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 Forensic DNA typing was first used in a murder case in the 1980’s when Alec 

Jeffreys developed multi-locus restriction fragment length polymorphisms (RFLP) 

probes.  Before then there was no easy way to test DNA and physically match a criminal 

to the crime.  There were eye witnesses, or some other form of evidence that connected 

someone to the scene, but sometimes they were not the most reliable.  There have been 

expansions and improvements to the system since 1980, as the FBI has created CODIS, 

the combined DNA index system where DNA from all convicted felons can be found.  

CODIS is software and hardware that connects labs to all DNA profiles submitted by law 

enforcement agencies and forensic labs.1  The FBI has also created standards that need to 

be kept and followed in labs, such as the approved 13 short tandem repeat (STR) loci to 

be analyzed and precautions when working in the lab.1  Even with these standards it takes 

time to exonerate persons who were falsely convicted, so far over 300 people have been 

released from death row due to DNA analysis.     

 99.9% of all human DNA is the same, it is the 0.1% that makes us different and 

what criminalists look at when examining samples.2  The DNA is extracted from blood, a 

biological fluid, or other sample using one of the three most common ways: phenol-

chloroform, chelex, or Fitzco/Flinder Technology Agreement (FTA) paper.  These 

extraction methods all break open the cells to isolate the DNA.  The phenol-chloroform 

method separates the protecting proteins from the DNA and centrifuge to isolate just the 

DNA.  Chelex on the other hand is added to the DNA and binds to metal ions, 



inactivating enzymes that destroy DNA.  Samples are boiled for about 10 minutes which 

breaks open the cells and emit DNA.  FTA paper just needs a drop of blood and enough 

time for it to dry; this contact immobilizes the white blood cell.  The DNA sample can be 

purified to remove heme and inhibitors of PCR and placed in a tube to be washed.2  

 Crime labs use polymerase chain reaction (PCR) to amplify DNA so that it is 

easier to analyze.  PCR is a process of multiplying a small piece of DNA thousands of 

times in a cycle of heating and cooling.  The DNA is first denatured at 90°C where the 

DNA strand is untwisted and separated into single strands.  Then it is cooled to 65°C for 

annealing where PCR primers attach to the 3’ end of the single strands of DNA where it 

is being amplified.  After the annealing, it is then heated up to 72°C for the extension, 

where the Taq polymerase extends the primer with the complementary nucleobases, 

making two separate strands of DNA.  This cycle of heating and cooling is executed 25-

35 times so that by the end there are roughly a million pieces of target DNA to be 

analyzed.3   

 PCR works best with small strands of DNA to make sure that the target DNA 

amplifies properly.  Kline et al. used chamber (cdPCR) and droplet (ddPCR) systems to 

analyze DNA from PCR assays.  Chamber and droplet PCR are both digital PCR (dPCR) 

systems, cdPCR samples separate into fixed-size chamber, where as in droplet ddPCR the 

samples separate into large droplets of equal volume.4  Four different sources of DNA 

were used with a concentration ranging from 50ng/μL -200ng/μL and four different 

restriction enzymes to cut the DNA.  PCR primer kits used for these experiments 

contained fluorescent dye on the primers to identify the different genes.  For the chamber 

PCR there were late starts for the chambers whose signal showed up passed the majority 



of other samples.  During this study it was found that the enzyme EcoR1 cut the DNA 

four times giving longer fragments 17758 base pair (bp), where as the other enzymes had 

fragments of 3800bp to be amplified.  It was found that every cut or manipulation of 

DNA could damage the target for analysis, so samples should not be cut but assays also 

cannot assess an entire piece of DNA.4  Since different PCR assays look at different DNA 

it is hard to say which gives the most efficient results.   

