NEAFS CE-DNA Workshop (Butler and McCord)

Sept 29-30, 2004

Capillary Electrophoresis
in DNA Analysis

Real-time PCR and miniSTRs

NEAFS Workshop
Mystic, CT
September 29-30, 2004
Dr. John M. Butler
Dr. Bruce R. McCord

NIST  FT

National Institute of Standards and Technology
Technology Administration, U.S. Department of Commerce

Outline for Workshop

« Introductions

¢ STR Analysis

* Introduction to CE and ABI 310

» Data Interpretation

* Additional Topics — Real-time PCR and miniSTRsl

» Higher Throughput Approaches

e Troubleshooting the ABI 310 (Participant Roundtable)
« Additional Topics — Y-STRs, validation, accuracy

¢ Review and Test

Why is Accurate DNA Quantitation
Important in Forensic DNA Testing?

« Limited amount of DNA available
— Usually cannot perform multiple tests for quantity
— Want to preserve DNA for STR testing

« Optimal signal from multiplex STR reactions is only in
a tight concentration range (usually 0.5-2 ng)
— Too much DNA leads to split peaks, off-scale peaks, and
bleed through between dye colors
— Too little DNA leads to loss of loci or alleles due to stochastic
effects

Calculation of DNA Quantities in Genomic DNA

Important values for calculations:
1 bp =618 g/mol A: 313 g/mol; T: 304 g/mol; A-T base pairs = 617 g/mol
G: 329 g/mol; C: 289 g/mol; G-C base pairs = 618 g/mol
1 genome copy = ~3 x 10° bp = 23 chromosomes (one member of each pair)
1 mole = 6.02 x 102 molecules
Standard DNA typing protocols with PCR amplification of STR markers typically ask
for 1 ng of DNA template. How many actual copies of each STR locus exist in 1 ng?
1 genome copy = (~3 x 10° bp) x (618 g/mol/bp) = 1.85 x 102 g/mol

= (1.85 x 10%2 g/mol) x (1 mole/6.02 x 1023 molecules)

=3.08 x 102 g = 3.08 picograms (pg)

Since a diploid human cell contains two copies of each chromosome, then
each diploid human cell contains ~6 pg genomic DNA

~. 1 ng genomic DNA (1000 pg) = ~333 copies of each locus (2 per 167 diploid genomes)

Introduction

¢ What is rtPCR or qPCR?
¢ How does it work?

¢ How does it compare to traditional methods
of Human DNA quantitation?

« What techniques are available?
* What systems are available?

History

* RtPCR is a very recently developed technique

— Developed by Higuchi in 1993

— Used a modified thermal cycler with a UV detector and a CCD
camera

— Ethidium bromide was used as intercalating reporter As [dSDNA]
increased fluorescence increased

< Higuchi, R.; Fockler, C.; Dollinger, G.; Watson, R. “Kinetic PCR

analysis: real-time monitoring of DNA amplification reactions”
Biotechnology (N Y). 1993 Sep;11(9):1026-30

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Figure 3. Mechanism of PCR

D. Voet, J. Voet, and C. Pratt, Fi of Biochemistry, 1999
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PCR amplification

« Theoretically the quantity of PCR template T doubles
with each cycle.

« After 2 cycles the quantity of product is 2T
« After N cycles the quantity of product is

P=2)"T

— Thus there is a exponential relationship between the original
quantity of product and the amount of template

PCR Product Amount is Proportional to the
Amount of Input DNA Template

During the exponential expansion of the
PCR the amount of product produced is
proportional to the amount of template.

Exponential PCR Here we show the total amount of
product following 32 cycles.
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What is qPCR?

* To use PCR as a Quantitative technique, the reaction

must be clearly defined

« In fact there are several stages to a PCR reaction

— Baseline stage
— Exponential stage

plateau
— Plateau stage n

exponential

AMOUNT OF DNA

baseline

samspessIReEsIsnespsmmeni”
5 10 15 20 % 0
PCR CYCLE NUMBER

PCR plateaus

¢ PCR product can not double forever
— Limited by
— Amount of primer
— Tagq polymerase activity
— Reannealing of product strands
¢ Reach plateau
— No more increase in product
« End point detection

— Run for fixed # cycles and then quantify on
agarose gels

Problem #1: End point plateau does not
dependon T

Even if same amount of template, different tubes will reach different PCR plateaus

25

Equal template in all tubes
20 -
15 -
10 -
5 |
0 : :

0 10
Cycle
Karen carteton

Hubbard Center for Genome Studies and Department of

Zoology

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 2
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Problem #2: For endpoint detection, how
many cycles should you do?

