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Outline for Workshop

* Introductions

* STR Analysis

* Introduction to CE and ABI 310

» Validation and Interlaboratory Studies

» DNA Quantitation by Real-time PCR and miniSTRs

» Stats and Higher Throughput Approaches
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Technology Administration, U.S. Department of Commerce

* Y-Chromosome Analysis
* Troubleshooting the ABI 310
» Review and Test

Statistics

How Statistical Calculations are Made

» Generate data with set(s) of samples from desired
population group(s)
— Generally only 100-150 samples are needed to obtain
reliable allele frequency estimates

» Determine allele frequencies at each locus
— Count number of each allele seen

» Allele frequency information is used to estimate the
rarity of a particular DNA profile
— Homozygotes (p?), Heterozygotes (2pq)
— Product rule used (multiply locus frequency estimates)

For more information, see Chapters 20 and 21 in Forensic DNA Typing, 2" Edition
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Assumptions with Hardy-Weinberg Equilibrium

The Assumption The Reason
Large population Lots of possible allele combinations
Mo natural selection No restriction on mating so all alleles have equal

chance of becoming part of next generation

Ne mutation No new alleles being introduced
Mo immigration/emigration No new alleles being introduced or leaving
Random mating Any allele combination is possible

None of these assumptions are really true...

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 1
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Allele frequencies denoted with
Individual Genotvpes Are Summarized an asterisk (*) are below the
VI 1Z: 5/2N minimum allele threshold
u typ u : Allele Frequency Tables | sty e aiom
Research Council report (NRCII)
and Converted into Allele Frequencies Research Coundil eport (NRCI)
Butler et al. (2003)  Einum et al. (2004) Evidence published in 1996.
Genotyne Ohsered JFS 4B4)908-911  JFS 49(6) African African
Array 8 9 10 11 12 13 14 15 Allele Count | Frequency D3S1 358 Caucasian | | Caucasian American American
28 2] 210 811 812 | 812 | 814 | 815 N= 302 N=7.636 _ N= 7,602
8 @ [ 9 [ 1 [ 17 [1a [0 o | a8 G 011358 = g N=258 =7
98 | 80 | 841 | @12 | 843 | 914 | 8415 Allele Allele
9 [T zTsTe] e a]a]se] 45 0.07450 11 | 0.0017* 0.0009 1 - 0.0003*
10,0 | 1011 10012 | 10043 | 1004 ] 10018 " 0.0007
10 [z [12]6 [ 3z [ 1 |0 31 n.05132 12 | 0.0017 - 12 - 0.0045
| Az | A | A A1E 13 - 0.0031 13| 0.0019* 0.0077
1 TLat 2] 0N 205 0.33840 Most 14 | 0.1027 0.1240 14| 0.0892 0.0905
1212 | 1213 ] 1204 ) 1215 common 15 0.2616 0.2690 15| 0.3023 0.2920
12 IEREFEESEEEH 150 024834 allele - o N
PRy Ry gy 15.2 15.2| 0.0019 0.0010
13 [ 7 15 [ a3 75 012417 16 0.2430 16| 0.3353 0.3300
The 11,12 genotype was seen || 14-14| 1415| | 17 0.2000 17| 0.2054 0.2070
14 s ype W 00 |1 29 0.04801
54 times in 302 samples Y 18 0.15232 0.1460 18 0.0601 0.0630
15 | (604 examined chromosomes) o 11s] 1 0.00166 19 | 001160 0.0125 19| 0.0039 0.0048
£04 20 | 0.0017* 0.0001* 20
Figure 20.3 DNA Profile Frequency with all 13 CODIS STR loci
AmpFISTR® Identifiler™ ’ ’ ’ Tl 0‘1 i +POX i D7 i j CS‘F j
H (Applied Bi
