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Abstract: Single nucleotide polymorphism (SNP) was associated with many human diseases, 

therefore, SNP detection was important for early diagnosis and clinical prognosis. Herein, a simple 

and accurate method for visual detection SNP sites (A/A, G/G, A/G) in CYP1A1 gene related to 

cancers based on colloidal gold nucleic acid strip biosensor and primer-specific polymerase chain 

reaction (PCR) was established. This method could directly distinguish SNP sites on strip biosensor 

by introducing twice PCR amplifications. The second PCR (primer-specific PCR) was performed 

using specific product of the first PCR as template, thus this twice PCR could reduce non-specific 

amplification greatly and obtain target product. In addition, single-strand or double-strand DNA 

(ssDNA or dsDNA) was accurately produced by introducing mismatched base at the 3’ end of 

forward primers in primer-specific PCR. The designed strip biosensor could only combine with the 

ssDNA, thus visual detection of SNP could be achieved within 10 min by color difference of a pair 

of strips. 61 human blood samples by this method were identical with those of pyrosequencing. This 

method had the advantages of rapid, visual and low-cost and was expected to be applied in medical 

diagnosis.  

Key words Primer-specific PCR; colloidal gold nucleic acid strip biosensor; single nucleotide 

polymorphism; cancer 
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1. Introduction 

SNP refers to DNA sequence polymorphism caused by a single nucleotide variation at the 

genomic level. SNP mutations may have great impact on human health, and they are closely related 

to various diseases, in particular in various forms of cancer and hereditary diseases [1-4]. And the 

type of SNP mutation has significant influence on the success of personalized medicine or medical 

treatment [5]. Therefore, the detection of SNP mutation sites with high sensitivity and specific is of 

great significance for the early diagnosis, prevention and clinical prognosis of the disease. With the 

rapid development of biotechnology, accordingly, numerous SNP detection schemes have been 

developed, mainly including DNA pyrosequencing [6], fluorescent quantitative PCR (TaqMan PCR 

method) [7, 8], mass array method (Mass assay) [9, 10] and restriction fragment length 

polymorphism (PCR-RFLP method) [11], etc. These methods can achieve the detection of SNP 

mutations (or typing), however, it is difficult to be widely popularized because they all require 

expensive professional equipment and trained professionals. Therefore, it is of great significance to 

establish a fast, simple, sensitive and low-cost SNP detection technology.  

   CYP1A1 gene is human cytochrome P450 gene, which has polymorphism in the human 

population. The base A of position 4889 is replaced by G in the 7th exon (rs1048943). Therefore, 

there are three types in the human population, including homozygous wild-type (IIe/IIe or A/A), 

homozygous mutant type (Val/Val or G/G) and heterozygous mutant type (IIe/Val or A/G) [12-15]. 

This site mutation is associated with the occurrence of a variety of cancers, such as liver cancer, lung 

cancer and breast cancer, etc., when the gene mutation occurs, the aromatic hydrocarbon hydroxylase 

encoded by the cytochrome P450 gene reduces the detoxification ability of nitrosamines and 

benzidine, and thus the incidence of cancer is increased [14, 15]. Therefore, the detection of this gene 
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locus can help to assess the risk of cancer, in this way, the occurrence of cancer can be avoided or 

delayed by improving external causes. 

Recently, colloidal gold strip biosensor as a solid-phase medium sensor has been widely used in 

clinical diagnosis (early pregnancy test, HIV test, etc.), due to the advantages of convenience, quick 

and low cost, visible detection with naked eyes. Colloidal gold nucleic acid strip biosensors for the 

detection of environmental pollutants and specific nucleic acid sequences have been realized [16-19]. 

However, when colloidal gold nucleic acid strip is used for SNP detection or screening, there will be 

false positive or false negative results, that is, the test zone (TZ) of the strip pairs all have visible 

color or no visible color, thus, the detection of SNPs in actual samples with colloidal gold nucleic 

acid strip biosensors is a great challenge. In general, colloidal gold nucleic acid strip biosensors can 

only be combined with ssDNA and not be combined with dsDNA. So how to get the desired ssDNA 

or dsDNA in the actual sample is a technical difficulty. PCR is simple and convenient and can 

specific exponential amplification to get the desired product. In order to distinguish SNP sites, 

primers that are completely complementary to the template and mismatched with the template at the 

3’ end, respectively, were introduced. When the same samples were amplified, mismatched primer 

could not be combined with template, so the target ssDNA was obtained, while fully complementary 

primers could bind to the template to produce dsDNA. However, in the amplification of SNP 

samples, the mismatched primer would inevitably exhibit non-specific amplification because of 

complexity of genomic DNA (gDNA), thus the target ssDNA would not be obtained. Hence, twice 

