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Application of polymerase chain reaction-restriction fragment
length polymorphism (RFLP-PCR) in the analysis of single
nucleotide polymorphisms (SNPs)
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ABSTRACT

Polymerase chain reaction-restriction fragment length polymorphism
(RFLP-PCR) is a technique wused to identify single nucleotide
polymorphisms (SNPs) based on the recognition of restriction sites by
restriction enzymes. RFLP-PCR is an easy-to-perform and inexpensive
tool for initial analysis of SNPs potentially associated with some
monogenic diseases, as well as in genotyping, genetic mapping, lineage
screening, forensics and ancient DNA analysis. The RFLP-PCR method
employs four steps: (1) isolation of genetic material and PCR;
(2) restriction digestion of amplicons; (3) electrophoresis of digested
fragments; and (4) visualisation. Despite its obsolescence and the presence
of high-throughput DNA analysis techniques, it is still applied in the
analysis of SNPs associated with disease entities and in the analysis of
genetic variation of severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2). RFLP-PCR is a low-cost and low-throughput research
method allowing for the analysis of SNPs in the absence of specialised
equipment, and it is useful when there is a limited budget.
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Description of the polymerase chain
reaction-restriction fragment length
polymorphism technique and exem-
plary applications

Polymerase chain reaction-restriction
fragment length polymorphism (RFLP-
PCR) is a technique used to identify
single nucleotide polymorphisms (SNPs)
based on the recognition of restriction
sites by restriction enzymes (Saiki et al.

1985). These enzymes are used to digest
specific fragments of DNA, which are
then separated electrophoretically on
an agarose or polyacrylamide gel and
visualised (Figure 1). RFLP-PCR is an
easy-to-perform and inexpensive tool
for initial analysis of SNPs potentially
associated with some monogenic dis-
eases, such as sickle cell anaemia (Saiki
et al. 1985), B thalassaemia (Pramoonjago
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Figure 1. Restriction fragment length polymorphism (RFLP) and detection of alleles. Restriction enzyme
digestion of DNA occurs at specific DNA sequences, indicated by the arrow. If a polymorphism (change in
DNA sequence) occurs in a restriction enzyme site near a gene of interest, different sized molecules
(corresponding to the alleles) will be produced, which are resolved during electrophoresis and subsequently
visualised. Adapted with the permission of Harding (2007).

et al. 1999), coeliac disease (Endreffy
et al. 1992, Catamo et al. 2015),
phenylketonuria (Meijer et al. 1993,
Kozak et al. 1995) or haemophilia
(Kiepelova et al. 1993, Backfisch et al.
1994, Stankovic et al. 2005, Herrmann
et al. 2008, Tasleem Raza et al. 2009).
RFLP-PCR is also used in genotyping,
genetic mapping, pedigree testing and
forensics. One of the most interesting
applications of this technique is the study
of ancient DNA (aDNA) from long
extinct organisms, mummified tissues or
preserved plant tissues (Hagelberg et al.
2015, Orlando et al. 2021).

The RFLP-PCR method comprises
four steps. In the first step, the genetic
material is isolated and the investigated
DNA fragment of known length is pre-
amplified by using PCR with a pair of
specific primers. In the second step,
the DNA fragment undergoes restriction
digestion carried out by restriction en-
zymes, which recognise a 4-8 base pair
restriction site. In the third step, the digested

amplicons are separated via electro-
phoresis. Depending on the equipment
and reagents at hand, the most common
type of electrophoresis is slab gel electro-
phoresis with either agarose or polyacryl-
amide as the molecular separation matrix
(Berg 2012). In the fourth step, the
restriction-enzyme-treated amplicons can
be visualised by DNA fragment com-
plexation with ethidium bromide (Laber
et al. 1994) or silver (Budowle et al.
1991).

Restriction enzymes are a type of
endonuclease that are part of the anti-
infection system in bacteria. They differ
from one another in the DNA sequences
they recognise. Bacteria often possess
several restriction enzymes, each specific
to a particular short DNA sequence. Type
Il restriction enzymes are one of the most
commonly used in RFLP. These enzymes
cleaves the DNA strand at its centre,
forming a blunt end, or in a staggered
cut, leaving overhangs called sticky ends
(Pingoud and Jeltsch 2001). Rebase® is
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the most comprehensive repository of
restriction enzymes, providing a list of
the enzymes, accompanied by infor-
mation on the restriction enzyme type,
the restriction site in a given nucleotide
sequence or the presence of isoschizo-
mers. An example list of type Il restric-
tion enzymes is shown in Table 1. Chang
et al. (2006, 2010) developed a database
allowing restriction enzyme mining for
SNPs in genomes. The SNP-RFLPing
analysis provides the SNP contig posi-
tion, heterozygosity, function, protein
residue and amino acid position for
coding SNPs (cSNPs) as well as com-
mercial and non-commercial restriction
enzymes.

