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Purpose of This Workshop

« DNA labs often encounter challenges when working with
the many variable aspects of STR analysis and capillary
electrophoresis separation/detection.

« This workshop will explore common challenges
experienced by forensic laboratories and suggest
solutions for fixing various problems.

« Participants were invited to suggest problems that they
would like to have reviewed in advance of the workshop.

Our Backgrounds

John Butler
« NIST Fellow - National Institute of Standards and Technology
« PhD in Analytical Chemistry from University of Virginia (1995)

« Family: wife Terilynne and six children

« Hobbies: reading, writing, and making PowerPoint slides

Bruce McCord

« Professor of Analytical/Forensic Chemistry —
Florida International University

« PhD in Analytical Chemistry from
University of Wisconsin (1986)

« Family: wife Margie and three children

« Hobbies: dixieland jazz, windsurfing, sailing
and editing John'’s slides

E

Background of Participants...

Your name
Your organization
Instrumentation in use (e.g., ABI 310, 3100, 3130x|, 3500)
What you hope to learn from this workshop

NIST and NIJ Disclaimer

Funding: Interagency Agreement between the National
Institute of Justice and NIST Office of Law
Enforcement Standards

Points of view are the presenters and do not necessarily
represent the official position or policies of the US Department of
Justice or the National Institute of Standards and Technology.

Certain commercial equipment, instruments and materials are identified
in order to specify experimental procedures as completely as
possible. In no case does such identification imply a
recommendation or endorsement by the National Institute of
Standards and Technology nor does it imply that any of the materials,
instruments or equipment identified are necessarily the best available
for the purpose.

Our publications and presentations are made available at:
http://lwww.cstl.nist.gov/biotech/strbase/NISTpub.htm

http://www.cstl.nist.gov/strbase/training.htm
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Fundamentals of
Capillary Electrophoresis

John

stepsinoived | Steps in DNA Analysis
Usually 1-2 day process (a minimum of ~5 hours) s

Specimen Storage @
’ |
STR Typing
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No DNA
05ng
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07ng
Blood Stain Buccal swab ‘1"9
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Sample Collection

& Storage Extractlon Quantltatlon

Biology

If a match occurs, comparison of
DNA profile to population allele Multiplex PCR Amplification
frequencies to generate a case

report with probability of a random
match to an unrelated individual
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Q
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c
3 DNA separation and sizing
DNA

Database
Search

STR Typing
Male: 13,14-15,16-12,13-10,13-15,16
Interpretation of Results

Technology

T, Buller (2011) Advanced Topics in Forensic DNA Typing: Methodology, Table 6.

Genetic Analyzers from Applied Biosystems

ABI Genetic  Years Released Number of Polymer

Analyzer for Human ID Laser delivery Other features
373 4 PMTs and color filter wheel
(gel system) 1992-2003 - (488/514 nm) - for detection
40 mW Ar+
(gel system) 1995-2006 - (488/514 nm) - D —
10 mW Ar+ . Mac operating system &
310 1995- 1 (488/514 nm) SYMNGe  \indows NT (later)
25 mW Ar+
3100 2000-2005 16 (488/514 nm) syringe
3100-Avant  2002-2007 4 (ot syringe
25 mW Ar+
3130 2003-2011 4 Priivess pump
25 mW Ar+
3130x! 2003-2011 16 (488/514 nm) pump
N 110V power; RFID-tagged
3500 2010 8 10-25 mW diode reagents; .hid files;
(505 nm) NeW PUMP 1 ormaiization & 6-dye
3500xI 2010- 24 detection possible
25 mW Ar+ cuvette- .
3700 2002-2003 96 (4881514 nm) based Split beam technology
25 mW Ar
3730 2005- 48 (aaarata nm) pump
3730xI 2005- 96 s pump

Information courtesy of Michelle S, Shepherd, Applied Biosystems, LIFE Technologies.

ABI Genetic Analyzer Usage at NIST

(All instruments were purchased using NIJ funds)

‘m ABI 310 Single capillary

« 1stwas purchased in 1996 as Mac
« 2nd was purchased in June 2002 as NT

~ABI 3100 - 3130xI| 16 capillaries
« 1stpurchased in April 2001 as ABI 3100
— upgraded to 3130xl in Sept 2005
— Located in a different room
« 2 purchased in June 2002 as ABI 3100
— Original data collection (v1.0.1) software retained
— updated to 3130xl in Jan 2007

ABI 3500 8 capillaries
« Purchased Nov 2010

DNA Samples Run at NIST

we have processed >100,000 samples (from 1996-present)

» STRkits

— ldentifiler, PP16, PP16HS, Identifiler Plus, Identifiler Direct,
Profiler Plus, Cofiler, SGM Plus, ESI/ESX 17, SE33 monoplex

* Research & development on new assays
— STRs: Y-STR 20plex, MeowPlex, miniSTRs, 26plex

— SNPs: SNaPshot assays: mtDNA (one 10plex), Y-SNPs (four
6plexes), Orchid SNPs (twelve 6plexes), ancestry SNPs (two
12plexes), SNPforlD (one 29plex), SNPplex (one 48plex)

* DNA sequencing
— Variant allele sequencing

Review Article on STRs and CE

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

We have a unique breadth and depth of experience with these instruments...
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8 References 1410

http://www.cstl.nist.gov/strbase/training.htm
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Analytical Requirements for STR Typing

Butler et al. (2004) Electrophoresis 25: 1397-1412 ————
Raw data (w/ colorqoverlap)

* Fluorescent dyes must be | b
spectrally resolved in order | AA A AN )
to distinguish different dye Spectrally resolrved
labels on PCR products l v

* PCR products must be
spatially resolved — desirable
to have single base resolution
out to >350 bp in order to
distinguish variant alleles

* High run-to-run precision —
an internal sizing standard is ([l 11l |
used to calibrate each run in
order to compare data over I |
time e —

October 6, 2011
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LASER Ste.ps in STR Typing
Size el | I with ABI 310/3100
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Sample
Injection

Mixture of dye-labeled
PCR products from
multiplex PCR reaction

Sample

Preparation Sample Interpretation

Detection with Multiple Capillaries
(Irradiation for Capillary Arrays)
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LASER
-l - Excitation
Capillary Array (438 nm)
Side irradiation Fixed laser
on-capilla i . [N
( pillary) Sheath flow detection moving capillaries
ABI 3100, 3130, 3100Avant ABI 3700 MegaBACE

Process Involved in 310/3100 Analysis

« Separation
— Capillary — 50um fused silica, 43 cm length (36 cm to detector)
— POP-4 polymer — Polydimethyl acrylamide
— Buffer - TAPS pH 8.0
— Denaturants — urea, pyrolidinone
* Injection
— electrokinetic injection process (formamide, water)
— importance of sample stacking
* Detection
— fluorescent dyes with excitation and emission traits

— CCD with defined virtual filters produced by assigning certain
pixels

Separation

http://www.cstl.nist.gov/strbase/training.htm

Ohm’s Law

¢ V = IR (where Vis voltage, | is current, and R is resistance)

« Current, or the flow of ions, is what matters most in
electrophoresis

« CE currents are much lower than gels because of a
higher resistance in the narrow capillary

* CE can run a higher voltage because the capillary offers
a higher surface area-to-volume ratio and can thus
dissipate heat better from the ion flow (current)
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DNA and Electrophoresis

“From a practical point of view it is disappointing that
electrophoresis cannot be used to fractionate or analyze

DNA'’s on the basis of size” Olivera, Biopolymers 1964, 2, 245

= small ions with high
Hep q/6mr charge move fastest

A T G Cc

PO- PO PO-

As size increases so does charge!

Larger DNA molecules interact
more frequently with the gel and are

Gel thus retarded in their migration
through the gel
(b)
=) Kﬁee‘ o =]
Long DNA
] ]
a o — molecules
Small DNA
molecules
-] o o
=]
o
e -] o
5}
=]
B -]
Ogston Sieving Reptation

Figure 12.4, J.M. Butler (2005) Forensic DNA Typing, 21 Edition © 2005 Elsevier Academic Press

Separation Issues

» Electrophoresis buffer —
— Urea for denaturing and viscosity
— Buffer for consistent pH
— Pyrolidinone for denaturing DNA
— EDTA for stability and chelating metals

» Polymer solution -- POP-4 (but others work also)

» Capillary wall coating -- dynamic coating with polymer
— Wall charges are masked by methyl acrylamide

» Run temperature -- 60 °C helps reduce secondary
structure on DNA and improves precision.
(Temperature control affects DNA sizing)

What is in POP-4 and Genetic Analyzer Buffer?

