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Presentation Outline

 History and background on CE
* Fundamentals of CE
— sample prep, injection, separation, detection

+ ABI 3500
» Troubleshooting strategies and solutions
* Questions

My Goal:
To help you understand the basic chemistry behind DNA separations
and to help make CE instruments less of a “black box”

NIST and NIJ Disclaimer

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

Points of view are mine 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://www.cstl.nist.gov/biotech/strbase/NISTpub.htm

Steps in DNA Analysis

Usually 1-2 day process (a minimum of ~5 hours)
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Pioneers of Capillary Electrophoresis

James Jorgenson Barry Karger
Uppsala University University of North Carolina  Northeastern University

Stellan Hjertén

1967 1981 1988/90

First high voltage CE First “modern” CE First DNA separations in
system (with rotating experiments (with 75 um a capillary (gel-filled/

3 mmi.d. capillaries) i.d. capillaries) sieving polymer)

Stellan Hjertén

Uppsala University (Sweden)

In 2003 at age 75

With first fully automated capillary free Received his PhD (1967) under Professor

zone electrophoresis apparatus in 1967 Arne Tiselius who had developed moving
boundary zone electrophoresis in 1937
(Noble Prize in 1948)
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A Brief History of Capillary Electrophoresis

» 1937 —Tiselius develops moving boundary electrophoresis
+ 1967 — Hjertén uses rotating 3 mm i.d. tubes for CE

+ 1981 -Jorgenson and Lukacs demonstrate first high
performance CE separations with 75 pm i.d. capillary

+ 1988 — Karger’s group shows DNA separations of single stranded
oligonucleotides with gel-filled capillaries

+ 1990 — Karger’s group shows DNA separations with sieving
polymers on DNA restriction fragments

+ 1991 — Grossman expands work with sieving polymers

+ 1992 - Bruce McCord starts working on PCR product separations
with STR allelic ladders

My Experience with CE, STRs, etc.

May 1993 — began working in Bruce McCord’s lab at Quantico

Sept 1993 — developed mtDNA amplicon quantitation method
(used in FBI casework from 1996 to present)

Nov 1993 — first demonstration of STR typing by CE (using
dual internal standards and THO1 ladder)

July 1995 — defended Ph.D. dissertation entitled “Sizing and
Quantitation of Polymerase Chain Reaction Products by
Capillary Electrophoresis for Use in DNA Typing”

July 1995 — ABI 310 Genetic Analyzer was released

First Rapid STR Typing with Capillary Electrophoresis
Single color detection with dual internal size standards
Butler et al. (1994) BioTechniques 17: 1062-1070

150 bp 300 bp

THO1 allelic
ladder

Research performed at FBI
Academy in the Forensic
Science Research Unit
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‘Performed in December 1993

Technology Implementation Takes Time — the FBI did not start
running casework samples using STRs and CE until January 1999

My Experience with CE, STRs, etc. (cont.)

1996-1997 Developed STRBase while a postdoc at NIST

Nov 1998 — GeneTrace Systems purchased a 310; typed
several hundred samples with Profiler Plus and Cofiler kits and
compared results to mass spec STR analysis

1999-present — Run thousands of samples with all STR kits
available (except PP 1.2) and developed a number of new
STR multiplex systems

Jan 2001 — Published “Forensic DNA Typing: Biology and
Technology behind STR Markers” (2" Edition in Feb 2005)

April 2001-present — Use of ABI 3100 16-capillary array system

STR Allele Separation Can Be Performed by Gel or
Capillary Electrophoresis with Detection of
Fluorescent Dyes Labeling Each PCR Product
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Why Use CE for DNA Analysis?

Injection, separation, and detection are automated.
Rapid separations are possible
Excellent sensitivity and resolution

. The time at which any band elutes is precisely
determined

Peak information is automatically stored for easy
retrieval

Symbol first used in Oct 1994
at the Promega meeting when
had a poster introducing the
use of CE for STR typing
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Important Differences Between CE and Gels

* Room temperature control is essential for run-to-run
precision
— CE uses sequential rather than simultaneous separations
— Usually need < 2.0 °C (must inject allelic ladder regularly)

» Lower amount of DNA loaded (injection = nL vs pL)
and thus detection sensitivity must be better

+ Electrokinetic injection enables dye artifacts (blobs) to
enter the capillary or microchip CE channel and thus
possibly interfere with STR allele interpretation

More Differences between CE and Gels...