PCR were introduced, after the first PCR, specific dsDNA was obtained, and the primer-specific 

PCR was performed using the first PCR product as template, in this way, non-specific amplification 

could be reduced greatly, thus, the target ssDNA or dsDNA appeared in product. And ssDNA could 
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combined with designed AuNP-DNA probe on strip biosensor, thus TZ of strip biosensor had visible 

band. Thereby, this method realized the visual detection of SNP in actual samples. Compared with 

PCR-RFLP and amplification refractory mutation system-PCR (ARMS-PCR) [20, 21], visible 

detection of colloidal gold nucleic acid strip biosensor could remove the post-treatment step (e.g., gel 

electrophoresis, data analysis, etc.), achieve fast, simple and low-cost SNP detection, therefore, it 

could be conveniently used for screening of SNPs related to diseases. This method only required 

twice ordinary PCR reactions, and then PCR products could be directly applied to the strip biosensor 

to distinguish SNP mutation. Therefore, it was expected to play an important role in medical 

diagnosis in the future. 

2. Experimental 

2.1. Apparatus 

Conjugate pad, TZ and control zone (CZ) were obtained with HM3030 dispenser (Shanghai Kinbio 

Tech., China). Strip was cut by a programmable strip cutter (Shanghai Kinbio Tech., China). PCR 

was amplified with T100 thermal cycler (Bio-rad, USA). Gel electrophoresis analysis was empolyed 

PowerPacTM Basic electrophoresis apparatus (Bio-rad, USA) and Sub cell GT horizontal 

electrophoresis tank (Bio-rad, USA), gel was imaged by UVP imaging system (UVP, USA). UV-vis 

absorption spectra were performed with UV 2550 spectrophotometer (Shimadzu, Japan). Ultrapure 

water (≥18.2 M·cm) was produced by the Milli-Q system (Millipore, USA). 

2.2. Materials and reagents 

Chloroauric acid (HAuCl4·4H2O), trisodium citrate, sodium chloride, trisodium phosphate, Tween 20, 

sucrose, polyethylene glycol octylphenyl ether (Triton X-100), sodium dodecyl sulfate (SDS), 

polyethylene glycol (PEG-4000), disodium hydrogen phosphate (Na2HPO4·12H2O), sodium 



6 

dihydrogen phosphate (NaH2PO4·2H2O), tris(hydroxymethyl)aminomethane (Tris), acetic acid and 

hydrochloric acid were purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). 

Tris(2-carboxyethyl)phosphine (TCEP) was purchased from Aladdin Biochemical Technology Co., 

Ltd (Shanghai, China). Streptavidin was purchased from BBI Life Sciences Corporation (Shanghai, 

China). All chemicals were of analytical-reagent grade. Premix TaqTM (TaKaRa TaqTM Version 2.0) 

was purchased from Takara Biomedical Technology Co., Ltd. (Beijing, China). Genecolour I nucleic 

acid dye was purchased from Beijing Jinboyi Biotechnology Co., Ltd. (Beijing, China). Low MW 

DNA Marker-A (25~500 bp) was purchased from Sangon Biotech Co., Ltd. (Shanghai, China). 

High-purity low-osmosis agarose was purchased from Beijing Tsingke Biotechnology Co., Ltd. 

(Beijing, China). 1×TAE running buffer with pH 8.0 was prepared by Tris (40 mM), acetic acid (20 

mM) and EDTA (2 mM). The suspension buffer with pH 7.4 was prepared from Na3PO4 (20 mM), 

BSA (5 %), Tween 20 (0.25 %) and sucrose (10 %). Absorbent paper (SX42), glass fiber (CB06), 

PVC plastic adhesive backing (SMNF31-25) were obtained from Shanghai Kinbio Tech. Co., Ltd 

(Shanghai, China). Nitrocellulose membrane (CN140) was purchased from Sartorius (Goettingen, 

Germany). All blood samples were taken from Wuhan Commercial Workers Hospital and the study 

was approved by the Ethics Committee of Huazhong University of Science and Technology, and the 

type of SNP mutation (or typing) was confirmed by sequencing at Wuhan Tsingke Innovation 

Biotechnology Co., Ltd. (Wuhan, China). The sequences of the oligonucleotides used in this study 

were shown in Table 1. Modified nucleic acid sequences were synthesized and purified (HPLC) by 

Sangon Biotech Co., Ltd. (Shanghai, China) and ordinary nucleic acid sequences were synthesized 

and purified (PAGE) by Wuhan Tsingke Innovation Biotechnology Co., Ltd. (Wuhan, China). 

