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

Pioneers of Capillary Electrophoresis

Stellan Hjertén James Jorgenson

Barry Karger
Uppsala University University of North Carolina  Northeastern University

1988/90
First DNA separations in
a capillary (gel-filled/
sieving polymer)

1967 1981
First high voltage CE First “modern” CE
system (with rotating experiments (with 75 pm
3 mm i.d. capillaries) i.d. capillaries)

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)

A Brief History of Capillary Electrophoresis

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

e 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

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

In the early 1990s the real question was how
to transition from a gel to a capillary

» Cross-linked acrylamide gel filled capillaries
were tried first
— Reusable?
— Bubble formation
— Themal degradation

* Alternative was to not use a gel at all
— Refillable sieving polymers
— However, resolution was poor early on

Early Work with CE and STRs

« Barry Karger's group (1988-1990)
— Utilized gel-filled capillaries to separate sSSDNA
— Introduced sieving polymers in the form of linear
polyacrylamide to separate restriction digests
« Beckman P/ACE 2050 is introduced in 1992 as the
first commercially available CE coupled to a laser to
enable fluorescence detection
« John Butler and Bruce McCord (1993-1995)
— First STR typing with single color CE using intercalating
dyes and dual bracketing internal size standards
* Rich Mathies’ group (1995)
— First STR typing with multi-color CE (and multi-capillary)
using dye-labeled primers
* ABI310is introduced in July 1995 as the first
commercially available multi-color CE

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

5.00 W 7.00 3.00
ime [minutes)

‘ Performed in December 1993

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

STR Allele Separation Can Be Performed by Gel or
Capillary Electrophoresis with Detection of
Fluorescent Dyes Labeling Each PCR Product

@ 8 repeats
Locus 1 Q. 10 repeats
—
. 8 repeats
e e )
Locus 2 . 9 repeats
e
—
100 128 180 178 200 228 2E0 278 200 328
Scanned
Gel Image Capillary Electropherogram

Why Use CE for DNA Analysis?

. Injection, separation, and detection are automated.
. Rapid separations are possible

. Excellent sensitivity and resolution

A W N P

. The time at which any band elutes is precisely
determined

5. 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

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Fill with Polymer
Solution

Argon lon
Laser

50-100 pm x 27 cm

Burn capillary
window

~

DNA Separation occurs in
minutes...

'~
Inlet Outlet
anode;

=
/ Data Acquisition and Analysis |
Sample tray moves

automatically beneath the
Sample  cathode end of the capillary
tray o deliver each sample in
succession

Flowchart of CE Sample Analysis

Extract &
Quanttate — > PCR
DNA

Dilute samples in
formamide or water

Enter Sample Names into
Computer Spreadsheet
Load Autosampler
Prepare Capillary
And Run Buffer *

Inject Sample
(with voltage - EK)

Number of capillary injections
is limited due to build up of
polymer and proteins on the
inner wall of the capillary

Analyze Data

Typical Instruments GeneAmp 9700
Used for STR Typing p

Thermal Cycler for
PCR Amplification

Capillary electrophoresis instruments for separating and sizing PCR products
single capillary 16-capillary array
= |

ABI 310 & ABI 3100

Review Article on STRs and CE

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

Electrophoresis 2004, 25, 1397-1412 Contents
Review 1 Introduction .. 1307
1.1 General aspects .. 1397
.lonnM.?u‘llr' Forensic DNJ 1.2 Early work with GE. .. .. 1400
Eric Bual M
Fedwricn oivalisninl® using the AB 2 Sample preparation and injection Lo 1401
Bruce R. McCond® for STR anal 3 Sample separation. ......... ..o 1402
3.1 The polymer separation matrix . 1403
"National Institute of Standards 3.2 Thebuffer... 1403
and Technology, DMA typingwith shed 3.3 The capillary . 1404
Biotechnology Diulsicn, appheatonsinciudind 4 Sample detection. . .. 1405
Gathorsturg. MD, USA =ich as e ABIPreal & gaminle interpretat 1406
Aurmont Foroneis Laboealory, ample interpretation .-
Wiistorbury, VT, LISA formany laboratored 5 4 software used .. 1406
oo Univarsity, ﬁu‘l::::gm: 5.2 Assessing resolution of DNA separations. .. 1406
Dspastment of Charmist i " i
Athans, OH, USA Y okl T e combel Applications of forensic DNA testing . 1407
Ihmusghput and sasa| 61 FOrensic casework. .. .. 1407
6.2 DNA oooo .. 1408
7 Increasing sample throughput. .. 1408
7.1 Capillary array electrophoresis systems. ... 1408
7.2 Microchip CE systems. Le.. 1409
7.3 Future methods for DNA typing with STR
..o 1410
8 References. . .. . 1410

Genotype Results with Profiler Plus™ kit
PCR Product Size (bp)

T T T T T T
100 120 140 160 180 200 220 240 260 280 300 320 340 260

D3S1358 o FGA FAM-labeled Feooo
(blue dye) [4m00
U M PCR products [2000

[g]
D8S1179 D21S11 018551 JOE-labeled [eooo
(green dye) [4008
‘l A -2000

1 PCR products
Cel

Relative Fluorescence Units

D75820
Sextyping 0 o135817 NED-labeled Fgog0
(yellow dye) [aooo
PCR products [-2000

