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ABSTRACT

Background: PCR-coupled single-strand conformation polymorphism (PCR-SSCP) is often used as a first line 
screening technique to facilitate mutation detection in large genes such as the DNAH5 gene. A modified protocol of 
PCR-SSCP by primers addition before denaturation may improve banding profiles. Objectives: The aim is to study 
the effect of primers addition and determine the optimal conditions to screen DNAH5 hotspot exons. Materials and 
Methods: Prior to SSCP screening, various concentrations of primers were added to PCR-products of DNAH5 hotspot 
exons. The resolution and intensity of the electrophoretic bands were then evaluated. Results: Herein we prove that 
specific primers addition at 4 µM concentration improves the resolution and efficiency of the method without altering 
the detection of the mutations. Moreover, an optimal result was obtained by adding both primers for some exons and 
only the reverse one for others. Conclusion:  The modified PCR-SSCP protocol described in this present study could 
be used to screen the mutations in DNAH5 hotspot exons in patients with primary ciliary dyskinesia (PCD).
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INTRODUCTION

PCR-coupled single-strand conformation polymorphism (SSCP) has proved to be a powerful method for mutation 
screening. It is a widely applied method in recent research experiments [1,2]. In SSCP, single-stranded DNA (ssDNA) 
molecules fold in a sequence-specific manner. Normally, a wild-type homozygous profile should appear as two distinct 
electrophoretic bands corresponding to the complementary DNA strands. A mutation at a particular position in the 
primary sequence causes a change in the folded structure, which modifies the mobility of the conformer on a non-
denaturing polyacrylamide gel. A homozygous mutation leads to a profile of two bands that migrate differently to the 
wild type. Heterozygous mutation creates a pattern of 4 distinct bands corresponding to the complementary strands 
of each allele [3,4]. In practice, the targeted sequence is first specifically amplified by PCR, and then amplicons are 
strongly denatured before being separated as single-stranded in non-denaturing polyacrylamide gel [5]. The three-
dimensional conformation of simply stranded amplicons is unpredictable. Therefore, there is no standard protocol for 
SSCP screening method. To obtain stable conformers that give electrophoretic bands of different mobility, appropriate 
experimental conditions should be determined for each amplicon prior to its analysis [1]. 

SSCP screening method could be highly useful particularly to screen mutations in large cohorts of patients or hotspot 
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exons of large genes. DNAH5 is a large gene that comprises 79 exons plus an alternative first exon and spans 250 
Kb [6]. It has been reported as the most frequently mutated in primary ciliary dyskinesia (PCD); a hereditary disease 
that alters the mucociliary clearance and thus results in upper and lower airway infections [7-9]. In literature, hotspot 
exons in DNAH5 gene (exons 33, 34, 36, 48, 49, 50, 63, 76 and 77) have been defined [10,11]. Therefore, SSCP 
screening of hotspot exons, prior to direct sequencing, would be of a great interest.   However, SSCP screening 
methods have its weaknesses regarding the resolution and the intensity of the electrophoretic bands. In fact, it has been 
noted that re-annealing of ssDNA during electrophoresis decreases their proportion which declines their detection. 
Moreover, residual primers in PCR product and a part of ssDNA may re-pair creating new additional conformers 
which alter the significant electrophoretic profile [12-16]. In presetting steps, we noticed that purification of amplicons 
or addition of PCR primers to PCR product could troubleshoot the noise created by residual primers. Therefore, we 
aim in this work to deeply study the effect of primers addition to PCR product before denaturation in order to improve 
the effectiveness of SSCP screening of the hotspot exons of DNAH5 gene. This work would offer a reliable tool in 
the genetic diagnosis of PCD.

PATIENTS AND METHODS

DNA Extraction

Blood samples were obtained from clinically-diagnosed PCD patients and a healthy subject. Written informed consent 
was obtained from all the studied subjects or their parents. Genomic DNAs were isolated from 5 ml of blood using 
the salting-out method modified in our laboratory [17]. Briefly, buffy coats of nucleated cells are purified twice by 10 
ml red-cells lysis buffer (1mM Tris, 0.5mM MgCl2, 1mM NaCl, pH 7.5). The white-cells pellet is washed with 10 ml 
PBS1X and then digested overnight at 45°C with 1.8 ml white-cells lysis buffer (10mM Tris-HCl, 400 mM NaCl and 
2 mM Na2 EDTA, pH8.2), 0.5% SDS and 50 µg/ml protease K. Protein precipitation is performed by adding 0.5 ml 
of a saturated NaCl solution (6 M). Two volumes of pure ethanol are added to the recovered supernatant to precipitate 
DNA. DNA quantity and quality checking were performed by nanodrop ND-1000 measurement.