+ Filling the capillary (or microchip CE channel) is
analogous to pouring a gel into a tiny tube...

* Must be more clean around a CE system
— Because the capillaries (LCE channels) are small,
particles of dust or urea crystals can easily plug them

— Tips of capillary cannot dry out (once buffer solutions
have been run through them) for the same reasons

» Bubbles are a BIG problem in CE as they can
easily block current flow in the capillary...

Capillary Electrophoresis (CE)

ith Polymer

Argon lon
Solution 9

Laser

/

50-100 pm x 27 cm

- Burn capillary +
window
nlet Outlet
(cathode) 5-20 KV (anode)

o -
s Data Acquisition and Analysis
ample tray moves

automatically beneath the

Sample cathode end of the capillary

tray to deliver each sample in
succession

Typical Instruments Used

GeneAmp 9700
for STR Typing ¥

Thermal Cycler for
PCR Amplification

Capillary electrophoresis instruments for separating and sizing PCR products
single capillary 16-capillary arrax
LB
ABI 3100

(488/514 nm)

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

Genetic Analyzers from Applied Biosystems ABI Genetic Analyzer Usage at NIST
ABI Genetic _ Years Released  Number of . Polymer o (All instruments were purchased using NIJ funds)
Analyzer for Human ID___ Capillaries aser delivery er features
ooty 19522003 D e e ] ABI 310 singlecapillary
st i
(relorrm) oA = @saisamy oD camera . ;dwas purcr;]ase(:j in :‘L]996 azso gllzac -
" . was purchased in June as

310 1995 1 omsiann  SVInge P!

$100 2002005 16 gesbiam oY /"ABI 3100 > 3130x| 16 capillaries
3100-Avant  2002:2007 4 e i + 1stpurchased in April 2001 as ABI 3100

3130 2003-2011 4 Priis pump - upgraded to 3130xI in Sept 2005

- L in a different room
3130xI 20032011 16 frrsiviry pump ocated in a different roo;
« 2 purchased in June 2002 as ABI 3100
3500 2010 8 1025w dode T o . '
505 nm) NeW pUMP o miization & 6-dye — Original data collection (v1.0.1) software retained
3500xI 2010- 24 ¢ ( : |
|\ — updated to 3130xl in Jan 2007 y