[ i [

GS500-ROX (red dye) [sona
Internal Size Standard [4000

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

Analytical Requirements for STR Typing

Butler et al. (2004) Electrophoresis 25: 1397-1412

Raw data (w/ color| overlap)

* Fluorescent dyes must be l Y
spectrally resolved in order | 1A LA A
to distinguish different dye Spectrally resolved
labels on PCR products \

* PCR products must be A
spatially resolved — desirable -
to have single base resolution ﬂ _J'Ul\
out to >350 bp in order to TR -ﬁl
distinguish variant alleles _ 1

¢ High run-to-run precision — |
an internal sizing standard is I T
used to calibrate each run in
order to compare data over [ bkl
time " '
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Argonon Steps in STR Typing

(488 rm) with ABI 310

Size
Separation 4

=
|
L ABI Prism
i : spectrograph
\Se:):a?rl;trion
Fluorescence
= S
Separation
P [

(filled with
polymer CCD Panel (with virtual filters)

soluti n
olution) Sample Detection

S——

Sample

Injection == o0 with otyper software
Mixture of dye-labeled an,

PCR products from i)

multiplex PCR reaction 0]

Sample
Sample Interpretation

Preparation

>
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Detection with Multiple Capillaries
(Irradiation for Capillary Arrays)

clelele AAaAA
o= id
-
- (-
- o |= =(-|E
= LASER ol |=l|S - g ™
Excitati [
=k mlElE(E = (=[ElF
(] ml ™ == =1 =
N ! =] [ e -
= |l | =
f = |LASER| |m = =
Excitation [ - -
@ | e
LASER
- - Excitation
Capillary Array (488 nm)
Side irradiation Fixed laser
on-capillar i K I
( 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

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)

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

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
charge move fastest

Hep = O/6mMr

A T G C

NSNS

PO~ PO PO

As size increases so does charge!
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E(a)
> =2 F

Larger DNA molecules interact

Gel more frequently with the gel and are
thus retarded in their migration
through the gel

(b)

Gel
T e
: ;'\D \D

=

=]
Long DNA

=]
— molecules

Small DNA

=)
é‘_/ molecules 5]
8 =] =]

=] =]

o =

Ogston Sieving Reptation

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)

DNA Separations in Entangled Polymer
Sieving Solutions

DNA-
DAL e (D

DNA~

« Size based separation due to interaction of DNA molecules
with entangled polymer strands

Polymers are not cross-linked (as in slab gels)

“Gel” is not attached to the capillary wall

Pumpable -- can be replaced after each run

Polymer length and concentration determine the separation
characteristics

o« o o o

Entangled Polymer Solutions

Polymers are not cross-linked
(above entanglement threshold)

“Gel” is not attached to the
capillary wall

* Pumpable -- can be replaced o e o o \”
after each run

« Polymer length and o o :
concentration determine the A AN /N
separation characteristics

* Examples:
— 1% HEC (hydroxyethyl cellulose) POP4 Polymer

— 4% polyvinyl pyrolidinone

— POP-4 and POP-6 Polydimethyl acrylamide

Transient Pores Are Formed
Above the Entanglement
Threshold.

(=
e o

Ogston Sieving  Reptation  Entanglemen

u~ poeNe pn~1/N p~ f(1/CN)

http://www.cstl.nist.gov/biotech/strbase/training.htm
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What is in POP-4 and Genetic Analyzer Buffer?

1997 Cufond Linveramy Press Nuckeie Al

Improved single-strand DNA sizing accuracy in
capillary electrophoresis

Bamnett B. Rosenblum®, Frank Oaks, Steve Manchen and Ben Johnson

 Micaysierma. 050 Lincoln Cartre Drive, Fosiar City, CA 84404, USA

Fuiad a0 Acapted Mgl B, 5T

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

N \— \

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 PN N VAN

March 25, 2009

Why TAPS instead of Tris-borate
(TBE) buffer?

* TBE is temperature/pH sensitive

— as temperature increases, the pH decreases (0.02 pH units with every
1 °C); this is the principle by which TaqGold activation works

« At lower pH, fluorescence emission of dyes

decreases

— see Singer and Johnson (1997) Proceedings of the Eighth
International Symposium on Human Identification, pp. 70-77

¢ Thus when running at 60 °C on the ABI 310, if
Tris-borate was used, fluorescent intensity of
PCR products would be lower

Capillary Coating

Polyimide outer
Coating

Dynamic coating of charged sites on fused silica
capillary is accomplished with POP-4 polymer

Capillary Wall Coatings Impact DNA Separations

Electrophoretic flow gy

SiOH <% SjO- + H*

Capillary Wall
<« Electroosmotic flow (EOF)

Solvated ions drag solution towards cathode in a flat flow profile

Capillary Resolution Differences

Identifiler data

(A) Good resolution (B) Poor resolution

FAM e [oerro |2 I
(blue) | PN | NP | S
o = =
VvIC 138 |
y | 1] y = !
Teox
NED
owosam A
ooy . orssst

. AMEL  psg
PET 055818 on

(red)

Good Capillary in
3100 Array

Bad Capillary in
3100 Array

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

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

(O] 50 75 o0 125 150 175 0 235 250 278 300 325 350 375 400 415 450 475

Does the capillary need to be replaced?

ﬁwﬂﬁmf’\l\ po i, .

