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Abstract
	 Background:	The	dopamine	D2	receptor	gene	(DRD2)	plays	a	role	in	many	diseases	such	as	
schizophrenia,	Parkinson’s	disease,	and	addictive	behaviour.	Methods	currently	available	 for	 the	
detection	of	DRD2	polymorphisms	are	costly	and	cannot	detect	all	8	polymorphisms	of	our	research	
interest	 simultaneously	 (Val96Ala,	 Leu141Leu,	 Val154Ile,	 Pro310Ser,	 Ser311Cys,	TaqI	 A,	A-241G,	
and	−141C	Ins/Del).	Therefore,	we	developed	a	nested	multiplex	polymerase	chain	reaction	(PCR)	
for	simultaneous	detection	of	these	polymorphisms.
	 Methods:	 Genomic	DNA	was	 extracted	 from	blood	 using	 standardised	methods.	 Primers	
specific	at	the	3’-end	for	the	polymorphic	sites	were	designed.	A	two-step	PCR	method	was	developed.	
In	the	first	PCR,	a	region	from	exon	3	to	4,	exon	7,	the	promoter	region,	and	the	3’-region	of	DRD2	
were	specifically	amplified.	The	products	were	subsequently	used	as	templates	in	the	second	PCR.	
Sequencing	was	performed	to	validate	the	test	results.
	 Results: Specific	bands	corresponding	to	the	amplified	product	of	 interest	were	obtained.	
The	method	was	reproducible	and	specific	when	used	to	genotype	patients	with	schizophrenia.	The	
amplified	sequences	showed	100%	homology	to	the	DRD2	sequence.
 Conclusion: The	method	was	found	to	be	simple,	rapid,	specific,	and	reproducible	for	the	
simultaneous	detection	of	the	DRD2	polymorphisms.

Keywords: dopamine	 D2	 receptor,	 genetics,	 genetic	 polymorphism,	 methods,	 nested	 PCR,	 reproducibility	 of	
results,	specificity

Introduction

 The dopamine D2 receptor (DRD2) belongs 
to the G protein–coupled receptor superfamily 
located on postsynaptic dopaminergic neurons 
(1). It is mainly expressed in the striatum, 
cortex, and limbic system (2). The human DRD2 
gene is located at 11 q22-q23 (3), as depicted 
in Figure 1. This gene was previously found to 
contain 8 exons that span over 270 kb (4), but 
it has recently been found to span over only                                                                                                                                             

65.69 kb (GenBank accession number 
NG_00884.1). Of the more than                                                                      
200 polymorphisms at the DRD2 locus that 
may have important clinical and physiological 
implications, the most important polymorphisms 
are Val96Ala, Leu141Leu, Val154Ile, Pro310Ser, 
Ser311Cys, DRD2/ANKK1 TaqI A (referred to 
here as TaqI A), A-241G, and −141C Ins/Del																																	
(3,5–10), as detailed in Table 1. 
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Figure	 1: Dopamine D2 receptor gene (DRD2) structure and 
polymorphisms studied. Boxes represent exons; horizontal 
lines connecting boxes represent introns, promoter, and 
untranslated regions. Arrows indicate relative locations of 
the polymorphisms.

 The TaqI A1 allele of the TaqI A polymorphism 
is associated with reduced DRD2 density 
(9,10). The TaqI A1 allele has been shown to be 
associated with addictive behaviour, including 
alcoholism (11) and smoking (12). This allele has 
also been implicated in the development of motor 
fluctuations in patients with Parkinson’s disease 
in response to levodopa (13). Previous studies 
have shown that the −141C	Ins/Del polymorphism 
leads to reduced promoter activity in vitro (8). The 
−141C Del allele was found to be associated with a 
high striatal dopamine receptor density in healthy 
volunteers (10) as well as with schizophrenia (14) 
and the clinical response to antipsychotics in the 
first episode of schizophrenia (15). 
 Previously described methods for the 
detection of DRD2 polymorphisms include 
polymerase chain reaction (PCR)–restriction 
fragment length polymorphism (RFLP)                                                                                                                            
(5,6,8,16–19), denaturing gradient gel 
electrophoresis (6), Southern blot analysis 
(3,16,20), and direct sequencing (3,16,20). 
These methods are generally costly and tedious, 
and some require specialised equipment 
and manpower that may not be available or 
appropriate for all research groups. The objective 
of this paper is to describe a novel method for the 
detection of these 8 DRD2 polymorphisms that 
is simple and relatively rapid while maintaining 
sensitivity. This assay was developed for a 
bigger study to investigate the influence of 
DRD2 polymorphisms on treatment outcomes 
in patients with schizophrenia. Application of 

