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i PODSTATA INDIVIDUALITY DNA

1) polymorfismus DNA lokusu = existence alel

Zzadny nebo maly stredni velky (mnohotny)

| Y 00
- Qe © CX X XS
.\ ) 6\

2) nahodné ,,prohazovani“ DNA lokusu pii meidze

2a) crossing-over 2b) segregace chromozému
~\\A m O)




i PODSTATA INDIVIDUALITY DNA

3) dalsi specifické odchylky vzniklé mutacemi

drobného rozsahu stfedniho rozsahu velkého rozsahu

CACCGTATTTA NN e . (

CACGCGTAATTA EE=E1 EE W (



.* zakladni rysy individuality DNA
dany v okamziku oplozeni, {].
v momente vzniku ZYGOTY

®» vSechny bunky
vzniklé delenim
ZYGOTY tvori
genetickeho
jedince neboli
GENETU




®» forenzneé genetickymi metodami Ize genetu
teoreticky identifikovat od okamziku jejiho vzniku a
po celou dobu jejiho trvani (ne nutne v zivém stavu)




® hlavni identifikacni metoda — analyza délkoveho
polymorfismu kratkych tandemovych repetic (STR)

x CNon’\a’cinového vlakng
4(’33

KONSTANTN] ‘\ KRATKA TANDEMOVA REPETICE .. KONSTANTNI
SEKVENCE | tvofend nékolikerym opakovanim zékladniho motivu . SEKVENCE
he——
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i PROC REPETICE?

®» lidé se lisi tim, jak dlouha u nich dana repetice
je (tj. kolikrat se opakuje motiv)

KONSTANTNI KONSTANTNI

SEKVENCE SEKVENCE
alela 5

alela 6
b b b b s b b s

alela 7

alela 8

alela 9
R T P T Y T Y T TR T—y——————



¥ TECHNOLOGIE

®» PCR s fluorescencné znaCenymi primery + CE

primer F STR
o / A primer R
HA..[E l 4 N
[ —————————————— N
— — _

délka vznikajiciho fragmentu

primer F STR

AP /_/\ primer R
. r | \

délka vznikajiciho fragmentu
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GENETICKY
PROFIL

STR lokus 1 ‘@ 14 ‘
STR lokus 2 -. 1112 10/(10
STR lokus 3 @13 14 14 14.

STR lokus 4 m % m w




3 JAK ROZLISIT NA UROVEN INDIVIDUA

®» soucasné metody analyzuji fadové 25 STR lokusu
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'lbjeden geneticky jedinec, tj. GENETA,
je vyjadren vice RAMETAMI,
tj. fyzickymi jedinci

» problem! analyza STR mezi
nimi nerozlisi

STR lokus 2 {11//112 11 .12

STR lokus 4 w m




HITTIAOHIS NILAVIN

{l \

s MARTIN SCHOELLER ‘\Q // '

4
Q # Martin Schoeller (photographer) — , IDENTICAL”




i IDENTICKA VICERGATA? — NE!!!

(/ - % nepiibuzné osoby!
- # Francois Brunelle (photographer) —,|'M NOT A LOOK-LIKE!”




#» jeden fyzicky jedinec, tzv. RAMETA,
je tvoren vice GENETAMI

# tetragameticky chimérismus (tetragametic chimerism)
- # Lydia Fairchild # Karen Keegan
# cat Venus
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(S CHIMERY

\ ®» dalsi typy chimérismu

®» fetalni mikrochimérismus

® maternalni mikrochimérismus

® krevni chimérismus fraternalnich dvojcat
» posttransplantacni chimérismus

-

S kostni dreni je
transpaintovan i zcela
odlisny DNA profil!
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i PATERNITA A MATERNITA

®» blizkou pribuznost osob Ize dobre hodnotit pomoci
nam jiz znamych autozomalnich STR

O S e e

homozygot heterozygot heterozygot heterozygot



i PATERNITA A MATERNITA

®» rodiC a dite museji v kazdém lokusu sdilet alespon 1 alelu

STR lokus 1 (14 @

STR lokus 2 . 10

STR lokus 3 @.
STR lokus 4 m

114 14]
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4 1112}
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» geneticky uplni sourozenci, ale ne vzdy...
#» heteropaternalni superfekundace

b # Koen & Tuen Stuart



®» geneticky uplni sourozenci, ale ne vzdy...
®» heteropaternalni superfekundace? — ne!!!

