A STUDY OF SALIVA AND CHEEK CELLS DNA EXTRACTION WITH THE USE OF HOUSEHOLD CHEMICALS

ABSTRACT

This study was carry out to examine saliva and cheek cells DNA extraction with the use of household chemicals. This study adopts the experimental research design where data collected are tested. Quantitative assessment was performed by measuring optical density at 260/280 ratio using Nanodrop (IMPLEN NanoPhotometer®, Germany). Qualitative assessment was performed by gel electrophoresis at 0.7% agarose gel. Then 1 µL sample was mixed with 1 µL of DNA gel loading dye 6× (ThermoFisher Scientific). And 0.3 µL of SYBR safe DNA gel stain (ThermoFisher Scientific) was used as a visualizing dye. It takes approximately 10-15 min for the completion of extraction procedure. Results have indicated the good quality of DNA by gel electrophoresis and good yield with purity of 1.7-1.8 optical density. Thus, this method serves as a simple, convenient, easy-to-handle, time-saving, cheap and less laborious way for the extraction of DNA in daily routine practices with a good precision of quality and quantity that could be used for diagnostic purposes.
CHAPTER ONE

INTRODUCTION

1.1
BACKGROUND OF THE STUDY

Genomic DNA is an essential kind of nucleic acid that may be extracted for use in scientific study and forensic analysis (Dumache et al, 2016). After the DNA has been extracted in its whole form, the molecule might then be stored for an extended period of time. In the past, clearly defined techniques for the extraction of genomic DNA have been described from a range of tissues including cigarette butts, human skin, blood, muscles, and saliva (Hochmeister et al, 1991; Pepiski et al, 2002).

To accomplish the goals of the research in the most efficient way possible, saliva samples are collected throughout the sample collection process. When compared to blood, saliva has a number of advantages, including the fact that it does not require any special personal protective equipment or anticoagulant vacutainers, that it allows for the remote collection of samples from patients with a variety of pathological diseases, that it does not subject patients to the pain and fear associated with needle injections, that it eliminates the possibility of the researcher suffering an injury from a needle prick, that it is readily accepted by patients for their voluntary participation in research, that it poses a (Dumache et al, 2016; Sweet et al, 1996). There are around 430,000 epithelial cells in one milliliter of saliva, according to some reports (Sweet et al, 1996). As a result, saliva is an excellent specimen for the DNA extraction process, both in terms of its handling and its storage. The purpose of this work is to demonstrate that DNA may be extracted without the need of any electronic equipment or costly chemicals designed specifically for research. 
1.2
STATEMENT OF THE PROBLEM

The collection of samples for research purposes can be accomplished using saliva, which is a viable specimen. It has been estimated that saliva contains around 430,000 epithelial cells per milliliter on average. The utilization of electronic equipment might result in significant costs (Dumache et al, 2016). However, there are a number of approaches that are not only affordable but also readily available in the form of commercial kits that can extract DNA from saliva (Sweet et al, 1996). However, the purpose of this research is to investigate the possibility of developing a straightforward, cost-effective, and time-saving technique of extracting DNA from common household chemicals without the use of any electronic apparatus.
1.3
OBJECTIVES OF THE STUDY

The primary objective of this study is to present the simple, time-saving and cheap method of DNA extraction using daily life household chemicals.
1.4
RESEARCH QUESTIONS

What is the simple, time-saving and cheap method of DNA extraction using household chemicals?
1.5
SCOPE OF THE STUDY

This study focuses on collecting samples of NaCl (Oxide), absolute ethanol (Sigma-Aldrich), pineapple juice, dish washing liquid as house hold chemicals in extracting DNA from saliva and cheek cells.
1.6
SIGNIFICANCE OF THE STUDY

DNA is a molecule with a complex structure that stores and pass­es the genetic in­formation of every living organism on Earth from generation to generation. This study will expose the alternative way of extracting DNA without the help of any electronic equipment using a simple, time-saving and cheap method daily life household chemicals. This study will also add to existing literature on this study ans will serve as reference materials to students, scholars and researchers who may wish to carry out further research on this topic or related area in the future. 
1.7
DEFINITION OF TERMS

DNA: DNA, or deoxyribonucleic acid, is the hereditary material in humans and almost all other organisms.