Polymerase Chain Reaction PCR

Amplification was performed in a 50 µl reaction containing 50 mg of the genomic DNA, 0.1 µM of each primer, 0.2 
mM of dNTPs, 2 mM of MgCl2 and using the G2 hot start Taq DNA polymerase (Promega MP704) according to the 
manufacturer instructions. For all exons, the PCR program consisted of 3 min at 94°C, followed by 35 cycles of 30 
sec at 94°C, 30 sec at 60°C and 30 sec at 72°C, with a final extension of 10 min at 72°C. Primers used for PCR were 
either taken from a published paper or was newly designed to encompass DNAH5 hot spot regions (Table 1) [11]. 
PCR was followed by electrophoresis in 8% polyacrylamide gels (29:1) using 0.5X TBE buffer. Gels were colored 
with SYBER® gold nucleic acid gel stain (Invitrogen MP 11494) following the manufacturer instructions.

Table 1 List of PCR primers

Exons Primer Sequence (5’"3’) Length

33
DNAH5-33F1a TCTTTGGGAAGGACAAGTCAA 21
DNAH5-33R2a GCTTACAATAGGTAATGTCTGA 22

34
DNAH5-34F1 CAGCTGTTGATCACATTGTATTTCT 25
DNAH5-34R2 TTCTACTGGGTAAATGCAGATAGTGT 26

36
DNAH5-36F1 GGACAATGGCCTTTTGTTTT 20
DNAH5-36R2 AATGTGGCCAATTGTTGAAA 20

48
DNAH5-48F1 GGGGGAAATTTGGCTTTTTA 20
DNAH5-48R2 TTGAGTGTTTCCAAAGAAAGAAC 23

49
DNAH5-49F1 GAGTTAGGCTCCGGGGATAG 20
DNAH5-49R2 AAAAAGGAACCCAAGCAGGT 20

50
DNAH5-50F1 CATTTTTGCAAACCCTATGC 20
DNAH5-50R2 CCATGCTGAAACATTCCAAA 20
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63
DNAH5-63F1 TTTTTAATATGCTGTACAATCACACG 26
DNAH5-63R2 GGATTTTTGTTTATCTGAGGCAAT 24

76
DNAH5-76F1 CCAGGGCACCAGGTCTATAA 20
DNAH5-76R2 TGCTTTCCACTTGCCAATTA 20

77
DNAH5-77F1* CATAGCTGGTTTACACTGCAG 21
DNAH5-77R2* GATGGAAAATCCTGTGGAGG 20

Mutagenic Primers

63
DNAH5-63 F2 AACATCTCACTG[G]GATTTAGGTTCTT 26
DNAH5-63 R1 AAGAACCTAAATC[C]CAGTGAGATGTT 26

77
DNAH5-77 F2 CCATTGAAA[G]CCCACGAGGTA 21
DNAH5-77 R1 TACCTCGTGGG[C]TTTCAATGG 21

(a) Primers taken from publication (Djakow, et al., 2012); The introduced substitutions are written between brackets in the 
mutagenic primers

Mutagenesis by PCR-Driven Overlaps Extension

This technique involves three separate PCRs [18]. In the first two PCRs, two amplicons (A1 and A2) were produced 
separately with the same conditions mentioned above. The PCR program consisted of 3 min at 94°C, followed by 35 
cycles of 30 sec at 94°C, 45 sec at 55°C and 30 sec at 72°C, with a final extension of 10 min at 72°C. The A1 amplicon 
was generated using the primer F1 and the mutagenic primer R1. Likewise, a mutagenic primer F2 and a primer R2 
were used to produce the A2 amplicon. All the primers are listed in (Table 1). Mutagenic primers are compleme-
ntary and were designed in order to introduce a T→C substitution at about the middle of the amplicons of 63 and 77
of DNAH5 gene. The amplicons (A1 and A2) were mixed and puriied on low melting point agarose gels according to
standard protocol and were used as a template for the third PCR. The third PCR was also performed with the same 
conditions mentioned above using 5 µL of the puriied mixture of amplicons (A1 and A2) and flanking master primers
(F1 and R2). The PCR program consisted of 3 min at 94°C, followed by 35 cycles of 30 sec at 94°C, 30 sec at 60°C 
and 30 sec at 72°C, with a inal extension of 10 min at 72°C.