g # Kian & Remee Hodgson



®» pomoci autozomalnich S

neprukazna

i

babicka

polovicni
stryc

dédecek babicka

‘)
macecha

bratranec

polovicni

bratr x
manielka

polovi¢ni
neter

. vychozi osoba (proband)

u u barevné zobrazeny

jednotlivé alely
J . autozomalniho lokusu

‘ |) pravnucka

sestra

snacha synovec

prasynovec




(23 RODOVE MARKERY
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(.3 RODOVE MARKERY
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; RODOVE MARKERY - mtDNA

® linie se rozlisuji analyzou
tzv. hypervariabilnich |
Oblastl’ mtDNA pradédecek prababicka

dédecek babicka

- .;I

poloviéni

zobrazeny

i."’ s




 RODOVE MARKERY - mtDNA

» sekvenacni analyza nebo analyza setu vybranych
nukleotidu

A A A AR A A AR AN A A AN AAAR

TCC CEETACCATARARTACTTEACCACCTGTAGTACATARARACCCARTCCACATCAARA CCC CCTCCOCA,

mmzmm oot A

TEC DGGTﬁCCﬁTQ““TTETT:EEC&CCTGTHG”EC&T“b EECCCEETCC“CTTCEEPQHCT CCCCCCR

. . . . — |

T N

TGT CGGTHCCHTEﬂﬂTTEI“EEECECCTGTHG”ECMTE—-EECCCEETCC“CTTCQHHH"CC ccoccocl

Wesarheinnrnisiaeihoenaifinaaaaarsrrnimenhiadad s VIV VA

TETﬂCGGT“CC“TEﬁhTﬂEIT;ECC#CCTGTuGHECHT#HlﬁHCCCEETCChCﬁTCHHEC:CCﬁ[cﬂccchl
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Louise of
16169T/C Hesse-Cassel

16169T/C

Georgij
| “Romanov

Nicholas Il Alexandra

Mitotype Mitotype Prince Philip
16126C 16111T Duke of Edinburgh
16169T 16357C

= Xenia Cheremeteff- 16294T 263G

: Sfiri 16296T 3151C

S 73G

: 263G

315.1C




RODOVE MARKERY - Y

>
R1a1a CoCAEOIOZOM
http://www.familytreedna.com/public/R1a
by

—

Riata | M17
~6.000 b.c.| M198‘

Updated: 8-March-2013 (L. Lubicz-Lapinski)
Haplogroups names with ISOGG.org standard

Age of Clades based on dr |. Rozhanskii calculations
and K. Nordtvedt system

R1a1a1 main clades
migrations |

R1a1a1l | ~
~4.800 b.c.
Western 2645
European Ancestry 51&?:2 ey
European Ancestry OOV EurAsian Ancestry
R1alala “ R1a1a1b1 R1alalb2
_E‘.,ai_ ~3.500 b.c. ~3.500 b.c.
2282 't o & Tocharians (?)
| ?
Western & I Central| Europe Central & Sc_whia‘ms\ m
Northern Europe v Eastern Europe nal Sarmatians
| |m| M458 WisimAse . 123000 bic: Tndo- b
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2287 | (1260 2661 Y4|¥e| [Z2122 (22123
m I l l Indians Bashkirs
N ] ) ‘| trubs
AL West L10 P278 | |L365L366 L784 L1280
Slavs
Tarars
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T Vikings { merdnians
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Scots i > @ ﬁ e
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‘=# RODOVE MARKERY - Y
5 I\i(rjiSeNsPe 6rlo\ilisé#ljFiaanalyzou 4ﬂl \D l J)__ij

dédecek babicka

pradédecek prababicka

\D polovi&ni
stryc

dédecek babicka
j \ | \
G WTLL
\ otec matka teta J

sestra Svagr

@

macecha

_polovicni

bratr manielka

polovicni
netef
syn snacha synovec
U vychozi osoba (proband) \JJ |
u |_) X-chromozém .
vhuk prasynovec

i barevné zobrazeny [
. | jednotlivé haplotypy \

|_|I Y-chromozému pravnucka O fena

muz




; RODOVE MARKERY

®» analyza bodového polymorfismu (SNP)

