Forensic DNA Testing

Introduction

Forensic deoxyribonucleic acid (DNA) testing has been used since 1985. In the beginning, DNA testing could be performed only by laboratories with molecular diagnostic capabilities. The credibility and reliability of these labs needed to be established along with standardised procedures for the handling of samples. 

Currently, molecular diagnostic techniques are commonly used. For example, the polymerase chain reaction (PCR) can be performed by numerous labs with firmly established standards and quailty control protocols. Consequently, the likelyhood of criticising the applied statistics of forensic DNA testing has been virtually eliminated.

DNA structure

Nucleic acids are the genetic material of all organisms. There are two types of nucleic acid, deoxyribonucleic acid and ribonucleic acid (RNA). The genetic material for most organisms is DNA whilst RNA is involved in protein synthesis and is the genetic material of some viruses. When the cell is not dividing, the DNA is packed into a mass of chromatin in the nucleus. This changes during cell division with the DNA becoming more tightly packed and condensing into chromosomes.

Nucleic acids consists of a nitrogenous base, a five carbon sugar and a phosphate group. The bases are pyrimidines and purines which differ in chemical structure. Pyrimidines include cytosine (C), thymine (T) and uracil (U) and are six-membered rings. Purines include adenine (A) and guanine (G) and are fused five- and six-membered rings. 

DIAGRAM

C, A and G are found in both DNA and RNA, whereas T is found only in DNA and U is specific to RNA. A nitrogenous base bound to a five carbon sugar is known as a nucleoside. The sugar involved is either deoxyribose or ribose, corresponding to DNA and RNA respectively. With the addition of a phosphate group, this becomes a nucleotide and nucleic acids are formed by chemically linked sequences of these nucleotides. 

diagram

The structure of DNA is a double helix whose backbone is composed of sugars boud to phosphates. The distance between the chains is constant. The bases face inward with a purine always binding to a pyrimidine. In this way, the helix bases are complementarily paired through hydrogen bonds - A bonds only with T, C only with G.

DIAGRAM

The arrangement of nucleotides and bases provides the hereditary information of DNA i.e. the genetic code. Three successive nucleotides and their bases make up a codon, which is the signal for an amino acid. A series of amino acids make up a polypeptide chain or protein. As many amino acids have more than one codon, the code is said to be degenerate. Three codons are termination signals and one is an initiation signal. For protein synthesis to occur, DNA must initially be transcribed into RNA. 

DIAGRAM

A gene is a DNA segment involved in producing a polypeptide chain located on a specific region or genetic loci of chromosomes. It includes non-coding regions before and after the coding loci and intervening sequences called introns between individual coding segments called exons. Genes may exist in alternate forms called alleles with no more than two alleles for one gene. Nucleotide changes or mutations may occur in the gene that result in minor effects or pathological consequences. A gene may exist in multiple alleles within a population which is referred to as genetic polymorphism. This is the molecular basis of forensic DNA typing. 

It has been revealed that much of the genome consists of nucleotide sequences occuring outside of genes, which are similar to introns in the respect that they have a non-coding function. Their exact purpose is not well understood but most differences in the human genome occur within these regions. These genetic polymorphisms are unique between individuals. The nucleotide sequences occur as variable numbers of tandem repeats (VNTR). Each sequence is approximately twenty to forty base pairs in length and is repeated a different number of times in each individual. The identification of these areas creates the DNA fingerprint of a particular individual.

Genetic polymorphism has been used in the field of forensic science for many years. 

DNA Typing

Forensic typing compares isolated DNA from biological evidence found at a crime scene with DNA isolated from a known sample of a suspect or victim. The amount of DNA isolated can range from 1ng/ml to 300,000ng/ml. With recent technology, DNA can be obtained from as little as 1(l of blood which represents 60ng of human genomic DNA.

Nucleotide sequence variations can be detected by using several DNA typing techniques. The two most common of these are restriction fragment length polymorphism (RFLP) analysis and PCR. 

Method 1 – RFLP Analysis 

The most common method of DNA typing is RFLP analyisis of VNTR loci.