2

| R IR

[

No! The next injection looks fine...

Cifs0 76 w0 1z 150 1ms g0 235 zs0 s SO0 SES 360 975 400 435 460 476 600

a1y

3
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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

The electric field strength can influence
the shape of the DNA molecule.

2

low moderate high

Optimal separations usually 180-200 V/cm

1% HEC
100 bp
Ladder

I‘_Ji_JL,MJ I

I Resolution vs Field Strength

1% HEC
100 bp
Ladder

h {ﬂ 4 A Lo "I
‘ | — ‘k—. ‘L—J "-_l L_JILJ L__“IL_-‘ “\J “»

30 min

Process of Sizing DNA Fragments
Using an Internal Standard

DNA

Size
165.05bp |fgssssssnnnnnnnnnnnn ¢
147.32bp ||nmsnnarnnnns ¢ DNA fragment peaks are
. : sized based on the sizing

= curve produced from the
: : points on the internal size
101 H * standard

. : Data
DNA fragment Point
peaks in sample

Injection

http://www.cstl.nist.gov/biotech/strbase/training.htm
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CE Injection Methods

= (4)

capillary ey electrode

+

= sample vial

ABI 310 I

Hydrodynamic Electrokinetic
(pressure) (voltage)

Ulfelder K. J.; McCord, B. R. (1996) Capillary Electrophoresis of DNA, In Handbook of
Capillary Electrophoresis (Landers, J., ed.), CRC Press: NY, pp. 347-378.

Butler, J.M. (1997) Effects of sample matrix and injection on DNA separations. Analysis of Nucleic Acids
by Capillary Electrophoresis (Heller, C., ed.), Vieweg: Germany, Chapter 5, pp. 125-134

Electrokinetic Injection Process

Capillary

Electrode

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

Salty samples result in
poor injections

Sample Conductivity Impacts Amount Injected

Et(mr2) (Mep + Heo) [DNAgample] Mbufer
[DNAinj] ) (1r?) (pep + 1 ;)f pte] Mputter)

sample

[DNA;, ] is the amount of sample injected  [DNA,n ] is the concentration of
DNA in the sample
E is the electric field applied

A is the buffer conductivit
t is the injection time buffer y

Agample IS the sample conductivity

r is the radius of the capillary

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

eof iS the electroosmotic mobility

Two Major Effects of Sample Stacking
1. Sample is preconcentrated. Effect is inversely proportional to ionic strength

2. Sample is focused. lons stop moving in low electric field

3. Mobility of sample =  Hep = VElOCity/ electric field

Buffer high ionic
low E strength
DNA BNA
Dhok BRA BA
low ionic
high E strength
DNA~ CI_
DNA ~ Cl

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 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

Typical Sample Preparation for ssDNA

1. Perform PCR with dye-labeled primers

2. Dilute 1 pL PCR product with 24 pL deionized
formamide; add 1 pL ROX-labeled internal sizing
standard

3. Denature 2 minutes at 95 °C with thermocycler
4. Cool to 4 °C in thermocycler or ice bath

5. Sample will remain denatured for at least 3 days

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Relative Fluorescence Units

2100 2400 2700 J000 II00 3600 IVO0 4200 4500 4000 100 5400 6700
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Data Collection Scan Number

18001 208 uS
w003
LE h_.._hh
EE 17:15amplea/saT / 1/ / lormamide 208uS
1am:|: 338 uS

sl i A o o

2R 2Sampled/SAT / 2 / / lormamide 338uS

18003 408 pus
T Y T

ME 3R:3Samplea/ss7 / 3/ / lormamide 408uS

1800 1180 uS

LEITY] A T A " . .

[EEl  4R:4SampletSOT ¢ 4/ / formamide 118005

Figure 14.3, J.M. Butler (2005) Forensic DNA Typing, 2" Edition © 2005 Elsevier Academic Press

Comments on Sample Preparation

» Use high quality formamide (<100 uS/cm)!
— ABI sells Hi-Di formamide
— regular formamide can be made more pure with ion exchange
resin
» Deionized water vs. formamide
— Biega and Duceman (1999) J. Forensic Sci. 44: 1029-1031
— Crivellente, Journal of Capillary Electrophoresis 2002, 7 (3-4), 73-80.
— water works fine but samples are not stable as long as with
formamide; water also evaporates over time...
» Denaturation with heating and snap cooling
— use a thermal cycler for heating and cold aluminum block for
snap cooling
— heat/cool denaturation step is necessary only if
water is substituted for formamide...

January 6, 2005 Letter from Applied
Biosystems to ABI 310 Customers

“Testing has shown that Hi-Di Formamide
denatures DNA without the need to heat
samples...”

In other words, no heat denaturation and snap
cooling needed!