3700 2002-2003 96 ot e spitbeam technology ~ /

3730 2005- 48 fripiio pump ABI 3500 8capillaries

3730x! 2005- 96 25mw Are pump « Purchased Nov 2010

= ]
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DNA Samples Run at NIST

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

Review Article on STRs and CE

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

. Electrophoresis 2004, 25, 1397-1412 Contents
* STRKkits Revi
. e . . eview 1 Introducti 1397
— Identifiler, PP16, PP16HS, Identifiler Plus, Identifiler Direct, 14 e”;;;,:?;gect {207
Profiler Plus, Cofiler, SGM Plus, ESI/ESX 17, SE33 monoplex John M. Butler' Forensic DNJ 1.2  Early work with CE. . 1400
Fecerca Civelone® using the AB{2  Sampe repesion andrjecton. ot
Bruce R.McCord® = s~cv QTR anai™  —o RESeRaiaioll. o
* Research & development on new assays for STR analys.1 e poymer sspaaton mati. 1403
. "National Institute of Standards 32 The buffer.. 1403
— STRs: Y-STR 20plex, MeowPlex, miniSTRs, 26plex E?&l?ﬁ?@ﬁlg%mm DiNA typing with shor} 3.3 The capillary 1404
— SNPs: SNaPshot assays: mtDNA (one 10plex), Y-SNPs (four Sathersourg, Mu.Luﬁg . EPPCAenS e : i:ﬁilifliiiﬁ:gm 1332
6plexes), Orchid SNPs (twelve 6plexes), ancestry SNPs (two Waterbury VT, USA - formany \‘aboratoviet 51 Softwarsused ....... 1406
12plexes), SNPforID (one 29plex), SNPplex (one 48plex) “Chis University, N9 sampie PrERarSl 5.2 Assessing resolution of DNA separation: 1408
Depariment of Cnemisiry. esulls uing OF syt Applications of forensic DNA testing 1407
throughput and ease| 61  Forensic casework. .. . 1407
. i 6.2 DNAdatabasing. .. ... 1408
DNA sequencing 7 Increasing sample throughpu 1408
— Variant allele sequencing 7.1 Capillary array electrophoresis systems 1408
7.2 Microchip CEsystems. ................. 1409
7.3 Future methods for DNA typing with STR
markers. ... . 1410
We have a unique breadth and depth of experience with these instruments... 8  Refersnces. 1410
Analytical Requirements for STR Typing A[i"S”E'g” Steps in STR Typing
Butler et al. (2004) Electrophoresis 25: 1397-1412 Size 88 nm Wlth ABI 310/3100
Raw data (w/ colorjoverlap) s . [ | ABI Prism
* Fluorescent dyes must be ‘ i eparation . L.y spectrograph
spectrally resolved in order A AN A 0 |
to distinguish different dye Spectrally resolyed r— =* Color
labels on PCR products I Separation
i — Fluorescence
LAY
* PCR products mustbe TS a% -
spatially resolved — desirable = Capillary
to have smgle base resolution ﬁ J( M Jl\ [ﬂHe‘\(/{ \Mv[h CCD Panel (with virtual filters)
out to >350 bp in order to 44 et -
distinguish variant alleles — Sample Detection

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

| Processing with GeneScan/Genotyper software

Mixture of dye-labeled
PCR products from
multiplex PCR reaction
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Preparation Sample Interpretation

Detection with Multiple Capillaries (irradiation for
Capillary Arrays)
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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
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Separation

Ohm’s Law

V = IR (where V is 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)

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
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Gel thus retarded in their migration
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Figure 12.4, J.M. Butler (2005) Forensic DNA Typing, 2 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 Ocford University Press Nucleic Acids Research, 1997, Vol 25. No. 19 39253929

Improved single-strand DNA sizing accuracy in
capillary electrophoresis

Barnett B. Rosenblum*, Frank Oaks, Steve Menchen and Ben Johnson

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

[Raceived My 20, 1007. Ravad and Acceplad August 6, 1097

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
S L w

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
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Capillary Wall Coatings Impact DNA Separations How to Improve Resolution?

Electrophoretic flow =gy 1. Lower Field Strength

2. Increase Capillary Length

3. Increase Polymer Concentration

4. Increase Polymer Length
Capillary Wall SiIOH <P SiO- + H* y g

< Electroosmotic flow (EOF)

Solvated ions drag solution towards cathode in a flat flow profile

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

Impact of Capillary Length and Polymer Concentration
on DNA Sequencing Resolution

220 200 s0

310 POP4-20min (36cm)

310 POP4-30min (36cm)

310 POP6-36min (36¢m)

Injection

310 POP6-50min (36cm)

310 POP6-120min (36cm)

310 POP6-120min (50cm) "

A A
|
! i) 0
AATGAN C0C0CfGOGhGACGCCOTTTECOTATIY

igDye® Terminator v3.1 Sequencing Kit (Sample: pGEM)

3130 POP7-120min (80cm) |y 1111k
pl,

Longer run times
at lower voltage

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

S L Capillary and Electrode Configurations
Electrokinetic Injection Process priary g

(a) single-Capillary (b) Multi-Capillary
Electrode Configuration

Capillary

Electrode

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

©

' g
Salty samples result in Q
poor injections

PCR products
in formamide
or water

Sample Tube
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ABI 310
Electrode adjacent to capillary

