Becky Hill - Green Mountain DNA Conference
LT-DNA Analysis

July 26, 2010

Low Template (LT) DNA Analysis

Becky Hill and Becky Mikulasovich
National Institute of Standards and Technology
Office of the Chief Medical Examiner, NYC
Green Mountain DNA Conference

Burlington, VT
July 26, 2010

Outline of Topics to Discuss
Introduction to Low Template (LT) DNA

« Historical perspective of LT-DNA testing

» Technical Aspects of LT-DNA testing
— Challenges and limitations with LT-DNA testing
— Validation and Setting Stochastic Thresholds
— Approaches to genotyping low template DNA
— NIST LT-DNA data and Peak Height Ratios (PHR)

* History of LT-DNA testing at OCME

+ Conclusions and recommendations for setting
up an LT-DNA testing lab

Introduction to Low Template
(LT) DNA

Some Definitions of Low Template (LT) DNA

« Working with <100-200 pg genomic DNA

» Considered to be data below stochastic threshold level
where PCR amplification is not as reliable (determined by
each laboratory; typically 150-250 RFUs)

Enhancing the sensitivity of detection (increasing PCR
cycles, PCR product clean-up, increasing CE
injection/voltage)

Having too few copies of DNA template to ensure reliable
PCR amplification (allelic or full locus drop-out)

¢ Can often be the minor component of mixture samples
consisting of low level DNA template amounts

Amounts of DNA Required

19851905  RFLP/VNTRs 50 ng — 1000 ng

|

1991-present PCR/STRs 0.5-2ng
(kits since 1996)

1999-present LT-DNA/STRS <0.1 ng

DNA amount | high levels of DNA create interpretation

LT-DNA testing extends the range of samples
that may be attempted with DNA testing

Impact of DNA Amount into Multiplex PCR Reaction
We generally aim for 0.5-2 ng

(log scale) challenges (more artifacts to review)
100 ng | -
e Too much DNA
i +—+A = Off-scale peaks
10ng = Split peaks (+/-A)

= Locus-to-locus imbalance

_____________ 2.0ng rellbalanced STR multiplex

1ng =1 STR Kits Work Best in This Range
1IN
i 100 pg
0.1ng An.,k - ,\_jL template Too little DNA

————————————— 0.5 ng
"
.
= Heterozygote peak imbalance
] ( ) 5pg = Allele drop-out
0.01 ng | template = Locus-to-locus imbalance
[

Stochastic effects when amplifying low
levels of DNA can produce allele dropout

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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Low Template DNA situations exist in many samples

* In a 1:1 mixture, each DNA source is LT when the
total amount of DNA in the amplification reaction is ~
0.125 ng.

¢ In a 1:9 mixture, the minor component could be LT
even when the total amount of DNA in the
amplification is 1 ng.

July 26, 2010

Two different amplifications would be useful with a 1:9 mixture situation:
Normal level of total DNA (e.g., 1 ng) so that major component is on-scale
High level of total DNA (e.g., 5 ng) so that minor (e.g., ~500 pg) is out of LT

realm — yes, the major component will be off-scale...

Robin Cotton, AAFS 2003 LCN Workshop
“Are we already doing low copy number (LCN) DNA analysis?"

Historical Perspective of
LT-DNA Testing

LT-DNA is not a “new” technique...

* 1996 — Taberlet et al. describe “reliable genotyping of
samples with very low DNA quantities using PCR”

* 1997 - Findlay et al. report single cell STR analysis

« 1999 - Forensic Science Service begins LT-DNA casework
in UK (as an alternative to mtDNA)

e 2001 - Budowle and FBI co-authors urge caution with using
LT-DNA

* 2005 - NY State Commission of Forensic Science with the
recommendation of NY State DNA subcommittee approve
NYC OCME to use protocols for LT-DNA testing

Low Template DNA Work

Early work on touched objects and single cells:

~ van Oorschot, R. A. and Jones, M. K. (1997) DNA fingerprints from fingerprints. Nature
387(6635): 767

— Findlay, ., Taylor, A., Quirke, P., Frazier, R., and Urquhart, A. (1997) DNA fingerprinting from
single cells. Nature. 389(6651): 555-556

Application to routine forensic casework was pioneered by the
Forensic Science Service:

