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DNA for Officers of the Court Website Summary
Section 1: Introduction
· First introduced as evidence in US Court system in 1987.

· It has served to identify or eliminate individuals as perpetrators of a crime.

· 1989 People v Castro raised issues concerning reliability and quality, prompting many 



admissibility hearings across the nation.

· Even if DNA evidence is admissible there still may be disagreements about its interpretation. 


What do DNA results mean in a particular case?  

Section 2: Biology of DNA
· All organisms are made up of cells, human body = approx. 100 trillion cells, all cells except RED 


blood cells contain genetic material (DNA). 

· DNA called genetic blueprint because it contains all the instructions that determine a persons 


genetic characteristics. 

· A persons DNA is the same in blood, semen, saliva, tissue, hair, and other biological material, 


and it can also be present at crime scene even if it is not visible.

· DNA is compromised off 4 bases: Cytosine, Guanine, Thymine, Adenine, it is the order of these 


blocks that determine a person’s genetic characteristics.

· Bases can only pair a certain way C only bonds G, and T only bonds to A. 

· All the DNA in a cell is known as genome. The human genome has approx. 3 billion base pairs.

· Since 99.9 % of all DNA is the same among humans scientist use the remaining 0.1 % for DNA 


testing because of its high variability among people and
this is called polymorphism.

· There are two types of DNA: Nuclear and Mitochondrial. Nuclear DNA is found in the nucleus of 

a cell while mitochondrial is found in the cytoplasm of a cell.

· DNA is packaged into chromosomes within the nucleus of the cell. Nucleated cell contain 23 


pairs of chromosomes 46 total, half inherited by each parent.   

· Locus (or loci, plural) is the actual location of the gene on a region of a chromosome. An Allele is 

a different form of a gene at a particular locus. The designation of two alleles at a particular locus 


is a genotype. 

· A person’s pair of alleles at a particular locus (genotype) is either homozygous or heterozygous. 

· If a person has two alleles at a locus that are indistinguishable then that location is know as 


homozygous. If the two alleles are different at one location the person is heterozygous at that 


location.

· There are three possible genotypes for any two alleles. 

· If you take alleles “B” and “b” at a locus the possible genotypes would be “BB” “bb” and “Bb”. 


Genotypes “BB” and “bb” are homozygous and “Bb” is heterozygous.

· Identity Testing:

· DNA markers refer to a specific chromosomal location that is analyzed at DNA laboratory.

· Forensic DNA profile is the combination of individual genotypes for all the DNA markers or loci 
that have been analyzed.

· For forensic identity testing the DNA is then compared to other DNA profiles from sample found 
at a crime scene. 

Section 3: Practical Issues Specific to DNA evidence
· Securing the scene

· Establish physical boundaries 

· Complete log of all people that are present at the crime scene

· Potential Sources of DNA

· Teeth, Water Bottles, Toothbrushes, condoms, gum, hats, etc…

· Detection of Biological Material

· Visual Inspection

· Alternative Light Source Inspection

· Examine with oblique Lighting (flashlight held at 45 degree angle)

· Chemical presumptive testing

· Documentation

· Notes, photos, diagrams, video/audio are all important to record the crime scene and establish chain of custody

· Collection

· Taking the whole item

· Partial sample by cutting or swabbing

· Packaging

· Dry items placed in paper containers to preserve dna

· Wet items allowed to dry before transportation

· Very wet items can be transported in plastic, then dried immediately

· Contamination can occur if proper handling methods are not used such as wearing gloves or packaging more than one sample together

Section 4: Intro to Forensic DNA Lab
· History and Development

· ABO typing

· DNA typing

· VNTR


· RFLP

· PCR

· Lab Process

· Evidence screening

· DNA extranction

· DNA quantification

· DNA amplification

· Separation 

· Detection

· Data Interperation

· Analysis

· Lab Organization

· Public labs

· Federal 

· State

· County

· City

· Privately owned labs

· Not all labs are capable of perfoming all the tests
Section 5: Assuring Quality in DNA testing
· Quality Assurance (QA)-  “consists of all the planned and systematic actions necessary to demonstrate that a product or service meets specified requirements for quality.”

· The Actions are to be documented. 