Table 1. 
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2.3. Preparation of AuNP 

AuNP was prepared by a previously reported trisodium citrate reduction method [22]. Briefly, 

100 mL HAuCl4 solution (0.01 %) was heated to boiling and then added 2 mL trisodium citrate 

solution (1 %) rapidly. The color of solution turned from yale yellow to wine-red, and after heating 

for another 10 min, the solution was slowly cooled to room temperature, filtered with 0.22 µm 

Millipore syringe filter to remove large particle, the filtrate was stored in refrigerator at 4 ºC for 

future experiments. 

2.4. Preparation of AuNP-DNA probe 

AuNP-DNA probe was prepared according to the protocol reported previously with slight 

modifications [23]. Briefly, TCEP was added to the thiol-modified DNA (1 OD, 100 µM) with a final 

concentration of 10 mM to destroy disulfide bond. The treated thiol-modified DNA was added into 

14 mL AuNP and incubated for 16 h under gentle shaking and dark environment. Then 100 mM 

phosphate buffer (PB) and 10 % SDS were added into the above solution to achieve the final 

concentration of 9 mM and 0.1 % respectively, and incubated for 30 min with gentle shaking. The 

solution was aged for 1 d after adding 2 M NaCl (final concentration of 0.2 M) and then centrifuged 

at 4 °C for 20 min with 7200×g, the supernatant was discarded to remove unbounded DNA, and the 

red precipitate was resuspended in 1 mL suspension buffer, this procedure was repeated three times. 

Finally, the red precipitate was resuspended in 700 µL suspension buffer (20 times concentrated). 

The obtaining AuNP-DNA probe was stored at 4 °C for future use. 

2.5. Preparation of the strip biosensor  

The area of strip biosensor from left to right according to the direction of migration was composed 

of four parts: sample pad, conjugate pad, nitrocellulose membrane and absorption pad. The sample 
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pad and conjugate pad was obtained from the glass fiber and soaked with the buffer (0.5 % Triton 

X-100, 1 % BSA, 2 % glucose, 2 % PEG 4000 and 10 mM PB, pH 7.4), then it was dried at 37 ºC for 

1 h and stored at room temperature. The conjugate pad was prepared by spraying 5 µL/cm 

AuNP-DNA probe 1 onto the processed glass fiber with HM3030 dispenser, it was dried at 37 ºC for 

1 h and stored at 4 ºC. The biotinylated DNA probe T (Biotin-DNA probe T) and probe C 

(Biotin-DNA probe C) were mixed with streptavidin (1 mg/mL) by 1:1 (v/v) respectively, and 

incubated for 2 h at room temperature. The streptavidin-biotinylated DNA probe T (SA-biotin-DNA 

probe T) and the streptavidin-biotinylated DNA probe C (SA-biotin-DNA probe C) were dispensed 

on the nitrocellulose membrane of TZ and CZ with HM3030 dispenser, respectively. The distance 

between the TZ and CZ was around 5 mm. Finally, all the parts were assembled on the PVC plastic 

adhesive backing, each part was overlapped 2 mm to ensure migration of the sample solution during 

testing process. The strip biosensor was cut to width of 4.0 mm with programmable strip cutter, and 

stored at 4 ºC in desiccator. 

2.6. Preparation of PCR samples 

The human blood gDNA was extracted by blood extraction kit (Tiangen Biotech, Beijing, China), 

and the gDNA was used as template for PCR reaction. In the first PCR, 50 µL PCR reaction mixture 

containing 25 µL 2×Premix TaqTM, 2 µL forward primer FP-L (10 µM), 2 µL reverse primer RP-L 

(10 µM), 2 µL blood gDNA, and 19 µL sterilized water. The thermal cycling protocol included an 

initial activation of Taq polymerases at 94 °C for 5 min, followed by 30 cycles of 94 °C for 30 s, 

58.8 °C for 15 s, and 72 °C for 20 s, and a final extension step at 72 °C for 10 min. PCR product was 

used for sequencing to obtain SNP mutations and also used as the template for the second PCR. The 

primer-specific PCR was performed in two tubes, 2 µL forward primer FP with 3’ end of T which 
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was complementary to the wild-type A site was added to the tube 1, and in the tube 2, 2 µL forward 

primer FP-SNP with the 3’ end of C which was complementary to the mutant type G site was added. 

50 µL second PCR reaction mixture was composed of 25 µL 2×Premix TaqTM, 2 µL reverse primer 

RP, 2 µL FP or FP-SNP, 2 µL first PCR product and 19 µL sterilized water. The second PCR thermal 

cycling was 94 °C for 30 s, 63.2 °C for 15 s and 72 °C for 12 s with a total of 30 cycles, the initial 

denaturation and final extension steps were extended to 5 and 10 min, respectively. All PCR products 

were analyzed by agarose gel electrophoresis at 3 % (containing 0.01 % Genecolour I nucleic acid 

dye) under the conditions of 100 V for 40 min. The gel was then imaged by a UVP imaging system. 

