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DNA Analysis for Missing Person Identification
in Mass Fatalities

Advances in DNA technology have expanded such that forensic DNA profiling is now
considered a routine method for identifying victims of mass fatalities. Originating from
an initiative funded by a grant from the U.S. Department of State, DNAA Analysis for
Missing Person Identification in Mass Fatalities presents a collection of training
modules that supply comprehensive instruction in these complex techniques. The book
begins with a concise overview of DNA analysis methods and their use in identifying
victims of mass fatalities. It then goes on to explore:

* Mass fatality response operations, including body recovery, mortuary operations,
family assistance, the identification of human remains, and psychosocial support
- for families

* Best practices in DNA sample collection and the different types of reference samples
that can be used to identify a reported missing (RM) individual

* Autosomal short tandem repeat (STR) DNA profile analysis and interpretation,
and procedures to ensure data accuracy

* Maijor steps involved in generating a DNA profile and the complex aspects of
data analysis and interpretation

* The importance of data management using information technology tools,
and tips for maintaining quality operations

* Accreditation and standards and the major elements of a DNA quality program

* Sefting up a laboratory operation, including planning, staffing, identifying types of
equipment and supplies, and the procedures for ensuring that laboratory equipment
performs appropriately

The book includes a discussion of the key steps in the preparation, delivery, and evaluation
of training sessions for personnel responding to a mass fatality human identification event.
It also provides a comprehensive vocabulary list with terms related to mass fatality DNA
identification. This text is a must-read for organizations contemplating the use of DNA in
human identification initiatives following mass fatalities. It is also a tremendous value to
emergency manager/planners, medical legal authorities, and forensic DNA laboratories.
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Preface

DNA Analysis for Missing Person Identification in Mass Fatalities was initially
started in 2008 as short individual training chapters. As part of an initiative
supported by a U.S. Department of State grant, the chapters were originally
designed as background information to accompany a 20-day instruction
for Iraqi scientists on mass fatality response operations and forensic DNA’s
critical role. These university scientists from across Iraq were tasked with the
responsibility of increasing awareness for the use of forensic DNA to identify
victims of mass fatalities. Forensic DNA profiling is an important technology
used in the identification of victims of mass fatalities and supports human
rights and rule of law initiatives.

In teaching these most amazing, dedicated, and inquisitive Iraqgi sci-
entists, it was quickly apparent that a subject as complex as mass fatality
response operations and the role of forensic DNA was difficult to capture
in 100 pages. As such, this document grew in length outside the scope
of the original project. Additionally, new DNA technologies have posed
an added challenge of keeping the document up to date scientifically.
Regardless, this document became what I consider to be the most com-
prehensive general text on mass fatality response and the use of DNA for
identifications written to date and holds tremendous value to organiza-
tions contemplating the use of DNA in human identification initiatives
following mass fatalities.

Amanda Sozer
SNA International

XV



Acknowledgments

This book was written with the help and input of a number of individuals.
I would especially like to thank Shelly Beckwith for her help with orga-
nizing the interpretation of DNA data (one of the most complex issues in
the use of DNA following mass fatalities), Susan Peters for her expertise
in de-convoluting complex issues, program development, and training,
Arbie Goings for his input on mass fatalities, body recovery, and family
assistance center operations, Julia Powers for her help in the identification
of human remains, Dave Boyer for his proficiency in sample collection,
Jamie Handelsman for her innovative approaches to training, William
Watson for his creativity in generating diagrams to express complex DNA
processes, the staff of Future Technologies Inc., for their help with data-
tracking, George Riley for his input on quality systems, and Brendan Sozer,
Kaitlyn Andrews-Rice, Kaitlyn French, and Web Bist for their help in get-
ting the document ready for publication.

This book is in honor of the many scientists, educators, and human
rights organizations that are dedicated to bringing truth and understanding
to family and friends following a mass fatality.