Different wells reach plateau at different cycle numbers. When you
look changes what you see.

16

14 4

0 10 20 30 40
Cycle Karen Carleton

Hubbard Center for Genome Studies and Department of
Zoology
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Issues for quantitation by non RT-PCR
methods

« In spite of its use in mixture resolution,
PCR is not technically a quantitative
technique

* The time and rate at which plateau
appears varies with temperature, tube
position, inhibitors, matrix

« Once plateau appears, increase in SERIES OF 10010 DTGNS
product concentration is non linear

« Standards can be added but they must
have the same primer binding sites and
similar sequence to target

Solution

« Use data when still in exponential phase
— PCR product proportional to initial template
* Need to look at PCR product each cycle
— Use fluorescent detection, where fluorescence is
proportional to PCR product
¢ Use real time PCR machine which records
fluorescence for each well at each cycle

Karen Carleton
Hubbard Center for Genome Studies and Department of
Zzoology

Quantitation using the PCR Reaction

« PCR proceeds exponentially doubling each cycle:
Y= Yo (1+EY)

Where E. is the efficiency (E, = 1 for a perfect amplification)
and Y, is the yield of product for a particular cycle

« During the exponential stage of the reaction

E. is relatively constant and the reaction yield Y is a function of the
quantity of input DNA, X

Y = X (1+ E)n

Effect of efficiency on [DNA]
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http://www.med.sc.edu:85/pcr/realtime-home.htm

Real Time PCR

* Quantitation of DNA is a based on the number of cycles
required to reach a threshold intensity, C,.

* The greater the amount of starting DNA, the sooner this
threshold value is reached.

PCR Bise Lire Subacted R

SERIES OF 10-FOLD DILUTIONS

http: //wiw.med. sc. edu:85/pcr/real time_home. htm

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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Quantitation using C,

« The log of DNA template concentration vs C,is
plotted using a series of stds yielding a calibration
curve

¢ The unknown is then run and the number of cycles
required to reach threshold, C;is compared to the
calibration curve.

Sept 29-30, 2004

Development of a standard curve

-ISAO ng
1.3)ng
,bAlql ng 0.0 ng
0.078 ng (reagent blank)
f |lI

The output data is plotted on a log scale and the fractional #
cycles required to reach C,is measured

Standard curve
Plot the cycle # at threshold CT vs concentration

il Fi=0.39815 R"2<0.99630 Efficiency=0.98
M=0207 B=4528

Cycle #
/

2 0 10
nanograms

Concentration = 10°(-0.297*CT+ 4.528)

101 Concentration

Detection Methods

» Fluorescent intercalating dye - SYBR Green
— Fluorescence increases with concentration of dsDNA

» Tagman probes

— Fluorescence increases as quenched probe is
digested

* Molecular beacons

— Fluorescence increases as quenched probe
hybridizes to template

SYBR green product detection

* Easy

— Fluorescence only with dsDNA "-\-": -
— Use with existing PCR primers 3 "J\,":"‘*"‘wjl:
« Generic, . y

— Detects all double stranded
products, including primer dimers

— However, can be very specific with
proper primer design

« Singleplexed L
— Multiple probes cannot be used

dsDNA Intercalation

http://www.probes.com/handbook/figures/1557.ht

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 4
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Molecular beacons

— Consist of ssDNA with an internal complementary
sequence that keeps reporter and quencher dyes
close — No fluorescence

Molecular beacon OED:.
@ Quencher

— Following denaturation, beacon anneals to template,
separating both dyes and yielding fluorescence
proportional to PCR product concentration

Sept 29-30, 2004

Molecular Beacons

« Improved specificity and multiplexing

— Non-specific amplification will not produce a signal

— Can multiplex several probes (quantify nuclear, Y, int std.)
« Can be tricky to design

— Loop portion — binds to DNA template

— Stem portion — must be complementary to other stem

— Probe must denature from template below 72° so Taq
polymerase does not chew it up during extension step

| Tanneal< Tm < Text
gl C=38
._\ ﬁ ~ @

Above T, loop structure reforms and probe leaves template

Tagman

Probe also binds to PCR product during extension
but is always quenched
— 5'-3’ exonuclease activity of Taq polymerase digests
probe and frees reporter dye from quencher
— Free dye accumulates with PCR product

