groups.
Another rs3740066 in the ABCC2 is reported to be associated with an increased risk of developing intrahepatic
cholestasis of pregnancy based on a study of approximately 70 Argentinean patients [61]. ABCC4 variant rs1751034
(C > T) allele of less than 25% for white, 23% for mixed, 6% for black and 25% for Asian. The rs1751034 CC and
CT genotypes are associated with increased intracellular concentrations of tenofovir when treated in HIV-infected
individuals compared with the TT genotype [62].

The rs4149056, found in the SLCO1B1, which encodes the polypeptide protein transport of organic anions.
This protein, found mainly in the liver, regulates the absorption of countless drugs and natural compounds. The
variant rs4149056 (C) defines the SLCO1B1 *5 allele which gives rise to an amino acid change (from valine
to alanine at residue 174) which has reduced uptake and transport activity. Therefore, drugs metabolized by
SLCO1B1 tend to accumulate higher circulating concentrations [63]. SLCO1B1 *5 is associated with a high risk of
muscle disease when treated with simvastatin. Other drugs associated with *5 variant include cerivastatin, pravastatin
and rosuvastatin [64,65]. According to 1 KPG, the frequency of the rs4149056 variant of the SLCO1B1 gene is
reported as different between Caucasian (16%) and African (1%) populations. However, in the Brazilian white
population (14%) and black (13%) this difference was not observed. Another SNP related to adverse events is
the rs628031 variant of the SLC22A1 gene that is associated with gastrointestinal side effects when treated with
metformin [66].

There were also some limitations to our analysis. Our dataset is a small sample size and it is representative of
individuals with hepatitis C virus. Despite these challenges, such data are important to assess and improve the
current strategies. We evaluated and described the minor allele frequency of 2003 polymorphisms of 148 ADME-
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related genes. Our findings demonstrated that the Brazilian population exhibited substantial functional SNPs
differences at some ADME genes compared with the 1 KGP and ExAC database. Then, we suggest population
differences should be carefully considered in pharmacogenetics studies, designing clinical trials of new drugs and
treatments across continents and personalization of drug treatment based on the individual genotype rather than
ethnicity may be the most appropriate. Further studies are warranted to accomplish this major goal. The success
of the Personalized Medicine paradigm will depend on our capabilities to recognize the genetic variability existing
between and within different ethnic groups.

Summary points

Absorption, distribution, metabolism and excretion genes
• Genetic variation in genes encoding drug absorption, distribution, metabolism and excretion (ADME) proteins is

one of the factors that affects the drug pharmacokinetics and contributes to variability of drug efficacy and
safety.

The 1000 Genome Project & Exome Aggregation Consortium
• There is an overrepresentation of European descendant populations in pharmacogenetic studies.
• Extrapolation of those findings to other populations are factors that undermine the strong evidence that

supports the incorporation of precision medicine.
Minor allele-frequency profiling
• The minor allele frequency of 2003 SNPs in 148 ADME genes was described in Brazilian cohort and compared with

the 1000 Genome Project (1 KGP) and Exome Aggregation Consortium (ExAC).
• The overall distribution suggests that it is similar between Brazilian cohort, 1 KGP and ExAC. However, we

observed moderate SNP allele-frequency divergence between our cohort and both databases.
Admixture population
• The genetic admixture influences the genomic diversity of ADME genes and may cause high heterogeneity of

drug responses in admixed populations such as Brazilians.
• Our study concludes that the Brazilian population needs clinical assessment of drug treatment based on

individual genotype rather than ethnicity.
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