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Human Identification Software for Missing Persons, Scalable
for a Mass Fatality Incident: Building on Lessons Learned Over
the Course of a Major Disaster Victim Identification Project

HOWARD D. CASH' and MICHAEL J. HENNESSEY
Gene Codes Forensics, 775 Technology Drive, Suite 100A,
Ann Arbor, MI 48108, USA

A Disaster Victim Identification [DVI] project following a Mass Fatality Incident [MFI] has
many similarities to the general problem of managing a missing persons identification effort.
In fact, a broad missing persons program can be thought of as a mass fatality that takes place
over an extended period of time. The forensic biologist is concerned with certain specific
issues. Unidentified remains may be collected in varying degrees of biological compromise.
Highly degraded samples may not be amenable to conventional short tandem repeat [STR]
analysis and will require more sensitive testing such as mitochondrial DNA [mtDNA]
sequencing or even Single Nucleotide Polymorphism [SNP] testing. Profiles generated from
any or all of these techniques must then be compared to ante-mortem exemplars from the
decedent or kinship exemplars from close relatives in order to make an identification.

The Mass-Fatality Identification System [M-FISys, pronounced like emphasis] is an extensive
software system developed to support the Office of Chief Medical Examiner in the City of
New York following the World Trade Center [WTC] disaster of September 11, 2001. It
combines STR, mtDNA and SNP profiles to support identification through both direct
matching and kinship analysis. Samples can be tested multiple times and results combined to
fill in missing loci with an audit trail back to each original analysis attempt, and all samples
can be compared to each other simultaneously. Likelihood statistics are automatically
generated for individual profiles as well as for complex pedigrees, and the analyst can annotate
samples as the investigation progresses. Quality Control tools have been developed to detect
non-obvious sources of error such as co-mingled remains and kinship swabs that result in
inconsistent pedigrees. Extensive data browsers track each missing person and the exemplars
available for identification. Tools are provided to augment the Administrative Review process
needed to confirm the authenticity and chain of custody for those exemplars.

The next generation of M-FISys is designed to manage a large scale missing persons effort, but
is engineered to be scalable for DVI if needed. While the WTC effort largely restricted family
exemplars to first order relatives [parents, children, full- and half-siblings], this enhanced
system can handle pedigrees of arbitrary complexity and does not rely on a particular sample
naming convention to encode family relationships. Profiles can serve multiple roles, such as a
personal exemplar from one decedent acting as a family reference for another, or one buccal
swab being used as a kinship reference for multiple related decedents.

The WTC identification effort will be referred to as a source of important experience and
lessons, but will not be discussed extensively in this paper or presentation. For more
information on that effort, please see

http://www.promega.com/geneticidproc/ussymp13proc/contents/hennesseyrev1.pdf

and
http://www.bio-itworld.com/archive/091103/soul.html

" To whom correspondence should be addressed: howardc@genecodes.com
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1 Background

Emergencies can oblige the community to respond to urgent needs with the
development of innovative and technically pioneering solutions. Remedies and
responses may be implemented on an emergency basis, but in an ideal world, they
will be refined and extended for future use once the crisis has passed. After
September 11, 2001, the first generation of the Mass-Fatality Identification System,
M-FISys was developed in response to the disaster at the World Trade Center
[WTC], to meet the needs of forensic biologists in New York City.' Tt is
understandable that a new generation of tools might have been needed to manage
the DNA data in a disaster with over 2,700 victims and approximately 20,000
highly compromised and co-mingled human remains:* Previously existing tools
were not developed with this kind of application in mind. Furthermore, with so
many scientific advances entering the forensic lab every year, there was little
motivation to allocate the resources needed to create this kind of advanced software
technology in the days before 9/11. But now that that technology has been
developed and validated in one of the most complex forensic investigations in
history, a failure to extend the system for conventional casework would be remiss.