1997 Onford University Press Nuclete Actds Research, 1997, Vol 25, No. 19 3925-3929

Improved single-strand DNA sizing accuracy in
capillary electrophoresis
Barnett B. Rosenblum®, Frank Oaks, Steve Menchen and Ben Johnson

PE Applied Biosystems, 850 Lincoin Centre Drive, Foster City, CA 94404, USA

Receved May 29, 1007, Revised and Accepted August 6, 1007

See also Wenz et al. (1998) Genome Research 8: 69-80

POP-4 (4% poly-dimethylacrylamide, 8 M urea, 5% 2-pyrrolidinone)
US Patent 5,552,028 covers POP-4 synthesis

Running buffer contains 100 mM
TAPS and 1 mM EDTA (adjusted
to pH 8.0 with NaOH) TAPS = N-
Tris-(hydroxymethyl)methyl-3-
aminopropane-sulfonic acid

Capillary Wall Coatings Impact DNA Separations

Electrophoretic flow sl

el

o o s i

Of4

Capillary Wall SiOH <> SjO- + H*

o DNA/ i
4P 4

<« Electroosmotic flow (EOF)

Solvated ions drag solution towards cathode in a flat flow profile

How to Improve Resolution?
1. Lower Field Strength
2. Increase Capillary Length
3. Increase Polymer Concentration

4. Increase Polymer Length

All of these come at a cost of longer separation run times

http://www.cstl.nist.gov/strbase/training.htm
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Impact of Capillary Length and Polymer Concentration
on DNA Sequencing Resolution
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Longer run times
at lower voltage BigDye® Terminator v3.1 Sequencing Kit (Sample: pGEM)

Data collected at NIST by Tomohiro Takamaya (Japanese guest researcher, fall 2007)

N .. Capillary and Electrode Configurations
Electrokinetic Injection Process priary g

(@) single-Capillary (b) Multi-Capillary

NAAY Electrode Configuration
Electrode Electrode 9

Capillary

Amount of DNA injected is
inversely proportional to the
ionic strength of the solution

©

: &
QY Salty samples result in Q
Q poor injections -
=~ ©
@ PCR products
DNA- in formamide
DNA- or water

Sample Tube

ABI 310
Electrode adjacent to capillary

T — Capillaries

Electrode
(cathode)

Sample Conductivity Impacts Amount Injected

Et(ﬂ:l’z) (”ep + “’eof)[DNAsample] ()"buffer)

}\’sample

[DNA;,] =

[DNA,;] is the amount of sample injected  [DNAg, ] is the concentration of

DNA in the sample
E is the electric field applied

tis the injection time Mpurer 1S the buffer conductivity
r is the radius of the capillary lsample is the sample conductivity

Hep is the mobility of the sample molecules

Cl- ions and other buffer ions present in
PCR reaction contribute to the sample
conductivity and thus will compete with
DNA for injection onto the capillary

Heof is the electroosmotic mobility

ABI 3100
Individual electrode surrounds each capillary

http://www.cstl.nist.gov/strbase/training.htm 5
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Steps Performed in Standard Module

See J.M. Butler (2005) Forensic DNA Typing, 2" Edition; Chapter 14

Capillary fill — polymer solution is forced into the capillary by applying a force to
the syringe

« Pre-electrophoresis - the separation voltage is raised to 10,000 volts and run
for 5 minutes;
Water wash of capillary — capillary is dipped several times in deionized
water to remove buffer salts that would interfere with the injection
process

+ Sample injection — the autosampler moves to position A1 (or the next sample
in the sample set) and is moved up onto the capillary to perform the injection; a
voltage is applied to the sample and a few nanoliters of sample are pulled onto
the end of the capillary; the default injection is 15 kV (kilovolts) for 5 seconds
Water wash of capillary — capillary is dipped several times in waste water to
remove any contaminating solution adhering to the outside of the capillary

+  Water dip — capillary is dipped in clean water (position 2) several times

« Electrophoresis — autosampler moves to inlet buffer vial (position 1) and
separation voltage is applied across the capillary; the injected DNA molecules
begin separating through the POP-4 polymer solution
Detection — data collection begins; raw data is collected with no spectral
deconvolution of the different dye colors; the matrix is applied during Genescan
analysis

October 6, 2011

Comments on Sample Preparation
+ Use high quality formamide (<100 uS/cm)

» Denaturation with heating and snap cooling is
not needed (although most labs still do it...)

* Post-PCR purification reduces salt levels
and leads to more DNA injected onto the
capillary

Removal of Dye Atrtifacts Following PCR Amplification

Q| 60 30 100 120 140 160 180
2000 | THO1 No Filtering (Straight from PCR)
1500 | TPOX
CSF1PO
1000 _|

- / / stsgzo D21S11
D_!L/.L,,d [\\A;A_ /_{/ .!.1)1 -jr\,_ ,(

4000 | THO1 “ Filtered with Edge

columns

TPOX
000 ] CSF1PO e
Note higher — FGA  D21S11
RFU values due =

to salt reduction EDGE GEL D7S8820
. . FILTRATION
with spin J CARTRIDGES
columns | a

Why MiniElute increases peak heights

Qlaquick ond Minflute Procodur

+ QIAGEN MiniElute reduces QAGEN
salt levels in samples

causing more DNA to be ¢ 4
injected em I :
s ;
+ Requires setting a higher i L
stochastic threshold to T 3
account for the increased “ﬁ L
sensitivity TR ki

Pv-BNA’hﬂ!mv

Smith, P.J. and Ballantyne, J. (2007) Simplified low-copy-number DNA analysis
by post-PCR purification. J. Forensic Sci. 52: 820-829

Stochastic Effects and Thresholds

| Regular Injection ‘ ‘ Injection Following Desalting (MiniElute) ‘

When PCR amplifying low levels of oo
DNA, allele dropout may occur Stochastic threshold
must be raised

Allele failed to amplify Allele failed to amplify

False homozygote

http://www.cstl.nist.gov/strbase/training.htm

Detection
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Optics for ABI 310

CCD Detector

Diffraction

Grating
Focusing Mirror

Re-imaging Lens
Long Pass Filter

Capillary Holder
Capillary

Laser Shutter:
Microscope Objective Lens

Laser Filter-
" " Dichroic Mirror
Diverging Lens—

Fluorescence

S H\}‘
energy 1 81
hve NVem | 3
So

Excitation Emission

Stokes
shift

Fluorescence

Mexmax  Mommax

Wavelength (nm)

Methods for Fluorescently Labeling DNA

Unlabeled DNA

Intercalator inserts

B
(a) ] \ between base pairs on
Eiiidium SYBR Green double-stranded DNA
FINEINEIN

DNA labeled with
intercalating dye

P Fluorescent dNTPs are incorporated
into both strands of PCR product

q\:l One strand of PCR product is
(C) Fluorescent dye labeled with fluorescent dye
labeled primer o\:,

The polymerase chain reaction (PCR) is used to
amplify STR regions and label the amplicons with

fluorescent dyes using locus-specific primers

8 repeats
= = e S

Locus 1

10 repeats

8 repeats
.

Locus 2

9 repeats

Scanned
Gel Image Capillary Electropherogram

ABI Fluorescent Dyes Used in Four-Color Detection

JOE

(green)

Fluorescent Emission Spectra for ABI Dyes

5-FAM

'S
()
T

Normalized Fluorescent
Intensity
N
o
T

ol :
1520 540 560
WAVELENGTH (nm)

Laser excitation
(488, 514.5 nm)

NED is a brighter
dye than TAMRA

NED ROX

580 600 620 640

ABI 310 Filter Set F

http://www.cstl.nist.gov/strbase/training.htm
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g
H
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2 |
=
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ol . ) .
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Importance of Spectral Calibration

Before Color Separation

TN o = P S ) I ) TR gm e

|

“\
A

ABI 310 Data

Matrix with 4 Dyes on ABI 310

Is40= bX,, + gy, + yz, + rw, intensity of blue
lse= bXy + gy, + yz4 + rw, intensity of green
lsge= bx, + gy, + yz, + rw, intensity of yellow
lg10= bX, + gy, + yz, + yw, intensity of red

=} POP4STRMODF

Where
b is the %blue labeled DNA
g is the %green labeled DNA, etc.

X,y,z,w are the numbers in the
matrix (sensitivity to each color)

< o @

If you solve xyzw for each dye individually
Then you can determine dye contribution for any mixture

Normalized Emission

5 x 5 matrix for 5-dye analysis on ABI 310

SR Ve WED FET Lz @l GFAM_VIC_NED_PET_LIZ_042004.mix

00 50 700
Wavslangth {nm)

anual

Raw Data for Matrix Standards Processed Data (matrix applied with baselining)

T
T E  ET— ora B
b Ul wie E
JH H - 4= NED ~:~.| 1l Lk
UL S WYL B s PET; )
Liz é-,, Y T T

Virtual Filters Used in ABI 310

Visible spectrum range seen in CCD camera
500 525 550 575 600 625 650 675 700 nm

| ”I IHEJ]] NI:ID[ P!!‘:R]OX | |

Commonly used

TET 4o R fluorescent dyes
FAM Arrows indicate the dye emission spectrum maximum
. Filter sets determine what
Filter A = = /| /| regions of the CCD camera
Filter C | O | — are activated and therefore
what portion of the visible
Filter F o O — light spectrum is collected
Filter G5 e O Y s =
Blue Green Yellow Red Orange  Used with These Kits
Filter A FL JOE TMR CR PowerPlex 16
Filter C  6FAM TET HEX ROX in-house assays
Filter F  5FAM JOE NED ROX Profiler Plus.
Filter G5 6FAM vic NED PET Lz Identifiler

http://www.cstl.nist.gov/strbase/training.htm

Variable Binning Increases Red Peaks
Comparison of Data Collection Versions

(a) (b)
ijh i
ABI 3130xI

ABI 3100
Data Collection v1.0.1 Data Collection v3.0

The same PCR products examined with different data collection versions. In (a) there
is an equal number of pixels of light collected from the CCD camera for the blue-
labeled and red-labeled peaks. In (b) the signal increase in the red dye-labeled PCR
products is accomplished with ‘variable binning’ where more pixels of light are
collected from the CCD camera in the red-channel to help balance the less sensitive
red dye with blue dye-labeled amplicons.
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Maintenance of ABI 310/3100/3130

» 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!

Protocols Used for STR Typing

« Most forensic DNA laboratories follow PCR amplification
and CE instrument protocols provided by the
manufacturer

+ Comments
— Lower volume reactions may work fine and reduce costs

— No heat denaturation/snap cooling is required prior to loading
samples into ABI 310 or ABI 3100

— Capillaries do not have to be thrown away after 100 runs
— POP-4 polymer lasts much longer than 5 days on an ABI 310
— Validation does not have to be an overwhelming task

Setting Instrument Parameters
and Thresholds

Bruce

Setting thresholds for the ABI 310/3100

(Determining a true allele)

« Every laboratory needs to set an analytical threshold, a stochastic
threshold, a limit of linearity and minimum peak height threshold.

