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Abstract
Two types of cytochrome P450 2D14 (CYP2D14) gene deletions (GD1 and GD2) in Japanese Black cattle has
been reported by us. In this study, we determined the frequency of cytochrome P450 2D14 (CYP2D14) genetic
polymorphisms in 48 Japanese Black (JB) and 48 Holstein-Friesian (HF) cattle using polymerase chain reaction
(PCR)-direct sequencing. Two types of CYP2D14 gene deletion variants, GD1 and GD2, were observed 58% in JB
cattle, but only 8% of HF cattle. Genotype frequencies of CYP2D14 gene (105 C>A) also were assessed, but the
AA substitution was not detected. The results of CYP2D14 gene variation study in cattle show that CYP2D14 GD
allele may be an important mutation relevant to an enzyme defect in JB cattle because of high frequency of gene
deletion variants.
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Introduction
As a member of the human cytochrome P450 superfamily, CYP450
2D6 (CYP2D6) is involved in the endogenous biotransformation
and in the metabolism of many drugs, including antipsychotics,
antidepressants, β-blockers, antiarrhythmics, and opiates [1].
Approximately 40% of hepatic human phase I metabolism processes
in the human liver involve CYP2C9, CYP2C19, and CYP2D6 are
associated with [2]. Various medications include substrates of
CYP2D6, even though CYP2D6 accounts for only a small percentage
of total hepatic CYPs (2-3%) [3].
More than 80 allelic variants and subvariants of the CYP2D6 have
been reported, relating to the metabolism of 20−25% of over-thecounter and prescribed medicines [2,4-12]. Substrates of CYP2D6 are
lipophilic bases with a protonatable atom [9]. The main non-functional
(null) mutations of CYP2D6 are known as CYP2D6*3, *4, *5 and *6
[4,13,14]. The null mutation results in the gene product having less
or no function; therefore CYP2D6*3, *4, *5 and *6 are important
mutations in human CYP2D6. In particular, CYP2D6 (CYP2D6*5)
is associated with altered or delayed drug metabolism [12,14], and
CYP2D6 polymorphisms can lead to adverse drug reactions and altered
drug responses [2,15].
Tsuneoka et al. [16] cloned, mapped, and characterized CYP2D14
cDNA from the cattle liver, revealing 80% and 68% similarity to human
CYP2D6 and rat CYP2D1, respectively. The CYP2D14 gene is located
on bovine chromosome 5 [17]. Although some of sequence differences
in the cattle CYP2D14 were indicated in the National Center for
Biotechnology Information (NCBI), little has been reported on genetic
polymorphisms of the CYP2D14 gene in cattle.
Metoclopramide (4-amino-5-chloro-N-(2-(diethylamino)ethyl)-2methoxy-benzamide, CAS: 364-62-5) is widely used as a gastrointestinal
prokinetic agent for humans, cattle, swine, cats, and dogs in Japan. The
CYP2D6 polymorphism (CYP2D6*4/*4 or CYP2D6*4/*5) reportedly
results in delayed metabolism of metoclopramide in human and
metoclopramide-induced acute dystonic reactions may occur in
patients as a result of delayed metoclopramide metabolism [18]. The
clinical consequence of the CYP2D6 polymorphism can be either
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occurrence of adverse drug reactions and altered drug response [12,19].
As for cattle CYP2D14 enzyme, the relationship between the CYP2D14
gene deletion and pharmacological effects in Japanese Black (JB) cattle
has recently been reported by us [20].
On the other hand, it is known that CYP2D6 polymorphisms differ
markedly in frequency among different ethnic and racial in human
[21,22]. In cattle, there may be possibility that difference of CYP2D14
polymorphisms among cattle breeds; however, differences in frequency
of CYP2D14 polymorphisms among the breeds has not been reported.
The aim of the present study was to investigate frequency of the
CYP2D14 genetic polymorphisms, specifically those related null alleles
reported in human (CYP2D6*3, *4, *5, and *6), in JB and HolsteinFriesian (HF) cattle. CYP2D14 genotype was analyzed by means
of polymerase chain reaction (PCR) amplification and direct DNA
sequencing for the CYP2D14 gene.