M-FISys combines STR, mtDNA and SNP analysis (both direct matches to
personal effects and kinship matches to family references), along with a rich
collection of meta-data, Quality Control tools, calculations of likelihood statistics,
and Administrative Review’ functions. Integrating such a broad array of analysis
tools was an ambitious undertaking; It was entered into with a design philosophy
and goal of enabling a trained forensic biologist to organize and sort through large
numbers of profiles and supporting data expeditiously, rather than building a
program that would try to replace the scientist by autonomously making
identifications. It can be used as a stand-alone application, but is more valuable in
its client-server configuration, allowing several forensic scientists to work with the

! M-FISys was developed by Gene Codes Forensics, Inc. under a contract with the City of New York, but
includes technology developed by Gene Codes Corporation over the past sixteen years. Under the terms
of the contract, “All ... middleware, new software and modifications of Sequencher [are] the exclusive
intellectual property” of Gene Codes Forensics, Inc.

2 Cash HD, Hoyle JW, Sutton AJ. “Development Under Extreme Conditions: Forensic Bioinformatics in
the wake of the World Trade Center Disaster.” Pacific Symp Biocomput. 2003;:638-53. PMID:
12603064

3 World Trade Center and DNA Identifications: The Administrative Review, Mike Hennessey,
Thirteenth International Symposium on Human Identification — 2002
http://www.promega.com/geneticidproc/ussymp13proc/contents/hennesseyrev1.pdf
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data simultaneously.* Today, M-FISys continues to be enhanced to meet
identification needs of the WTC effort after over three years of work. A separate
initiative builds on that experience to develop equally advanced tools for managing
broad missing persons identification efforts.

2 Differences Between Disaster Identification and a Missing Persons Systems

A missing persons program for a forensic biology lab has many similarities to
certain Disaster Victim Identification [DVI] projects, as well as distinguishing
differences. In both a missing persons investigation and a DVI response, the
forensic scientist will try to match the DNA profiles of unidentified human remains
to the reference samples of the person(s) reported missing or presumed killed. A
disaster such as an aircraft crash can present the data analysts with a closed
population set. This may allow certain identifications to be made by exclusion. The
population of a massive disaster such as the WTC may never be provably closed,
and an immense disaster over a wide area, such as earthquakes in Mexico City
(1985, estimated 10,000 fatalities®) and Turkey (1999, more than 17,000 fatalities®)
can result in a definitively open system. A broad missing persons program deals
with an open system. and technology needs to recognize and support that fact.

A primary difference between a DVI project and a Missing Persons Program is
that missing persons accumulate over an indeterminate period of time, whereas a
disaster is thought of as a discrete (if not instantaneous) event. In practical terms, a
missing persons system will continue to receive new input data indefinitely. In
California alone, there are more than 2,100 unidentified remains (dating back to
1959) and more than 3,000 long-term missing persons (dating back to 1972).
There is currently no universally mandated protocol for sharing DNA profiles
between all States in the USA. Until this is addressed, jurisdictional barriers will
inevitably prevent some identifications from being made.

* At the New York City Office of Chief Medical Examiner [OCME], M-FISys is typically used
simultaneously by six to eight analysts and management personnel. The database architecture is based
on Microsoft’s SQL Server and can thus be expanded by buying additional SQL Server licenses from
Microsoft.

> “Earthquake Damage in Mexico City, Mexico, September 19, 1985,” National Geophysical Data
Center, (National Oceanic & Atmospheric Administration);
http://www.ngdc.noaa.gov/seg/hazard/slideset/3/3_slides.shtml

¢ “Turks mourn on anniversary of earthquake,” CNN, August 17, 2000;
http://www.cnn.com/2000/WORLD/europe/08/17/turkey.quakeanni/index.html

" May 2003 letter from John Tonkyn, Convicted Offended DNA Databank Program and Missing Persons
DNA Program, State of California Department of Justice.