« Can these values be set globally for the entire lab or are they
instrument dependent?

+ How do these values affect detection, stutter, pull-up, mixture
interpretation, low copy DNA?

Signal () Allele 1
Allele 2
True

allele
Noise (N) Stutter
Heterozygote product
peak balance

Different Threshold Overview

Called Peak
Example values (Greater confidence a sister
‘5;”5’2:2?‘2;’,;"?,({2;22? allele has not dropped out)
validation)
----------------- - - - - Stochastic Threshold
Called Peak The value above which it is
(Cannot be confident reasonable to assume that
dropout of a sister allele allelic dropout of a sister
did not occur) allele has not occurred

--------------- - ---Analytical Threshold

Minimum threshold for data
comparison and peak

Peak not P .
y detection in the DNA typing
cons_ldered process
reliable

Noise

Butler, J.M. (2009) Fundamentals of Forensic DNA Typing. Elsevier Academic P

http://www.cstl.nist.gov/strbase/training.htm

Fundamental parameters for allele detection by CE

Detection Limit (analytical threshold):  3x the standard deviation of the noise.
Estimated using  2x peak to peak noise. (approximately 35 - 50 RFUs)
Peaks below this level may be random noise

Limit of Quantitation: 10x the standard deviation of the noise Estimated using
7x peak to peak noise (~100 RFUs) Below this point estimates of peak area
or height are unreliable and may not be reliable indicators of mixture ratios

Stochastic Threshold: Level of DNA below which a significant chance of allele
dropout can occur. Set high enough that a heterozygous peak will produce its
companion allele in the grey zone between stochastic and analytical threshold.
(150-200 RFUs)

Limit of linearity: The level of DNA above which enhanced pull-up, flat top peaks
and elevated stutter occurs. Determined by examining the relationship
between input DNA and fluorescence signal varies with instrument- (~4500
RFUs for ABI 310)

Heterozygous peak ratio: The minimum peak height ratio expected for a clean,
single source DNA sample at a particular concentration (typically 60-70%)




Butler & McCord - ISHI 2011 Workshop

The Scientific Reasoning behind the Concept
of an Analytical Threshold/limit of detection

« This is fundamentally an issue of
reliability

* For a peak intensity below the
LOD there is a very real
chance that such a signal is
the result of a random
fluctuation

+ You want to be sure to avoid Abracadabra! It's
labeling noise! an allele

October 6, 2011

Useful Range of an Analytical Method

limtof | QL
linearity T

) =

8 p

8_ ~5-7000 RFUs

3 limit of

['4 quantitation/

z stochastic

@ threshold

E| Loa/isTo

.3 limit of

c detection

LOD
~50 RFUs |- 0RFUs  Dynamic Range

Concentration of Sample

LOD = 3x SD of blank
LOQ = 10x SD of blank
STO = peak balance threshold

Stochastic Statistical Sampling

Copies of  Copies of

allele 1 allele 2 True amount

What might be
[ J sampled by the
PCR reaction...

OR
Resulting . .
electropherogram ”
Allele imbalance Allele dropout

>20 copies per allele 6 copies copies per allele (LCN)

Another problem is stutter

» Stutter also increases at low levels of input DNA
due to stochastic sampling

« Leclair et. al (2004) Systematic analysis of stutter percentages and
allele peak height and peak area ratios at heterozygous STR loci for
forensic casework and database samples. J. Forensic Sci. 49(5): 968-
980

% Stutter

Main Peak height (D55818)

Types of Results at Low Signal Intensity
(Stochastic ampilification potential)

One allele peak above
the detection threshold

d one bel
Straddle Data Stochaistic I'rl'stORFUs ereene eew
. — Istic limif
* Onlyone allele in a pairis — «eeeeeepeees HQHEFU;'
above the Iaboratory Detection limit
stochastic threshold =~ weememeeeefpesfpeseseseseee

At low levels of input DNA, the
potential for straddle data is

high. Straddle data may be

The issue is best avoided by caused by degradation,
reamping the sample at inhibition and low copy
higher input DNA issues.

Otherwise straddle data makes
locus inconclusive

http://www.cstl.nist.gov/strbase/training.htm

The Scientific Reasoning behind the
LOQ/Stochastic threshold

« With peak intensity below the LOQ, you
have significant variation in height from
one sample to the next.

« Similarly due to stochaistic fluctuation
in peak height ratios, interpreting data
below the stochaistic threshold
presents the real problem of allele
dropout due to variation.

How low can

« You rely on peak heights to detect major you go?
and minor profiles and you need to be
certain when calculating statistics that you
do not have a dropped heterozygous
allele.

10
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The issue with low level data interpretation

Issues with Data below the Stochastic

Threshold ™| 081170 ] [ D215 ] 18551 ]

PCR artifacts and stutter become prevalent

Low levels of bleed through are possible

Instrument spikes are more numerous

-A peaks may appear

Dye blobs become more significant in overall e-gram

Low level 2" contributors may show peaks

Thompson, W.C. et al. The Champion, April 2003, pp 16-25

Limit of Linearity/

Limit of Linearity (LOL) Issues with off-scale peaks

+ Point of saturation for an instrument detector so that higher amounts
of analyte do not produce a linear response in signal

Artifacts produced by

« In ABI 310 or ABI 3100 detectors, the CCD camera saturates overloading:
leading to flat-topped peaks. Non-specific amplification,
poor adenylation, +4 stutter

Pull-up: odd peaks
produced by non-linear
matrix effects

Off-scale peaks

7 X

Bl

Signal = x(fam)+y(vic) + z(ned) + a(pet)
+b(liz)

Sensitivity Study: Heterozygote Peak Height Ratios
Profiler Plus (Debbie Hobson-FBI) Identifiler STR Kit Developmental Validation
Template v Peak Height, D7, CE 6 1009 @
oo 3 3 Template inputs
1800 g ) 250 pg - 3ng
1600 H
1400 2 80
E 1200 H - Lo 3
1000 . I : i
i oo : EMwh oo T 3
3 ] A - s Ieno
i A e 1 ]
ST e ] === Outliers
L OO P LR E P ST
S F & FFE T &
Observation: Peak height variation increases with concentration & FF T F . ¢
i h ) ocus
Therefore: its difficult to assess the quantity of DNA solely by peak height Collns PJ, Hennessy LK, Leibelt CS, Roby RK, Reeder DJ, Foxall PA. Developmental validation of a single-tube amplifiation of the 13 CODIS STR
loci, D281338, D19S433, and amelogenin: the AmpFISTR Identifiler PCR amplification kit. J. Forensic Sci. 2004; 49(6): 1265-1277.

http://www.cstl.nist.gov/strbase/training.htm 11
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Heterozygote Peak Balance
Identifiler STR Kit Developmental Validation

60%|

Heterozygote peak height ratios with
varying inputs of template DNA. The
results depicted are from
amplifications of genomic DNA from

= 0.03125 - 1.25 ng.

Heterozygote Peak Helght Ratio (%)

003125 00825 0125 0% 100 125

020 028
Template (ng)

Collins PJ, Hennessy LK, Leibelt CS, Roby RK, Reeder DJ, Foxall PA. Developmental validation of a single-tube amplification of the 13 CODIS STR
loci, D251338, D195433, and amelogenin: the AmpFISTR Identiier PCR ampification kit. J. Forensic Sci. 2004; 49(6): 1265-1277.

Mixture Example
Determining the peak height ratio cutoff also influences mixture interpretation
Here a 60% threshold is used to define the major and minor contributors

0081368 ] | VWA ][ FGA ]

“EE “”“”“J
m é
PHe

2000
1000

List the genotypes? 1
Yo 3
AN 2 = 39,
e s 3:332 10% 420 °
g 5% 1 B o
g "

Peak height ratios and thresholds control interpretation
Excessive variation in PHR would make it impossible to isolate mixtures.

Stochastic sampling can cause
interpretational problems

This case resulted in a hung jury. Defense expert claimed low PHR i
P i laimed i ive result (bicycle handlebar at scene)

Police Rule: loci must be above threshold and within 66% of each other to be
included as major contributor. Defense confused this.
Inconclusive # Exclusion!

Defendants profile is D5(12,13) D13(12,14) D7(9,12)

So how to set thresholds?

+ First determine the analytical threshold for your
particular laboratory using the signal intensity
from one or several CE systems

Analytical threshold for this instrument is approx. 50 RFUs,
LOQ is approximately180RFUs.

LoQ

Next determine the dynamic range

1. Perform a series of amplifications of 5 different samples
with 5.00, 2.00, 1.00, 0.50, 0.25, 0.13, 0.06, 0.03 ng
DNA

2. Use your laboratory quantification system, your thermal
cycler, and your 310.

3. Determine the average and standard deviation of each
set of samples

4. Your dynamic range is the range of concentrations that
are not overloaded. Overload point is where peaks flat
top. (this can be checked by experiments)

Determination of Minimum Sample

Goal: avoid situations where peak imbalance results in
only one detectable allele from a heterozygous pair.