U.S. Population Samples (AppIedBORSm) | pig 03 gy | s D21 lf’” " o1e b2
" AMEL D5 FGA l l
(Appendix ) whatwoud | Vg4 Ll DL LUl
be entered
into a DNA Locus allele value allele value 1in | Combined
0.450 for | D3s1358 16 02533] 17 [ 02152] 947 917 |P
0.400 searching: | vwa 17 02815 18 0.2003 | 8.87 81 |R
0.350 131; FGA 21 0.1854 22 0.2185 | 1235 1005 | O
Z 0300 21.22- D8S1179 12 0.1854| 14 0.1656 | 16.29 16,364 | D
§ 0.250 12,14- D21S11 28 01589 | 30 0.2782| 11.31 185,073 g
g 02001 fiv?g' D18S51 14 01374] 16 0.1301| 2618 4845217 {
i 01504 1213 D5S818 12 03841 13 0.1407| 9.25| 44,818,250
0-100 1114- D138317 1 03394] 14 0.0480| 3069 | 138x10°|R
0.050 4 * g 9,9- D75820 9 0.1772 31.85 | 4.38x10° |y
0.000 9,11- D16S539 9 01126 | 11 0.3212| 138 6.05x10" |L
8 9 10 1" 12 13 14 15 g'g: THO1 6 0.2318 18.62] 1.13x10%|E
D13S317 Allele 10,10 TPOX 8 0.5348 350 | 3.94x10
CSF1PO 10 0.2169 21.28 | 837 x 101
B African Americans (N=258) O Caucasians (N=302) @ Hispanics (N=140) The Random Match Probability for this profile in the U.S. Caucasian population
is 1 in 837 trillion (10"2)
. STR Cumulative Profile Frequency with Multiple Population Databases
The Same 13 Locus STR Profile
STR Profile Numbser Cumulative Profile Cumulat ve
1 H 1 Lt Computed of la- P Ral Profile Frequel
in Different Populations Rl -l e
Used Caucasians
{appendix 1)
1 in 0.84 quadrillion (10"%) in U.S. Caucasian population (NIST) T — 166 52410 625 as
1 in 2.46 quadrillion (10%%) in U.S. Caucasian population (FBI)* vwa s 166 37,6 15 1080 aa
1 in 1.86 quadrillion (10"%) in Canadian Caucasian population* A naz 166 73710 119000 w1
. . Des1179 1214 166 8080 10 5430000 16400
1in 16.6 quadrillion (1075) in African American population (NIST) st 230 168 165000 to 248500000 108000
1 in 17.6 quadrillion (10"5) in African American population (FBI)* orssr s 16 o 1t 2 B A 100
. - . . . . D55818 12,13 166 2228« WO 42210 45110
1 in 18.0 quadrillion (10%%) in U.S. Hispanic population (NIST)
0135317 1,14 166 4,32 100 1.60= 10V 13810
. . . OTsEXD 89 58 AT 1000 258 10 4220 10%
These values are for unrelated individuals
) N N DisssIs 8 ar 406 100 10110 S820 100
assuming no population substructure (using only p2 and 2 pq)
THO1 6,6 7 B30 10M 10 1,45 109 1,05 = 10%
NIST study: Butler, J.M., et al. (2003) Allele frequencies for 15 autosomal STR loci on U.S. TROX BE a7 13 1000 154 102 363100
Caucasian, African American, and Hispanic populations. J. Forensic Sci. 48(4):908-911. . . . 1 014 to 1 021
(http://www.cstl.nist.gov/biotech/strbase/NISTpop.htm) GHFO 1010 o FATN0M S ZES 10T T AT 10
*http://www.csfs.ca/pplus/profiler.htm

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 2



Albany DNA Academy Workshop (Butler and McCord)

Example Calculations with Population
Substructure Adjustments
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Example Calculations with Corrections for Relatives

Capillary Arrays and Higher
Throughput STR Typing
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STR Typing Technologies
http://www.cstl.nist.gov/biotech/strbase/tech.htm
Gels Capillary Electrophoresis Capillary Arrays
:
E
H
g
H
J. Forensic Sci. (1998) 43: 1168-1180 Electrophoresis. (1998) 19: 86-93 Nucleic Acids Res. (1999) 27: €36