— Gill, P., Whitaker, J., Flaxman, C., Brown, N., and Buckleton, J. (2000) An investigation of the
rigor of interpretation rules for STRs derived from less than 100 pg of DNA. Forensic Sci. Int.
112(1): 17-40

— Whitaker, J. P., Cotton, E. A., and Gill, P. (2001) A comparison of the characteristics of
profiles produced with the AMPFISTR SGM Plus multiplex system for both standard and low
copy number (LCN) STR DNA analysis. Forensic Sci. Int. 123(2-3): 215-223

- Gill, P. (2001) Application of low copy number DNA profiling. Croatian Medical Journal 42(3):
229-32

Previous Presentations on LT-DNA Issues

¢ AAFS Feb 2003 LCN workshop

¢ AAFS Feb 2006 Advanced Topics in STRs
workshop

< MAAFS May 2006 LCN workshop
« NEAFS Nov 2007 Cutting Edge workshop

« MAAFS May 2009 Advanced Forensics DNA
Concepts workshop

* Promega Oct 2009 Technical Leaders workshop
* AAFS Feb 2010 presentation
« Bode East and West 2010 presentations

http:/iwww.cstl.nist.gov/biotech/strbase/NISTpub.htm#Presentations

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

LT-DNA Challenges
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Challenges of LT-DNA Testing

Gill, P. (2001) Croatian Med. J. 42(3): 229-232

« Increased chance for contamination (want a
sterile lab environment to reduce staff
contamination)

« Data interpretation is more complicated (due to
stochastic variation during PCR amplification):
— Heterozygote peak imbalance
— Allele drop-out
— Allele drop-in
— Increased stutter products

LT-DNA profiles should
be interpreted with
careful guidelines

Comparison of STR Kit Amplification SOP with LT-DNA
Using the Same DNA Donor

Input DNA Data from Debbie Hobson (FBI) ~ LCN Workshop AAFS 2003
SOP | & &) 5
1ng AL N
[ PHR =87% 50 uL PCR
Allele Drop Out
l { i
8pg |ty m [LLUELLL T
) | PHR = 50% 5uLPCR

Heterozygote

Allele Drop In Allele Imbalance

Stochastic (Random) Effects with LT-DNA
When Combined with Higher Sensitivity Techniques

Gain of False Signal
(False Positive)

Loss of True Signal
(False Negative)

Heterozygote Allelic Higher Stutter  Allelic Drop-in
Peak Imbalance  Drop-out | T T — -
- r———— L N
30% 14 allele 64% :
/ PHR drop-out stutter 16 allele drop-in
4 .l l
- [

Problems with Obtaining Correct
Allele Calls at Low DNA Levels

Sensitivity Series - 32 cycles

100% —

90%

80%

70%

60%

Percent Typed 50%
40% -

30%

20%

10%

0% -
100 pg 50 pg 20 pg 10 pg 5prg
= Correct 100% 90% 60% 40% 0%
O Partial 0% 10% 30% 40% 50%
# Incorrect 0% 0% 10% 20% 20%
O Failure 0% 0% 0% 0% 30%

DNA Concentration (pg)

Coble, M.D. and Butler, J.M. (2005) J. Forensic Sci. 50: 43-53

Setting Stochastic Thresholds

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

One allele peak above
Straddle Data the stochastic threshold

 Only one allele in a pair is ~ 160RFUs  andone below
above the laboratory ~ Stoehaste !
Detection limit
.............................

stochastic threshold

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

The issue is best avoided by Straddle data may be
re-amplifying the sample at caused by degradation,
higher input DNA inhibition and low copy

Otherwise straddle data issues.
makes locus inconclusive

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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Scientific Reasoning behind
the Stochastic Threshold

e When stochastic fluctuation is present,
interpreting data becomes problematic due to
the potential for:

— Allele dropout
— Poorly defined mixture ratios
— Low template DNA

« Bottom line: Input levels of DNA should be
sufficiently high to avoid straddle data. Mixture
interpretation must be done cautiously on low level
data as peak intensities are highly variable.

Stochastic Fluctuation Effects

* Unequal sampling of the two alleles present in a
heterozygous individual can occur when low levels of
input DNA are used (results in allele drop-out)

¢ PCR reactions with <100 pg (~17 diploid copies)

* Walsh et al. (1992) — propose avoiding stochastic effect
by adjusting the number of PCR cycles in an assay so
that the sensitivity limit is around 20 or more copies of
target DNA (i.e., a full profile is obtained with ~125 pqg)

Walsh PS, Erlich HA, Higuchi R. Preferential PCR amplification of alleles: Mechanisms and
solutions. PCR Meth Appl 1992; 1:241-250.