Materials and Methods
Chemicals and reagents
The Fast Start High Fidelity PCR System, dNTpack (Roche Applied
Science Inc., Penzberg, Germany) was used as PCR reagent. As DNA
molecule standards, Lambda-HindIII Digest (Takara Bio Inc., Shiga,
Japan) and 200 bp DNA ladder (Takara Bio Inc., Shiga, Japan) were
purchased for electrophoresis of PCR products amplified by PCR
primer pairs. BigDye terminator ver.3.1 Cycle sequencing kit (Applied
Biosystems Inc., CA, USA) and BigDye Xterminator purification kit
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(Applied Biosystems Inc., CA, USA) were used for direct sequencing
of PCR products by an ABI 3130 genetic analyzer (AB Sciex Pte. Ltd.,
CA, USA).

DNA samples and animals
To prepare genomic DNA, blood and sperm were obtained from
48 healthy adult JB cattle and 48 healthy adult HF cattle. Genomic
DNAs were prepared from blood and sperm as described in Abe et al.
[23]. Because JB cattle are likely to have different genetic background
depending on their locale, samples of DNA were gathered from
JB cattle in three regions of Japan (Miyazaki, Iwate and Hokkaido
prefectures). Samples of DNA were collected from HF in Iwate
prefecture. Genotyping for CYP2D14 alleles was carried out by DNA
sequencing after PCR of the DNA samples.

Polymerase chain reaction (PCR) and sequencing analysis
PCR primers and PCR protocol for amplification of cattle genomic
DNA were used according to previous PCR method for amplification
of JB cattle genomic DNA [20].
For the gel electrophoresis of the PCR product, an 8 μLof each
PCR product was pre-mixed with 2 μL of 6x loading buffer (Takara
Bio Inc., Shiga, Japan). A 5 μL of the PCR sample and 2 μL of the DNA
molecule standard were loaded into well in 1% agarose gel (Agarose
H14; Takara, Bio Inc., Shiga, Japan). The agarose gel was set in an
electrophoresis apparatus (ViewaBlue Stain, Kanto Chemical Co. INC.,
Tokyo, Japan) and fill with 1 × TAE buffer until the gel was covered.
The output of electrophoresis apparatus was set the output level to 100
V. After 30 min, the finished gel was immersed in an ethidium bromide
solution (0.5 μg /mL) for 15 min to stain the DNA. Specific primers
for sequencing and sequencing analysis to determine frequency of the
CYP2D14 genetic polymorphisms in JB and HF cattle was performed
according to the previous method [20].

Results
Figure 1 shows the typical agarose gel electrophoresis results
of PCR products from exon 1 to exon 4 and from exon 5 to exon
9 of the CYP2D14 gene. The PCR products obtained with the
primer pair (L:5’-GCCCAGAAAGATAAACCTAAAATGT-3’ and
R: 5’-ACTCTCCTTGACCCCTCTCTGTACT-3’) and another
primer pair (L:5’-GTGGGAGTACTTCACTGCAAGG-3’ and R:
5’-AGACACTGGTTTATTGACCATCAG-3’) were approximately 2.5
kbp from exon 1 to exon 4 and approximately 2.0 kbp from exon 5 to
exon 9, respectively. The trial primer pair (Figure 1) was not used for
this study because of its low specificity.
The allele frequencies mainly determined by sequencing in exon
1 and exon 4 of the CYP2D14 gene after PCR amplification. Two
types of gene deletion alleles, GD1 and GD2, were identified among
the CYP2D14 gene polymorphisms [20]. For the GD1 allele, DNA
sequencing could not be performed in either exon 1 or exon 4 of the
CYP2D14 gene. For the GD2 allele, DNA sequencing could not be
performed in only exon 1.
The GD1 and GD2 polymorphisms were found in 14.6 and 43.8%
of the 48 analyzed JB cattle, respectively, with 58.3% of JB cattle
carrying either the GD1 or GD2 variant. In contrast, only 2.1 and
6.3% of HF cattle exhibited the GD1 and GD2 variant, respectively.
Therefore, deletion of the CYP2D14 gene in cattle (which is suspected
to be similar to CYP2D6*5 in human) varied considerably depending
on the cattle species.
All DNA samples of the JB and HF cattle used in this study were
able to be amplified and sequenced by using a primer set for sequencing
of the CYP2E1 gene. Therefore, sufficient DNA was extracted from
the blood or sperm of JB and HF cattle. The CYP2D14 gene deletions
found in the DNA sequencing study were similarly observed when
sequencing tests were performed with a double volume of the same