Microchip CE Mass Spectrometry = Hybridization Arrays

|, _,ﬁul\ 2

PNAS (1997) 94: 10273-10278 Int. J. Legal Med. (1998) 112: 45-49 Nucleic Acids Res. (2000) 28: ¢17

Ways to Increase Sample
Throughput

* Run more gels (FMBIO approach)

* Increase speed of single sample analysis
(microchip CE systems)

» Multiplex fluorescent dyes of different
colors (higher level PCR multiplexes)

 Parallel separations using capillary arrays

» New Detection Technologies (MALDI-TOF
mass spectrometry)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Methods for Parallel Sample Processing

| Multiplex by Size I | Multiplex by Dye Color I
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ABI 3100/3130: 16 capillaries
ABI 3700/3730: 96 capillaries
ABI 3100 Avant: 4 capillaries
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Capillary Array Electrophoresis

» Higher sample throughput

» Commercial 96 capillary systems were
used to sequence the human genome
— ABI 3700
— MegaBACE

« Engineering and hardware challenges

» Software challenges

June 13-14, 2005

% Dye-labeled PCR products

Sample Detection
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Capillary Array
Side irradiation

. Fixed laser,
(on-capillary) Sheath flow detection moving capillaries
ABI 3100, 3130, 3100Avant ABI 3700 MegaBACE

16 Capillary 3100

6 foot Table oﬁ wheels

High-Throughput STR Typing on the ABI 3100 (16-capillary array)

B ann®

ald aa | a0 (1l il
256 data points in 45 minutes with
1 STR 16plex and 16 capillaries |

A o 8

Increasing Sample Throughput with Parallel Processing

ABI 3100

16-capillary array ABI 310

. single capillary

S 1 |

"

Subtle differences in matrix
formation and sizing algorithms —
NOT directly equivalent to 310

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 4
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ABI 3130xI uses pump
rather than syringe

Inside the 3100

Oven SmL
Seal polymer / array-fill
Better temp -reserve i
control syringe

1 mL syringe

Loads polymer Tubing where

bubbles hide

SmL

syringe | ; Capillary array

Polymer | ! Upper

reservoir Polymer

Block

Detection £ Oven fan LO;N o Anode
window T g(l)o};rl?er .- e .

Buffer Autosampler Anode

reservoir — Bt

reservoir

Detector

Oven Fan

3

Two 96 well plates on the
autosampler

At 45-60 minutes per run two plates represent
12 runs or ~10-12 hours for 192 samples

16 Capillary
Array

Sample Plates D1 Water Reservoirs

Capillaries are inside
of the cathodes (-)

Rubber septa wear.
| ] Buffer Reservoir They must be replaced when
the edges are ragged..

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 5
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Capillaries in buffer tank

Running and storage position

3100 Capillary Array

T I I i

June 13-14, 2005
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Spatial Calibration

Performed after:
Installing or replacing a capillary array
Removal of the array from the detection block,
(Due to the design, to remove the upper polymer
block for cleaning you must remove the Array
from the detection window)

Information Provided:
Position of the fluorescence from each capillary on
the CCD

Maintenance of ABI 3100

» Syringe — leaks cause capillary to not fill
properly

» Capillary storage & wash — it dries, it dies!

» Pump block — cleaning helps insure good fill

» Change the running buffer regularly

YOU MUST BE CLEAN AROUND A CE!

Phvetarettethnnt Spatial Results
(] |
! i it { | It
....... R Good Results
e LR s
|z =T
i [ ¥ i Bad results
l 1 '\ | Try again
o
1
Spectral Calibration
» Performed:

— New dye set on the instrument
— After Laser or CCD camera has been realigned
— You begin to see a decrease in the spectral
separation (pull-up, pull-down).
* You must have a valid separation matrix on
the instrument prior to running samples.