DIAGRAM

Following standard protocols DNA is extracted and purified. It is cut into fragments using enzymes called restriction endonucleases, which recognise short DNA sequences and cleave only at or near specific tandemly repeated base sequences. Such areas, known as restriction enzyme recognition sites, occur on either side of the polymorphic locus of interest. Since the DNA fragments are of variable lengths, they are referred to as restriction fragment length polymorphisms (RFLPs). These fragments are sorted on the basis of size by electrophoresis in an agarose gel. This involves applying an electric current through a gel with the current travelling from the negative electrode at the top of the gel to the positive electrode at the bottom of the gel. The DNA fragments are negatively charged due to the phosphate groups and therefore travel toward the positive electrode.The smallest fragments migrate to the bottom and the largest remain on top. DNA is made single-stranded or denatured and a nylon membrane is placed on top of the gel. DNA is then transferred to the membrane via capillary action and fixed by baking making it accessible to a probe. A radioactive probe specifically binds to appropriate VNTR fragments by complementary base pairing. X-ray film is placed over the membrane and the DNA profile visualised by autoradiography.

SUMMARY

Step 1 - Separation of nucleic acids band on size by agarose gel electrophoresis.

Step 2 & 3 - Transfer of separated nucleic acids from gel to nitrocellulose paper. 

Step 4 - Hybridisation with radioactive probe.

Step 5 - Autoradiograph of DNA profile.

This process, known as the Southern Blot Technique, was developed in 1975 and adopted by Jeffreys et al for RFLP analysis for the first DNA fingerprinting in 1985. The DNA banding patterns were difficult to interpret as he used probes containing core sequences of base pairs that identified tandem repeats on many different chromosomes. The following year the single locus probe method was introduced becoming the preferred method.

PCR 

A problem encountered in forensics is the attainment of an adequate sample for DNA extraction. A sample may be small or contaminated yielding insufficient DNA for analysis. The introduction of PCR by Kary Mullis in 1985 enabled the amplification of small amounts of DNA. 

The theory behind PCR is based on certain aspects of DNA replication. An enzyme known as DNA polymerase is used which functions by helping to expand a short sequence into a longer one or a polymer. The enzyme requires single stranded DNA to act as a template for the synthesis of a new strand. Double stranded DNA is heated which will cause the strands to dissociate and therefore become single stranded. Cooling the reaction will cause the strands to reassociate or anneal. DNA polymerase also requires a small portion of double stranded DNA known as a primer to initiate synthesis.

Each separated strand can serve as a template providing there is a primer available to each.To cause the primers to bind the reaction is cooled. The primers are chosen to flank the DNA region to be amplified with new primer binding sites being generated on each strand synthesised. The reaction is reheated and the original and synthesised strands separated. The reaction is recooled, primers rebind and DNA is synthesised. The net consequence of several cycles of PCR is amplification of the specified region.

When first introduced this reaction had to be warmed and cooled manually. The process is now fully automated and the time and temperature can be programmed for repetitive cycles of heating and cooling. The polymerase used is Taq polymerase from bacteria living in hot springs. 

DIAGRAM

Each cycle is repetitious and is summarised in the following way:

Step 1 – Separate strands.

Step 2 – Anneal primers.

Step 3 – Extend new chain with Taq polymerase

Forensic samples are often contaminated making the extraction of DNA difficult. In addition, cross contamination between DNA specimens or from previous reactions can alter results. It is also necessary to be aware of the area of DNA to analyse and how to choose appropriate primers. The reaction is highly sensitive, requiring specific conditions and small concentrations, therefore attention to detail is essential, especially when conducted in the forensic setting.

Technical considerations

After DNA typing a two step process is used to determine whether two samples arose from a single source. Firstly, DNA-banding patterns are compared visually. If these banding patterns do not match, then an exclusion is declared and no further analysis is required. Secondly a visualised match is verified by a technique known as computer assisted allele sizing. The calculated sizes of an apparent match should fall within 2.5% of each other, if they do not the samples should be considered as non-matching. If the DNA-banding pattern of a sample cannot positively be determined, the results should be considered inconclusive.

Except for identical twins, no two persons should have an identical DNA sequence. Unique identification with DNA typing may be achieved if enough sites of variation are examined. Although present DNA typing systems analyse few variation areas, a match between two DNA patterns provides strong evidence that they originated from the same source. The interpretation of DNA typing requires a reliable and reproducible method which estimates whether a random sample from a person matches by chance a forensic sample at sites of DNA variation.

Conclusion. 

Whether DNA typing is used for paternity or criminal cases, there is almost always a body available in addition to an eyewitness or confession from the accused. Although there have been successfully prosecuted murder cases in which a body was not found, very few cases exist where there was no eye witness or confession in which DNA played an integral part. 

DNA fingerprinting consists of two major components: DNA analysis for matching purposes followed by statistical analysis to determine the probability of a match occuring by chance alone. 

Provided that the testing laboratory has followed the practised standards in the field of forensic DNA typing, there is no reason to doubt the accuracy of the results obtained.