Stochastic Statistical Sampling

Copies of Copies of

True amount
allele 1 allele 2

32 3 T
se oo e oo
o0 00
o0 00
:: :: What might be sampled
00 00 . by the PCR reaction...
HR S
[
. OR :
Resultlng ’ Extreme allele
electropherogram ’\ A h imbalance
Allele imbalance Allele dropout

>20 copies per allele 6 copies per allele (LT-DNA)

Stochastic Effect

» Sometimes called “preferential amplification” —
not really a correct term since either allele may
be amplified if the other drops-out...not related to
allele size

« Stutter product amounts may go up...

— Ifin an early cycle of PCR, the stutter product is
amplified more (due to sampling effect)

« Contaminating DNA can also be amplified giving
rise to allele “drop-in” or a mixture

Issues with Data
Below the Stochastic Threshold

* PCR artifacts and stutter become prevalent

« Low levels of bleed through are possible
 Instrument spikes are more numerous

* -A peaks may appear

* Dye blobs become more significant in overall e-gram

e Low level 2" contributors may show peaks

Setting Stochastic Thresholds

 Set based on data collected from your
system
« Multiple samples, replicates, and
concentrations are ideal to get a feel for how
the system is working
— We used 3 fully heterozygous samples with 10
replicates at 2 ng, 1 ng, 800 pg, 500 pg, 400 pg,
300 pg, 200 pg, 100 pg, 30 pg, & 10 pg
« Stochastic thresholds are not perfect or “cut
and dry”
— Can vary between loci and dye channels

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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Setting Stochastic Thresholds

Identifiler, 28 cycles
3130xl, 10 sec @ 3kV inj

Highest peak height of false homozygote = 274 RFU

Stochastic Threshold for this data set = 275 RFU

Setting Stochastic Thresholds

* 200 RFU

» Stochastic threshold —
point at which data is
- considered reliable

» “Level of risk”: the
higher you go, the less risk

- you have but you start to
Drop-out  lose more data for
statistics

*False homozygote because it is above the
200 RFU stochastic threshold

Approaches for LT-DNA Testing

Early Work on Replicate Testing
with Low Levels of DNA

0 1996 Dyrd Dty Press sl e Research, 1956 TR 14, Mo 16 21095104

Reliable genotyping of samples with very low DNA

quantities using PCR Replicate testing

Fierre Taberder’, Sally Griffen, Benci Goossens, Sophie Guestiau, Valerie Manceau, iNtroduced (up to 7 times)
Hathalie Escaravage, Lisette P, Waits and Jean Bouvet to account for allele dfOp-
st A CIS R 555, Lsrersad s Foewe g 1. OUE @Nd @void miscalling

™ allele drop-in

@ s‘“-'i In conjunction with
- interpretation rules,
duplication of
observed alleles in
replicates was shown
Peter Gill**, Fosshan Whsker” ‘. Nack Baown” to correctly define the
original sample

An investigntion of the nigor of interpretation rules
for STRs derived from less than 100 pg of DNA

Suggestions for Optimal Results with LT-DNA

* Typically at least 2 — 3 PCR amplifications from the
same DNA extract are performed to obtain consensus
profiles

« An allele cannot be scored (considered real) unless it is
present at least twice in replicate samples

« Extremely sterile environment is required for PCR setup
to avoid contamination from laboratory personnel or
other sources

Typical LT-DNA Analysis Procedure

Extract DNA
from stain Quantify Amount

of DNA Present

Perform
3 Separate PCR
Amplifications
Interpret Alleles Present

Develop a Consensus Profile
(based on replicate consistent results)

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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New Interpretation Rules Required for LT-DNA

Forensic
Science
Forsusic Scisacs Intematons] International
112 (2000) 1740 E——

www.elzevier.com locate/ forsciint

An investigation of the rigor of interpretation rules
for STRs derived from less than 100 pg of DNA

Peter Gill*™, Jonathan Whitaker®, Christine Flaxman®, Nick Brown®,
John Buckleton®

“Forensic Scisnce Servics, Priory House, Gooch Smest Norsh, Bimingham B3600, UK
*ESR, Privaie Bag 92021, Auckiand, New Zealand

Recsived § December 1999, received in revized form 12 February 2000; sccepted 13 February 2000

Replicate LT-DNA Test Results from FSS

Gill, P. (2002) Role of short tandem repeat DNA in forensic casework in the UK--past,
present, and future perspectives. BioTechniques 32(2): 366-385.