Probes vs SYBR Green

* SYBR Green
— Singleplex probes (Alu)

— If no sample, amplification of contaminants occurs at high
cycle #

— If inhibition, no result or poor efficiency curve

* Probes (Tagman, Mol. beacons)
— Multiplex targeted probes — Quant Y, nuclear DNA, int. std

— Inhibition and no sample can yield no result (if single locus
probe)

— to check for inhibition, an internal std. is used

* Choice: Simplicity (SYBR green) vs Multiplexing
(probes)

Single vs Multilocus Targets

¢ SYBR Green — Multilocus Probe

— Alu inserts occur at multiple locations throughout the genome -
sensitive

— If no sample, amplification of contaminants occurs at high cycle #
— Syber green requires no special kit —Inexpensive

« Probes (Tagman, Mol. beacons)
— Single location in genome

— aninternal std. is used to check for amplification and correct for
changes in efficiency

— Lower sensitivity due to noise at low copy number

* Choice: Sensitivity (SYBR green) vs Internal Standard
Precision (probes)

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

Effects of Inhibitors on Alu Assay

« Use Alu sequence, present at

1,000'’s of copies/cell

— Assay is sensitive to ambient human
DNA in air and water

— Normal Reagent blanks have a Ct at
about 27-29 cycles

If inhibitors are present — no z =
amplification occurs or efficiency is
altered

Reagent Blank
— Thus low level ambient DNA serves as

an internal control for inhibitors
For non Alu based RtPCR, an
internal standard is required to
detect inhibition
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Slot Blot

« 2 days of rinses, incubations, pipettings,
washes, exposures, and developments

+ Semiquantitation by manual comparison
or through scanner
Quantity obtained may not reflect final
result due to variations in PCR efficiency

Slot blot versus real time PCR

+ 2 hours setup and run time REPCR

» Automated quantitation
Quantity obtains reflects amplifiable result

LAY
|
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- . . Comparison Studies Slot blot vs RtPCR
Big issue — sensitivity and dynamic range
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ACES 2.0 40 pg -4.0ng
No longer available
(ACES tended to work better on degraded DNA)

— = Calibration studies in our lab with experimental primers

sample tPCR slot blot | Thol Allele

Real Time PCR 1.0 pg - 16 ng blood on stick 0.32 0.50 1880
blood on metal 0.40 0.50 1890

blood on concrete 0.40 0.50 1860

RTPCR has lower detection limit Mloodonleaves | 008 | 020 | 1540
and Iarger dynamic range blood on cardboard 0.27 0.24 1450
blood on cloth 0.04 0.05 577

blood on denim 0.25 1.00 1240

Validation work of Jan Nicklas and Eric Buel
Nicklas, J.; Buel, E., J. Forens. Sci. 2003, 48(5) pp. 936-944

Work in OhioU/FIU Laboratory RT-PCR Instruments Cited

Development of miniplex STRs
for degraded DNA typical sizes
60-120 bp.

» Corbett Research Rotorgene
— Phenix Research, Hayward, CA

ABI 7000 Sequence Detection System
ABI 7700 (discontinued)

. ABI 7900HT Sequence Detection System
= — Applied Biosystems Foster City, CA

Slot blot works poorly on these
samples

Current assay has 124bp Alu
product — reduction to 84bp
testing in progress

i

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm 6
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Real-Time PCR Efforts

¢ Marie Allen — nuclear and mtDNA assay (BioTechniques
2002, 33(2): 402-411)

¢ Eric Buel — Alu system (irs 2003, 48(5):936-944)

« Centre for Forensic Sciences — nuclear; THO1
flanking region (sFs 2003, 48(5):1041-1046)

¢ John Hartmann — Alu system (swGbDAM Jan 2003)

¢ CA-DOJ — THO1 assay (N1J DNA Grantees June 2003)

* SYBR Green assay — human-specific with right PCR
« Quantifiler kit (ABl) — separate nuclear and Y assays

NIST Lessons Learned from
Real Time-PCR Assays

We are using ABI 7000 (some work also with Roche LightCycler)
* Results are RELATIVE to standards used

* Single source and mixed source samples with same UV
concentrations differ with RT-PCR assays

* Need to keep instrument clean to avoid background
fluorescence problems

» Assay reagent costs:
— Quantifiler: $2.46/sample (only permits 2 pL/sample)
— SYBR Green: $0.80/sample (up to 10 pL/sample)
— QuantiBlot: $0.54/sample (5 pL/sample)

Information from Quantifiler Kit Manual

Table 6-10  Comparisan with Ay, and Quantiblot kit

[ Quantifiler Human Kit Quantifiler ¥ Kit

Conclusions

RTPCR is a homogeneous PCR based |
method for human specific quantification ‘
— Is easily automated, provides electronic

storage of data
— SYBR green or targeted probes can be used

Results give quantity of amplifiable DNA r"t’ #4 7000
— not necessarily overall quantity

B B
\, ' e
— Inhibition can be detected /

— Multiplexing can be used !