this method will enable smaller research groups 
to increase the scale of their DRD2 genotyping 
throughput by less specialised personnel in less 
specialised settings. 

Materials and Methods

Genomic	DNA
 Genomic DNA was obtained from peripheral 
leucocytes extracted from 10 mL of blood taken 
from patients with schizophrenia attending the 
psychiatry clinic at Hospital Universiti Sains 
Malaysia, using previously described methods 
(21). The protocol for this study was approved by 
the Research and Ethics Committee, Universiti 
Sains Malaysia, Kelantan, Malaysia.

Primer	design	
 To improve sensitivity, the PCR was designed 
as a two-step nested PCR where, in the first PCR, 
primers were designed to amplify specific regions 
of the DRD2 gene containing the mutations 
of interest. The products were then used as 
templates for the second allele-specific reactions. 
For the second PCR, primers were designed to 
have specific 3’-ends, manipulated to differentiate 
single nucleotide changes at the specific locus 
during PCR amplifications. We identified the 
location of the flanking regions of the primers 
against the DNA sequences published by Hauge et 
al. (16) and Murakami et al. (22) that are available 
at http://www.ncbi.nlm.nih.gov/ (accession 
number: AF050737 and AF148806). 
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Table	1: Characteristics and positions of 8 dopamine D2 receptor polymorphisms
Polymorphism Characteristic	mutation Position Accession	no.
Val96Ala Substitution of alanine for valine at codon 96 14858 AF050737

Leu141Leu Silent substitution at codon 141 (C T) 16019 AF050737

Val154Ile Substitution of isoleucine for valine at codon 154 16058 AF050737
Pro310Ser Substitution of serine for proline at codon 310 20225 AF050737
Ser311Cys Substitution of cysteine for serine at codon 311 20229 AF050737
TaqI A Alteration of a TaqI restriction site at 10 541 kb 32806 AF050737

downstream of DRD2 stop codon (exon 8)
A-241G Substitution of guanine for adenosine at −241 6091 AF148806
−141C	Ins/Del Single base pair cytosine insertion/deletion at 6191 AF148806

position −141

 We also used the Basic Local Alignment 
Search Tool (BLAST) programme at                                                      
http://www.ncbi.nlm.nih.gov/blast to ascertain 
the specificity of the primers. The primers 
were also designed to have similar annealing 
temperatures and appropriate length as well as 
GC contents for multiplexing reactions to avoid 
incompatibility of the primer sets. Table 2 lists the 
sequences of the primers used for both the first 
and the second PCRs. 

Method	 development	 for	 nested	 allele-specific	
multiplex	PCR
 The schematic chart for the detection of DRD2 
polymorphisms using a nested allele-specific 
multiplex PCR is shown in Figure 2. A total of                                                                                                       
276 bp (fragment A) of the 5’-untranslated region 
(i.e., promoter region) of DRD2 was amplified 
with the primers D2PRFW and D2PRRV. It was 
then used as template for the second PCR of 
the A-241G and −141C Ins/Del polymorphisms. 
For identification of Val96Ala, Leu141Leu, 
and Val154Ile polymorphisms, the larger first 
PCR fragment was amplified by using primers 
DRD2EX3&4FW and DRD2EX3&4RV spanning 
exons 3 to 4. Fragment B, as large as 1497 bp, 
was then used as a template for the second PCR. 
Primers DRD2EX7FW and DRD2EX7RV were 
used to amplify exon 7 for fragment C. It was 
then used as template for the second PCR of 
Pro310Ser and Ser311Cys. Fragment D spanning 
the 3’-untranslated region (i.e., TaqI A region) of 
DRD2 was amplified using primers D2TAQ1AFW 
and D2TAQ1ARV. It was used as a template for 
the second PCR of the TaqI A polymorphism. 
 Initially, 4 PCR procedures were performed 
using singlet pairs of primers to determine 
a PCR programme that would allow optimal 

