
JS 190- Population Genetics- Assessing the 
Strength of the Evidence

I. Pre class activities
a. Quiz then Review Assignments and Schedule

II.   Learning Objectives
a. Overview of Validation

Developmental vs Internal: SWGDAM vs DAB
b. Define Genetic Concordance or “Match”
c. Understand the evaluation of Results- Where the rubber 

meets the road! Genetic concordance under 3 
circumstances

d. Frequency estimate calculations- The strength of the result 
of the inference of common source between the biological 
evidence nad reference donor.

1. Hardy-Weinberg Equilibrium-Definition
2. HWE- Assumptions-
3. In class “mating” under HWE /w selection and 

migration!
4. Linkage equilibrium frequencies



Assignments

– Extra credit due weds 09 May

– Find an article from 2012 on forensic DNA and 
statistics/population genetics in the news and

– Write 500 word summary with 3Q and 3A



• Mon 7  May:  Validation and Population 
Genetics- Virtual Lab Troubleshooting

• Weds 9 May:  Dr. Charles Brenner

• Mon 14 May:
– Ethics of Genetic Testing and Privacy Issues

– Future of Forensic DNA

– Last class- Hand in lab books

– SOTES

190 Remaining Schedule



General validation considerations
from www.cstl.nist.gov/strbase/validation/SWGDAM_Validation.docand

http://www.cstl.nist.gov/strbase/dabqas.htm

• Validation is the process by which the scientific community 
acquires the necessary information to

• (a) Assess the ability of a procedure to obtain reliable 
results. 

• (b) Determine the conditions under which such results can 
be obtained. 

• (c) Define the limitations of the procedure. 

• The validation process identifies aspects of a procedure that 
are critical and must be carefully controlled and monitored. 



Two Types: Developmental vs. 
Internal Validation

• There are two types of validation required 
to implement or modify technologies for 
forensic DNA analysis—developmental and 
internal. 

• The application of existing technology to 
the analysis of forensic samples does not 
necessarily create a new technology or 
methodology. 



Developmental vs. Internal 
Validation

• Developmental validation is the demonstration of the accuracy, 
precision, and reproducibility of a procedure by the manufacturer, 
technical organization, academic institution, government 
laboratory, or other party. Developmental validation must precede 
the use of a novel methodology for forensic DNA analysis. 

• Internal validation is conducted by each forensic DNA testing 
laboratory and is the in-house demonstration of the reliability and 
limitations of the procedure. Prior to using a procedure for 
forensic applications, a laboratory must conduct internal 
validation studies. 



Developmental Validation
• 2.1 Characterization of genetic markers: 
• 2.1.1 Inheritance: The mode of inheritance of DNA markers demonstrated through family studies. 

• 2.1.2 Mapping: The chromosomal location of the genetic marker 

• 2.1.3 Detection: Technological basis for identifying the genetic marker. 

• 2.1.4 Polymorphism: Type of variation analyzed. 

• 2.2 Species specificity
• 2.3 Sensitivity studies: When appropriate, the range of DNA quantities able to produce reliable typing 

• 2.4 Stability studies: The ability to obtain results from DNA recovered from biological samples deposited on various substrates and 
subjected to various environmental and chemical insults has been extensively documented. In most instances, assessment of the effects 
of these factors on new forensic DNA procedures is not required. However, if substrates and/or environmental and/or chemical insults 
could potentially affect the analytical process, then the process should be evaluated using known samples 

• 2.5 Reproducibility: The technique should be evaluated in the laboratory and among different laboratories to ensure the consistency of 
results. Specimens obtained from donors of known types should be evaluated. 

• 2.6 Case-type samples: The ability to obtain reliable results should be evaluated using samples that are representative of those 
typically encountered by the testing laboratory. When possible, consistency of typing results should be demonstrated by comparing 
results from the previous procedures to those obtained using the new procedure. 

• 2.7 Population studies: The distribution of genetic markers in populations should be determined in relevant population groups. When 
appropriate, databases should be tested for independence expectations. 

• 2.8 Mixture studies: The ability to obtain reliable results from mixed source samples should be determined. 

• 2.9 Precision and accuracy: The extent to which a given set of measurements of the same sample agree with their mean and the extent 
to which these measurements match the actual values being measured should be determined. 

• 2.10 PCR-based procedures: Publication of the sequence of individual primers is not required in order to appropriately demonstrate 
the accuracy, precision, reproducibility, and limitations of PCR-based technologies. 



Internal Validation
• 3.1 Known and nonprobative evidence samples: The method must be evaluated and tested using known samples 

and, when possible, authentic case samples; otherwise, simulated case samples should be used. DNA profiles 
obtained from questioned items should be compared to those from reference samples. When previous typing results 
are available, consistency as to the inclusion or exclusion of suspects or victims within the limits of the respective 
assays should be assessed. 

• 3.2 Reproducibility and precision: The laboratory must document the reproducibility and precision of the 
procedure using an appropriate control(s). 