Applied Biosystems Okays Use of
Deionized Water for DNA Sequencing

Issued August 2006

Technical Bulletin #1
Applied Biosystems 3730/3730x7/ DNA Analyzer

Subject: Influence of Sequencing Injection Solution on
3730/3730x1 DNA Analyzer Performance

In this Bulletin:
o Thsee Loading Solutions Tested on Page 1
«  Loading Solution Test Data on Page 2
+  Recommendations oa Page 6
+  Guidelines for Use on Page 6

Three Loading Solutions Tested

Loading Solution Background

Applied Biosystems presently recommends the use of Hi-Di™ Formamide 35 the sample-loading
solution for all Applied Biosystems DNA sequencers to ensure sample preservation and
resistance to evaporation. However, many usess of the 3730 clioose either deionized water or
dilute EDTA sclutions. These choices are driven largely by cost aud safety/hazardous material

Detection

Detection Issues

¢ Fluorescent dyes
— spectral emission overlap

— relative levels on primers used to label PCR
products

— dye “blobs” (free dye)

* Virtual filters
— hardware (CCD camera)
— software (color matrix)

Filters determine which wavelengths of light are
collected onto the CCD camera

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Laser Used in ABI 310

* Argon lon Laser

¢ 488 nm and 514.5 nm for excitation of dyes

* 10 mW power

« Lifetime ~5,000 hours (1 year of full-time use)

« Cost to replace ~$5,500

¢ Leads to highest degree of variability between
instruments and is most replaced part

¢ Color separation matrix is specific to laser used
on the instrument

Methods for Fluorescently Labeling DNA

* Intercalating Dyes (post-PCR)
* Dye-labeled nucleotide insertion during PCR
» Dye-labeled primer insertion during PCR

P Fluorescent dNTPs are incorporated

Ethidium Unlabeled DNA into both strands of PCR product

bromide

s Intercalator inserts

B sonveonbive pon p p pp

double-stranded DNA

- IEI. Q: One strand of PCR product is
DNA labeled with Fluorescent t dye labeled with fluorescent dye
intercalating dye labeled primer o\:

SYBR Green

Fluorescent Labeling of PCR Products

« Dyes are attached to one primer in a pair used to
amplify a STR marker

« Dyes are coupled to oligonucleotides (primers)
through NHS-esters and amine linkages on the
5'end of the primer: Dye-(CH,)s-primer

« Dye-labeled oligonucleotides are incorporated
during multiplex PCR amplification giving a
specific color “tag” to each PCR product

¢ PCR products are distinguished using CCD
imaging on the 310

Amine Reactive Dyes used in Labeling DNA

FAM (Blue) JOE (Green) TAMRA (Yellow) ROX (Red)

Emission Emission Emission Emission
520 548 580 605
linker linker ..
<:>M/NHZ T QWNN *
DNA DNA Dye
Base Base
Dye

The succinimidyl ester reacts rapidly with amine linkers on DNA bases

Virtual Filters Used in ABI 310

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

”I ]HEIJﬂ i[ ll I | | ICcomnlwnly used

FL_ TET ;o NEPMEET ROX fluorescent dyes
FAM VIC Arrows indicate the dye emission spectrum maximum
Filter A Filter sets determine what
= BB = regions of the CCD camera
Filter C | O | — are activated and therefore
what portion of the visible
Filter F — O — light spectrum is collected
Filter G5 o Y e Y s [ | =
Blue Green Yellow Red Orange  Used with These Kits
Filter A FL JOE T™MR CXR 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 Liz Identifiler

Fluorescent Emission Spectra for ABI Dyes

NED brighte
5-FAM JOE NED ROX dyeth:TK%/IRir

100 7
g .
S>e60f -,"-%
Za 2%
8%40 ff"g
SE o
[
E 20}
2

0, ' ‘
4520 540 560 580 600 620 640

Laser excitation
(488, 514.5 nm) ABI 310 Filter Set F |

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Raw Data from the ABI Prism 310
Please Note! QZSUU ?UUU I3SUEI ‘4000 |45EIU ISIIIUEI ‘SSUU FUUU

2000 |

(prior to separation of fluorescent dye colors)
¢ There are no filters in a 310 —

000 |

Its just the choice of pixels in the CCD detector

5000 |

All the light from the grating is collected 4000 |

3000 |

You just turn some pixels on and some off

2000 |

1000

Matrix Standards (Raw Data)

900 | Filter SetC  SetF

Why Make a Matrix?

The matrix is the solution to a problem: ! | l . 6FAM (5FAM)
What's the contribution at any given wavelength __L.l‘.,'-_ — I LA 5.,‘.___ _.‘L'.‘-_.
(filter set) from each dye ?

There are 4 dyes | i h | i I TeT (JOE)

* Remember algebra from high school?
e To solve a problem with 4 unknowns, you J “ M p | HEX oep)

need 4 equations - Ll I L
...... , i |
i '| H :||1| 0l , ROX (ROX)
For Example Matrix Standards

(After Color Separation)

[EE/\Js800 8800 4000 4200 4400 4800 4800 5000 5200 £400 5600 5800 €000 £200

sa0= DX, + QYyp + Yz, + 1wy intensity of blue
s60= DXg + 9y, +YZy + rw intensity of green

|
| ]
— . . 1500
:550_ bx, + gy, +yz, + rw, intensity of yellow o] HRA U M

= + + + i i
610 bX, gy tyz +yw, IntenSItyOfrEd [EE 1B EFAMSE/21/01 # BF AM matrix

2000 ]

Where POP4STRMODF SDDDE
b is the %blue labeled DNA Reactions 1500 ] i ﬂ

g is the %green labeled DNA, etc. B 5 v R o]

OE 26 :TET+8/21/01 / TET matrix

[EE ||H I [
0]

-0 4433 -—0.6484
D Y CHEX*2/21/01 7 HEX matrix

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

» < o =

3000}
If you solve xyzw for each dye individually 1590
Then you can determine dye contribution for any mixture 4