Big advantages are speed and dynamic
range

Ay '
Sample | Sex | Result | Resutt | | %Dift. | %0Ditt. | . | %Diff. | %Ditf.
ng/ul) | (ng/ul) h TLJ | trom from [f‘:."lu fram from
N Ay | o8 Wl Ay | o8
1 M 175 | 20 689 | 6.7 [ 1003 | #19 49.4
2 M 15.4 20 1“3 | 79 285 | 1678 | 90 16.1
3 M 139 | 3 1548 | 114 484 | 1430 | 29 52.3
4 M 11.4 | | The differemt methods produced similar quastification results. 7.8
= 7 P Table 611 Average differences from A, and Dusntiblot kit 50
Average Difference %)
[ M 13.9 Method az.2
- Guantifiler Human Kit | Cuantifier ¥ Kit
7 M 1.5 69.3
| Ao 183 151
Cuarsblot I 420 | x5
Quantififar Kits Usar’s Manual . . 6-29
Acknowledgements

+ Jan Nicklas and Eric Buel - Vermont Crime Laboratory
« Jiri Drabek

« Denise Chung, Kerry Opel

« Nancy Tatarek

» John Butler, Yin Shen

« Major support provided by

« The National Institute of Justice

+ The OU Provost's Undergraduate Research Fund
« Ohio University Research Incentive Fund

Chemistry & Zloz

References

On-line
http://www.med.sc.edu:85/pcr/realtime-home.htm
http://www.realtimeprimers.org/
http://dna-9.int-med.uiowa.edu/realtime.htm
http://dorakmt.tripod.com/genetics/realtime.htm

In Print
Nicklas, J.; Buel, E., J. Forens. Sci. 2003, 48(5) pp. 936-944
Andreasson, H; Gyllensten, U.; Allen, M. Biotechniques 2002, 33, pp. 402-411.
Klein, D. “Quantification using rtPCR technology: applications and limitations”
Trends in Molecular Medicine, 2002, 8(6) pp. 257- 260.
Tyragi, S.; Kramer, F. “Molecular Beacons: Probes that fluoresce upon hybridization”
Nat. Biotechnol. 1996, 14, pp. 303.
Ginzinger, D. “Gene Quantification using real-time quantitiative PCR"
Experimental Hematology, 2002, 30, pp. 503-512.
Jordan, J. Real time detection of PCR products and microbiology,

Trends in microbiology 2000, 12, pp. 61-66

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




NEAFS CE-DNA Workshop (Butler and McCord)

MINISTRS

STR Size Reduction
Through Moving Primer Positions
Closer to the Repeat Region

miniSTR Work

¢ miniSTRs (a.k.a. BodePlexes) are being used
successfully in WTC effort

« Collaboration between John Butler and Bruce McCord
(NIJ-funded) to further develop reduced size STR
amplicons

* Mike Coble (NRC postdoc) at NIST is developing new
miniSTR loci that are unlinked to CODIS loci

J. Forensic Sci. 2003 48(5): 1054-1064 e T

taper 1
Avalibls caline s www satm o

ok M. fartter.t P Yoo She®? Pl and Broce 8 MeCord PR D

The Development of Reduced Size STR

Amplicons as Tools for Analysis of
Degraded DNA*

Describes new primer
sequences for all CODIS loci
and initial assays developed

PowerPlex 16 Result on Aged Blood Stain
(15 years at room temperature storage)

Q‘sn 1M 180 180 210 340 270D 300 330 360 390 4m 460

1800 _
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1200 _| “Decay curve” of

degraded DNA

an _|

0
ﬁalvx v ] | BBA4TNG|

NIST
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A miniSTR is a reduced size STR amplicon that enables
higher recovery of information from degraded DNA samples

