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ABSTRACT: In human, TMEM18 protein (transmembrane protein 18) is involved in the migratory response of neural precursors toward glioma-secreted factors and the overexpression of TMEM18 increased the migration of human neural precursor cells. Single nucleotide polymorphism (SNP) rs6548238 locates at regulatory region near the TMEM18 gene, which results in the substitution of T for C in the DNA sequence. The association of SNP rs6548238 with the risk of several disorders has been intensively studied in developed countries. In order to determine the genotype of TMEM18 rs6548238 polymorphism in Vietnamese, the restriction fragment length polymorphism (RFLP) method was applied. In the RFLP analysis, DNA samples amplified from polymerase chain reaction (PCR) are digested by restriction enzymes and the resulting restriction fragments are separated according to their lengths by gel electrophoresis. In this study, we designed two PCR primers to amplify the region containing rs6548238. The AvaI restriction enzyme was selected to detect the SNP polymorphism. Sequencing the resulting bands validated the RFLP method. In conclusion, RFLP method is simple, sensitive and cost effective for genotyping of the TMEM18 rs6548238 polymorphism; thus, this method is most convenient for SNP analysis in large-size samples from Vietnamese population.
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INTRODUCTION
The human cDNA encoding TMEM18 (transmembrane protein 18) that promotes the migration of neural stem cells toward glioma cells was firstly cloned by Jurvansuu et al. (2008) [5]. The deduced 140-amino acid protein has 4 transmembrane domains and a C-terminal nuclear localization signal. Immunohistochemical analysis showed that TMEM18 gene expressed in the cytoplasm of human neural precursor cells and that the TMEM18 protein is concentrated around the nucleus and also localized to nuclear structures. TMEM18 involves in the migratory response of neural precursors toward glioma-secreted factors and the overexpression of TMEM18 increased the migration of human neural precursor cells, murine neural stem cells [5]. 

Single nucleotide polymorphism (SNP) rs6548238 locates at regulatory region near the TMEM18 gene, which results in the substitution of T for C in the DNA sequence [1]. Willer et al. (2009) [13] identified association of the SNP with change in body mass index (BMI). To date, the association of SNP rs6548238 with the risk of obesity, diabetes mellitus type 2 and metabolic syndrome has been studied broadly in developed countries [3, 4, 6]. There are several approaches to genotype rs6548238, including real-time PCR, sequencing, and DNA chip [3, 9, 12]. However, it is difficult to identify the rs6548238 polymorphism in large-size samples of Vietnamese population due to expensive chemicals, time consuming and the limitations of modern equipment. Therefore, high priority is to develop a sensitive and cost effective approach for genotyping of rs6548238 in Vietnamese population.
Restriction fragment length polymorphism (RFLP) method is based on the principal that DNA products are digested by restriction enzymes and the resulting restriction fragments are separated according to their lengths by gel electrophoresis. Two alleles can be distinguished by the presence or absence of a restriction cut site. In addition, the RFLP method requires only PCR machine and electrophoresis device that are commonly equipped in laboratories in Vietnam. Thus, the RFLP method could be convenient for genotyping TMEM18 rs6548238 from Vietnamese population.
MATERIALS AND METHODS
DNA samples were obtained from the case-control study named “Study the association of TMEM18, APOE genes with the risk of obesity, dyslipidemia in primary school children”, code B2014-17-47. The Ethics Committee of the National Institute of Nutrition, Vietnam, approved the research protocol. Informed consent to participate in the study was given by the parents of all subjects who belong to Kinh ethnic. 
The chemical and biological agents using for PCR were specific primers (10 pmol/μl, Invitrogen, USA), PCR master mix 2x (Fermentas) (0.05 u/μl Taq DNA polymerase, 4 mM MgCl2, 400 μM dNTP per one type of nucleotides (A, T, G, C)). FastDigest® AvaI (Eco88I) restricted enzyme (Fermentas) was used for digestion of the PCR products.

