Original Article

Determination of Multidrug Resistance (MDR1) Gene and Its
Mutations in Dogs by Using Polymerase Chain Reaction
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Abstract

The objective of this study is to establish a polymerase chain reaction (PCR) laboratory for detection of
multidrug resistancel (MDR1) mutation in Thailand. Blood samples were collected from 67 dogs, namely 16 Collies, 9
Shetland Sheepdogs, 5 Border Collies, 6 Shih tzus, 13 German Shepherds and 18 mixed breeds. Genomic DNA was
extracted and PCR was performed to amplify 341 and 577 bp fragments to detect homozygous wild-type (+/+) and
homozygous mutant (-/-), respectively. For the heterozygous mutant (+/-), both PCR fragments would be presented.
An analysis of DNA sequences encompassing the 4-base pair deletion in the coding region of MDRI gene was
performed to confirm different MDRI genotypes. Nine Collies (56.2%) were heterozygous for the MDR1 mutation
(carrier) and 7 dogs (43.8%) were homozygous for the mutant allele (affected). None of the studied Collies were
homozygous for the normal allele (normal). One Shetland Sheepdog (11.1%) was heterozygous mutant. All the other
breeds were homozygous normal. This research can be used for further studies to establish the PCR-based diagnostic
test in suspected dogs.
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Introduction

A P-glycoprotein (P-gp), also known as a
multidrug resistance 1 (MDR1) protein or an
adenosine triphosphate (ATP)-blinding cassette sub-
family B member 1 (ABCB1), is a 170 kDa membrane
protein, encoded by the MDRIgene (Dean et al., 2001).
A major role of MDRI1 protein is an ATP-dependent
efflux pump of xenobiotics and cellular metabolites in
several tissues, including tumor cells, apical border of
intestinal epithelial cells, biliary canalicular cells, renal
proximal tubular epithelial cells, peripheral blood
mononuclear cells, brain capillary endothelial cells
(blood-brain barrier), spinal cord, placenta and testes
(Thiebaut et al., 1987; Cordon-Cardo et al.,, 1990;
Chaudhary et al, 1992). Therefore, it plays an
important role in drug transportation and protective
barrier against a wide variety of substrates, avoiding
drug entry into the central nervous system (Linardi
and Natalini, 2006). P-gp substrates include drugs
commonly used in veterinary medicine such as
ivermectin,  digoxin, loperamide, vinblastine,
cyclosporine A, paclitaxel, verapamil, doxorubicin,
dexamethasone (Geyer et al., 2005).

The MDRI1 gene has already been identified
in mice, rats, rodents, dogs, ruminants, monkeys and
human (Linardi and Natalini, 2006). In dogs, MDR1

gene is localized on chromosome 14 and consists of 28
exons. MDR1 mutation locates on exon 4 as an exonic
4-bp deletion (AGAT) at nucleotide positions 294-297
of the MDR1 open reading frame. The homozygous
mutation results in a nonsense frame shift at amino
acid position 75 followed by a premature stop codon,
producing a nonfunctional P-gp protein (Mealey et
al., 2001; Roulet et al., 2003). That mutation leads to
the high intracellular accumulation of P-gp substrate
drugs. Affected breeds with MDR1 mutation included
Collies, Border Collies, Shetland Sheepdogs, Old
English sheepdogs, McNabs, English Shepherds,
Australian ~ Shepherds, = Miniature = Australian
Shepherds, and also found in Longhaired Whippets,
Silken Windhounds, White German Shepherds and
mixed breeds (Neff et al., 2004; Dowling, 2006; Baars
et al.,, 2008; Mealey and Meurs, 2008; Gramer et al.,
2010). Collies with homozygous MDR1 gene mutation
treated with ivermectin showed serious neurological
signs such as hypersalivation, ataxia, blindness,
tremor, respiratory distress and even death due to the
greater penetration of ivermectin through the blood-
brain barrier or reduced elimination from the brain
(Seward, 1983; Pulliam et al., 1985; Paul et al., 1987;
Vaughn et al., 1989; Hopper et al., 2002). Homozygous
mutant dogs may easily show adverse effects from
ivermectin and other P-glycoprotein substrate drugs
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Table 1 Primer sequences and length of the amplified PCR products

Primers (P’) Primer sequences Amplicon (bp)
1. forward wt P 5- GCTGGTTTTTGGAAACATGACAGA-3 341

