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DNA Quantification

Valuable DNA in evidence materials

Use the minimal amount of DNA required

Routine mtDNA analysis
- mtDNA copy number information

No commercial assay available

Quantification of mitochondrial DNA and nuclear DNA

Real-time 5’exonuclease detection assay - TagMan™
Simultaneous mtDNA and nDNA quantification

Andreasson et al. 2002. Real-Time DNA Quantification of Nuclear and
Mitochondrial DNA in Forensic Analysis. BioTechniques 33:402-411
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TagMan™

Reporter
Y)O Quencher
-, N | Laseline  NoTemplate "
| 2 8 Control
&= "
Cycle
number

- Ct = The cycle at which the
sample emission rises above the
baseline (threshold cycle)

- 5" exonuclease activity
- cleavage of probe

- Increased reporter fluorescent

emission intensity - High DNA amounts - low Ct

Real-time DNA Quantification assay

Nuclear target - Retinoblastoma 1 gene
Single copy gene - conserved region

Exon 25 - 79 bp product
FAM-labeled 28 bp probe

Mitochondrial target - tRNA Lys gene
143 bp product

VIC-labeled 29 bp probe

Establish standard curves
nDNA/Genomic DNA dilutions
mtDNA/mtDNA clone dilutions

ABI 7700 instrument

The Clone

A plasmid with a tRNAIlys fragment spanning from nt 8049 to 8661

Plasmidconcentration:
1. Spectrophotometric measurement
Limited dilution PCR (# of positive PCRs at a 1 copy dilution, Poisson

2.

distribution used to estmate # expected positives.
Research Report Similar estimates for both
Real-Time DNA Quantification of Nuclear and methods

Mitochondrial DNA in Forensic Analysis
U Andreésson et al. 2002. Real-Time DNA

Quantification of Nuclear and
Mitochondrial DNA in Forensic Analysis.
BioTechniques 33:402-411
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Standard curves
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standard curves
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Similar Ct value for 1 nDNA and 1000 mtDNA copies

Standard curves

Ct-value
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Optimization of multiplex quantification

Singleplex quantification: 400 nM primer

Multiplex quantification:
Limit primer concentrations for majority species
Rb - 300 nM, mtDNA - 140 nM

a0y nDNA singleplex
~ =099 u nDNA multiplex

G % r=0.979
b | mtDNA singleplex
2 — r=0.995 giep
Z 20 \'-\"“Hl n mtDNA multiplex
= -
> r=1
g Equal effici
£ qual efficiency
= for single and

F * t multiplex reactions

10 100 1000 10000

Nuclear DNA copies

Quantification of forensic evidence material

wo _.--:;L'Jf!:*" Blood
5 SH e e i Hair
L s s ican Sweatstain

0 4 6 10 0204 06 D0 2 2 26 10 B 2 NN W

Cyele
Sample Ct mtDNA Ct  nDNA (total)
DF201  Blood 21.0 25000000 28.1 113000
DF167 Hair (plucked) 24.9 2500000 32.7 5600
DF260 Stain 30.0 61000 34.0 1400
DF242 Fingerprint ~ 31.7 22000 37.0 200

Reproducibility

1100000
O mionaL
10000 B miNA2
1000 O Nuclear DNA 1
O Nuclear DNA 2
100
10

1 L. Il
12 3 45 6 789 10

10 different samples analyzed in two separate runs

http://www.cstl.nist.gov/biotech/strbase/training/AAFS2008_gPCRworkshop.htm 5



Marie Allen gPCR Workshop AAFS 2008

Applications for our duplex assay

Accessories

Fingerprints

DNA content in samples prior to typing:

Quantified 500+ samples for mtDNA and nDNA
- Majority shed hairs - mtDNA sequence analysis in routine

Evaluation of DNA contentin  Monitor optimization and

various forensic materials: compare different protocols:
Head hairs WGA methods

- Plucked and shed - PEP
Body hairs - Genomiphi™

- Plucked

Extraction methods
- Ancient DNA

2/25/2008

Quantification of DNA on accessories

CEY

BmONA
mrDNA

DA amd BDNA copies | item (log)

g

Rings Watches  Necklaces  Glasses. Charms  Bracelets  Earrings

Quantification of samples taken from accessories
in 7 different categories

DNA content in fingerprints

Treatment mtDNA/cm?  nDNA/cm? PCR HVII
Sequence
Ninhydrin 200 0
Ninhydrin 0 0 - -
Ninhydrin 50 0 + o+
Ninhydrin 50 0 + -
Ninhydrin 700 20 + +
Ninhydrin 0 0
Magnetic black powder 150 0 + -
Magnetic black powder 12700 150 + +
Magnetic black powder 30400 120 + +
Magnetic black powder 10000 40 v
Magnetic black powder 1200 20 + +
Magnetic black powder 4500 30 + +
Magnetic black powder 3000 10 + +
Black powder 10000 80 + +
Black powder 6700 30 + +
Black powder 15000 50 + -
Black powder 71000 850 + +
Black powder 9200 10 + +
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DNA content in different types of body hair

