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confirmation, samples with known genotypes 
were run using a uniplex PCR method and the 
results obtained showed 100% concordance 
with the multiplex PCR technique (Figure 1) 
i.e. 244 bp, 331 bp and 793 bp for CYP3A4*4, 
CYP3A4*18B and CYP3A4*22, respectively.

Figure 1. A 2% agarose gel showing PCR 
products from multiplex and uniplex 
PCR for CYP3A4*4, CYP3A4*18B 
and CYP3A4*22. L1: Quick-Load 
100bp DNA ladder (NEB® inc, 
Massachusetts, USA). L2: multiplex 
pcr with band sizes of 244 bp, 331 bp 
and 793 bp. L3, L4 and L5 contain 
positive controls for CYP3A4*4 
with 244 bp, CYP3A4*18B with 331 
bp and CYP3A4*22 with 793 bp 
respectively. L6 is a negative control

A summary of the PCR-RFLP product 
sizes, endonuclease used and sizes of fragments 
following digestion is shown in Table 2. 

�$�P�S�O�L�¿�F�D�W�L�R�Q���R�I CYP3A4*4, CYP3A4*18B 
and CYP3A4*22 and Their Digestions 

The length of the PCR product for 
CYP3A4*4 was 244 bp (Figure 1). Figure 2 
depicts the BsmAI digestion of CYP3A4*4 
which yielded 15 bp (not shown), 88 bp and 
141 bp for the wild type, however, no variant 
alleles were detected for this gene in all the 
94 study subjects. In addition, the BsmAI also 
recognised the sequence 5'...G T C T C (N)1↓...3' 
in CYP3A4*22 and therefore digested it to give 
rise to 56 bp and 59 bp (not shown), 153 bp and 
525 bp. Nevertheless, the CYP3A4*18B sequence 
(331 bp) was unaffected by the action of BsmAI 
(Table 2 and Figure 2).

(TBE) buffer (AMRESCO®, Ohio, USA). For 
confirmation of uniplex and multiplex PCR 
(Figure 1), 1.0 µL of 6× DNA loading dye® 
(Thermo Fisher Scientific Inc, Massachusetts, 
USA) was mixed with 1.0 µL of SYBR® Green 
I stain (Lonza, Rockland, USA) and either 2.0 
µL of a Quick-Load 100bp DNA ladder (NEB® 
Inc, Massachusetts, USA) or 2.0 µL of the PCR 
products on a Parafilm® (Parafilm, Bemis, USA); 
the mixture was then loaded into the well and 
then electrophoresed on 2% agarose at 100 V for 
45 min. 

On the other hand, for multiplex PCR-
RFLP (Figure 2), 1.0 µL of 6× DNA loading dye® 
(Thermo Fisher Scientific Inc, Massachusetts, 
USA) was mixed with 1.0 µL of SYBR® Green 
I stain (Lonza, Rockland, USA) and either 
1.0 µL of a 50 bp DNA ladder (NEB® Inc, 
Massachusetts, USA) or 2.0 µL of PCR products 
on a Parafilm® (Parafilm, Bemis, USA); the 
mixture was then loaded into a 4% agarose and 
electrophoresed at 100 V for 1.5 h.

All gels were visualised using Alpha 
Innotech® Ultraviolet Transilluminator (Alpha 
Innotech® USA). 

�3�&�5���3�U�R�G�X�F�W�V���3�X�U�L�¿�F�D�W�L�R�Q���D�Q�G���'�1�$��
Sequencing

Prior to sequencing, the PCR products 
were purified using illustraTM ExoProsterTM 
1-Step Enzymatic and Sequencing Clean-Up 
(GE HealthCare Life Sciences, UK) according to 
manufacturer’s instructions.

�6�1�3���$�Q�D�O�\�V�L�V

In order to validate our method, control 
samples’ nucleotide sequences were run through 
the snpBLAST (https://blast.ncbi.nlm.nih.gov/
Blast.cgi?PAGE_TYPE=BlastSearch) and were 
compared against the SNP database (http://
www.ensembl.org/index.html) where each 
SNP was identified by its reference SNP (rs) 
ID. For instance, rs55951658, rs2242480, and 
rs35599367 are the rs numbers for CYP3A4*4, 
CYP3A4*18B and CYP3A4*22, respectively.