Examine further dilutions (1ng - 8pg) of 2 control samples
which are heterozygous at multiple loci

— Reliability can be defined by an increase in the standard
deviation of peak height intensity or an increase in the
standard deviation of signal intensity or both. (peak balance
will begin to fall below 60%)

— The stochastic threshold should be greater than the limit of
quantitation

Lla! o l.l | N T 1 I 7

,]..Jl s

http://www.cstl.nist.gov/strbase/training.htm
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Alternative Procedure for setting stochastic

threshold Alternative Procedure

(Mass State Police)

1. Since most estimates for LCN
show up from 100-250pg DNA,
select a low level- say 150pg as your
stochastic limit.

CEO11 Titration Sets: Average of All Sets and Replicates

1. Since most estimates for LCN show up from 100-250pg DNA, select

% 5 s ———
a low level- say 150pg as your stochastic limit. s e e
2. Amplify 2 or more samples ata ¢ ¥ % = 25
2. Amplify 2 or more samples at a range of concentrations (1.0-0.005) range of concentrations (1.0- £ : 0> ?;:i
ng multiple times and score the intensity 0.005) ng multiple times and score & e -_Fumn:
the intensity § g — = . 03
3. The stochastic limit is the intensity (RFUs) at which half the alleles E = s = ——0.18ng
have intensity above this value and half are below 3. The stochastic limit is the intensity § E == = A 0078
(RFUs) at which half the alleles < = 0.039n
4. In this way you define straddle data as at the point 50% of your have intensity above this value

alleles will be above this mark and half are below

THOT-Z

D3s1358.2

4. In this way you define straddle
data as at the point 50% of your
alleles will be above this mark

310 vs 3100
Instrument factors
Sample
310 1.5uL in 24 uL formamide
1. Because only signal is measured (RFUs) in forensic DNA 31xx  1ul in 10uL formamide
analysis, many labs find that one instrument or another is o
more sensitive = (M= Injection
| LASER
_ ) " o =[]l | 310 5s@15kV = 75kVs
2. There are also differences in sensitivity based on injection < _J L 3130 (4 cap) 5s@3kV = 15kVs

parameters, capillary illumination (single vs multiple) and T

3100(16cap) 10s@ 3kV = 30kVs
laser intensity

o o= Irradiation
3. Lastly the variation in gPCR sensitivity affects the output of Capilary Array 310 direct
ABI 3100, ABI 310
any system 3130, 3130 (4cap)  side

) ) S100Avant 3100 (16 cap)  both sides
4. These differences should be corrected by proper setting of

threshold parameters and/or adjustment of qPCR results. Bottom line: you would expect to see

1. an approximate 3 fold difference in rfus between a 310 and a 3130 (4 cap)

5. Itis not realistic to constantly alter and adjust levels. 2. an approximate 2 fold difference between a 310 and a 3130xl (16 cap)

Instead, thresholds should be set conservatively

Additional Issues Bottom Line

Threshold (ABI)
310 50 RFUs
31xx 30 RFUs

Validate each class of instrument
and expect differences in
sensitivity/ signal to noise

Stochaistic Compensate for differences by
310 150 RFUs choosing appropriate thresholds
31xx 90 RFU

Validate at 2 or more injection
levels so that injection time
can be increased-

Dynamic Range
310 4500

Capillary Array Capilary Array .

ABI 3100, ABI3T0 31131xx 3500 ABI 3100, ABI310 'refmeAmberllng th‘atllonger
3130, 3130, injections risk drifting into

3100Avant 3100Avant

LCN regime

Bottom line: 310 will appear more sensitive with a wider dynamic range unless
proper validations are performed.

http://www.cstl.nist.gov/strbase/training.htm

Calling thresholds involve sensitivity, dynamic range and the necessity to
avoid LCN data
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What else can go wrong?

» Most validation studies are performed on Yarr,Take care mates!

pristine samples derived from clean sources.

» DNA degradation will result in dropped alleles
from larger sized amplicons

« DNA inhibition will result in dropped alleles
from any location and the effects are difficult to
predict

« Inhibition and degradation can produce
stochastic effects — peak balance issues and
allele dropout.

The bottom line:

1.  Low signal levels are bad because:
a. They may indicate low copy # DNA =
inconsistent or misleading results
b.  They often coincide with peak imbalance
c. PCR and instrumental artifacts appear at these
levels
2. Relying on signal level to determine DNA quantity can
be misleading
a. There is wide variation in signal strength of
amplified DNA
b. Inhibitors and mixtures complicate interpretation
1. peak imbalance can occur even in single source
samples due to inhibition and degradation
2. instruments can vary in sensitivity

October 6, 2011

Degradation vs Inhibition

Degraded DNA Sample Humic Acid Inhibited DNA Sample

Ski slope effect Less predictable effects
= Powerplex 16 9947A Positive CE CSFIPO D7582
=| | |control |0.250 ng/12.5ul - \ TROX T
. o
: S B e
L .
= ||| IJ I H 1 ::: ~ l U 5ng ' l U
2Rl Ll )l
. 000
Bone Sample 2003.5.6

£l 0 10 ng
- 0.250 ng/ 12.5 ul - ” ‘ J\‘/
™ o & 1
= H £ 15 ng
= L =
ISR | -
L Jaldl ) | o
| | L

» Capillary Electrophoresis is a
dynamic process

» Sensitivity varies with

— Allele size

— Injection solvent
Input DNA
Instrument factors
Presence of PCR inhibitors
Gel matrix

« Thus interpretation must be conservative and data from
these studies yields guidelines, not rules.

* These guidelines must be based on in-house validation.

 In addition the interpretation and its significance cannot be
dissociated from the overall facts of the case.

Conclusions

* Be conservative in interpretation
— Set thresholds based on signal to noise and
stochaistic amplification (2 thresholds). Base these
numbers on controlled in-house experiments
— Understand that different instruments may vary in
sensitivity — set thresholds high enough to
encompass this variation
— Understand that even with such guidelines issues
such as degradation and inhibition can skew results.
» Leave room for the facts of the sample in your
interpretation

http://www.cstl.nist.gov/strbase/training.htm

BREAK
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Troubleshooting:
Strategies and Solutions

Bruce

Hang in there......

Volume 6 (2), Sept 2003, pp. 10-12
TECH TIPS

Troubleshooting Capillary Electrophoresis Systems

By Bruce McCord
Associate Professor of Forensic Chemistry, Chio University, Athens, Ohio

PROFILES In DNA

INTRODUCTION
The development of caplllafy electrophoresis (CE) has played a key folé In bringing about
the modem application of DNA typing. Forensic laboratories are the beneficiaries of this

The key to producin,
ood DNA 9 new technology, but many practitioners are not fully aware of the underlying principles of
g v e CE system. Ths article attempts to a6aress the important Issues In GE separations
separations Is to to aid analysts in troubleshooting problematic separations. The key to producing good
understand the DNA separations IS to Understand the principles underlying the injection, separation and
i detection of each allele, These points are addressed below.
principles underlying vol
g"e ";’EC."””* SEPARATION
d M Feech DNA analysis by CE Is performed using entangled polymer buffers (Figure 1). These
letection of ea buffers can be easily pumped Into a capiliary prior to a separation and pumped out
allefe. at its conclusion, providing a fresh separation matrix for each run. A typical bufter for

forensic: DNA separation contains. 4% palydimethyl acrylamide (pDMA), butfered to pH 8

1. Deciphering Artifacts from the True Alleles

Biological (PCR)
artifacts STR alleles

Stutter products /\
spike

Dye blob  stutter
6.0% 7.8% \ /
e [ e )
Blue channel

D3s1358

Incomplete o~ ) Greenchannel

adenylation
A ~ Pull-up /
(bleed-through) Yellow channel

——_L Red channel

Applied
Big?ystems

Forensic New

1 _FN_FAS_r3.pdf
STR* Kits

D8S1179
1. Spike
Off-ladder alleles 2.0L Allele
Four types 3. Free Dye
4. Noise
%- Licarised 1 bruge MeGord, ® lab. i 4

MZSamples/15/97 2 Graen

M3Samples/1s@7 3 Grean

M4Samplo8/15/87 4 Grean

MSSampleS5/7 5 Green

Overloaded peaks will also show relatively high
stutter and possibly artefacts

Non specific
-A o
amplification

Stutter =

Truncated peaks give wrong ratios for peak stutter
Why else is overloading bad?

1. raised baseline
2. non specific amplification
3. peak height ratios
4.-A

http://www.cstl.nist.gov/strbase/training.htm
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2. Sample Issues
» Formamide Conductivity
« Excessive salt in sample due to evaporation
* Metal ion contamination
« Sensitivity issues with Microcon cleanup (salt removal)

» Dye “blobs” — artifacts from primer synthesis

October 6, 2011

Golden Gate Effect
Attributed to poor formamide
J Genescan 3.7 - [RC_05_03_04_E04_295€p2004556_1f

Bﬁs Edit Project Seuwle Sett\ngs View Windows F
S 0 w0 20 20 0 30 %0 40 40 40

L LI

BIGIY W[« 72 v-er 4]

Dye/Sample Winutes Size Peak Height Peak Area Data Poirt,
Paak

R, 1

729 7500 =) 3201 2735

lasises

o
el siae

Effect of bad HI-Dye Formamide - Note broad peaks and extra bands

¥ ¥ & 3 8 ¥ 3

i
|
§
?
|

wo What are these extra peaks in the
|7
w ol
IR RNy
L | i H M || Ll ‘ I‘H L\. ufU | I't'<" 111
i e e S il e

Dacember 21, 2007 el o) Sk

What does ABI Say?

Dear Valued Customer,

We are wiing this letier in response 1o inquiries from customers regarding artfact peaks thal appear as
shadow peaks” to true DNA peaks observed in the electropherogram. I mos cases, these artfacts appear o
be the most prévalent in the dye channel comesponding 1o the size standard and do not affect accurale sizing of
the size standard peaks

An example electropherogram is shown below.

