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DNA fingerprinting

 The term DNA fingerprinting - or genetic
fingerprinting - is applied to the scientific
process whereby samples of DNA are collected,
collated and used to match other samples of
DNA, which may have been found at the scene of
a crime

 DNA - or genetic - fingerprinting relies heavily on
the principle that no two individuals share the
same genetic code - except for identical twins and
statistically those elements of DNA that are
examined and used to obtain a match will be

unique
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Brief History of DNA Fingerprinting

1980 - Ray White describes first
polymorphic RFLP marker

1985 - Alec Jeffreys discovers multi-
locus VNTR probes

1985 - first paper on PCR

1988 - FBI starts DNA casework

1991 - first STR paper

1995 - FSS starts UK DNA database
1998 - FBI launches CODIS database
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Development in Forensic Genetics

Timeline | Developments in forensic genetics

First commercial First -STH described, ard
forensic PCR K - | | usad i casawork - acquital
Frst genetic Frstuse of DNAIN | | datectig SNPs at | | of rape (Gemany) ™
PERIEREM, || | ocard lys (19608-1980¢] adimiralcass | | the poymomhic i Pubiization of National
human ABO || down principle || Mullocus DNA fidenificaionof || HLA-DOAT locus | | First commercial | | Fistmass | | Research Courcl
bleod groups, (1 that every frgerinirgdeshped | | double-rmurdesr || bycotbistand | | foensic STR disaster caz2 | | report The Bvaluation
disoovered by || contactleaves || by Jefreys' 2 folwed by | | Colin Piichiork, In -+ | | olgoruclectide profiing kits (Waco, of Forensic A
Landsteiner’ || atrace’ single-oous profiing SUP) | | Lelosstershire, UK) || hybridization developad Terasf™ | | evidenog™
91 1987 1988 1991 1992 1903 {995 1996
First anfibochy test || (19E0s-19505) Ciscovery || Disooveryanduse ey ok vs, First usaful Firstuse of miDNA | | UK Mational DA, LA, priofiling from
fier Hocd group ancd Uss of ctter blood ol elactrophonic Castro udament || pebmiciphic i cEEnerk (UK Diatahass established | | touched objects™
Ciiniducad || groups and seum vaiants of red blocd an admissablity || FumanSTRs I (STR prcfiks) adsinglecells'™
and used by Lattes || proteins (2.0, MNSs o8l Engymes .0, of DNA eddence | | characterdzad™ | | Publication of demenstrated
sy=tem, Rhesus, Lawis, || phosphooicomutase, | | ed 1o strict Mational Research
Kell, Faploglobing ™2 ahvoaykass) qualty conlrcl Council report TINA
technokcy in
See also REE 6 for further general background. HLA, human leukocyte anfigen; mtDNA, mitochondrial DNA; forensic sdenoe

STR, short tandem repeat.
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Type of sample Amount of DNA

| Blood 30,000 ng/mL
i . stain 1 cm “in area 200 ng
stain 1 mm? in area 2 ng

Semen 250,000 ng/mL

Postcoital vaginal swab 0 - 3,000 ng

Halir

plucked 1 - 750 ng/hair

shed 1 - 12 ng/hair

S 5,000 ng/mL

Urine 1 - 20 ng/mL
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(.= DNA profiling can give you'c
\ L permanent record of your individual
\%/ DNA profile. - DNA profiling is used in
A forensic science to
accurately identify
individuals.

Sample Child Identlﬁcatlon DNA Proﬁle

4
]
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This profile can be
used to support any
claims you have about
genetic connections to
grandparents, parents,
siblings, or children
now and in the future.




tatistical estimates: the product rule
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ywiat are some of the DNA technologi€
d in forensic investigations?

;, i Restriction Fragment Length
-\ Polymorphism (RFLP)

4| PCR Analysis
| STR Analysis
r>» Mitochondrial DNA Analysis

» Y-Chromosome Analysis




DNA fingerprinting procedures

 RFLP: Restriction « Polymerase Chain
/ Fragment Length Reaction can create

Polymorphism. multiple copies of the
Special enzymes are DNA seguence using
used to cut segments as little as fifty

of a sample from molecules; this

which DNA is procedure can help to
extracted produce a usable

DNA sample from a
single human hair
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Restriction Fragment Length
Polymorphisms (RFLP)

 RFLPs are different fragment lengths of base
pairs that result from cutting a DNA molecule with
a restriction enzyme

|t is the length differences associated with DNA
strands or RFLPs that allow one to distinguish
one person from another.
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An Example Using EcoR | for a Question
of Paternity

« EcoR | cuts a similar
section of DNA on Bob,
Larry, and Mary

 After the cut how many
fragments Bob, Larry,
and Mary have?