2/25/2008

DNA copies in body hairs
100000000
- 10000000
‘S 1000000
§ 100000
2 H mDNA
2 1000
8
< 100
z
e 10
1
Arm hair Eyebrow Beard Plucked root  Shed root
Plucked head hair  head hair
Individuals No. 14 14 8 16 11
Hair No. 28 28 16 16 11
More DNA in all types of body hair vs. head hair

mtDNA copy number difference between

plucked and shed head hairs:

Hairs cut in pices, extracted and quantified:

average in plucked/shed

Piece 1: 0-1cm: ~ 77 fold difference (3,500,000 / 45,700)
Piese 2:1-4cm: ~ 2 fold difference (124,600 / 60,500)
Piece 3: 4 -7 cm: ~ 1,2 fold difference (95,400 / 79,900)

Decrease per cm
between 0 - 1 cm and
the following 1 - 4 cm

Plucked hair:

o [
b b 85 fold

Shed hair:
2 fold

Decrease in DNA
content in even more
distal hair segments

E |

Variation in copy number between individuals

100,000 000
Different individuals
19000 00 .
0-lcm: : 7 plucked hairs (s)
02 orders of magnitude
o ik (1 order of magnitude 7 shed hairs (-)
b m| R 1oz
% b T
: t .
10000 ] g .
: B e .
1000 - -.
o0
] 4 T L] L] "W 1 un E-] £ »n M
Hair bength

Large mtDNA variation between individuals
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Variation in copy number within individuals

10000000

1000000

10000

Large mtDNA variation within individuals but a bit less than between individuals

= Ind.

Plucked
5 hairs fr
2 individu

== Ind. A

B

Summary of average DNA contents

in the material evaluation stud

Material

Plucked head hair, the root
Shed head hair, the root
Plucked head hair, 1-4 cm
Shed head hair, 1-4 cm
Plucked head hair, 7-10 cm
Shed head hair, 7-10 cm
Beard (plucked)

Eye Brow (plucked)

Arm hair (plucked)

Earrings
Other accessories (6 categories)

Finger prints (magnetic and carbon)

N Average mtDNA/cm
13 1200 000
13 63 000

9 19 000

7 5800

7 8700

2 3700
16 53 300 000
28 15200 000
28 3400 000

Average mtDNA/item

2 4700 000

14 130000

Average mtDNA/cm?
12 15 000

20
60

nDNA contents

- Plucked and shed head hair
0- 1 cm, the root part
1-4cm,4-7cm,7-10cm etc.

- Body hairs (per hair)
Arm hair
Eyebrow
Beard

nDNA copy numbers (average):

Plucked: 25,800 / Shed: 0

No additives in this reaction

13,700
38,100
78,000

- Fingerprints visualised using different technologies (per sample)

Magnetic black powder
Black powder

- Accessories (per sample)
Rings
Watches
Necklaces/Bracelets
Glasses
Charms Earrings

90
170

180
1,800
290
4,200
80
144,400
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Some conclusions:

Large variation of DNA content in hairs
- between and within individuals

More mtDNA in plucked hairs than shed hairs
- largest DNA content difference observed in the first cm (0 - 1 cm)
- different growth phases of the hairs

Decrease in DNA content in more distal hair segments

Body hairs; beard contained most nDNA

Fingerprints; black powder treated prints contained slightly
more mtDNA and nDNA compared to magnetic black powder

Accessories; large variation
- earrings contained the highest DNA amounts
- rings and charms contained the lowest DNA amounts

Evaluation of two Whole Genome Amplification methods

WGA could increase DNA content in forensic samples

Genomiphi™ - Multiple Displasement Amplification using the phage 29 enzyme - kit

PEP - Primer Extension Preamplification method

- uses a random 15-mer primer extended by Taq polymerase
1000 - 30 genomic DNA

copies/reaction

2500

Genomiphi™

EnDNA
mmtDNA

2000
Genomiphi is more
efficeint in samples with
lower DNA copies
- 2000 fold amplification

1500

1000

500

% oon soom mon usm son o More efficient on nDNA

Number input nDNA copies

Comparison of Genomiphi and PEP

Quantification of low DNA amounts after PEP and Genomiphi reactions

2500
___ | @Genomiphi nDNA
2000 1 = mPEP nDNA
m Genomiphi mtDNA
1500 - —{ @ PEP mtDNA
1000 -
500
0 T
60 N 30N
Input nuclear DNA copies