Capillaries

|
|
-
-
ABI 3100
Individual electrode surrounds each capillary

Sample Conductivity Impacts Amount Injected

Et(nl’z) (l-"ep + ”eof)[DNAsample] (Aputer)

ksample

[DNA,,] =

[DNA;;] is the amount of sample injected  [DNAg, 0] i the concentration of
DNA in the sample
E is the electric field applied
is the buffer conductivit
tis the injection time Aouter Y

r is the radius of the capillary Asampie 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

Heo IS the electroosmotic mobility

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

+ Sampleinjection — the autosampler moves to position Al (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

Comments on Sample Preparation
+ Use high quality formamide (<100 puS/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 Artifacts Following PCR Amplification
ma = & 100 120 140 180 130

2000 | THOL No Filtering (Straight from PCR)
(I TPOX
CSF1PO
1000
] / / FGA D21S11
ol / / 7, 75820 /
o Ad L i
4000 | THO1 _ Filtered with Edge
] columns
OX
2000
n CSF1PO
Note higher FGA D21s11
RFU values due
to salt reduction EDGE GEL 75820
with spin CARTRIDGES
columns 1 .l 1

Why MiniElute increases peak heights

Qthquick anet M Procechre

* QIAGEN MiniElute reduces

salt levels in samples W e
causing more DNA to be ( L >
injected e ¥
T o5

* Requires setting a higher i 1
stochastic threshold to T s
account for the increased v Y
sensitivity & = b

[

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

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

Stochastic threshold
must be raised

When PCR amplifying low levels of
DNA, allele dropout may occur

Allele failed to amplify Allele failed to amplify

False homozygote

Detection

Optics for ABI 310

CCD Detector

Diffraction
Grating
Focusing Mirror
Re-imaging Lens
Long Pass Filter

/ Capillary Holder

Capillary

Argon-lon
Laser ©
(488/514 nm)

Laser ShunerSJ/
Laser Filter

Diverging Lens

Microscope Objective Lens

Dichroic Mirror

Fluorescence

Excitation Emission
) —_—
S — 2 Stokes
shift

™
S,

ener
v hve, [1 hven 3

Fluorescence

So

Mexmax  Mem max

Wavelength (nm)

Methods for Fluorescently Labeling DNA

Unlabeled DNA

F Intercalator inserts
(a) [ \ between base pairs on
E‘mﬁf SYBR Green double-stranded DNA'

DNA labeled vith
intercalating dye

P Fluorescent dNTPs are incorporated
into both strands of PCR product

(b) gd I J
_ P P PP

o\:l One strand of PCR productis
(C) Fluorescent dye labeled with fluorescent dye
Iabeled primer O\:l

The polymerase chain reaction (PCR) is used to
amplify STR regions and label the amplicons with
fluorescent dyes using locus-specific primers

8 repeats

—
Locus 1 10 repeats

I = e = e = )

[

Locus 2 9 repeats

o = = = =

—

[ 8 repeats
e

@o—

100 125 150 175 200 PS5 PSO0 2¢S 300 325

L iy

Scanned
Gel Image Capillary Electropherogram
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ABI Fluorescent Dyes Used in Four-Color Detection

FAM
(blue)

TAMRA

(yellow)

(CH M ll o. II ek,

c-0

Fluorescent Emission Spectra for ABI Dyes

NED is a brighter
dye than TAMRA

5-FAM JOE NED ROX

@
=}

N
o

n
o

Normalized Fluorescent
Intensity

0 |
1 520 540 560 580 600 620 640
WAVELENGTH (nm)

Laser excitation

(488, 514.5 nm) ABI 310 Filter Set F

(a) 8000, Scan number
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% 5000,
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é 4000,
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© z000_|ff
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S . |
S ‘\ \
)
5
£ LU E )

Importance of Spectral Calibration

Before Color Separation

ip

After Color Separation

S ———— = P —)

] ’ A

ABI 310 Data

Matrix with 4 Dyes on ABI 310

ls40= bXy + gyy + Y2z, + rw,, intensity of blue
lsgo= bXg + gyg +yzq + 1wy intensity of green
lsgo= DX, + gy, + Yz, + rw, intensity of yellow
le10= bX; + gy, + yz, + yw, intensity of red

Where

Reactions
b is the %blue labeled DNA R v 8
i 0
g is the %green labeled DNA, etc.

