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Mixture Ratios

John M. Butler

ISHI 2010 Mixture Interpretation Workshop: 
Principles, Protocols, and Practice
October 11, 2010 – San Antonio, TX Outline for Mixture Ratios

• GUIDELINES
– SWGDAM Guideline 3.5.3

• PRINCIPLES
– Distinguishable vs. indistinguishable mixture
– Relationship between PHR, stutter, and mixture ratios

• PROTOCOLS
– Approaches and benefits to calculating mixture ratios
– Variation across loci in a profile
– Some validation mixture ratio experiments

• PRACTICE
– Use in mixture deconvolution
– A worked example (Case 2 later today)

Mixture Ratio

SWGDAM Guidelines glossary:

• Mixture ratio: the relative ratio of the DNA 
contributions of multiple individuals to a 
mixed DNA typing result, as determined by the 
use of quantitative peak height information; 
may also be expressed as a percentage

GUIDELINES

What Exists in Sample vs. What is Estimated

PRINCIPLES

Mixture Ratio(s) 
(what actually exists in the sample)

vs.

Deduced Mixture Proportion(s) 
(what is determined from the data by relative peak heights)

Other terms sometimes used
Mixture proportion (Mx), proportion (p) or mass ratio 

Mixture ratios can help deduce 
contributor profiles

SWGDAM Guideline 3.5.3:

– A laboratory may define other quantitative 
characteristics of mixtures (e.g., mixture 
ratios) to aid in further refining the 
contributors.

GUIDELINES

Have you used mixture proportions or 
donor ratios to deduce mixtures?

1 2

0%0%

1. Yes
2. No
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German Mixture Classification Scheme

(German Stain Commission, 2006):
• Type A: no obvious major contributor, no evidence of stochastic 

effects
• Type B: clearly distinguishable major and minor contributors; 

consistent peak height ratios of approximately 4:1 (major to 
minor component) for all heterozygous systems, no stochastic 
effects

• Type C: mixtures without major contributor(s), evidence for 
stochastic effects

Type A Type B Type C

Schneider et al. (2009) Int. J. Legal Med. 123: 1-5

“Indistinguishable” “Distinguishable” “Uninterpretable”SW
GDAM

PRINCIPLES PROTOCOLS

This approach is supported by ISFG (2006); see Recommendation #4
Gill et al. (2006) DNA Commission of the International Society of Forensic Genetics: Recommendations on the 
interpretation of mixtures. Forensic Sci. Int. 160: 90-101

Identify the Presence of a Mixture

Consider All Possible Genotype 
Combinations

Estimate the Relative Ratio of the 
Individuals Contributing to the Mixture

Identify the Number of Potential 
Contributors

Designate Allele Peaks

Compare Reference Samples

Step #1

Step #2

Step #3

Step #4

Step #5

Step #6

Steps in the interpretation of mixtures
(Clayton et al. Forensic Sci. Int. 1998; 91:55-70)

PROTOCOLS

Calculation of Major/Minor Ratio

A B C D

PROTOCOLS

With 2-person mixtures, examine loci with four alleles

AC
BD
AB
CD
BC
AD

Formation of possible 
genotypes depends on PHRs 
allowed and the mixture ratio

Sum of major 
allele peak 
heights

Sum of minor 
allele peak 
heights

PHA+PHC

PHB+PHD

Sum of major 
allele peak 
heights

Sum of all allele 
peak heights at 
the locus

PHA+PHC

PHA+PHC+PHB+PHD

Major = A,C
Minor = B,D

Mixture Ratio Example
PowerPlex 16 (1 ng)

