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http://es.wikipedia.org/wiki/William_Shakespeare 

“Though this be madness,  

   yet there is method in't.”  

 

― William Shakespeare, Hamlet 



Stats Required for Inclusions 

SWGDAM Interpretation Guideline 4.1: 

 “The laboratory must perform statistical analysis in 

support of any inclusion that is determined to be 

relevant in the context of a case, irrespective of the 

number of alleles detected and the quantitative value of 

the statistical analysis.” 

Buckleton & Curran (2008): “There is a considerable aura 

to DNA evidence. Because of this aura it is vital that weak 

evidence is correctly represented as weak or not 

presented at all.” 

 
Buckleton, J. and Curran, J. (2008) A discussion of the merits of random man not excluded and 

likelihood ratios. Forensic Sci. Int. Genet. 2: 343-348. 



Statistical Approaches with Mixtures 
See Ladd et al. (2001) Croat Med J. 42:244-246 

“Exclusionary”  

Approach 

“Inferred Genotype”  

Approach 

Random Man Not Excluded 

(RMNE) 
 

Combined Prob. of Inclusion 

(CPI) 

 

Combined Prob. of Exclusion 

(CPE) 

Random Match Probability 

[modified] 

(mRMP) 

Likelihood Ratio  

(LR) 

“Allele-centric” “Genotype-centric” 



Statistical Approaches with Mixtures 

• Random Man Not Excluded (CPE/CPI) - The 

probability that a random person (unrelated 

individual) would be excluded as a contributor to 

the observed DNA mixture.  

a b c d 

PI = (f(a) + f(b) + f(c) + f(d))2
  

CPI = PIM1 X PIM2 
… 

CPE = 1 – CP1 



Statistical Approaches with Mixtures 

• modified Random Match Probability (mRMP) 

– The major and minor components can be 

successfully separated into individual profiles. A 

random match probability is calculated on the 

evidence as if the component was from a single 

source sample. 

 

a b c d 

mRMPmajor = 2pq  

= 2f(a)f(d)  



Statistical Approaches with Mixtures 

• Likelihood Ratio - Comparing the probability of 

observing the mixture data under two (or more) 

alternative hypotheses; in its simplest form LR = 

1/RMP 

a b c d 

P(E  H2) 

P(E  H1) 

P(E  H2) 

      1 

2pq  

      1 
= = 1/RMP = 

E  = Evidence 

H1 = Prosecutor’s Hypothesis  

        (the suspect did it) = 1 

H2 = Defense Hypothesis  

         (the suspect is an unknown,   

.         random person) 



Does your lab use any software to help 

calculate mixture stats? 
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1. PopStats 

2. GMID-X 

3. GeneMarker HID 

4. Armed Expert 

5. True Allele 

6. DNA.View 

7. In-house Excel program 

8. On a calculator (painfully) 

9. Other 

Data from 115 responses 
ISHI Mixture Workshop (Oct 2012) 



We conclude that the two matters that appear to 

have real force are: 

(1) LRs are more difficult to present in court and 

(2) the RMNE statistic wastes information that 

should be utilised. 



Curran and Buckleton (2010) 

Created 1000 Two-person Mixtures (Budowle et al.1999 AfAm freq.). 

 

Created 10,000 “third person” genotypes. 

 

Compared “third person” to mixture data, calculated PI for included loci, 

ignored discordant alleles. 



Curran and Buckleton (2010) 

“the risk of producing apparently strong evidence against  

an innocent suspect by this approach was not negligible.” 

30% of the cases had a CPI < 0.01 

48% of the cases had a CPI < 0.05 

“It is false to think that omitting a locus is  

conservative as this is only true if the locus  

does not have some exclusionary weight.” 



2-person Mixture 





If CPI/CPE Stats are Used 

 Since exclusionary statistics cannot adjust for 

the possibility of dropout, and does not take the 

number of contributors into account, any loci 

with alleles below the stochastic threshold 

cannot be used in the CPI statistic. 



If CPI/CPE Stats are Used 

(ST = 150 RFU) 



http://es.wikipedia.org/wiki/William_Shakespeare 

“Hell is empty and all the devils are here.”  