Figure 1: A) Typical agarose gel electrophoresis of PCR products amplified from exon 1 (Ex1) to exon 4 (Ex4) by the primer pair (L:5’-GCCCAGAAAGATAAACCTAAAATGT-3’
and R: 5’-ACTCTCCTTGACCCCTCTCTGTACT-3’) and a trial primer pair (L: 5’-CGTCAAGTCCAACAGCTTGA-3’ and R: 5’-AACACAATCTCCCCGACAAG-3’) in order to
detect alleles of CYP2D14 gene related to human null alleles (CYP2D6*4, *5, *6), B) Typical agarose gel electrophoresis of PCR products amplified from exon 5 (Ex5) to exon
9 (Ex9) by the primer pair ( L:5’-GTGGGAGTACTTCACTGCAAGG-3’ and R: 5’-AGACACTGGTTTATTGACCATCAG-3’) in order to detect alleles of CYP2D14 gene related
to human null allele (CYP2D6*3).
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PCR samples, and when the PCR-sequencing test was repeated three
times with the same method.
Figure 2 summarizes the frequencies of the alleles related to human
CYP2D6*4, which were obtained by sequencing exon 1 and exon 4 of
the PCR-amplified CYP2D14 gene. Over 10 alleles related to CYP2D6*4
have been reported in human. As this study was focused primarily on
the human CYP2D6*4 allele (100 C>T and 1846 G>A), the 105C>A
and 1790 G>C substitutions in JB and HF cattle were determined. The
allele frequencies of 105 C/C, C/A, and A/A, except for GD1 and GD2,
were 80, 10 and 10% in 20 JB cattle, compared to 82, 18 and 0% in 44
HF cattle, respectively (Figure 2). The allele frequencies of 1790 G/G,
G/C, and C/C, except for GD1 and GD2, were 80, 15 and 5% in 20 JB
cattle, compared to 61, 25 and 14% in 20 HF cattle, respectively (Figure
2). The polymorphism from exon 5 to exon 9 of CYP2D14 related to
human CYP2D6*3 was not observed in cattle. Similarly, SNPs in the
part of CYP2D14 that is near the corresponding human Cyp2D6*6
were not detected in JB and HF cattle.

Discussion
Although the CYP450 family members present in different animals
and their roles in veterinary drug interactions have been reviewed [24],
little is known about the CYP450 types in cattle. This paper represents
the first report on percentages of the CYP2D14 deletion alleles and
other CYP2D14 polymorphisms in JB and HF cattle.
Approximately 25% of all human medicines on the market are
metabolized by CYP2D6 enzyme [4]. The CYP2D6 was the first CYP
P450 for which a classical pharmacogenetic polymorphism become
known, and is the most intensely study polymorphic CYP450 in
human. There is known more than 80 variants of CYP2D6 and some
of them is reported as important variants (e.g., CYP2D*2, CYP2D6*
3,CYP2D6*4,CYP2D6*5,CYP2D6*6 and CYP2D6*10, CYP2D6*17,
CYP2D6*41 and so on). Some of them caused serious functional change
of CYP2D6 enzyme that include a fully functional allele, a reduced
functional allele and a null allele. Especially, CYP2D6*3, *4, *5 and *6
alleles is well recognized as important allele because of relation to a
CYP2D6 enzyme deficit [19]. There is a considerable variability in the