 Contamination is a substantial concern when it comes to analyzing forensic 

evidence.  Reagents and instruments are the items most likely to be unintentionally 

contaminated with other DNA than the DNA being analyzed.  Qiagen, Charge Switch 

and AMPure XP PCR kits have a high affinity for DNA, so they can have DNA build up 

in the membrane from different sources.5  When running these machines and looking at 

the length of the new DNA coming out, the Qiagen products had particles that were over 

400nm long, for input particles 100nm in length.  There was whole genome amplification 

(WGA) process done to see if any sample DNA could be amplified for PCR.  WGA is 

only semi quantitative and involves a preamplification step using random primers 

followed by real-time (RT-PCR) with secondary primers.5   This method is dependent on 

the size of the DNA and only detects low concentrations.  The Qiagen products gave a 

negative result, with the curves coming out the same as the water control.  The Charge 

Switch and AMPure XP samples on the other hand were hard to determine, as their 

results only showed up a few cycles earlier than that of the water control.5   

 Each person receives half of their genetic make up from their mother and the 

other half from their father, and there are also genetic markers such as the Y chromosome 

and mitochondrial DNA (mtDNA) that are passed down without change.  Some nuclear 



DNA samples may be too degraded or destroyed to analyze, but with the abundance of 

mtDNA in every cell, they are easier to analyze.  This mtDNA is only inherited from a 

person’s mother with means that if anything it could match grandparents, siblings, or 

even cousins with this same mtDNA.6  MtDNA is a much smaller size and is circular, 

where as nuclear DNA is linear and large making it easier for enzymes to attach and 

destroy.  When analyzing mtDNA the D-loop section is what researchers have the most 

interest in because it is the section that varies the most between individuals.  In most 

cases the hyper variable region I (HVR I) and hyper variable region II (HVR II) are 

analyzed.  Oh et al. analyzed mtDNA from a Korean mummy from around 1730 CE.  

40ng of DNA was used and mixed with a PCR premix containing primers and Taq 

polymerase for amplification and was then run on an agarose gel where Qiagen gel 

extraction was used.  Even with DNA from this mummy, the researchers were still able to 

confirm and get a match for the mtDNA.7  While the analysis of mtDNA does not have a 

high power of discrimination as nuclear DNA for investigators it does help in identifying 

ancient specimen and identifying victims through maternal lineage.   

 There is a problem with DNA: mutations occur which can be challenging to 

investigators when analyzing the DNA.  During the replication process DNA can endure 

frame shift mutations or deletions changing the coding of the DNA.  A frame shift 

mutation occurs when nucleotides are either deleted or added to the DNA strand.8  There 

are ways to detect mutations or single-nucleotide polymorphisms (SNP) in DNA using 

probes.  A mixture containing fluorescein amidite (FAM-ssDNA) and ethidium bromide 

(EB) attach to single stranded DNA (ssDNA) and can help detect mutations.  The FAM-

ssDNA gives off fluorescent emissions for the matched and mismatched DNA sequences.  



The ethidium bromide inserts itself into the DNA and turns off the fluorescence of the 

matched DNA because of the interaction between FAM and EB, while any unmatched 

base pairs present are harder to turn off.  Graphene Oxide (GO) is added absorb the 

mismatched pairs allowing a slight difference in signal to identify the presence of the 

mutations.  This research helps in identifying mutations when there is no knowledge of a 

mutation being present and where the mutation occurred.9 

 When analyzing DNA scientists may also come across stutter artifacts on the 

electropherogram.  Stutter artifacts appear when there is one repeat less (n-4) or one 

repeat more (n+4) than the specific allele because of strand slippage during PCR 

amplification. This extra peak could be seen not as a stutter, but identified as another 

allele.  Looking at a spectrum for a particular DNA sample there should be 1-2 peaks per 

person per gene stating a person is either homozygous or heterozygous.  Stutter band vary 

per locus and are can be worse in mixtures of DNA such as a rape.  Minor or unexpected 

peaks such as stutter bands could show up giving an extra peak.  These extra peaks could 

come if polymerase falls off during PCR or when two complete strands connect with each 

other instead of the PCR primer.10 

 It seems that with all of these different technologies being used and different 

approaches in analyzing and amplifying DNA that errors are bound to happen.  Scientists 

are trying to make improvements and prevent these errors or prevent contamination, but 

without years worth of research how can we say that what we are doing now is doing an 

efficient job matching the correct person to DNA found in a crime scene.  Yes the 

process of analyzing DNA has grown so much since Alex Jeffreys started all of this, but 

errors still occur.  Even with the precautions in the labs testing for contaminants there still 



seems to be minute particles of DNA that are left in pipet tips or silica columns.  DNA 

testing has its flaws, has faults that are not always given the highest of priorities.   
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