Conventional ";::YS‘;R
PCR primer
—> )
STR repeat region e D o
3 miniSTR Conventional
Testing must be performed to show allele primer PCR primer
concordance between primer sets

:‘x Conventional STR test
wun (COfiler™ kit)

e g e e e e e g e g
W™ W w w s w0 me 0w 1@ e 1w

[ [T

~150 bp smaller Lx MiniSTR assay (using

ue | Butler et al. 2003 primers)
73 59 l%

Large Multiplex Kits provide Efficient and Rapid
Analysis of Convicted Offender Samples

Such samples present a
special challenge

Skeletal material
being preped for extraction

The Miniplex Approach to Degraded DNA

1. Redesign primers to make each STR amplicon as
short as possible.

2. Avoid overlap by having only 1 STR locus in each
dye lane.

3. Provide an alternative to mtDNA for degraded DNA
template.

4. Develop of specialized STR systems for degraded
DNA.

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

1. Strand breakage w

2. Pyrimidine dimers ﬂ
3. Chemical oxidation and Ho
hydrolysis HOﬂN/H

4. Bacterial degradation
and metal contamination

Thymine glycol

The Problem with Degraded DNA

| = I THO1 | | TPOX |

L S e e N B N o e e e
120 140 150 160 170 180 190 200 210 220 230 240 250
4.5 CTTY. e7/26/02 19 Blue 4 5CTTY
200
&00

Bt n 200
Fal A1 Y
[15] []
467
\/ =
455
Peskl Nonspecific Allele Dropout
Imbajance Amplification Sample was an 8,11

‘ Stochastic Threshold ‘

Slgnal to Noise Threshold ‘ Sample: Dnase | Digested DNA

Degraded DNA

1. Fragmentation due to the environment
2. The presence of PCR inhibitors
Result

1. Poor amplification efficiency

2. Peak imbalance and allele dropout

Current Miniplex Loci
and reduction in size relative to ABI kits

Dye Label: Blue Green Yellow
Miniplex 1 THO1 CSF1PO TPOX
-105 -191 -148
Miniplex 2 D5S818 D851179 D16S539
-53 -37 -152
Miniplex 3 FGA D21S11 D7S820
-71 -33 =117
Miniplex 4 VWA D18S51 D13S317
-64 -151 -105
Miniplex 5 Penta D Penta E D2S1338
-282 -299 -198

Miniplex Primer Sets

NED
Miniplex 1 TPOX
Big
Miniplex
Miniplex 3 D7S820
Miniplex 2 D16S539
Miniplex 4 D13S317

MINI 2 PROFILE - BLOOD

7‘5 II E:_' a0 9'5 IOI:I 103 I':O III5 IZID I2I5 Ié)
F - A Y T SR F SRS M
D5S818 >
1 i
. . - )l. .'ll 4
Primer-Dimers T
D8S1179 I om0
Dye Blobs [ A [:g
-~ _.I | S _,.' L =
Poor Primer =
Binding 50
ﬁ J"l ey
ol

http://www.cstl.nist.gov/biotech/strbase/NISTpub.htm
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The Big Question:
How does it work with degraded DNA?

Approach: Examine the effect of template size on

DNA amplification

1) Extract large quantities of DNA from liquid
2) Digest with DNasel

blood

3) Cut sections at different size ranges and amplify

4) Compare with a commercial multiplex kit

Sept 29-30, 2004

DNA Degraded With DNase |

© &2 .20 °
S @ T
2 &
F € oS0 00 o

2645 bp
1605 bp
1198 bp
" 676 bp
ki) 3568
% 396 Dnase
@ concentration:
0.01 U/ pL

Chung, D.T., Drabek, J., Opel, K.L., Butler, J.M., McCord, B.R. (2004) A study on the effects of degradation and template
concentration on the efficiency of the STR miniplex primer sets. J. Forensic Sci. 49(4): 733-740.

