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World Trade Center

Two 110 story towers

50,000 workers average week day
Transportation hub - four subway lines
Six basement levels — stores and plaza

Collapse estimated at 130mph

24,000 gallons of jet fuel

Fires burned at 1400 Fahrenheit for over three months
2bn pounds of rubble

2,749 victims, 1549 identified (Feb 2004)










Human DNA Identification




Human ldentification
using DNA

« Simple Tandem Repeats (STRs)

e 13 core loci where the lengths vary based
on the number of STRs
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Human ldentification
using DNA
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Most people think of “Fingerprinting”

13 core loci where the lengths vary based .
on the number of STRs
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Human ldentification
using DNA

Mitochondrial DNA
Matrilineal inheritance
Can also sequence two, hypervariable

regions on the mitochondrial genome

— Not_as specific as STRs but likely to be more ./, \/»
available




Human ldentification
using DNA

Single Nucleotide Polymorphisms (SNPSs)
Approx. 4M SNPs in Human nuclear DNA

Panel of 70 SNPs from Orchid Cellmark

Not (yet) validated for forensic casework




Kinship Analysis calculates the likelihood ratio that
indicates if two people are related. In this example, as
Full Siblings in the Hispanic population. (attr. Dr. George
Carmody)

26-Oct-01 |KinTest® - CODIS 13 Core Loci
ID #1:
R. O.:

Full

/ sibling
RN e 2 Fsib
D3S1358 14 16 0.72
VWA 14 13 10.40 Pchild
FGA 18 26 133.10
D8S1179 12 18 20.55
D21S11 36 28 2.06 Population
D18S51 22 22 0.25 Hisp
D5S818 10 12 0.68
D13S317 10 10 2.73
D7S5820 9 7 2.86 Hispanic
D16S539 10 12 1.12 pop stats
THO1 8 6 0.79
TPOX 12 12 34.33
CSF1PO 12 10 1.24
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Probability that these are full sibs, | 2.1E+06 Erase
divided by probability that two
unrelated people in this population
would share the alleles
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Extreme Programming




Extreme Programming Overview

L BN B " i
— team Interaction overall schedule
eam Practices An XP Room
«Whole team sits together in one room Dynamic pairs write al: E:OIduction code L_' s s i ] [ 3 G ps R o ]_ -
«Work at a sustainable pace ®®E Q- RP It. It. It. Release RP It. It. It. Release
.
+Integrate many times per day e = RP=Release Planning (1-3 weeks)
e Share a common vision and vocabulary It.= Iteration (fixed length, 1-3 weeks)
| 0 O |
eReflect regularly ®® ®® : Release to users every 1-3 months
«Converge on a coding standard i —
g g Any pair can change any code . ] O O
- D - - L
release planning iteration planning
3 F— poir;]ts for (" Release Plan | | ~ e Yesterday’s Weather:
cstomer  4-2index Card|] gaan?d t11t21t311t4 Select as many
"Headline” R ier o || stories points as were
U / e . Cemrn N | a==l=l= = N\ finished last iteration
- 9 :@: ! . —_ m
e if too big
/Q\ Conversations 2T 2N ESjE= g = g
- m
Customer Tests : z \ / TASKS TASKS
e Tied to stories Sg}ggﬁ:ﬁe n pqlnts ; brainsth connect [ sign up |AD connect
per iteration ;
e« Automated Customer selects stories, tasks " -
; most important first s T
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Design Philosophy

e Design is evolutionary and emergent

ePay as you go: Build just enough to meet
today’s requirements

eHigh quality is both a side effect and an
enabling factor

eKeep design as simple as possible (but no simpler)

e The code says everything “once and only once”

programming

Incremental Test-First Programming

Write a test

Implement
just enough to
pass

Cycle takes 5-15 minutes

_ Refactoring
Stepwise design improvement
via safe transformations

Al[B]. . [A][B
f() f()

Example: Move Method

Copyright 2002, William C. Wake All rights reserved.
WiliamWake @acm.org  https/Awwanwixp123.com




XP Timeline

Coding started — November 5% 2001

First demo to OCME — December 6t 2001
First release delivered — December 13t 2001
78 releases since then (to Feb 2004)

2500+ automated tests run on every code change
107 code development cycles







M-FISys

Mass Fatality Identification SYStem




M-FISys Identification Process Foxzrsics
s tolmport ——Pocsig ————Lhoss | oo

X

Search for STR Profile |

Assemble

| Filter Samples |—D Direct Match Worklist
|

STR ia Mini ; — Best Candidates
STRs — Big Mini Analysis | for ID
B E:Elg —> | _ Aggregate Conflict Analysis

