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Back in the LCN days…

The need for replicate testing 
and consensus profiles

Gill et al. (2000) 

Low-template Mixtures
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Caragine et al. (2009)

Extreme ratios

Caragine et al. (2009)

Used “2p” for “Z” calls 
(only one allele present)

[The]

Well-trained reporting officers could 
reliably detect and report LCN mixtures
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Probabilistic Genotyping (I)

Reporting Officers and Prob Gen (LRmix)
LT-DNA mixture interpretation is feasible

Probabilistic Genotyping (II)

Laser Capture Microdissection 
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Probabilistic Genotyping (III)

Recommendation that the inverse match probability 
is the upper bound of the LR 

IMP

Steele et al. (2014)

LikeLTD results with joint replicate analysis

Addition of 
replicates

(discrete probabilistic model of interpretation)

2 replicates generally have a greater expected 
net gain compared to a single analysis 
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Joint Analysis – an example
(Continuous Model)

Contrib 1 Contrib 2 Weight

Contrib 1 Contrib 2 Weight

LR = 3.4

LR = 1.1

LR = 8.1

• Used two samples with low allele sharing. 2 PCR amps.

• 1:1, 2:1, 3:1, 4:1, and 5:1

• 500, 400, 300, 200, 100 pg input DNA

• CPI, RMP (2p), Discrete Model, Fully Continuous Model
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Typical evidentiary items tested at the 
ATFE Lab

Is it better to do one amp, or split the 
extract and do replicates? 

Suggests it is better to do one amp 
(compared to the consensus method)

Steele et al. (2014) Suggest replicates 
with PG may tilt the argument
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Methods

• Two samples mixed at 1:1, 3:1, and 5:1 ratios

• DNA concentrations of 1.0, 0.5, 0.25, 0.125, 
0.625 ng PCR input 

• Single source and 2-person mixtures tested.

• The mixtures were tested for both “pristine” 
and “degraded” conditions – in the degraded 
examples, the “major” component was 
exposed to UV light to induce DNA damage.

Methods

Total DNA Template
500pg

Compared to joint analysis of two 
replicates with half the total DNA 

template 

Total DNA Template
250pg

Total DNA Template
250pg

Example:

Methods

• Evidence mimicked DNA recovered from a 
Molotov cocktail where a single source or 2-
person mixture was recovered. 

• H1 = POI & UNK

• H2 = UNK & UNK
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Results – Single Source
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Results – 2-person Mixtures
(Pristine DNA)
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Results – 2-person Mixtures
(Degraded DNA of the major contributor)
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Conclusions

• In general, the joint analysis of replicates 
produces a higher LR than either of the individual 
replicates – but never exceeds the Inverse Match 
Probability. 

• The analysis of a single amplification (total 
template of X ng) usually gave a higher LR than 
splitting the template (total DNA template of X/2 
ng) and producing a joint analysis. 
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Conclusions

• Additional studies are planned using a range 
of allele sharing between the contributors and 
testing higher order mixtures (3 and 4 
contributors). 

Thank you! 

Becky Steffen (NIST)

Steven Weitz (ATFE)

mcoble@nist.gov

NIST Special Programs Office and the 
NIST Law Enforcement Standards Office
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