| Analyza DNA v kriminalistice

Odbor kriminalisticke techniky a expertiz
Krajské feditelstvi PCR Jihomoravského kraje
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Zdroje biologického materialu k
profilovani DNA v kriminalistice
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otisky prstu

osobni véci:ziletka, zvykacka, naramkové hodinky, usni maz,
zubni kartacek, spodni pradlo, hygienicka vliozka, hifeben



TypeofSample  Amount of DNA

Liquid blood 20 000—40 000 Nng/mL
Blood stain 250-500 ng/cm?z

Liquid semen 150 000—300 000 Nng/mL
Post-coital vaginal swab 10—-3000 ng/swab
Plucked hair (with root) 1-750 ng/root

Shed hair {(with root) 1—10 ng/root

Liquid saliva 1000—10 000 Nng/mL
Oral swab 100—-1500 ng/swab
Urine 1-20 ng/mL

Bone 3—10 ng/mg

Tissue 50-500 ng/mg
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Characteristic

RFLP Methods

PCR Methods

Time required to obtain results

Amount of DNA needed
Condition of DNA needed
Capable of handling sample mixtures

Allele identification

Form used in analysis

Power of discrimination
Automatable and capable of

high-volume sample processing

Commonly used DNA markers

6-8 weeks with radioactive

probes; ~1 week with
chemiluminescent probes

50-500 ng

High molecular weight, intact DNA

Yes (single-locus probes)

Binning required since a distribution
of sizes are observed

DNA must be double-stranded for
restriction enzymes to work

~1in 1 billion with 6 loci

No

D157, D2544, D45139, D55110,
D75467, D10528, D17579

1-2 days

0.1-1ng
May be highly degraded
Yes

Discrete alleles obtained

DNA can be either single-stranded
or double-stranded

~1in 1 billion with 8-13 loci
(requires more loci)

Yes

DQA1, D1580, STR loci: THO1, VWA,
FGA, TPOX, CSF1PO, D351358,
D55818, D75820, D851179,
D135317, D165539, D18551, D21511




Human Genome
23 Pairs of Chromosomes + mtDNA

L ocated in cell nucleus \
Autosomes 2 copies Located in

per cell mitochondria
(multiple copies
in cell cytoplasm)

miDNA
16569 bp
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Pseudoautosomal - Non-Recombining  Pseudoautosomal
Region 1 (PAR1) Portion of Y Chromosome Region 2 (PAR2)

(NRY)
Male-specific region of the Y
(MSY)
Yp Centromere Yq

Heterochromatic region
(not sequenced)
~30 Mb

Euchromatic region
(23 Mb)



Lidska mt DNA

342 b

~ 1100 bp

kontrolni oblast

268 b

HV 1
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1 6024

1 6365

mt DNA
16 569 bp

73

340




Autosomal
(passed on in part,
from all ancestors)

Lineage Markers

O

(passed on complete, (passed on complete,

Y Chromosome Mitochondrial

but only by sons) but only by daughters)
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Sample Obtained from
Crime Scene or Paternity
Investigation

BIOLOGY

DNA PCR Amplification

of Multiple STR marker

22y

Extraction

Quantitation S
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Generation of Case
Report with Probability
of Random Match

Comparison of Sample

Genotype to Other
Sample Resulis

iR

If match occurs,

comparison of DNA profile
to population databases
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ORGANIC

Bloodq J\SDS B

EDTA and
proteinase K

INCUBATE (56 °C)

<§ Centrifuge

Phenol,
chloroform,

v isoamyl alcohol

VORTEX

@ Centrifuge

TRANSFER aqueous
(upper) phase to new tube

¥ TE

T buffer

CONCENTRATE sample
(Centricon/Microcon-100 or
ethanol precipitation)

<§ Centrifuge

QUANTITATE
DNA

PERFORM
PCR

CHELEX

INCUBATE (ambient)

§§ Centrifuge

REMOVE supernatant

5%
Chelex

INCUBATE (56 °C)

INCUBATE (100 °C)

@ Centrifuge

QUANTITATE
DNA

PERFORM
PCR

FTA Paper

Apply blood
to paper and
allow stain to
dry

WASH Multiple Times
with extraction buffer

REMOVE supernatant

PCR
Reagents

-~

(NO DNA QUANTITATION
REQUIRED)

PERFORM
PCR



Remove a
portion of
the mixed
stain

SDS, EDTA and
proteinase K
(cell lysis buffer)

Incubate
at 37 °C

S Centrifuge

Perpetrator's sperm
mixed with victim's

epithelial cells REMOVE
SDS, EDTA and q__\ supernatant
proteinase K + DTT [~——"
— = ==
lyses
<« sperm
heads

\ "/

sperm 'Female Fraction'

pellet \/

SR

'Male Fraction'
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Step in Protocol

AmpFISTRe kits
(Applied Biosystems)

GenePrint® STR kits
(Promega Corporation)