Genotyper — Caleulate Likelihood | - | — STR Profile Conflicts

— mtDNA family

7| oo™ 22 data sources

— | Assemble Maoster List l
— Compare 3 | STR Agaregate Profiles = m — | Output Identifcation Fle
@ — Aggregate > | miDNA Aggregate Profiles + 1 s [Soqoncher .
Sample Trackin D t t
@ SHP':’mfiIEs 2 STR/Mito bosed — Yiew Row miDNA a a, C u ra I O n y
.|—’ e — View miDNA Sequences . 5
— Loby o[ | (e not victim

fot Furthes

" o ﬁ“"g - - L] -
— | Microtitre Plate Validation | L ?l',’;';ﬁﬂ';fﬂf“ AA I d e ntlfl Catl 0 n

Kinship Assemble = N e .
Fomily Pedigree )~ | _ ompare —* | Kinship Analysis Kinship Worklist
Family Pedigree Display — Best Candidates

— Aggregote for ID
| . Third-Party Kinship Analysis +
i Family Pedigree Display Ag g re g ate
Reports

— Hard Copy of Master List fO rm atl 0 n a

— Unique Profiles

— Statistics =, . -
~ hudit Tral Adminisirative Review critic a| fir st ste p
Réfeiania — Status of All Date for
Item Collection » | Reference List a Reported-Missing
Information — Parsiial Effects Person
.| — KIN Swabs 1
"1 — DNA Status for
Missing Person (Example data used here)
Remains
Collection ¥ | Remains Collection
Information

— Gridded Map of Disaster Site
— Grid Location for Remains
— Date Recovered from Site

— Filter/Sort Collections




U M-FISy= 6.05-Control Panel-Default

Switch User

Samples found to match each other on
the basis of DNA (or other) evidence




L M-FISy= 6.05-Master List-Default

IW Locate m
=] remt 535 (83
PE-41637-01
[ -27612-01

W-36035-01

Samples: 61

G35

G35

2. 7E+021

2. TE+021
3.8E+020
3.8E+020

2 TE+0M
2. TE+0M

27E+IM
2 TE

|dentified Aggregates: 0

WIRT-
D0 39476 %

WIRT-
S| D01 50349

Rtd# 635: Rhea Elza Leonardo [Chain G1)
tethod: DMA match to Personal Effect

v-50343-02
v-50343-03
(v B5T08-01
V-58956-01
v-98516-01
R 243 (T}
RM# 957 (6]

I

2.9E+009

2.2E+008
1.5E+016
1.5E+016

1.8E+020
1.5E+020

27E+0
2TE+0

2. 8E+018

5.8E+024

Expand All | Collapse All | ™ Hide |dentical Alleles

neg
1819
18M49
18M49
17149

18

E xport

21125
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21125
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219023

Identifiable Aggregates:
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9 Inidentified Aggregates:

289133 .2
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=
=
neg
neg
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| Options. .. |

STR [miDMa ] SWP | Jobs | FB-2065 |




-FISys 6.05-M-FISy= Matching STR Samples for ¥-27

Compared by STR=

() v-27812-01 35E+020 290332
PE-41837-01 2 7E+021 291332
W.01675-01 B.OE+021 291332
4. 36038-01 2 7E+021 291332
Kb 2 FE+021 201332

() v-B5T05-01 1 SE+MG neg

-655856-01 1.8E+020

W-85516-01 27E+0M

] |

Expand Al | Collapse Al ||— Hide Identical &lleles E xpart W Use gender in likelhood [ Hide Mames Print | Optiors... |

sSTR |mtDN.-’-‘«‘ SHP J Jdobs J " Use katch Count i+ Use Likelihood of Shared Loci [ Ignore allelic dropouts
Required matches Minirium likefihood threshold  1.0E+[10 3:

Allowed dizcrepancies




v M-FISys 6.05-Master List-Bob

OmdCt -
D01 0E913

OhAC -
Dh003939

ORC2-
DhA003939

[FElrmi 8333
Elr 1103
[ERM#1149
[FIrmi 1444

Erne 1213
A 0 |
Expand Al ‘ Collapse Al |

16037

16069

16093 16126 16240

16247

16261 16274

Compared by STR=

_

16355

16356

Refresh Heeded

41403 2.8E«014
444103

B/B/03

152

16129

16223

16124

Copy
Dpen in new window

Flaw rito data...
Yiew Mo Sequencelz]

PE anhd Fin Matches

24

b.1

16148 168172 16223

16278 16293 16294

16223 73 146

16278

16309

152

T
T
16358
326
16311 16362
16311 16368

263 3151

[ Display In Bt Order

73

73

[ Hide Mames

AR | BE | S

204

250

263 3154

5

| Options... |

Frint

5TR miONA [ SMP | Jobs | Fe-2065 |




Q Sequencher =]

File Edit Select Contig Seguence “iew ‘Windows Help
@Heference -15996_618 vz Consensus O] x| |_|