amplifications of all the loci when performed 
individually. The initial reaction condition was 
determined empirically. When these initial 
experiments produced a successful uniplex PCR, 
a multiplex PCR was attempted first by combining 
the 4 primer sets in a single reaction. The PCR 
protocols initially employed were exactly the same 
as they were with the reactions with individual 
primer pairs.
 To improve the amplification of certain 
loci while eliminating the amplifications of non-
specific products, further adjustments to the 
PCR protocols were made. The concentrations 
of MgCl2 and Taq polymerase were varied. 
Different combinations of primer pairs and 
template dilutions were also tried to improve the 
reproducibility, specificity, and sensitivity. The 
same strategies were used for the optimisation of 
the second PCR.

Optimised	PCR	method	for	genotyping	DRD2	
 After numerous experiments, the most 
robust protocol that also gave equal amplification 
of all alleles was achieved in a total volume 
of 25.0 μL, containing 200 ng DNA template,                                            
1.0 mM MgCl2, 0.2 mM dNTPs (Promega, 
Madison, Wisconsin, USA), 0.5 U Biotool® 
DNA Taq Polymerase (B&M Labs, Madrid, 
Spain), and 1× Biotool® PCR buffer (B&M Labs, 
Madrid, Spain). The optimal primer (Invitrogen, 
California, USA) concentrations were found to be 
0.15–0.40 µM (Table 1). All the PCRs were done 
in standard 0.2 mL Eppendorf PCR tubes and ran 
in an Eppendorf Mastercycler Gradient® Cycler 
(Eppendorf, Hamburg, Germany).
 The first PCR amplified a region from exon 
3 to 4 of DRD2, exon 7, the promoter region, 
and the downstream region of the DRD2 stop 
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Figure	2: Schematic chart of SNP genotyping of DRD2 polymorphisms 
using a nested allele-specific multiplex PCR.

codon (exon 8) using specifically designed 
primers (Table 2). This step was performed 
to isolate regions of interest containing the 
relevant DRD2 polymorphisms that were later 
used for the second allele-specific PCR to avoid 
amplification of similar sequences in the human 
genome that may be located outside the gene. 
The protocols involved 2 uniplex and 1 duplex 
PCRs for improved specificity and sensitivity. The 
uniplex reactions amplified the region from exon 
3 to exon 4 (Set A) and the promoter region (Set 
C) of DRD2, and the duplex reaction amplified 
exon 7 and the 3’-region (Set B) of the gene. Four 
primer sets were used in the first PCR, yielding 
fragments of sizes 1497, 566, 276, and 305 bp. For 
all the reactions, DNA was denaturated initially at                                                         
94 °C for 2 minutes before the cycling programme, 
followed by 35 cycles of DNA denaturing step 
at 94 °C for 1 minute, annealing at 65 °C for                                                  
1 minute, extension at 72 °C for 2 minutes, and a 

final extension period at 72 °C for 5 minutes. The 
PCR products were analysed on a 2.0% agarose 
gel (LE, analytical grade; Promega, Madison, 
Wisconsin, USA) stained in ethidium bromide in 
1× Tris-borate-EDTA (TBE) buffer at 130 V for            
90 minutes. 
 After a successful first PCR, 2.0 μL of diluted 
PCR product were used as a template for the 
detection of wild-type or mutant-type alleles in 
the second PCR. The second PCR was carried out 
in a reaction mixture that was identical to that 
described for the first PCR, with the exception of 
the primer concentrations shown in Table 2. The 
second PCR was comprised of 15 cycles of DNA 
denaturing at 94 °C for 1 minutes, annealing at 
63 °C for 1 minutes, and extension at 72 °C for                       
2 minutes. Next, 10 mL of the second PCR product 
was analysed on a 2.0% agarose gel and 1× TBE at 
130 V for 90 minutes. The expected fragment size 
for each of the products is listed in Table 2. 
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Table	2: List of primer sequences, fragment sizes, calculated melting temperature (Tm), and primer 
concentration of the first and second PCRs used for the detection of 8 dopamine D2 receptor 
polymorphisms