The chemical and biological agents using for electrophoresis were agarose (Promega, Spain), UltrapureTM 10x TBE Buffer (Invitrogen), RedSafe™ stained (Intron Biotechnology), and ΦX174 DNA HaeIII Digest ladder (BioLabs).
The equipment was Master cycler gradient PCR machine (Eppendorf), Mupid Exu electrophoresis machine (Japan), water bath, centrifuges, minispin micro centrifuge, and Geldoc-ItTM gel camera. 
Genomic DNA was isolated from peripheral blood white cells using Wizard genomic DNA purification kit (Promega Cat. #A1125, USA). All DNA samples were highly pure and contained DNA concentration ≥ 15 ng/μl.
Optimal protocol design for polymerase chain reaction: nucleotide sequence from Genebank accession number AL137269 was used to design two sets of PCR primers by using Oligo 7 Primer Analysis Software [8] and UCSC In-Silico PCR online [2] 
The melting temperature (Tm) of the primers was approximately 56°C according to recommendations of the software [2, 8]. The PCR gradient method was used to determine the annealing temperature (Ta) with the following temperature range: 52oC, 54oC, 56oC, 58oC and 60oC. PCR protocol was carried out in accordance to the following conditions: 94oC for 3 min and 35 cycles of denaturation at 94oC for 30 sec, primer annealing at 52oC/54oC/56oC/ 58oC/60oC for 30 sec, primer extension at 72oC for 30 sec, final extension at 72oC for 8 min, stopped by chilling at 15oC. Five µl PCR products (383-bp band) were detected on Redsafe-stained 2.5% agarose gel for 30 min at 100 V in 0.5X TBE buffer. The DNA band was taken using Geldoc-ItTM gel camera. The optimal protocol was validated from the results of trials.
Restriction enzyme digestion: The TMEM18 sequence with SNP rs6548238 was obtained from the NCBI database [7]. The restriction enzymes map of this sequence was identified using restriction mapper database [10]. The restriction enzymes could use to distinguish C and T alleles were AvaI (Eco88I) and PleI (SchI, MlyI) from which the FastDigest Eco88I (Fermentas, code: #FD0384) was chosen because of the lower price [11]. The digestion reaction was done according to guidelines advised by the manufacturers, the digested products were visualized as fragments by Redsafe-stained 2.5% agarose gel electrophoresis in TBE 0.5x buffer. Distribution patterns of the rs6548238 polymorphisms were TT (383 bp band), CT (3 bands: 383 bp, 285 bp and 98 bp), and CC (2 bands: 285bp and 98bp). The optimal concentration of the restriction enzyme was established on a range of the AvaI enzyme from 0.1 to 0.5 FDU (Fast Digest Unit) per reaction.
Validation of designed method: The RFLP results were validated by sequencing three samples with genotype identified by the RFLP method: CC (code: 103.108), CT (code: 103.116) and TT (code: 121.233). The concordance of genotyping findings between RFLP method and sequencing analyses was confirmed by single pass DNA aequencing (SS1001, SS1002) program (http://www.base-asia.com/dna_sequencing/single_pass/). To check the consistence of the RFLP method, thirty samples were randomly recruited from the study (code 01C-08/05-2011-2) to apply the protocol above.
RESULTS AND DISCUSSION
Optimal conditions for polymerase chain reaction
The optimal annealing temperature (Ta) of the designed primer set (forward primer
5’-agttcttgttacaggcgaca-3’ and reverse primer 5’-gattcattcacacgatgctc-3’) was examined by PCR through a range of Ta from 52oC to 60oC. The 383-bp PCR product was observed on agarose gel electrophoresis as present on figure 1.
The data in figure 1 showed that at Ta=56°C, the amplified band was the thickest. Thus, the optimized PCR conditions were 94oC for 3 min and 35 cycles of denaturation at 94oC for 30 sec, primer annealing at 56oC for 30 sec, primer extension at 72oC for 30 sec, final extension at 72oC for 8 min, stopped by chilling at 15 oC.
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Figure 1. Electrophoresis image of PCR products amplified at different annealing temperatures. Ta: Temperature of annealing; (-): Negative control without DNA template; M: ΦX174 DNA HaeIII Digest ladder.
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Optimal digestion for restriction enzyme

The PCR products were digested with different concentration of AvaI enzyme (FastDigest Eco88I). Figure 2 showed the electrophoresis image of digested products of 3 genotypes CC (sample 1), CT (sample 2), TT (sample 3) in five different AvaI concentrations. The CC genotype was incompletely digested by the concentration of 0.1 FDU/reaction, which became mistaken with CT genotype. From 0.2-0.5 FDU/reaction, the digestion was completely; thus, CC genotype was evidently identified. Thus, the optimal amount of the fast digest AvaI enzyme was 0.2 FDU in reaction of 15 µl. The components of a digestion reaction of 15 µl
included 8.8 µl nuclear-free water, 1.0 µl 10x fast digest buffer, 0.2 FDU AvaI (Eco88I), and 5.0 µl PCR product with about 0.1 µg DNA).