8 MJ Hennessey and HD Cash, The Disaster Classification Matrix: A Method for Quantifying Responses
to Mass Fatality Incidents; Work in preparation.
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A missing persons case is triggered when either unidentified remains are
recovered or a missing persons report is filed. That is, the ante mortem or post
mortem data collection is usually the starting point, not the disappearance itself.
Thus, while a DVI follows a linear path, missing persons cases have numerous
starting points and often lack terminal events. This contrast with an MFI has distinct
implications for both information handling strategies and for the setting in which the
ante mortem collections take place

One agency is usually (but not always) responsible for collecting both the ante
mortem and post mortem data in a DVI. The opposite is usually the case in a
missing persons investigation as the agency where the missing persons report was
filed is often not the same jurisdiction where the remains are found. This may have
a significant impact on data management: The integration of the ante mortem and
post mortem information is typically more manageable in a DVI precisely because it
is located within one jurisdiction.

From a data management perspective, materially important information kept in
an electronic system needs to be preserved like records kept in a laboratory
notebook or entries into an accounting system. It is tempting to use technology to
allow operators to modify entries when an error has been detected. However, it is
helpful to remember that every piece of incorrect information started as data that
someone believed was accurate. Wholesale changes of data are bound to introduce
new errors in some instances, and it is important that an audit trail be kept of all
modifications so that they can be reversed if needed, and justified if accurate. M-
FISys requires that each operator log in with a password-protected account, and
changes in data (correcting allelic drop out, marking contaminated samples as
invalid, etc.) must be annotated and electronically signed. M-FISys is not a
Laboratory Information Management System [LIMS] but the Administrative
Review process is supported with tools to track all samples (remains and
exemplars), analyses that have been performed on those samples and problems that
have been encountered. These tools may detect data collection mistakes, but those
errors must be corrected in a structured, formal way. A system that allows certain
privileged users to override this discipline is doomed to exacerbate the very
problems that that privileged user is trying to correct.
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Finally, one of the most significant differences between a DVI and missing
persons case is the crisis environment associated with the MFI. Learning a new set
of data management tools in the middle of an emergency creates avoidable delay,
and adds stress to the experience of the forensic scientists who are very much on the
front line. Surely it is helpful if the tools used in an MFI under crisis conditions are
the same tools used by those scientists in their regular case work and missing
persons management.

3 Software Design Issues

Certain criminal investigation and missing person identification databases are
organized by design to take an unknown sample and compare it to all available
reference profiles (e.g., known persons and unidentified crime-scene samples). M-
FISys supports such unique-profile searches but adds the ability to perform a
rigorous all-against-all comparison of all available profiles. This has the dual utility
of aggregating multiple remains with the same profile (an important feature for
working with an MFI such as an aircraft accident with highly fragmented bodies)
and allowing all remains to be compared to all reference samples (e.g., all
exemplars provided by families of reported missing persons with profiles from all
recovered remains).
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The M-FISys control panel divides interaction with the program into functional
sections, based largely on how forensic staff might typically be assigned in an
extended project. This allows new team members to quickly become effective
contributors without having to learn the entire system. The main buttons access
functions that might be used on a regular basis, while “Admin” buttons access
additional functions that would be used rarely or would be used once in a typical
session and can subsequently be ignored (such as loading a batch of new data or
creating an account for a new user).

{ﬂ sl s oo e E LV e a il [ Vet ey as eV EyT DN DR W T I J _]a

&

Admin >

An important objective of the M-FISys design is to minimize hand entry of
data, where human error can introduce problems that will be hard to detect by
automated review. STR profiles can be read directly into M-FISys electronically
without keying in information by hand.” mtDNA profiles can be loaded directly
from Sequencherlo and SNP profiles from electronic tables prepared by Orchid
Biosciences. STR profiles can also be exchanged between M-FISys and CODIS,
and work is underway with SAIC to establish a standard for exchanging mtDNA
between Sequencher and a yet-to-be-released version of CODIS that is expected to
begin supporting mitotype data.

The extensive functionality in M-FISys is a double-edged sword: Information
overload is a problem that is always considered during the design process. While a
major disaster might require that all techniques available be brought to bear on the
identification process, a Missing Persons program in a particular jurisdiction might
focus on basic techniques unless a specific case requires a more aggressive
laboratory approach. Furthermore, different interpreting analysts within a forensic

° In the case of the WTC effort at the New York City Office of Chief Medical Examiner [OCME], initial
data was exported from CODIS and loaded electronically into M-FISys. When the CODIS step was
retired from the WTC process, data was transferred from the GenoTyper™ program from Applied
Biosystems (Foster City, CA). Elaine Mar, OCME Criminalist / Supervisor, World Trade Center DNA
Identification Unit. Personal communication.