2.7. SNP detection with strip biosensor 

50 µL second PCR product was directly added to the sample pad of the strip biosensor, a clear 

band was observed on the TZ of strip biosensor by chromatographic reaction after 10 min, then strip 

biosensor was photographed and the band intensity of TZ was analyzed by Image J. 

3. Results and discussion 

3.1. Principle of colloidal gold nucleic acid strip biosensor combined with primer-specific PCR for 

SNP detection 

In principle, this strategy was suitable for the detection of any SNP site. For the proof of concept 

study, SNP sites (A/A, A/G, G/G) in CYP1A1 gene related to multiple cancers was chosen as a target 

model. The strip biosensor could effectively distinguish the SNP sites of CYP1A1 gene associated 

with multiple cancers, and the principle detection was schematically illustrated in Figure 1. Human 

gDNA was extracted from whole blood, which was performed as template for twice PCRs. After the 

first PCR, a 246 bp dsDNA was obtained, and the primer-specific PCR was performed in two tubes 

using the first PCR product as template. Both tubes were added with the reverse primer RP, which 
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was completely complementary to the template. In addition, a forward primer FP with the 3’ end T 

corresponding to the wild-type site A and a forward primer FP-SNP with the 3’ end C corresponding 

to the mutant type site G were added to the tube 1 and 2, respectively. When the primer is fully 

complementary to the template, dsDNA was generated. However, when the 3’ end of primer was 

mismatched with the template, the chain extension reaction of DNA polymerase could not be 

extended to form double strand due to the obstacle in the formation of 3’, 5’-phosphodiester bond, 

and the target ssDNA was appeared. The designed AuNP-DNA probe could only combine with target 

ssDNA, thus AuNP was accumulated on TZ through the sandwich structure, so TZ would appear 

visible red band. Based on this, two tubes of PCR products were loaded on two strips, respectively, 

for the homozygous wild-type (A/A), TZ of strip biosensor with tube 2 had visible but no visible 

band for tube 1, for the homozygous mutant-type (G/G), TZ of strip biosensor with tube 1 had visible 

but no visible band for tube 2, for the heterozygous mutant-type (A/G), TZ of strip biosensor with 

both tubes had no visible band. Thus, the type of SNP could be judged by the color of TZs of a pair 

of strip biosensors. 

Figure 1. 

3.2. Characterization of AuNP 

AuNP-DNA probe was the key component of strip biosensor, so its quality was critical. The 

prepared AuNP and AuNP-DNA probe were characterized by UV-visible spectroscopy and gel 

electrophoresis. AuNP had an absorption peak at 519 nm (Figure 2), and its concentration was 

calculated to be about 0.9 nM according to the literature [24]. The absorption peak of AuNP-DNA 

probe was red shifted to 523.5 nm, which was due to the increase of colloidal gold hydration radius 

and gold particle aggregation after thiol DNA modification. Comparing with wine red of colloidal 
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gold (Figure 2, inset I), the AuNP-DNA probe was dark red (Figure 2, inset I), which was consistent 

with the absorption spectra. At the same time, the intensity of absorption peak was decreased, which 

was caused by the loss during the purification of gold-labeled probe. Agarose gel electrophoresis 

showed that naked colloidal gold agglomerated in the well (Figure 2, inset II) because it could not 

tolerate the TAE electrophoresis buffer, while a clear band was observed for AuNP-DNA probe 

(Figure 2, inset II), indicating that the DNA had been modified on the surface of the colloidal gold to 

withstand the TAE electrophoresis buffer. After this, the effect of spraying amount of AuNP-DNA 

probe on conjugate pad (i.e. the concentration of AuNP-DNA probe on conjugate pad) on the color 

development of strips was examined (Figure S1). It could be seen that the band of TZ was weak 

when the AuNP-DNA probe was 1, 2 or 3 µL/cm, respectively. However, the band intensity of TZ 

was stable when the AuNP-DNA probe was 4, 5 or 6 µL/cm, at this time, the amount of AuNP-DNA 

probe was excessive. Therefore, the optimal spraying amount of AuNP-DNA probe with 5 µL/cm 

was immobilized on conjugate pad (Figure S1). 

Figure 2. 