Mini 2: Sensitivity

“Big Mini” PowerPlex 16
THO1 - 80bp THO1-160bp
w0
2 9% .
a0
o S L
e e e e | o)
Base Pairs. Base Pairs
FGA- 160 bp FGA-340 bp
0907 4000
2 2000 2 2000
om 1| sl I P Ml
]
>1198 ~676- -460- | ~350- ~222 ~179- <150 >1198 -676- -460- | -350- -222- -179- <150
Base Pairs Base Pairs

Chung, D.T., Drabek, J., Opel, K.L.., Butler, J.M., McCord, B.R. (2004) A study on the effects of degradation and template

concentration on the efficiency of the STR miniplex primer sets. J. Forensic Sci. 49(4): 733-740.
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Mini 2: Peak Balance
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Big Mini Primer Set, Cell line K562, 0.1ng/25 uL
concentration, 33 cycles. Sample 1
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Comparison between MiniSTR and Commercial Kit Results
Degraded DNA Template - NIST

Big Mini (miniplex 1&3) Results

iﬂ 60 20 100 120 140 160 180

2000 7 TPOX  csg1po FGA pp1si1
2000 |
3 0 |D78820 I
1000 ]
0] F) \ L ¥

PCR product size (bp)
PowerPlex® 16 Results
+ E 1A B0 210 240 o am a0 30 90 4

AMEL
D3S1358

D21S11

Sept 29-30, 2004

Comparison of PCR Amplification Success Rates

with Commercial Kit vs. miniSTR Assays
Single amp for 15 STR loci

PowerPlex 16
Study with 31 bones
from the “Body Farm”
(Knoxville, TN) and
Franklin County
Coroner’s Office (OH)

Three amps for 12 STR loci -173 bp

400 enta D
5 T O T o Y S
v Al = H
Results
Samples from the Anthropological Research Facility
Primer Set Samples tested Full Profile Partial Profile
Miniplex 2 25 23 (92%) 2 (8%)
Miniplex 4 25 22 (88%) 3 (12%)
Big Miniplex 25 6 (24%) 19 (76%)
Miniplex 1 20 (80%) 5 (20%)
Miniplex 3 7 (28%) 18 (72%)
PowerPlex 16 25 3 (12%) 22 (88%)
Samples from the Franklin County Coroner's Office
Primer Set Samples tested Full Profile Partial Profile
Miniplex 2 6 6 (100%) 0
Miniplex 4 6 6 (100%) 0
Big Miniplex 6 3 50%) 3 (50%)
Miniplex 1 5 (83%) 1 (17%)
Miniplex 3 3 (50%) 3 (50%)
PowerPlex 16 6 2 (33%) 4 (67%)

Chung, et al., The application of miniplex primer sets in the DNA profiling of human skeletal remains, submitted

Big Miniplex Miniple: Miniplex 4
100 by 1 g 100 by A0 b
THaL D588
100 2%
DESUITY
p
TROX
100
Chung, et al., The application of miniplex primer sets in the DNA profiling of human skeletal remains, submitted
Primer Design- Concordance?
Point Mutation?
—-

No Mutation =
Concordance

B T T
v N—
N T N W

Allele dropout

Results of Allele Concordance between Miniplex
Primers and Commercial STR Kit Primers

Drabek, J., Chung, D.T., Butler, J.M., McCord, B.R. (2004) Concordance study between
miniplex STR assays and a commercial STR typing kit, J. Forensic Sci. 49(4): 859-860.

+ 532 U.S. population samples (Caucasians, African Americans, and
Hispanics) examined with four miniplexes (including all CODIS loci
except D3S1358)

* Results compared to Identifiler STR kit (6,384 genotypes compared)

« 15 discrepancies (0.23%) — most of which occur in 2 loci (D13S317
and VWA) and involve deletions between the two primer sites

« Representative samples from each discrepant locus have been
sequenced to locate the polymorphic nucleotides causing the allele
dropout

Allele Discordance Resulting from Mutations
in Miniplex Primer Binding Site

Locus |Origin Miniplex | Identifiler PP16 Likely Cause
D13S317 AA 11,13 10,13 10,13 deletion outside of allele 11
D13S317 H 9,14 8,14 8,14 deletion outside of allele 9
D13S317  AA 10,11 9,11 9,11 deletion outside of allele 10
D13S317 H 10,11 9,11 9,11 deletion outside of allele 10
D13s317 H 10,14 9,14 9,14 deletion outside of allele 10

D5S818 AA 11,11 11,12 11,12 primer binding site mutation
WA AA 16,16 12,16 12,16 primer binding site mutation
WA AA 18,18 13,18 13,18 primer binding site mutation
WA AA 15,15 14,15 14,15 primer binding site mutation

15,15 14,15 14,15 primer binding site mutation

17,17 14,17 14,17 primer binding site mutation

17,17 14,17 14,17 primer binding site mutation

19,19 14,19 14,19 primer binding site mutation

19,19 14,19 14,19 primer binding site mutation

19,19 14,19 14,19 primer binding site mutation

© O~ UA®WN R

R &R
HEEEHE
>3 >3> 3>
>>>>>>
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Proposed mechanism