Results

In the present study, the developed 
multiplex PCR-RFLP method was used to 
successfully genotype a total of 94 patients 
simultaneously. The method was validated 
by sequencing of selected DNA samples using 
random sampling method (n = 38). For further 
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The chromatograms of 5'...G T C T C 
(N)1↓...3' for CYP3A4*4 (Figure 3), 5'…G T ↓ A 
C …3' for CYP3A4*18B [Figures 4(a), 4(b) and 
4(c)] and 5'…C ↓ C C A G C …3' for CYP3A4*22 
(Figure 5) sequences were confirmed using a 
BioEdit v7.2.5 software and the sequencing 
results matched those of the PCR-RFLP and 
snpBLAST analyses.

Discussion

Our study is the first to simultaneously 
determine the genotype of CYP3A4*4 A>G, 
CYP3A4*18B G>A and CYP3A4*22 C>T that may 
be useful as possible biomarkers to predict breast 
cancer response to treatment.

The newly developed method is stable 
and reproducible to be conducted in only a 
single-tube multiplex reaction. The method 
was successfully applied in genotyping of 94 
subjects with a significantly minimised pre-PCR 
optimisation step and thermal cycling time when 
compared to conventional single reaction in 
multiple PCR tubes.

The length of the PCR product for 
CYP3A4*18B was 331 bp (Figure 1) and its 
digestion with RsaI is depicted in Figure 2. The 
RsaI recognises the sequence 5'…G T ↓ A C …3' 
and therefore the wild type CYP3A4*18B (115 
bp and 216 bp) could be easily differentiated 
from the homozygous (undigested 331 bp) and 
heterozygous variants (115 bp, 216 bp and 331 
bp). The RsaI also recognised the sequence 
5'…G T ↓ A C …3' in CYP3A4*22 sequence and 
therefore yielded two band sizes of 112 bp and 
681 bp. The CYP3A4*4 sequence (244 bp) was 
unaffected by the action of RsaI (Table 2 and 
Figure 2). 

The length of CYP3A4*22 PCR product 
was 793 bp (Figure 1) and its 5'…C ↓ C C A G C 
…3' sequence was recognised by BseYI which 
makes it easy to differentiate the wild (219 bp 
and 575 bp) from the variant types. However, 
in this study, no variant alleles of CYP3A4*22 
were detected. The CYP3A4*4 (244 bp) and 
CYP3A4*18B (331 bp) sequences were unaffected 
by the digestion with BseYI (Table 2 and 
Figure 2).

Table 2. Hypothetical RFLP lengths for CYP3A4*4, CYP3A4*18B and CYP3A4*22 following digestion 
with BsmAI, RsaI and BseYI, respectively

SNPs PCR sizes RE and the recognition 
sites

REs 
tested Frequencies Fragments (bp)

CYP3A4*4
Wild type

244 BsmAI
5'...G T C T C (N)1↓...3'
3'...C A G A G (N)5↑...5'

BsmAI
RsaI
BseYI

2
ND
ND

15, 88, 141
331
793

Mutant BsmAI
RsaI
BseYI

3
ND
ND

15, 47, 88, 94
331
793

CYP3A4*18B
Wild type

331 RsaI
5'…G T ↓ A C …3'
3'…C A ↑ T G …5'

RsaI
BsmAI
BseYI

1
ND
ND

115, 216
244
793

Mutant RsaI
BsmAI
BseYI

ND
ND
ND

331
244
793

CYP3A4*22
Wild type

793 BseYI
5'…C ↓ C C A G C …3'
3' …G G G T C ↑ G …5'

BseYI
BsmAI
RsaI

1
3
1

219, 574
56, 59, 153, 525
112, 618

Mutant BseYI
BsmAI
RsaI

ND
3
1

793
56, 59, 153, 525
112, 681

ND: no digestion
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In this method, optimisation of PCR 
components such as MgCl2, dNTPs and Taq 
DNA polymerase was not required because 
the multiplex PCR master mix that was used 
contained pre-optimised concentrations of 
HotStar Taq DNA polymerase and MgCl2 plus 
dNTPs. Moreover, the multiplex PCR buffer 
contained a novel synthetic factor MP which 
enhances primer annealing and extension 
regardless of primer sequences. The use of a 
ready-made mastermix greatly reduced the 
time to set up the reaction while enhancing the 
reproducibility of the method by eliminating a 
variety of potential sources of pipetting errors 
(20). 

Another critical step for a successful 
multiplex PCR method is primer design. There 
is a relationship between the primer size, its 
annealing temperature (Ta) and hybridisation 
stability (20). Furthermore, the rule of thumb 
for optimum primer length is 18–30 nucleotides 
(24). In the present method, the length of all the 
primers ranged between 23–25 bases (Table 1).  

