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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

1. polymer hydrolyzes

(nucleic acids break apart W”\

3. Chemical oxidation

(bases become unreadable) HE?J(/H

2. Pyrimidine dimers
(bases X-link)

Thymine glycol

DNA Degradation

Note loss of intensity of larger alleles
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h The Problem with Degraded DNA
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Primer Design for Large Multiplexes

Primer location is defined by constraints of multiplex and
best guess for clean hybridization

Repeat region

Constant Region
Primer Binding

Miniplex primer design

Primers are located as close as possible to repeat region

Repeat region

Constant Region
Primer Binding

Comparison between MiniSTR and Commercial Kit Results
Degraded DNA Template - NIST

Big Mini (miniplex 1&3) Results
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ABI MiniSTRs

Turn cold cases into hot leads.




Non-Traditional Samples

o The obvious application for Mini-STRs are
samples which are degraded, difficult or
of low copy

o We have performed experiments to
examine their sensitivity and
Capability to amplify DNA from bone and hair
Capability to amplify DNA from highly
degraded samples
Big question: How to determine quality and
quantity of low level DNA?

University of Tennessee Forensic
Anthropology Center

Allele Dropout: Standard DNA kit
Promega Powerplex 16

Size Range
T L] 1 1 1 L] 1 T 1 L] 1 1 1 L] 1 1 1
100 bp 200 bp 300 bp 400 bp
100% 97% 76% 23% 16%
81% 61% 58% 39% 23% 16%
87% 90% 74% 61% 35%

Allele Dropout: Miniplex Loci

Big Miniplex
T T L] T T T L] T T T L)
100 bp 200 bp 300 bp

100% %

00% ey D21511 [N
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T L] T T T Ll T T L] T T T L]
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Application of Miniplexes to
Casework

Skeletal remains found
on April 7, 2002 on the
bank of a stream

o Caucasian Female, 40-60
years of age

o State crime lab would
not attempt nuclear DNA
due to the fact the body
had been in water at
some point

o A forensic artist
produced a sketch based
on age ranges, cranial
features, and biological
profile

Application of Miniplexes

In February of 2003,
DNA extraction and
amplification with the
Miniplex sets were
performed

Low amounts of DNA
yielded a profile for 12
CODIS loci covered by
the Miniplexes

Profile information
was given to the
forensic anthropologist
and the coroner’s
office

o October, 2004: the
coroner was contacted
by a woman who had
seen the sketch on the
internet and thought it
looked like her mother

o Buccal swabs from the
suspected daughter
were taken and sent to
the McCord lab at FIU




Application of Miniplexes

Jane  Daughter LR A o Likelyhood Ratio =
1, 12 1465502 034118 7,611

:3932252 gé?gg? o ldentify confirmed
1776451 028146 asab4 year _0|d
1887505 013245 woman missing
0.736594 0.3304 since December

1.360359 0.36755 2000
1041341 0.09603

0.934981 053477
1.841485 0.13576
0.898796 0.27815
1411233 017715
7611237

Identified as Roberta Gile, Age 54

Missing since December, 2000

Application of
MiniSTRs in
bone/bone

reassociation
Yugoslavia

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

MiniStrs show the same effect

poor at low template concentration
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The Down Side of MiniSTRs

niSTRs were developed to access degraded DNA.

ey do not solve the inherent low copy limitation of the
R.

Instead because of their sensitivity, they complicate it.
1.Short PCR primers amplify better.

2.Better amplification means laboratories can access
extremely low levels of DNA

3. At such levels (1-20 cells) a scientist cannot express
a strong opinion about how DNA arrived at the site
where it was recovered.

4.This DNA could just as easily come from pre or post
deposition as it could come from the suspect.

is sample needs
iSTRs

Hair Sample

is sample is problematic:
victim

' Lab interpretation

threshold = 125 RFU

suspect

suspect

m— = = Duke Lacrosse player and evidence

Non specific amplification
was used to falsely include




Real Time PCR calibration

DNA Quality by real time PCR

How do you tell if you need miniSTRs?