Result of validation 

Three genotypes including CC (code: 103.108), CT (code: 103.116) and TT (code: 121.233), which were identified by the RFLP method were subjects to sequencing. Figure 3 showed the nucleotide sequences and genotypes that were in concordance with those of the RFLP method.

Thirty-two samples were genotyping using the RFLP method and the results were presented in figure 4. The genotyping call rate was 100% based on clear bands.
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Figure 3. Three genotypes were validated by sequencing method
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Figure 4. Electrophoresis image of PCR products before (upper) and after (lower) digestion by AvaI enzyme. Three genotypes of TMEM18 rs6548238 were CC (285 bp, 98 bp), CT (383 bp, 285 bp, 98 bp), and TT (383 bp). The 98 bp bands were not shown in the images; M: ΦX174 DNA HaeIII Digest ladder
CONCLUSION
Using the RFLP-PCR method can allow to determine the genotype of TMEM18-rs6548238. The PCR conditions were optimized for a 15 μl PCR reaction. The digestion of the PCR products (383 bp) was carried out by using 0.2 FDU AvaI restricted enzyme. Alleles were visualized as fragments by electrophoresis through a Redsafe-stained 2.5% agarose gel. Distribution patterns of the rs6548238 polymorphisms were TT (383 bp), CT (383 bp, 285 bp and 98 bp), and CC (285 bp and 98 bp). 
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ÁP DỤNG PHƯƠNG PHÁP ĐA HÌNH CHIỀU DÀI ĐOẠN CẮT GIỚI HẠN (RFLP) ĐỂ PHÂN TÍCH ĐA HÌNH ĐƠN NUCLEOTIDE TMEM18-rs6548238 
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TÓM TẮT

Protein TMEM18 (Transmembrane protein 18) có vai trò trong quá trình di cư của tế bào tiền thần kinh qua các nhân tố tiết u thần kinh đệm. Sự biểu hiện mạnh của gen TMEM18 làm tăng quá trình di cư của các tế bào tiền thần kinh. Đa hình đơn nucleotide (SNP) rs6548238 nằm ở vùng điều hòa gần gen TMEM18, SNP này là kết quả của sự thay thế nucleotide T cho C trên mạch ADN. Mối liên quan giữa SNP rs6548238 với các bệnh tật ở người đang được nghiên cứu rộng rãi ở các nước phát triển. Mục tiêu của nghiên cứu này là ứng dụng kỹ thuật nghiên cứu tính đa hình chiều dài của các phân đoạn ADN dựa trên điểm cắt các enzyme giới hạn (RFLP) để xác định kiểu gen tại SNP rs6548238 gen TMEM18 trong điều kiện Việt Nam. Nguyên lý của phương pháp là: sử dụng phản ứng PCR tạo một sản phẩm ADN chứa SNP, sau đó sử dụng một enzyme cắt giới hạn đặc hiệu tại vị trí SNP để cắt sản phẩm PCR, dựa vào hình ảnh điện di kết quả ủ với enzyme cắt giới hạn để nhận biết kiểu gen của SNP. Chúng tôi đã thiết kế được hai mồi cho phản ứng PCR để tạo sản phẩm ADN chứa rs6548238. Enzyme cắt giới hạn AvaI được lựa chọn để xác định kiểu gen của SNP. Kết quả đã được kiểm chứng bằng phương pháp giải trình tự gen. Kết luận, xác định kiểu gen của TMEM18 rs6548238 bằng phương pháp RFLP có độ chính xác cao, chi phí thấp, rất phù hợp với những phân tích trên cỡ mẫu lớn ở điều kiện phòng thí nghiệm Việt Nam. 
Từ khóa: Enzyme giới hạn, phương pháp restriction fragment length polymorphism, protein TMEM18 rs6548238, u thần kinh đệm, xác định kiểu gen.
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Figure 2. Electrophoresis images of the PCR products digested by AvaI at five different amounts. Three genotypes of TMEM18 rs6548238 were identified according to the length size of digested products: CC (2 bands: 285 bp, 98 bp), CT (3 bands: 383 bp, 285 bp, 98 bp), and TT (383 bp band); Question mark showed unidentified genotype; M: ΦX174 DNA HaeIII Digest ladder.
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