4R {ROX®2/21/01 # ROX matrix

http://www.cstl.nist.gov/biotech/strbase/training.htm 11
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Matrix File Table from an ABI 310

POP4STRMODF

Reactions

B G v R
[1.0000] [o502] [01380] [0.0009]

[0.8300] [1.0000] [o7ez2 ] [0.0051 ]

[0.6418] [0.8324 ] [1.0000] [o0.1102]

= < o W

[0.4433] [0.6484 ] [0.7851 ] [1.0000]

The results of the calculation are in a matrix
(remember linear algebra?)
The values represent the percent spectral overlap from each dye

Values outside this range represent mixtures

Comments on Matrices/Spectral
Calibration (Multi-Component Analysis)

Make sure that the right filter set and matrix are applied when
collecting data

You can always apply another matrix to a sample collected on the
ABI 310 but it must be run with the right filter set (matrix must be
run first with ABI 3100)

It is important to update matrices on a regular basis (depending
on use) due to differences in laser power over time

A good indication of when to run a new matrix is the observation
of pull-up between dye colors when peaks are smaller than
~4,000 RFUs

Deciphering Artifacts from the True Alleles

Biological (PCR)
artifacts STR alleles

Stutter products /\

spike
Dye blob  stutter
6.0% 7.8% \ /
[ner] [
Biue channel

D3S1358

Incomplete -~ - | Green channel

adenylation

+A A Pull-up %
(bleed-through)
g } Yellow channel

_ L Red channel

D8S1179

Dye Blobs (“Artifacts”)

Free dye (not coupled to primer) can be injected into
the CE capillary and interfere with detection of true
STR alleles

Dye blobs are wider and usually of less intensity
than true STR alleles (amount depends on the purity
of the primers used)

Dye blobs usually appear at an apparent size that is
unique for each dye (e.g., FAM ~120 bp, PET ~100 bp)

HEX dye blob ﬂ DYS437

Poor primer purity

Dye Blob Problems with Some PCR Primers
Individual Y-STR Locus Amplifications

PCR product size (bp)

80 100 120 140 180 180 200
HEX
DYS392 DYS437
DYS438
A
DYS392

Removal of Dye Atrtifacts Following PCR Amplification

DYS438

DYS437

Ay

O\| 60 20 100 120 140 160 120
2000 _ THOL No Filtering (Straight from PCR)
Sk TPOX
CSF1PO
1000
] / / FGA D21S11
ik / 7 / ' D75820 | /
D_| .~ f\ =
o0 | THO1 Filtered with Edge
i ] TPOX columns
= CSF1PO ¥
Note higher FGA D21S11
RFU values
due to salt EDGEIGEL D7S820
. . FILTRATION
reduction with JJ CARTRIDGES 1 ‘l
spin columns

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Dye Artifacts Can Be Removed With Filtration

Residual dye artifacts

Dye blob removal with Edge columns

March 25, 2009

.uii!

~HEEE JpRi

13

| = e fd o " Pl Fad o Jl .-\ - - - w ™ o f) e ™
6FAM | | ma
o l 501 a9 ason (blue) | [me] 3t 3891 439 M g
437 1 438 : 437
i " | |
veal vic | YCAIl 390 alb
l Ny 0 (green) 426 393 alb
) Ee -
NED - 19 392
460 |4 19 (vellow) ™4 460 H4
w58 | | - 388 |
M I I .
PET b
247 (Red) | | = 447 w8
s - |
e . |

eBEE

NIST Y-STR 20plex assay

Conclusions

DNA typing by capillary electrophoresis involves:

1) The use of entangled polymer buffers

2) Injection by sample stacking

3) Multichannel laser induced fluorescence

4) Internal and external calibration

Practical Aspects of
ABI 310/3100 Use

ABI Genetic Analyzer Usage at NIST

« ABI 310 x 2 (originally with Mac, then NT)
— 1stwas purchased in 1996
— 2" was purchased in June 2002

« ABI 3100 (Data collection v1.0.1)
— Purchased in June 2002

Jan 2007 — upgraded to 3130xI|
with data collection v3.0

— Original data collection software retained

« ABI 3130xI upgrade (Data collection v3.0)
— Purchased in April 2001 as ABI 3100
— Upgraded to ABI 3130x! in September 2005
— Located in a different room

Our Use of the ABI 3100

« Data collection software, version 1.0.1
¢ POP-6 with 36 cm capillary array

* STR kits and in-house assays for autosomal STRs,
Y-STRs, and miniSTRs

« SNaPshot assays for mtDNA SNPs, Y-SNPs, and

autosomal SNPs

* DNA sequencing for mtDNA and STR repeat

sequencing

We can routinely get more than 400 runs per capillary array
by not changing the polymer between applications

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

NIST ABI 3100 Analysis Using POP-6 Polymer

High Resolution SNaPshot SNP Typing
STR Typing (Coding Region mtSNP 11plex minisequencing assay)
THO1 El - » - » -
e Result from 1 pg (genomic DA}
£ ]
G T T T
187 11 o T AS T
E ]
188.06 . ..1 1 l l .l l_l 1 - 1
\.)\“ ._-\'.“'} u, »:"‘:' AI__QS-‘. "\); ..?-5:\‘?‘:} _\‘J‘;'\ A 0

mtDNA Sequencing (HV1)
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Comparison of ABI 3100 Data Collection Versions