Xvii



About the Author

Amanda Sozer, Ph.D., president of SNA
International, received her B.A. from
Rutgers University and her Ph.D. from
the University of Tennessee-Oak Ridge
Graduate School of Biomedical Sciences
at Oak Ridge National Laboratory. Sozer
has worked in forensics for over 20 years
directing forensic laboratories and pro-
grams. In addition to directing forensic
DNA laboratories she served as a tech-
nical contractor to the U.S. National
Institute of Justice (NIJ) and worked on
the DNA backlog reduction programs for
no-suspect forensic cases and convicted
offender outsourcing programs, which
resulted in the processing of millions
of samples. Following 9/11 Sozer served on and facilitated the NIJ Kinship
and Data Analysis Panel for the World Trade Center victim identification
effort and was instrumental in writing NIJ’s Lessons Learned from 9/11: DNA
Identification in Mass Fatality Incidents.

Sozer managed the Hurricane Katrina victim DNA identification effort,
overseeing the collection, testing, analysis, and matching of thousands of
samples. She facilitated the writing of the AABB Guidelines for Mass Fatality
DNA Identification Operations. Sozer has also written strategic plans and
mass fatality response plans for a number of organizations in the United
States, and recently led a subject matter expert group developing guidelines
for scientists working on human rights projects for the American Academy
for the Advancement of Science.

Sozer was the technical lead on a U.S. State Department project to
strengthen forensic DNA capabilities in Iraq and spearheaded the DNA
technical portion of a State Department forensic DNA needs assessment in
Afghanistan. She has worked on numerous local, state, and federal forensic
projects in the United States and human identification forensic projects and
human identification initiatives in Guatemala, Cyprus, Iraq, Afghanistan,
Jordan, Dominican Republic, Colombia, Lebanon, the Phillipines, and Libya.

XixX



DNA Analysis
for

Missing Person
Identification in
Mass Fatalities



Contents

Preface

Acknowledgments
About the Author

1 Human Identification through DNA Analysis

1.1
1.2

1.3
1.4
1.5

1.6

DNA

Types of DNA Analysis

1.2.1
1.2.2
1.2:3

Autosomal Short Tandem Repeats
Y-STR Haplotype
Mitochondrial Polymorphism

A History of DNA Profiling
Using DNA for Identification of Human Remains
The DNA Analysis Process

1.5.1
1.5.2
1.5.3
1.5.4
1.5.5
1.5.6
1.5.7
1.5.8
1.5.9

Explaining the DNA Process to Non-Technical Personnel

1.6.1

Organizing and Planning
Sample Selection and Collection
Extraction/Purification
Amplification

Data Generation/Analysis

Data Interpretation

Profile Comparison

Kinship Analysis

Reporting the Profile Matches

Common Questions

1.6.1.1 Why Identify the Remains?
1.6.1.2 How Is the Testing Done?

1.6.1.3 How Long Will the Process Take?

1.6.1.4 How Can I Help Identify My Loved One?

1.6.1.5 What Are the Sources of DNA Samples
that Can Be Used?

1.6.1.6  What Are Useful Sources of DNA from
the Victim?

1.6.1.7 How Can DNA from Relatives Be Used?

1.6.1.8 Why Might DNA Analysis Not Work?

1.6.1.9 How Much Will Testing Cost?

v

XV
Xvii
Xix

[y

o U1 U1 D N =

11
11
12
13
14
15
16
17
18
18
20
20
20
20
21

21

21
21
21
22




vi

Contents

1.6.1.10 Who Issues the DNA Identification
Reports?

22

1.6.1.11 Are There Any Guidelines for Using DNA? 22

1.6.1.12 Who Will Have Access to My DNA and

Profile?

Additional Resources

2 Mass Fatalities

2.1
22
2.3
2.4

2.5
2.6

2.7
2.8

Definition of a Mass Fatality
Jurisdictional Issues

Causes of Mass Fatality Incidents
Mass Fatality Response Overview

24.1
242
243
244

2.4.5

Field Operations/Body Recovery

Morgue Operations

Reporting the Missing and Presumed Deceased
Collection of Antemortem Information about
the Deceased

Comparison of Antemortem and Postmortem
Information

Managing the Mass Fatality Response Operations
Factors Impacting a Mass Fatality Response