· Factors Affecting Quality:

· Human Factors 

· Test methods and method validation

· Equipment

· Accommodation and environmental conditions

· Handling of test items

· Human Factor- the person  that’s working on the DNA should have the:

· required understanding (Knowledge)

· trained in the processes required (skills)

· show the abilities that one can apply that training in a reliable manner

· DNA Laboratory personnel:

· Technical Leader- Must have a graduate degree and must meet other specific educational and experience requirements. 

· Analyst-Must have a 4 year degree with specific content. 

· Technician (technical support)- Usually do not have a 4 ear degree, under supervision.

· Physical Facilities and Environment Conditions should:

· Prevent contamination

· Prevent sample reagent degradation

· Ensure the scientific equipment is operating correctly

· Stable temperature

· DNA methods and Methods Validation

· DNA methods are subjected to extensive and rigorous evaluation before being accepted for routine use.

· Controlling Quality:

· Quality control (QC) consists of the operations techniques and activities that are used to fulfill requirements for a successful quality assurance program

· QC Samples (control samples) are known composition that can be processed with each batch of unknown samples. 

· QC Sample allows the analyst to confirm the overall quality.

· Proficiency Testing- uses biological samples to assess a lab analyst’s ongoing competency and the laboratory’s ability to produce accurate results. 

· Different types of proficiency tests:

· An external test is created and administered by an outside agency

· An internal test is created and administrated by the laboratory itself.

· In a blind test, analysts do not know they are being tested. 

· 1989, the FBI formed the Technical Working Group on DNA Analysis Methods (TWGDAM) brought together scientists from state, local, and federal laboratories and the academic community to test how this new technology would be put into action. 

· 1999, TWGDAM changed its name to SWGDAM (Scientific Working Group on DNA analysis Methods) 

· The DNA identification Act of 1994 established the DNA advisory board (DAB) to recommend national quality assurance standards to the FBI director.

· The National Quality Assurance Standards (QAS) – the FBI convened a working group to develop a checklist to use when auditing against the standards. 

Section 6: Understanding a Forensic DNA Lab Report
· Basic Elements of a Forensic DNA Laboratory Report

· Basic elements that commonly appear in reports:

· Administrative information on the case

· Date of the report

· The name and signature of the reporting analyst

· Types of evidence items examined

· Type of methodology or technique used to examine the evidence

· Results of the examination and/or conclusions

· Interpretation of the resultant data

· Disposition of evidence

· Interpretive Statement

· Statements will address whether DNA profiles from evidence samples could be associated with or excluded as the source of:

· A known individual

· Other evidence samples

· Database samples

· Formal Reports v Case Folder and Other Supporting Documents

· The National DNA Standards require that labs maintain a case file containing all records generated by examiners related to case analysis.  Case files commonly include:

· A chain of custody for all items received by the lab

· Any sketches or photographs taken in the laboratory

· Examination notes by the analyst of all steps taken in testing.

· Lab logs or standard forms related to testing

· Data in the form of strips, photographs, copies of autoradiographic film, electropherogram data, and so forth.

· In addition to the information in the case file, documents that could be available from the laboratory related to the testing include:

· Equipment calibration and maintenance records

· Analyst training and proficiency test records

· Unexpected results and/or corrective action reports

· Common Terminology Used in Forensic DNA Laboratory Reports

· Inclusion or Match – when comparing a known sample to an evidence sample, the donor of the known is included as a source of the evidence if the profiles are the same.

· Exclusion or Non-match – when comparing a known sample to an evidence sample, the donor of the known is excluded as a source of the evidence if the profiles are different.

· Inconclusive or Uninterpretable – sometimes no conclusion can be drawn as to whether a known individual is included or excluded as the source of DNA evidence.  These results:

· May be due to such complicating factors as multiple contributors, contamination, or degradation of samples

· Results should not be interpreted as an exclusion

· No Results – sometimes testing of a sample is attempted but nothing was able to be obtained.  This could indicate:

· Absence of DNA in the sample

· Insufficient DNA was present in the sample

· Extensively degraded DNA

· Presence of a substance that inhibits the PCR process

· The Significance of DNA Results as Evidence

· Data Interpretation – Thresholds

· A threshold amount of amplified DNA must be observed before a laboratory will report an allele or genotype

· Threshold Values – exact value varies from lab to lab and are based on internal validation studies that are used to establish guideslines.

