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Abstract
Single-strand conformation polymorphism (SSCP) is a reproducible and sensitive method for the detection of genetic polymor-
phisms and mutations in a wide range of polymerase chain reaction (PCR) products. However, the applications of this technique
are largely confined to a set of cumbersome optimizations. Herein, a non-time-consuming method for PCR-SSCP that can be
conducted with minimum efforts and less technical expertise is presented. The main concept of this simplified technique was
based on many optimizations that were conducted to ensure the highest possible sensitivity to detect genetic polymorphism
without incorporating sophisticated equipment and tedious efforts. The optimum gel concentration, temperature, and time
requirements were strictly adjusted so as not to be further modified before applying this method for genotyping purposes.
Furthermore, minimized silver staining steps were combined with this method to further minimize time and effort. It was
confirmed that the performed adjustments were not reduced the overall sensitivity of the technique. Therefore, the suggested
method can be utilized to genotype a wide range of PCR products (mainly from 200 to 600 bp) without the need for further
optimizations and modifications. This study proposes a rapid SSCP protocol for genotyping PCR products using simple, low-
cost, and friendly to perform recipes.
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Introduction

Polymerase chain reaction–single-strand conformation poly-
morphism (PCR-SSCP) is a versatile method used in the
genotyping of PCR products in a vast range of organisms. It
allows the detection of the possible causative unknown single
nucleotide polymorphism (SNP) and mutations that could not
be identified by other commonly used methods, such as PCR-
restriction fragment length polymorphism (RFLP) (Hashim
and Al-Shuhaib 2019). PCR-SSCP has initially employed to
identify the possible genetic variations within PCR amplicons
(Orita et al. 1989). The main concept of PCR-SSCP is based
on the melting of the double-stranded DNA by denaturation
into single-stranded forms. In the separated state, the single-
stranded DNA molecules tend to fold into particular three-
dimensional (3D) conformations based on nucleic acid se-
quences. According to the sequence variations, the separated
strands of DNA may accommodate different 3D structures
and altered electrophoretic mobility in the vertical polyacryl-
amide gels. The reason for such altered mobility is the pres-
ence of an SNP that possibly alters the physical conformations
of the denatured single strands in the polyacrylamide gel. This
alteration often leads to a slightly tilted positioning of the
mutant single-stranded molecules than these occupied by the
normal molecules in the same gel (Gasser et al. 2006). Despite
the development of high-throughput next-generation sequenc-
ing reactions (Rennert et al. 2016), their large-scale applica-
tions are confronted by their high cost. Alternatively, PCR-
SSCP has been extensively used in genotyping of PCR
amplicons in a wide range of organisms (Konstantinos et al.
2008; Mustafa et al. 2018; Bai et al. 2019; Albakri et al. 2020;
Aljubouri et al. 2020b; Musafer et al. 2021). The low-cost
PCR-SSCP method becomes more common due to many ac-
cumulated data that reported the ability of this technique to
detect enormous nuclear and extra-nuclear genetic variations
(Bandyopadhyay et al. 2010; Csikos et al. 2016). Although it
can be applied to many genes for many organisms, PCR-
SSCP cannot be used without conducting several technical
modifications that may narrow its practical validity in
genotyping reactions. The main difficulty in genotyping
PCR products with SSCP is correlated with the exact confor-
mation of a DNA fragment which cannot be determined under
the effects of variable parameters (Tabit 2016). Thus, many
optimization steps are usually employed to control various
parameters interacting with the sensitivity of this technique,
such as amplicons sizes, the porosity of the gels, loaded
amplicons, power applied as well as other variable conditions.
Many optimizations can be employed for PCR-SSCP through
changing the gel concentration (8–14%), the temperature of
electrophoresis (4–20 °C), and the power applied (5–10 V/
cm). Without being properly optimized, these variable condi-
tions may reduce the overall sensitivity of genotyping exper-
iments with this method. Furthermore, various pre-