Tnble . esules of Six Keplieare PCR Tewes of o Sample Under Low Capy Number Ansbvs Condiriens Compared 1e the Contrl Sample
Amelo D13 o3 o THO VWA o1 FGA D16 D18 o2

CONTROL XX 144 18,18 1515 793 1919 28322 2023 912 1216 17.23

Sample
1 L 1BFE - ~  wm2  0F - 1EF
2 xF - mr 15F - 1\ - - 1”7 - -
a P - T - - - - - e
4 xF 1ar nmF 912
5 xF 18F 16 F
& XF14F 19F 322 20F 12r
Consensus  XF 14F 18F  15F - 19F 28322 2F 2P

The consensus result s reported, provided that an aliete s coserved at least twice. I only one allele is observed, then an F*
gesignatian 15 given to dencte the pessibilty of allele drog-out

F’ used to designate that allele drop-out of a second allele cannot be
discounted when only a single allele is observed (OCME uses “Z")

Identifiler data

10 pg template DNA with 31 cycles of PCR - triplicates (green loci)
o ee—— T Bl ] SN ]
- 1419 7,93 12,13 113 18,24
- I T N |
f 53 i i 5 ; i
4 Bl i
Lo | Do S | ]
High

stutter, |

[N
<
I's

<

- m:- Consensus Profile (2 out of 3) :w'mm;' )
" D3S1358 (14,19) correct
v THO1 (7,9.3) correct ‘
- D13S317 (12,13) correct ‘
: ! 1| D16S539 (11,13) correct L
“ % D251338 (24,2) partial i H
Allele PHR imbalance Allele dropout

Comparison of Approaches

Replicate Amplification
with Consensus Profile

Low amount of DNA examined Low amount of DNA examined

Stochastic Stochastic
effects effects

Single Amplification

Ampl?ﬁcat?on #1 Amplification #1
Amplification #2 (only asingle test)
Amplification #3
Consensus Profile Developed Result can be
(from repeated alleles observed) Unreliable

Interpretation Rules Applied
(based on validation experience)
e.g., specific loci may dropout more

Individual results may vary but a
consensus profile is reproducible
(based on our experience with sensitivity
studies and replicate amplifications)

What “LCN Labs” Are Doing

Other methods for higher
sensitivity and signal
enhancements

Improving Sensitivity

« Improved recovery of biological material and DNA extraction

« Longer injection on CE

« Salt removal from CE sample — enhances electrokinetic injection
* Reduced volume PCR — concentrates amplicon

« Increase number of cycles in PCR and/or TaqGold concentration
« Use miniSTRs — shorter amplicons amplify better; MiniFiler

+ Use mtDNA — higher copy number per cell

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




Becky Hill - Green Mountain DNA Conference
LT-DNA Analysis

July 26, 2010

Higher Sensitivity with More Polymerase and Cycle Numbers

28 cycles — 1U Taq 32 cycles — 2U Ta

DDDDDDDD mm miniSTR

200 pg w0 assay for

——— L oa
D10S1248

Lrens
100 bg 1) [ ¥ .| Allele dropout due to |
|| \\ stochastic effects
50 pg (po_or statlstn_:al
sampling of available
Gl chromosomes)

20 pg EE V1) E%EE
10pg _ k @dix

5pg

From Coble and Butler (2005) J. Forensic Sci. 50: 43-53

Modifications in DNA Analysis Process to
Improve LCN Success Rates

Collection — better swabs for DNA recovery

DNA Extraction — into smaller volumes

DNA Quantitation — qPCR helps with low DNA amounts
PCR Amplification — increased number of cycles

CE Detection — longer electrokinetic injection; more
sensitive fluorescent dyes

Interpretation — composite profile from replicate
analyses with at least duplicate results for each reported
locus

Match - is it even relevant to the case?