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

T < @ @

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

o o neo rer . 4 GFAM_VIC_NED_PET_LIZ_042004.mix

Reactons

B G Y R o
8 [isono | Josres | Joozze | Jososs | Joowor |
G [fosozs | Jrooso | foaerr | Jossse | Joooss |
Y Jozmor || [osaee | [roooo | Josaso | fosss |
A
o

[o52s5  fosess | [orziz | [1oooo | [oooet
00125 | Jooase | Joosoo | fonasa | [1oooo

600
Wavelength (nm)

Raw Data for Matrix Standards

Processed Data (matrix applied with baselining)
e e —
s Y s
N = 6FAM
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|
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~
ek .RE¥E .5df
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Virtual Filters Used in ABI 310 Variable Binning Increases Red Peaks

Visible spectrum range seen in CCD camera Comparison of Data Collection Versions
500 525 550 575 600 625 650 675 700nm

I "1 ] I i I | T I L1 (@) (b)
HEJﬂ Commonly used
FLFAMTET JOE NEPMEET ROX fluorescent dyes
VIC Arrows indicate the dye emission spectrum maximum
" Filter sets determine what
Filter A = = = = regions of the CCD camera
Filter C mEm m are activated and therefore
what portion of the visible
Filter F m O m light s?)ectrum is collected ABI 3:!‘00 ABI 3130X|
Data Collection v1.0.1 Data Collection v3.0
Filter G5 m O m m
The same PCR products examined with different data collection versions. In (a) there
Blue Green  Yellow Red Orange  Used with These Kits is an equal number of pixels of light collected from the CCD camera for the blue-
Filter A FL JOE TMR OR PowerPlex 16 labeled and red-labeled peaks. In (b) the signal increase in the red dye-labeled PCR
Filter C  6FAM TET HEX ROX in-house assays products is accomplished with ‘variable binning’ where more pixels of light are
Filter F | SFAM | JOE NED ROX Profiler Plus collected from the CCD camera in the red-channel to help balance the less sensitive
Filter G5 6FAM vic NED PET Liz Identifiler

red dye with blue dye-labeled amplicons.

Deciphering Artifacts from the True Alleles

NIST ABI 3100 Analysis Using POP-6 Polymer

Biological (PCR)

artifacts STR alleles
Stutter products /\ High Resolution SNaPshot SNP Typing
STR Typing (Coding Region mtSNP 11plex minisequencing assay)
spike THOI C
Dye blob  stutter = 2 2 z 2
eo%J 7o L \ / w| © Result from 1 pg (genomic DNA)
[ Tame(is 00
[Ees [ e Blue channel G T T c T
Ll T A T
D3S1358 e l l l J u B
Ir;co#}n:gle A~ ~ Green channel ° l n - . L A 1
adenylation 5 — e d
YR Pull-up / POt PO S o
(bleed-through)
y . L Yellow channel
mtDNA Sequencing (HV1)
A AARCCCAATCCACATC AAAACCECCTEECEATECTT ACAAGCAAGTACAGCAATEAACCCTC AN TAT
i 15 o pit; s
e — | Red channel

D8S1179

Maintenance of ABI 310/3100/3130 Protocols Used for STR Typing

» Syringe — leaks cause capillary to not fill properly » Most forensic DNA laboratories follow PCR amplification
f - . o and CE instrument protocols provided by the
. — |
Capillary storage & wash — it dries, it dies! manufacturer
* Pump block — cleaning helps insure good fill
» Change the running buffer regularly + Comments

— Lower volume reactions may work fine and reduce costs
— No heat denaturation/snap cooling is required prior to loading

YOU MUST BE CLEAN AROUND A CE! 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

10
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ABI 3500
Genetic Analyzer

ABI 3500 Genetic Analyzer

R S

« 3500 (8 capillary)

» 3500x! (24 capillary)

‘ New Features of the ABI 3500 CE

an improved polymer delivery pump
design,

ready-to-use consumables and
containers,

Radio Fret?uency 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
primary analysis software,

improved peak height uniformity across
capillaries, runs and instruments

6-dye channel capability

Details of the new ABI 3500

Improved sealing for better
temperature control
(improved precision?)