SALIVA: Saliva is a clear liquid made by several glands in your mouth area.
CHAPTER TWO

LITERATURE REVIEW

2.1
CONCEPTUAL FRAMEWORK

CONCEPT OF DEOXYRIBONUCLEI ACID (DNA)

Deoxyribonuclei acid (DNA) is a molecule present in all living things, including bacteria, plants, and animals. DNA is the information encoded in genetic material in other words it carries genetic information that is inherited or passed down from parents to offspring. It is responsible for determining a person’s hair, eye and skin color, facial features, complexion, height, blood type, and just about everything else that makes an individual unique. DNA is responsible for establishing and maintaining the cellular and biochemical function of an organism (Bernard et al, 1998). DNA synthesis is called replication (http://basepair.library.umc.edu).

STRUCTURE OF DNA

DNA is a double helix, with bases to the center (like rungs on a ladder) and sugar-phosphate units along the sides of the helix (like the sides of a twisted ladder). DNA is a polymer and stores biological information digitally in units called nucleotides and these specify which proteins an organism will make, as well as when and where protein synthesis will occur. Each nucleotide consists of a deoxyribose sugar, a phosphate and a nitrogenous base. The strands are complementary as deduced by Watson and Crick from Chargaff’s data, A pairs with T and C pairs with G, the pairs held together by hydrogen bonds. Double ringed purine is always bonded to a single ring pyrimidine. Purines are Adenine (A) and Guanine (G). Pyrimidines are Cytosine (C) and Thymine (T). In DNA the sugar is deoxyribose. The bases are complementary, with A on one side of the molecule the other side is T and similarly with G and C4 . The DNA regions which encode proteins are called genes.

[image: image1.png]Deoxyribonucleic Acid (DNA) Nucieotides

Er=Tm - g
. ¥

Figure 1. STRUCTURE OF DNA




LOCATION OF DNA

Within cells of an organism, DNA molecules are assembled into chromosomes, organelles that package and manage the storage, duplication, expression and evolution of DNA. In the chromosomes of a cell, DNA occurs as fine spirally coiled threads, that in turn coils around another, like a ladder. The total length of all DNA in the Cell’s nucleus would be 3km. The entire collection of chromosomes in each cell of an organism is its genome (Hartwell et al, 2000) . Human cells contain 23 distinct kinds of chromosomes carrying approximately 3×10 (Heather et al, 2007) base pairs and roughly 100,000 genes. The structure of the DNA helix is preserved by weak interactions (i.e. hydrogen bonds and hydrophobic interactions established between the stacked base), it is possible to separate the two strands by treatments involving heating, bringing to alkaline pH (De Robertis et al, 1995).
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As the Human Genome Project provides the foundation for understanding the genetic basis of common disease (1) population based genetic studies will provide the information needed for the practical application of genetic risk factors to chemical and public health practice. To this end, researchers have begun collecting specimens for molecular analyses in epidemiologic studies and surveys in order to identify genetic risk factors for disease (2) Genomic markers including RFLP, STR, insertion-deletion polymorphism, SNP and groups of markers inherited together on one chromosome as haplotypes and being used to locate disease associated genetic loci and studies of the association between these loci to disease are elucidating the genetic basis for disease. Once risk associated genotypes are identified the validity of genetic testing for screening and clinical practice must be assessed (Karen et al, 2002). Interest in genome-wide association studies to identify susceptibility alleles for cancer is growing, and several are currently planned or under way. A critical requirement for such large scale studies is the amount of DNA available from a sample. Traditionally whole blood is the tissue of choice, as the yield of DNA is quite high (typically 10-15μg/ml). However obtaining a blood sample is an invasive procedure that requires training in phlebotomy, and moreover blood samples require refrigerated storage and must be processed within a week or so of collection. These constraints limit the suitability of blood collection for some populations which in turn has led to a search for alternative sources of DNA. The ideal source should meet the following requirements (1) be non-invasive easy and quick to carry out (2) allow relatively long storage of samples at ambient temperatures before DNA extraction ( a critical required for field studies) with minimal loss of DNA quality and finally (3) yield a sufficiently large amount of DNA for a wide variety of applications. Alternatives that have been investigated to date, includes dried blood spots, plucked hairs and cheek swabs. However the yield of DNA is much less than these alternatives than with whole blood, cheek swabs constitute the highest yielding noninvasive alternative to whole blood as cheek swabs provide app 5-15μg of DNA (Dominique et al, 2006) .