electrophoresis steps should also be conducted before loading
PCR amplicons onto polyacrylamide gels. However,
conducting such optimizations may add another layer of com-
plexity to PCR-SSCP. Though PCR-SSCP allows sensitive
discrimination among different conformers within an
amplicon, its efficacy is largely hampered by the necessity to
conduct tedious optimizations and the lack of experience
(Cremonesi et al. 2012). Hence, it is mandatory to reduce
the difficulty in performing PCR-SSCP taking into account
not to compromise its overall sensitivity. Likewise, it is pref-
erable to conduct PCR-SSCP without involving any previous
optimizations and modifications. To do so, variable technical
issues should be solved by providing an applicable recipe
suitable for genotyping of the majority of PCR products.
This study is therefore aimed to present an efficient and sim-
plified PCR-SSCP protocol that can be conducted directly to
genotype a wide range of PCR products using ready-to-use
recipes without wasting time and effort.

Materials and methods

Biological samples

This work was approved by the scientific committee of Al-
Qasim Green University, Al-Qasim, Iraq (approval no. 2334,
dated 22-04-2016). The experimental procedures of animal
experimentations for this study were approved by the
Animal Committee of Al-Qasim Green University, Babil,
Iraq. Through many efforts, a variety of mammals, birds,
and microbiological organisms were genotyped by this proto-
col. The included species were humans (n = 300), sheep (n =
224), goats (n = 91), Japanese quails (n = 223), and African
ostriches (n = 69). This method was also applied on
Aspergillus flavus sequences (n = 122). All included human
subjects were signed informed consent before donating their
blood. The blood samples of sheep and goats were collected
from Barakat Abu al Fadhl Al-Abbas Station for raising sheep
(Al-Khafeel co., Karbala, Iraq). Feathers of African ostriches
were collected from Ejaimy husbandry facilities, located in
Mahawil andMusaib areas, in Babil and Baghdad governorate
respectively. Samples of A. flavus were isolated from the
stored rice staff in local markets of Kufa and Babil governor-
ates according to the procedure described by (Al-Shuhaib
et al. 2018b).

Genomic DNA extraction

Concerning genomic DNA (gDNA) from human subjects,
sheep, and goats, a universal and rapid salting-out procedure
for DNA extraction was applied (Al-Shuhaib 2017).
Concerning gDNA extraction from mammals, about 2 mL
of blood samples were collected from all investigated subjects
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and stored in anti-coagulation tubes and taken to the labora-
tory in an icebox and kept at 4 °C until use. All efforts were
made to minimize any discomfort during sample collection.
Concerning gDNA extraction from African ostriches, 1 cm at
the bottom of the healthy feature was used for the extraction
procedure following the instructions mentioned in (Al-
Shuhaib et al. 2018a). Genomic DNA extraction was also
manually extracted from the blood samples of Japanese quails
according to the procedure mentioned in (Al-Shuhaib 2018).
The gDNA of the analyzed A. flavus isolates were extracted
following to details mentioned by (Cenis 1992). In all extrac-
tion procedures, the integrity of the extracted DNA was eval-
uated using agarose gel electrophoresis, while the purity and
quantity of the extracted gDNA were assessed using a
Nanodrop spectrophotometer.

PCR conditions

To validate the presented PCR-SSCP protocol in terms of the
upper and lower limits for genotyping purposes, many primers
with variable lengths were included in these validations.
Using the NCBI primer blast server (Ye et al. 2012), PCR
specific primers’ pairs were designed to incorporate variable
loci within humans (Mohammed et al. 2021), sheep
(Aljubouri et al. 2020a, b; Al-Thuwaini et al. 2020;
Aljubouri and Al-Shuhaib 2020), goats (Al-Shuhaib et al.
2019), quails (Hussein et al. 2020), ostriches (Al-Shuhaib
et al. 2018a), as well as the fungal microorganism A. flavus
(Albakri et al. 2020). The details for these designed PCR
primers’ pairs are described in Table 1. The PCR amplifica-
tion reactions were performed using Bioneer PCR premix
(Daejeon, South Korea). The standard PCR protocol was ini-
tiated by one cycle of denaturation at 94 °C for 4 min, follow-
ed by 30 cycles of denaturation at 94 °C for 30 s, annealing for
45 s, and elongation at 74 °C for 45 s, and was concluded with
a final extension at 72 °C for 5 min. The specificities of PCR
products were verified by electrophoresis on 1.5 % agarose
gel.