' Sequencher ™ (Gene Codes Corporation, Ann Arbor, MI) is a widely used program for general DNA
sequencing, first introduced in 1991. In 1997, a specialized “forensic build” of Sequencher was
developed for mitotyping at the request of the US Armed Forces DNA Identification Laboratory
[AFDIL]. In this paper, the term Sequencher refers to the forensic build of Sequencher unless otherwise
noted. Sequencher screen images in this paper are all taken from the forensic build.
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lab may have different areas of expertise when reviewing DNA profiles. M-FISys
allows STR, mtDNA and SNP profiles to be reviewed independently, while
maintaining referential integrity between different assays performed on the same
sample. Quality control functions alert the operator to discrepancies between the
different assays.

STRs are the most commonly used DNA profile, and the master match index
defaults to an STR-based view. The first three tabs in the lower-left corner of the
window (see arrow) allow the analyst to move between the STR-centric, mtDNA-
centric and SNP-centric views of the data.
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To orient the reader, each line represents one victim (missing person) with an
associated unique “RM” number (RM stands for “Reported Missing”). The
highlighted profile shows a simulated STR profile for a fictitious person named
Wade Dexter Genesh, RM #325. The profile includes the 13 core loci (plus gender)
used typically by US law enforcement, plus the Penta-D and Penta-E loci from
Promega’s PowerPlex® 16 multiplex STR system.'' (M-FISys can be configured to
support other STR markers as well, such as Y-STRs and loci used by Interpol/FSS.)
The identifier in the left margin reads “RM# 325 (21)”. The number 21 in
parentheses indicates that this line represents an aggregate of twenty-one separate
items with the same profile, for example, a reference exemplar plus 20 individually
collected remains from the same person.

A mouse click on the turnstile discloses the substituent samples with their
profiles.

! Promega Corporation, Madison, WI; www.promega.com
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The first line in the aggregate (VIRT-PE-067466-01) is a “virtual” profile'* of a

Personal Effect [PE].

In this case, it represents two attempts to extract a DNA

profile from a toothbrush that belonged to the missing person. Clicking on the
turnstile for this sample would expose the individual attempts to type the item. You
can see that even after two attempts, it was not possible to collect a full profile. The
D8S1179 locus is listed as ‘neg’ in the composite or “virtual” profile.
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All the other samples begin with ‘V—*, indicating that they are victim samples,"

and each sample shows two different values in the likelihood column.

In the

highlighted row (V-0460401), the upper likelihood (2.2 x 10'*) is a measure of how
unique this profile is based on a defined population statistics database. The lower
number (2.0 x 10") only counts those loci that overlap with the exemplar. Since the

12 Cash HD, Hoyle JW, Sutton AJ. “Development Under Extreme Conditions: Forensic Bioinformatics in
the wake of the World Trade Center Disaster.” Pacific Symp Biocomput. 2003;:638-53. PMID:
12603064

!> The naming conventions, such as “V-* prefixes for victim samples, are not required by the program.
They are conveniences for the purposed of our internal Software Quality Assurance process and are
maintained here to make examples easier to describe in the narrative.
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personal effect has no data at the D8S1179 locus, this likelihood value is slightly

lower.

Clicking on the mtDNA tab brings forward the mtDNA-centric view, with the

same individual (RM#325) selected.
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The program follows the accepted convention for displaying the mitochondrial
sequence as a list of the nucleotides and base positions where the sequence varies
from a reference sequence (the reference, such as the Anderson Sequence, can be
specified). An insert, such as the common extra “C” after base position 315 is listed

as “315.1 C”.

For matching purposes, the program tolerates errors in

nomenclature for equivalent variants such as the extra C in the poly-cytosine region

being reported as “314.1 C”.