2.6.1
2.6.2
2.6.3
2.6.4
2.6.5
2.6.6
2/6:7

Closed versus Open Events
Number of Deceased

Rate of Recovery

Condition of Human Remains
Fragmentation
Decomposition

Commingling

Finances and Politics

Availability of Antemortem Records and DNA
Reference Samples

Additional Resources

3  Postmortem Functions—Body Recovery and
Morgue Operations

3.1

Field Operations (Body Recovery)

3.1.1
3.1.2
3.1.3

Locating Remains

Personnel

Health and Safety Concerns
3.1.3.1 Mass Graves

3.1.3.2 Environmental Hazards
3.1.3.3 Families On-Site

22
22

23

23
23
25
27
28
28
29

30

31
31
32
32
33
34
35
35
35
36
36

37
3

39

39
39
41
43
44
44
44



Contents

3.2

3.1.4 Assessing a Disaster Site
3.1.5 Documentation
3.1.5.1 Other Field Documentation
3.1.5.2 Associated and Unassociated Property
3.1.6 Removal of Remains
3.1.6.1 Mass Graves
3.1.6.2 Commingled Remains
3.1.6.3 Personal Items
3.1.6.4 Chain of Custody
3.1.7 Transportation and Storage
Morgue Operations
3.2.1 Personnel
3.2.2  Safety
3.2.3 Numbering the Human Remains
3.2.4 Morgue Examinations
3.2.4.1 Photography
3.2.4.2 Forensic Pathology
3.2.4.3 Body Radiography
3.2.4.4 Fingerprints
3.2.45 Dental
3.2.4.6 Forensic Anthropology
3.2.4.7 DNA
3.2.4.8 Administrative
3.2.5 Documentation
3.2.5.1 Data Management

Additional Resources
Attachment A
Attachment B

4 Antemortem Functions—Family Assistance

Operations

4.1 Function of Family Assistance Operations
4.2  Personnel

43 Creating a Reported Missing Case
4.4 Antemortem Information

4.5 Information Technology Support
4.6 Providing Information to the Public
4.7  Financial Assistance

4.8 Notification and Release

4.9  Grief Support

4.10 Family Assistance Centers (FACs)

4.10.1 Reception

vii

44
45
46
46
47
48
48
48
48
48
49
49
51
51
52
54
54
54
55
55
55
56
56
56
57
58
58
58

73

73
74
75
76
76
78
79
79
79
80
80



viii

4.11

Contents

4.10.2 Child Care/Play Area
4.10.3 Private Meeting Rooms
4.10.4 Office Space for FAC Staff
4.10.5 Nutritional Services
4.10.6 Quiet Room

4.10.7 Communications Center
4.10.8 Security

4.10.9 Medical Care

4.10.10 DNA Operations

Family Assistance Operations Relationship with the
Morgue

Additional Resources
Attachment A

5 1dentification of Remains

5.1
5.2

53

5.4
5.5
5.6
5.7

Identification

Types of Identification

5.2.1 Tentative Identification

5.2.2 Presumptive Identification

5.2.3 Positive Identification

Identification of Bodies

5.3.1 Appropriate Personnel

5.3.2 Identification Standards and Guidelines
Presentation and Review of Proposed Identification
Acceptance/Authorization of Identification
Family Notification of Identification

Release of Remains and Personal Property

Additional Resources
Attachment A
Attachment B

6 Identification and Collection of Biological
Samples from Human Remains

6.1
6.2

6.3
6.4

Special Considerations for Sample Collections
Determining the Best Sample to Collect