Signal Enhancement Techniques

» Additional PCR cycles

* More sensitive kits (Identifiler Plus and
PowerPlex 16 HS)

» Microcon cleanup to remove salts that interfere
with electrokinetic injection (MinElute PCR
Purification Kit from Qiagen)

« Lower PCR volume (concentrates amplicon)

¢ Increase TagGold/enzyme concentration

« Longer CE injection times and voltage
-10s @ 3kv=30
- 5s@2kv=10

Reduced Volume PCR

Possibility of lower volume PCR to effectively
concentrate the amount of DNA in contact with
the PCR reagents

— Gaines et al. (2002) J. Forensic Sci. 47(6):1224-1237
— Leclair et al. (2003) J. Forensic Sci. 48: 1001-1013

Can samples be concentrated or can extraction
volume be reduced?

Leclair et al. (2003) JFS 48:1001-1013

- - - o m
Y

40UL g n
PCR  2a étal = L

tcmndition #4)

Loy ]

Fanel B:
Tag / 20a
feemdition #5)

Panel C:
05000 1 10gL
feondilion 9l

Panel D
[

5uL
PCR

FIG. 5—Effects of a reduction of PCR reaction volume and DNA template concentration on amplification of a
casework sample with a minor profile representing 2% of the total mixture.

NIST Example LT-DNA Data

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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Experimental Design to Study LT-DNA Issues

* Pristine DNA Samples
— 2 single-source samples

¢ Low DNA Template Amounts
— Dilutions made after DNA quantitation against NIST SRM 2372
— 100 pg, 30 pg, and 10 pg (1 ng tested for comparison purposes)
* Replicates
— 5 separate PCR reactions for each sample
* STR Multiplex Kits
— Identifiler Plus and PowerPlex 16 HS (half-reactions)
* Increased Cycle Number
- Identifiler Plus (29 cycles and 32 cycles; 28 for 1 ng)
— PowerPlex 16 HS (31 cycles and 34 cycles; 30 for 1 ng)

— heterozygous for all loci tested (permits peak height ratio studies)

July 26, 2010

Identifiler Plus (v Reaction)
1 ng @ 28 cycles

High signal, balanced peak heights (>0.80), no artifacts, low stutter

- "‘w.lm' = - .Im'?“n — o ,I'.E - '.; - '.E —_— .; —_—
w[ W Iy 1
R - TBw B B Wl

JmEM__ TR mmm e - S, T
WF T ey B -
L4 L LN Ll Y S

{E}

A Fully Heterozygous Sample (2 alleles for each locus)
T
: _"_‘?l{T T ) ___é?-lﬁi - ) _Il‘fi_‘ll‘:i ----- -

7]
WO . W e e e W W) o
wt 1 TT 1

Identifiler Plus, 100 pg @ 32 cycles, ¥2 Reaction

res 31 Yamarta =
- P T o e o Oy =
o,.. - J— — e w
ey | I imbalance | T imbalance ]
o el 1 — i - -
[T ] B

W] .
B e ——ee - = —es - -
[ s b

I *No drop-out, slight peak height imbalance, full profiles in all replicates I

Identifiler Plus, 30 pg @ 32 cycles, %2 Reaction

e S
e T e
PR i R B : B T
wnf " imbalance __—— N\ imbalance )

o R =] G|

I *No allelic drop-out in replicates, significant peak height imbalance I

Identifiler Plus, 10 pg @ 32 cycles, ¥ Reaction

o Vbt vt ™
LTS T
w

T —
allele dropout, locus dropout
. e — ¢
e p—

L — | S— | — . — - S—

..»l allele dropout

el dropout
'=°°| O 1P locus dropout . high stutter
3 1 B2 il i 7]

W T ] (]
T K 1 g F
'*”l_ N locus dropout
N E— T T T T
[El ] i b
et )
. = 1
=°°| ] high stutter 1

I *Significant allelic drop-out in replicates, high stutter and allelic drop-in I

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

PowerPlex 16 HS (+: Reaction)
1 ng @ 30 cycles

High signal, balanced peak heights (>0.80), no artifacts, low stutter

[ — T — L — 11 i 1
£ ]

wl \ | i ‘ [
4 ‘J‘. B :‘.'_l. [F] - [i] ]
LRI DN IR BEER EEPY BmR
o[ o] | T | .
]

10 1 i Mk 13

A FuIII)I/ Heteroz;gous Sample (2 alleles for each locus)
:ml!_uru l'I!ﬁl ]