DIFFERENT SAMPLE TYPES USED IN DNA EXTRACTIONS 

The different sample types used in DNA extractions includes: 

Whole blood, Buffy coats, Blood clots, Serum, Plasma, Cell pellets, Mouthwash, Buccal swabs, Cytobrushes, Saliva, Bronchial alveolar lavage, Mouse tails, Plants. Other solid tissues that can be used for DNA extraction include Breast, Prostrate, Kidney, Brain, Placental, Heart, Muscle. Other sample types include Nails, Paraffin embedded tissue, Polyps, Urine, Feces and sputum. These sample types create great difficulty in isolating DNA. Normally DNA can be extracted by three methods 1) Non-organic 2) Column Based 3) Organic. Obtaining high quality genomic DNA is critical for epidemiological studies that aim to evaluate the role of genetic factors in human disease susceptibility. Blood samples are an excellent source of large amounts of genomic DNA. However, epidemiological studies often need alternative sources when study subjects are reluctant to provide a blood sample, when only a self-administered collection protocol is logistically or economically feasible or as backup source of DNA in studies that collect blood samples (Montserrat et al, 2001).

BUCCAL CELLS

Buccal cells are the cells from the inner lining of the mouth, or cheek. These cells are routinely shed and replaced by new cells. As the old cells die, they accumulate in the saliva in the mouth and can be easily be collected by a simple procedure using mouthwash (Michael et al, 2002). The mean number of epithelial cells per 1ml of saliva is about 4.3x105 , whereas the number of nucleated cells in 1ml of whole blood is about 4.5-11x105 . Moreover the turnover of epithelial cells is quite extensive in mouth, as the surface layer of epithelial cells is replaced on average every 2.7h suggesting that there is likely to be intact gDNA in saliva samples (Dominique et al, 2006).

ADVANTAGES OF BUCCAL CELLS

Collecting buccal cells enables researchers to better understand the way people process substances that affect cancer and other diseases and to determine why some people who are exposed to certain substances develop diseases, whereas others exposed to the same substances do not. The material in the buccal cell samples, combined with information on occupational, environmental, and dietary factors, allows researchers to get a more complete assessment of what is affecting the health of human population. The buccal cell sample is being collected to study the differences in genes that may be related to how people process disease-causing substances and how the effects of diet, lifestyle, environment, race and ethnicity, age, and other factors may be related to these genes.

CHARACTERISTICS OF BUCCAL CELLS

1. Research has shown that sublingual cells correlate well with deep body tissue such as heart tissue taken during bypass surgery and skeletal muscle biopsies. 

2. Buccal cells have high correlation between altered mineral levels and path physiological conditions in multiple medical syndromes. 

3. Sublingual cells provide new and important information as to the status of cardiac mineral electrolytes in patients with cardiovascular disease. 

4. Sublingual epithelial cells offer a rapidly renewing, homogenous cell population that reflects current total body intracellular mineral status. 

5. Buccal cells have a high cytoplasm to nucleus structure facilitating mineral analysis. Cells contain full metabolic biochemical pathways. 

6. Blood and urine levels of minerals and ions do not necessarily reflect what is happening in the working cellular tissues. 

7. Cells contain about 99% of the body’s magnesium and potassium, while serum contains only 1% of the total. 

8. Low intracellular tissue levels of mineral electrolytes may exist wile the serum levels appear normal. 

9. Buccal cells are safe, easy to obtain and use as a smear on specially prepared slides.
2.2
EMPIRICAL REVIEW

Ingrid Meulenbelt et al., (1995), adopted non-invasive DNA sampling and isolation method involving oral samples taken with cotton swabs. Out of 262 DNA samples isolated using mouth swabs, 257 were successfully used in PCR reactions of 20 different human loci. They also found that phenol/chloroform extractions used to isolate uncontaminated genomic DNA without yeast spores or bacteria could be used for DNA analysis other than PCR. They have used this method for genetic linkage study, various genetic population studies, and in zygosity determination of twin pairs.

Amy H. Walker et al, (1999), processed 995 buccal swabs for use in PCR based genotype assays. They processed biosamples for as long as 3 years and found no appreciable decrease in the rate of PCR success. They concluded that adequate DNA for PCR-based applications could be obtained from buccal swabs, but sampling or processing considerations might be important in obtaining optimal results.

Lea C. Harty et al., (2000), devised a simple, non invasive, cost efficient technique for collecting buccal cell DNA for molecular epidemiology studies. Subjects brushed their oral mucosa and expectorated the fluid in their mouths which was applied to Guthrie cards pretreated to retard bacterial growth and inhibit nuclease activity. The cards were well suited for transport and storage because they dry quickly, need no processing and were compact and lightweight. They concluded that treated cards were an alternative to brushes/swabs and mouth rinses for collection of buccal cell DNA and offer some advantages over other methods.