Standard Yield gels are not
possible at low levels of DNA
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Virtual Yield Gel for Hair Samples using
Nuclear DNA Extracted from Telogen Hairs Three Different Sized ALU Amplicons
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h Amplified Hair Sample MiniSTR vs PP16)

Results for telogen hairs

5 pL Hair extract, 12.5 pL reaction volume, 32 cycles

<100 pg — Mini 2 (D5, D8, D16)

60% 2 loci (D5 and D16)

80 % at least 1 locus (D16)
L ' ' _ o 100-500 pg Mini 2 +Mini 4 (vWA, D18, D13)
70% 3 or more loci
i A | R | i 30% 1 loci or less
o =500 pg all 3 sets
70% 4 loci or more
40% 6 loci or more

| MiniSTR — all loci present

R A

T

Sometimes you can run telogen hairs

Mini STRs for use in Microchips _Agilent Bioanalyzer
(size of a postage stamp)

Ki-on-a-Chip
Speeds Cell Assays

Agilent Bioanalyzer
A disposable analytical platform
That works right out of the box.
Fieldable for mass disaster?

Microrchanneks e [ibed with b Seiee]
ety a0 Maweseares dye

e for = N
but resolution is too low for 4base —
STRs L n J )
. . & \
How to improve resolution? ‘\/ v
1.Use mini STRs —increase Sample Analysis Components Fluorescence

resolution injection starts separate detection
2.Switch to denaturing polymer




Results with modified Agilent Chip and MiniSTRS

= Eoaea
\ ' Mini FGA Locus
Showing baseline

resolution of stutter
peaks

Application of PVP/HEC polymer to a chip based
microsatellite analysis . (beta version)

Conclusions

MiniSTRs are for degraded DNA

o Validation data reveals a robust and sensitive
multiplex amplification

o Virtual yield gel using qPCR helpful for proper
analytical results

o Stochasitic effects still occur for samples under
125pg

o Improved results are possible for bone and telogen
hair

o Microfluidics can also benefit from this approach

Inhibition and degradation

Which way to turn?

Degradation vs Inhibition in DNA typing
Degraded DNA Sample Inhibited DNA Sample

Ski slope effect Less predictable effects
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The Issue:

With increasing interest in the analysis of
environmentally challenged samples, better
interpretation of electropherograms is needed

We need to determine the relative effects of
DNA degradation and inhibition on peak height
ratios.

We need to understand effects of different types
of inhibitors

We need to be able to predict the usefulness of
different cleanup procedures

PCR Inhibitors

Compeiitive inhibition

o Substances co-extracted in
forensic samples that affect
amplification of template
DNA

o Theories

Inhibitors bind with the
polymerase

Inhibitors interfere with & ox,
polymerase by binding to -
DNA S

Polymerase affected
during primer extension

http://www.cat.cc.md.us/courses/biol41/lecguide/unit4/genetics/protsyn/regulation/comp.html




PCR Inhibitors

In the PCR process, the enzyme moves along the DNA
strand, adding complementary bases

If inhibitors are present the PCR process fails- why?

In our studies, the failure seems to be more a function of
sequence than of amplicon size.

Mechanisms for inhibition may vary however, and in many
cases- soil and bone- for example,

both degradation and inhibition may be present

MiniSTR Amplification
w/ increasing Humic Acid

D5 Most Affected

Inhibitor Concentration (ng /25 ul)
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MiniSTR Amplification
w/ increasing calcium
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Results — Inhibition Thresholds

MiniSTRs

Inhibitor Big Miniplex |Miniplex 2 |Miniplex 4
Hematin 1 pM 0.8 uM 0.8 uM
Indigo 280 uM 320 uM 300 uM
Melanin 0.16 ng/uL |0.2 ng/pL |0.2 ng/pL
Humic Acid | 0.5 ng/pL 0.6 ng/pL 0.6 ng/uL
Collagen 24 ng/pL 32 ng/pL |24 ng/pL
Calcium 1100 pM 1100 pM | 800 puM

PCR Inhibition: Observations

o Inhibitors act in many ways — The most worrisome
are those which co-extract with DNA

o These inhibitors produce various effects on data
including- peak balance problems, locus specific
dropout, enhanced stutter, and poor sensitivity

o Mechanisms appear to vary with type of inhibitor
and sequence of amplicon

o It is important to understand concentration effects
and mechanisms so that inhibition cannot be
confused with degradation, dropout and mixture
effects