Initial Incubation
Thermal Cycling

Denature

Anneal
Extend
Final Extension

Final Soak

95°C for 11 minutes

28 cycles

94°C for 1 minute

59°C for 1 minute
72°C for 1 minute
60°C for 45 minutes

25°C (until samples removed)

95°C for 11 minutes

30 cyclesa

94°C for 30 seconds (cycle 1-10)
90°C for 30 seconds (cycle 11-30)

60°C for 30 seconds
70°C for 45 seconds
60°C for 30 minutes

4°C (until samples removed)

aThe first 10 cycles are run with a denaturation temperature of 94°C and the last

20 cycles are run at 90°C instead. The Promega PowerPlex 1.1, 2.1, and 16 kits also
use specific ramp times between the different temperature steps that differ from the
conventional 1°C/second.
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6 bp

NS deletion
X 2
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—>» X =106 bp ---3 X=212bp
<— y-112bp <--- v _-218Dbp
AmpFISTR Kkits PowerPlex 1.1
and PowerPlex 16
Female: X, X |
1:1 Mixture: 3X + 1Y

Male: X, Y M




E 5-11 4-133 10 | 4-13.3 10 | 4133 10 5-93,10 7 4-13.3 10 4-13.3 10 | 4133 10
TPQX 6-13 8 |6-13 8 | 6-13 8 6-13 8 6-13 8
VWA . 10-22 13 [10-22 13 | 10-22 13 [ 10-22 13 | 11-21 1 .11—24' 14 11-24 14 11-24 14
D351358 ; 12-200 9 | 12-20 9 | 12-20 9 | 12-19 8 | 12-19 8 12-19 8 | 12-19 8 12-19 8
D55818 7-15 9 7-16 10 7-16 10 ‘ 7-16 10
D75820 6-14 9 6-14 9 6-15 10 | 6-15 10 6-15 10
D851179 7-18 12 | 7-18 12 | 7-18 12 | 8-19 12 8-19 12 | 819 12 | 8-19 12
D135317 7-15 9 7-15 9 A8—15 8 8-15 8
D16S539 58-15 9 58-15 9 5,8-15 9 58-15 9 5,8-15 9 5,8-15 9
D18S51 827 22 | 827 22 | 827 22 | 9-26 21 79-27 23 79-27 23 | 7,9-27 23
D21511 24-38 24 | 24-38 24 | 24-38 24 | 24.2-38 22 24-38 24 24-38 24 | 24-38 24
251338 | 1528 [1a)| 1528 14 | 1528 14
D195433 ‘ 9-17.2 15 9-17.2 15 9-17.2 15
Penta D 22-17 14
Penta E 5-24 20 | 5-24 20
SE33 42-37 35 4.2-37 35
Amelogenin | X,Y 2 | XY 2 | XY 2 1 XY 2 | XY 2 XY 2 | XY 2 | XY 2
Total Alleles 76 137 209 155 118 v 54 | 159 205 194




I ROZIOZvenl, alel IOkUSU TPOX (thyroid peroxidaza, 10.intron, 2p25.3, GAAT)
I v bilé americké populaci
%

40 -

20 -




%

20 -

101

Rozlozeni alel lokusu D2SD1338
v bilé americké populaci
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(@) Normal replication
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Primary mechanism for

1 2 3
GATA — GATA H GATA —>»
11K 1TE1 1111
CTAT — CTAT — CTAT H CTAT |4 CTAT |« CTAT
1 2 3 4 5 6
(b) Insertion caused by backward slippage
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11L1l 1111
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1 2 3 4 5 6
(c) Deletion caused by forward slippage
1 2 3 5
GATA |4 GATA [ GATA GATA |
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3 5
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stutter product formation
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DNA Size bp
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! Samples Plot
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FGA, a-fibrinogen, 3.intron, 4q31.

Alely majoritniho zlstavitele:
21 a 23

Stutter pik alely 23 (n-1)
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20 a 26
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a
i 100%

Heterozygous 85%

—————————————————————————————————————————— >70% |

REGION
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Stutter region
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(b) - 100%

Smaller peak area than normally
seen with heterozygote partner

. : 25%
Higher than typical < alleles (<70%)

stutter product (>15% )\

\ Wrong side of allele to be
typical stutter product



(a)

Heterozygous alleles
are well balanced

6 8

M

(b)

Imbalance in allele
peak heights

6

Allele 6 amplicon
has ‘dropped out’
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Female-Male Mixture Performance with Autosomal vs. Y Chromosome DNA Markers

Female Victim No signal observed

DNA Profile

Male Perpetrator

DNA Profile AA

DNA Profile from
Crime Scene

Autosomal STR Y Chromosome STR
Profile Profile



Possible Forensic Source

lood

Uij

Tissue and Hair
re(es

~eCes

Soil

-

Urine

3lue Jeans

Heme (hematin)
Melanin
Polysaccharides
Bile salts

Humic compounds
Urea

Textile dyes (denim)

Akane et al. (1994)
Eckhart et al. (2000)
Monteiro et al. (1997)
Lantz et al. (1997)
Tsai and Qlson (1992)

Mahony et al. (1998)

Shutler et al. (1999)
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