. chromatinového vldkng
+.AS
90 —

Ty

e ——
- -

JEDNONUKLEOTIDOVY
POLYMORFISMUS
(SNP)



; RODOVE MARKERY

®» analyza bodového polymorfismu (SNP)
» velkokapacitni bioCipy
* mnoho jinych technik (SNaPshot)




GAP - genetika a prijmeni

Rodokmenové schéma rodu VASUT (vétev Roznovska)

Genetika a Prijmeni
Stav k 8.12.2009

12a2

(ovéreno bodovou mutaci v M423)

G 1 Modalni profil rodu Vadut
.................... T T eeTe
Gz DYS-390; +1 bp [24
1 (1602) (1534) DYS-437: -1 bp
G3
G4
G5 DYS-456: +1 bp
DYS-390: 41 bp
1. DY¥5-437:-1bp
GG DY5-635: -1 bp Ej DYS-456: +1 bp [] D¥S.635: +1 bp
=R DY5-385b: -1bp
G7 O []
G8 =] L]
G9 O] []
G10
G11
G12
N1972 P1704 01292 N1189 N1444 N1521 N1734 N1087 P1677 '(':i:)‘ P1138 P1633
2 SE N2 N
. O S PN v
Velké Karlovice Dolni Prostredni Becva (Vasutky)
Betva Horni Beéva (Pod Vysokou)

01292
N1189
N14a3
N1734
P1704

N1734 N1087

Zjednoduiené schéma MIN grafu
pro rod Vasut (roznovska vétev).

Cerné body piedstavuji jednotlivé mutace.
Borvy se shoduji s rodovymi vétvemi v
rodokmenovém schématu,




(2 VELMI VZDALENA

“» kompRRRABEAN@R; puvod

» autozomalni SNP
~ 1O o |
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D NATIONAL GEOGRAPHIC

GenoChip

. cca 150.000 SNP
GENOG RAPHIC 20BETA autozo’my’ Y-SNP, mtDNA

PROJECT

@ YOURRESULTS

NORTHERN EUROPEAN

ThS COMpOntt of your 8AC0IY 8 10und 81 RgMedt Foguincy I AL Thom
European popuatons — pecpie hom the L, Denmar, Fnand, Fussa and
Cormany N our rolentnco POpwiations, Whie not Imiod ¥ 1ot rovps, £ s
found at iower frequencies Pvoughout Me rest of Ewope. This component
Bty 1he 56N O 19 S IO Nurter-gamantr nhabaants of Lurope, who wire
e 91 10 Maks T FAAMECA 10 S0FCUNSE 4 £ MOved M oM he Mode East
Gng N Neolthe porad around 0.000 yoars a0

e paternalni a maternalni linie YOUR HOMINID ANCESTRY 149
o 4000 eers agn, ey were o, At s i
* komplexni biogeograficky puvod ===

FONAMCANE 80 ADOUE 2% Neanderthal InSoenOous

WO Saharan Avcans Nave no Neande e DNA

prispévek genofondu hominidu e R



* mtDNA- haploskupina K1
* Y-haploskupina G2a2b

l:‘ Sparsely populated

Sgamsts o : pr” T 1-2%

__ i : 3-5%
<1 .. ¥ VA S 6-8 %
[ g _ e E Wo-11%
[2- ai% ' ¥ - M 12-15 %
= A&r B 1520 %
O - o -3 M 20-40 %
D 5- 6% ' - .

Ds-?% " ‘ . =

8-9% ; "
B o- 0% c g S : ) . @ ~ : F‘ .
R - G - W .

’.

i
Eupedia map of mtDNA haplogroup K g Eupedia map of Y-haplogroup
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(.3 3. KRIMINALISTICKE ANALYZY

» predevsim identifikace a urcovani pribuznosti pro
potfeby objasnéni trestnych €inu

®» BIOLOGICKE STOPY

= DNA ruzné kvality i kvantity
»= Casto smisene stopy
= unikatni, nelze je ziskat znovu

®» SROVNAVACI VZORKY

= DNA standardni kvality i kvantity
= ruzné nazory na pravo spolecnosti tyto
vzorky ziskavat
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F 3. KRIMINALISTICKE ANALYZY
\ » trendy

= zrychleni a automatizace
= cilem je identifikace do nekolika
minut bez nutnosti byt v laboratori