No lower pump block
(fewer air bubbles)

s
with RFID tags

Primary Differences Between 31xx
and 3500

31xx Instruments

< Argon ion (Ar+) lasers with
488/514 nm wavelengths for
fluorescence excitation

« 220V power requirement

« Optimal signal intensity 1500-
3000 RFU

« Datasignal depressed 4-
fold during data collection

« Currently validated and
operational in most forensic
laboratories (.fsa files)

3500 Instruments

+ Single-line 505 nm, solid-state

long-life laser

« Smaller footprint
« 110V power requirement
» Optimal signal intensity can

approach 20,000-30,000 RFU

« Normalization of instrument-to-

instrument signal variability

— Ability to increase or decrease
overall signal

* Requires the use of GeneMapper

IDX v1.2 (.hid files)

ABI 3500 ‘Dash Board’ Data Collection

 Gauges

POPT Palymer AB 3500 Buffer - (Anode) AB 3500 Buffer - (Cathode) S0cm - 24 cap Array

1 e
L v

3 Days Ramaining

Odlnection y S0 v O Injections Remining)

Commmible Ovyy en nvtrment[Expeatian Dy

0 0454p 2000 11, S14081
2 0 N

Eyr———

[Home

MIGS 11:Mu-2003 120000 AM
donance MG 1T-Mw- 2000 119008 AM

ABI 3500 Generates Excellent Data

STR typing with a 1:7 mixture using 36 cm array and POP4
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.M 1']..1}.url
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Identifiler Result on ABI 3500x|

= 27,684 RFU T ‘
- ' 1 1 L
=
- T20002RFU | 32763RFU - ‘
= o i )
= : ke G-
m‘ = No pull-up observed B ‘
- 1 ) L] o)
=S B G S [~
- —

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

Running two plates per day (10 plates per week)

$1.60

$1.40

$1.20 m3130

$1.00 3130 (AB
$0.80 ——  Assumptions)
$0.60 P& m3500

$0.40
$0.20
$0.00

3500x|

Cost Per Sample

Troubleshooting:
Strategies and Solutions

Bruce McCord’s Profiles in DNA Article

PROFILES IN DNA Volume 6 (2), Sept 2003, pp. 10-12
TE TIPS

Troubleshooting Capillary Electrophoresis Systems

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

INTRODUCTION
The development of capllary electrophoresis (CE) has piayed a key role In bringing about
The kiny to prodiich the modem application of DNA typing. Forensic Iaboratories are the beneficlaries of this
DNA ol 4 ew technology, but many practitioners are ot fully awate of the undeflying priacipies of
NA - Tris article attempts 10 address the important Issues n CE separations
separations is to 1n troubleshooting problematic separations. The key 1o producing good
understand the ONA separations s to understand the prnciples underlyng the Injection, separation and
inciples underying detection of each allele. These points are addressed below.
e wyac; SEPARATION
saparation fm d DNA analysis by CE Is performed using entangled polymer buffers (Figure 1). These
detection of each butfers can be easty pumped Kito & capiBary prior 1o & Separation and puMPEd out
allele. at Its conclusion. providing a fresh separation matrix for each fun. A typical bufter for

forensic DNA separation contains 4% polydimettyl acrylamide (POVIA), buftered 10 pH 8

Applied
Biggystems

Forensic
L

October 2007

11/docs/52808_FN_FAS_r3.pdf

Troubleshooting Amplification and Electrophoresis of the AmpF/STR® Kit

s of AmpF/STR® kit

reing
* Low reproducibility |

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.