Raw mtDNA sequence data can be viewed and reviewed by an analyst trained
in mitotyping. In the image below, the left window shows a highlighted variation
from the Anderson reference. At position 263, this individual types as “G” whereas

the Anderson sequence has an “A”.

To the upper right, this difference is

highlighted in the aligned sequences (the Andersons Sequence is outlined with
primer sites highlighted in color), and raw electropherograms of the forward and
reverse sequencing reads are shown below. M-FISys presents this review of raw

data by launching the Sequencher program on the same computer.
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The SNP-centric view of the data shows profiles as a list of well characterized,

bi-allelic SNPs.

This data is simulated but uses the same panel of 70 SNPs

developed by Orchid Biosciences for the OCME’s WTC DNA Identification Unit."*
Just like STR profiles, these samples can be compared one at a time against the
database or a complete all-against-all comparison can be performed. Match
statistics are provided, but the color coding of loci as TT homozygotes, CC
homozyotes, or TC heterozygotes makes it easy to see the accuracy and fidelity of

the matches with the naked eye.
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4 An Example of Integrating Data Views: Using mtDNA As a Screening Tool

' Dr. Robert Giles, Orchid Biosciences; Dallas, TX. Personal Communication.

10
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For forensic Missing Persons databases, some in the scientific community
advocate a protocol whereby mtDNA profiles would be used as a first-pass
screening tool for data matching purposes, followed by more commonly used STR
testing for potential matches. It is well established that mtDNA profiles of the
hypervariable HV1 and HV2 regions lack the discriminating power of STR profiles
at the 13 loci used in the United States, but in highly compromised remains, mtDNA
may be more readily extracted in usable form. We offer no contribution to the
debate on the efficacy of using mtDNA as an initial screen, but tools have been
developed in M-FISys to support this approach, comparing STR profiles based on
candidates derived from mtDNA matching.

In the figure below, missing person number 8887 has been selected in the left
most column. The next column to the right lists all physical remains that have been
tested and shown to have consistent mtDNA profiles. Since mtDNA sequences of
the HV1 and HV2 regions are inherently less discriminating than complete STR
profiles, we would expect some of the mito matches to be merely coincidental. In
fact, some of the adventitious matches are from remains that have already been
shown (by STRs or other methods) to be other individuals, such as RMs 6620, 6666
and 6674, highlighted in yellow."” The mitotypes for the two available siblings are
shown at the bottom of the window. Note that there is also a personal effect
available for this decedent.

"It is a convention in M-FISys to “yellow flag” items with data conflicts by highlighting them in yellow.
In this case, a search is being done for mitotypes that match RM 8887. Samples that match by mitotype
but have otherwise been assigned to other RM identifications are not excluded from the display, but
merely highlighted. This allows the QC team to continually search for errors in prior work.

11
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Like the master list, this window has tabs at the bottom that allow a forensic
scientist to move back and forth between STR—, mtDNA — and SNP—centric
views (in this case, no SNP profiles are available so there are only two tabs in the
lower left corner).

In the next view, the user has clicked on the STR tab. We are looking at the
STR data for the same case at the bottom of the window. Of all the candidate
mtDNA matches, the top item (OMC1-DMO0163564) is selected and its STR profile
is shown (red arrow), along with the profiles of the siblings and the personal effect.
Note that only three out of seven overlapping loci match between the partial profile
available from the human remains, and the personal effect. The matching loci are
circled in red. But the remaining four overlapping loci (circled in green) show that
in each case, a homozygous value in the tested tissue matches one allele in the
heterozygous exemplar. Considering the degraded conditions that lead to the partial
profile, it is reasonable to aggressively re-test the sample to see if the missing loci
may simply be examples of allelic dropout. Neither the mtDNA nor the STR
profiles gave enough information to make this a strong investigative lead, but by
combining the two techniques, a new positive match is possible.