One of the many practical examples
of the application of RFLP-PCR in
SNP genotyping is that performed by
Alavian et al. (2018) for the detection
of the rs1127354 and rs7270101 poly-
morphisms associated with the inosine
triphosphate  pyrophosphatase (ITPA)

gene. rs1127354 and rs7270101 SNPs are
associated with a functional impairment
in ITPase, resulting in anaemia protection
in patients with chronic hepatitis C virus
(HCV) infection undergoing ribavirin
(RBV)-dependent regimens. In a given
study, 100 Iranian patients with chronic
hepatitis C were genotyped for the de-
tection of rs1127354 and rs7270101
polymorphisms with the help of RFLP-
PCR and Sanger sequencing method to
validate the results (Figure 2). The results
showed that all of the 100 samples tested
with PCR-RFLP and sequencing had
exactly the same results, with 100% con-
cordance. This demonstrates the utility
of RFLP-PCR in studying SNPs with
as high efficiency and reliability as
Sanger sequencing, but at a reduced cost
(Alavian et al. 2018).

Despite the presence of high-
throughput screening techniques, RFLP-
PCR is still applicable for studying
the genetic variability of wviruses, for

Table 1. Examples of type II restriction enzymes from the Rebase® database. The arrows point to the
restriction cut site, creating blunt or sticky ends in the amplicon sequence.

Enzyme REBASE Source Recognition Cut Isoschizomers
Number seguence
Acinetobacter , 5 CCGCTC 3 BsrBl, BstD102I,
I e calcoaceticus BS 3 CCGCTC | 3 GGe fG AG 5'|Bst31NI, Mbil
n Bfrl, BspTl, Bst98l,
Anabaena , 5 CTTAAG 3 |BstAFI, BstPZ740I,
Afli 3 flosaquae SCTTAAG |3 g AAT T C 5 | Esp4l, MspCl,
' Vha464l
Bacillus AccEBI, Alil, ApaCl,
; . , 5 GGATCC 3 |A:sil, Bee751l,
BamHI 185 zmylolnquefacnens 5" GGATCC 3 CCTAGG 5 |Bsp98l, Bspd009l,
t BspAAlll,
A . LA . | Bci528l, Eco82l,
EcoRI 993 Eﬂ‘g”cma coli 1 5 GAATTC g g ?? ;Zg g Eco228l, Funll,
4 Kpn49kl, Ppul11l
Klebsiella , 5 GGAACC 3 Acc65l1, AhaB8l,
Kpnl 1180 pneumoniae OK8 YGGTACC 13 ccTTGG & Asp718l, Sthl
. . v . | Asp521, Asp3065I,
. Haemophilus , 5 AAGCTT 3
Hindlll 1151 influenzae Rd 5" AAGCTT 3 TTCGAA &5 B§pLAIII, Cfr32l,
t HinJCII, LIaCl,
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Figure 2. The result of polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP)
products after digestion by the Xcel and Mboll enzymes. (A) Gel electrophoresis results of PCR-RFLP
products after digestion for rs1127354 by the Xcel enzyme. Lanes 1, 2 and 3 were genotyped as CA, CC, and
AA, respectively. Lane 4 indicates the 100-bp gene ruler. Lane 5 is non-digested PCR product. (B) Gel
electrophoresis results of PCR-RFLP products after digestion for rs7270101 by the Mboll enzyme. Lanes 1,
2, and 3 were genotyped as AC, AA, and CC, respectively. Lane 4 indicates the 100-bp molecular gene ruler.
Lane 5 is non-digested PCR product. Reprinted with permission from Alavian et al. (2018).

example, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2),
the cause of the COVID-19 pandemic.
The D614G mutation is characterised by
an amino acid substitution of aspartic
acid for glycine at position 614 of the
spike glycoprotein (S) amino acid se-
quence. This leads to increased binding
to the human cell-surface receptor
angiotensin-converting enzyme 2 (ACE2),
resulting in increased viral replication
in upper respiratory tract cells, thus
increasing viral transmis-sibility (Plante
et al. 2020). The D614G variant is cur-
rently the most prevalent SARS-CoV-2
variant in the world (Zhou et al. 2021).
Hashemi et al. (2020) developed an
RFLP-PCR protocol to detect the D614G
mutation in SARS-CoV-2 using bioinfor-
matics and software tools. DNA samples
from 144 SARS-CoV-2-positive patients
were evaluated for the presence of
the D614G mutation. In the first step,
the spike (S) glycoprotein sequence of
SARS-CoV-2 was used to find a
compatible restriction endonuclease and
primer design. The S-D type is character-

ised by the presence of a T nucleotide
at position 1845, which encodes aspartic
acid at position 614 of the amino acid
chain. If a T to G mutation has occurred
at this position, aspartic acid is replaced
by glycine at position 614 of the amino
acid chain, which is referred to as
the S-G type. The size of the PCR
product is 590 base pairs (bp). The en-
zymatic digestion produces two frag-
ments of 433 bp and 157 bp in length
if the T nucleotide is at position 1845.
If nucleotide G is at this position, the
digestion has no effect on the PCR
product, and after agarose gel electro-
phoresis, one 590 bp fragment is visible.
Out of 144 samples, 127 (88.2%) samples
belonged to type S-D, 13 (9%) samples
were S-G and 4 (2.8%) samples had
mixed bands related to both the S-D
and S-G types. The results of the given
study were consistent with the findings
of other investigations examining the
frequency of D614G mutations (Bhatta-
charyya et al. 2020). The results of the
given study demonstrated the efficiency
and effectiveness of the RFLP-PCR
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technique in studying the frequency of
D614G mutations.

Concluding remarks

The RFLP-PCR technique, despite its
obsolescence, is still applicable for study-
ing the frequency of SNPs, especially
when there is a severely limited budget
and a lack of specialised laboratory
equipment.
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