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GENOM CLOVEKA

1. Charakteristika
2. Budoucnost vyzkumu
3. Etické a pravni aspekty



Struktura genomu cloveka
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Sekvenovani lidského genomu

National Human Genome Research Institute (NHGRI), NIH

Human Genome Project (HGP)
1990-2003, pétileté plany

Human Genome Project Goals

Area

Genetic Map

Physical Map

DNA Sequence

Capacity and Cost of
Finished Sequence

Human Sequence
Yariation
Gene Identification

Model Organisms

Functional Analysis

Goal

2- to 5-cMresolution map (600 - 1,500
markers)

30,000 5T5s

95% of gene-containing part of human
sequence finished to 99,99% accuracy

Sequence 500 Mb/year at < $0.25 per finished
base

100,000 mapped human SHPs
Full-length human cOMAs

Complete genome sequences of E. call, 8
«cerevisize, O elegans, D. melanogaster

Develop genomic-scale technologies

National Human Genome Research Institute
National Instututes of Health

Department of Health and Human Services
and

Office of Science

U.S. Department of Energy

Date
1-cM resolution map{3,000 markers) September
1994
October
52,000 STSs 1998
99% of gene-containing part of human sequence finished to 99,99% accuracy April 2003
Sequence >1,400Mb/year at <$0.09 per finished base Nn;grﬂnzber
3.7 million mapped human SHPs February
' 2003
15,000 full-lengthhuman cOMAs March 2003

Finished genome sequences of £. coll, 3. cerewvisize, C. elegans, D. melanogaster, plus
whole-genome drafts of several others, including C. briggsae, D, pseudoobscurs, mouse and | April 2003

rat

High-throughput oligonuclentide synthesis DNA microarrays
Eukaryotic, whole-genome knockouts {yeast)
Scale-up of two-hybrid system for protein-protein interaction

1994
1996
1999
2002



Lidsky genom ve faktech a|Cislech

- Velikost genomu ~ 3 164 700 kb i EIEI TR
- Podet gent ~ 20-25 000 et ]
- Velikost primérného genu ~ 3000bp

* Témér viechny bdze jsou stejné (~99.9%) u viech lidi

- Funkce u vice nez 50% genl heni zndmd

* Méné nez 2% genomu kéduje proteiny

* 50% genomu tvori repetice

» Béhem poslednich 50 mil let silny pokles aktivity TE

* Genové bohaté oblasti jsou GC-bohaté, repetice AT-bohaté

* Ndhodnd distribuce genové-bohatych oblasti, oddélené repeticemi
- Chrom.1 md nejvice gent (2968) a chrom. Y nejméné (231)

Srovnani lidského genomu s genomy jinych organizmi

-Genové ostrovy u ¢lovéka versus homogenni distribuce genli u jinych organizmt
-3x vice proteint hez D.m. nebo C.e. diky alternativnimu sestfihu (35-60% gent)
-Stejné genové rodiny jako u D.m., C.e., rostlin, ale poéet ¢lent rodin expandoval
-Vétsi podil repetici - C.e. (7%), D.m. (3%), A.t. (11%)



Dalsi rysy lidskeho genomu:
Expanze genovych rodin a rozdily v negenovych

oblastech

RNA nekodujici proteiny:

- mnoho transkriptl nekédujicich proteiny a s hezndmou funkci

- .transfrags" - transkribované fragmenty gent, role v reorganizaci
chromatinu nebo regulace dostupnosti polymerdz ¢i TF, role antisense
transkriptl v regulaci genové exprese

- pres 1000 miRNAs

Ultrakonzervativni elementy:
- 481 UCEs delsich 200bp, 100% identita mezi ¢lovéekem, mysi a potkanem
- UCE jsou enhancery gent (nékdy homologie s TE)

Genomova struktura:
- nepotvrzena opakovana polyploidizace v historii, 45% repetici, duplikace



"> M Lidsky chromosom Y:
.Sal plny zrcadel®

Palindromy:
» 3 000 000 bazi dlouhé
* 99.9% identita

L] Homologni oblasti mezi X a 'Y

B Duplikativni pfenos z X
B Palindromy



Srovndni genomu Clovéka a Simpanze

Genetic evidence for complex speciation
of humans and chimpanzees

Mick Patterson’, Daniel J. Richter!, Sante Gnerre®, Eric 5. Lander’* & David Reich™

