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Development of a genotyping tool for a functionally relevant CYP2C19 allele 
(Phe100Asn, Ala103Val and Ile112Leu) in cynomolgus macaques
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ABSTRACT. In cynomolgus macaques, which are widely used in drug metabolism studies, CYP2C19 (formerly known as CYP2C75) is 
abundantly expressed in liver, metabolizes human CYP2C substrates and is thus an important drug-metabolizing enzyme. One of the 
cynomolgus CYP2C19 alleles (p.Phe100Asn, p.Ala103Val and p.Ile112Leu) results in substantially reduced metabolic activity and thus 
is an important allele in drug metabolism studies. For this allele, a genotyping tool was developed using allele-specific TaqMan probe. 
Genotyping 40 Cambodian cynomolgus macaques using this tool found 1 homozygote, 17 heterozygotes and 22 wild type animals, and the 
result was confirmed by direct-sequencing. Interestingly, this allele frequency was similar to that of Chinese cynomolgus macaques. The 
genotyping tool established is useful for drug metabolism studies using cynomolgus macaques.
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Cytochrome P450 (P450 or CYP) is a family of the im-
portant drug-metabolizing enzymes consisting of a large 
number of subfamilies [3]. In humans, CYP2C enzymes 
(CYP2C8, CYP2C9 and CYP2C19) metabolize ~20% of 
prescribed drugs, including clinically important drugs, such 
as tolbutamide, phenytoin and warfarin [1]. Cynomolgus 
macaques (Macaca fascicularis) are frequently used in drug 
metabolism research due to their evolutionary closeness to 
humans. In cynomolgus macaques, CYP2C8, CYP2C9 and 
CYP2C19 (formerly known as CYP2C20, CYP2C43 and 
CYP2C75, respectively) are expressed in liver and metabo-
lize a number of human CYP2C substrates [6]. Moreover, 
cynomolgus CYP2C76 that is not orthologous to any human 
CYP2C, is partly responsible for the differences in drug me-
tabolism to those of humans [4, 5, 7].

Cynomolgus CYP2C19 has an amino acid sequence high-
ly homologous (92–93%) to human CYP2C9 and CYP2C19. 
Cynomolgus CYP2C19 is polymorphic due to a number 
of genetic variants including the allele (p.Phe100Asn, 
p.Ala103Val and p.Ile112Leu), which results in the reduced 
catalytic activity of warfarin metabolism in vitro and in vivo 
[8, 9]. This allele has been found in Chinese cynomolgus ma-
caques with relatively high frequency, but not in Indonesian 
cynomolgus macaques [8], and thus is an important allele to 
be considered in drug metabolism studies using cynomolgus 
macaques. Despite its importance, a feasible genotyping 

tool has not been developed, unlike an essential genotype 
of human drug-metabolizing enzyme, such as UGT1A1*6 
(c.211G>A) [10]. Therefore, in this study, a genotyping tool 
was developed using allele-specific TaqMan probe.

Because the allele has three linked mutations (c.298TT>AA, 
c.308C>T and c.334ATC>CTT), any of these three mutations 
can be used to genotype this allele. In this study, the tool was 
developed to genotype c.298TT>AA. The oligonucleotides 
were designed using Primer Express software (Applied Bio-
systems, Foster City, CA, U.S.A.), including TaqMan probes 
mmCYP2C19_c298mut_mgbFW1 5′-FAM-AGAGGACATA-
ATCCATTGG-MGB-3′ and mmCYP2C19_c298wt_mgbFW1 
5′-VIC-AGAGGACATTTTCCATTGG-MGB-3′, and primers 
mmCYP2C19_c298 (5abi1) 5′- ATGGTGGTGCTGCATGGA-
TA-3′ and mmCYP2C19_c298 (3abi1) 5′-ATGAAAAGCTCT-
GCTAGTCTGTTTTC-3′. Real-time PCR was performed 
using the ABI Prism 7500 sequence detection system (Applied 
Biosystems) according to the manufacturer’s instructions. PCR 
was carried out in a total volume of 25 µl using TaqMan Ge-
notyping Master Mix (Applied Biosystems) with 5 ng of each 
genome sample. The probes and primers were used at a final 
concentration of 250 nM and 900 nM, respectively. Thermal 
cycler conditions were 10 min at 95°C, followed by 40 cycles 
of 15 sec at 95°C and 1 min at 60°C. Data were captured and 
analyzed using SDS v1.3 software (Applied Biosystems) to 
determine the genotype of each sample.

The accuracy of the tool developed was assessed by geno-
typing 40 Cambodian cynomolgus macaques (20 males and 
20 females, 4–5 years of age, weighing 3–5 kg). The genome 
samples were prepared from whole blood samples of these 
animals using DNeasy kit (Qiagen, Valencia, CA, U.S.A.) 
according to the manufacturer’s instructions. The study was 
reviewed and approved by the Institutional Animal Care and 
Use Committee of Shin Nippon Biomedical Laboratories, Ltd. 
Using the tool developed, 1, 17 and 22 animals were genotyped 
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as the homozygous, heterozygous and wild-type, respectively 
(Table 1). Allelic discrimination and amplification curves for 
homozygote, heterozygote and wild type are shown in Fig. 1 
and Fig. S1, respectively. For the same animals, genotyping 
was performed by the direct-sequencing method previously 
described [8], which showed the same results. Therefore, the 
newly developed tool can be used to genotype the CYP2C19 
allele (p.Phe100Asn, p.Ala103Val and p.Ile112Leu).

Interestingly, the frequency of the allele was similar 
between Cambodian and Chinese cynomolgus macaques 
(Table 1). This might be accounted for by the fact that 
breeding of cynomolgus macaques started using the founder 
animals from Indochina [11]. Moreover, this allele has been 
found in Indonesian cynomolgus macaques and Chinese 
rhesus macaques (Macaca mulatta) with very low frequency 
[8], indicating the difference of the allele frequency between 
the groups of cynomolgus macaques or between cynomolgus 
macaques and rhesus macaques. Therefore, one should pay 
attention to the origin and lineage of the animals to be used 
in drug metabolism studies.

Cynomolgus macaques are bred in various locations, such 
as Mauritius and Philippines, but those other than Cambo-
dian, Chinese and Indonesian animals have not been geno-
typed for this allele, and thus, this allele might be prevalent 
in the animals of the other origins. Moreover, CYP2C19 is 
an important enzyme involved in the metabolism of various 
human CYP2C substrates [2, 5, 6]. Therefore, when differ-
ences in CYP2C-dependent drug metabolism among the 
animals or between cynomolgus macaques and humans are 
critical, the animals can be genotyped using the tool devel-
oped in this study to assess the involvement of the CYP2C19 
allele (p.Phe100Asn, p.Ala103Val and p.Ile112Leu).
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Table 1. The frequency of the CYP2C19 allele (p.Phe100Asn, 
p.Ala103Val and p.Ile112Leu) in cynomolgus macaques

Variant
Number of animals

Cambodia China a) Indonesia a)

Wild type 22 23 35
Heterozygote 17 10 3
Homozygote 1 5 0

Forty Cambodian cynomolgus macaques were genotyped using the newly 
developed tool as described in text. The results were confirmed by direct-
sequencing method. a) These data were from our previous study [8].

Fig. 1. CYP2C19 genetic variants detected using TaqMan al-
lelic discrimination. Forty Cambodian cynomolgus macaques were 
genotyped as described in text. Based on the fluorescent signals 
(FAM, VIC) viewed using the sequence detection software, the 
samples were categorized into wild type (●), heterozygotes (▲) or 
homozygote (♦). No template control is also shown (■).
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