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 6
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Use of the Correct Matrix is Critical

BE = o s m s w0 s s am sw mm om0 w40
2000
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310
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4000 | /
- |
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B 76 ror_rooe.t e/ Tooe DB 77 Fo1_recse.tt e s Toces

B 7R FON_YOCED 11 fra /LTI RGN EO600

This figure shows the same sample, amplified with the Reliagene Y-Plex™ 6 kit, injected
into both the 310 and the 3100. Note that the DYS390 allele, which is labeled with TAMRA
as the yellow dye, does not show up in the 3100 result. The matrix used in this case
contained NED rather than TAMRA. Thus, if the matrix for the particular dye combination is
not established properly, peaks can disappear.

June 13-14, 2005

Pull-up issue

Powerplex 16 data

T T T T
Wm0 W W XM M M B W W M W W o a0 W &

Allele Assignments Peak Heights
ZZ‘H ZJW Zﬂ‘ﬂ ZX‘H H[‘Iﬂ HZ‘H HJW gz‘n zla ZV‘H zq‘u Jéﬂ 31‘[‘ J}W
/ Pull up\
i) [fi7] [
364
i
ar
T T T T
230 330 40 250
Fun_31. 3153 3 Blue WTS4843
1000 rfu

Time for a new
matrix

Fun_31..31s3 3 Green MT94843

700 - 800 rfu

L) Pull-up

Fun_31..31s3 3 Vellow MTR4843

500 — 700 rfu
Fun_31..24:3 7 Red  MT94042
500 rfu

(A) ABI 310 Matrix (B) ABI 3100 Matrix
Samples (Spectral Calibration)
Sample
Blue (5FAM)
b e P
O O
Green (JOE) & ¢ G
Q@ ot S @
L W e
Yellow (NED)
Red (ROX)

N

Separate samples run for each dye color

Each sample contains multiple peaks

All peaks labeled with the same dye color A separate spectral calibration file
is created for each capillary

Single sample run containing all dye colors
Only one peak per dye color
Injected into each capillary of the array

Defining the Matrix on the ABI 3100

Capisary Number |
Cangmun bumear § 48 @V 0004

Data Buuce

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 7
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5-Dye G5 Matrix Standard

00 cwne  awn s

For use with Identifiler kit and NIST Y-STR 20plex

Condibon Nurmber 142
Dt Baamem

——
OVahue 0.967

Matrices Created on NIST ABI 3100
with Various Dye Combinations

3100 Filters
Color D | E ES | E G Z
Blue FL dR110 dR110 §5FA\.1 BFAM BFAM

Yeliow TMR dTAMRA dTAMRA! NED NED NED
Red GCXR | dROX dROX | ROX PET ROX

PowerPlex | SMaPshot Profller Plus, ¥STR
16 < Big D)N_! COfiler, 16plex
 Sequencing i SCMPIUS 1o ntifiar,
20plex

Different ABI 3100 matrix sets used at NIST in order to address a variety
of applications and dye combinations.

Other Applications with ABI 3100 and

POPG6 besides STR Typing

mtDNA Sequencing (HV1)

SNaPshot SNP Typing

(Coding Region mtSNP 11plex minisequencing assay)

L]
™
wo
o

(]

[l s » @ u -

Result from 1 pa (genomic DMA)

LI

Li|

o

Data from ABI 3100 During the Run

Matrix is applied during the data collection so if there is a problem, the sample must be
REINJECTED after a new matrix is applied rather than applying a new matrix to any
raw data as can be done on the ABI 310...

2000
2000}
-
aoe|
)
o

i
sesagbid

Parameters in Run Modules

[E

Default injection changes between

3100 data collection versions:
Version 1.0.1 = 10s @ 3kV
Version 1.1=22s @ 1kV

Instal Copillary Array VWizard
Autesamoler Callration Werand

o don mamse rarameEEr

Conmncng oo |Cotrain| | M Onrw e, BBt

Templaim:  Genedzand 505

TR .
* Fararwier Nama Vil
—
s . o el B P rsass |
L B |

Consumables

» ABI Optical Reaction Plates
« $2,200/500 plates = $4.40/ plate
— Phenix (mps-3590)
« Plates $291/100 plates = $2.91 / plate
* Hi - Di Formamide
« $28/25mL
» 36 cm 3100 Capillary Array (100 runs) $695
— 281 runs and still going (replace by resolution not # of
injections)
* 36 cm 3100 Avant Capillary Array (150 runs)
$560