The genetic divergence time between two species varies substantially across the genome, conveying important
information about the timing and process of speciation. Here we develop a framework for studying this variation and
apply it to about 20 million base pairs of aligned sequence from humans, chimpanzees, gorillas and more distantly
related primates. Human-chimpanzee genetic divergence varies from less than 84% to more than 147% of the average,
arange of more than 4 million years. Our analysis also shows that human-chimpanzee speciation occurred less than 6.3
million years ago and probably more recently, conflicting with some interpretations of ancient fossils. Most strikingly,
chromosome X shows an extremely young genetic divergence time, close to the genome minimum along nearly its entire
length. These unexpected features would be explained if the human and chimpanzee lineages initially diverged, then
later exchanged genes before separating permanently.

[Conservation of Y-linked genes during human
evolution revealed by comparative sequencing
in chimpanzee

Jennifer F. Hughes', Helen Skaletsky', Tatyana Pyntikova
Richard K. Wilson® & David C. Page'

!, Patrick J. Minx?, Tina Graves”, Steve Rozen’,

2, 1.23% rozdil

mesnanamie = |n1itial speciation
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- ndsledné krizeni
- vétsi podobnost
\ chromosomu X

Hurnans Chimpanzees

- speciace ~ 6.3 mil

* Genové duplikace

- Expanze transposonl

* Mutace

* Posttranskripéni a translaéni modifikace
- Odligné pouzivani gent (alternativni
promotory a alternativni sestrih)
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Mozaikovita struktura genomu:
Nékteré oblasti blizSi simpanzovi a jiné gorile

.. . —Ze==kaa|| ©...genomes, like organisms,
_ : _ : %3 have an anatomy. But is this
- *" || anatomy the consequence
| —<"==Z%ui= || of selection, or is it a by-
A - . =iz #-2 || product of another cellular
< 115 e m — gi:: Process: 7
- @ s

s00% 38-50 mil let - vznik retrogent v linii primdta
- role ve spermatogenezi

Emergence of Young Human Genes
after a Burst of Retroposition in Primates

Ana Claudia Marques'®, Isabelle Dupanloup'®, Nicolas Vinckenbosch®, Alexandre Reymond'™%, Henrik Kaessmann'™

5.00%: 4

:

1 Center for Integrative Genomics, University of Lausanne, Lausanne, Switzerland, 2 Department of Genetic Medicine and Development, University of Geneva Medical
Sehool, Geneva, Switzerland

The origin of new genes through gene duplication is fundamental to the evolution of lineage- or species-specific
phenotypic traits. In this report, we estimate the number of functional retrogenes on the lineage leading to humans
generated by the high rate of retmposntmn (rehoduplncatmn] in pnmates Extensive comparative sequencing and
expression studies coupled with | and suggest that a significant proportion of recent
retrocopies represent bona fide human genes We estimate that at least one new retrogene per million years emerged
on the human lineage during the past —63 million years of primate evolution. Detailed analysis of a subset of the data
shows that the majority of retrogenes are specifically expressed in testis, whereas their parental genes show broad
expression patterns. Consistently, most retrogenes evolved functional roles in spermatogenesis. Proteins encoded by X
chromosome-derived retrogenes were strongly preserved by purifying selection following the duplication event,
supporting the view that they may act as functional autosomal substitutes during X-inactivation of late
spermatogenesis genes. Also, some retrogenes acquired a new or more adapted function driven by positive selection.
We conclude that retroduplication significantly contributed to the formation of recent human genes and that most new
retrogenes were progressively recruited during primate evolution by natural and/or sexual selection to enhance male

Proportion of retracopies
d L
§ g

4000 germline function.
Citation: Marques AC, Dupanloup I, Vin ckenbosch N, Reymond A, Kaessmann H (2005) Emergence of young human genes after aburst of retroposition in primates. PLoS Biol
3011): €357
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Gen ,Metuzalem"

- alela genu daf-2, Island
- 6x delsi Zivot u Cerva C. elegans
- Metuzalém zil 969 let

- neni duvod pro selekci na dlouhovékost

Gen FOXP2 (forkhead box P2)

- duleZita pro rozvoj reli
- mutace v rodindch s poruchou reci

Molecular evolution of FOXP2, a gene

involved in speech and language

Wolfgang Enard”, Molly Przeworski*, Simon E. Fishert, Cecilia 5. L. Lait,
Victor Wiehe*, Takashi Kitano*, Anthony P. Monacot+ & Svante Paaho*