12
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Effect of temperature on allele size

D18S51 |

|
FGA Allele 30 |
348 |
T 347 ‘
265 T — 346 |
g 262 o 345 | : |
@ 259 g 344 ;
256 8 343 8
253 . T — : : 8342 3
40 45 50 55 60 65 70 75 v 341 %
Temperature 340 L
339
Slope is 0.14 bases/degree centigrade 338
Therefore a small change in temperature has a big effect
(A 1-2 degree shift in temperature of the heat plate can produce an OL allele) 40 50 60 70
Hartzell, B., et al. andem repeat systems to temperature and sizing methods. | Temperature
Science Internati [ gl g, |
— Temperature Effects
Off-Ladder “OL Alleles”
230
229 210 280 20 =00 s10 530 30 40
228 D18551
[ 227 1 LADDERsample3 3 Green LADDER
8 2000
g 226 1500
1000
S 225 RS
g 224 . |
v 223
222
22] HE990109. 2sanple21 21 Green HESI0109K1 2
220 t“ﬂﬂ
40 50 60 70 Il om0
0RO TUIL 0 SR o
| Temperature
o
“‘OL allel inj ?
p » allele re-injecte
OL alleles ” - look at the 250 peak J
R A I e e  Rma T o  Eman s s : : : : : : : :
00 210 220 @0 240 280 260 270 280 290 300 30 o T I T e e e
018551
LADDERsampleZ  3Red  LADDER Prafiler. RPrafil-3 16 Green Profiler Plus LADDER
Laoo 1500
Leoo 1000
L4000 500
Fz00
)
HES30103.. Zsample21 21 Red  HEII0109K1Z HE99010%..990109K12 14 Green  HEF20109K12
a0 £00
-0.44 bp Fe0n 400
400 200
Fzo0

20000
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And the 250 peak...

a0 200 20 220 230 240 250 260 270 280 290 20O 10 220

Fao0

J Feon

400

F200

200.00 246 21 300.00

M09..990109K12 14 Red  HER90109K12

-0.12bp ‘Zgg
Faoo

ler.. RProfil-2 {6 Red  Profiler Plus LADDER

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

Monitoring Instrument Room Temperature Fluctuations
< 227/A230
00

Horh
w0 | Temperature

. | Monitoring of two
separate
instrument rooms.

180]
190,
1404 b aAUUUAALRAARAL 60

'”w—“/v_..«-‘\-f' Y
100! RN a AR IAAA A b 58 I

- o=l | Box area is a 24
us 17 Wad 18 Thu 19 f
hour period where
Cotibn A Wy
temperature
From:- A To ! control is not
stable.
¢ 227/B219-1 s2ah
- AL 1 ' -
0
60
50

Tu 17 Viad 18 Thu 19

— o o —— ey

From:- 16 October 2006 07:46:60 _To:- 19 October 2006 13:10:68

Poor Temperature Control
Causes DNA Sizing Imprecision

" m = - w - m - -

| il

Ladder Overlay, 6FAM
Combo1, 3130x| N

Use of Second Allelic Ladder to Monitor Potential Match
Criteria Problems

“ profur A0SR 123 1 Grean PPk LADDER,

[T

I
| 15 Injection (treated as a sample) I%

PrPuz LADDERI f23 18 Grean_frovhes LADDER

2w

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

14



6/4/2012

Carbon Trails

High Humidity

or wet buffer vials
can create other
paths to ground

Keep Your‘ System Clean!

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)

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 1000 §
T aon _
500 3 | 800 :
70 bk 700 :
600 l ‘n J 600 3
so0 3l L, 500
v 400 400
‘ Little spikes indicate need to

change buffer... check current

b Lot S S o Mk b

| i p

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

B
-

Load

L o

I rrresram=r

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

» The buffer and polymer affect the background

» Urea crystals and dust may produce spikes

» High salt concentrations may produce reannealing of

» High salt concentrations affect current

» Low polymer concentrations affect peak resolution

Buffer Issues

fluorescence- affecting the matrix

DNA
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Meltdowns can be permanent or transitory

as we have seen these may result from sample contamination effects

] s 7 o0 136 @0 176 00 326 360 376 300 376 360 376 400 425 460 476

Does the capillary need to be replaced?

