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NIST Draft Report Released in June 2021

250 pages

6 chapters and 2 appendices

528 references cited

47 terms and acronyms defined

29 tables

12 figures

5 boxes

16 principles described

25 key takeaways

8 future considerations

Released for a public comment period (June 9 to August 23, 2021)

Executive Summary (9 pages)



Presentation Overview

1. Report Contents and Key Takeaways
• Why NIST has undertaken this effort

• Brief summary of our findings

2. Outreach and Public Comments Received
• Public webinar given on July 21, 2021 (1,000 registrants) – 83 questions/comments

• Presentations given to FBI SWGDAM (July 14) and NIST/NIJ Human Factors Working 
Group (July 28)

3. Future Plans
• A final report will be issued after considering comments received

• FAQs on a NIST website may also be created in addition to final report

These handouts, which were due to Promega by August 23, do not contain the final slides; for a 

final version of the presentation, see https://strbase.nist.gov/NISTpub.htm after September 16

https://strbase.nist.gov/NISTpub.htm


Disclaimer & Acknowledgments

Certain commercial equipment, instruments and materials are identified in order to 
specify experimental procedures as completely as possible. In no case does such 
identification imply a recommendation or endorsement by the National Institute of 
Standards and Technology nor does it imply that any of the materials, instruments or 
equipment identified are necessarily the best available for the purpose.

Acknowledgments (page i): Members of the DNA Mixture Resource Group (listed in 
Table 1.2) contributed helpful feedback and assistance in the early stages of drafting 
this report. Katherine Gettings, Nikola Osborne, and Sarah Riman provided valuable 
input on the text, including the data summaries used in Chapter 4. Jason Weixelbaum, 
Susan Ballou, Christina Reed, and Kathy Sharpless assisted with copy editing. 
Kathryn Miller from the NIST Library helped finalize the document for public release. 

Acknowledgments: NIST team members and 

Resource Group for their insights; all those 

who provided public comments RESEARCH. STANDARDS. FOUNDATIONS.



Requests for Understanding What Data Exists 
Supporting Forensic Science Methods and Practices

NRC Report (2009) NCFS Recommendation (2016) PCAST Report (2016)

“demonstrating the 

validity of forensic 

methods” 
(Recommendation #3)

“technical merit 

evaluation”

“establishing 

foundational validity”

NIST: a “Scientific 

Foundation Review”

NISTIR 8225 (2020)

Congressional funding 

uses NCFS language



NIST Scientific Foundation Reviews 
Underway in 2021

1. DNA Mixture Interpretation (initial pilot study)
• Began in September 2017

• AAFS 2019, ISHI 2019, ISHI 2020, AAFS 2021 workshops conducted

• 250-page report released for 60-day (extended to 76-day) public 
comment on June 9, 2021, with a 3-hour webinar held on July 21

2. Bitemark Analysis
• Began in October 2018

• Workshop held in October 2019

3. Digital Investigation Techniques
• Began in February 2019

• Interlaboratory “black box” study conducted from June to November 2020

4. Firearm Examination
• Began in October 2019

• Gathering literature and focusing on error rate studies

https://www.nist.gov/topics/forensic-science/interdisciplinary-topics/scientific-foundation-reviews

Reports will be provided with 

each foundation study and 

made available for a 60-day 

public comment period

https://www.nist.gov/topics/forensic-science/interdisciplinary-topics/scientific-foundation-reviews


DNA Mixture Report Content

In six chapters and two appendices:

• Chapter 1 introduces the topic and challenges of DNA mixture interpretation

• Chapter 2 provides background information on DNA, describes principles and 
practices underlying mixture measurement and interpretation, and introduces 
the likelihood ratio (LR) framework and probabilistic genotyping software (PGS)

• Chapter 3 lists data sources used in this study and strategies to locate them

• Chapter 4 and Chapter 5 cover reliability and relevance 

• Chapter 6 explores the potential of new technologies to assist mixture 
interpretation and considerations for implementation

• Appendix 1 reviews the history of how the field has progressed

• Appendix 2 discusses strengthening the field with training & continuing education

• Bibliography includes 528 references cited in the report



Our Desire with This Report is to Help 
Move the Field Forward to Improved Practices 

in DNA Mixture Interpretation

From the Executive Summary (page 1): 

“As with any field, the scientific process (research, results, publication, 

additional research, etc.) continues to lead to advancements and better 

understanding. Information contained in this report comes from the authors’ 

technical and scientific perspectives and review of information available to us 

during the time of our study. Where our findings identify opportunities for 

additional research and improvements to practices, we encourage researchers and 

practitioners to take action toward strengthening methods used to move the field 

forward. The findings described in this report are meant solely to 

inform future work in the field.”