PCR Primer Sequence
(5’	–	3’)

Fragment
size	(bp)

Calculated
Tm	(°C)

Primer
concentration	

(μM)
1st PCR
Set A DRD2EX3&4FW cag ctg cct cct 1497 64 0.30

gag tct gt
DRD2EX3&4RV cca tat ctg tgc 62 0.30

cag gga ct

Set B DRD2EX7FW ctg atg cct ggg 566 62 0.15
aac ttg tc

DRD2EX7RV gcc cat ctg taa 60 0.15
agt gag ca

D2TAQ1AFW acg gct ggc caa 305 60 0.25
gtt gtc t

D2TAQ1ARV acc ttc ctg agt 62 0.25
gtc atc aac

Set C D2PRFW act ggc gag cag 276 62 0.40
acg gtg a

D2PRRV tga agc tgg aca 60 0.40
gct ctg c

2nd PCR
Set D DRD2EX7RV cca tat ctg tgc 0.25

cag gga ct
D2TAQ1AFW acg gct ggc caa 0.25

gtt gtc t
D2WT311 tga ctc tcc ccg 409 60 0.25

acc cgt c
D2MT311 tga ctc tcc ccg 60 0.25

acc cgt g
D2TAQ1AWT atc ctc aaa gtg 197 58 0.25

ctg gtc g
D2TAQ1AMUT atc ctc aaa gtg 56 0.25

ctg gtc a

Set E DRD2EX3&4RV cca tat ctg tgc 0.25
cag gga ct

DRD2EX7RV gcc cat ctg taa 0.25
agt gag ca



  Original Article | PCR method for genotyping of DRD2

www.mjms.usm.my 49

PCR Primer Sequence
(5’	–	3’)

Fragment
size	(bp)

Calculated
Tm	(°C)

Primer
concentration	(μM)

D2WT310 gct gac tct ccc 411 58 0.25
cga cc

D2MT310 gct gac tct ccc 56 0.25
cga ct

D2WT141 ctg tgg cca tgc 225 60 0.25
cca tgc

D2MT141 ctg tgg cca tgc 58 0.25
cca tgt

Set F DRD2EX3&4RV cca tat ctg tgc 0.25
cag gga ct

D2WT96 tgt tgc ttt gtc 1387 58 0.25
ccc agg t

D2MT96 tgt tgc ttt gtc 60 0.25
ccc agg c

D2WT154 caa gcg ccg ggt 185 60 0.25
cac cg

D2MT154 caa gcg ccg ggt 58 0.25
cac ca

Set G D2PRRV tga agc tgg aca 0.25
gct ctg c

D2-141WT aac ccc tcc tac 151 62 0.25
ccg ttc c

D2-141MUT aac ccc tcc tac 60 0.25
ccg ttc a

Set H D2PRRV tga agc tgg aca 0.25
gct ctg c

D2-241WT cag cct gca atc 252 60 0.25
aca gct ta

D2-241MUT cag cct gca atc 62 0.25
aca gct tg

 The optimised method was validated for 
reproducibility and specificity. This method 
was tested against DNA samples obtained from 
patients with schizophrenia. Samples detected 
with DRD2 polymorphisms were identified,                 
re-amplified, and sent for direct sequencing. 
These were later used as positive controls for the 
alleles.