― William Shakespeare, The Tempest 

Shakespeare on Allelic Drop-Out 



If CPI/CPE Stats are Used 



If CPI/CPE Stats are Used 

 Can use 

    D13 

    D16 

    D18 

    vWA 

    D5 

  

  

  

   Cannot use 

D8   D2 

D7  D21 

CSF  D3 

TH01 D19 

TPOX FGA 

Impact: discarding 2/3 of the data 



If CPI/CPE Stats are Used 

• CPI statistics using Caucasian Allele 

Frequencies 

 

• 1 in 109 Caucasians included 

• 99.09% Caucasians excluded 



If CPI/CPE Stats are Used 

(ST = 120 RFU) 

The impact of changing thresholds 



If mRMP/LR Stats are Used 

• Since there is an assumption to the number of 

contributors, it is possible to use data that falls 

below the ST. 



mRMP – D8S1179 
Possible genotype 

combinations if 11 

stutter, no DO 

(12,13,14) 

Person 1 Person 2 

12,12 13,14 

12,13 

12,14 or 

13,14 or 

14,14 

12,14 

12,13 or 

13,13 or 

13,14 

13,13 12,14 

13,14 

12,12 or 

12,13 or 

12,14 

14,14 12,13 

(LR = 8.6) 

mRMPminor = 2pq 

= 2f(13)f(14) 

= 0.117   or 1 in 8.6 



mRMP – D16S539 

(LR = 3.6) 

Possible genotype 

combinations if 8 

and 12 were stutter 

(9,11,13) 

Person 1 Person 2 

9,9 11,13 

9,11 

9,13 or 

11,13 or 

13,13 

9,13 

9,11 or 

11,11 or 

11,13 

11,11 9,13 

11,13 

9,9 or 

9,11 or 

9,13 

13,13 9,11 

Possible 

genotype 

combinations if 

12 contained 

allele  

(9,11,12,13) 

Person 

1 

Person 

2 

9,11 12,13 

9,12 11,13 

9,13 11,12 

11,12 9,13 

11,13 9,12 

12,13 9,11 

Possible 

genotype 

combinations if 8 

contained allele 

(8,9,11,13) 

Person 

1 

Person 

2 

8,9 11,13 

8,11 9,13 

8,13 9,11 

9,11 8,13 

9,13 8,11 

11,13 8,9 



mRMP – D16S539 

(LR = 2.34) 

mRMPminor = 2pq + 2pq + p2 + 2pq + 2pq 

= 2f(8)f(11) + 2f(9)f(11) + f(11)2 + 2f(11)f(12) + 2f(11)f(13) 

= 0.426   or 1 in 2.34 



mRMP – D16S539 

(LR = 3.62) 

mRMPminor = 2pq + p2 + 2pq 

= 2f(9)f(11) + f(11)2 + 2f(11)f(13) 

= 0.276   or 1 in 3.62 

IF – we assume the 8 and 12 alleles are  

stutter – then we have 3 possible genotype 

combinations… 

9,11 or 11,11 or 11,13 



mRMP/LR 

Potential for Drop-out 



If mRMP/LR Stats are Used 

 Can use 

 D8 

 D18 

 vWA 

 D13 

 D5 

 D16  

 

Loci with potential D-out 

D21   D7    

CSF  D3  

D2  D19 

 FGA 

  

TPOX and TH01 – used for exclusionary comparisons   



The “2p” Rule 

• The “2p” rule can be used to statistically account 

for zygosity ambiguity – i.e. is this single peak 

below the stochastic threshold the result of a 

homozygous genotype or the result of a 

heterozygous genotype with allele drop-out of 

the sister allele? 

ST 

AT 



“2p” or not “2p”… That is the question. 

http://es.wikipedia.org/wiki/William_Shakespeare 

“Drink sir, is a great provoker of three things…. 

nose painting, sleep and urine.” 

 

― William Shakespeare, Macbeth 

Shakespeare on “2p” 



2p – SWGDAM Guidelines 

• 5.2.1.3.1. The formula 2p, as described in 

recommendation 4.1 of NRCII, may be applied 

to this result.  

 

• 5.2.1.3.2. Instead of using 2p, the algebraically 

identical formulae 2p – p2 and p2 + 2p(1-p) may 

be used to address this situation without double-

counting the proportion of homozygotes in the 

population.  