Lea C. Harty et al., (2000), found that self collection of oral epithelial cells under the direction of a trained interviewer yielded similar quantities of DNA as clinic based collection by a medical technician and larger quantities of DNA were obtained from men than from women. Men may have larger buccal mucosal surface areas or may brush harder, thereby loosening more cells. Thus, self collection of DNA by using oral rinses could be a suitable method for obtaining high quality samples and achieving high participation rates.

Loie Le Marchand et al., (2001), assessed the feasibility of obtaining buccal cell DNA by mail from participants in a large community based cohort study I in Hawaii. They found that the mean DNA yield was lower in females (41.7µg) than in males (53.4 µg) and in Japanese (37.8 µg) as compared with Hawaiians (51.9 µg) and Caucasians (54.8 µg). All samples were successfully genotyped or polymorphisms in the CYP1A1, CYP2E1, GSTM1, GSTT1 and NQO1 genes by PCR-RFLP. From these data they concluded that in situations where blood samples cannot be obtained, mail collection of mouthwash samples should be considered because it yielded substantial amounts of high quality gDNA for large number of study subjects.

Heather Spencer Feigelson et al., (2001), used a mouthwash protocol to collect six daily buccal cell samples from 35 healthy volunteers. They determined total DNA, human specific(hDNA), degradation of DNA, and ability to amplify by PCR. However tooth brushing 1 hour before sample collection reduced the amount of hDNA by nearly 40%. Their results suggests that buccal cells should be collected before brushing teeth and processed within 5 days of collection to maximize hDNA yield.

Schichun Zheng et al., (2001), collected buccal samples from children ranging in age from 4 months to 15 years. They evaluated a technique that involves Whole Genome Amplification using the improved primer extension preamplification method. They reported that the standard buccal protocol failed to yield successful PCR reactions in 30-51% of specimens whereas WGA buccal protocol however produced genotyping results fully concordant with the referent blood or bone marrow DNA results for all fine loci, and is very useful for improving the efficiency and validity of PCR based genotyping in pediatric populations.

Ellen M. Heath et al., (2001), developed a noninvasive sampling method for collecting cells for routine DNA testing in a clinical laboratory setting. Of the five mouthwashes tested, Scope brand mouthwash received the highest overall ranking. They found in a 4 week, room temperature stability study, the DNA in mouthwash samples was stable for at least 2 weeks, yields ranged from around 12-60 µg/ donor, and the DNA was of high quality and the yield was suitable for use in downstream analytical application such as Southern blotting, amplification analysis, sequencing and archiving.

Montserrat Garcia-Closas et al., (2001), conducted a two phase study and in phase I they compared cytobrush and mouthwash samples collected by mail in two different epidemiological studies (a) cytobrush samples (n=120) from a US case control study of breast cancer (b) Mouthwash samples (n=40) from prospective cohort of male US farmers. Findings from phase I were confirmed in phase Ii where they randomized cytobrush (n=28) and (n=25) samples among participants in the breast cancer study and compared both collection methods. The median human DNA yield determined by hybridization with a DNA probe from Phenol chloroform extracts was 1 and 1.6 μ/2 brushes for phase 1and 2, and 27.5 and 16,6 µg per mouthwash samples for phase 1 and 2 respectively. Most (94-100%) mouthwash extracts contained high molecular weight DNA(>23kb) in contrast to 55-61% of brush extracts. They concluded that a single mouthwash sample provided substantially higher molecular weight DNA than two cytobrush sample.

Stephanie J. London et al., (2001) collected large quantities of buccal cell DNA in school children. They brushed each buccal surface with a soft toothbrush and then rinsed with 10ml of water. They preferred the toothbrush method because of the higher total DNA yields and greater success in generating PCR products. Out of 1563, samples they obtained results for SNP in the interleukin13 gene(at 2044) by RFLP-PCR on 98.8% and in the promoter at the myeloperoxidase gene (at 463) by real time PCR on 99.7%.

Karen Steinberg et al., (2002), have reviewed current practices for DNA Banking in Epidemiology studies and focused on 4 types of specimens namely whole blood preserved as dried blood spots, whole blood from which gDNA is isolated, immortalized lymphocytes from whole blood or separated lymphocytes prepared immediately or subsequent to cryopreservation and buccal epithelial cells. They concluded that gDNA from whole blood was the safest assurance for most current and future molecular applications. Buccal cells were considered when noninvasive self-administered or mailed collection protocols were required.