Direct	DNA	sequencing
 Specificity of the primer sets used in this 
study was confirmed using a panel of single PCR 
products from the first PCR as positive controls 
that contained either heterozygous or homozygous 
wild-type/mutant-type, wild-type/wild-type, 
or mutant-type/mutant-type alleles. Direct 
sequencing was used to validate each positive 
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control sample. The DNA samples were purified 
using QIAquick® PCR Purification Kit (Qiagen, 
Hilden, Germany) and sequenced on an ABI 3700 
using Big Dye® Terminator Cycle Sequencing 
Ready Reaction Kit (Applied Biosystems, Foster 
City, California, USA). 

Results

 Our final method was the result of the 
optimisation of many factors such as primer pair 
selection, magnesium amount, Taq polymerase 
amount, and annealing temperatures. In general, 
the PCR conditions were optimised separately 
for each polymorphism and then combined using 

the following steps: (i) design of specific primers, 
(ii) selection of annealing temperature at which 
the primers were specific, (iii) determination of 
magnesium amount and Taq polymerase amount, 
and (iv) different combinations of primer pairs 
and template dilution.
 As shown in Figure 3, the primers designed 
for the first PCR successfully produced the desired 
products from the genomic DNA extracted. These 
were intended as templates for our second allele-
specific PCR. The primers designed for the second 
PCR were also later found to produce the desired 
second PCR products (Figure 4). Furthermore, 
the primers designed were found to be compatible 
with each other with no evidence of misannealing, 

Figure	 3: Electrophoresis pattern for the first PCR carried out with the specific primers.                 
(A) Uniplex amplification of the 4 regions of DRD2. Lane 1: exon 3 to 4 with primer 
sets DRD2EX3&4FW and DRD2EX3&4RV; Lane 2: the promoter region (i.e., 
5’-untranslated region) with D2PRFW and D2PRRV; Lane 3: the 3’-untranslated 
region (i.e., TaqI A) with D2TAQ1AFW and D2TAQ1ARV; Lane 4: exon 7 with 
DRD2EX7FW and DRD2EX7RV. (B) Result of the first PCR of 3 DNA samples that 
were obtained using the optimised PCR method. Lanes 1–3: PCR amplification 
of Set A, exon 3 to 4; Lanes 4–6: Set B, exon 7 and the 3’-untranslated region 
simultaneously; Lanes 7–9: Set C, the promoter region. M: 100-bp DNA ladder.
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Figure	4: Uniplex second PCR products carried out with the specific primers for Val96Ala, 
Leu141Leu, Val154Ile, Pro310Ser, Ser311Cys, TaqI A, −141C Ins/Del, and 
A-241G polymorphisms. The genotypes of the samples are homozygous wild-
type for Val96Ala, Leu141Leu, Val154Ile, Pro310Ser, Ser311Cys, and −141C Ins/
Del	polymorphisms, and heterozygotes for TaqI A and A-241G polymorphisms.                        
M: 100-bp DNA ladder; Wt: wild-type; Mt: mutant-type.

and the primers produced the specific products 
for both PCRs (Figures 3 and 4). 
 A uniplex first PCR for each single locus 
was performed to amplify the region from exon                                                                              
3 to 4, the promoter region, the 3’-region and 
exon 7 of DRD2 with primer sets DRD2EX3&4FW 
and DRD2EX3&4RV, D2PRFW and D2PRRV, 
D2TAQ1AFW and D2TAQ1ARV, and 
DRD2EX7FW and DRD2EX7RV, respectively, as 
shown in Figure 3A. Subsequently, a multiplex first 
PCR was performed using exactly the same PCR 
programme as with individual primer pairs except 
that the primer sets for all 4 regions of DRD2 were 
combined in a single reaction. Optimisation of the 
multiplex PCR method was unsuccessful due to 
problems such as non-reproducible amplification 
of the promoter region and exon 3 to 4. Finally, 
the problematic primer sets were separated 
resulting in 2 uniplex and 1 duplex first PCR sets. 
The methods were further optimised by reducing 
the amount of magnesium and Taq polymerase. 