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 8
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Consumables

» 10X Genetic Analyzer Buffer with EDTA
— $75/25 mL = $0.30/mL 1X buffer (ABI)

— Or A.C.E.™ Sequencing Buffer 10X
— $155/L = $0.016/mL 1X buffer (Amresco)

3100 POP-4 Polymer $365 /7 mL
+ 3100 POP-6 Polymer $365 /7 mL

3700 POP-6 Polymer $465 / 230 mL

— What we have been using, runs take longer but
you also get better resolution.

Microchip CE Systems

What is under development for STR typing?

http:; com/wp 12570-2003Marl 1 html

Attorney General John D. Ashcroft, holding a slide for DNA, hailed the technology as a tool in solving
crimes. With him is Kellie Greene, whose attacker was found by DNA testing.

CE Microchips

» Channels are etched in glass microscope

slides to make miniature CE columns

» More rapid separations are possible due to

the shorter separation length

» Possible to etch many channels CAE

microchips

Fluorescein-labeled PCR Products Rapid Microchip

pssgig D13S317 D78820 CE Separation
1

3 Whitehead Institute
D16S539

° 12 Anal. Biochem.
§ 1999, 270, 148-152
S
]
‘_é TMR-labeled PCR P:;;g)tzcts CSFIPO PowerPlex™ 1.1
= THO1 ’wll
VWA 9.3/10 \
15‘ 19 “
il i |
L | ‘U‘””wh ‘”‘\W W\\U U\W W |

14 16 18 20 2.@
Separation Time (minutes)

Ascent of Capillary Array Electrophoresis

Slide from Rich Mathies UC-Berkeley)

Center common anode reservoir

96 well /
= i 7 | o
frs e
& 6"|
~
| | T I 1
o 7 ra b &

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Berkeley Rotary Confocal Fluorescence Scanner

PMT

4 colors

-FAM
-IOE

Sbep-p;ilalu
v 7l
| Lasen Lr'

488 om
S ot . At Chomn 71, 5364 (199

Slide from Rich Mathies (UC-Berkeley)
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Typing 96 STR Samples in <8 Minutes

STR's _ Labeled with ET Cassettes:

CSFIPO
TPOX
D78820

THOL
DI3S317 189190 bp rz
VWA 163164 bp

if tanes 148 ET-400-ROX std
£ lanes49-96:  FAM  Mapmarker

PowerPlex 16 Allelic Ladders and Internal Lane Standard

[:5] THO19.3/10
[17] (single base resolution)

Fluorescence intensity (A U}

Time min

Slide from Rich Mathies (UC-Berkeley)

« Color separation without the use of a matrix
« Separation based upon 4 PMT

Slide from Rich Mathies UC—Berkeley)

Portable Genetic Diagnostics Device

(&3
[ 0 + «glass CE microchannels
«PCR chamber
b8 cm -—1 T_’ 1 | «heater
e sensor

—— : F
1 i 7 «microfabricated electrodes
| d valves

From Richard Mathies presentation at 14™" International Symposium on Human Identification, Oct 2003

Sex Determination PCR from human buccal cells

" Mais wmpiificancn
X187 bp, ¥ = 200 by

Multiplex PCR dirgctly from human buccal cells
without ONA extraction

W7 by

Hotstart PCR protocol activates polymerase
and lyses cells

£,
i Femate
§= e by
f 8, 20 cycles PCR after hotstart
1 9
i #:
; Shodt “clean-up” Injection removes debris,
- followed by diagnostic injection
EE U174 A i
w| Bl
e g
a4 - Female genctype results in a single 157-bp product
¥ ™ lunf
| |
M Male genotype results in a 157-bp product (X)

L T R T
Tima {sconds]

and a 200-bp product (Y}

Lagally et al., Lab-on-a-Chip, 1, 102 (2001)

15 minutes for PCR amplification and detection

From Richard Mathies pi ion at 14 Ir i ium on Human i ion, Oct 2003

Virginia DNA Testing of Felon Arrestees

As of January 1, 2003, any individual arrested for a violent felony crime (Code of Virginia §
19.2-310.2:1) must provide a buccal sample for DNA analysis, with the resultant profile
incorporated into the Virginia DNA Data Bank (Code of Virginia § 19.2-310.5).