SSCP Analysis

A volume of 3 µl of PCR products (≈50ng) is diluted 3.5 folds in 40% formamide, 1 X gel loading buffer and 8 
µM forward and/or reverses PCR primers (Table 1). The mixture is heated for 15 min at 95°C on thermocycler heat 
block and then immediately snap-cooled into ice for 2 min. The samples were rapidly loaded on 8% non-denaturing 
polyacrylamide (29:1) gels supplemented with 5% glycerol. Electrophoresis was performed at 80 V for 18 hours at 
4°C in 0.5X TBE buffer. Gels were stained with SYBR gold stain according to the manufacturer instructions. 

Sequencing

Purified PCR products were directly sequenced using the PCR forward or both primers in ABI 3730xl DNA analyzer. 
Sequence alignments were carried out using the NCBI-BLAST algorithm.

RESULTS AND DISCUSSION

Primers Addition Effect

As a first essay, we carried-out PCR-SSCP analysis of all the targeted DNAH5 hotspot exons (33, 34, 36, 48, 49, 
50, 63, 76 and 77) according to the conventional protocol-without primers addition [5]. The wild-type controls were 
prepared from the healthy subject by PCR amplification of all the exons and verified by sequencing. In Figure 1, 
the results of SSCP analysis of the exon 76 are illustrated. For all samples including patients and control, non-
informative profiles of 3 bands were revealed with low and variable intensities. The same result was obtained for all 
the other exons. In fact, during folding, residual PCR primers may pair to their complementary sequence in some of 
the single-stranded molecules creating new additional conformers. These new conformers migrate differently and 
lead to ambiguous profile with 3 bands. To overcome this ambiguity, PCR product could be purified or a saturating 
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amount of primers could be added to pair with all single strands. To test the second alternative, we carried-out SSCP 
screening according to the modified protocol in which 4 µM of primers were added to the PCR product before 
denaturation. A homozygous profile with two very intense single-stranded bands in all samples is observed (Figure 1). 
In fact, primers addition has a double effect. Firstly, all simple strands pair with primers and fold in the same manner. 
Secondly, primers’ pairing prevents single strands re-annealing, increases their amount and enhances their staining. 
This confirms that primers addition in PCR product eliminates the ambiguity brought by the emergence of a third band 
and strongly improves the yield of single-stranded folding indicated by the intensity decrease of the double-stranded 
band. In literature, only three reports have briefly described the effect of adding PCR primers in SSCP analysis of 
other PCR fragments [12,14,16]. Herein, we demonstrate and further describe the improvement of SSCP analysis 
through primers addition to PCR product.  

 

Figure 1 PCR-SSCP analysis of exon 76 of DNAH5 gene with (b) and without (a) primers’ addition. The figured gel in (a) 
shows a non-informative profile with three single-stranded bands. In (b), two intense single-stranded bands are revealed 

indicating a homozygous wild-type profile in samples (1-4) and control (5). Electrophoresis was performed in two 
different time durations in (a) and (b). (ND: non-denatured sample, SS: Single-Stranded bands, DS: Double-Stranded band)

Primers Amount and Specificity Effects

To determine the perfect amount of added primers, the two specific forward and reverse primers were simultaneously 
added at different concentrations to PCR product of all exons amplified on control DNA. SSCP analysis shows 
that the ambiguity of the banding profile is eliminated by primers addition in a dose-dependent manner (Figure 2). 
Indeed, a third band is gradually eliminated when primers’ concentration increases (lanes 2-8). A saturating effect was 
reached from 4 µM of each primer leading to a significant profile of two intense bands. The same saturating effect 
has been reached with fewer amounts of primers in a previous study. Zhu, et al., have reported a saturating amount 
of only 3 µM of primers [16]. This variability may be explained by differences in PCR yield and differences in the 
amounts of residual primers in PCR products. Thus, an optimization of the added amount of primers is recommended 
prior to SSCP analysis of new PCR fragments. Remarkably, when forward or reverse primer was added separately 
at saturating amount (4 µM), only one specific band shifted and showed the stronger intensity (lanes 9 and 10). 
This highlights the effect of residual PCR primers’ pairing to their complementary sequences in single strands. This 
result was proven by the addition of a non-specific pair of primers at 4 µM which showed no effect (lanes 11 and 
12). Despite its informative profile, the analysis of the purified fragment shows bands with unsatisfactory intensity 
(lane 1). All taken together, it is clear that the non-significant profile previously obtained is doubtless due to residual 
primers in PCR product and it is improved by optimized primers addition (Figure 2). 
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Figure 2 PCR-SSCP analysis of exon 49 of the DNAH5 gene.  Purified (P) PCR product was loaded in lane (1) without 
adding primers. Non-purified (N) PCR products were loaded in lanes (2-8) with specific forward (F) and reverse (R) 