2. reverse wt P’ 5- TCCTGAAACTTCCTGGGATCT-3'

3. forward mut P't 5- GGTTTTTGGAAACATGACAGC-3’ 577

4. reverse mut P’ 5- AGAGCCCAACCTGTGACAAT-¥

5. forward seq P'* 5- TTTAGGTTGGACCAGGATGG-3 426

6. reverse seq P’ 5- CCCTTTTCCCCCAGAAATAA-3

‘wt P’ denotes a primer used to amplify wild-type MDR1 fragments.
tmut P’ denotes a primer used to amplify mutant MDR1 fragments.

tseq P’ denotes a primer used to amplify MDR1 fragments for DNA sequencing.

at dosages that are not harmful to normal dogs
whereas heterozygous dogs may express toxicity at
increased doses such as ivermectin dose for treating
demodecosis (Hugnet et al.,, 1996; Dowling, 2006).

Some P-gp  substrate drugs  were
documented to cause neurotoxicity in dogs with
homozygous MDR1 mutation such as ivermectin,
doramectin, loperamide, vincristine, vinblastine and
doxorubicin (Mealey et al., 2001; Mealey et al., 2003;
Yas-Natan et al., 2003; Sartor et al., 2004). Hence, the
genotypes of dogs in affected breeds should be
determined before treatment. The test for detecting
the MDR1 gene mutation is an important clinical
diagnosis that helps veterinarians to use suitable
drugs in safely to increase efficacy of treatment of
several diseases in predisposed dogs, and improve the
selection procedure in dog breeding. This study
describes the genetic analysis method of MDRI
mutation by PCR-based technique.

Materials and Methods

Animals and sample collection: EDTA-treated blood
samples were collected from 16 Collies, 9 Shetland
Sheepdogs, 5 Border Collies, 6 Shih tzus, 13 German
Shepherd, and 18 mixed breeds. The Collies, Shetland
sheepdog and Border collie were collected from
breeding farms. The other breed samples were from a
non-selected population in the Small Animal
Hospital, =~ Faculty = of  Veterinary  Science,
Chulalongkorn University. The study was conducted
under Animal Use Protocol number 1031036,
authorized through the Chulalongkorn University
Animal Care and Use Committee (CU-ACUC).

PCR-based technique detecting the MDR1 mutant
gene: To achieve allelic discrimination between wild-
type and mutant alleles, two physically separated
PCR reactions containing the primers to detect wild-
type alleles (forward and reverse wt P’) and mutant
alleles (forward and reverse mut P’) were performed.
The primer setting was based on the published DNA
sequence for the canine Pgp-encoding gene MDRI1
(ENSCAFG00000001835), using Primer 3 (version
0.4.0) free software (http://frodo.wi.mit.edu/
primer3/) and checked for specificity using the UCSC
In-Silico PCR (http://genome.ucsc.edu/). Details of
the primers used for the amplification of MDR1 are
provided in Table 1. Locations of the primers on the
chromosome are shown in Fig 1. All reactions were
carried out in the presence of 100 ng of template DNA
in 25 pl reaction mixtures, containing 0.5 pM of each
primer, 0.2 mM of each dNTP, 1.5 mM of MgCl,, and
1 unit of Taq DNA Polymerase (Invitrogen, CA, USA).

Reactions were performed in a GeneAmp PCR System
9700 thermocycler (Applied Biosystem, CA, USA),
according to the following thermocycling conditions:
1 cycle of 94°C for 2 min; 25 cycles of 940C for 15 sec,
630C for 30 sec, and 680C for 45 sec; and a final
extension of 68°C for 5 min. After the amplification
reaction, samples were held at -10°C until analysis.
The PCR products were separated by 1% agarose gel
electrophoresis. Analysis and documentation of the
ethidium-bromide stained gels were performed in a
Gel Doc XR imager (Bio-Rad Laboratories, CA, USA).
In order to detect mutation, PCR
amplification was performed in the presence of 300 ng
of template DNA in 50 pl reaction mixture, containing
0.2 pM of each primer (forward and reverse seq P’),
0.2 mM of each ANTP, 2 mM of MgSO,, and 1 unit of
Platinum Taq DNA Polymerase High Fidelity
(Invitrogen, CA, USA). Gene-specific primers
encompassed the site of mutation. Details of the
primers used for the amplification of MDRI1 are
provided in Table 1. Reactions were performed
according to the following thermocycling conditions:
1 cycle of 94°C for 2 min; 40 cycles of 940C for 15 sec,
500C for 30 sec, and 680C for 45 sec. After the
amplification reaction, samples were held at -100C
until analysis. The PCR products were separated by
1% agarose gel electrophoresis. Analysis and
documentation of the ethidium-bromide stained gels
was performed.
Gel extraction and Sequencing: Template genomic
DNA was extracted from approximate 300 mg of
agrose gel band, using a gel extraction kit, according
to the manufacturer’s instructions (HiYield Gel/PCR
DNA Extraction Kit, RBC Bioscience, Taipei, Taiwan).
Verification of the amplified PCR-fragments was
carried out by automated DNA sequencing, using 200
ng DNA and 10 pM of primer per reaction.
Sequencing analysis of the MDR1 gene was used to
identify whether 67 dogs carried the different MDR1
genotypes by a Sequence Scanner program (version
1.0) (Life Technologies, NY, USA).