Deletion outside Miniplex primers-limited region
(samples 1-5)

—_— —_

-— -—

Mutation/polymorphism in Miniplex primer binding region
(samples 6 - 15)

ZT79305: D13S317 TGTC deletion

@mxsxmmmm TTRCARATACATTATCTATCTATCTATGTATCTATCTATCTRTCTATCTATCTATCARTCAATCATETATCTATETTTCTATTBIL]TTTTG66CTE0C
&) 01_10*1 481 |1TRCARATACATIRTCTATCTATETATCTATCTATCTATCTRTCTRTCTATCTATCTATCARTCATETATCTRTCTTTETGTE : TTTTTBG8CTGOC
B)B01 201 481 [1TRCARATACATTRTCTATCTATETATCTRTCTATCTATC TATCTRTCTRTCTATETRTCARTCATETTETRTCTTTETGTE £ 1 TTTT

255 frag bases
485 consensus
bases selected
atconsenss
position 228 1

778 | FEE) | 121) 750 250 | ¥ 750 780 ] 318
T TRCRRRTACRTTRTCTRTCTATCTATCTATETATCTATCTATETRTCTRTCTRTCTATCARTCATCTATCTATETTTCTATE 22 :TTTTT606C A0
. Et

[T | [«]r

Lo b ) Ly e
2071 ABT Fragment e

CTATCTATCTATCARATE
JRTAAATAAATAATT

D13S317 Primers and Mutations

GTATTGCAAGCAC TTAGT TACAT TTCTAGCATA TAACACATGATCAAT AARTA TTTTGACATGARCAAATGGT AATTCTE

CAT AACGTTCGTGAATCAATGTAAAGAT COTAT ATTGTGTACT AGTTATTTAT AAAACTETACTTGTT TACCA TTAAGAC

CCTACAGECAATG TEAATATTOGGATGE GTTGE TRGACATGETATCACAGAAG TETAGGATGTGOAGEAGAGT TEATTTE

GCATETCEETTACACTTATAACCCTACE CAACEACCTGTACCATAGTE TCTTCAGACCCTACACCTCO TETCA AGTAAAG

TTTAGTGEGECATC CBTEACTCTC TGEAC TETGA COCATCTARCGCCTATCTGT ATTTACAAMT ACATT ATCTATCTATCT

240
A AATCACCCGTAGGCACT GAGAGACCTGAGACT BGGTAGATTGCGEAT AGACA TARATGTTTATGTAA TAGAT AGATAGA
 E— p—
L—q1taTc
ATCTATCTATCTATCTATCTATETATCT ATCAATCAATCATCTATATATOTTTCTGTTETCT TTTTGEGCTECCTATGE
320
TAGATAGATABATAGATAGATARATAGATAGTTAGTTARTAGATAGAT AGAAA BACAG ACAGK AAAAC CEGACGRATACT
Repeat | D13 paini R |
11 TATC I !
el FPP16 R |
(- L 1
S !del]
Boutrand et al. (2001)

CTCAACCCAAGTT GAAGGAGGAGATTTEACCAR CAATTCAAGCTCTCT GAMTA TGTTT TGARAATAAT GTATATTAATGA

s00

[oAe T T oG T oA CT L TOCTC T AR AL TOET T GTTAAGTTCGABAGA CTTAT ACAMAACTTTTATTACATATAATTACT

Examination of Concordance:

African American sample ZT79305

NIST Identifiler data Ohio U miniSTR data
21‘021‘9 23‘92“‘0 25‘ 100 110 120 120 14

1 15 Green ZT74305

Really “11-1" allele This problem has been seen multiple times by
NYC OCME review of WTC BodePlex data

A deletion outside the miniSTR primers causes the kit
produced allele to appear one repeat smaller...