Consumables for ABI 310/3100

Same DNA sample run with Identifiler STR kit (identical genotypes obtained) GeneScan display
Gifim e e o m e o h W o oM oo e o m e ow  m  e w What t NIST
| at we use al
:f; ABI 3100 (36 cm array, POP-6) -
1 | Data Collection v1.0.1 .
| 5s@2kV injection « A.C.E.™ Sequencing Buffer 10X (Amresco)
s | | — $155/L = $0.0155/mL 1X buffer (costs 20 times less!)
: L[ J' l l 1 ! “ l — http://www.amresco-inc.com
s AL Jn, Abidd 1.l 6 U O T O
/ « 3700 POP-6 Polymer (Applied Biosystems)
-| ABI 3130xI (50 cm array, POP-7) — $530/200 mL = $2.65/mL (costs 20 times less!)
| Data Collection v3.0
bt | 5s@2kV injection
.,,]. What ABI protocols suggest
. (1

— « 10X Genetic Analyzer Buffer with EDTA

Relative peak height differences are due to — $78/25 mL = $0.312/mL 1X buffer (ABI)
“variable binning” with newer ABI data

collection versions.

+ 3100 POP-4 Polymer

- 2004 prices
Difference in the STR allele relative mobilities (peak — $365/7 mL = $52/mL p
positions) are from using POP-6 vs. POP-7.

Protocols Used for STR Typing Reduced Volume PCR Amplifications

Advantages

» Most forensic DNA laboratories follow PCR amplification * Lower cost since kit contents are stretched
and CE instrument protocols provided by the + Improved sensitivity perceived due to use of concentrated PCR
man Ufacturer pI’Od UCLS (since 1 uL out of a 5 uL reaction is 20% while 1 uL out of a 50 uL reaction is 2%)

Disadvantages
« Less volume of input DNA
— Tighter control (improved precision) required in DNA quantitation

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

— No heat denaturation/snap cooling is required prior to loading — Iflow amount of DNA, then potential for allelic dropout (LCN conditions)
samples into ABI 310 or ABI 3100 — If PCR inhibitor is present, then less opportunity for dilution of inhibitor

— Capillaries do not have to be thrown away after 100 runs + Evaporation impacts PCR amplification performance

— POP-4 polymer lasts much longer than 5 days on an ABI 310 publications

— Validation does not have to be an overwhelming task Womm Sci 2002; 47(6):1224-1237. Reduced volume PCR amplification reactions using the AmpFISTR Profiler

Leclair et al. J Forensic Sci 2003; 48(5):1001-1013. STR DNA typing: increased sensitivity and efficient sample consumption
using reduced PCR reaction volumes.

Fregeau et al. J Forensic Sci 2003; 48(5):1014-1034. AmpFISTR profiler Plus short tandem repeat DNA analysis of casework
samples, mixture samples, and nonhuman DNA samples amplified under reduced PCR volume conditions (25 microL.).

" Identifiler 5 uyL PCR
Identifiler 5 pL PCR Protocol (lower 3100 injection; 55@2KV instead of 10s@3KV)
- — ) 0 w e me  wn s e 2 s ae
Identifiler PCR amplification was carried out on a GeneAmp® 9700 D21S11
using 1 ng of DNA according to kit protocols with the exception of DBS1179 D7s820 i)
reduced volume reactions (5 pL instead of 25 L) and reduced “ " =
cycles (26 instead of 28). [} [E] [CRw]
[
Amplification products were diluted 1:15 in Hi-Di™ formamide and Hol prassr D16S539 w0
GS500-LIZ internal size standard (0.3 uL) and analyzed on the 16- | | (] w0
capillary ABI Prism® 3100 Genetic Analyzer without prior denaturation _u I J |_| a0
of samples. II EI[_I O] (]
1] G
- - - . VWA TPOX i)
POP™-6 (3700 POP6) rather than POP™-4 was utilized for higher D195433 D18S51
resolution separations. I w
|| . =
Allele calls were made in Genotyper® 3.7 by comparison with kit allelic 'I--]I'sl ol = T
ladders using the Kazaam macro (20% filter). . g =
- AMEL- \D5S818 FGA Total cost per sample
| 20
[ I [ ] = $3.87 (Fall 2002) t:m
Butler M, Schoske R, Vallone PM, Redman JW, Kiine MC. Allele frequencies for 15 autosomal STR loci L ) &)
on U.S. Caucasian, African American, and Hispanic populations. J Forensic Sci 2003; 48(4):908-911. [=6] [cYm] Iﬁr-@
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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!

Troubleshooting

CE Troubleshooting Bruce McCord, AAFS 2006 Workshop (Seattle, WA)

. . . February 20, 2006
Outline for This Section

1. Chemistry/molecular biology problems — stutter, -A,
degradation, inhibition, low copy #

2. Sample and buffer problems — formamide, urea, water,
salt concentration, free dye (“dye blobs”)

3. External factors — power supply, room temperature,
cleanliness, voltage leaks

4. Instrument problems — optical system, capillary
clogging, air bubbles, syringe leaks

5. Troubleshooting benchmarks/QC monitoring

http://www.cstl.nist.gov/biotech/strbase/training.htm
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Overall Thoughts on the
ABI 310/3100/3130
« Settling on a common instrument platform has been
good for the forensic DNA community in terms of

data consistency (this is also true with the use of
common STR kits)

« | am concerned that the community is very
dependent primarily on one company...