- chdpdnim pojmu, gramatika, kreativita, kultura . ———

- existuje i u jinych zvirat,
- nova lidskd forma vznikla pred 200 000 let
- lidska forma pritomnd u Neandertdlce

1i2

Q'3

r— | J Cirang-Litan
I e 25 L5

14131
L———D-—— ————— Mouse

Figure 2 Silent and replacament nucleotide substitutions mapped on 2 phylogany of
primatas. Bars represent nucleotide changes. Grey bars indicate amino-acid changes.
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~ BUDOUCNOST
VYZKUMU LIDSKEHO
GENOMU



Variabilita a mutace

Rasources
 S—

- 99.9% identita mezi jedinci
- 1.4 miliond polymorfnich mist
(SNP) - vazba na choroby

- 2x vice mutaci v zarodecéné
linii muze nez zeny

]

Computational biology |

Budoucnost vyzkumu
lidského genomu

.Now this is not the end. It is not
even the beginning of the end. But it
is, perharps, the end of the e o i :

b@g/ﬂﬂ/ﬂg. “ Winston Churchill (]942) Fig 2 The future of genomics rests on the foundation of the Human Genome Project.

- Transkriptomika - exprese gent, za rtznych podminek

- Proteomika - exprese a funkce proteind, dopady pro design IéCiv
» Komparativni genomika - srovndni s jinymi organizmy

* Polymorfismus mezi jedinci (genetic variation program)

* Persondlni genomika

- ELSI - (ethical, legal and social implications) - 10 mil $ /rok

» Zdravi, spole¢nost, vzdéldvani ...




Rozdily mezi jedinci

@ Referance DNA Tzt DNA
Hybridize to arrays
Cy5
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DNA cipy

(DNA chips, DNA microarrays)

Pomoci DNA ¢ipll Ize uréit, které varianty genili/sekvenci
DNA ¢lovék obsahuje a podle toho zacilit 1€¢bu.
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Farmakogenomika
a persondlni medicina

Soucasnost - design Iékl ha primérného pacienta, masovd vyroba, aviak ,Jedna velikost

bot nepadne vsem"

Pomala metabolizace (vedlejsi G¢inky) x rychld metabolizace (zddné dcinky)
Vedlejsi (¢ inky Iéku (adverse drug reactions, ADR): > 2mil pripadt, 100 000 dmrti v USA

(rok 1994)

Budoucnost - farmakogenomika, test v détstvi, varianty v genech urcuji reakci na Iéky
Single nucleotide polymorphism (SNP, snips) - genetické varianty, katalogizace, anotace,

dbSNP, microarray data (Geo)

DNA Cipy - skrining 200 000 SNP{/nextgen sekvenace - nékolik hodin > vybér léki
Levnéjsi - klinické testy na mensich skupindch, pacient se nevraci k Iékari pro dalsi Iéky na
vyzkouseni kvili zadnému efektu nebo nezddoucim d¢inkim

Etické otazky: |éky na miru (tailor-made
drugs) drazsi, nezdjem farmaceutickych
firem (mensi objemy vyroby), neochota
pojist'oven platit za lidi s genetickymi testy
indikujici potfebu drahych Iékl na miru.
Prohloubeni propasti mezi rozvinutym a
rozvojovym svétem. Dostupnost vsem.

Farmakogenomika studuje, jak
varianty v lidském genomu
ovliviiuji odpovéd' na lé€bu.

Umozni vytvdret Iéky ..na
miru" podle znalosti
konkrétniho genomu pacienta.
Minimalizuji se tak nezddouci
vedlejsi Gcinky.




Genova terapie je rychle se rozvijejici obor

U 4 °
Genova teraple mediciny, kdy jsou geny zavddény do téla

(genomu) jedince s cilem vylécit nemoc.

Dédi¢né nemoci - jeden gen (srpkova anémie, barvoslepost), polygenni (vétsina
nemoci - diabetes, epulepsue astma, maniodepresivni choroba, schizofrenie)
Skodlivy gen: recesivni (cystickd fibréza), dominantni (Hun‘rmg‘ronova chorea),
ha chromosomu X (hemofilie)

PODMINKY USPECHU:

- dobré pochopeni problému, identifikace genu

- metoda vneseni, typ bunék, vektor (viry), stabilni integrace

- opravovdny jen geny v somatickych burikdch, nahrazen $patny gen nebo vnesen
novy gen s funkci vylécit nemoc.