3.3. Effect of annealing temperature on different SNP samples in primer-specific PCR 

In order to distinguish SNP sites quickly and easily, we had tried to obtain the target ssDNA 

directly by only PCR once. Primer-specific PCR was tried obtaining the target single-strand DNA 

using the extracted genomic DNA as template directly. For homozygous samples, the ideal PCR 

result should present the great difference of the PCR amplification result (or efficiency) between the 

two forward primers of FP and FP-SNP. Therefore, FP-1 and FP-SNP-1 were used as the 

representative to investigate the PCR amplification results with different SNP locus at different 

annealing temperatures. FP-1 and FP-SNP-1 were primers that were completely complementary to 
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homozygous wild-type (A/A) and homozygous mutant type (G/G), respectively, and amplicon of the 

primer-specific PCR was 100 bp (Figure S1). For homozygous wild-type samples, the intensity of 

target band amplified by FP-1 primer at all temperatures were greater than that of FP-SNP-1 primer 

amplification (Figure 3A), due to the fact that FP-1 could be completely complementary to the 

template sample, and the mismatch between the C base at the 3’ end of FP-SNP-1 primer and the A at 

the corresponding position of wild-type sample (Table 1) decreased PCR amplification efficiency. 

With the increase of annealing temperature (56.6 to 64.2 °C ), the difference between the intensities 

of the target bands of these two primers was greater, which might be due to the primer containing the 

mismatched base was more difficult to bind the template as the increase of annealing temperature, 

resulting in further reduce in amplification efficiency. However, the opposite result was obtained for 

the homozygous mutant sample (Figure 3B). Since the T base at 3’ end of the FP-1 primer was 

mismatch with G base at the corresponding position of the mutant template, while the FP-SNP-1 

primer was completely complementary to the template, thus the intensity of the PCR product with 

the FP-1 primer was weaker than that of the FP-SNP-1 primer at different annealing temperatures. 

For heterozygous mutant samples, since the genomic DNA samples could be completely 

complementary to the FP-1 primer and the FP-SNP-1 primer, the electrophoresis band intensities of 

PCR products of two primers were similar at different annealing temperatures (Figure 3C). The 

results of PCR product electrophoresis of three SNP site samples also showed as increasing 

annealing temperature (56.6 to 63.2 °C), the band intensities of both FP-1 and FP-SNP-1 primer 

amplification products were reduced. However, this decreasing trend was not obvious after 63.2 °C, 

and the intensity difference between the FP-1 and FP-SNP-1 amplification product bands was 

maximized (Figure 3A and B). Therefore, the optimal annealing temperature for primer-specific PCR 
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was 63.2 °C. However, it was disappointed that when the above PCR products was loaded on the 

strip biosensor, TZ of all the strip biosensors had no visible color, indicating that only one base 

mismatch at the 3’ end of primer could not generate enough target ssDNA. Therefore, in order to 

effectively distinguish SNP, it was considered more mismatches were introduced to obtain ssDNA. 

Then the other base mismatch at the reciprocal 2nd or 3th base of the 3’ end of forward primer was 

introduced (Table 1). Compared with FP-1 and FP-SNP-1, FP-2~4, FP-SNP-2~4 and FP-5~7, 

FP-SNP-5~7 were introduced different mismatch bases at the reciprocal 2nd position and 3rd 

position of the 3’ end of the primers (Table 1). 7 group primers (a total of 14 primers) were 

performed in primer-specific PCR using gDNA samples of different SNP site as templates directly, 

and all PCR products were loaded on strip biosensors. However, it was regrettable that all TZs of the 

strip biosensors had no visible band, indicating that primer-specific PCR using gDNA as template 

directly was still unable to detect SNP sites on the strip biosensor, even if one mismatch base at 3’ 

end of primer was introduced. This might be due to the complexity of gDNA, and the direct 

amplification of primer-specific PCR could not obtain the target ssDNA effectively. Therefore, the 

twice PCR method was considered to distinguish SNP effectively, while gDNA was amplified by the 

first PCR to obtain a 246 bp DNA duplex, which was used as a template for primer-specific PCR. It 

should be noted that 63.2 °C annealing temperature was also chosen as the second primer-specific 

PCR. 

Figure 3. 

3.4. Effect of different annealing temperatures on the first PCR reaction 

Since the 246 bp DNA duplex obtained by the first PCR (Figure S2) would be used as the 

template for the primer-specific PCR, whose amplification quality was critical. In order to obtain 
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ssDNA to ensure the specificity of the primer-specific PCR template, the effect of different annealing 

temperatures on the specificity of the primer-specific PCR product was investigated. When the 

annealing temperature was between 47.8 and 50.7 °C (Figure 4), there were certain non-target bands 

besides the 246 bp target band. When the annealing temperature was between 54.2 and 60 °C, the 

PCR products were specific target band. Therefore, the annealing temperature of 58.8 °C was chosen 

for the first PCR reaction. 

Figure 4. 