12



As distributed, Jan 19, 2005, to the
members of the TTVI Scientific
Advisory Subcommittee, Phuket Thailand

PRE-PUBLICATION DRAFT

LI bys 6P 08I0 by R Gash)

HEE

Reported Missing | RM Summary for: D=== L= A==
& wictim mDMa Samples

= [RM| ID

OMCT DMOTE)
(M1 -DMT16 3864
OMC1-DMO163112
OMCT DHOTE3158
OMC1-DMO1E 2125
OMET DMOTE 2305
QT DMOIE3085
OMC1-DMO16 3950
0T DHOTE3792
OMC1-DMO16 3218
OME2DMOT63822
OMET DHOTGISES
OMC1-DMO161857
OME] DMOT01950
0hE2 DHOID3757
OMC1-DMOT118E7

Personal Effects.
#Loci |

Exemplar Status

5 |0 T—

[~ Hide Identfed RMs [~ Hide Evcluded Victime

O I N KN
VIRT-
DMO163564

o
T e | G | vt | e
Y GD s nes
g ns a2

i XK 14H7

2564010

a7 887 29E+0M8 134 28502

3N902 8887 18ELOIS 1407 2008

Expand Al | Collapse Al | ™ Hide |dentical Aleles

by Rﬁ

1314 302622 1485

@ ®

14

134 2822 1408

A The database conlsin 44 reference samples within 43 RM oroups that putatively match the chosen exemplar (BL1-03088 HO1).

12013

neq

1014

12

T M -
wna G e o1 1o - .
@@ = e

a1 a9 12 @e3 e 10M3

iz

12 s@3 BE 102

[ Use gender in lkelihood

[ Hide Hames Piint Options.

STR_ | miDNA

5 General Kinship Analysis

For simplicity, most technologies above have been illustrated using direct matches
between remains, or between remains and personal exemplars. The missing persons
implementation of M-FISys can perform sophisticated kinship analyses on

arbitrarily complex pedigrees.

In the window below, all available missing persons are listed near the top left
corner in a scrollable list by RM number. This can be searched by a number of
criteria, and in this case we have searched for reference to a fictitious missing

person named Martin Shelby Adonia, RM #66.

In the pedigree drawing, the

missing person is in the node marked with a V (for “Victim”) and there are three
family exemplars available: Mother, full sibling and a son.'® There is a fourth
family profile available and it is listed in the right-most column as PR-07612#06.
In this simulation, we are assuming that we cannot confirm the relationship of that

person to the victim.

' The program alerts the operator if a reference pedigree is internally inconsistent. For example if the
reported full sibling in this pedigree had a profile inconsistent with being a child of the reported mother,

the program would alert the user to the conflict.
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Once RM #66 has been selected, the ‘Victim List,” immediately below, is
populated with all of the candidate profiles that can fit into the kinship specified.
The forensic scientist can click on any of the candidates and review the kinship.
Below each profile is a likelihood value. Initially, this is not related to the kinship
likelihood ratio, but rather just shows a measure of the rarity of that individual

profile in the specified population.

[“.}Fljp G = GEF ol Uit - Usferile = 6 Weteniien o Uspnio fur 50 ) HE=EER
Fams Profiles
Bnhl-08648 #08 BU-03812#05 BS-08752#02 PR-07E12 #06 -
Locate [Name — ~| PE-087755-01 w
BM Mother Sikling Child Other
® 7] Gen XY Py e P e
5 = D3s13m 1246 16417 1517 12014 14415
57 WA 1821 17418 17418 17/ 17418
= [ FGA 21423 23025 21425 21423 23028
DES1179 1345 1315 1315 12413 12418
M TRm | D2Istt 28£31 33 2 29431 2% 29437
e 018551 13 13118 13 13 13721
My DESEIG 10412 10412 10 10412 /10
VIRT DMOTES533 D135317 710 1041 711 713 1043
2954001 75820 1041 14 1041 112 142
V713601 D165539 1041 10411 i 1002 142
5538101 THO1 838 838 838 8383 7/9.3
VIRTDMO138715 TPOX 812 812 8 812 8
VIRT-DMN 35638 CSFIPO 11412 113 12113 10411 10112
VA3 Panta D 510 ] 510 511 11412
Penta E 1246 12418 1207 12415 12415
Adjust Minimum -
1.0E 8 EI
Wt Vet - Likelihood 1.1E+024 1.1E+022 1.9E+022 21E+024 1.5E+022 =l
P min LR to % |
- __
STR SNP
Identification Methad
unidentified
FReponed