E M. LILLL

il “ i i L ”
Elactrophesogram showing shadow paaks in GS500 ROX

oo scrumenc o these shodow pecks has been rapkcaed o Applet systems. o iso sried g
the higher from longer njecton mes. Ve e in I process of
investigating the ocourrence of these: pe: [ndslemuue h

Applied Biosystems s commited io providi highest quallly products avaiable fo- o DNA typing
Thank you for your valued feedback. Your mp\ is ememew valuable 10 us in our efforts to improve the quality
of our products. Please feel free to contact HID Technical Support at 1580 621 41D (444:1} #1 for further
information.

What is it really?
Incomplete denaturation of standard due to excessive salt in
sample or in formamide

% prs— GanaScan ™ Proect01/11%8 Dusay-< Pagn 101

Wl 18 Standara# ] / Standarcel

i OO [ “julnﬁ 1 M_AM_ALA_M_A_

WE 6% : Standarcé! / Standard¥
240C,
Moo bkl i
€.
B 1R :Standards] 7 Standaras |
I AR

=l
) @B 468 Standardé! / Standard#1
ds DNA migrates faster and over time with this set of runs
ds DNA replaced the ssSDNA

http://www.cstl.nist.gov/strbase/training.htm
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Shadow peaks

Shadow peaks result from incomplete denaturation or from rehybridization.

dsDNA migrates faster than ssDNA and the extra peaks appear ahead of
the main peaks

They are most visible in the size standard but can appear in other dye
lanes

In sampie. shadow peaks appearing to lef of allelic
peaks

October 6, 2011

Hybridization due to leftover primers

Avrtifacts in the Powerplex 16

Allel
| | A amplification of the VWA locus. Two
| artifacts occur.
el dsDNA

stutter
1. The doubled peaks and shoulders

are the result of primer hybidization to

s PCR amplicons not adenylation.
| |
s Allele 2. The additional peak eluting earlier is
| \ the result of renaturation of the ssDNA
el dsDNA stutter | amplicon.

The first two slides are performed on a
3100 system. The second is on a 310.
The 310 denatures the samples better
J due to its heat plate and eliminates the
: | dsDNA stutter splitting, however, the dsDNA product
is still present.

Allele

Recent Promega Solution to Eliminating
VWA Artifacts in PowerPlex 16 Results

£ Avaitable online at waw sciencedirect com .
s = . . -

Py “ ScienceDirect =F I
3 H

ELSEVIER Foreasi Seicnce Intematimak: Geoetcs 2 £2008) 257-273 = GENETICS

Post-injection hybridization of complementary DNA strands on capillary
electrophoresis platforms: A novel solution for dsDNA artifacts

Robert 5. MeLaren **,
Patricia M. Fulmer®, Cindy 1. Sprecher

Ensenberger *, Bruce Budowle®, Dawn Rabbach *,
. Joseph Bessetti®, Terri M. Sundquist®, Douglas R. Storts®

*Promega
* Fedemal Burea

Several laboratories have reported the occurrence of a split or n -1 peak at the vWA locus in
PowerPlex 16... The root cause of this artifact is post-PCR reannealing of the unlabeled,
unincorporated VWA primer to the 30-end of the tetramethylrhodamine (TMR)-labeled strand of
the VWA amplicon. This reannealing occurs in the capillary post-electrokinetic injection.
The split peak is eliminated by incorporation into the loading cocktail of a sacrificial hybridization
sequence (SHS) oligonucleotide that is complementary to the VWA primer. The SHS
preferentially anneals to the primer instead of the TMR-labeled strand of the vVWA amplicon...

Impact of Added Oligos to VWA Amplicon Peaks

Mo COTpIUASHS Oligonucioatids

VWA amplicon

“(n-10)" artifact ~ “(n-1)"

shoulder\

204M COTplusEHE Oligenuclootide
136 197 138 139 10 141 12 149 148 145 198 147 VD 140 VS0 1 150 VS 164 158 168 187 158 19 160

VWA amplicon

Artifacts are eliminated by
addition of complementary
oligonucleotides after PCR

| N

o

8

g

From Figure 5
McLaren et al. (2008) Forensic Science International: Genetics 2: 257-273

Dye Blobs and their Removal

Residual dye artifacts Dye blob removal with Edge columns

W m w wm g e w w m R @ w gmw w om m om

6FAM | 1m0
301 l . 430 3801 (blue) | =] 3% 3891 439 3ol
0 437
pos ‘ ‘ 438 - | ‘
] o] .

438
J

| 300 385alb

3852 vic | e Yol
l 390 (green) ‘: 426 393 ap

= )

A A 0 ol

NED | = 392
392
1450 He 19 J(Yellnw) =1 460 H4 388 ‘]

I

PET | |1

u w“r (e - a4 a8

| o

AEEE 488 a8 JaEE 01l

NIST Y-STR 20plex assay

Butler, J.M. (2005) Cor

TR multiplex a
A, ed.), Hu

DNA Typing Protocols

http://www.cstl.nist.gov/strbase/training.htm

3. External Factors

* Room temperature

— Variations in room temperature can cause mobility shifts with
band shifts and loss of calibration

— Temperature is also important due to effects of high humidity on
electrical conductance

* Cleanliness
— Urea left in sample block can crystallize and catalyze further
crystal formation causing spikes, clogs and other problems.
— Best bet is to keep polymer in system and not remove or change
block until polymer is used up.
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Large Multiplex Kits provide Efficient and Rapid
Analysis of Convicted Offender Samples

Such samples present a
special challenge

~ Skeletal material

being preped for extraction

DNA Degradation

Note loss of intensity of larger alleles
100 150 200 250 300 360 400 450 I

Powerplex 16 9947A Positive
Control 0.250 ng/ 12.5 ul

U

Bone Sample 2003.5.6
0.250 ng/ 12.5 ul

DNA Degradation

1. polymer hydrolyzes L_f\
Tz

(nucleic acids break apart

3. Chemical oxidation o p
(bases become unreadable) Ho?jiw

N
R o

2. Pyrimidine dimers
(bases X-link)

Thymine glycol

Fo #0100 10 140 160 1D 200 10 MO 20 30 K0 K0 B0 MO WO &0 &0
THO1  D21811 D18881 Penta €

Tolay ol
B T
.i‘:l'i'f'i'iiw_—— J_L” M m

'ﬁ_ﬂ“ﬂﬂu B DeSTITO TPOX  FaA

T b

)

Miniplex 1 vs Powerplex 16

ABI MiniSTRs

Investig:
collucts figature

P ndard
STR technology

Turn cold cases into hot leads.

Application of &
MiniSTRs in
bone/bone
reassociation
Yugoslavia

ss¥¥sesaesd

]

Parsons et al, Forensic Science
International: Genetics 1 (2007)
175-179

suessgansd

http://www.cstl.nist.gov/strbase/training.htm
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The Problem of Degradation vs Inhibition in DNA typing
Degraded DNA Sample Humic Acid Inhibited DNA Sample
Ski slope effect Less predictable effects
I Powerplex 16 9947A Positive @ THO1 CSF1PO 1\ D7ss
=| | |control |0.250 ng/12.5ul - TROX ’ j
I | ‘ 5 I J ‘ On J U
- ‘ ol .l Ong 0 4.
-, kel
A ‘\ IJ | ‘| ‘ || | I ’ ‘
5
LD ] L e 1))
- 2000
Bone Sample 2003.5.6
£3 0 10 ng
0.250 ng/ 12.5 ul w | M;\‘

. | ) l
. (S I T I VT BN
- ‘ m 15 ng
" | | e

Ll L) o
oLl ) 1) 1 W

| ] oL

PCR Inhibitors

Three potential mechanisms exist for PCR inhibition

1) Blocking of primer binding
2) Binding of the inhibitor to the polymerase.
3) Binding of the inhibitor to the DNA template.

Inhibitor binds to primer "l"“",I"""""""'
effecting Taq extension ﬁ m b(
Inhibitor binds to Taq, TITITIY JTITITIITIIT™M
effecting amplification maaaaas T
efficiency
Inhibitor binds to DNA, TIITTIY
reducing available template oL LLLERTaq | VvVV

MiniSTR Amplification
w/ increasing Humic Acid

D5 Most Affected

<8 —4-D53818
o —a- 0851179
o
= 05 —4—D168539
= —o— VA
0 : : : . ) —x—D18851
0.0 2.5 5.0 1.0 125 15.0 D135317

Inhibitor Concentration (ng /25 pl)

MiniSTR Amplification
w/ increasing calcium

D5 Least Affected

15

= 4055818

=1

- s DBS1179

205 —4D165539

=

< —x—VIA

P -
I

—x—D018851
0138317

0 500 800 900 1000 1100

Inhibitor Concentration (i)

Modeling PCR inhibition

Taq Inhibition
Significant changes in d parameter

40
35

30 Foe—fmax L p
L% ! 1 g
220 —(x=c)
L n.l b l

10

5

0 b

o 20 40 0
Cycle number Richard’s Function

Template binding

Significant changes in ¢ parameter Where:

F = fluorescence
Fmax = maximum fluoresence
X = number of cycles

b = overall slope of curve
¢ = cycle number at inflection

d = exponential Richards
coefficient (relates to inhibitory

effects)

Cycle number Guescini M, et al., BMC Bioinformatics

http://www.cstl.nist.gov/strbase/training.htm

Inhibitors affecting Taq should show:

1. Changes in slope due to efficiency
losses

2. No melt curve effects

3. Generic allele dropout

—— T S
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Tannic Acid Inhibition Effects
N ~ . PP16HS

,: /\I’\I: 4”' I i .l[j /I A} m EN Allele I(:’bs.sat

g
L] = Tannic Acid

|y H'Iw |Il/ M

e ngl Tanwic Add

=N ,\ L

S gl Tamnle At

“ TN T M N < 1 .

il
—;

o Tasnic
Am TPOX, D16, D18, CSF, FGA PE,[PD
Plexor HY: — = \\‘ i
qPCR amplification > \
and melt curves: 22.5 ng/pl \
0-22.5 ng/uL Tannic
Acid control AT y
Am o