ﬂ Export s Text | Graph | ﬂ Dvewiew‘ Summar_l,l| EutMap| Find | Show Ehrumatngrams| Helplnsert| HeIpHepnsitiDn|

21 differences between ¢ 38| 267020500023288_D6_C1-D6_357016000390012_r
Reference -15996 615 and The consensua. | 3 Reterence -15996_813 CTAAGATTCTAATTTAAACTATTCTCTGTTCTTTC
I 357030500023285_C1_C1-D6_357016000394622 _f
LEGEND: 1B 357030500023285_01_C2-01_367016000391 167 r

Pos - Offset in Reference -15996_f18. 3| 357030500023288_C3_C3-D1_35701600030437_f
deq - Baze in Reference -15396_6l8. |E4fmg bases selected at consensus position lisoon licoin licozn 1
Con - Base in the consensus. 16,037 TTCTCTGTTCTTTCE

Fecquired Edit - Change needed in Reference
-15996_ 6815
to match corresponding base in the consensus.

Seq Con Fequired Edit

367030500023288_B2_A1-B2_357016000390782 r Fragment base #16,037. Base 21 of 2
C T T T CA 7T GGG GHEAAL G C A& G A T
d AA A 4 T AR IT11T 1T T 14 T 1TTA

16,037 Change

A
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Compared by SHPs

Rhi#t 263
Elrnt 535
PE-41537-01 2. 2E+032

- 36035-01 28E+03

W-48612-01 9 7E+029

-

W-39476-01 1. 7E+006

Elrm# 7oz

W-855815-01 22E+022 "
« o
Expand Al | Collapze All | Export [~ Hide SMP colors [ Hide Mames Print | Options... |

STR | mtDMN&  SMP | Jobs | FB-2065

PE-96357-01 23E+035

W-50054-01 23E+035

V-BBE03-01 33E+027

W-17499-01 1.5E+022




U M-FISy= 6.05-Control Panel-Default

Gene Codes Forensics, Inc. Switch User
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[ — ‘Sampie Tracking ﬂ"'-"b' Inspect Data

Samples available for DNA analysis




i M-FI5yz 7.00-Reference Samples by RM-Default

Beported Mizzing

| - |Hamld Moz Abhidhar Member of Service |

J Matification Status |
-

Reference 5 amples D Status |

Perzonal Effect Samples eI R S |

Tupe | Source | [bemn # | Sample Marie | # of Loci | mtDMA Length | H of SMP:

[ Toothbrush: PE Albary 1 CORE-FPE-034070-01 16 : 71
O PE-34070-0 16 : 71

Ein Samples
Tupe | Source | [bemn # | Sample Marie | # of Loci | mtDMA Length | H of SMP:

O Buccal BM &bty o CORE-BM-02017 #OO 16 B33 71

O BM-02017 #00 16 633 71

O Buccal BD &lbary CORE-BD-05707 #02 16 : 71

O BD-05707 #02 16 : 71

[ Buccal: FR &lbaty CORE-PR-07132 #03 . . 71

O PR-07192 #03 . . 71 ﬂ

[ Hide Mames 01Dl Lisk | Print

B Wiew | List View




U M-FISy= 6.05-Control Panel-Default

Gene Codes Forensics, Inc. Switch User
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Family relationships of victims




e M-FISyz 7.00-Family Display-Administrator

Eamily FPrafiles

H7E 7 VIRT-
| J OMO1116732 Bm-01651 #01 BU-51601#01 BU-64642#01 BS-51602 #02

Hictim Fen A KA A Y AN

Wﬂ D351358 15 14416 15 16 1516
- A, 17/19 19/20 17/19 1719 17
DT Do B FGA 22/25 22125 22/25 22/25 22
YIRT-DMO401 141 DE31179 14416 14 14116 14116 14415
VIRT-DMO714771 021511 722 28/32.2 2.2 722 /32,2
ULy 018551 17/18 18 17/18 17/18 17/18
: .| D55818 12/13 /13 12/13 12/13 12¢13
VIRT Dhinon2zer =l e 12714 1714 12714 12114 12/14
! 075820 g 8/ a a /11
0165539 9/14 9/14 9/14 9/14 9/14
THO1 7 7 7 7 B/7
@ — TPOX B3 £/ B3 B3 B
CSF1PO 812 214 a/12 /12 9/12

Pedigree

FPenta D B/S neg heg neg B/

Penta E 11 neg heg neg 11415
S min LR to % 1.4EH23 2 7E+HIOR 8. 9E+108 8 9E-+103 2 0E+O7
|dertification Method rr [

add!| pieces

Reported  &djusted K.inzhip work, List |




U M-FISy= 6.05-Control Panel-Default

Gene Codes Forensics, Inc. Switch User
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Quality control and other data curation tools




7% mtDMNA Plate QC

CO0003536-5SND
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