SSCP conditions

Several conditions were adjusted to get the best-optimized
parameters that could be followed without losing time and
effort. In this protocol, temperature, voltage, time, gel concen-
trations, electrophoresis module, and staining conditions were
optimized altogether to get the highest possible resolution.
After conducting many optimizations, the best rapid, afford-
able, and most sensitive steps of PCR-SSCP were obtained. In
this protocol, each PCR amplicon was treated with an equal
volume of SSCP denaturing-loading buffer (95% formamide,
0.05% xylene cyanol, 0.05% bromophenol blue, and 20mM
EDTA, pH 8). After denaturation for 7 min, 2 µL of each PCR
product was immediately placed on ice and frozen for about

10 min. Only 2 µL of each denatured sample was loaded in
0.1 cm neutral polyacrylamide (37.5 acrylamide:1
bisacrylamide) gels containing 7% glycerol in 1× TBE (tris-
borate-EDTA) buffer. Vertical gel electrophoresis experi-
ments were conducted in a mini-wide module (10 cm length,
and 20 cm width) polyacrylamide gels to incorporate the larg-
est number of samples per run. After conducted a series of
PCR-SSCP genotyping experiments, the electrophoresis con-
ditions of PCR amplicons were optimized to 8 % gel concen-
tration while running time was adjusted to 3.5–4.0 h, 200 V,
and 100 mA.

Silver staining of gels

Gels were fixed and stained as described by Byun et al. (2009)
with several modifications to reduce time and effort. Briefly,
the polyacrylamide gel was impregnated with a fixing-
staining solution (10 % ethanol, 0.5 % glacial acetic acid,
0.2 % silver nitrate) for 10–20 min, and rinsed with distilled
water. The desired SSCP bands were developed with a devel-
oper solution (3% sodium hydroxide, 0.1 % formaldehyde)
until sufficient resolution was obtained. The development of
SSCP bands was not terminated and the silver-stained gels
were placed immediately on a white lightbox and
photographed.

DNA sequencing

Each detected genotype on the SSCP gel was subsequently
exposed to sequencing reactions from both termini according
to instructions of Macrogen laboratories (Macrogen,
Geumchen, Seoul, Korea). The referring database of the
nucleic acid sequences was retrieved from the national center
for biotechnology information (NCBI) (https://www.ncbi.
nlm.nih.gov). The sequenced SSCP genotypes were
annotated by BioEdit ver, 7.1. (DNASTAR, Madison). Each
detected variant was visualized using SnapGene Viewer ver.
4 . 0 . 4 ( h t t p : / /www. snapgene . com) . On ly c l e a r
electropherograms were considered in the observed
variations in comparison with their retrieved corresponding
reference sequences.

Results and discussions

The widespread utilization of PCR-SSCP has been restricted
due to variable technical optimizations that reduced its feasi-
bility of genotyping. This study has managed to solve the
main technical issues that confined this technique via under-
going extended genotyping experiments on variable lengths of
PCR amplicons. Accordingly, universal, simple, inexpensive,
and ready to use recipes were formulated to perform PCR-
SSCP genotyping without losing time, money, and effort.
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Using a high voltage protocol, distinct separations were ob-
served among the amplified fragments of humans, sheep,
goats, ostriches, quails, and fungal organisms. Two to three
distinctive genotypes were resolved in the amplified PCR
products among all investigated mammals, birds, and micro-
organisms (Fig. 1). Due to the potential of PCR-SSCP to de-
tect the unknownmutations (Hashim and Al-Shuhaib 2019), it
is mandatory to involve this protocol in clinical genetics
alongside other broad agricultural and biological applications
(Kostantinos et al. 2008). As in other tested organisms, our
results indicated that the proposed protocol could also be ap-
plied for the genotyping of genetic diseases in the involved
human participants. The results showed high sensitivity of the
presented rapid PCR-SSCP protocol to identify the tiny

differences among different genotypes in each particular sta-
tus. The validity of each resolved genotype was confirmed by
direct Sanger sequencing experiments, which were consistent
with the observed heterogeneity among SSCP bands.