The MgCl2 concentration was varied between                                                                                                       
2.0 and 1.0 mM. The Taq polymerase 
concentrations used for the assay were varied 
from 1.0 U to 0.5 U. Figure 3B shows the agarose 
gel electrophoresis of the first PCR products using 
the final optimised method.
 The second PCR condition was optimised 
separately for each polymorphism before being 
combined. Figure 4 shows the result of the uniplex 
second PCR amplification performed using the 
same cycling conditions. A multiplex second PCR 
was developed by combining the desired primer 
pairs at equimolar concentration in a single 
reaction. The first parameter that was tested and 
found to be important was annealing temperature 
(Tm). The annealing temperature was increased 
step-wise from 50 °C to 65 °C to eliminate the 
non-specific products and to avoid false negative 
results. We found that increasing the annealing 
temperature decreased the intensity of the 
amplified non-specific bands. 
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 The optimum amount of MgCl2 was 1.0 mM 
(Figure 5). Although higher concentrations of 
MgCl2 increased the intensity of the desired bands, 
it also produced more non-specific backgrounds. 
A range of Taq polymerase concentrations 
were also tested during the experiments. With                         
1.0 U of Taq polymerase, although all the desired 
bands were amplified, non-specific bands were 
also observed. The non-specific bands were 
successfully eliminated by reducing the amount 
of Taq polymerase to 0.5 U (Figure 5). 

 Thus, the condition for optimum sensitivity, 
specificity, and robustness for all the desired 
polymorphisms for the second PCR involved the 
use of 1.0 mM MgCl2, 0.2 mM dNTPs, 0.5 U Taq 
polymerase, 2.0 μL (1:100) template, and 0.25 μM 
of each primer pair (Set D, E, F, G, and H) in a final 
volume of 25.0 μL at an annealing temperature of 
63 °C (Figure 6). 
 The optimised method was shown to be 
specific, sensitive, and reproducible when 
validated against the 156 DNA samples obtained 

Figure	5: Optimisation of the allele-specific multiplex PCR. Agarose gel electrophoresis of 
the products from the second PCR showing the effect of different MgCl2 and Taq 
polymerase concentrations. (A) Results of the second PCR products amplified at 
concentration of MgCl2 2.0 mM and Taq polymerase 1.0 U showing the presence 
of non-specific bands in all PCR sets. (B) Second PCR products amplified at a 
concentration of MgCl2 1.0 mM and Taq polymerase 0.5 U. Results showed that 
MgCl2 and Taq polymerase concentrations have a significant effect on elimination 
of the non-specific bands, and all the expected bands were visualised clearly.                
M: 100-bp DNA ladder; Wt: wild-type; Mt: mutant-type.
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Figure	 6: Electrophoresis pattern for the second PCR amplification from                                                
3 genomic DNA samples carried out with the specific primers using 
the final optimised PCR for Set D (Ser311Cys and TaqI A), Set E 
(Pro310Ser, Leu141Leu), Set F (Val96Ala and Val154Ile), Set G (−141C	
Ins/Del) and Set H (A-241G). Each pair of lanes represents 1 sample. 
The genotypes for each sample are shown in the tables. M: 100-bp 
DNA ladder; Wt: wild-type; Mt: mutant-type.

from patients with schizophrenia (23). The 
mutation sites detected by this method were 
further confirmed with sequencing results. The 
sequencing analysis showed 100% homology 
to DRD2, and the results from the second PCR 
obtained from the samples also corresponded 
with the sequencing analysis. An example of our 
sequencing results is illustrated in Figure 7.