Table 2 Genotype results of the dogs used for
validation of the allele-specific PCR

Breed (n) Genotype  Positive samples
Collie (16) -/ 7

+/-t 9
Shetland Sheepdog (9) +/- 1

+/+t 8
Border Collie (5) +/+ 5
Shih tzu (6) +/+ 6
German Shepherd (13) +/+ 13
Mixed breed (19) +/+ 19

* homozygous mutation, f: heterozygous mutation,
 homozygous wild-type
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Figure 1 Location of primers on the chromosome 14.
Numbers indicated chromosome locations of the
3’ends of each primer. White, black and dashed
leftward and rightward arrows indicated primers
for amplifying wild-type DNA fragments (wt),
mutant DNA fragments (mut) and for sequencing
(seq), respectively.
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Figure 2 Detection of homozygous (-/-) and heterozygous
(+/-) MDR1 mutation. Genomic DNA was isolated
from whole blood and subjected to PCR and
electrophoresesed  in 1% agarose  gel.
Representative cases are shown. MDR1 fragments
with  homozygous  wild-type (+/+) and
homozygous mutant alleles (-/-) with lengths of
341- and 577-bp, respectively, are demonstrated. In
the case of heterozygous MDRI1 mutation (+/-)
fragments of both sizes are visible. Lanes 1 and 2
represent bands from a homozygous MDRI
mutated Collie; Lanes 3 and 4 represent bands
from a heterozygous MDR1 mutated Collie; Lanes
5 and 6 represent bands from a heterozygous
MDR1 mutated Shetland Sheepdog; Lanes 7 and 8
represent bands from a homozygous wild-type
Shetland Sheepdog; M represents 100 bp Plus
DNA ladder marker.

Results

The MDRI1 genes from 67 samples were
amplified by PCR technique. A band from wt primer
set and mut primer set indicates the presence of the
homozygous wild-type (+/+) and homozygous
mutation (-/-), respectively, and 2 visible bands
represent the heterozygous mutation (+/-) (Fig 2). The
accuracy of the results was further verified by DNA
sequencing of a 426-bp PCR product. MDR1 gene
analysis of the samples was compared with MDR1
gene sequence from GenBank/Ensembl databases.
The chromatograms showed characteristics of each
genotype (Fig 3). The results of the sequencing are
shown in Table 2. History taking about family tree of
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Collie dogs was performed. P1 Collie dog is a male
parent. P2, P3, P4 and P5 Collie dogs are female
parents with unknown genotype. The genetic analysis
of P1 and his puppies revealed potential MDRI1
genotypes of the female parent dogs (Fig 4).

