How DNA Evidence Works

The Science of DNA Fingerprinting

Proving that a suspect's DNA matches a sample left at the scene of a crime requires two things:

• Creating a DNA profile using basic molecular biology protocols.

• Crunching numbers and applying the principles of population genetics to

prove a match mathematically.

Your Own Personal Barcode?

We all like to think that we are unique, not like anyone else in the world. Unless you are an identical twin, at the nuclear level, you are! Humans have 23 pairs of chromosomes containing the DNA blueprint that encodes all the materials needed to make up your body as well as the instructions for how to run it. One member of each chromosomal pair comes from your mother, and the other is contributed by your father. Every cell in your body contains a copy of this DNA. While the majority of DNA doesn't differ from human to human, some 3 million base pairs of DNA (about 0.10 percent of your entire

genome) vary from person to person. The key to DNA evidence lies in comparing the DNA left at the scene of a crime with a suspect's DNA in these chromosomal regions that do differ.

VNTR: variable number tandem repeats

DNA Fingerprinting Step by Step

Now let's look at the exact steps used...

1. DNA is isolated from a sample such as blood, saliva, semen, tissue, or hair. DNA has to be cleaned up, because, unlike in a pristine laboratory, samples at a crime scene are often contaminated by dirt and other debris. Sometimes, DNA must be isolated from samples dried to patches of cloth or carpet, and getting the sample safely out of these fabrics adds additional steps to the isolation and purification processes.

2. The huge genome is cut up with restriction enzymes to produce short, manageable DNA fragments. These bacterial enzymes recognize specific four to six base sequences and reliably cleave DNA at a specific base pair within this span. Cleaving human DNA with one of these enzymes breaks the chromosomes down into millions of differently sized DNA fragments ranging from 100 to more than 10,000 base pairs long. You have to carefully select an enzyme that doesn't cut within any of the VNTR loci that are being studied; for RFLP analysis, the enzyme(s) chosen will ideally cut close to the end on the outside of a VNTR region.

3. These DNA fragments are then sorted by size using gel electrophoresis. In this process, DNA is loaded into a slab of Jell-O-like agarose and placed in an electric field. The DNA is separated by size because:

• DNA, being negatively charged, is pulled through the gel toward the positively charged electrode.

• Larger fragments move more slowly than smaller ones through the porous agarose.

Once you have separated the DNA, you can determine the relative size of each ragment based on how far it has moved through the agarose.

4. DNA fragments that have been separated on an agarose gel will begin to disintegrate day or two. To permanently save the DNA fragments in this segregated state, you need to

transfer and permanently affix DNA to a nylon membrane. First, the DNA is denatured from its native double helix into a single-stranded state (this frees up nucleotides to base-pair with DNA probes for step 5 of the process). The positively charged nylon membrane is then placed on top of the agarose gel and used to sop up the negatively charged DNA fragment, like you might blot ink off a newspaper with Silly Putty.

5. Unlike Silly Putty, however, you can't actually see any of the DNA on your membrane. In order to figure out which fragments contain a particular VNTR locus, you have to flag them with some kind of tag that you can visualize. How do you do this? You simply make use of the basic structure and chemistry of DNA. DNA normally occurs as a double-stranded molecule, as two strings of nucleotides twisted around each other. The structure is held together by weak bonding between nucleotides on opposing strands. Only certain pairs of nucleotides can interact (adenine with thymine and guanine with cytosine), so these nucleotides are said to be complementary. To locate a specific VNTR sequence on a single stranded DNA fragment, you can find it by simply:

• Making a DNA probe out of a DNA sequence complementary to that of a VNTR locus.

• Labeling the probe with a radioactive compound.

• Letting the probe bind to like DNA sequences on the membrane.

• Using the radioactive tag to find where the probe has attached.

6. Once the radioactive probe is stuck to its target on the membrane, you can take a picture of it using special X-ray film. You don't need a camera or other complex machinery to accomplish this feat --all you have to do is place the membrane against a special sheet of film for a short period of time! How does this work? In a regular camera, the film has a special coating that undergoes chemical changes when it absorbs the energy of a photon of light. When you take a picture with a camera, the light you let in by opening the shutter forms an image on the film. X-ray film, on the other hand, picks up radiation emitted from the natural decay of the isotope used in your probe. What you see on the film is a darkened band that indicates the places on the membrane where the probe has bound to DNA containing the VNTR sequence.
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