Since January 2003

* Buccal swab collected upon arrest

» DNA sample processed within 72 hours

» DNA profile searched against state database
(national database does not currently allow searches
for individuals prior to conviction)

« If a match results, then arrestee is detained and later
prosecuted

» From Jan 2003 — Dec 2003, VA processed 7,836
arrestee samples (not all analyzed) and scored 63
hits against their state database (erofies in ona, 2004, 7(1):3-5)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 10
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Time-of-Flight Mass Spectrometry

Why it will not become widely used...

Recent NIJ Publication

Final Report for NIJ Grant
97-LB-VX-0003 (work done
at GeneTrace Systems Inc.)

« Describes new primer sets
that are close to the STR
repeat regions

* Many of these primers are
being used in miniplex STR
assays under development

* Y SNP multiplex primer sets
are described

With Time-of-Flight
Mass Spectrometry

* 10plex mtSNP assay for
HV1 and HV2 detailed

ojp.usdoj.

THO1 Alleles: CE vs. Mass Spec

[ [ ]
COfiter _rSarple33 T3 Grems COfiler LADEER

AR

Mass Spec Result
9.3 allele: 203.3 psec
10 allele: 204.8 psec

Timing for Data Collection

Laser pulse Extract DNA Turn off

(10 nsec) Wait (500 ions voltages
nsec) Turnon

voltages for ion

optics (+20 kV)

Collect spectrum
for ~300,000 nsec

Signal

Presented at ISFG
1999 Meeting

14000 16000 18000 20000

l Redesigned primers for mass spec work I

REPEAT process

Sum multiple spectra into final sample spectrum

Data processing and genotype determination

Time-of-Flight Mass Spectrometry (TOF-MS)

Detector
4

DNA Reaction Products
(Size separated and
drifting to the detector)

Drift Region
Electric-Field Free

Pulsed Laser Beam

v
High-Density

Sample Array \

-

X-Y sample control

Ton Extractor

Acceleration Region
(20 k)

Demonstrated Throughput at GeneTrace Systems

» 384 samples processed
routinely in ~45 min (best
was 96 samples in 2 min)

* ~4,000 samples in 11
hours on single mass spec
and 3 robots

+ averaged around 2,000
samples daily at GTS per
instrument (Jan-Aug 1999)

High throughput mass
spectrometer with rapid
laser and automated
sample acquisition

atp.nist. htm

* most samples run as
singleplex reactions but
demonstrated 10-plex SNP
assay and 3-plex STR
assay

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Albany DNA Academy Workshop (Butler and McCord)

Improvements in Information Throughput
with Multiplexed Markers and Multiple Capillaries

Time required to obtain each genotype...

Single capillary 16 capillary array 96 capillary array

June 13-14, 2005

(ABI310) (AB13100) (ABI3700)
Each run: 30 min | Each run: 45 min Run: 2 h 46 min
#Markers 1800 s 2700s 9960 s
Multiplexed (per capillary) (per capillary) (per capillary)
1 1800 s (30 min) 169 s (2.8 min) 104 s (1.7 min)
8 225s 21s 13s

16 113s 1055

Technology Implementation Takes Time

First Rapid STR Typing with Capillary Electrophoresis
150 bp 300 bp

THO1 allelic
ladder

Research performed at FBI
Academy in the Forensic
Science Research Unit

L L
ime [minutes)

‘ Performed in December 1993

L I
5.00 8.00

FBI did not start running casework samples using STRs
and CE until January 1999

Where is the Future Going?...
Miniaturization and Portability

g towwwnanogen.comiproductsinanochip_cart asp

eees)

WanaChip*

Palm Pilot
(handheld computer)

NanoChip™ from Nanogen
(Miniature Bioassay Device)

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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