Inhibitors which bind DNA should

show:

1. Increase in CT but minimal change in
slope of PCR curves

2. Melt curve shifts

3. Sequence allele dropout

Bile Salts Inhibition Effects

/\ /\ /\ PP16HS
‘ ‘ = =N e Major allele
A AT ) S
=0 0 1 A T
= T 1 I Y AN
- \ Jw ] |

A% VARV

——1

78wy ol Bl Sals

Am, D3, D5 DI3 D2, D8, D7 TPOX, D16, D18, CSF, FGA PH, PD

qPCR amplification
and melt curves 0-

= 15 g
1.5ug/mL Bile Salts "

eotrorT T LT | 2

Am

Inhibitors which bind DNA and Taq
should show:

1. Taq inhibition
2. Melt curve shifts

3. Sequence specific inhibition

Collagen Inhibition Effects

PP16HS
T i m AT Major allele
[ 16 e S
h‘y “J\ i Hf“n .‘ _| | \”.‘
e )

¥ I TR N N \J

]

V V Eww‘v«-u
Am D3 D7 TPOX, D16, D18, CSF, FGA PE, PD
R~ R 7
qPCR amplification TS }j’
and melt curves 0-100 \ \ oot | \F
ng/uL Collagen b ng/ul WY
9 9 , contro— . *

Overview

‘CONCENTRATION
ELEXOR CONCENTRATION AT 50% DROP- NOTED ALLELE DROP-OUT
INHIBITOR MODE O, ATS0IaBCR OUT OF 157
INHIBITION INHIBITION ALLELE

Calcium Taq 1.0 mM 0.8 mM D2, D8, TPOX, D16, D18, CSF, FGA ,
PD, PE

Tannic Acid Taq 15 ng/pL. 32 ng/pL. Am, TPOX, D16, D18, CSF, FGA, PD,
PE

Bile Salts DNA 1.25 pg/ul. 12 pgll Am, D13, D8, TPOX, D16, D18, CSF,
FGA, PE, PD

Humic Acid | DNA 20 ng/uL 8ng/uL Am, D8, TPOX, D16, D18, CSF, FGA,
PD

Hematin DNA 60 uM 48 uM Am, D8, TPOX, D16, D18, CSF, PD

Melanin DNA 40 pg/ul 32 pglul. D13, D8, D16, D18, CSF, PD

EDTA DNA 12mM 0.6 mM Am, D3, D5, D13, D8, TPOX, D16, D18,
CSF, FGA, PD, PE

Phenol DNA/Taq 5 g/l 2.6 ug/pL Am, D3, D5, D13, D8, D7, TPOX, D16,
D18, CSF, FGA, PE, PD

Collagen DNA/Taq 100 ng/pL. 200 ng/uL. Am, D3, D5, D13, D8, D7, TPOX, D16,
D18, CSF, FGA, PE, PD

Urea DNA/Taq 400 mM 240 mM Am, D13, D8, TPOX, D16, D18, CSF,
FGA, PD.PE

http://www.cstl.nist.gov/strbase/training.htm
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Temperature effects

 Viscosity — mobility shift
—Hep = qlsmlr

« Diffusion — band broadening
- .DNA —

« Conformation — DNA size based sieving
VS g, = q/6mnr

» Current — Power
- P=VI=RR

— Increased current - internal temperature rise-> diffusion
- band broadening

October 6, 2011

Due to its structure and its non-calibration,
the “250”peak can be used to indicate stability

237 238 239 240 241 242 243 244 245 246 247 248 240 250 251 252 253 254 255

Change in size of GS 250 peak
with Temperature (Tamra Std)

248
246 —

s /

240
238
236 T T T T T
20 30 40 50 60 70 80

Temperature

4% pDMA with 8M urea and 5% 2-pyrrolidinone
*Rosenblum et al., Nucleic Acids Res.(1997) 25,19, 2925

N Initial Run Stability losses to
640
560, ¢ Temperature
480, Electroosmosis
Syringe leaks
4003 Adsorption
320 Excess current
Blockages
240
160
80 ]
0,
1A: Ladder / Ladder I 2R:NINE2 7/9/97 / 1 ul
D18S51
348 |
347 v
346 . HCHL
7 3457 o
§ 344 £ "
®
L 343 x
ﬁ 342 | i
9 341 § i
340 | LA
330 RS Lt £
338
40 50 60 70
Temperature

“OL Alleles”
e B o A T
270 280 290 200 310 320 230 240
[ D18SS51

' LADDERsample3 3 Green LADDER

[

HES90109...2sample21 21 Green HES90109K12

400
200

OL Allele 7
[287 23] 522.19]

http://www.cstl.nist.gov/strbase/training.htm

“OL alleles ” - look at the 250 peak

R B B e e e L R B R R RS m R e
200 210 220 230 240 250 260 270 280 290 300 310

LADDERsample3 IRed LADDER

] | | E

200.00| 245.86 300.00
HES90109.. 2sample21 21 Red  HE990109K12
r 300
l -0.44 bp F600
L I J F400
200
J IL. —J/ L
20000 300.00
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“OL allele re-injected”

I o e e e e e B B BB w e e
o 270 280 290 300 310 320 330

D18S51
Profiler.. RProfil-2 16 Green Profiler Plus LADDER

1500
1000
500
1]
286 54

HE990109...990109K12 14 Green HE930109K12

f\

And the 250 peak...

I R B R N R RN N R AR RSN A RE SRR RAREE R |

30 200 210 220 230 240 250 260 270 280 290 300 310 320

ler..RProfil-2 16 Red  Profiler Plus LADDER

1800
F600
L400
k200
20000 300.00
109..990109K12 14 Red  HES90109K12
-0.12 bp Fe00
E600
F300
200.00 24609

True off-ladder alleles

T T T T T T T T T T T T T T T
180 185 190 195 200 205 210 215 220 225 230 235 240 245 250
[ D218
PROFILER..RSamplel 7 17 Green PROFILER PLUS LADDER

900
600
300
28] Ed
[201.12] 72678
230 68
30803120...1Sample10 10 Green Q4d-1
2000
1500
1000
500
[OL ATiete 2]
201.14

Monitoring Room Temperature Over Time

- mgn

ABI PRISM
310 Genetic Analyzer

DICKSON

Temperature Probes

Frig/Freeze Monitors $240
#DT-23-33-80 — USB Temperature Datalogger
PLUS Software $79.00 (#DT-23-33-60)

Room Monitors, # DT-23039-52 — USB
Refrigerator and freezer monitoring Temperature-Humidity Datalogger $91.00

( Cole Parmer, Vernon Hills IL)

Room temperature monitoring

Watch out for the 5 o’clock effect

NIST Lab 1

. and the weekend effect
50 80
r—"“‘k—a_—»_r—wl—-—u-———‘—‘_.—"’;f\/r——v——-v—"—— 70

200 3 Lar

B 60
150 —-——_-r-.ﬁ‘__.“ri___.mu__w-_,,_._ﬂ,_v_ﬁm_w_m 50
T °

Wed 02 Frioa Sun 06 Tue 08

NIST Lab 2 ra0

°c / %th

Wed 02 Friod Sun0s Tue 08

T el dewpot  ——— Humidiny

From:- 31 July 2006 11:00:00 To:- 08 August 2006 12:40:00

http://www.cstl.nist.gov/strbase/training.htm
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Poor Temperature Control
Causes DNA Sizing Imprecision

" n m " " w

ﬂ Y { i i \ \in

A

Ladder Overlay, 6FAM | :’{ i \
Combo1, 3130xI it fl f\. \

October 6, 2011

What to do if calibration is lost?

The 310 only calibrates to the first run ladder
this ladder sample may have been run at a different temperature!

* If protocol permits
— Go to the next ladder
— Rerun sample
— Check current
— Check allelic ladder

+ Always check the ROX size standard
— Look for extra bands
— Check peak height
— Check parameters and alignment

Use of Second Allelic Ladder to Monitor Potential Match
Criteria Problems

e e e e e e g e e e e g e e e e e e e e
wo s am ' ams aw e w0 me o ws ol ot we s ws o ow
[ Diess:

* ProPius LWODER 153 1 Grwen FroPhs LADDER

an
0
E]
EEIEED AT )
=7

T e, ]
M UL g R Rt | 15t Injection (treated as a sample) h
-

‘ 21.04][325.20) [39.42]

-0.75bp

These alleles have drifted outside of their
genotyping bins due to temperature shifting
over the course of the sample batch

Cleanliness

Urea sublimates and breaks down to ionic components -
these find a path to ground

Similarly wet buffer under a vial creates paths to ground

* Capillary windows must be clear or matrix effects will
occur

« Laser will often assist in this process

* Vial caps will transfer low levels of DNA to capillary

Carbon Trails

High Humidity

can create other
paths to ground

Keep Your Syétem Clean and Dry!

or wet buffer vials

http://www.cstl.nist.gov/strbase/training.htm

4. Instrumental Factors

« Optical System
— Sensitivity changes with age, capillary diameter, capillary
cleanliness, instrument calibration

* Fluidic System

— Effects of bubbles, dust, urea crystals, leaks in syringe and
capillary ferrule

« Matrix Calculations

— Changes in buffer, optics, sample dye can alter the software
calibrations

« Capillary Problems
— Chemisorbed materials on capillary surface can produce osmotic
flow, DNA band broadening and inconsistent resolution
(meltdowns)
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PN CCD Detector

Consider the Optical System

Spectrograph

Diffraction Grating

Entrance Slit
Re-imaging Lens
Long Pass Filter

Capillary Holder

Capillary

Laser Shutters /'

Laser Filter—" Microscope
N N Objective Lens
Diverging Lens— ) N
Optics Bl Dichroic
prics Bloe Mirror

Watts, D. Genotyping STR Loci using an automated DNA Sequencer. In Forensic DNA Profiling Protocols;
Lincoln, P.J.; Thomson, J. Eds.; Humana Press Inc.: Totowa, NJ, 1998; Vol. 48, pp 193-208.