L=l J

E || L ]

I ] []it] &
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PowerPlex 16 HS, 100 pg @ 34 cycles, ¥ Reaction PowerPlex 16 HS, 30 pg @ 34 cycles, ¥2 Reaction
ot s 5s i b 18 n - vt 1 3054 ]
{010 m— L g s 1 [ — E—] L — i 1
- - - r - E £ - -
:'mbala"ce\ _ ~_Impalance - imbalance \ imbalance
1] T T TNy ]
Wi mes Bk G ] e 5 I
v s 2 e 30 018 ] - P 14 0 10 L]
m_: m:’ml_:l m;lm:lm_:l - “m: ml:m_:l -—:ulm:mm‘_:
"_: . imbalance 0 ] |\ imbalance
- | | | | | Iy - | | i
A ] ] | Iy | | ! 1l |
1w 1 E il 1 | 1] IE] ] ] ul i
ikl i} 11 Pl at) ¥ 31 i
ot ns L L [ § L2 ] Prwaifion J4 DO 14 [}
_E K 1 Pm e = 1 - =i e— L — 1 |
- imbatance -
- < -
8 B N v l
’ i 1] z TR i W i T
I *No drop-out, slight peak height imbalance, full profiles in all replicates I I *No allelic drop-out in replicates, significant peak height imbalancel
: e s . Green = full (correct) type
PowerPlex 16 HS, 10 pg @ 34 cycles, % Reaction SenS|t|V|ty Comparlson ol st
o P ) Red = locus dropout
L RS e | E— 1 p—r 1 . Tested sample is heterozygous Black = drop-in
:: alléle dropout high stutter allele dropout (possesses 2 alleles) at every
I~ m locus, which permits an
i % ()% E & examination of allele dropout
& 3
e P 4 a0 m Results broken
. DESI DT TR ] KSR M - down by locus
:“’ allele dropout
- | | I, m. ocus dropout A single profile slicef
i e i —— 5 replicates
it 1 it of each [DNA]
i i W
. = ! S — - ! - A replicate slice] 5 replicates
- allele dropout ‘ of each [DNA]
% L N é‘é -
= % ~ = 10 pg (~2 cells) ?rep:cast’\eii
30 pg (~6 cells) of each [DNA]
I *Significant allelic drop-out in replicates, high stutter and allelic drop-in I 100 pg (~18 cells) 32 Cycles
. Impact of Three More PCR Cycles | Green =full (correct) type
Identifiler Plus (10 pg @ 32 cycles) P N y e
T | e i —" Identifiler Plus Red = locus dropout
- £ dropout Black = drop-in
o allele —= =] g = *Full type = both alleles above 50 RFU
dropout (does not account for peak imbalance)
"1 A ~ A
e
g A\ ] \V | —
T imbalance Locus drop-out
[ L A— Lo
- = -
I . = . N Aleledropin}
" allele m ,I _/| I ~N b
dropout \J T 5 i il T
L Locus drop-out  imbalance 1% 17 = high stutter
L S
et =] ] -] =]
— —
i ——
imbalance Locus drop-out  imbalance
= | S— L2 ]
- = 2
“fa\ = 5]
“" ) e 7| 29 Cycles 32 Cycles
wid ?IlsiJ_l 9 = high stutter W @ 33% vs. 53% full profiles
MPEETEE Allele drop-in. imbalance 38% improvement with 3 extra cycles

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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Sensitivity & Performance |5 24 e 2P

Red = locus dropout
PowerPlex 16 HS Black = dropin

31 Cycles
y 16% vs. 60% full profiles 34 Cycles

73% improvement with 3 extra cycles

Peak Height Ratio: Identifiler Plus, 32 cyc

60%

AVG Peak Ht
8

0.00

L > P F R I S R R
FSHF LA L LIS TGS
& &L TEF S s s s

Locus.