D3S1358 TH01 D21S11 D18S51 Penta E

D5S818 D13S317 D7S820 D16S539 CSF1PO Penta D

Amelogenin vWA D8S1179 TPOX FGA

4 alleles

4 alleles

4 alleles

3 alleles 3 alleles

3 alleles3 alleles

3 alleles 3 alleles 3 alleles

3 alleles3 alleles3 alleles

2 alleles

2 alleles

Balanced
X:Y

PRACTICE

Analysis of the 4-Allele Loci

D18S51

Penta D

14: 3384 rfu
20: 3007 rfu

16: 988 rfu
18: 519 rfu

8: 3287 rfu
12: 3281 rfu

2.2: 612 rfu
10: 774 rfu

13: 2698 rfu
16: 3086 rfu

14:   841 rfu
15: 1072 rfu

PRACTICE

(3384 + 3007) / (988 + 519) = 

(3287 + 3281) / (612 + 774) = 

(2698 + 3086) / (841 + 1072) =  

4.24

4.74

3.02
-stutter 
~875 3.37

Variability exists between loci

PHR = 52.5%

PHR = 79.1%

PHR = 78.5%

UPDATED SLIDE

D8S1179

stutter
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Identifiler Results: NEST I1, I2, I3, I4 (varying input DNA)

Input DNA

1.5 ng

1.0 ng

0.5 ng

0.25 ng

Minor components drop out at low 
levels due to stochastic effects

Data courtesy of Amy Christen, Marshall University NEST Project Team

Stochastic effects can impact 
minor component alleles (and PHRs)

150 
pg

Minor 
component

amount

100 
pg

50
pg

25 
pg

PRINCIPLE

10:1 Female: Male

As mixture ratios change, 
genotype possibilities alter

1:9

1:4

1:2

1:1

1:19

PRACTICE

Minor contributor alleles become 
indistinguishable from stutter

“Minor” alleles can no longer be fully 
distinguished from “major” alleles due to 
alternative possibilities that meet expected 
peak height ratios 

D18S51 (1 ng total DNA)
UPDATED SLIDE

Unrestricted vs. Restricted
Use of peak height information to select only certain combinations

http://www.fbi.gov/hq/lab/html/codis_swgdam.pdf

PRINCIPLE NEW SLIDE

Recognition that degradation can impact 
reliable mixture ratios across a DNA profile

• 3.5.3.1. Differential degradation of the 
contributors to a mixture may impact the 
mixture ratio across the entire profile.

GUIDELINES

Evaluation of all pair-wise comparisons

SWGDAM Guideline 3.5.1: 

– The laboratory should establish guidelines based on 
peak height ratio assessments for evaluating potential 
sharing of allelic peaks among contributors and for 
determining whether contributors to a mixed DNA 
typing result are distinguishable.   When assessing 
peak height ratios, pair-wise comparison of all 
potential genotypic combinations should be 
evaluated.

GUIDELINES

FGA

Calculation of PHRs for All Possible 
Genotype Combinations

a
b c

d
e f

a:b = 795/1401 = 0.567 
a:c = 795/1283 = 0.620
a:d = 795/810   = 0.981
a:e = 591/795   = 0.743
a:f  = 482/795   = 0.606

Examine all possible PHRs to see which combinations are possible:

b:c = 1283/1401 = 0.916
b:d =   810/1401 = 0.578
b:e =   591/1401 = 0.422
b:f  =   482/1401 = 0.344

c:d = 810/1283 = 0.631
c:e = 591/1283 = 0.461
c:f  = 482/1283 = 0.376

d:e = 591/810   = 0.730
d:f  = 482/810   = 0.595e:f =     482/591  = 0.816

n(n-1)
X = --------

2

n = 6 alleles
X = 15 combinations

PROTOCOLS

A Single STR Locus from a 3-Person Mixture
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All possible 3-contributor combinations

23 “families” of 
possibilities

150 total 
combinations

This “family” has 
30 possibilities

3 allele pattern 
has 8 “families”

1
2

3

4

5

6

7

8

PRINCIPLES

Adapted slide from Tim Kalafut, USACIL (AAFS 2008 workshop)

Software tools can help perform calculations
PROTOCOLS

FSS-i3 iSTReam Mixture Interpretation Tool

Does your lab use quantitative peak heights 
in mixture interpretation?

1 2 3 4

0% 0%0%0%

1. Yes
2. No
3. Why should we?
4. None of the above

Summary

• Mixture ratios may be used to help deduct major and 
minor components of mixtures

• With 2-person mixtures, loci possessing 4 alleles can be 
used to help establish the contributor ratios

• This mixture ratio may then be used to eliminate possible 
contributor genotype combinations for loci possessing 
only two or three alleles

• Software tools are helpful to performing these 
calculations