Clarification on What NIST Is and Is Not

• NIST is a Federal government 
science agency and does not 
comment on legal admissibility

• NIST is not a regulatory agency, 
which is why key takeaways are 
provided in our draft report rather than 
formal recommendations

• NIST focuses on research and 
assisting with developing 
standards (e.g., OSAC or SRMs); 
NIST does not conduct forensic 
science casework



We Recognize That There Are Many Different Perspectives 
and Lenses on This Report…

NIST

Report

Image source: https://imgur.com/gallery/1zZ6VSe

Lab

This is Why 

Public Comment 

is so Important!

https://imgur.com/gallery/1zZ6VSe


Chapter Mapping 
25 Key Takeaways (KT) and 
8 Future Considerations (FC)

Chapter 1
INTRODUCTION

(none)

Chapter 2
PRINCIPLES

KT #2.1

KT #2.2

KT #2.3

KT #2.4

KT #2.5

KT #2.6

Chapter 3
SOURCES

(none)

Chapter 4
RELIABILITY

KT #4.1

KT #4.2

KT #4.3

KT #4.4

KT #4.5

KT #4.6

KT #4.7

KT #4.8

Chapter 5
RELEVANCE

KT #5.1

KT #5.2

KT #5.3

KT #5.4

KT #5.5

KT #5.6

Chapter 6
TECHNOLOGY

KT #6.1

KT #6.2

Appendix 1
HISTORY

KT #A1.1

KT #A1.2

KT #A1.3

Appendix 2
TRAINING

FC #A2.1

FC #A2.2

FC #A2.3

FC #A2.4

FC #A2.5

FC #A2.6

FC #A2.7

FC #A2.8
16 Principles

2 Tables 4 Tables

4 Figures
3 Tables 9 Tables

1 Box

5 Tables

3 Figures

3 Tables

5 Figures

3 Tables

4 Boxes

Bibliography: 528 referencesGlossary & Acronyms: 47 terms



Chapter 2: Principles and Practices



2 + 2 = 4

Basic Arithmetic

2 x2 + x = 10

Algebra

න
𝑥=0

∞

𝑓 𝑥 𝑑𝑥

Calculus

Single-Source

DNA  Profile 

(DNA databasing)

Sexual Assault Evidence 

(2-person mixture with 

high-levels of DNA)

Touch Evidence 

(>2-person, low-level, complex 

mixtures perhaps involving relatives)

Math Analogy to DNA Evidence

Higher levels 

of uncertainty 

in determining 

contributing 

genotypes

All DNA Samples Are Not Equivalent



Interpretation

Extraction/

Quantitation

Amplification/ 

Marker Sets

Separation/

Detection

Collection/Storage/ 

Characterization
Stats ReportData

Gathering and Generating the Data Understanding the Results

reported

resultMeasurement 

evidence 

sample

Electropherogram (EPG)

DNA profile from 

person of interest 

(POI) compared

Written 

Report
Figure 2.1 

(p. 24)

Steps in Processing a DNA Evidence Sample 
(Single-Source or Mixture)



Measurement and Interpretation Differ

Table 2.1. Measurable factors and features in a short tandem 

repeat (STR) DNA profile electropherogram (EPG) that influence 

DNA mixture interpretation with binary or probabilistic genotyping 

software (PGS) approaches.

Table 2.1 

(pp. 27-28)

Figure 2.2. Steps in DNA mixture interpretation first outlined 

by the UK Forensic Science Service (Clayton et al. 1998) and 

endorsed by the ISFG DNA Commission (Gill et al. 2006b). 

Figure 2.2 

(p. 29)



2.3.1 Factors that Contribute to 
Increased Complexity in DNA Mixtures

(p. 30)



Multiple Factors Influence Mixture Complexity

(p. 31)



Different Statistical 
Approaches Answer 
Different Questions

Table 2.2 
(p. 33)

CPI

LR

This point is emphasized in 

Principle 15
“Different statistical 

approaches can produce 

different numerical results as 

they utilize different 

information and/or models and 

answer different questions.” 



Table 2.3 
(p. 35)

DNA Mixture Interpretation Approaches Compared

This point is 

emphasized in 

Principle 14
“…continuous 

models use more 

information than 

discrete or binary 

approaches.” 



Principles Described in Chapter 2

Principle 1 [Biology]: Our DNA generally remains unchanged across time and cell 
type. 

• This principle enables meaningful comparison of DNA from a reference sample to an evidence sample 
deposited and/or collected at a different time and to verify identity in a “biometric” sense, where a 
previously analyzed DNA profile is checked against a new one for “authentication” purposes.

Principle 2 [Biology]: DNA transfers and persists and can be collected and 
analyzed.

• This principle of direct or primary transfer enables results to be generated from evidentiary DNA profiles 
to assist in crime-to-crime and crime-to-individual associations.