22/d1 g
Show Chromatograms.
[Ebizreitt  [50CTRTCTOTATTTACARATACATTATCTATCTATCTATCTATCTATCTATCTATE TRTCTATEAATEATETAT TTCTETCTBTCTTTTTER0
{@ED\}D"\ AB1[BCCTATCTGTATTTACARATACHTTRTCTRTCTATCTATCTATCTATCTRTCTATCTATCTATCARTCATCTATC : : 22TTTCTGTCTGTCTTTTTGBGLT|
{2 001 4071 481 [BCC TRTCHBTR T TTACARRTACATTRTCTATETATCTATCTATCTATE TRTCTATC TATCTATERATEATETAT TTLTETCTBTETTTTT066C T4
IE”‘”’“‘”' base TiT T LiE] 7 E e K EE) Tigs T |
#6705 L‘:E_E_Y_R'_TEYBTRTYTRERRRYRERTYRTEYRYCTRTE_T_R_T_E:T_R!ETRYEYRTETRTEYRTEYRTERRYCRYETRYE' STTTCTGTCTETCTTTTTGEGC
selected. Base. E
167 of 304
M T [«DT
Chromatograms from u22/d13
01 30T AB1
L TATCTART CTATCTATCTATCAATCAT CTATC: T TCT GTCT 6T CTTTTTGGGCTGCCTATGGC
TATCTATCTATCTATCTATCAATCATCTATCTTTCTGTCT GTCTTTTT666CTGCCTAT 6GC|
5T ABT Fragment bae B17 Base.
CTATCTATCT HTETRTCTHTEHHT‘:HT ‘:THT E:TTETGTCTGTETTTTTGGGETG CCTANGGCT
—RATAOATAOATAOATAOATADTTADTAOATAORAADAIADAIADGAAAAADIIOAIAOATHIIOR
A
o LA JUSRY I Y
MNEBAND B RSB ENERY) WALV IV LAY Vi AN AR IAN!
Bl
E Show Chromatograms Help Reposition
Fel vagenbanke  [TTGATETATETSTCTGTCTOTCTBTCTATETATCTRTETATCTATETATETATE TATCTRTECATC TATEEATEL AL CTATBTATTTATEATETGTECTH
) co2_1171 481 [T TGATHTATCTGTCTGTCTGTCTGTCTATCTATCTATCTATCTATCTATETATC TATCTATCERTETA CTATGTATTTATCATHTGTCLTH
gl DO2-1271.AB1 [THNATCTATCTNTCHNTCHGTCHGTCTATCTATCTATCTATCTATCTATCTATCTATCTATCCATCTAT 2 SCCTAMGTRTTTATCATCHGTCCCT| |
T 750 1250 L 258 700 308 a1 20 330 |
il TTGATCTATCTGTET6TCTGICTGCTATCTATCTATCTATCTATCTATETATET ATC TATCCATCTA CTRTGTRTTTATCATCTGTCCYH
R + el
selected. Base I:
6140f 736
T T [«D]

Chromatograms from Contiglaa25]
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VWA Primers and Mutations

CATTTACTTCAA ac

TGEE

TAGTARATG

ETTATTATTTIGT

GAKTALTAARACALT

TAGTGEATGAT AAGAATARTE ATTOATCTATE TRTET

CTGTETATETATE TA

ATEALE TACTATTETTATTAG GACABACAGATAGAT

BRIGE b

. N LY

Jdeletion

Y PRIE R
e — |

Sept 29-30, 2004

VWA Mutation Region

T‘EEA TOTATCCATCCATCC TATGTATTTATCATC TGTCL TATCTET

3BO
AGGTAGATAGGTAGGTAGGATACATAAAT AGTAGACAGD ATAGA GA
o
K WA Prini R ]
L 1
deletion ||
A
FF16 R
o
y
CCATCTAT CCATCCAT
“Allele drop out with Miniplex primer Sample Miniplex | PP16
*PPlex 16 primers still bind because there is only one
base pair difference in the adjacent sequence PT83871 (AA) | 16,16 | 12,16
ggll)venmled this as a C-T polymorphism (Lazaruk etal. | e o0 (0 ) 1818 | 13.18
“There is actually 2 repeats (8 bp) more than the actual MT95005 (AA) | 1019 | 14,19

allele called in commercial kits

New miniSTR (non-CODIS) Loci Under Investigation

STR Sequence Allele Size Range Observed

Locus Motif Range (bp) Heterozygosity
D1S1677 (GGAA), 9-18 81-117 0.75
D2S441 (TCTA), 9-17 78-110 0.76
D452364 (GAAT)(GGAT)(GAAT), 8-12 67-83 0.53
D10S1248 (GGAA), 10-20 83-123 0.78
D1451434 (GATA),(GACA), 13-20 70-98 0.68
D2251045 (TAA), 5-16 76-109 0.77

Coble, M.D. and Butler, J.M. (Jan 2005) J. Forensic Sci., in press
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