Not only the cDNA but also the AA sequences of CYP2D
subfamily members show high similarity between human CTP2D6
and cattle CYP2D14 [16], and CYP2D14 is an important phase I drugmetabolizing enzyme for veterinary medicine in cattle. In the present
study, we scrutinized null alleles and gene deletion allele as targets for
CYP2D14, corresponding to the typical human null alleles CYP2D6*4
(100 C>T and 1846 G>A) [4,9] and CYP2D6*5 (gene deletion allele).
We identified the CYP2D14 gene deletion allele in cattle, as well as the
proportions of the CYP2D14 105 (C>A) and CYP2D14 1790 (G>C)
variants. The CYP2D14 gene deletion variants were observed two
types (GD1 and GD2). The GD1 allele frequency in JB cattle (14.6%)
was approximately 7 times higher than that in HF cattle (2.1%). The
frequency of the GD2 allele was also higher in JB cattle (43.8% vs.
6.3%). As CYP2D7 has been reported to be a pseudogene of human
CYP2D6 [26,27], the GD2 allele in cattle may be similar to the human
pseudogene.
Frequencies of variants with the CYP2D14 105 (A/A) and 1790
(C/C) alleles, except for GD1 and GD2, were 10 and 5% in 20 JB and 14
and 0% in 44 HF cattle, respectively. In human, there is a transitional
C>T mutation at nucleotide 100 in the CYP2D6*4 and CYP2D6*10
sequences, which results in an AA substitution of proline to serine.
However, this AA substitution was not detected in cattle. The CYP2D14
1790 (G>C) allele was situated on an intron between exon 3 to exon 4
of CYP2D14. No allele around exon 5, which is similar to CYP2D6*3
of human (2549 (deletion of A) allele), was detected in cattle. We
detected no SNPs in the part of CYP2D14 that corresponds to human

18%

10%
10%

CYP2D6 allele distribution among different ethnic groups, resulting in
variable percentages of ultrarapid, extensive, intermediate, and poor
metabolizers in a given population. Phenotyping studies in the United
State and Europe suggested that approximately 7% of Caucasians are
poor metabolizers and deficient in CYP2D6 expression. Proportions
in subjects of African and Asian heritage are 1% and 3%, respectively
[15,25]. The most frequent null allele is CYP2D6*4, with an allele
frequency of 20-25% in Caucasians, where it is responsible for 70-90%
of all poor metabolizers [14]. The frequency of the gene deletion allele
(CYP2D6*5) is similar in other ethnic groups (4-7%).

C/C
C/A
A/A

C/C
C/A
A/A

14%
15%

G/G

G/G
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C/C

25%
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Figure 2: Ratio of polymorphisms at position 105 (A) and 1790 (B) from beginning of CYP2D14 gene in 20 JB and 44 HF cattle except for GD1 and GD2 variants.
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Cyp2D6*6. These results indicate that CYP2D14 gene deletion allele
may be the most important mutation relevant to an enzyme defect in
JB cattle, because the allele frequencies were very high.
References
1. Bertz RJ, Granneman GR (1997) Use of in vitro and in vivo data to estimate
the likelihood of metabolic pharmacokinetic interactions. Clin Pharmacokinet
32: 210-258.
2. Ingelman-sundberg M (2005) Genetic polymorphisms of cytochrome P450
2D6 (CYP2D6): clinical consequences, evolutionary aspects and functional
diversity. Pharmacogenomics J 5: 6-13.
3. Zanger UM, Raimundo S, Eichelbaum M (2004) Cytochrome P450 2D6:
overview and update on pharmacology, genetics, biochemistry. NaunynSchmiedebergs Arch Pharmacol 369: 23-37.
4. Božina N, Bradamante V, Lovrić M (2009) Genetic polymorphism of metabolic
enzymes P450 (CYP) as a susceptibility factor for drug response, toxicity, and
cancer risk. Arch Hig Rada Toksikol 60: 217-242.
5. Daly AK (2004) Pharmacogenetics of cytochromes P450. Curr Top Med Chem
4: 1733-1744.
6. Klotz U (2007) The role of pharmacogenetics in the metabolism of antiepileptic
drugs: pharmacokinetic and therapeutic implications. Clin Pharmacokinet 46:
271-279.
7. Murray M (2006) Role of CYP pharmacogenetics and drug-drug interactions
in the efficacy and safety of atypical and antipsychotic agents. J Pharm
Pharmacol 58: 871-885.
8. Rodriguez-Antona C, Ingelman-Sundberg M (2006) Cytochrome P450
pharmacogenetics and cancer. Oncogene 25: 1679-1691.
9. Sikka R, Magauran B, Ulrich A, Shannon M (2005) Bench to bedside:
pharmacogenomics, adverse drug interactions, and the cytochrome P450
system. Acad Emerg Med 12: 1227-1235.
10. Sistonen J, Fuselli S, Palo JU, Chauhan N, Padh H, et al. (2009)
Pharmacogenetic variation at CYP2C9, CYP2C19, and CYP2D6 at global and
microgeographic scales. Pharmacogenet Genomics 19: 170-179.
11. Solus JF, Arietta BJ, Harris JR, Sexton DP, Steward JQ, et al. (2004) Genetic
variation in eleven phase I drug metabolism genes in an ethnically diverse
population. Pharmacogenomics 5: 895-931.
12. Zanger UM, Turpeinen M, Klein K, Schwab M (2008) Functional
pharmacogenetics/genomics of human cytochromes P450 involved in drug
biotransformation. Anal Bioanal Chem 392: 1093-1108.
13. Kato D, Kawanishi C, Kishida I, Furuno T, Matsumura T, et al. (2005) CYP2D6
gene deletion allele in patients with neuroleptic malignant syndrome: preliminary
report. Psychiatry Clin Neurosci 59: 504-507.