Peak Height Ratio: PP16HS, 34 cyc

60%

AVG Peak Ht

Peak Height Ratio: Identifiler Plus, 32 cyc

060 —— 60%

Avg Peak His
g

0.30
0.20
om0
00
SLLSL FEFLF FITSE oS
R S & ¥ o & S S
Blue loci Green loci Yellow loci Red loci

Peak Height Ratio: PP16HS, 34 cyc

060 —— 60%

Avg Peak His
°
8

030
020
010
0.00
» ® A o o
o@@% «\0“&@”&&”@\@” 0"6&0»“7@ i o‘*ié’&@gegoq@@o ‘S@V j{?a& @0‘“ <
Blue loci Green loci Yellow loci

D3S1358 replicates with 3 extra cycles

False Homozygote with 1494 RFUs, l |
well above any stochastic thresholds "+

™ w wm m w m 1254 *Any combination
| v e o of 3/5 replicates

gives the correct

genotype (14,19)

Allele “19” drop-out . -
Identifiler Plus, 32 cycles, 10 pg DNA | & )

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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D5S818 replicates with 3 extra cycles

False Homozygote with 1272 RFUs, —
well above any stochastic thresholds
12
- I L. L. e *Any combination
i L _ of 3/5 replicates

gives the correct
genotype (10,12)

12 12
0

Allele “12" drop-out
%) fice

PowerPlex 16 HS, 34 cycles, 10 pg DNA

July 26, 2010

Additional Methods of LT-DNA Testing and
Future Studies at NIST

« Signal enhancing techniques

— MinElute PCR purification kit (Qiagen) for salt
removal in final product — results shown

— Increasing CE injection voltage and time
— Reduced volume PCR (concentrates
amplicon)
» Degraded DNA studies
» LT-DNA mixture studies (results shown)

MinElute PCR Purification Kit
*Columns with
. centrifugation
Identifiler Plus, 32 cycles, 30 pg protocol used
s m-l.l:..‘ 1T I i E— . E—
— . s s s . s e
-
No MinElute |
- | ] (. H
i ] [5 3 3
il b fnl bl e oy
wran e u
Y iE i ] e | K 1
o s m m m -
| -
- l ! | | I
3 s = o e =1
i
Isignal Improvement: ~37% ~45% ~50% ~49%

MinElute PCR Purification Kit
*96 well plates

Identifiler Plus, 29 cycles, 100 pg gﬁ;}[‘ozifﬂggf,

No MinElute

[T T o e s e m

- ] *32 cycles ME was blowing
“| out the signal causing split ||
peaks, bleed through, and

MinElute | | other artifacts

b

Signal Improvement: ~64% ~64% ~66% ~64% ~67%

MinElute PCR Purification Kit

*96 well plates
with vacuum

Identifiler Plus, 29 cycles, 30 pg protocol used

L e )

No MinElute

MinElute I |

[ Signal Improvement: ~68% ~69% ~70% ~69% ~73%

MinElute PCR Purification Kit

*96 well plates
with vacuum

Identifiler Plus, 32 cycles, 30 pg protocol used
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Signal Improvement: ~50% ~54% ~52% ~57%

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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MinElute PCR Puirification Kit

*96 well plates

Identifiler Plus, 29 cycles, 10 pg el ey
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[Signal Improvement: ~66% ~67%

MinElute PCR Purification Kit

*96 well plates
with vacuum

Identifiler Plus, 29 cycles, 10 pg protocol used
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s 1 #WK 3 o 1

*2 extra peaks were called

T
| S lod —

Signal Improvement: ~60% ~66% ~65%

MinElute PCR Purification Kit

*96 well plates

e with vacuum
Identifiler Plus, 32 cycles, 10 pg protocol used
Ll C ] 0 e ]
No MinElute
=1 | |
i B ul
T e 1 L
.y ]
X | . |
|
ISignaI Improvement: ~67% ~69% ~71% ~72%

Summary of Data Observed

¢ The results with pristine full heterozygous samples
demonstrate that replicate testing can produce reliable
information with single source samples at low levels of
DNA when consensus profiles are created.

« Identifiler Plus with 32 cycles and PowerPlex 16 HS with
34 cycles were comparable in performance with low-level
DNA analysis.

« With 3 extra cycles, there was better recovery at 10 pg of
DNA using both kits including less allelic and full locus
drop-out. However, there is a greater potential for allele
drop-in or high stutter.

* MinElute PCR Purification Kits were successful in
significantly increasing the signal for LT-DNA PCR
products and resulted in extra peaks being called at 10 pg
DNA samples.