Satia-Abouta et al., (2002), compared the DNA yield, quality and associated costs of buccal cell DNA collected using cytobrushes and swish in selfadminstered procedures. They found a non-statistically significant higher yield from mouthwash compared with cytobrush collections (15.8 µg vs. 12.0 µg respectively). They concluded that collection of DNA with cytobrushes using simple instructions was cost effective in large scale studies and yielded sufficient quantity and quality of DNA for genotyping.

Tara Engeman Andrisin et al., (2002), determined long term stability, quantity and quality of genomic DNA samples collected in buccal cells by the mouthwash method, for use in pharmacogenetic studies. They concluded that genomic DNA in mouthwash was stable for prolonged periods at room temperature, and was sufficient for pharmocogenetic studies.

Philip E. Castle et al., (2003), collected buccal cells from 29 participants, by use of mouthwash rinses and were split into equal aliquots, with one aliquot irradiated by electron beam irradiation equivalent to the sterilizing dosage of U.S. Postal services and the other left untreated. They checked that irradiated aliquots had lower median DNA yields (3.7µg/aliquots) than untreated aliquots (7.6 µg/aliquots) and were more likely to have smaller maximum DNA fragment size on the basis of genomic integrity gels, than untreated aliquots. They concluded that E-beam irradiation reduced the yield and quality of buccal cell specimens and although irradiated buccal cell specimens may retain sufficient DNA integrity for some amplified analyses of many common genomic targets, assays that target longer DNA fragments (>989 bp) or require whole genome amplification may be compromised.

T. Neuhas et al., (2004), used Light Cycler technology in analysis of noninvasively derived DNA. DNA extracted from blood, mouthwash and buccal cytobrush samples from 100 volunteers were analyzed for the genotypes of cytochrome P450, CYP1B1, glutathione-S-transferases GSTT1, GSTM1 and GSTP1. The median amounts of DNA isolated from blood, mouthwash and buccal cytobrush samples were 95,11 and 8µg respectively.

Audrey F Saftlas et al., (2004), tested two cytobrush collection methods to optimize total DNA yield and purity for HLA (Human Leukocyte Antigen) genotyping in mothers and infants. One was brushing the left and right inner cheeks and the second was brushing the upper and lower gutters. Mother gutter samples yielded higher amounts of DNA than cheek samples. While DNA yield from cheek and gutter collections from infants were equivalent. They also concluded that cytobrushes stored in paper envelopes yielded significantly more and higher purity DNA than brushes in plastic bags or tubes.

Clarie Mulot et al., (2004), compared the gDNA obtained from buccal cells through mouthwash, cytobrush and treated cards. They analyzed the amount and quality of DNA and the influence of a lag time at room temperature to simulate delays of sample mailing. They found that mouthwash was more expensive, than cytobrush. The cytobrush method appeared to be more appropriate for them. They also demonstrated that cytobrushes could be used for studies with very young subjects, on a large scale.

Dominique Quinque et al., (2006), developed a simple noninvasive procedure for saliva sample collection, DNA collection and DNA extraction. The average amount of human DNA was about 11.4 μg/ml of saliva which was more than the DNA obtained from other noninvasive samples such as cheek swabs. They determined the amount of human specific genomic DNA by TaqMan assays which varied from 5.7 to 100% of the total DNA, suggesting nonhuman DNA was present in the extracts.

Priya Koppikar et al., (2006), evaluated that good quality high molecular weight genomic DNA can be obtained from exfoliated cells in the early morning mouthwash samples, and that the DNA yield from similar samples decreases during the day, with very low yields obtained in the late evening. They also determined that DNA so obtained was successfully amplified by PCR, and can be used for further studies like RFLP.

CHAPTER THREE

RESEARCH METHODOLOGY

3.1
RESEARCH DESIGN

This study adopts the experimental research design where data collected are tested.

3.2
METHOD OF DATA COLLECTION
Reagents: NaCl (Oxide), absolute ethanol (Sigma-Aldrich), pineapple juice, dish washing liquid.  

3.3
SAMPLE
For sample collection, approximately 80 mL of H2O splashed into the oral cavity for 2 min and spitted into a jar.
After that, 2 g of NaCl was added into the sample containing jar, gentle stirring was performed and left for 5 min.