primers’ addition in a dose increasing manner. A third band is gradually eliminated when primers concentration 
increases. In lanes (9 and 10) with respectively only specific forward and reverse primer addition, only one specific band 
shifted. In lanes (11and 12) with non-specific primers’ addition, no effect is shown compared to lane (2). Non-denatured 
PCR product was loaded in lane (13). Amounts of the added primers are indicated on top. (SS: Single-Stranded bands, 

DS: Double-Stranded band)

Given that single-stranded bands shift with unpredictable amplitudes following the addition of primers, the resolution 
decreases for some exons (Figure 3). In fact, adding both forward and reverse primers may bring the bands closer 
but adding only one primer may improve the resolution. Therefore, we aimed to test the effect of the addition of the 
specific forward and/or reverse primers for each of the studied exons prior to screening.  Interestingly, the optimal 
resolution was obtained by adding only the reverse primer for exons 36 and 77 and both primers for the other exons 
(Table 2). 

 

Figure 3 PCR-SSCP analysis of exons 33, 63 and 77 of DNAH5 gene with the addition of both forward and reverse 
primers (lanes FR), only forward primer (lanes F) and only reverse primer (lanes R). PCR products were loaded without 
primers’ addition in lanes (0). A high resolution is obtained with both primers addition in exons 33 and 63 and with the 

addition of only the reverse primer in exon 77. (SS: Single-Stranded bands)

Table 2 Optimal concentrations of added primers in SSCP screening of DNAH5 hot spot exons

Exon 33 34 36 48 49 50 63 76 77
Forward (µM) 4 4 0 4 4 4 4 4 0
Reverse (µM) 4 4 4 4 4 4 4 4 4
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The sensitivity of PCR-SSCP with primers addition

Mutagenesis by PCR-driven overlaps extension is performed to test the sensitivity of SSCP analysis when primers 
were added [18]. Therefore, internal mutagenic primers were designed to introduce a T→C substitution in the 
amplicons of exons 63 and 77 of DNAH5 gene (Table 1). Homozygous mutations were obtained through mutagenesis 
and verified by sequencing. These mutations were generated in the heterozygous state by mixing equal amounts of 
mutated and wild type PCR products. All these mutations were analyzed by SSCP with primers addition. Comparing 
with the wild-type, homozygous and heterozygous mutations are clearly highlighted (Figure 4). It is obvious that the 
primers’ addition does not alter the detection of mutations. Thus, we believe that PCR-SSCP analysis with primers 
addition is a reliable screening technique. 

 
Figure 4 PCR-SSCP analysis with primers’ addition of exons 63 and 77 of DNAH5 gene with introduced mutations. The 
homozygous (Ho) and heterozygous (He) genotypes of mutations were compared with the wild type (Wt). It is clear that 

primers addition in the PCR-SSCP analysis do not alter the detection of sequence variations (ND: non-denatured sample, 
SS: Single-Stranded bands)

To our knowledge, this is the first study that highlights the usefulness of primers addition in the PCR-SSCP screening 
of DNAH5 hotspot exons. If this protocol would be applied to screen other sequences, it is recommended to 
experimentally determine the optimum conditions of primers addition prior to SSCP analysis. 

CONCLUSION

In the present study, we showed that the addition of saturating amounts of specific forward and/or reverse primers 
to PCR products before SSCP analysis improves the resolution and intensity of the single-stranded bands and offers 
a better interpretation of results. Indeed, the optimized primers’ addition, presented here, is being used to screen 
DNAH5 hotspot exons in a cohort of clinically diagnosed PCD patients.   
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