· Single Source – DNA from one contributor

· Single Source profile could be derived from:

· A reference sample

· An elimination sample

· A crime scene sample

· Interpreting Mixtures

· Mixtures of DNA from more than one contributor are commonly encountered.  This could be due to:

· Actual contribution by multiple donors during the crime

· Presence of exogenous DNA on the substrate prior to the evidence sample being deposited

· Contamination during crime scene processing and sample handling

· Any biological material can all be mixed and found in combination with any other

· Most DNA technologies are sensitive and can detect DNA in small amounts and are also able to estimate the relative quantity of each profile contributing to the DNA mixture.  

· Lab reports may classify certain profiles as belonging to a major contributor and/or a minor contributor.

· When more than one profile is detected in a sample, laboratories may differ in how this information is reported

· Gender Typing

· The gender of the donor of a sample may be determined when amelogenin is tested.

· Female type XX and male type XY

Section 7: Statistics and Population Genetics
· DNA can tell people apart

· Two kinds of profile

· evidentiary-samples found at the scene

· known samples- when the sample comes from a known person (usually from victims or suspects or reference samples)

· Outcomes of profiles

· if samples are same at each locus: “match”, “inclusion”, “failure to exclude”

· if not the same: “nonmatch” or “exclusion”

· if there is not enough to have a result: “inconclusive”

· National research council (NRC) reported RFLP forensic DNA analysis methods were reliable and 3- or 4- locus RFLP “match” was rare

· When DNA match found, statistical computation to estimate how often unrelated person would be found with that DNA profile

· important for jury so they know the rarity of the profile

· When 13-locus STR profile found, no one else can have that same profile- except twins

· Probability

· chance of event occurring

· must follow the product rule

· used for finding a given STR profile within a population

· does not apply to Y-chromosomes STRs and mtDNA

· STR profile frequencies estimate three to four population groups, this way it gives a wide range to reach a matching DNA profile

· 2 alternatives approaches: remote geographic regions and small population sizes & cases involving relative because sibling and parents have alleles in common

· Mixtures

· common in sexual assault investigations when biological material by 2 people from intimate samples

· occur if more than 2 people cannot be excluded as contributors

· interpretation of mixed samples consider several points

· amount

· number of STR loci provided

· number of possible contributor

· specific case information that may help establish possible contributor

· relative contribution of each possible source

· report mixed sample without calculation

· report mixed sample with calculated random match probability

· report mixed sample and calculate probability of inclusion or exclusion

· report mixed sample and calculate ratio of known samples to mixed sample to unknown contributors to mixture

· Random match probability

· calculate mixture involving 2 contributor- 1 is known

· Probability of exclusion

· includes all possible genotypic combinations based on alleles identified in mixed sample

· Likelihood ratio estimates

· compares probability of observing a profile if known contributors were the source of the DNA in a mixture to probability of observing the mixed profile if other unknown contributors were the source of the DNA

Section 8:mtDNA and Y-STR Analysis
· mtDNA

· samples come from: shed body, head, and pubic hairs with no cellular material attached to the root bulb and aged skeletal remains

· found in mitochondrion

· high copies compared to nuclear DNA

· found in only mothers

· used to study human history and human diseases

1. advantage and disadvantage

a. adv.: can compare distant relatives from skeletal remains

b. disadv.: not unique identifier

2. mtDNA steps

a. extraction

b. PCR amplification

c. Sequencing: puts fluorescent chemical tags on nucleotides of DNA fragments (determines if 2 samples could have shared a common source)

3. mtDNA outcomes

a. failure to exclude: sample A and B share common nucleotide

b. exclusion: sample A and sample B are different

c. no results: not enough sample were obtain to get a result

d. inconclusive: rare

4. heteroplasmy

a. presence of more than one mtDNA type in a person

b. two types: length herteroplasmy-mtDNA molecules that differ in length, common  and sequence heteroplasmy- mtDNA molecules that have different nucleotides at the same address

· Y-STR

· found in males, passes from father to son

· used for sexual assaults , rape cases, paternity

· there are 10 types of Y-STR markers