The Detection Window

Make sure that the capillary
window is lined up (if it is not,
then no peaks will be seen)

Detection Window | Window may need to be cleaned

with ethanol or methanol

Review Start of Raw Data Collection

1000 3 1000 :

900 3 900 :

800 1 00 3

700 I 700 3

600 “l l_J. 600 3

. 0 Lok | 5003
Al = m—

Little spikes indicate need to
change buffer... check current

Buffer Issues

» The buffer and polymer affect the background
fluorescence- affecting the matrix

+ Urea crystals and dust may produce spikes

» High salt concentrations may produce reannealing of
DNA

» High salt concentrations affect current

» Low polymer concentrations affect peak resolution

http://www.cstl.nist.gov/strbase/training.htm
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Issues with the Optical System

< Argon lon lasers outgas and eventually loose intensity; take note
of laser current and monitor it over time

* Fluorescence expression:
I; = lokebCq - changes in input intensity: |,
- changes in capillary diameter: b
- cleanliness of capillary, optics: k

— All these things directly affect peak RFUs, however, baseline
noise is more affected by detector.

« Thus by monitoring signal to noise, you can get a better
picture of your optical system.

T i |
- - - - - -
b bbb ALt ¥ RTTTY RE YT U TOTER [t PATYC WL R P I ol i "
Sl L s PR T A A B R

- Raised baseline due to dirty window
W-l il
P e I e t Cor

Remove all bubbles from the channels

Bubbles in the channels can prevent flow of
ions and are usually exhibited by zero current
when the voltage is applied

—
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‘ | | Separation problems,
“ bubbles in capillary
|

SdRURREREY (osRERYUNY (onRRRRNEE 02RRRINII Y

Beware of Urea Crystals

Urea crystals have
formed due to a small
leak where the capillary
comes into the pump
block

Urea sublimates and can
evaporate to appear
elsewhere

Use a small balloon to
better grip the ferrule and

keep it tight
Pump block should be well cleaned to avoid
problems with urea crystal formation
Current Spikes
Generally appear in all lanes and are sharper than regular peaks
These are a natural ] of the application of high voltage in CE

and may also be caused by particulates in buffer.

® ® om0 m m m m m m m ow o m m

0

- 8 8 F . FEEET . FELE
| I

http://www.cstl.nist.gov/strbase/training.htm
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T — =i |

These spikes resulted from
.| buffer dilution with poor
water. The problem
disappeared when the
HPLC grade water was
purchased to dilute buffer

L and samples

i "\. |
\ |

- Ao—A—Lﬁ.J_.L.«J.._.hJ.l L] ) i

m— Bl
| e s Sgengs s

Maintenance of ABI 310/3100/3130

+ 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!

Storage when ABI 310 is not in use

» Keep inlet of capillary in
water...if it dries out then
urea crystals from the
polymer will clog the opening

* The waste vial (normally in
osition 3) can be moved
into position

« A special device can be
purchased from Suppelco to
rinse the capillary off-line

« Store in distilled water

Remember that the water in the open « Note that the laser is on
tube will evaporate over time... when the instrument is on

Also this will destroy the electode if

turned on without removing the tube
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Matrix Problems
« A poor matrix can lead to raised baseline and
therefore calling of too many peaks

« Larger sized alleles will not be identified as peaks
because the GeneScan table for a particular dye
color has filled up

October 6, 2011

“‘Data gap” - phenomenon
STRs

Y-Filer Allelic Ladder (correct) Y-Filer Allelic Ladder (with gaps)

Ry

~ 1 ovsusan
Il m I \w/-‘i Nom o

expected alleles)

JMLUJLWUJN L“JJJLUL, LL.L iy

DYS437 (5 alleles) DYS448 (8 alleles)
| 1317 repeats 17-24 repeats \ 8
IIil \‘\\ Emn i H| ‘H\\I /-\\ef:eéefa\;es»
| N
= ) ._..J =
i m
a o T
N [ %

) ‘Ksmcing is off on LIZ
Data from Walter Parson’s Lab (Innsbruck, Austria)  Gss500 size standard

What we call “melt downs”...
probably due to an incompletely filled capillary

[

100 125 150 175 200 225 250 275 300 325 350 375 400 425 46D 475

Does the capillary need to be replaced?

|
JLMMJLIL m.’\‘_ﬂ Ao ros yal ENEWAN

AN T

ABI 310 Data from Margaret Kline (NIST)

Capillary Meltdowns

(A) Good resolution (B) Poor resolution Identifiler data

6FAM DaS|17e 21t o7
(blue) W 1 |

vic e
(green) i
]
NED

Dtesa
(vellow)

m
wl

PET
(red)

Good Capillary in Bad Capillary in
3100 Array 3100 Array

3130xI
before
pump
failure

L0-¢ woJyy ejeq

P D O O O O O OO

THO1 -
allelic N T R R -
ladder

3130xI - :
after it |\
pump 1 |
change 1. | }; |

i

L0-01-8 woJy ejeq

Data from Amy Decker (NIST)

http://www.cstl.nist.gov/strbase/training.htm

Examine the Size Standard...

- | Processed Data (GS500 LIZ size standard)

Data from Becky Hill (NIST)
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Meltdowns can be the result of A permanent loss of resolution may mean
+ Bad formamide + Adsorptive sites on a capillary
* Bubbles in the sample vial - Initiation of electroosmotic flow
* Water in the polymer buffer + Conductivity changes in buffer/polymer

» Syringe leak or bottom out
« Poisoned capillary

» Conductive polymer buffer due to urea
degradation

» Crack/shift in capillary window
» Detergents and metal ions in sample

» Wrong buffer formulation
» Bad formamide or internal lane standard
+ Contaminated syringe

Effect of contaminant in reference sample

B 17 Fornise ankziiTu / HOWEONTAR ] 54 W POR

WL

L oM ) Contamination results | = j_‘! ‘_‘

UL A W IS A - in problems in R Formarein DTV | WM T 2% i HOK
subsequent analyses
Gradual broadening of peaks as the molecular weight of the data increases results in a sample that fails s0c,
10 genotype and can ba caused by the following: I3 | A | J I j l l A 1 A

BB 30 7RO~ wasetiian {waer 13

* Poor water quality
* Poor quality system reagents .
o Insutficie - | f
Insufficient capillary filling \ “.
* Leak in the system fittings QU
* Air in the system BE on wm e ww i T S

* Bubbles

e LU":JLJMLJLJJL—L

* Detergents
* Poorfexhausted array JLNTr

* Poor instrument maintenance Effect is transitory j
Attention to detail with regard to instrument maintenance and remaining aware of when an array may > . J.;LIL _|_u4/L A j l n

need to ba replaced will help to avoid such issuss. CoREE ==y

11 _FN_FAS_r3.pdf T e o w‘-*-ﬂ-:-:-zz:::--
Metal lons in the Sample
DNA clumps and injects poorly. Effect is pH and EDTA dependent TrOU bleshootlng benchmarks

S —
- * Monitor run current

“I‘ Ni-counterion THO1 (pH 7) . . .

« Observe syringe position and movement during a batch

o « Examine ILS (ROX) peak height with no sample

‘ Il | | | | | | « Observe “250 bp” peak in GS500 size standard
* Monitor resolution of THO1 9.3/10 in allelic ladder and size standard
8, | A i peak shapes
« Keep an eye on the baseline signal/noise
= Niintercalated THOL (pH 8.3) * Measure formamide conductivity
= « Reagent blank — are any dye blobs present?
« See if positive control DNA is producing typical peak heights (along

with the correct genotype)

= 4 |
|

1 ul THO1 added to 10 pl of 3.0 mM NiCl, in 10 mM Tris, pH 7 or pH 8.3. Sample allowed
to interact for 1 hr and then 1 pl added to ROX/formamide.

http://www.cstl.nist.gov/strbase/training.htm 27
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Measurement of Current

* V/I=R where Ris a function of capillary diameter,
[buffer], and buffer viscosity

+ In a CE system the voltage is fixed, thus changes in
resistance in the capillary will be reflected in the
current observed

« Air bubbles, syringe leaks, alternate paths to ground,
changes in temperature, changes in zeta potential,
and contamination, will be reflected in the current

» A typical current for a CE system with POP4 buffer is
8-12 pA (microamps)

October 6, 2011

Measuring Formamide Conductivity

(not this way)

The key is to measure the bottle when it comes in or buy t{feﬁ d
stuff and immediately pipette it out into small tubes with or without
ROX already added. Then freeze the tubes.

Do not ever open a cold bottle of formamide. Water will condense
inside and aid in the formation of conductive formic acid.