• 3.3 Match criteria: For procedures that entail separation of DNA molecules based on size, precision of sizing 
must be determined by repetitive analyses of appropriate samples to establish criteria for matching or allele 
designation. 

• 3.4 Sensitivity and stochastic studies: The laboratory must conduct studies that ensure the reliability and integrity 
of results. For PCR-based assays, studies must address stochastic effects and sensitivity levels. 

• 3.5 Mixture studies: When appropriate, forensic casework laboratories must define and mimic the range of 
detectable mixture ratios, including detection of major and minor components. Studies should be conducted using 
samples that mimic those typically encountered in casework (e.g., postcoital vaginal swabs). 

• 3.6 Contamination: The laboratory must demonstrate that its procedures minimize contamination that would 
compromise the integrity of the results. A laboratory should employ appropriate controls and implement quality 
practices to assess contamination and demonstrate that its procedure minimizes contamination. 

• 3.7 Qualifying test: The method must be tested using a qualifying test. This may be accomplished through the use 
of proficiency test samples or types of samples that mimic those that the laboratory routinely analyzes. This 
qualifying test may be administered internally, externally, or collaboratively. 



DNA Advisory Board QA standards 
http://www.cstl.nist.gov/strbase/QAS/Final-FBI-Director-Forensic-Standards.pdf

• 8.2.1 Developmental validation studies shall include, where applicable, characterization of 
the genetic marker, species specificity, sensitivity studies, stability studies, reproducibility, 
case-type samples, population studies, mixture studies, precision and accuracy studies, and 
PCR-based studies. PCR-based studies include reaction conditions, assessment of 
differential and preferential amplification, effects of multiplexing, assessment of appropriate 
controls, and product detection studies. All validation studies shall be documented. 

• 8.3.1 Internal validation studies conducted after the date of this revision shall include as 
applicable: known and non-probative evidence samples or mock evidence samples, 
reproducibility and precision, sensitivity and stochastic studies, mixture studies, and 
contamination assessment. Internal validation studies shall be documented and summarized. 
The technical leader shall approve the internal validation studies. 

• 8.3.1.1 Internal validation data may be shared by all locations in a multi-laboratory system. 
Each laboratory in a multi-laboratory system shall complete, document and maintain 
applicable precision, sensitivity, and contamination assessment studies. The summary of the 
validation data shall be available at each site. 

• 8.3.2 Internal validation shall define quality assurance parameters and interpretation 
guidelines, including as applicable, guidelines for mixture interpretation. 

• 8.3.3 A complete change of detection platform or test kit (or laboratory assembled 
equivalent) shall require internal validation studies. 









































































Genetic Concordance or “Match”

• Scientists: Match- reserved to no significant 
differences observed between 2 samples in the 
particular test(s) conducted.  May be different but 
the test failed to reveal. 

• DNA tests are limited to a very small % of the 
human genome

• Public- Match connotes absolute individualization.  
Therefore conclusion of “genetic concordance 
simply describes the fact that two samples show 
the same genotypes.



Continuous vs Discrete alleles

• Continuous alleles : RFLP: continuous alleles are 
not resolved- e.g. 99 vs 100 repeats are too similar

• Discrete alleles- PCR: method clearly 
differentiates the types- exact number of repeats 
can be determined

• Analogy: Continuous alleles- Too close to call the 
difference between the two runners
Discrete: Every runner has exact speed(size) 
detected.



Genetic concordance under 3 
circumstances

• 1. Samples come from a common source- evidence 
comes from the same individual providing the reference 
sample

• 2. Concordance is a coincidence- someone other 
contributed the evidence

• 3. Concordance is an accident (erroneous)- collection, 
analytical or clerical error – the evidence and reference 
appear to have the same profile

• The strength of the concordance depends on which of 
the 3 scenarios produced the result.  If 1, then the 
strength of the inference becomes the next critical 
question
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Decide on Number of Samples 
and Ethnic/Racial Grouping

Gather Samples Get IRB approval

Analyze Samples at 
Desired Genetic Loci

Summarize DNA types

Ethnic/ Racial 
Group 1

Ethnic/ Racial 
Group 2

Determine Allele Frequencies 
for Each Locus

Perform Statistical 
Tests on Data

Hardy-Weinberg equilibrium for allele independence
Linkage equilibrium for locus independence

Usually >100 per group (see Table 20.1)

Use Database(s) to Estimate an 
Observed DNA Profile Frequency

See Chapter 21

Often anonymous samples from a blood bank

See Table 20.2 and Appendix II

See Chapter 5 (STR kits available) and 
Chapter 15 (STR typing/interpretation)

Examination of genetic distance between populations

Figure 20.1, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



U.S. Population Samples
(Appendix II)
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Figure 20.3, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



How Statistical Calculations are 
Made

• Generate datawith set(s) of samples from desired 
population group(s) 
– Generally only 100-150 samples are needed to obtain 

reliable allele frequency estimates

• Determine allele frequenciesat each locus
– Count number of each allele seen

• Allele frequency information is used to estimate 
the rarity of a particular DNA profile
– Homozygotes (p2), Heterozygotes (2pq)
– Product rule used (multiply locus frequency estimates)