Examination of LT-DNA
Mixtures

LT-DNA Mixture Samples

» 2 samples (male and female) were mixed
together at 1:3 and 1.5 - 1 ng (1:3 and 1:5) or
100 pg (1:5) or 50 pg (1:3) total DNA

» 3 person mixture (2 males and female) were
mixed together at 1:2:3 — 1 ng or 100 pg total
DNA

« Identifiler Plus (28 and 31 cycles) was tested
(half reactions)

» 5replicates with 3 extra cycles

* Variability of peak heights in replicates was
observed

* More minor contributor peaks were called with 3
extra cycles

http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
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Individual Mixture Components
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July 26, 2010

GT:OT, 1:5, 100 pg @ 31 cyc
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2-Person Mixture (1:5)
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http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm

Replicate Results from 3-Person Mixture
(1GT:20T:3UT) 100 pg @ 31 cycles
= :

R L
miAmpl N 10,15 28,28 i, y 813 [T 10‘12|

13




Becky Hill - Green Mountain DNA Conference
LT-DNA Analysis

Recent Updates to STRBase
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New Section of STRBase on LT-DNA

¢ Recently launched webpage
— http://www.cstl.nist.gov/biotech/strbase/LTDNA.htm
— Low-template DNA = LT-DNA

* The LT-DNA section includes:
— Presentations from past LT-DNA talks and workshops

— Validation data from our sensitivity studies to illustrate
problems and consensus profile solution to low levels of
DNA testing

— Literature listing of pertinent articles to help explain
the issues involved in this topic

New STRBase Website on LT-DNA (LCN)
http:/iwww.cstl.nist.gov/biotech/strbase/LTDNA.htm

Information on Low Template | Low Copy NVamber DNA Testing

General Information 2 Humbes (LEM) DA Panel [
o Pupose of STRBas vl et
& Publications mxd ahn img

Scientific Issues
with Analysis of

o NIi-Funded Projects

inkes to cehes web sit
o Glossemy of commonhy

Low Amounts of DNA

Forensic STR Informa
o STR2101; Brief broro

o Core Laci FBI COT

o STE Fact Sheets obs

= Mubtiglex STR Lits

o Sequence Iformation

o Variant Allcle Reports|
Tri-Allehc Parems # |-
Mimssion Rates fos C
& Bubliched BCE. primed
Yech STR.
L

Proentation: os LTDNA

plate DNA Infc

o m ot
o Nl Alleles - discordance obierved between STR kats 4
o STR Reference List - now 3203 references 4

Complete Set of NIST Sensitivity Data
Available on New LT-DNA Website

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

sitivity Diata with low level DNA te
e amplifications for each condifion with

POy Rols, slnplesowrce samples

i 0 sad summaries g DNA profiles choerved |
"R conditions |5 3 ol PowerPlex 16 HE - 34 cycles

dentifiler - 1% cveles Sampie #1

Identifiler - 31 cveles

PowerPlex 16 HS - 31 cycles

PowerPlex 16 HS - 34 cveles

Literature Listing on LT-DNA (LCN)

http://lwww.cstl.nist.gov/biotech/strbase/LTDNA.htm

Subdivided into cateqgories

« Peer-reviewed literature (containing data)

* Reports (evaluating the methodology)

« Review articles (commenting on other's data)
« Non-peer reviewed literature (representing the

sith el Aning mho

LTDNA References

]
l Links to papers when freely available I

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

Publication on Scientific Issues of LT-DNA

(=

Promega
Carparate Products Resaurces.
Profiles in DNA Published online April 5, 2010

Articie Type: Mestings

Scientific Issues with Analysis of Low Amounts of DNA

Jahn M. Butler* and Carotyn R, Hill
National Institute of Standards and Technology, Biochemical Sclence Division,
Gaithersburg, Maryland, USA

*Corresponding author: 101-975-4049; john.butierSnist.gov

*Based on LT-DNA studies performed in Fall 2009
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Additional Thoughts

¢ “Pay attention to your data”
— Validate your individual PCR conditions

— Set appropriate thresholds and implement
interpretation guidelines

« DNA quantitation plays an important role
— Anchor to NIST SRM 2372 or a traceable material

« Protocols for interpretation should reflect
validation data

July 26, 2010

Future of LT-DNA

» New kits with increased sensitivity and
resistance to inhibitors
— PowerPlex 16 HS
— |dentifiler Plus
— MiniFiler
— PowerPlex ESX/ESI 16/17 Systems
—NGM

» Technology keeps improving...
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