Conclusion:
Troubleshooting is more than
following the protocols

It means keeping watch on all aspects of the
operation

1. Monitoring conductivity of sample and
formamide

2. Keeping track of current and syringe position
in log.

3. Watching the laser current

4. Watching and listening for voltage spikes

5. Monitoring room temperature and humidity

ABI 3500
Genetic Analyzer

John

ABI 3500 Genetic Analyzer

New Features of the ABI 3500 CE
« animproved polymer delivery pump
lesign,

ready-to-use consumables and
containers,
Radio Frequency Identification (RFID)
consumable tracking,

« quality control software features for rapid
identification and re-injection of failed
samples,

increased throughput,

new laser technology,

reduced power requirements,

peak height normalization,

intuitive user software, and integrated

« 3500x! (24 capillary) primary analysis software,
« improved peak height uniformity across
capillaries, runs and instruments
6-dye channel capability

+ 3500 (8 capillary)

http://www.cstl.nist.gov/strbase/training.htm

Details of the new ABI 3500

Improved sealing for better
No lower pump block temperature control
(fewer air bubbles) (improved precision?)
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Primary Differences

October 6, 2011

31xx Platforms 3500 Platforms
. . Single-line 505 nm
Argon ion (AR+) with . L
Laser 488/514 nm wavelength solid-state, long-life
laser
Power 220V 110V
Requirement
File e
Generated fsa files .hid files
Instrument-to-
Normalization None instrument; only with
AB kits
Optimal
Signal 1500-3000 RFU 4x greater than 31xx
© platforms
Intensity

Identifiler Result on ABI 3500xI

27,684 RFU

o | . ‘
B B B
| 40,002 RFU 32,763 RFU ‘
-l I | "
] A ] B

ks
:f ) No pull-up observed i ‘
- 1 | | L |1y

] Mark Samghe for Dot

b 3 = = : -

=, - ‘

ABI 3500 ‘Dash Board’ Data Collection

~ Gauges
— v oo Ao b Coy 24 cp Ay
" 1z A . 1) ‘o
* y u y - = o
a w o B | [ (™
634 Ssmples Remining 5 Day: Remaining Day: Re
(30 Inject Rarrai

[Consumable  [Name Toutus [Days on Instrument_| Expication Date | Lot Nurber [Pt Number

[Polymer POPT 634 Samples Remaining 0 04-Sep-2003 11 514000 FEERT]

Ancde Buffer  ABISIOBufer 5 Days Rernaining 2 O-Myy-2009 1., 5134001 o

(Cathode Buffer  AB 3500 Buffer S Days Remai 1 05-Jun-2008 11 §751-6TH-B Aa08256

Capilay sy S0cm-24cap 117 Ijections Remmsinin 0 OLIn200TL. S80S 04688 - Serind & 8N4

Tracks the numbers of samples for ‘QC purposes’

~ Maintenance Notil (7]
ame [Pricriny |Natficston Date Descriptien. I E
Clean Auto ammpler HGH Clean Autosampler

Flush Pump Trap. HIGH
HIGH
HIGH 17 Mir-2009 120000401

Fush Pump Trop

\er4/HID andfar Sequencing Peformance Chack

XX X% X

HIGH  17-Mar-2009 120000 40

ABI 3500 Generates Excellent Data

STR typing with a 1:7 mixture using 36 cm array and POP4

q |10 13
507 (713 2611
2848

DNA sequencing of an SE33 allele using 50 cm array and POP7

A

o
o

NIST Calculated Cost per Sample for
ABI 3130xl vs. 3500 and 3500xI Reagents

Running two plates per day (10 plates per week)

$1.60

$1.40

$1.20 = 3130

$1.00 #3130 (AB
$0.80 Assumptions)
$0.60 = 3500

$0.40 3500xI

$0.20

$0.00

Cost Per Sample

Consumable RFID Tracking Limits

RFID Hard Usage Comments From a Research
Stops Laboratory Standpoint

. Very easy to change between HID and sequencing
Array None 2. Array from validation was stored at least twice and
reinstalled on 3500 during validation

Expiration Date
1. Can no longer in-h ffer
Buffer 7 Days on Can no longer use ouse buffel

Instrument 2. Very easy to change on the instrument (snap-and-go)
# Injections

. Hard stop with the expiration date has caused us to
discard unused polymer we would have otherwise kept
Expiration Date on the instrument

Polymer| # 2. ~50% of total polymer remains in the pouch after
# Injections “consumption”
3. Expiration dates have changed purchasing strategy

(smaller batches, based on ongoing project needs)

http://www.cstl.nist.gov/strbase/training.htm
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n=16 Allelic Ladders Validation data from Erica Butts (NIST)
Size Standard Comparison
| 3500

g

3130xI

*L1Z500

*L1Z500

oLz 600

0.25 { oLiZeoo 0.25

S(LIZ 500): 0.128 bp
S(LIZ 600): 0.049 bp

s(LIZ 500): 0.061 bp
S(LIZ 600): 0.049 bp

a
< 020

This upward shift is likely due to the

shifting of the 340 bp peak due to a

fluctuation of temperature across or
between runs

SD Allele Size, bp

Mean Allele Size, bp Mean Allele Size, bp
LIZ 600 v2.0 generated the most linear results on both the 3130xI and 3500 and was
used as the size standard on both instruments for remaining testing

n=20: |dentifiler n=15: Identifiler Plus \dentifiler Plus
. . 35,000 RFU
Injection Parameters
s ~33,000 RFU
* Injection voltage/time: =

— 1.2kV for 15 sec -

- 1.2 kV for 10 sec 0 *T ~22,000 RFU
» Identifiler - :
[-1.2kVifor5sec |mp  Idenifiler Pl

— 1.2KV for 3 sec I T10.000RMY

5 sec ~13,000 RFU

Standard injection parameters set L 1
based on samples with: - e R
1. No pull-up present 3 sec ~2,600 RFU

2. No drop out present

i [
10| [2504

Validation data from Erica Butts (NIST)

Need for Dye-Specific Thresholds

120 RFUn o e

n=84 samples

Analytical Threshold Calculation

[ m Single thresholds for all dye
channels assumes all dye
channels have the same

amount of noise

55 RFU.

I Can cause data to fall below
the analytical threshold and
not be called

120 |

Dye-specific thresholds take into consideration that all dye channels do not have
the same level of noise

Can increase the amount of data that is callable

Identifiler
Dye |Average|g .. (Min|Max | Calculated S—Iingle Threshold:
Channel| RFU RFU| RFU | Noise (RFU) 140 RFU
Blue 9 [ 84166 93 —
Green | 13 | 115 | 3 | 84 128 %’:ﬁs:gl?g-
Yellow [ 22 [116] 4 | 88 138
Red | 28 | 88 [10] 80 116 MEEEE D RAY
Identifiler Plus
Dye |Average Stdev Min | Max | Calculated Single Threshold:
Channel| RFU RFU| RFU |Noise (RFU) 420 RFU
Blue 10 4.6 3 | 68 55 =
Green 16 56 | 3 (78 72 Dye-Specific:
Yellow 24 79 | 7 | 63 103 Rounded to
Red 31 89 7 81 120 nearest 5 RFU

« Statistical difference was calculated between dye channels using a z-test

« Statistically each dye channel is different for both Identifiler and Identifiler
Plus
— Must be treated independently

Validation data from Erica Butts (NIST)

n=560 alleles Validation data from Erica Butts (NIST)

Threshold Comparison

Total of 560 alleles examined (50 pg, 30 pg, and 10 pg)
where dropout was observed

Single Threshold Dye-Specific
(140 RFU) Thresholds
2% | %0  PHR=47%
-y |
12
) i
14.8% of the total possible 22.0% of the total possible
allele calls were lost using a allele calls were lost using a
single threshold rather than using single threshold rather than using

dye-specific thresholds with dye-specific thresholds with
Identifiler Identifiler Plus

Validation data from Erica Butts (NIST)

ABI 3500 Validation Considerations

« The 3500 has proven to be reliable, reproducible and
robust

— Out of 498 samples between Identifiler and Identifiler Plus only 5
required reinjection

« Dye-specific analytical thresholds resulted in less allelic
and full locus dropout than applying one analytical
threshold to all dyes

« Stochastic thresholds are linked to analytical thresholds

— If the analytical threshold is adjusted, the stochastic threshold should be
reevaluated along with expected peak height ratios
« Requires consideration for overall interpretation workflow which we are still evaluating

« RFID tracking decreases flexibility in our research experience

http://www.cstl.nist.gov/strbase/training.htm

30



Butler & McCord - ISHI 2011 Workshop

Questions ?

Example Problems Seen
and Provided by Others in the Past

October 6, 2011

Sample Renaturation (minor dsDNA peaks
running in front of primary ssDNA STR alleles)

ROX Artifacts
Comparison Casework Blood Sample
ol P o1
L ] e 1
LR EEEEEEREEEEEEEEEEE L EEE E R .
1 H |
H i
TH BTH t j
Il P 31
0Ot 0 0 10 W0 M0 W 0 N0 MO 2% 20 20 M0 X0 M M 2 M0 M0 M i M M

i

o
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&

mwmw 4 m § = 4 @ 4§
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Data from Peggy Philion (RCMP)

Why dsDNA migrates through CE capillary
faster than ssDNA...

* DNA molecule separation depends on
interactions with the polymer
— Higher polymer concentration (or longer polymer

molecules) permits more polymer interactions and
provides better resolution (i.e., POP-6 vs POP-4)

» Single-stranded DNA (ssDNA) is more
flexible than double-stranded DNA (dsDNA)
and therefore moves more slowly through the
capillary because it is interacting with polymer
strands more

dsDNA vs ssDNA CE Migration

+ If a small amount of the complementary strand
re-hybridizes to the labeled STR allele strand,
then a little peak will be seen in-front of each
internal lane standard peak and

. *Height of dsDNA peak will depend on
amount of re-hybridization between
the two strands (some loci will re-

STR allele s L
(ssDNA) hybridize more readily giving rise
to larger dsDNA peaks)
STR allele
(dsDNA) +Local temperature environment of
‘ Stutter capillary impacts amount of re-
product hybridization (may change over time)

Thank you for your attention

Contact Information

John Butler
john.butler@nist.gov
301-975-4049

Bruce McCord
mccordb@fiu.edu
305-348-7543

Presentation available at:
http://www.cstl.nist.gov/biotech/strbase/training.htm

http://www.cstl.nist.gov/strbase/training.htm
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