Do 15 le‘r vsechny monogenni nemoc: ~ 5% u déti

Experiment (Cavazzana-Calvo, 2000):
|é¢ba imunodeficience zplisobené
mutaci genu na chromosomu X, déti
uzdraveny, ale 2 z 10 déti onemocnély
leukémii, virovy vektor aktivoval
onkogen.

eeeeeeeeeeeee
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DNA vakcinace je ochrana proti nemocem

DNA vakc inace (viry, bakterie, paraziti) pomoci geneticky

upravenych molekul DNA s cilem vyvolat
imunitni odpovéd'.

Vakciny:
Prvni generace - oslabené formy celych organizma

Druhd generace - definované proteinové antigeny (i rekombinantni)

Treti generace - upravené plasmidové DNA, které produkuji specifické proteiny

Metody vnaseni DNA do organizmu:
Injekce do svall nebo do kiZe - trvald nebo dlouhodobd exprese, rychlé
rozsireni po téle, nevyhodou velké mnozstvi potrebné DNA (10ug-1mg)

Genové délo - bombardovani bunék ¢asticemi zlata nebo wolframu, sta¢i malé
mnozstvi DNA (0.2-20ug), avsak potreba inertni astice

Tlakova injekce - nékolik mm pod kizi, vétsi mnozstvi DNA (300ug), bez édstic,
DNA se rozbiji, nizsi exprese a imunitni odpovéd'.

Daléi metoda - naneseni aerosolu na sliznice.
MnoZstvi vndgené DNA je 10x mensi u mysi neZ u primdta.

Metoda ma vliv na to, jaky typ bunék se aktivuje - T-buriky (TH1, TH2), T-killer,
T-helper, protilatky.



Projekt ,osobniho genomu™
(personal genome project, PGP)

.Budeme procitat svij genom jako kdyz pldnyjete cestu a
hleddte pripadné objizd'ky (predispozice pro nemoci).."

. Vidime, Ze znalost naseho vnitrniho vesmiru je tak . ‘
podmanivd.." Nl 1) [, -
_o| Back row (left to right): James Sherley, Misha

ey S . p S N | {anarist, John Halamka, Keith Batchelder,
.. Zahdji éru mediciny sité na miru kazdému jednotlivci B/ calvnn Gill. Front row {left o rights Esther

Geor'ge M. Cth‘Ch Dyson, George Church, Kirk Maxey. ot
fshuwn: Stan Lapidus and Steven Pinker.

Projekt osobniho genomu:
- sekvenace 100 000 dobrovolnikt (1% genomu bohatou na geny - exomové sekv.)
- hleddni korelace mezi genetickymi a télesnymi vlastnostmi

- cilem cena do 1000 USD béhem nékolika let (faktory: ¢as, technologie, cena)

- axiomy: automatizace prdce + otevrenost dat

- predpokladem je vyvoj novéjsich technologii sekvenovani: 454 (Roche), Solexa
(Illumina), SOLID a IonTorrent (Life Technologies), aj.

Aspekty osobni genomiky: Drive 13 let - nyni 13 hodin
*Zdravotni hlediska

‘Rodokmen

Obavy ze zneuziti (pojist'ovny, zaméstnavatel, soudy, skoly, agentury pro
adopci, vldda, konkurence, zlocinci)




ETICKE A PRAVNI
ASPEKTY SEKVENACE
LIDSKEHO GENOMU



Pa-'-en-'-ovéni genﬁ Patentovatelny objev nebo ndpad

v musi byt umély, ne zcela zrejmy,
aneb kdo vlastni nase geny? | novy a uZiteény. Nelze patentovat

1790: . first patent act" zakony prirody.
1889: rostliny, i uméle péstované jsou produktem pFirody a nelze je tudiZ [ o
patentovat (pokus patentovat vlakninu izolovanou z rostlin) Koo nvori e

1930: Ize patentovat nové odridy rostlin (kongres USA) s i
1948: spojovani bakterii neni objev, nelze patentovat (Nejvyssi soud USA) |an
1981: spor Diamond vs. Chakrabarty - uméld bakterie likvidujici ropné R
skvrny - geneticky modifikovand (fize), nepfitomnd v prirodé, patent+ .
1996: Bermudskd pravidla - sekvence genomi musi byt volné dostupné ™
1998: Evropsky parlament - .geny jsou patentovatelné" e
2005: zamitnut ndvrh na patent na lidskou chiméru, aby zabrdnili tvorbé | i =
ook