3.5. Effect of different primers on primer-specific PCR and strip biosensor detection 

The purpose of the twice PCR method was to get target ssDNA by the second PCR, which used 

the single and high concentration double-stranded DNA obtained by the first PCR as the template. In 

the 7 groups of primers, the primers with multiple mismatch bases might result in enough target 

ssDNA, and primers with few mismatch bases might lead to insufficient target ssDNA. Therefore, 

AuNP-DNA probe 1 and AuNP-DNA probe 2 were prepared to detect the target single-strand DNA, 

who could bind to them in different positions. When the target ssDNA was present, the two 

AuNP-DNA probes would be agglomerated and discolored because of formation of the bridge 

structure. When the target single strand DNA was absent, the two AuNP-DNA probes did not change 

color due to their independent existence. In addition, the products of the second primer-specific PCR 

was also characterized by agarose gel electrophoresis to verify the test results (Figure S3). For the 

samples of three SNP sites (A/A, A/G, G/G), after FP-1 and FP-SNP-1, FP-3 and FP-SNP-3, and 

FP-4 and FP-SNP-4 were amplified by PCR respectively, it was found no visible band appeared on 

TZ after loading the products onto strip biosensors, and the color of AuNP-DNA probe remained 

unchange (Figure 5A-D), indicating that the PCR reactions involved in these primers did not produce 
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enough target single-strand DNA. Gel electrophoresis also proved this point, their products of the 

second primer-specific PCR had only three dsDNA electrophoretic bands (Figure S3A, B and C, lane 

1, 2, 5, 6, 7 and 8). For the homozygous wild-type (A/A) and heterozygous mutant (A/G) samples, 

the products of FP-3 had only two bands (Figure S3A and C, lane 5), this might be caused by 

insufficient sensitivity of the agarose gel. Since 3’ end of FP-1 and FP-SNP-1 had only one base 

mismatch to the samples, therefore, they had little effect on PCR amplification efficiency. The 

reciprocal 1st and 2nd base at the 3’ end of FP-3 and FP-SNP-3 as well as FP-4 and FP-SNP-4 were 

mismatched to the template, however, the mismatch of G/T or C/T at these two positions did not 

affect the efficiency of PCR amplification and the generation of dsDNA. 

After the amplification of FP-2 and FP-SNP-2, FP-5 and FP-SNP-5, there were obvious red 

bands on their TZs of strip biosensors, and the color of AuNP-DNA probes turned blue-violet (Figure 

5A-D), indicating that PCR of both groups of primers produced sufficient ssDNA. Meanwhile, 

almost four gel electrophoresis bands showed their products of the second primer-specific PCR had 

both dsDNA and target ssDNA (Figure S3A, B and C, lane 3, 4, 9 and 10). Although not all four 

bands in these lanes were clear, this might be due to the low concentration of ssDNA produced by 

PCR amplification and it could not detected by agarose gel. Since the mismatch base of T was 

introduced at the reciprocal 2nd or 3rd position at the 3’ end of two groups of primers respectively, 

thus it was inferred that base mismatch of T/T could strongly influence the binding of the primer to 

the template, whether it occurred at the reciprocal 2nd or 3rd position of the 3’ end of primer. 

Therefore, the amplification efficiency of PCR was greatly reduced, and sufficient single-strand 

DNA was formed in PCR products. However, it was not the ideal result we wanted, and it was 

impossible to distinguish the SNP types when both TZs had obvious red bands or without obvious 
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red bands. 

FP-6 and FP-SNP-6, FP-7 and FP-SNP-7 primers showed different results for the three SNP 

samples. For the homozygous wild-type (A/A) samples, the TZs of the amplification products from 

FP-SNP-6 and FP-SNP-7 primers had obvious red bands (Figure 5A), the color of the AuNP-DNA 

probe also turned blue-violet; while the TZs of the strip biosensors for FP-6 and FP-7 primers had no 

visible red bands, and the color of AuNP-DNA probe solution remained unchange (Figure 5A). 

Moreover, gel electrophoresis showed FP-SNP-6 and FP-SNP-7 primers produced target ssDNA 

(Figure S3A, lane 12 and 14), however, FP-6 and FP-7 primers did not produce target ssDNA (Figure 

S3A, lane 11 and 13). For the homozygous mutant (G/G) sample, the detection result of strip 

biosensor was opposite. TZs of FP-6 and FP-7 primers had clear red bands, and AuNP-DNA probe 

turned blue-violet (Figure 5B), and the products of FP-6 and FP-7 primers had target ssDNA (Figure 

S3B, lane 11 and 13), however, the TZs of FP-SNP-6 and FP-SNP-7 primers had no visible bands, 

and the color of AuNP-DNA probe did not change (Figure 5B). Gel electrophoresis also showed 

FP-SNP-6 and FP-SNP-7 primers did not produce target ssDNA (Figure S3B, lane 12 and 14). For 

heterozygous mutant (A/G) samples, four TZs of FP-6 and FP-SNP-6, FP-7 and FP-SNP-7 primers 

did not appear red bands, and the color of AuNP-DNA probe remained unchange (Figure 5C). Gel 

electrophoresis showed these primers also did not produce target ssDNA (Figure S3C, lane 11-14). 