= zlepseni moznosti analyzy LCN
(low-copy number =,,kde nic tu nic")

= zkracovani produktu

= zvysovani citlivosti

co nejmensi délka vznikajiciho fragmentu

A | EGA |
200

200

= posun moznosti identifikace ze

-l | ‘! smiSenych stop
s .1 I = mikrodisekéni techniky

el B = digital PCR

[zs
|aao l117|







-3 URCGENI POHLAVI




Altitude par rapport
au niveau du lac

30m
25m
20m
15m
10m
5m
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BRIEF COMMUNICATION

A female Viking warrior confirmed by genomics

Charlotte Hedenstierna-Jonson &, Anna Kjellstrom, Torun Zachrisson, Maja Krzewinska,

Veronica Sobrado, Neil Price, Torsten GUnther, Mattias Jakobsson, Anders Gétherstrém,

Browse Early View Articles
Online Version of Record
published before indusion
in an issue

Jan Stora

First published: B8 September 2017 Full publication histary

DOl: 10.1002/ajpa.23308  View/save citation

Cited by (CrossRef): 1 article £# Checkforupdates | &¥ Citation tools ¥
© Bl

Funding Information

Funding information Swedish Research Coundil (WR) & Riksbankens jubileumnsfond (R]).

Abstract

Objectives

The objective of this study has been to confirm the sex and the affinity of an individual buried in a
well-furnished warrior grave (Bj 581) in the Viking Age town of Birka, Sweden. Previously, based on
the material and historical records, the male sex has been associated with the gender of the
warrior and such was the case with Bj 581. An earlier osteological classification of the individual
as female was considered controversial in a historical and archaeological context. A genomic
confirmation of the biclogical sex of the individual was considered necessary to solve the issue.






From lightest... ... to darkest skin
|| . . | no data

Source: Chaplin G.€ , Geographic Distribution of Environmental Factors Influencing Human Skin
Coloration, American Journal of Physical Anthropology 125:292-302, 2004: map updated in 2007.






< 1%
B 1-3%
B 3-5%

B 5-10%

B > 10%

45th parallel north

Eupedia map of Red Hair
















% Light Eyes (blue, green)

B 75-90%

50-75%

L 35-50%

25-35%

10-25%
0-10%
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k 4. FORENZNi PHENOTYPING

® urceni vzhledovych charakteristik osoby, ktera
zanechala biologickou stopu

®» analyza SNP, které jsou ve vazbé s geny

ovlivaujicimi dany fenotyp

’ . Dark Light
Hair oo
Black Brown Red Blond
0.007 0.077 0.816 0.1
Eve Blue Int. Brown
) 0.965 0.027 0.007




Actual Photo

Predicted (@) & Excluded (52) Phenotypes

Skin Color [I 6.9% Sex: Female

Very Fair or Fair (97.1% conﬁdonco) Ancestry 100% Euro pean
NOT Lt Olive, Olive, or Dark (97.1% confidence)

(Northwest — British Isles)

Eye Color

Green or Blue (79.4% confidence) W
NOT Brown or Black (99.3% confidence) ¢
- ‘ |
Hair mm”_ h
Blond or Red (98.8% confidence)

NOT Brown or Black (98.8% confidence)

Freckles 1392%:- § napShﬂt_

Few or Some (79.2% confidence)
No excluded phenotypes







PHENOTYPING
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23 5. FORENZNI EPIGENETIKA

®» epigenetika studuje reverzibilni zmény funkce genu
({. meéni se fenotyp, ale neméni se genotyp)

19en

metylace .
DNA / $9° Mooy

__J



| metylace DNA

o & » metylace = inaktivace genu
"“"’f I 4 r n
)j T b » zakladni mechanismus

g regulace exprese genu

Cytosine S5-Methylcytosine

primordial germ cells gametes zygote blastocyst

in the embryo J

gametogenesis fertilization &~ celldivision
> \ » —_—

EQ.5

e
—

D@ @

ovulation

DNA methylation level =

'_
=}
kS

F2generation _

~ e

reimplantation stage



vyuziti analyzy metylace DNA

1.0




vyuziti analyzy metylace DNA

% of methylation
N W B O O
o O O O O

-
o

o

cg14991487

Blood Saliva
(n=20) (n=20)