Once a sample is selected from the list of candidate matches, a great deal of
additional information becomes available. In the next view, sample V—0377501
has been chosen. The mother node has been clicked, so all alleles shared between
the postulated mother and victim are highlighted in red. In this case, there happens

to also be a personal effect reference available (PE-0877555-01).
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VA3 Panta D 510 510 ] 510 511 11412
Penta E 1246 1246 12018 1207 12415 12415
Adjust Minimum | e |
Wt Vet - Likelihood 1.1E+024 1.1E+024 1.1E+022 1.9E+022 21E+024 1.5E+022 =l
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There is now a second row of likelihoods under the individual profiles. Under
each kinship exemplar is the likelihood ratio [LR] of the specified relationship to
the proposed victim. For example, the LR that

profile BM-08648#09 is from the biological | -
mother of selected victim sample V—0377501 Pt 72
is 1.9 x10°. Under the victim sample is a .
posterior probability (expressed as a percentage pestass e
to distinguish it) that this victim fits the entire i T
pedigree. If there is a need to see how this o g
“overall” likelihood was calculated, the user i1 e
can click on the Show Equations button in the bt o .
lower right corner of the window. . pr
2P+

Not all cases are so trivial and may require osn 2L
some expert manipulation by a geneticist to sreen ret
tease out the most valuable information. Recall & |

that in our example there was one profile where
the relationship was not known. By inspection, a forensic biologist might
hypothesize that the swab came from the wife of the victim. The profile can be
assigned to the relationship of victim’s spouse.
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Save Pedigies Show Equations

At the bottom of the pedigree drawing, note that there are now two tabs,
allowing access to both the original REPORTED pedigree and the user-ADJUSTED

pedigree. By highlighting the Child node, C,
the alleles contributed by the proposed victim
(father) are highlighted in red. The remaining
alleles are all consistent with PR-07612#06,
now labeled “Spouse,” being the mother of
that same child. The posterior probability
does not change appreciably in this example,
but the equations used to calculate that
probability are slightly different. In cases
with few kin referenes, this ability to reassign
mislabeled kinship profiles can be the
difference between a correct identification
and none at all.

6 Assigning Multiple Roles to Samples
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In many disasters, it is an expected tragedy that more than one member of a family
may be killed. This situation may not be as common in a missing persons database,
but certainly, it can be expected to occur. This creates a situation where 1)
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identification pedigrees for related decedents may overlap and 2) a sample may
serve multiple roles. For our purposes, the “role” for a profile can be one or more
of the following

o Remains (identified or unidentified)
o Direct Reference to a missing person
o Kinship Reference to a missing person

For example, if a mother and child are both among the missing persons, then a
direct reference for the mother (for instance, a DNA profile from her toothbrush)
can also be used as a maternal kinship reference for the child. If two brothers are
listed as missing and one is identified by non DNA methods such as dental
matching or fingerprints, then a DNA profile from that person’s tissue can also
serve the role of a kinship reference for his sibling.

In some historical cases, the issue of multiple roles was obviated by duplicating
samples. For example, this approach was used in some cases during the WTC effort.
An example of this would be taking multiple swabs from the same mother to be
used as exemplars for each of her missing children.'” For use in missing persons
databases, we have established a process for designating multiple roles for the same
profile.

In the case below (simulated), the remains labeled V-04604-01 were originally
identified through dental records as missing person #325, Wade Ganesh. It happens
that Wade is also the father of missing person #365.