The melting temperature (Tm) of a primer 
is the key factor in DNA-DNA hybrid stability 
and is important in the optimisation of a primer 
Ta. In general, extremely low Ta can result in 
significant primer mispairing and the formation 
of multiple nonspecific bands, whereas high 
Ta may lead to the formation of insufficient 
primer-template hybridisation with subsequent 
reduction in the PCR product yield. Since the 
Tm of a primer is also related to its GC content 
which in turn provides information about the  
primers annealing stability or strength, it is 
recommended that each primer should have a GC 
content of 40%–60% (25). The present method 
was developed based on some of these well-
established recommendations.

The use of separate tubes for the 
identification of CYP3A4*4 A>G, CYP3A4*18B 
G>A and CYP3A4*22 C>T SNPs by BsmAI, RsaI, 
and BseYI, respectively was to ensure that errors 
in terms of double digestion or the formation of 
nonspecific bands were minimised. As observed 
in Table 2 and Figure 2, both BsmAI and 
RsaI have the ability to digest the CYP3A4*22 
sequence in addition to their primary targets 
(CYP3A4*4 and CYP3A4*18B sequences, 
respectively) which was unavoidable due to the 
long sequence of the CYP3A4*22 PCR product. 

A high percentage (4%) high resolution 
agarose was used because of its ability to 
discriminate small nucleic acid fragments. 
Additionally the use of less-hazardous methods 

Figure 2. A 4% agarose gel of multiplex 
PCR-RFLP analysis of CYP3A4*4, 
CYP3A4*18B and CYP3A4*22. L1 
contained GeneRuler 50bp DNA 
ladder (Thermo Fisher Scientific Inc, 
Massachusetts, USA). L2 contained 
wild type CYP3A4*4 allele (88 bp, 
and 141 bp) together with 331 bp for 
CYP3A4*18B and 153 bp and 525 bp 
from CYP3A4*22 digestions. L3, L4 
and L5 contain wild type (216 bp and 
115 bp), homozygous (undigested 
331 bp) and heterozygous (115 
bp, 216 bp and 331 bp) variants, 
respectively for CYP3A4*18B. They 
also contain 112 bp (except for L4 
in which it is not shown) and 681 
bp from CYP3A4*22 as well as 
244 bp for CYP3A4*4. L6 contained 
wild type CYP3A4*22 (219 bp and 
574 bp) as well as 244 bp and 331 bp 
for CYP3A4*4 and CYP3A4*18B, 
respectively. L6 contained negative 
control
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Figure 3. Sequencing results confirming the presence of wild type CYP3A4*4 A>G (presence of the 
“A” nucleotide only). The highlighted “A” is adenine indicating the absence of CYP3A4*4 
SNP in this subject

(a)

(b)

(c)

Figure 4. Sequencing results showing the presence of (a) wild type of CYP3A4*18B G>A; (b) 
homozygous variant of CYP3A4*18B G>A; (c) heterozygous variant of CYP3A4*18B G>A
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Conclusion

A simple, rapid, cost-effective and 
reproducible method has been successfully 
established for routine applications in 
identification of SNPs and determination of 
allelic and genotypic frequencies. The method 
does not require special equipment and requires 
only a small amount of standard PCR reagents.   
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such as high resolution agarose is preferred 
over polyacrylamide which is hazardous to the 
central nervous system (26). Furthermore, 
the conventional elecptrophoresis technique 
involving the use of agarose gel is cost effective 
and is readily available for routine laboratory 
application.

The present method was successfully 
applied in the genotyping of a total of 94 breast 
cancer patients. Randomly selected DNA 
samples were sent for sequencing in order 
to further validate the findings. However, 
sequencing is believed to be more reliable 
than the conventional uniplex PCR-RFLP for 
genotyping of DNA samples (26).

A simple, rapid multiplex PCR-RFLP 
method will help in routine simultaneous 
identification of SNPs and determination of 
allelic and genotypic frequencies of CYP3A4*4, 
CYP3A4*18B and CYP3A4*22 which can be 
applied in various pharmacogenetics studies 
to predict patients’ responses to treatment and 
serve as a basis for personalised treatment of 
breast cancer as well as in many other diseases. 

Limitation of Study

The limitation of this method is that only 
three out of the many CYP3A4 SNPs were 
simultaneously detected which was mainly due to 
difficulty in finding a RE that is only specific to 
only one sequence in each allele.

Future Study

A multiplex method capable of 
simultaneous detection of more CYP3A4 SNPs is 
suggested in future.

Figure 5. Sequencing results confirming the presence of wild type CYP3A4*22 C>T (presence of the 
“C” nucleotide only). The highlighted “C” is cytosine indicating the absence of CYP3A4*22 
SNP in this subject
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