For more information, see Chapters 20 and 21 in Forensic DNA Typing, 2nd Edition



Assumptions with Hardy-Weinberg 
Equilibrium

None of these assumptions are really true…

Table 20.6, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



Individual Genotypes Are 
Summarized and Converted into 

Allele Frequencies

The 11,12 genotype was seen 
54 times in 302 samples 
(604 examined chromosomes)

Table 20.2, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press



Allele Frequency 
Tables

Caucasian

N= 302

0.0017*

--

0.1027

0.2616
--

0.2533

0.2152

0.15232

0.01160

African
American

N=258

--

0.0019*

0.0892

0.3023

0.0019*

0.3353

0.2054

0.0601

0.0039*

20 0.0017* 0.0001*

D3S1358

Butler et al. (2003) 
JFS 48(4):908-911

Allele frequencies denoted with 
an asterisk (*) are below the
5/2N minimum allele threshold
recommended by the National 
Research Council report (NRCII) 
The Evaluation of Forensic DNA 
Evidence published in 1996. 

Most 
common 
allele

Caucasian
N= 7,636

0.0009

0.1240

0.2690
--

0.2430

0.2000

0.1460

0.0125

Einum et al. (2004) 
JFS 49(6)
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19

12 0.0017* --0.0007

0.0031

African
American

N= 7,602

0.0003*

0.0077

0.0905

0.2920

0.0010

0.3300

0.2070

0.0630

0.0048

0.0045

20

Allele

11

13

14

15

15.2

16

17

18

19

12



Hardy Weinberg Equilibrium

• A predictable relationship exists between 
allele frequencies and genotype frequencies 
at a single locus. This mathematical 
relationship allows for the estimation of 
genotype frequencies in a population even if 
the genotype has not been seen in an actual 
population survey



Hardy Weinberg conditions
• Large population- several 100 or more
• Approximately Random mating
• Negligible to No mutation
• Negligible to No migration
• Negligible to No selection
• “Don’t be ridiculous” over long periods this will not 

hold
• Over short periods HWE may apply
• Maintenance of constant allele frequencies also means 

genetic variability within a population is not blended 
away over successive generations.



How a mathematician got into 
biology

• Story from Mange and Mange- 1999
• Hardy loved pure math- which he 

considered useless but beautiful! Disliked 
practical applications.  This was one of the 
most significant practical applications of 
math in history

• Published in Science to avoid letting his 
pure math colleagues see it!



HWE
• The cards are your alleles.  The alleles are Red= R and 

Black = B. Individual cards make up the "gene pool" 
This gene pool contains 40 black cards and 60 red 
cards, so the frequency of the black allele is 40/100 = 
0.4, and the frequency of the red allele is 60/100 = 0.6.

• p= frequency of R  and    q= frequency of B 
• HWE law- Part 1- Under HWE conditions

– Frequency of the genotype R/R = p2
– Frequency of the genotype B/B = q2
– Frequency of the genotype R/B= 2pq
– P2+2pq+q2 = 1

• HWE law- Part 2
– As long as HW conditions prevail allele and genotype 

frequencies do not change.



HWE simulation

• See handout- We will be mating in class!

• Get a pair of cards from the instructor.

• In your teams calculate the allele frequencies of R 
= red cards and B = black cards

• Also tally the genotype frequencies

• E.g. number of RR, RB and BB

• Team captains provide a summary and write down 
the results on the black board



Random mating, no selection
• "Random mating" means that mating is without regard to 

the genotype of the individuals. It is important that 
individuals not know about alleles of potential mates. 

• Get up and mingle in the room, carrying your cards and 
keep the cards in pairs so that the color cannot be seen by 
other students. 

• Say "hello" when you encounter another student. The fourth 
time they you say "hello" to someone you will mate

• That means you randomly give one card each to form your 
first offspring.  Then, take your card back and mate again 
with the same partner.  Be sure to write down the genotypes 
of your offspring.

• When a pair has been mated, that pair should not be mated 
again in this round of mating. Students continue to mill 
around until all of their individuals have been mated. 



Tally the results

• In small groups, add up the total number of 
red cards, black cards and genotypes

• Write down your results on the blackboard.
• Did the frequency of the R and B change?
• Do the genotypes of the offspring observed 

match the genotypes predicted?
• Now become your offspring and repeat the 

mating and tally.



Random mating- Selection

• Now we will mate with selection.  
Whenever a RR genotype is formed, this is 
a lethal combination and results in death.

• Therefore, this combination results in no 
viable offspring.

• When you mate this time, eliminate any RR 
genotypes from your tallies.

• Repeat the tally as before



Random mating- Migration

• 5 students will migrate and become 
geographically isolated

• Mating occurs within two separate 
populations.

• We will tally results for these 2 populations 

• Do you expect the results to be the same as 
before?  Why or why not?