PCR-SSCP can detect nucleotide polymorphism between
200 and 600 bp fragments (Gasser et al. 2006). Therefore,
variable lengths of PCR amplicons were used to validate the
SNP detection ability of this protocol in a wide range of PCR
products, starting from around 200 bp to more than 600 bp of
lengths. Accordingly, lower genotyping potential can be ex-
pected for PCR fragments having less than 200 bp or more
than 600 bp. In the first case (i.e. fragments with less than
200 bp), it is not usually feasible to utilize PCR-SSCP proto-
col to identify the unknown mutation in these short fragments

Table 1 Oligonucleotides primer sets used in the study

Set Targeted locus Organism Primer sequence (5ʹ – 3ʹ) Product length Annealing temp.

1 TCF7L2 Human F-CGGGGCTCATCACACATTGAC 337 bp 60.9 °C

R-TTGATAATTCTTTGGGAGGGTGAGG

2 HBB Sheep F-CATCCCTTAGGCTGCTGGTT 251 bp 61.0 °C

R-AGGACTCCACAAACTCACCCT

3 HMGA2 Sheep F-AGGAGGTTCCTATGGGTGTTG 203 bp 60.8 °C

R-GTCAGGGTCAATTTCTTTCAGACA

4 MC4R Sheep F-TGGGGGCAGGAGATGTAGAA 359 bp 57.8 °C

R-GCGCTCCAGTACCATAGCAT

5 GnRH1 Sheep F-GAGTGACCCCAGTGTTAGGC 313 bp 61.4 °C

R-CACTTGGGCACACAGAGGAT

6 D-loop Sheep F-GGGCATTGAACTGCTTGACC 359 bp 60.4 °C

R-CGGCCATAGCTGAGTCCAAG

7 GHRL Goats F-GCCAAACTGGATGGCAACAG 262 bp 62.0 °C

R-AACAGACAGGTGGTTGGTCC

8 D-loop Quails F-CTCTTGCTCTTTTGCGCCTC 332 bp 60.1 °C

R-CCCAATGCGATCCAAAGTGC

9 IGF2 Quails F-TTGGCATAGCATGAGGTGGG 232 bp 61.0 °C

R-ATGGCTTCTTTCCCCAGGTG

10 COX1 Ostriches F-TGGCATCATCAACCGTCGAA 689 bp 61.7 °C

R-CAGAGCTCATAGGATGGGCG

11 CYTB Ostriches F-ATCATTCTGGGGCGCTACTG 640 bp 63.9 °C

R-GCCGATGATGATGAAGGGGT

12 SCG5 Ostriches F-TCACAGGTGACAGGAGGCTA 227 bp 61.7 °C

R-GTGGCCCAACCAGGTTCATA

13 FK2 Ostriches F-GTAGCCCAAAGACTGCCTGT 295 bp 64.1 °C

R-CTACAATGAGCCATGCGTGC

14 PGF Ostriches F- GGGAGAAAGAGCCCATCGAG 535 bp 62.9 °C

R- CACTGCTACCACGTCCTGAG

15 Aflp A. flavus F-CATGCTCCATCATGGTGACT 236 bp 62.0 °C

R-CCGCCGCTTTGATCTAGG

16 PEP A. flavus F-CGACGTCTACAAGCCTTCTGGAAA 205 bp 59.0 °C

R-CAGCAGACCGTCATTGTTCTTGTC
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due to the lower number of the expected variants. Meanwhile,
it is worthwhile to design amplicons having more than 600 bp
of lengths, i.e. COX1 with 689 bp and CYTB with 640 bp, to
assess the utmost ability of this protocol to genotype such
challenging lengths of PCR products. Though longer stretches
of DNA have not been suggested in literature due to many
technical limitations (Menounos and Patrinos 2010), the re-
sults of this study showed that our rapid protocol can also be
used in PCR products with more than 600 bp lengths. Another
layer of confirmation for the practical feasibility of this proto-
col was originated from the ability of the present PCR-SSCP