Effect of Inhibitors on gPCR

All DNA

the same,

is increased

concentrations are t/

&
concentration of i
inhibitor (humic acid) g'
0 ng—
5 ng—
10 —#—

——

— 40
ng

50
ng

60-100

T Croe




Tests for PCR inhibition using
Realtime PCR with high resolution melt

o Compare inhibition for a single locus (THO1) with
primers of various lengths and melting

temperatures

o Determine the effect of length and sequence on

PCR inhibition

o Examine melt temperatures of amplicons in

inhibited samples
o Classify inhibitors
o Determine mecha

by effect on PCR
nism of different PCR inhibitors

Experimental Design

Locus — HUMTHO1 STR
DNA — Homozygous 9.3 allele

Primers

3 lengths (—~100, 200, 300 bp)
3 Tm (58, 60, 62° C)
Amplified product (one product)

gPCR conditions
o No BSA
o Reduced Taq

Inhibitors

Standard conditions for Alu quantification (Nicklas et al. 2003)

o Lower Primer Concentration

Calcium, humic acid, hematin, collagen, melanin, tannic acid

gPCR Calcium Inhibition
Cumm‘f’ Cﬂmml\i“l Lowest inhibitor

No shift in take
off cycle

o No change in
melting curve

o Efficiency of
amplification
affected

o No difference
for size or Tm

Conclusion: Taq Inhib
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gPCR Humic Acid Inhibition

Shift in take off
cycle

o Change in
melting curve

o No efficiency of
amplification
change

o Size effects on
melt curve

Conclusion: Sequence

A B

specific Inhibitor

Inhibition of PP16 with Humic Acid
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Inhibition of ppl6 with Collagen
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Size Effects

o Inhibition tests examined both
concentration and amplicon size of THO1
target — 100, 200, 300bp

o Results indicate melt curvce effects are
reduced for smaller amplicons for many
inhibitors.

o 300bp amplicons show the effect best.

Effect of Amplicon length on Inhibition:Increasing Melanin

Amplificatio

Loss of pr yduct

Change in Ct
_—

.

Melanin 300 bp

Melanin 100 bp Melanin 200 bp

elt Curve:
A elt curve effect
\ A |
s \ f = .r' /
= \ ‘ AN PN \
\ i X e
S | 'L
Pz

Larger amplicons tend to show DNA inhibitor binding effects
mall amplicons n ff L f pr vident.

Important point for these results

When used for real time PCR, short
amplicons may be unable to pick up
inhibitors that only affect large STRs

o This provides a reason why in some
circumstances, gPCR internal control
sequences do not pick up inhibition

o Thus when designing gPCR systems,
ampicon size and inhibition effects
should be considered

Conclusions

DNA typing is a complex process involving PCR
amplification of STRs, Laser induced fluorescence,
and capillary gel electrophoresis

o Degraded Samples (bone and hair) can be accessed
through redesigned Primers, however stochastic
effects must be considered

o Sample quality and quantity can be assessed using
real time PCR

o PCR inhibition can be tracked and understood
using real time PCR melt curves.
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Transition metal ions

etal cations present in degraded samples

represent a different type of inhibition

A %

Nt Wep

ZnZ*+, Co?*, and Ni2* form DNA-metal ion
complexes, termed M-DNA.at pH conditions
above 8,

These cations produce severe effects in
CE injection and analysis

Hartzell and McCord, Electrophoresis, 2006

Effect of contaminant in reference
sample

Note
problems in
subsequ nalyses

Effect is transitory
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an-Up of PCR Inhibitors

Bovine serum albumin (BSA)
Make enzyme more efficient and binding certain inhibitory
compounds
Microcon
Wash smaller inhibitors from larger DNA
Low-melting temperature agarose/sephadex/filtration
capture large polymers like DNA, releasing smaller inhibitors
Electrophoretic Purification
Inhibitors move at different rates under applied fields
Addition of higher concentrations of Tag polymerase/Mg
Overwhelm inhibitors that bind to tag/decrease selectivity
Dilution of Sample
DNA still amplifies, inhibitors are less concentrated and bind to
taq and/or other reaction components

Destruction of inhibitors w/ NaOH
Improved enzymes/increased Taq
Use magnetic bead extraction

melting agaros

Multidimensional Electrophoresis in low

e is another possibility

SCODA

Impure
DNA

Andre Marziali, university of British Columbia
Sample Chamber

Agarose Gel

l &gl 17

DNA Injection /

Concentrated DNA

+




LMT Agarose Method

Use 1.6% LMT

Add DNA with inhibitors to
5 ul of LMT

300 ul of TE buffer and let
shake overnight

| Pipet supernatant out and
wash again

Melt and elute DNA

Results of Cleanup with LMT
garose LT

Signal Before After

Ca?* [4.4 mM] I

Collagen [540 ng/pl]

Humic acid [5 ng/pl] i
Melanin  [1.6 ng/pl]

Indigo [1.28 mM]

Hematin [4 uM]

Other methods

o Microcon may cause DNA losses, may not releave
DNA binding

o Rinse with NaOH

Sample added to microcon, rinsed twice with 0.4
N NaOH and collected in Tris-HCI buffer