M-FISys 7.12 - Master List - Default - C:\Databases\Demo copy.mdb

e[ =

O I
Elrni 325 29) 1364020 6 X¥ 17 18 2@8 13 2529 12HB A2 M3 9M0 92
VIRT- 15
PE—UB'MEB'U'] 325 1AE+020 _ s Ky 7 16 2028 neg 2529 1218 1112
V-19180-01 1n3m wms SEEE O [Method dental 13 2% 1218 11HZ
W-22150-01 12130 325 1 35:3;3 @ i3 = Ky 7 16 2028 13 2529 1218 1112 ™3 810 anz2
WIRT- 2BE+OT1 (2] 8
E2 R, &= (et Tgw o neg neg neg 2523 1218 rneg L) armn anz
v inam e 280 © B vy e 4r  wom  en  nen %R e ez omn amo Jj
4 »
Expand Al | Colapsel |7 Hids Ientical Allsles Expon | ™ Use genderinlieliood [ Hide Names it Optins...

TR [mona | shP | Joke | Fe-208s

Thus, the STR profile from these remains can be assigned the additional role of
Father exemplar to missing person #365. Sample V-04604 is selected and a new

7 Michael J. Hennessey, presentation at 13th International Symposium on Human Identification — 2002
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Kinship role is specified, saying that the new relationship will be with missing
person 365. The following relationship editor appears.

Kinship Role Assignment 3
Select new kinship role for Y-04604-01 Pedigree for RM 365
OO OO C 25
0 o o o

T [ emomo

gggoiﬂ ol e O

o
o

Fevert | Ok Cancel

On the right, we show all the relatives that are currently available for person
365. Note that the Father, also a decedent, is not yet available for typing.

The green node marked “V” is the victim or missing person, 365. The left side
of this window can be thought of as simply a palette or menu for specifying the new
relationship role for sample V-04604-01. By clicking on the father node (indicated
by the arrow in the picture below), the profile will be added as a father exemplar for
sample 365, as shown in the right side of the same window.

Kinship Role Assignment. E

Select new kinship role for V-04604-01 Pedigree for RM 365

s %8 O—m

ol o ol o
\AD

T [© emomO

ggg%} o o o

o
o

Fevert Ok Cancel

18



As distributed, Jan 19, 2005, to the PRE-PUBLICATION DRAFT
members of the TTVI Scientific
Advisory Subcommittee, Phuket Thailand

Had a different node been selected from the palette, for instance the victim’s
son (indicated by the arrow in the next figure) the pedigree for missing person #365
would have updated differently, as shown.

Select new kinship role for Y-04604-01 Pedigree for RM 365
oo ohOl
8 ¢ 0 ©
OO/ Do

Fevert | Ok Cancel

7 Summary

It is said that necessity is the mother of invention. Tools developed for the New
York City Medical Examiner in the wake of the World Trade Center disaster
necessarily advanced the state of the art in forensic human identification.
Information management tools were only one part of that advance, but they are a
critical component that can be redeployed for use in other investigations. The effort
to identify 2,749 victims has constantly been challenged with new problems to
solve. Many of the solutions are applicable to the general problem of identifying
John Doe remains and matching forensic profiles to missing persons exemplars.

We have not tried to describe every aspect of M-FISys, nor to share every
lesson learned over the course of this project. When asked to extend our work to
build a Missing Persons identification program that can be scaled up for a disaster,
we recognized certain key elements as basic requirements. These included

=  Handling multiple testing technologies (STR, mtDNA and SNPs)

=  Combining those technologies so that the information is accessible, without
overwhelming the analyst.

=  Supporting an administrative review of meta data
=  Keeping an electronic audit trail of analyst-initiated edits

=  Collapsing matching identical profiles to reduce the amount of data being
reviewed
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=  Providing access to primary laboratory data

=  Supporting a protocol of screening matches on the bases of mtDNA profiles
= Performing complex kinship analysis, and

=  Allowing profiles to serve more than one identification role.

We know that there will be future disasters, be they natural or man-made. And
even today there are missing persons whose remains have been found around the
world but who cannot yet be named. One can only hope that out of the disaster of
9-11 comes new knowledge and technology that will bring some comfort to future
families touched by tragedy by bringing their loved ones home.
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