protocol to perform genotyping of nuclear and mitochondrial
sequences with parallel efficiency. This high power of sepa-
ration provided an obvious role for the currently implemented
tool in providing sufficient resolution among PCR amplicons
without the need for any previous optimization for a vast
range of sequences.

In this protocol, several conditions were adjusted, such as
running time and temperature, power applied, gel concentra-
tion and thickness, and dimensions of electrophoresis format.
These optimized conditions were combined all together in a
final recipe that can easily be followed to genotype PCR prod-
ucts without the use of further unnecessary adjustments
(Fig. 2).

It is well known that PCR-SSCP requires an extended time
of electrophoresis (Hayashi and Yandell 1993). But in the

currently suggested protocol, no more than 4 h of continuous
electrophoresis is required. It is usually acknowledged that the
time of running gel should not exceed 23 °C. If the running
temperature is between 23 and 27 °C, the running time should
be reduced to 3.5 h. If the temperature of the laboratory is
more than 27 °C, the running time should not be extended
beyond 3 h. However, it is not desired to run this protocol at
such higher temperature degrees due to the inability of some
amplicons to withstand such extreme conditions without los-
ing resolving power. In contrast to other PCR-SSCP protocols
that could not be conducted without recirculating chillers
(Aali et al. 2017), room temperature is the only temperature
required to perform this protocol. However, the current meth-
od is optimally applicable at 20 °C. At a temperature around
30 °C, it is not recommended to extend the running time over
3 h as this could lead to the potential flowing of these bands
out of the specified gel. Furthermore, the higher or lower
temperatures could lead to a potential respective distortion or
halted migrations of the DNA single-strand DNA bands. In
both cases, higher ratios of the reduced resolution would be
identified. Thus, higher or lower temperatures could interfere
with the migration of the loaded samples and exhibit diverse
effects on the speed of discrimination among PCR products.
However, the recommended power (V/mA) in this rapid pro-
tocol is 10 V/cm, which is equal to 200 V / 100 mA in the
mini-wide modules that are usually used in combination with

TCF7L2 gene (human) HBB gene (sheep) HMGA2 gene (sheep) MC4R gene (sheep)

GnRH1 gene (sheep) mtDNA D-loop (sheep) GHRL gene (goats) mtDNA D-loop (Japanese quails)

IGF2 gene (Japanese quails) COX1 gene (African ostriches) CYTB gene (African ostriches) SCG5 gene (African ostriches)

FK2 gene (African ostriches) PGF gene (African ostriches) AflP gene (Aspergillus flavus) PEP gene (Aspergillus flavus)