« Answer: 2, 3, and none

EcoR [ site
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Resulting Picture after Electrophoresis

* The bigger fragments
are near the top
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Paternity Test

Mary  Bob  Larry  Child

8/20/2014

* |In general the child’s DNA
must be a combination of
Mary’'s DNA and one of the
men. Which man is the
father?

* Answer: Larry
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[_ess than 2% codes for Proteins

WS i *50% of the genome contains
e © .
’ AN AN repeated sequences
l-” W sy *No apparent function
O

LAy «Recombination?
e «For mation of new genes?

*Types of repeated DNA
— Highly Repetitive «Tandomly repeated
L. Middle *Telomeres

., Repetitive

'. Satellite (WVNTRS)
‘_EEEIS;'; «Minisatellite (STRs)
. eInterspersed repetitive DNA
*SINES (Alu sequences)
*LINES

*Transposable elements

% Single-stranded DNA
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Applications of DNA Forensics

* As the field of DNA forensics is ever
Increasing, the uses of DNA forensics are
also increasing, and the current techniques
are being refined.

e The abllity of scientists to use DNA
fingerprinting to identify sequencing patterns
In many different organisms Is creating new
possibilities every day, the extent of which is
still not fully known
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Diagnosis of/ Development of cures for Inherited
Diseases

~ diagnosis of cystic fibrosis, hemophilia,
Huntington's disease, familial Alzheimer's, sickle
cell anemia, thalassemia, and many others

~ education of prospective parents as to the risks
of having an affected child

~ Identification of DNA patterns associated with
diseases to help establish treatment

Biological Evidence

~ paternity/maternity testing
~ linkage of suspects to crime scenes
|dentification of Individuals

~ missing persons and casualties




Other organisme

d Veterinary Applications
« ~ parentage testing of purebred animals
« ~ wildlife studies

« ~ |dentification of inheritance patterns of genetic
diseases

« ~ Identification of genetic patterns in populations

 ~Investigate genetic susceptibility of populations
to diseases

O Agricultural Applications
 ~ breeding of dairy animals
~ cultivation of various crops
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at Is DNA barcoding?

\ » The term of DNA Barcoding: Derivation of a short
DNA seguence(s) that enables species identification
or recognition in a particular domain of life
(eukaryotes).

Focus to date—in animals—has been on a 658 base-
pair (bp) fragment of the mitochondrial gene,
cytochrome oxidase subunit | (COl).

 The Barcode of Life Initiative (BOLI) would resolve
barcodes for named species and use a barcoding
approach to assess undescribed biological diversity.

« Very controversiall
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N RANE P What is DNA Barcoding?

-+ Definition: Derivation of short DNA sequence(s) that
enables species identification or recognition in a particular
domain of life (e.g., eucaryotes).




CineUs®®  Barcoding Euphausiids (Crustacea)

E gibboides CCS

Fourteen of 86 euphausiid .

. identified b - E americana NWA
:Dziae;)"gre 1ae y 8 78 88 E brevis NWA
er wieoe, [ L———E eximia NEP

92 EIBI-E mutica CCS
50 euphausiids — including 19 86 L~ E mutica Arabian Sea
species of Euphausia — have os—F :‘:::‘_’::f;ﬂ
(]
been barcoded to date. . E similis - sj

96 E longirostris -sj

E pacifica - sj

E lucens - sj

E distinguenda NEP
E sibogae Arabian Sea

E lamelligera NEP




census@ @ - Barcoding Arctic Zooplankton
OF MARINE LIFE

= ArcOD (Arctic Ocean Diversity)
sends identified specimens of Arctic
zooplankton for barcoding by
CMarZ.

= Comprehensive DNA database of
~210 species of the Central Arctic
assemblage is underway.




ELSEVIER

[Research Focus
DNA barcoding of parasites and invertebrate disease

vectors: what you don’t know can hurt you

Nora J. Besansky, David W. Severson and Michael T. Ferdig

Center for Tropical Disease Research and Training, Department of Biological Sciences, University of Notre Dame,
Notre Dame, IN 46556, USA

a.“the role of any molecular diagnostic is to aid research,
not to serve as an end In itself.

ereessiy b.Barcoding ... is independent of questions as to

whether individual taxa are species, what species are
(or should be), and where they fit in a unified tree of
life....

c.Barcoding is not an end in itself, but will boost the rate
of discovery. The unique contribution of DNA barcoding
to ... taxonomy and systematic is a compressed timeline
for the exploration and analysis of biodiversity.”




Potential applications

U Facilitating identification and recognition of
named (described) species:

« linking life history stages, genders;
 differentiating cryptic species;

* Identifying gut contents;

 human disease vectors;
 agricultural pests;

» biosecurity (?).