6.2.1 Ease of Sample Collection

6.2.2 Ease of DNA Profiling

6.2.3 DNA Profiling Success

Collecting Multiple Samples

Establishing DNA Sample Protocol

6.4.1 Order of Sample Preference and Sample Quantity

6.4.2 Safety Precautions and Contamination Issues

80
81
81
81
81
81
81
82
82

82
83
83

93

93
94
94
94
95
96
96
97
97
98
98
99
99
100
101

103

103
104
105
106
107
108
108
110
110



Contents

6.4.3 Packaging, Labeling, and Storage

Additional Resources

7 Identification and Collection of DNA Reference

Samples

7.1  The Reported Missing
7.2 Chain of Custody

7.3  Reference Sample Types

7.4
7.5
7.6

7.3.1 Direct References

7.3.2 Personal Items

7.3.3 Family References/Kinship Samples
Pedigree

Scheduling Collections

Collecting Kinship Samples

Additional Resources

8 Application of DNA Technology for Human
Identification

8.1

8.2
8.3

8.4
8.5

8.6
8.7

DNA Profiling Process Overview

8.1.1 Sample Receipt and Accessioning
8.1.2 Aliquotting and Sample Evaluation
8.1.3 Preparation of the Sample

8.1.4 DNA Extraction Methods

DNA Extract Assessment

Amplification Strategies and Considerations
8.3.1 General Considerations

DNA Separation and DNA Profile Generation
8.4.1 DNA Profile Generation

Emerging DNA Technologies

Duplicate Testing and Profile Verification
Options for Testing

8.7.1 Selecting a Laboratory

Additional Resources
Attachment A

9 DNA Profile Analysis and Interpretation

91

Parameters for Acceptable DNA STR Profiles

9.1.1 Allele Sizing
9.1.2 Peak Morphology
9.1.2.1 Spurious Peaks (Background, Stutter,
Dye Blobs, Spikes, -A, Pull-Up)

ix

111
113

115

115
116
117
117
118
120
121
123
123
125

127

127
128
129
130
130
130
131
131
133
133
133
134
134
134
136
137

147

147
148
150

150



Contents

9.2 Data Review 153
9.2.1 Evaluation of Controls 153
9.2.2 Evaluation of Allelic Ladders 157
9.2.3 Evaluation of Internal Lane Standard (ILS) 157
9.2.4 Evaluation of the DNA Profiles from Tested
Samples 157
9.2.5 Degradation 158
9.2.6 Allelic Dropout 159
9.2.7 Tri-Allelic Patterns 159
9.2.8 Microvariants 159
9.3 Documentation of Data Review 160
9.4 Case Evaluation, Kinship Screening, and Kinship
Calculations 162
9.4.1 Population Databases 162
9.4.2 Sample Checks 164
9.4.2.1 Elimination Sample Check 164
9.4.2.2 Duplicate Sample Verification 164
9.4.2.3 Amelogenin 164
9.4.3 Reference Sample Validation 165
9.4.3.1 Kinship Reference Samples 165
9.4.3.2 Relationship Verification 165
9.4.3.3 Kinship Simulation 165
9.4.3.4 Direct Reference Samples 166
9.4.3.5 Relationship Verification 166
9.4.4 Personal Item Samples 166
9.44.1 Profile Quality 166
9.4.4.2 Elimination Samples 166
9.4.43 Mixtures : 166
9.4.4.4 Relationship Verification 167
9.4.5 Screening 167
9.4.6 Direct Matches 167
9.4.7 Calculations 167
9.4.8 Incomplete Loci 169
9.5 Kinship Analysis 169
9.5.1 Likelihood Ratio 169
9.5.2  Prior Odds 170
9.5.3 Mutations 172
9.5.4 Unexpected Non-Relatedness 173
9.6  Reporting Matches 174
9.6.1 Special Situations 174

Additional Resources 175



Contents X1

10

11

DNA Sample, Case, and Data Tracking Using

Information Technology Tools 177
10.1 Laboratory Information Management System (LIMS) 177
10.2 Assigning a Reported Missing Case 178
10.3 Collection of Samples from Unidentified Human

Remains 178
10.4 Collection Reference Samples 179
10.5 Tracking the Sample during Testing and Data Analysis 181
10.6 DNA Profile Interpretation and Management 184
10.7 Report Writing 185
10.8 Communication Logs 186
10.9 Security 186
10.10 Quality Control 187
10.11 Work Lists 187
10.12 Maintaining Fiscal Responsibility 187
10.13 Acquiring the LIMS 189
Additional Resources 189
Appendix A 189

Implementing and Maintaining a Quality DNA

Program 195
11.1 Accreditation and Its Role in International Recognition 195
11.1.1  Standards 196

11.1.2  Accreditation Bodies 197
11.1.3  Other Resources for Guidance 197
11.1.4  Quality System Elements 198
11.1.4.1 Organization and Management 198