« | really like using the instrument and can usually get
nice data from it

¢ Like any instrument, it has its quirks...

Bruce McCord’s Profiles in DNA Article

PROFILES in DNA Volume 6 (2), Sept 2003, pp. 10-12

TEGHITIES

Troubleshooting Capillary Electrophoresis Systems

By Bruce McCord
hascciate Professor of Forenoes Chamistry, Ohio Urnersity, Sehena, Ohio

The key to producing
good ONA
saparations & Lo
understand the
principles underlying
the infectian,
separation and
detection of each
e,

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.

15
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Effect of Temperature on allele size

FGA Allele 30
268 |
265 N‘\’\‘\v\‘*’
© 262
@ 59 |
256
253 —
40 45 50 55 60 65 70 75
Temperature

Slope is 0.14 bases/degree centigrade
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)|

March 25, 2009

i D18S51

348

[T
4 s
o~

345 |
344 | 2
343 .

w
B
%]

Size (bases)

341 £
340 | i
339
338
40 50 60 70

Temperature

D21511

230
229
228
227
226
225 - T
224 LA - e L] . .
223
222
221
220
40 50 60 70

Temperature

Size (bases)

Temperature Effects:
“OL" Alleles

99474 Zn_unsampleS S Blue 9947 A 2ng kit rerun

G3 G9
59474 Zn. unsamfE S Vellow 9547 4 Zng kit rerun

a000
Zon0
Zan0
1000

AL

oL Atk 2] ] [rd]

O Allele 7] 1]

“OL Alleles™

T T T T T T
270 280 250 200 210 320 330 340

' LADDER=ampled Z Green LADDER

287.0%
HEZ30109. Z=ample21 21 Green HES90103K1Z

400
200

22219
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“OL alleles ” - look at the 250 peak

200 20 220 220 240 250 20 700 280 290 200 M0

LADDER=ampleZ ZRed LADDER

300
Fe00
400
200

200.00

HEZ20109.. 2zample2] 21 Red  HE22010%K12

i S

200.00 o0

pa00
Fe00
400
200

ol o1
=1
=
F=

= =

r
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[ H H ”
OL allele re-injected And the 250 peak...
A Rz R e e mEZZZI LSS
T T T T T T T T 30 200 210 220 230 240 250 260 270 280 250 200 310 320
ol 270 280 @30 300 30 320 230 340 |
18551
Profiler. RProfil- 16 Green  Profiler Plus L ADDER let. RProfil-Z 16 Red  Profiler Plus LADDER
1500 800
1000 FE00
500 Fa00
F200
: : 2700.00 24621
HE990109...390109K1 2 14 Green HESS0109K12 0939010912 14 Red  HES90103K12
&00
400 -0.12 bp U
200 F&00
Fa00
. . 700.00 24609
Monitoring Room Temperature Over Time Temperature
‘ Probes

———— | Frig/Freeze Monitors $240
iy u eov e
m [_u:,lill #DT-23-33-80 — USB Temperature Datalogger
PLUS Software $79.00 (#DT-23-33-60;
310 Genetic Analyzer ( )

Room Monitors, # DT-23039-52 — USB
Temperature-Humidity Datalogger $91.00

( Cole Parmer, Vernon Hills IL)

Room temperature monitoring

Monitoring Instrument Room Temperature Fluctuations Poor Temperature Control
TR i Causes DNA Sizing Imprecision
L e SRS T = | Temperature - = " - - - » - -
o e 1, | Monitoring of two
. | separate -
instrument rooms.
50
= e i «| Box area is a 24 -
— — hour period where
e e b temperature
From. 16 October 2006 07:43:11  Tac. 19 October 2006 13:08-11 control is not -
c 227/B219-l Sh Stable ....................
foopnr nr memarans s ' = " -
£ 1 N
60 Ny ) b
N l | ol
- bl - A if
- - Ladder Overlay, 6FAM l:" ll' ||]: ll',
b i B Combo1, 3130x! ) \ [N
— i S fo— — A )
From:. 16 October 2006 07:45 88 To:. 19 October 2006 121058
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Use of Second Allelic Ladder to Monitor Potential Match

Criteria Problems Cleanliness
e e 'l — —— ¢ Urea sublimates and breaks down to ionic components -
1st Injection (standard for typing) lm these find a path to ground
Ji =

« Similarly wet buffer under a vial creates paths to ground

T « Capillary windows must be clear or matrix effects will
15t Injection (treated as a sample) l: occur

AAAAANNAANL =

ey | ol Gl B « Laser will often assist in this process
542 73}
-0.75 bp -0.54bp « Vial caps will transfer low levels of DNA to capillary

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

4. Instrumental Factors

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

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

ng h Humid Ity « Matrix Calculations

or wet b uffer V|a|S — Changes in buffer, optics, sample dye can alter the software
can create other calibrations

paths to ground

« Capillary Problems

— Chemisorbed materials on capillary surface can produce osmotic
flow, DNA band broadening and inconsistent resolution

Keep Your System Clean! (meltdowns)