Discussion

 Currently, the time-consuming and 
labour-intensive PCR–RFLP is one of the most 
commonly used methods for the determination of 
genetic polymorphisms of the DRD2 gene. Apart 
from requiring highly skilled personnel, if the 
polymorphism does not involve a restriction site 
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Figure	 7: Specificity of the primer sets for the optimised nested allele-specific PCR for DRD2 
polymorphisms. (A) A representative agarose gel electrophoresis of the multiplex 
allele-specific PCR analysis of Set F and Set E showing no mutant-type alleles detected.                        
M: 100-bp DNA ladder; Wt: wild-type; Mt: mutant-type. (B) Nucleotide sequence of the 
PCR product obtained from sequencing was aligned using BLAST. The result was then 
compared with gel electrophoresis results of the selected sample, which confirmed the 
variation sites at codon 141 and 154 of the human DRD2 for Leu141Leu and Val154Ile 
polymorphisms, respectively. The locations of the allele-specific second PCR primers are 
underlined. The nucleotide sequence is numbered from the 3’-end of DRD2 as indicated 
at both sides of each line. (C) Chromatogram of nucleotide sequences from the sample 
showing homozygous wild-type alleles for Leu141Leu and Val154Ile polymorphisms. The 
position of the Leu141Leu and Val154Ile polymorphisms is indicated by the mark symbols 
and the vertical arrows.
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change, PCR–RFLP cannot be used. In contrast, 
allele-specific multiplex PCRs do not require 
restriction enzyme cleavage and are less time-
consuming as well as more user-friendly. 
 Apart from its advantages over PCR–RFLP, 
multiplex PCR, as developed in this study, 
is a promising technique to overcome other 
shortcomings of single PCR reactions and thus 
can increase the diagnostic capacity of PCR. In 
a multiplex PCR, more than 1 target sequence 
is amplified by including more primer pairs in 
a PCR reaction (24). Multiplex PCR thus has 
the potential to save time and reduce tedious 
laboratory work without compromising test 
accuracy. To our knowledge, this is the first report 
of a method for the simultaneous detection of 
multiple DRD2 polymorphisms using nested 
allele-specific multiplex PCR with the same 
conditions of thermal cycling. 
 Three main components that are important 
for the success of multiplex PCR are the 
cycling conditions, the PCR mixture, and the 
characteristics of the designed primers (25,26). 
Primers are the primary components of a PCR. 
The choice of specific primers will ensure the 
specificity of the PCR method because a non-
exact match with the sample DNA may cause false 
amplification. We opted to use a nested multiplex 
PCR approach to amplify the DRD2 regions of 
interest in the first PCR for use as a template in the 
second allele-specific PCR. Primers were designed 
to yield PCR products of different sizes so that 
identification was easier by gel electrophoresis. As 
a rule-of-thumb, it is advisable to design primers 
with a similar Tm of 55 to 58 °C or higher, of 18 
to 30 bp or higher in length, and of GC content 
of 35% to 60% for easier optimisation (24). These 
designed primers were aligned using BLAST 
programme and were shown to be 100% specific 
for DRD2. The second PCR gel pictures (Figure 
4) showed no significant primer dimers or large 
allelic noise bands, which indicated that the 
designed primer sets were PCR compatible. The 
specificity of the primers was further confirmed 
with sequencing analysis.
 Alterations in the PCR mixture and the 
cycling conditions resulted in improvement 
in the sensitivity and specificity of the method 
developed. The recommended PCR cycles were 
between 25 and 35 (27). Thirty-five cycles of PCR 
were used for the first PCR to ensure sensitivity. 
However, increasing the number of cycles will also 
increase amplification of non-specific products 
and analysis time. The cycles chosen for the first 
PCR were sufficient to allow for the second PCR. 
Subsequently, 15 cycles of PCR were performed 
for detection of variants. 