Therefore, the following conclusion was drawn: the second G or C base mismatch was introduced at 

the reciprocal 3rd position of 3’ end of primer if 1st reciprocal position at the 3’ end had been 

mismatched, the primer would be difficult to bind the template, resulting in significant reduction in 

the efficiency of PCR amplification. Efficiency of PCR amplification was not affected when the 

reciprocal 1st position of the 3’ end of primer was completely complementary to the corresponding 
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position of template, and C/T or G/T mismatch between the reciprocal 3rd position at 3’ end of the 

primer and the template (Table 1). Therefore, FP-6 and FP-SNP-6, FP-7 and FP-SNP-7 could 

effectively distinguish three types of SNP (A/A，G/G，A/G). For homozygous type (A/A and G/G) 

samples, the band intensity difference between FP-6 and FP-SNP-6 primer was better than that of 

FP-7 and FP-SNP-7 primer (Figure 5D), so FP-6 and FP-SNP-6 could distinguish SNP sample more 

effectively, thus they were selected to detect SNP sample in following experiment. 

Figure 5. 

3.6. Investigation of strip biosensor detection under different sample concentrations 

In order to ensure the good amplification of twice PCR for low concentration of sample, the 

effect of different sample concentration on the strip biosensor detection was investigated. After the 

first PCR amplification of gDNA samples at different SNP site with concentrations of 100, 50 and 10 

ng, it was found that the concentrations of the PCR amplified products of the three samples (A/A, 

G/G, and A/G) were similar and the electrophoresis bands were single (Figure 6A). After 

primer-specific PCR, it was found that for homozygous wild-type (A/A) samples, the AuNP-DNA 

probe turned blue-violet and the TZ of strip biosensor had a clear red band (Figure 6B) caused by 

target single-strand DNA of FP-SNP-6 primers at three concentrations, however, FP-6 primers did 

not generate the target single-strand DNA, and their TZs of strip biosensors had no visible color 

(Figure 6B). For homozygous mutant (G/G) samples, FP-6 primers at three concentrations all 

produced the target single-strand DNA, the TZs of strip biosensors all had obvious bands (Figure 6C), 

and the color of AuNP-DNA probe was blue-violet, while FP-SNP-6 primer did not produce target 

single-strand DNA, so the AuNP-DNA probe remained unchange and the TZs of strip biosensors had 

no visible color (Figure 6C). For heterozygous mutant (A/G) samples, the TZs of strip biosensors 
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under the PCR products of FP-6 and FP-SNP-6 primers at three concentrations presented colorless 

(Figure 6D). In summary, the primer-specific PCR amplified with different concentration samples 

achieved satisfactory effect, which was very practical for the extraction of samples with lower 

concentration. 

Figure 6. 

3.7. Real samples detection  

Based on the above results, twice PCR amplification and strip biosensor detection were performed 

on 61 human blood samples, and the results were compared with those of pyrosequencing (gold 

standard method for SNP detection). The results showed that there were 30 A/A site samples, 5 G/G 

site samples and 26 A/G site samples among them (Table S1), the results of typical No. 25, 31 and 59 

samples were showed in Figure 7. The strip biosensors could clearly determine the type of SNPs, 

which were in good agreement with the sequencing results. It was indicated that the strip biosensor 

could effectively distinguish SNP sites as long as the quality of twice PCR were ensured. Therefore, 

the colloidal gold nucleic acid strip biosensor combined with primer-specific PCR had good 

practicability and good market application prospect for SNP sites detection. 

Figure 7. 

4. Conclusions 

In summary, a cancer-related SNP site detection method had been developed based on colloidal 

gold nucleic acid strip biosensor combined with primer-specific PCR. In brief, twice PCR were 

adopted, the first PCR provided single template with high concentration for the following 

primer-specific PCR, this twice PCR strategy could obtain the target DNA and reduced the 

non-specific amplification greatly, based on this, the visual detection of SNP on strip biosensor could 
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be realized. In addition, mismatched base at 3’ end of primer was introduced in primer-specific PCR, 

and the PCR product (ssDNA or dsDNA) was first studied by AuNP-DNA probe. This method could 

remove the complicated post-treatment steps because the visual detection of SNP by loading the 

product of twice PCR directly on the strip biosensor. The method was fast, simple, accurate, low-cost 

and obtained satisfactory results for the detection of 61 human blood samples, importantly, it could 

be extended to detect any other SNP sites easily. We believe that this method was expected to have 

great application potential in future medical diagnosis. 
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Figure 1. Schematic diagram of colloidal gold nucleic acid strip biosensor combined with 

primer-specific PCR for SNP detection. (A) All steps of SNP sites detection. Genomic 