 



Macbeth/Duncan Profile – D16 

ST = 150 

 

(we did this)  

(LR = 2.34) 

 

mRMPminor = 2pq + 2pq + p2 + 2pq + 2pq 

= 2f(8)f(11) + 2f(9)f(11) + f(11)2 + 2f(11)f(12) + 2f(11)f(13) 

= 0.426   or 1 in 2.34 



Macbeth/Duncan Profile – D16 

(LR = 2.0) 

mRMPminor = p2   +  2p (1-p)  

= f(11)2 + 2f(11)x(1- f(11)) 

= 0.500   or  1 in 2 

ST = 200 

 

(2p invoked)  



Macbeth/Duncan Profile – D16 

2p is conservative…  

LR 

ST = 200 (2p is used) 2.0 

ST = 150 (2pq is used) 2.3 



The “2p” Rule 

• “This rule arose during the VNTR era. At that 

time many smaller alleles “ran off the end of the 

gel” and were not visualised.” 

 

    - Buckleton and Triggs (2006) 

   

  Is the 2p rule always conservative?”  



The “2p” Rule 

Stain = AA 

 

Suspect = AA 

ST 

LR = 5 LR = 100 
f(a) = 0.10   1/p2 = 100    1/2p = 5  



The “2p” Rule 

Stain = AA 

 

Suspect = AB 

ST 

LR = 5 Exclusion 
f(a) = 0.10   1/2p = 5  



Is there a way forward? 



Gill and Buckleton JFS  

55: 265-268 (2010)  

 “The purpose of the ISFG DNA commission 

document was to provide a way forward to 

demonstrate the use of probabilistic models to 

circumvent the requirement for a threshold 

and to safeguard the legitimate interests of 

defendants.” 



Psychedelic Mixtures 

Turn On… 

Tune In… 

(Talk about) Drop Out 



Article in press… 



Suspect 

Evidence 

Suspect 

Evidence 

LR 
1 

2pq 
= 

Suspect 

Evidence 

“2p” 

p2 + 2p(1 –p) 

 

LR 
0 

2pq 
= LR 

? 

2pq 
= 



 Whatever way uncertainty is approached, 

probability is the only sound way to think 

about it.  
  

       -Dennis Lindley 



- Quantitative computer interpretation using  

 Markov Chain Monte Carlo testing 

- Models peak uncertainty and infers possible genotypes 

- Results are presented as the Combined LR  



Monte Carlo 



What is a Markov Chain? 

Andrey Markov  
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“A mathematical system that undergoes  
transitions from one state to another,  
between a finite or countable number  
of possible states. It is a random process  
usually characterized as memoryless:  
the next state depends only on the  
current state and not on the sequence  
of events that preceded it.” 

http://en.wikipedia.org/wiki/Markov_chain 



Is Blackjack a Markov Chain? 



Monopoly is a Markov Chain 



Monopoly simulation 

• http://www.bewersdorff-

online.de/amonopoly/monopoly_m.htm 



Higher Prob. 

of being in jail 





Probabilistic Modeling of TA 

PHR, Mix Ratio, Stutter etc… 

Mathematical Modeling 

of the Data 

50-100,000 

Simulations 

 

(MCMC) 

Probable Genotypes 

to explain the mixture 



Summary of the Issues 

• We need to move away from the interpretation of 
mixtures from an “allele-centric” point of view.  

• Methods to incorporate probability will be 
necessary as we make this transition and 
confront the issues of low-level profiles with 
drop-out. 

 

•  “Just as logic is reasoning applied to truth and 
falsity, probability is reasoning with uncertainty”  

       -Dennis Lindley 



Summary of the Issues 

• The LR is a method to evaluate evidence that can 

overcome many of the limitations we are facing 

today. ISFG Recommendations are in press. 

• This will require (obviously) software solutions… 

however, we need to better understand and be 

able to explain the statistics as a community.  

• “But, for my own part, it was Greek to me”  

     ― William Shakespeare, Julius Caesar 

• “We know what we are, but know not what we 

may be.” ― William Shakespeare, Hamlet 

 



Summary of the Issues 

• Extensive training will be necessary – and a 

single 8 hour workshop will once a year will not 

suffice.  

 

 

• “Do, or do not. There is no try.”  

                                     ― Yoda 

 



Thank You 

• “I can no other answer make but thanks, and 

thanks.”  - William Shakespeare, Twelfth Night 

 

 

http://es.wikipedia.org/wiki/William_Shakespeare 

Shakespeare and Forensics 
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