W#m—aﬂ

The Detection Window

with ethanol or methanol =

| These spikes resulted from | |
Make sure that the capillary _ buffer dilution with poor |
window is lined up (if it is not, |
then no peaks will be seen) 1 water. The pmblem |
< disappeared when the |
Window may need to be cleaned HPLC grade water was | | |
11

purchased to dilute buffer .
Review Start of Raw Data Collection . and samples | *

1000 : 1000 _ £l rJI b
900 : 900 3 ! { |
300 } 800 3 =] | |
Capillary 70 T~ 700 3 Il [ 1 \ |
600 l || A 600 ] =) .1. . 1% |
E E ]
500 ! 500 3 | | i
400 400_; Vi TSN [ DO I Y [ | }
l ' T — . ez TR | | Lad |
Little spikes indicate need to |
change buffer... check current e )
d == —
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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

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
position 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

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

6FAM
(blue)

VIC
(green)

NED
(vellow)

PET
(red)

Capillary Meltdowns

Identifiler data

(A) Good resolution (B) Poor resolution

D19s433 vwa | D1ess1

Al .

AMEL

Good Capillary in Bad Capillary in
3100 Array 3100 Array

Meltdowns can be permanent or transitory

as we have seen these may result from sample contamination effects

[L] 50 75 00 125 150 175 0 335 350 275 300 335 350 375 40D 425 460 475

Does the capillary need to be replaced?

Wﬂﬂmm il .

=

No! The next injection looks fine...

100 125 150 176 200 225 360 275 300 325 360 376 400 426 460 475 SO0

MATEER

3

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

http://www.cstl.nist.gov/biotech/strbase/training.htm
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5. 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
* Reagent blank — are any dye blobs present?

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

March 25, 2009

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

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

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

Use of ABI 310 Log File to Monitor Current and Syringe Travel

= - | Sive | Typn | ventio |

L 1 —V (1] Logiog BB Test Document 152005 3:25
= (T E———
Run Folder-1 o
10-35-PM

Synnge‘Posmon

B m o e
ST PRI 310 Dats Colle 71

51 PRISM 310 Callection version 3.0.0 /|

ABI PRISM 310 Firmware wersion 1.2 r" “
Instrument serial number: 310000431

sample sheet: DivappliedBio\3lo\sample shea’cs\mxos Prof
Genescanjrunfopey - o Jahn

Detector Lengt

Run Started =

[1/4,705 10:35:
L1405 10t
1o0:

Injection 1 - ProPlus LADDER
Module: GS STR POP4 (1 mL) F.mod
nie

- secs 15, 0kv r‘un 28 mi at 15 Ok &0°C
12.0u GOC laser 9.
v b laser 9, Emw |Syringe 451 451 \

(DTIECtEd 758:1

) Lol
vial A3 inde Secs 15 0k fin 28 mins at ;ts kv 60°C

Ep sy 0C_Taser o.Gmy_Syringe 453]
EF %0C laser 9.8mw|syringe 453

<—-1/4/05 n T eollecred: 7584
-->1/4/05 11% Injection 2 End
Current ok

Dye Blobs in the Negative Control Sample

“.i:il

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

Measuring Formamide Conductivity

(not this way)

The key is to measure the bottle when it comes in or buy thé@ood
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.
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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. Waitching the laser current

4. Watching and listening for voltage spikes

5. Monitoring room temperature and humidity

March 25, 2009

Multiplex_QA Article Published

Eectrophoresis 2000, 27, 3735378 October 2006 issue of Electrophoresis s

DavidL. Duswr ! Research Article

Anatyica Chemistry Division, Multiplex_QA: An exploratory quality
Hativrsal bstie of Standanks. N

ared Tochnuloys assessment tool for multiplexed
Gaithersiburg, MU, LA -

*Bjochmmical Schwico Chishon, electrophoretic assays

Hativrsal s tiue of Standanks

o USA Multiples QA ks 8 data analysis ool forvisualzing shart- and Ing-tam changss In the
assays, particulary the commercial shor

b mphersh AN of

Racakiad March 3. 2006 quality merics are caiculated from the signal collected for the intermal size standard

Parvisod Al 21. 2008

Acceptid May 11, 2006 Included innearly all multiples, assays. These quality melrcs ane relabed to the signal

intorsity, symmedry, rfontion, mschion, and nokso of data colsoled by capilary
Slectropnonsss Systems. Interocking graphical dispiays enabie the Kenification of

i the q metrics with among the metncs,
and dotaikd mamination of slctmpherogrphic fectumes of poatiodary infesing
analyses. Whike primarnily intended Tor enpioring which metnics are most useful for
documenting data qualty, the current version of Me ool i sulfichently robust for use by

forereia solontists with an interos! in data arahysis and acoes (o a fast deskiop com
puter,

1 Exp data analysis / Oualty assessment /
Rarsolution DO 10100l 200800116

User manual (127 pages) available for download from STRBase

Multiplex_QA Overview

W uUnknoens  + Blanks + Ladders

« Research tool that provides quality metrics to review
instrument performance over time (e.g., examines resolution and
sensitivity using internal size standard peaks)

* Runs with Microsoft Excel macros. Requires STR data to be
converted with NCBI's BatchExtract program into numerical form.

Available for download from STRBase:
http:/lwww.cstl.nist.gov/biotech/strbase/software.htm
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http://www.cstl.nist.gov/biotech/strbase
john.butler@nist.gov
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