11.1.5 Document Control 200
11.1.6  Review of Requests, Tenders, and Contracts 201
11.1.7  Subcontracting 201
11.1.8  Purchasing Services and Supplies 201
11.1.9  Customer Service and Complaints 202
11.1.10 Deviations and Corrective Action 202
11.1.11 Control of Records 203
11.1.12 Internal Audits 205
11.1.13 Management Reviews 205
11.1.14 Personnel 206

11.1.15 Accommodation and Environmental Conditions 206
11.1.16 Test and Calibration Methods and Method

Validation 208
11.1.17 Validation of Methods 210



Xi1

12

13

Contents

11.1.18 Uncertainty of Measurement
11.1.19 Control of Data
11.1.20 Equipment
11.1.21 Sampling
11.1.22 Handling of Test and Calibration Items
11.1.23 Assuring the Quality of Test and Calibration
Results (Quality Assurance, Quality Control,
Proficiency Testing)
11.1.24 Reporting the Results
Additional Resources
Attachment A

Laboratory Development

12.1 Laboratory Operations Strategy
12.1.1 Mission, Vision, Goals, and Objectives of
Laboratory
12.1.2 Needs of the Individuals and Organizations with
Interest in the Laboratory Operations
12.2 Laboratory Functions
12.3 Sample Types and Number Estimates
12.4 Laboratory Design and Layout
12.5 Stafling and Training
12.6 Quality Assurance and Quality Control
12.7 Equipment and Supplies
12.8 Validation
12.8.1 Stages of Validation
12.8.2 Guidelines and Organizational Standards
12.8.3 The Validation Process
12.8.4 Testing Methods and Procedures
Additional Resources
Attachment A

Delivering Effective Training

13.1 Defining Stakeholder Learning Needs
13.2 Key Factors for Successful Training
13.2.1 Identify Participants and Schedule Training
13.3 Getting Ready for Training
13.3.1 Training Materials and Delivery Methods
13.3.2 Training Environment
13.3.3 Training Evaluation Methods
Additional Resources
Attachment A

210
210
211
211
211

212
213
214
215

217
217

217

220
220
222
224
224
224
226
226
227
227
227
227
231
231

253

253
254
254
255
255
259
259
259
260



Contents xiii

Attachment B 261
Attachment C 262
Attachment D 263
Terminology 267

Index 283



Chapter

Human Identification
through DNA Analysis

Following a mass fatality, human remains are identified for the purpose of
repatriation, the certification of death, the issuance of legal documents, and
for providing truth and understanding to families. The use of DNA in the
identification process is becoming increasingly common. This chapter reviews
the basics of DNA and provides an overview of the DNA profiling process.

1.1 DNA

Deoxyribonucleic acid (DNA) contains the genes, or instructions, for cell
growth and function. It is found in all nucleated cells in the body. DNA
strands are quite long, approximately 3 billion base pairs. These long strands
are packaged into bundles, called chromosomes, inside the nucleus, as shown
in Figure 1.1.

In addition, DNA is found in the mitochondria, organelles found in
cells responsible for cellular energy production. Mitochondria, as seen in
Figure 1.2, are present in high numbers (100-1,000) in each cell. The mito-
chondrial genome is a relatively small, single, circular DNA chromosome of
only about 16,500 base pairs. However, within each mitochondrion there are
multiple copies of its chromosome (2-10). Therefore each cell potentially con-
tains hundreds to thousands of copies of the mitochondrial chromosome.

Regardless of where the DNA is found in the cell, DNA has a double helix
structure similar to a twisted ladder, with the legs of the ladder consisting of
two antiparallel sugar phosphate backbones. The “rungs” of the ladder are
composed of four different nucleotide bases (adenine, thymine, guanine, and
cytosine) that hydrogen bond into set base pairs. Figure 1.3 illustrates the
base pairing in DNA.

Encoded within the sequence of the three billion base pairs that make up
the DNA of the human genome are the individual genes or instructions nec-
essary for producing and regulating the processes responsible for life. Since
all humans are structurally and functionally similar (one head, two arms, one
heart, etc.), the majority of their DNA is identical. However, there are areas
in the DNA where genetic differences between individuals can be detected.