Discussion

The multidrug resistance 1 (MDRI) gene
mutation is 4 bp deletion of MDR1 gene. The study of
multidrug resistance 1 (MDR1) gene mutation in dogs
by PCR-based technique in this report was performed
and the chromatograms clearly demonstrated
different genotypes (Figs 2 and 3), which were
confirmed with the dog histories. From 6 dog breeds
tested in the present study, the MDRI (-/-) genotype
was detected only in Collies (56.2%) whereas the
heterozygous mutant (+/-) was observed in Collies
(43.8%) and Shetland Sheepdogs (11.1%). High
frequency of MDR1 mutation was observed in Collies
because most families share the same male parent dog
(P1) which has the MDRI (-/-) genotype. Previous
studies revealed much higher percentage of Collies
carrying the MDR1 mutation either homozygous (-/-)
or heterozygous (+/-) genotypes than that of normal
Collies (+/+) as shown in Australia, France, Germany,
the UK, the Northwestern USA and the USA (Mealey
et al., 2002; Hugnet et al., 2004; Neff et al., 2004; Geyer
et al., 2005; Mealey et al., 2005, Mealey and Meurs,
2008; Tappin et al., 2008; Gramer et al.,, 2010). For
Shetland Sheepdogs and Border Collies, the low
percentage was found to be the MDRI (-/-) genotype.
Some heterozygous mutations were observed in these
breeds as well as in mixed breeds, but most of the
dogs had normal alleles (Neff et al., 2004; Geyer et al.,
2005; Kawabata et al., 2005; Mealey and Meurs, 2008;
Tappin et al., 2008; Gramer et al., 2010).

Several PCR-based techniques were
developed, attempting to diagnose the canine MDRI
gene mutation after the etiology of the ivermectin
sensitivity as the 4-based in MDR1 gene deletion was
demonstrated (Mealey et al.,, 2001). In the early
stages, the differentiation of only a 4 base gap by PCR
was demonstrated, including using 6.5%
polyacrylamide gel electrophoresis to detect
differentiation of 138 and 134 bp fragments (Geyer et
al., 2005), using ethidium bromide-stained 12%
polyacrylamide gel electrophoresis to identify 69 and
65 bp fragments (Roulet et al., 2003) or using 5%
agarose gel electrophoresis to separate 60 and 56 bp
fragments of wild-type (+/+) and mutated alleles (-/-
), respectively (Kawabata et al., 2005). However, it
was difficult to differentiate 2 PCR products with only
a 4 bp length difference. The multiplex PCR was
demonstrated to distinguish MDR1 genotypes by 2
amplicons with the sizes at 300 and 500 bp in 2 PCR
experiments with different annealing temperatures.
The first set of experiments was to detect a wild-type
allele and the second one was to detect a mutant allele
(Baars et al., 2005). However, following Baars’
method, 2 annealing temperatures were required to
detect wild-type and mutant alleles. Hence, 2 rounds
of PCR experiments or a gradient thermal cycler are
required. Recently MDR1 mutation has been detected
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Figure 3 Chromatograms of reversed canine MDRIgene with homozygous wild-type (A), heterozygous mutant (B) and
homozygous mutant (C). A rectangular demonstrates 4 bases that are skipped in MDRI-mutant. An arrow shows a
location where MDR1(-) and MDRI1(+) alleles are overlapped. An inverted triangle shows a 4-bp deleted site.

Pi(M) | P2 (F)
af = +iE, k-

Fr;ﬁ (M) ‘ Fi1/2(M)

+/ -

PL(M) | PR

Fuf1 (M) Flﬁ (F)

v i

P (M) _‘ Ps (F)
of 12 Hty 4=

Fi(F)

Pi(M) Ps(F)

-F - Wby -

— FilF) ‘

ol

Fz/1 (M) ‘

-

‘ Faf2(M) ‘

Figure 4 Family tree and MDR1 genotype of some studied Collies that are closed genetic relationship. (+/+: homozygous wild-type,
+/-: heterozygous mutant, -/-: homozygous mutant, M: Male, F: female)

by a fluorogenic 5 nuclease TagMan method
(Klintzsch et al., 2010). This method requires a real-
time PCR machine and expensive TagMan probes in
order to be useful for the routine diagnostics claimed
by the authors. In this study, a single round of PCR
was performed and different MDR1 genotypes were
determined readily from distinct PCR product sizes
on 1% agarose gel electrophoresis. However, the DNA
sequencing should be performed to verify the results,
preventing misinterpretation from the absence of
amplified products.

The PCR-based diagnostic test of MDR1 gene
mutation in this study are important not only for
veterinarians to select the safety drug in animal
especially ivermectin but also for breeders to control
the spread of the MDR1 gene mutation within dog
population since our study can be used for MDRI
gene mutation prediction of the dogs in the family
with unknown genotypes (as in P4 dog) (Fig 4). The
PCR-based technique in this study simplifies MDR1
genotyping. The method was sensitive in
discriminating 4-base deletion and is of value for
future research as a guideline for setting up the PCR-
based diagnostic test in suspected dogs and for

studying epidemiology, inheritance patterns or
further drug incompatibilities.
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