 Annealing temperature is an important 
parameter for PCR optimisation. If the annealing 
temperature is too high, no annealing can occur, 
and an annealing temperature that is too low will 
result in an increase in non-specific annealing 
(27). Taq polymerase is another important factor 
to be optimised along with magnesium and 
dNTPs. One of the reasons for its importance is the 
expense, and another reason is the fact that fidelity 
(nucleotide mis-incorporation frequency) of Taq 
polymerase depends upon the concentration of 
free Mg2+ and dNTP. For most PCRs, the optimum 
amount of Taq polymerase will be between 0.5 to 
2.5 U in a 50.0 μL reaction volume (27).
 In this study, 3 separate sets of the first PCR 
mixture were designed to amplify a region from 
exon 3 to 4 (Set A), exon 7 and TaqI A (Set B), and 
the promoter region (Set C) instead of just 1 PCR 
mixture. The initial 4 primer pairs in 1 set resulted 
in problems with the second PCR. The problems 
included amplification of non-specific products, 
multiple product yield (first PCR product carried 
over), high molecular weight smears, primer 
dimmers, and failure to amplify. 
 Similarly, combining the designed primer 
pairs to yield just 3 reaction mixtures for use 
in a multiplex second PCR was not successful. 
The combinations of primer pairs attempted 
were Val96Ala, Ser311Cys, and TaqI A                                                     
(Set 1); Pro310Ser, Leu141Leu, and Val154Ile 
(Set 2); and the promoter region polymorphisms, 
A-241G, and −141C Ins/Del (Set 3). The resulting 
multiplexes were not reproducible especially for 
Val96Ala, Val154Ile, and −141C Ins/Del. Val96Ala 
and Val154Ile were taken out from the sets and 
combined in a separate reaction mixture. Similarly, 
−141C	Ins/Del was separated from	A-241G, which 
resulted in 2 uniplex mixtures for the promoter 
region. Other primer pair combinations were 
tried but were also not reproducible. Splitting 
the multiplex reactions into 5 final sets made 
optimisation of the PCR easier, and the results 
obtained were more specific and reproducible. 
 The optimised methods were found to be 
robust when repeated by several individuals at the 
laboratory at the Faculty of Pharmacy, Universiti 
Teknologi MARA, to test for inter-individual 
robustness. The gel images were analysed by 
2 independent, blinded reviewers to ensure 
unequivocal results. Samples that did not have 
clear bands or equivocal results were repeated. 
The PCR results were subsequently confirmed by 
direct sequencing.
 Overall, the final allele-specific multiplex 
PCR method was the result of condition 
optimisation of factors such as primer selection, 
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quality of the DNA, magnesium amount, Taq 
polymerase amount, and annealing temperature. 
Our method was found to be specific in detecting 
8 DRD2 polymorphisms (Val96Ala, Leu141Leu, 
Val154Ile, Ser311Cys, Pro310Ser, TaqI A, A-241G, 
and −141C Ins/Del). The specificity of the method 
was further confirmed with sequencing analysis 
(Figure 7). 
 Recently, a new genotyping method has been 
described that uses microchip electrophoresis for 
the analysis of PCR products for sizing, mutations, 
or polymorphisms. For example, this method can 
be used in detecting the methylated p16 gene in 
cancer patients (28), the analysis of the dopamine 
D4 receptor gene polymorphism (29) and the 
detection and identification of yeast strains (30). 
The microchip electrophoretic system is faster and 
more specific when compared with agarose gel 
electrophoresis (28). Barta et al. (29) confirmed 
the reliability of the new separation method by 
comparing it to the conventional slab gel and the 
ultra-thin-layer techniques in genotyping the 48 
bp repeat polymorphism in the dopamine D4 
receptor gene (DRD4). On the other hand, no 
differences in discriminating power or sensitivity 
were observed between the PCR-agarose gel 
electrophoresis method and the PCR-microchip 
electrophoresis method in identification of 
common and uncommon yeast strains (30). To 
the best of our knowledge, there has been no study 
in which the microchip electrophoresis analysis 
system was used in a clinical or research laboratory 
for determining the lengths of PCR products for 
simultaneous detection of DRD2 polymorphisms. 
This new approach requires sophisticated 
techniques and expensive equipment that are not 
usually available in most research and diagnostic 
settings, hence the limited implementation of this 
method. The nested multiplex allele-specific PCR 
in this study offers a simple, inexpensive, and 
specific method that does not require additional 
equipment or additional complexity. The only 
step involved after PCR is the conventional 
agarose gel electrophoresis for interpretation 
of the PCR products. Furthermore, agarose gel 
electrophoresis is the technique of choice for 
many laboratories without the need for costly 
reagents and equipment.
 
Conclusion

 We have developed a nested multiplex allele-
specific PCR for the simultaneous detection of 
DRD2 polymorphisms and sufficient information 
about the assay has been provided. Our ability to 

simultaneously amplify more than 1 locus in the 
same reaction in a multiplex PCR is desirable for 
population studies. 
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