MMMA ﬁiﬁ'\f\f\l\ o ifles

Wi

B

No! The next injection looks fine...

Meltdowns may be the result of

Bad formamide

Excess salt in sample/renaturation
Water in the polymer buffer
Syringe leak or bottom out
Poisoned capillary

Conductive polymer buffer due to urea
degradation

Crack/shift in capillary window
Detergents and metal ions

Troubleshooting benchmarks

» Monitor run current

» Observe syringe position and movement during a batch
+ Examine ILS (ROX) peak height with no sample

» Observe “250 bp” peak in GS500 size standard

* Monitor resolution of THO1 9.3/10 in allelic ladder and
size standard peak shapes

+ Keep an eye on the baseline signal/noise
» Measure formamide conductivity
* Reagentblank — are any dye blobs present?

» See if positive control DNA is producing typical peak
heights (along with the correct genotype)

Measurement of Current

V/I =R where R is 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

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

-~ ~3
Capillary ‘\
\

Detection
window

Heat plate

Syringe
(with polymer)

electrode =

Syringe Travel

The ABI 310 instrument also keeps track of the position
of the syringe (in the log file)

Depending on the resistance to flow, the syringe will
travel different lengths

Syringe leaks may be reflected in a longer distance
traveled prior to each injection

These leaks occur around the barrel of the syringe and
at the connection to the capillary block

16
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Use of ABI 310 Log File to Monitor Current and Syringe Travel ABI 3100 ABI 3130x|

= ) IJ (upgraded from 3100)
A —

[
Run Folder-1-

Name /. I size | Type [ Modfied ]
Log.log 6KB Text Bocument 1152005 525 AN

alix

Manually filled syringes
replaced by mechanical

10-35-PM - — 4
SynngeAF'osmon pump with polymer
o o : A
TTIT e e e W A T supplied directly from bottle
10 ABI PRISM 310 Collection vEr‘S1Dr| 2 0.0

10
10
10

ABI PRISM 310 Firmware wersiol
Instrument serial number: 310000431
sample sheet: D: \Apphedam\slo\samme Shegts\MIx05 Prof

10 Genescan Run operator Dual syringes
10 Detector Length: 36 cm o
1o Run starte (for polymer
10 Injection 1 - ProFlus LADDER delivery)

10
-->1/4,/05 10

Module: GS_ STR POP4 (1 mL) F.md4

vial AL i secs_15.0kv run 28 m at 15.0kv 50°C e = Mechanical pump

f—-1/4/05 10 EP 15. Ok 12. Ou B0C_Taser S. 8my F
[ 174705 11 oc Tazer 0. Gmvl EorTrge EE (for polymer delivery) \
V4705 11 .m'l'\eaed 7584

11 jection 1 en

11 jection 2 - MIXO5_P P+

11 Module: G5 STR PoP4 (1 mL) F.mdd : &

1 vial A3 inda Secs 15.0ky run 28 mins at 15.0kv 60'C T

1 P 15. 0ky 60C_laser ©.8mw syringe 453 = 1

11 EF 1 getmAbOC Taser B.Em i\ ! s Outlet
1 fits collacted: 7584 4 .

11 action 2 End buffer

T R ¢ reservoir
Current wlal 28 fyject eecs 15 oy b 28 mins 2t 15,0 s0°C !
5 BEE 1haar b b 5 :

sp F gl U
LS, collecten: 7584
et 3 i L

Dye Blobs in the Negative Control Sample ) ) L
T ;- Measuring Formamide Conductivity

(not this way)

stuff and immediately pipette it out into small tubes with or W|thout
‘ l L ROX already added. Then freeze the tubes.
J L \\

|
l\ | | ‘l \\ Do not ever open a cold bottle of formamide. Water will condense
L SEE—— - = / = —— == inside and aid in the formation of conductive formic acid.

Noes it 588k s 88E .80

. Mechanical pump % | Detection
Conclusion: (with polymer) window

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

bottle

Outlet buffer;
reservoir

Inlet buffer
reservoir
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