Increased handling of sample

20-50% loss of DNA, not useful for low yield
samples

o Dilution of sample
Decrease concentration of inhibitors

Also decreases DNA, not useful for low yield
samples

o All of these procedures can be tested with various
levels of inhibition once thresholds are known

Conclusions and future work

o DNA may be degraded, inhibited or at
low copy or all three

o Subtle clues exist to tell the difference

o MiniSTRs can help with DNA
degradation but not LCN

o QPCR can predict inhibition and
degradation through amplicon size and
melt curve detection

o Further testing is needed to classify

forms of inhibition and determine
mitigation

The Agilent bioanalyzer is a commercially
vailable chip system
it works like an agarose gel)

A disposable analytical platform
That works right out of the
package. Fieldable for mass
disaster?
but resolution is too low for 4base
STRs
How to improve resolution?
1.Use mini 5 base penta STRs
2.Switch to denaturing polymer

Results with modified Agilent Chip and Penta STRS

analin
Coll Asarpn
primgz“ﬁ-aaz'"

-

|
Application of an experimental denaturing polymer
to a chip based microsatellite analysis. 5 base
pentameric repeat.

-| Redesigned Penta C on the ABI 310

Slide 72




Resolution can be important in mixture analysis
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Amounts of DNA Required

5-1995

RFLP/VNTRs 50 ng — 1000 ng

1991-present PCR/STRS 0.5-2ng
(kits since 1996)
1999-present  LCN/STRS <0.1 ng

LCN extends the range of samples
that may be attempted with DNA

tocting

Stochastic Statistical Sampling

opies of Copies of
sllole 1 atiele.2 True amount

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

o
OR
Resulting o [
electropherogram A

Allele imbalance

Allele dropout

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

omparison of STR Kit Amplification SOP with LCN
ing the Same DNA Donor

Data from Debbie Hobson (FBI) — LCN Workshop AAFS 2003

PHR = 87% 50 pL PCR

Allele Drop Out

LCN[[¢ e o cfmms e e

8py i/ A AN :
- U %1['_1 PHR = 50% 5 uL PCR

Allele Drop In  Heterozygote
P Allele Imbalance

MiniStrs show the same effect
In spite of the improved sensitivity, peak balance is
poor at low template concentration

5000
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Mean Peak Height [RFU]
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Time Line Showing the Potential
for DNA Deposition/Transfer

Crime
Higher sensitivity Event Potential to
techniques are most Contammate
likely to pick up Time
previously >
deposited
(backgfound) DNA Analysis completed
Opportunity for Laboratory analysis
Adventitious Investigators arrive, detect,
Transfer and recover evidentiary
Discovery material
Opportunity for DNA
Transfer from
Perpetrator
pted from Gill, P. (2002) BioTechniques 32(2): 366-385, Figure 5




How to interpret low level STR data safely?

Set Limits!
] DES1170 ] [ (T3 ]| 18861 ]

A e [
}:'Il:_ |15 i
[| Detection [z
2| | Limit Estimate]
1473
1464]

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

What to look for in the QPCR results.

-
81 STD 1 Quantifier Human
PC
BZ STo2 Guantifiler Human
L
82 STD3 Quanufiler Human
IPC
B4 STD4 Quantifiler Human
[
[ STDS Quantfier Human I
PC Linknousn 2934 176
B STO6, Gantfier Human | Standard 323 2 10601
1PC Unknown | 2527 752
Br STD7 Quantifier Human | Standard 3382 309 |6 80E02
|___PC____ |Unknown| 2939 1222
—hs ST06 Quentfier Human | Standard 3501 526 |2 30E-02
1PC Urinown| 2536 251
BS NTC-H Quantifier Human| NTC _|Urdetermines
1P Unknown 26.15
[ EBC042407HN3 | Guantifler Human | Unknown | Undatermned,
] PG Unknown] 2938
Cz 07-02120E Quantifiler Human) Unknown 3722 6 EIE-03
_”"_“ PG MOrnown | 2831

Sample is at a low level, nominally 6pg/uL but outside the calibrg

Conclusions

MiniSTRs are for degraded DNA

o Validation data reveals a robust and sensitive
multiplex amplification

o Virtual yield gel using gPCR helpful for proper
analytical results

o Stochasitic effects still occur for samples under
125pg

o Improved results are possible for bone and telogen
hair

o Degradation is still a problem

Recovery of DNA from degraded Samples
UT Forensic Anthropology Center

Implications for
Mass Disasters

And Questions about
Recovery of Ancient
DNA