DNA extracted from human whole blood was used as template for twice PCR. The 2nd 

PCR was amplified in two tubes, dsDNA product could not bind the AuNP-DNA probe, 

test zone (TZ) had no visible color, while single-strand DNA could bind AuNP-DNA 

probe, so TZ had visible color. (B) SNP sites (A/A, A/G, G/G) in CYP1A1 gene was 

chosen as target model, SNP site sample was amplified with primer-specific PCR in two 

tubes, 3’ end of FP primer and FP-SNP primer was fully complementary to A site sample 

and G site sample, respectively, dsDNA was formed when the primer was fully 

complementary to the template, however, single-strand DNA was formed when the 

primer was mismatched with the template. SNP type was determined by observing the 

TZ color of a pair of strip biosensors. 

Figure 2. UV-visible absorption spectra of AuNP (a) and AuNP-DNA probe (b). Inset: their photo (I) 

and gel electrophoresis (II); agarose gel concentration: 1%; electrophoresis condition: 90 

V, 10 min. 

Figure 3. Agarose gel electrophoresis of primer-specific PCR products with different SNP site 

samples at different annealing temperatures. agarose gel concentration: 3%; 

electrophoresis condition: 100 V, 40 min. 

Figure 4. Agarose gel electrophoresis of the first PCR product at different annealing temperatures. 

The agarose gel concentration and electrophoresis condition were same as Figure 2 

Figure 5. Photo images of AuNP-DNA probe, strip biosensor and histogram of corresponding TZ 
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peak area (D) of the primer-specific PCR products of 7 groups of primers using A/A site 

(A), G/G site (B) and A/G site (C) samples 

Figure 6. Agarose gel electrophoresis (A) of the first PCR amplification products of 100, 50 and 10 

ng A/A (lanes 1~3), G/G (lanes 4~6) and A/G (lanes 7~9) site gDNA samples; photo 

images of AuNP-DNA probe, strip biosensor and histogram of the corresponding TZ 

peak area of the twice PCR products of FP-6 and FP-SNP-6 primers using 100, 50 and 10 

ng A/A (B), G/G (C) and A/G (D) site gDNA samples. The agarose gel concentration and 

electrophoresis condition were same as Figure 2 

Figure 7. Three SNP types of actual samples on strip biosensor detection and corresponding 

pyrosequencing results (single peak: one allele; double peak: two alleles; purple R: base 

A/G). 

 



Table 1. Sequences of oligonucleotides used in the study. 

Name Sequence (5’- 3’) 

FP-L          CTGCATTTGGAAGTGCTC 

RP-L CTACCTGAACGGTTTCTCAC 

FP-1 AACTCCCAGCGGGCAAT 

FP-SNP-1 AACTCCCAGCGGGCAAC 

FP-2 AACTCCCAGCGGGCATT 

FP-SNP-2 AACTCCCAGCGGGCATC 

FP-3 AACTCCCAGCGGGCAGT 

FP-SNP-3 AACTCCCAGCGGGCAGC 

FP-4 AACTCCCAGCGGGCACT 

FP-SNP-4 AACTCCCAGCGGGCACC 

FP-5 AACTCCCAGCGGGCTAT 

FP-SNP-5 AACTCCCAGCGGGCTAC 

FP-6 AACTCCCAGCGGGCCAT 

FP-SNP-6 AACTCCCAGCGGGCCAC 

FP-7 AACTCCCAGCGGGCGAT 

FP-SNP-7 AACTCCCAGCGGGCGAC 

RP CACCCCTGATGGTGCTATC 

AuNP-DNA probe 1 SH-GCCAAAGATAATCAC 

AuNP-DNA probe 2 SH-CTTCTCACTTAACAC 

Biotin-DNA probe T CTTCTCACTTAACAC-Biotin 

Biotin-DNA probe C Biotin-GTGATTATCTTTGGC 

FP: Forward primer; RP: Reverse primer; single underline: the bases of FP-X and FP-SNP-X were 

matched with A/A site and G/G site, respectively; double underline: mismatched base  

 

















� SNP site detection is achieved based on strip biosensor and 

primer-specific PCR 

� Twice PCRs are introduced to reduce non-specific amplification 

greatly 

� The detection of CYP1A1 gene SNP site is visible within 10min using 

strip biosensor 

� The results of 59 human blood samples by this method are identical 

with sequencing 

� This method can be applied to the detection of any other SNP site 
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