AA AA BB       BB AB AB AB BB     AB    BB        AB   BB BB BB BB BB AA AB AA AA AA AA AB AB

AA AA BB  BB     AB BB     AB BB      BB AA AA  BB AA AB      BB BB  BB BB  AB AB AB      AB BB AB

BB  BB  BB AB  AB AB AA AA AA AB AB AB AA AA AA AB     AB AB BB    BB   AA BB AB BB

AB  AA AA       AA AB AB BB AA        AA      AB   AA AB BB    BB BB   AB    AB    AB    AB AB AA AA AA   AB

337 bp 251 bp 203 bp 359 bp

313 bp 359 bp 262 bp 332 bp

232 bp 689 bp 640 bp 227 bp

295 bp 535 bp 236 bp 205 bp

Fig. 1 Validated efficiency of the presented rapid optimized PCR-SSCP in genotyping of mammals (human, sheep, and goats), birds (quails and
ostriches), and the fungal (Aspergillus flavus) organisms
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the recommended running time in all cases (3 h, 3.5 h, and
4 h). By applying such high voltage at room temperature (An
et al. 2011), the investigated PCR amplicons will be forced to
be resolved efficiently without wasting more time to get the
same genotyping outcomes. After conducting many genotyp-
ing experiments using variable gel concentrations ranging
from 6 to 14%, it was made sure that gel concentrations with
more than 8% would give unwanted proportional retardation
of bands migration and adds more unnecessary extended time
to resolve SSCP bands that can easily be resolved with the
same efficiency using only 8 % gel concentrations (Petrov
et al. 2013). Whereas the utilization of less than 8% of gel
concentration, the resolving power kept in the recommended
8% gels would be reduced. The currently suggested protocol
can be used with all types of mini-gel formats, which are
usually available in the routine laboratories with 10 × 10 cm
(length x width). However, we recommend running samples
in wider gel formats with dual 10 × 20 cm (length x width)
dimensions to accommodate a large number of investigated
samples at a time. So that, this presented protocol provides
further saving for times, chemicals, and efforts since the

preparation of larger gel formats with 20 × 20 cm (length x
width) are expensive and require tedious technical adjust-
ments. In addition to the recommended dimensions of gel
length and width, the common 0.1 cm of the gel thickness is
also advocated. This thickness is usually available in routine
labs, which however can easily be handled without losing the
desired resolution. Using this protocol, other less-common gel
concentrations (1.5 mm, 0.75 mm, or 0.5 mm) are not recom-
mended or not suitable with our suggested recipes. Using the
combination of these preferred running time and temperature,
power applied, gel concentration and thickness, and dimen-
sions of electrophoresis format, it could be possible to geno-
type PCR products to get the best results without losing sen-
sitivity observed in the technically demanding and time-
consuming PCR-SSCP protocols.

Conclusions

After employing many optimizations for PCR-SSCP genotyp-
ing experiments it was made sure that the presented recipe

Short running time 

No chiller is required

Rapid silver staining with minimum efforts

High resolution between 
genotypes is obtained

No optimizations in polyacrylamide solution is required

Dual mini-wide gel format

37.5 g acrylamide / 1 g bisacrylamide

Larger gel modules are not required

a

b

d

c

Ready formula of polyacrylamide mix

8% gel concentration

Normal Mutant

High power applied

Fig. 2 The main modifications were made to perform sensitive
genotyping with PCR-SSCP without prior optimizations. a preferred
polyacrylamide gel components; 37.5 g bisacrylamide per 1 g
bisacrylamide. b gel concentration, thickness, and module; the preferred
conditions are 8% of polyacrylamide molded in 10 cm length x 20 cm
width gel dimensions in 0.1 cm gel thickness. c the running time, power

applied, and temperature; the preferred electrophoresis running time is
3.5–4 h, and the preferred power applied is 200 V / 100 mA.
Electrophoresis conditions were conducted at room temperature. d silver
staining method; few steps of staining with silver nitrate are suggested to
minimize time, money, and efforts without losing the efficiency of dis-
crimination between genotypes

2418 Biologia (2021) 76:2413–2420



could be applied by any technician who has a minimum ex-
perience in post-PCR genotyping issues. Several parameters
were optimized to get the highest resolution in terms of gel
concentration, thickness, gel-format dimensions, and electro-
phoresis conditions. Furthermore, it was confirmed that this
protocol is suitable for the majority of PCR products that are
extended in length within the lower and upper resolution
limits of SSCP. The currently described protocol was validat-
ed by many specific PCR primers’ pairs that were designed to
amplify variable regions within an ample range of organisms.
This is the first PCR-SSCP protocol that can be conducted for
variable PCR products without the need for any optimization.
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