Principle 3 [Biology]: Forensic DNA profiles examine a limited number of specific 
sites in the human genome.

• This principle is a reminder that the entire DNA sequence is not examined with forensic tests. Statistical 
assessments of profile rarity are used based on inheritance patterns and population genetics.



Principles Described in Chapter 2

Principle 7 [Relevance]: Answers from DNA results depend on 
questions asked and circumstances of the evidence. 



These 16 Principles Form the Foundation 
for DNA Mixture Interpretation

P1: DNA stability across 

time and cell type

P2: DNA 

transferability

P3: Forensic profiles only examine 

a portion of the human genome

P4: Established genetic 

inheritance patterns

P5: Strength of evidence 

calculations use pop. gen.

P6: Related DNA more 

similar than unrelated

P7: Answers depend 

on questions asked

P8: PCR can 

introduce artifacts

P9: Peak positions 

and heights

P11: Stochastic variation 

impacts mixture ratios

P12: Stutter peaks 

impact interpretation

P13: Impacts on number of 

contributors estimate

P14: Continuous models 

use more information

P15: Results can differ 

with various approaches

P16: Propositions impact 

strength of evidence

P10: Peak height 

variance



Likelihood Ratios Are Not Measurements

(p. 42)



Chapter 4: Reliability of DNA Mixture 
Measurements and Interpretation

(4.1.1) System Reliability vs Component Reliability

(4.1.2) Definitions of Measurement, Uncertainty, Assessment, and Interpretation

(4.1.3) Empirical Assessments of Reliability

(4.1.4) Factor Space and Factor Space Coverage

(4.1.5) Provider-User Responsibilities and Examples

(4.2) Data Sources Used to Examine Reliability

(4.3) Review of Publicly Available Data and Factor Space Coverage

(4.4) Discussion

(4.5) Thoughts on a Path Forward



Factor Space and Factor Space Coverage

• Is a new term but not a new concept
• FBI QAS 8.3.2.1 requires laboratories to 

“include samples with a range of the 
number of contributors, template amounts, 
and mixture ratios expected to be 
interpreted in casework”

• Table 4.1 lists influencing factors with 
DNA mixture measurements and 
interpretations using PGS systems

• Factor space coverage is summarized 
for 3 STR kit developmental validation 
studies (Table 4.2), 60 published PGS 
studies (Table 4.3), 11 publicly 
available internal validation summaries 
(Table 4.5), 83 proficiency test data 
sets (Tables 4.6 and 4.7), and 18 
interlaboratory studies (Table 4.8)

2p

3p

4p

Factor Space Expands with the Number of Contributors 

(and degree of allele sharing typically increases)

Template amount

Template amount

Template amount

= data collected in                       

validation study



8 PGS studies were 

available and cited in 

the 2016 PCAST report

We examined and 

summarized 60 

published PGS 

studies

Factor Space 

Coverage for 

Published PGS 

Validation Studies

Table 4.3 
(pp. 66-69)



Published PGS Comparison Studies
11 + 1 NIST study (conducted during our review)

Table 4.4 
(pp. 69-72)

Riman S, Iyer H, 

Vallone PM (2021) 

Examining 

performance and 

likelihood ratios 

for two different 

likelihood ratio 

systems using the 

PROVEDIt 

dataset. PLoS

ONE (in press)

A pre-print version is 

available at 

https://www.biorxiv.org/

content/10.1101/2021.0

5.26.445891v1

Supplementary Tables 4 

and 5 contain all LR values 

and provide an example

https://www.biorxiv.org/content/10.1101/2021.05.26.445891v1


Chapter 5: Context and Relevance 
Related to DNA Mixture Interpretation 

High-Sensitivity Methods Impact Scientific Relevance

Case Context is Important to Scientific Relevance



Public Comments Received

• Perspectives on our report have been offered from 
practitioners, researchers, prosecutors, defense 
attorneys, consultants, PGS vendors, and multiple 
stakeholder organizations

• We are processing these public comments and 
will post the public comments on our website to 
coincide with the release of the final report 



AAFS 2019 Workshop with NIST DNA 
Team and Resource Group Members

Thank you to our Resource Group members and their agencies who permitted them to assist us in this study

Email received after our last meeting: John and NIST colleagues: thank you very much for the invitation 

to participate in this illustrious group. I gained a great deal from our robust discussion and enjoyed it 

thoroughly. Many viewpoints always makes the product stronger.



John Butler
john.butler@nist.gov

Thank you for your attention!

RESEARCH. STANDARDS. FOUNDATIONS.

https://www.nist.gov/topics/forensic-science

Questions?

mailto:john.butler@nist.gov
https://www.nist.gov/topics/forensic-science