Approximately 80 mL of H2O was mixed with 25 mL of dish washing liquid into a separate jar.

Then 10 mL of this solution was added in salted specimen containing jar and gentle stirred. Then this mixture was transferred into a clean test tube. Pineapple juice of 0.1 mL was added and gently stirred. Chilled absolute ethanol of 10 mL was added into the test tube and slight stirring was performed. The solution was allowed to stand at room temperature for 1-2 min. DNA thread becomes visible after the precipitation. The DNA threads were separated out into a 1.5 mL Eppendorf using micropipette and dissolved in 50 µL of H2O at 55 °C for 5-10 min. 

3.4
METHOD OF DATA ANALYSIS
Quantitative assessment was performed by measuring optical density at 260/280 ratio using Nanodrop (IMPLEN NanoPhotometer®, Germany). Qualitative assessment was performed by gel electrophoresis at 0.7% agarose gel. Then 1 µL sample was mixed with 1 µL of DNA gel loading dye 6× (ThermoFisher Scientific). And 0.3 µL of SYBR safe DNA gel stain (ThermoFisher Scientific) was used as a visualizing dye.

CHAPTER FOUR

DATA ANALYSIS

4.1
DATA PRESENTATION
Table 1 represented the purity of DNA by means of the optical density at 260/280 ratio and concentration in ng/µL. Total replicates n = 7 were extracted by following this protocol. A range of concentrations from 117-337 ng/µL were observed. Though, purity was evident in all samples with 1.7-1.8 O.D. which indicates no remnants of RNA or protein contamination. However, in Fig. 1, the integrity of DNA was characterized by genomic DNA banding pattern in gel electrophoresis. Fig. 2 shows the precipitation of DNA after the extraction using above protocol.

The saliva consists of several facets that ideally contribute to making it a suitable candidate for extracting DNA (Garbieri et al, 2017). This study has explored the pure and integrated DNA extracted from saliva and cheek cells in a short period of time by a handy protocol for instant practices using household chemicals. Pineapple juice contains a proteolytic enzyme bromelain which helps to degrade protein contamination (Lee et al, 2005) whereas dish washing liquid acts as a detergent to disrupt cell membrane (Wang et al, 2019).
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Fig. 1 Genomic DNA resolved at 0.7% agarose gel extracted from the saliva and cheek cells.
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Fig. 2 Precipitated DNA threads

Table 1 The optical density and concentration of DNA samples
	DNA sample No
	O. D at 260/280
	Concentration (ng/µL)

	Replicate 1.
	1.7
	237

	Replicate 2.
	1.8
	243

	Replicate 3.
	1.8
	337

	Replicate 4.
	1.8
	117

	Replicate 5.
	1.7
	324

	Replicate 6.
	1.8
	221

	Replicate 7.
	1.7
	200


DNA: deoxyribonucleic acid, D: optical density.

In general, there are many protocols that explained the DNA extraction from fresh saliva (Garbieri et al, 2017). Precisely, various DNA extraction kits are also available which followed the standard methods for obtaining the high quality of DNA for long-term storage with varying levels of amount and purity [Pepiński et al, 2002; Küchler et al, 2012; Ambers et al, 2018). Limitations of this study include that it is applicable for beginners with limited resources in a facility but is not recommended for long-term cohort studies conducted at large scale as it provides inadequate yield.

CHAPTER FIVE

SUMMARY AND CONCLUSION

5.1
SUMMARY

This study was carry out to examine saliva and cheek cells DNA extraction with the use of household chemicals. This study adopts the experimental research design where data collected are tested. Reagents: NaCl (Oxide), absolute ethanol (Sigma-Aldrich), pineapple juice, dish washing liquid. Quantitative assessment was performed by measuring optical density at 260/280 ratio using Nanodrop (IMPLEN NanoPhotometer®, Germany). Qualitative assessment was performed by gel electrophoresis at 0.7% agarose gel. Then 1 µL sample was mixed with 1 µL of DNA gel loading dye 6× (ThermoFisher Scientific). And 0.3 µL of SYBR safe DNA gel stain (ThermoFisher Scientific) was used as a visualizing dye.
5.2
CONCLUSION

This study suggests a simple, convenient, easy-to-handle, time-saving, cheap and less laborious method for the extraction of DNA in daily routine practices for primary learners with a good precision of quality and quantity which could be used for diagnostic purposes.
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