Semen  Vaginal
(n=20) secretions
(n=20)

% of methylation
N w S (S
o o o o

—_
o

o

¢g08792630

Blood Saliva
(n=20) (n=20)

Semen Vaginal
(n=20) secretions
(n=20)

®» urceni typu biologického
materialu

(v kazdém typu tkaneé exprimovany

jiné geny — rozdily v metylaci)

100

80

60

40

% of methylation

20

¢g23521140

Blood Saliva Semen Vaginal
(n=20) (n=20) (n=20) secretions
(n=20)

€g26107890

Blood Saliva Semen Vaginal
(n=20) (n=20) (n=20) secretions
(n=20)




" vyuziti analyzy metylace DNA

#» rozliseni jednovajecnych
dvojcat

3 n=17

3 roky 50 let



-3 vyuziti analyzy metylace DNA

— ®» autentizace vzorku
(in vivo x in vitro DNA)
in vivo = e ) B e
“: A A 8 i AL A A i i i i M i AA
G (s) mhy [ i) 1617 178
in vitro P€R Gl — —] L — L — — —
- J Ak LA i A A A A ILM Ak AMM o m
ks e e
In vitro WGA o ] R | —
. J‘ s ¥ i W A L M A
G fs]
in vitro clon. mm EEEETEEEEEEE T ST T T R
o | |
In vitro f{"” Comll 1L e— s — 1 — - S— — . —
+ montadz = = = = = —
M- 4l Il |
5 ] as] sy i) ] Bika




“vyuziti analyzy metylace DNA

Number of CpG Sites

Number of CpG Sites

6000

3000

14000

7000

1st Exon

f T 1
12:00 00:00 12:00

Clock Time of Methylation Nadir

Noncoding

I 7 : I —— I
12:00 00:00 12:00

Clock Time of Methylation Nadir

Number of CpG Sites

Number of CpG Sites

6000

3000

10000 20000

0

» urceni denni doby smrti
(metylace cirkadiannich genu)

1st Intron

f T 1
12:00 00:00 12:00

Clock Time of Methylation Nadir

Intergenic

I : I : — VI
12:00 00:00 12:00

Clock Time of Methylation Nadir







} 6. ,NON-HUMAN* ANALYZY

®» stejne jako lze identifikovat lidské jedince, Ize
identifikovat i zvirata a rostlinné genety via STR

20 zi0 20 28 24

mn 205 224
Li y

| INLOGS ] IRENS#‘I 1]

0 Z10 20 F4) )

07 m 24 40

%0 Z10 230 & a
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(¥ 6. KAUZA , SNOWBALL"
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®» stejné jako Ize analyzovat pfibuzenské vztahy u lidi,
Ize to i u zvirat

Tested Male 2
Tested Male 1
Tested Female

“SOLOMON”
SIRE

“YORICK”
EXLUDED

“VIKING”

recistencovane| rez | Crezs | Sres | eeze | Mreza fFreriad | rezsol | casto | macaoea | micaors | e )
Lo (ae | er ([ ae ([ ee [[en || o [[oe [0 [ er || as || Wald |
AB

CE FJ AA EE EH 1K BE BD EF
T Moo [T Ao o] e e Moo [Tea T [Tee T [Toc T TGRSR
Letters in
blue indicate
obligate

paternal

REGISTERED NAME type
Letters in
m------- Excivoeo i ey
obligate

maternal
type
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®» identifikace plemen, subspecies a pfibuznych druhu
via SNP |
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Astraptes ful- erator CELT

s fulgerator T




®» identifikace mikroorganismu via
NG sekvenovani 16S rRNA

DQS5S13019 277995 BC
AB130385 161913 HC
DQ334351 273467 ---
AF539776 105592 QC

AF172988 24086 ‘
AY007201 92372

AY345481 119323
AY0S8Z666 77999

AY08Z667 78000

AM111082 161924
AM111083 161925
AM111084 161926
AM111085 161927
AM111086 161928
AM111088 161929
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: Gardrenella vaginalis
/ Staphylococcus saprophyticus

> "’(

SEM HV: 20.00 kV WD: 15.28 mm
iew field: 144.5 um  Det: SE
SEM MAG: 2.00 kx Date(m/d/y). 06/02/14
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Dékuji za pozornost!