" O Surveying and inventorying biodiversity; e.g.,

flagging potentially new (undescribed) species.
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Strengths

|+ Offers alternative taxonomic identification tool for
\ situations in which morphology is inconclusive.

W+ Focus on one or a small number of genes provides
greater efficiency of effort.

» Cost of DNA sequencing is dropping rapidly due to
technical advances.

Potential capacity for high throughput and processing
large numbers of samples.

 Once reference database iIs established, can be
applied by non-specialist.

8/20/2014
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Weaknesses

Assumes intra-specific variation is negligible, or at
least lower than inter-specific values.

No single gene will work for all taxa (e.g., COl is not
appropriate for vascular plants, or even for some
animals).

Single-gene approach is less precise than using
multiple genes; may introduce unacceptable error.

Some of the most attractive aspects rely on future
technology, e.g., handheld sequencer.




initiative

Results s far. BOLD-generated map of collection locations

for avian specimens with GOl records

8/20/2014

allbirdsbarcoding

*The diversity of birds opens a
window into the living world.

*The All Birds Barcoding Initiative
(ABBI), launched in September 2005,
aims to collect standardized genetic
data in the form of DNA barcodes
from the approximately 10,000 known
species of world birds

*Avian COI barcode primers and
protocols, with links to original
papers, compiled August 2009,
available at avian COI barcode

30



http://phe.rockefeller.edu/docs/avian coi barcode primers 4aug 2009.doc
http://phe.rockefeller.edu/docs/avian coi barcode primers 4aug 2009.doc

16S ribosomal RNA

* The genes for ribosomal RNA have changed little
over millions of years as organisms evolved. The
slight changes that have occurred provide clues
as to how closely or distantly various organisms
are related.

« 16S rRNA gene is very short, just 1,542
nucleotide bases, it can be quickly and cheaply
copied and seguenced

8/20/2014




Methods Mol Biol. 2008;410:335-49.

16S rRNA targeted DGGE fingerprinting of
microbial communities.

Tzeneva VA?, Heilig HG, van Vliet WA, Akkermans AD, de Vos WM, Smidt H.
biomarkers to monitor microbial communities in environment samples
Is small subunit ribosomal RNA (rRNA) and the corresponding genes
have proven invaluable for advances in microbial ecology.

the most commonly used approaches is denaturing gradient gel
electrophoresis (DGGE) of PCR-amplified fragments. DGGE allows
separation of DNA fragment mixtures of equal length depending on
their sequence. The separation is based on their sequence-specific
melting point in a polyacrylamide gel with a gradient of a denaturant
chemical (generally a combination of urea and formamide).

DGGE allows for a rapid analysis and comparison of microbial
communities. Compositional diversity can be visualized using DGGE
where each band in principle represents a bacterial phylotype. After
staining bands are visualized at each position in the gel where DNA
molecules stopped migration. In principle, DGGE fingerprinting can
resolve single base pair differences.
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http://www.ncbi.nlm.nih.gov/pubmed/18642607
http://www.ncbi.nlm.nih.gov/pubmed?term=Tzeneva VA[Author]&cauthor=true&cauthor_uid=18642607
http://www.ncbi.nlm.nih.gov/pubmed?term=Heilig HG[Author]&cauthor=true&cauthor_uid=18642607
http://www.ncbi.nlm.nih.gov/pubmed?term=van Vliet WA[Author]&cauthor=true&cauthor_uid=18642607
http://www.ncbi.nlm.nih.gov/pubmed?term=Akkermans AD[Author]&cauthor=true&cauthor_uid=18642607
http://www.ncbi.nlm.nih.gov/pubmed?term=de Vos WM[Author]&cauthor=true&cauthor_uid=18642607
http://www.ncbi.nlm.nih.gov/pubmed?term=Smidt H[Author]&cauthor=true&cauthor_uid=18642607

The use of stable isotope probing
techniques in bioreactor and field studies on
bioremediation

« Stable isotope probing (SIP) is a molecular technique
that allows investigators to follow the flow of atoms In
Isotopically enriched molecules through complex
microbial communities into metabolically active
microorganisms.

« Applications of SIP to biodegradation and
bioremediation processes are still in their infancy.
Biomarkers (especially sequences of 16S ribosomal
RNA and functional genes) to biodegradation reactions
In naturally occurring microbial communities.

« As extensive compilations of ecologically important
genotypes and phenotypes accrue, predictive abllities
for contaminant metabolism in particular habitats may be
8/20/2014 achieved




The science of DNA profiling is sound.
But, not all of DNA profiling Is science.

This Is especially true In situations
Involving: small amounts of starting
material, mixtures, relatives, and
analyst judgment calls.




Danke schon
Thank you
Terima kasih
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