J Vet Sci Technol, an open access journal
ISSN: 2157-7579

14. Zhou SF (2009) Polymorphism of human cytochrome P450 2D6 and its clinical
significance: part I. Clin Pharmacokinet 48: 689-723.
15. Gardiner SJ, Begg EJ (2006) Pharmacogenetics, drug-metabolizing enzymes,
and clinical practice. Pharmacol Rev 58: 521-590.
16. Tsuneoka Y, Matsuo Y, Higuchi R, Ichikawa Y (1992) Charcterization of the
Cytochrome P-450IID subfamily in bovine liver, nucleotide sequences and
microheterogeneity. Eur J Biochem 208: 739-746.
17. De Donato M, Gallagher DS Jr, Lehn C, Gill C, Taylor JF (2003) Molecular
cytogenetic assignment of genes to bovine chromosome 5. Genet Mol Res 2:
260-270.
18. Van der Padt A, Van Schaik RHN, Sonneveld P (2006) Acute dystonic reaction
to metoclopramide in patients carrying homozygous cytochrome P450 2D6
genetic polymorphisms. Neth J Med 64: 160-162.
19. Slanař O, Nobilis M, Kvétina J, Matoušková O, Idle JR, et al. (2007)
Pharmacokinetics of tramadol is affected by MDR1 polymorphism C3435T. Eur
J Clin Pharmacol 63: 419-421.
20. Hamamoto K, Mizuno Y, Kijima M, Abe T, Kobayashi E, et al. (2017)
Cytochrome P450 2D14 (Cyp2D14) gene deletion variats in the
Japanese Black and characterization of their effects on metoclopramide
pharmacokinetics. J Vet Sci Techno 7: 318.
21. Jurima M, Inaba T, Kandar D, Kalow W (1985) Genetic polymorphism
of mephenytoin P (4’)-hydroxylation: Difference between Orientals and
Caucasians. Brit J Clin Pharmacol 19: 483-487.
22. Nakamura K, Goto F, Ray WA, McAllister CB, Jacqz E, et al. (1985) Interethnic
differences in genetic polymorphism of debrisoquine and mephenytoin
hydroxylation between Japanese and Caucasian populations. Clin Pharmacol
Ther 38: 402-408.
23. Abe T, Saburi J, Hasebe H, Nakagawa T, Misumi S, et al. (2009) Novel
mutations of the FASN gene and their effect on fatty acid composition in
Japanese Black beef. Biochem Genet 47: 397-411.
24. Trepanier LA (2006) Cytochrome P450 and its role in veterinary drug
interactions. Vet Clin North Am Small Anim Pract 36: 975-985.
25. Chen S, Chou WH, Blouin RA, Mao Z, Humphries LL, et al. (1996) The
cytochrome P450 (CYP2D6) enzyme polymorphism : Screening costs and
influence on clinical outcomes in psychiatry. Clin Pharmacol Ther 60: 522-534.
26. Gaedigk A, Geadigk R, Leeder JS (2005) CYP2D7 splice variants in human
liver and brain: does CYP2D7 encode functional protein? Biochem Biophys
Res Commun 336: 1241-1250.
27. Pai HV, Kommaddi RP, Chinta SJ, Mori T, Boyd MR, et al. (2004) A frameshift
mutation and alternate splicing in human brain generate a functional form of the
pseudogene cytochrome P4502D7 that demethylates codeine to morphine. J
Biol Chem 279: 27383-27389.

Volume 8 • Issue 1 • 1000407