Genomiphi is 4-fold more efficient than PEP on nDNA
PEP is more efficient on mtDNA - a 400-fold increase in yield
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WGA on forensic samples

2/25/2008

X-fold increased yield in forensic samples
Nuclear DNA Mitochondrial DNA

Sample Genomiphi PEP | Genomiphi  PEP
Control sample 60 copies| 2300 800 80 390
Control sample 30 copies| 2100 490 290 420
Hair 10 copies (nuclear) 1 5 1 20
Hair 20 copies nd 2 nd 5
Hair 30 copies nd 2 nd 15
Hair 80 copies 1 10 1 30
Hair 100 copies nd 1 1 10
Hair 150 copies nd 1 nd 10
Hair 1200 copies nd 1 1 10
Saliva 10 copies 1 nd nd 1
Saliva 70 copies 2 nd 1 150

Both methods proved less efficient in forensic samples
Although:

PEP seems to be work better than Genomiphi

PEP is more efficient on mtDNA in forensic samples

Detection of inhibitors in samples

Quantification of 6

saliva stains on
stamps from 1952

- Altered curve shape
- 3 unamplified samples

Reamplification with:
- addition of BSA and

- extra enzyme

- Regained efficiency in

the amplification

Evaluation of extraction methods for ancient DNA

Bones from a Viking a grave Is this a family grave

from the 900-century found
in the city of Sigtuna

or a war grave?

Silica based exraction

100 mtDNA copies/pl ...i

- contain inhibitors

T T e

(=

Organic exraction

-increased yield

-100 mtDNA copies/pl

- less inhibitors
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CONCLUSIONS

2/25/2008

- Highly sensitive

« Multiplex quantification - save material (2 pl sample used)

* Quick and easy method

« Estimation of optimal target/optimal extract volume to PCR

« Detection of inhibitors

« Evaluation of different forensic materials

« Evaluation of WGA strategies, DNA extraction protocols

Further applications: .
« Optimization of different PCR protocols, purification procedures or
to evaluate material storage conditions

« Evaluation of DNA degradation by quantifying targets of different
lengths
Two other quant assays......

Simultaneous nDNA quantification

and sex determination

Real-time SYBR Green | assay

DNA intercalating dye
Fluorescent when bound

prm—ry

to minor groove of dsSDNA
Real-time PCR data

10 100 1000 10000

- Standard curve / nDNA Quantification

Dissociation curve analysis

for sex determination

DF/dT

Amelogenin gene 3 bp deletion XY o

70 bp product X chromosome Y
73 bp product Y chromosome

Temperature (°C)

Limitation in sex determination

Derivative

70 75 80 Temperature (°C)

Limitation in sex determination < 10 nDNA copies
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Sex determination of

forensic evidence samples

— XX ~
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Sex determination

Saliva on letters from
1952 (with inhibitors)

— Without BSA (0 copy)
s {—  — With addition of BSA (40 copies)
— XX (290 copies) /
20— — XY (100 copies) 7 / — \‘\
=20
= i
- /
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\
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Pyrosequencing-based quantification

MtDNA mixtures: - Contamination
- Heteroplasmy
- Mixture of DNA at the crime scene

Accurate quantification using pyrosequencing;
- linear relationship between incorporated nucleotides and released light

Mixture standard series prepared in 11 different ratios

Control region Coding region
-73G 146C 195C - 3010A 7028C 12372G 14766C
- 73A 146T 195T -3010G 7028T 12372A 14766T

SNP 3010 G/A

GA GA GA GA GA GA GA GA GA GA GA GA

GA 00 B0I0 B0J0  T0M0  G0dD  BOS) 4060 MOK0 080 1090 OMO NI
Ge 1000 BL4 TE4 GRS BAS BB 403 M3 M0 109 0
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Linear regression

2/25/2008

Measured mixture ratios plotted against expected mixture ratios

/" Control region SNPs
¥

-73G
- 146C

# wm=F  mm=| 1950

1 "' ¥ .+ Coding region SNPs

I # ] p - 3010A
oo 7 .. -7028C
g umm g mmml oo

e i 14766C

r y - based on 4 replicates

' & i ¥ - 95% confidence interval

Quantification of forensic materials

A DNA extracted from:

- the lining of a wig
SNP 73: 55%G

- a bandage

SNP 146: 19%C

- a piece of duct tape
SNP 195: 14%C

RAACATICTR T

]
— Copies of input mtDNA: 1,810 90 and 15
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