2005: pfes 4 000 genii z ~24 000 je spojeno s patentem, napf. firma e
Massachusettshy tachnicky institut 184

Incyte vlastni 10% genl
2010: Myriad Genetics - monopol na testy BRCA, soud: ..nelze patentovat;

PATENTY TYKAJICI SEDNA NEBO RNA — VYDANE V USA I )
Ud&lovani grantl tykajicich se nukleovych kyselin (vEetné z jinych organismi | |
ne? je Elovék) dosdhlo vreholu v roce 2001 a nasledné pokleslo (viz grafl, I B L Y
pravdépodobné z divodu ztiZeni podminek pro uznani. o2 Tt smei) (1 477 oSnOATY astenid)
Nositelé nejvét&iho poftu grantd jsou uvedeni v tabulce | voraval. Al 12 13

b] 2 :
; I e g Ly fEi b iy ' Lod
5 5000 - i I 508 et : 3 Atl) (408 gendiva patentd)
£ 4000 4 J | )

I,A e Clls o7 ¢ s i - ) e i :
£ 20w 2005 (odhad (1776 geair0peen I 1 =“'1h1l !
= v dobé pfiprav 1 (1715 ganty270 paerio) (762 gend/178 patentd)

S 2000 Elinku) e A R st 5% ’
£ 4 @iz gen208 parencs) (&AM LLEMT S | ik & 111 3
’. : Crnom g >S4k .
. 1,000 s {7445 gent/307 patentd) (357 genlie6 paten /106 patents F 1 C ”' N H
{1445 ge: tenti] = geni/6E patent) (657 gend/106 patentd) I
| } ) 5 1y i : rancis Collins,
e — s | | el f
5 1976 1980 1984 1988 99 Y : At T e el (915 gend/141 patentd) + 5
5 1992 1956 2000  2004* It {1 088 genti/233 patentd) | 15 v (144 genty/14 patenta)
5 Rok vydani patentd 3 d !i ‘| ol l‘
8 podie ddajt z 30.11.2005 { i I [T fisd ot d W g g g
« - #ak e i) (1139 qenuyted patened) A ety ateni)




ELSI , P Oj i§ ""Ovny Studium etickych prdvnich

a socidlnich otdzek (ELSI)

Obava ze zneuziti (eugenika - USA, Némecko) J? SOHEéSﬁ sekvenace
3-5% rozpoctu (10mil $). lidského genomu, HGP.

Ctyri priority:

1. Poctivost (fairness) - svoboda od diskriminace na bdzi genotypu

2. Soukromi (privacy) - kontrola jedince nad svym genotypem, volba odhaleni
3. Poskytovdni zdravotni péce

4. Vzdélani (education)

Pojist'ovny:

- nutnost rovné hry (analogie loterie) - stejné informace, spravedlivda smlouva.

Pro¢ by pojist'ovny nemohly zndt kromé fenotypovych i genotypové parametry?
Obava pojiSténce - Ze bude pojist'ovna chtit jeho testy a zdraZi pojistné

Obava pojiSt'ovny - Ze se pojisténec dozvi o budouci nemoci a vysoce se pojisti

napt. Huntingtonova chorea - zndt poCet CAG repetic, pojist'ovaci hra moznd, zména s
casem.

Zaméstnavatelé:

Napr. povoldni pilota:

- argument zaméstnavatele - chci zndt riziko jeho infarktu, platim pojisténi, bezpecnost
- argument Zzadatele - nyni jsem zcela zdrdv, nenesu vinu na predispozici




Etické otazky souvisejici s HGP

Karl Popper: ..Jakykoliv pokus vytvorit nebe na zemi zplodi pekio"

Lze vytvorit z lidi andely nebo alespon zabranit, aby se z nich stdvali
d'dblové? Clovék neni r'edukova‘relny na své geny a vychovu. I kdyZ pozname
.chemicky vzorec ¢lovéka" stdle nds bude prekvapovat (Marek Vacha).

Filosofické diisledky sekvenovani lidského genomu

Neudrzitelnost rasismu:

- vSichni lidé jsou si pribuznéjsi nez jsou si navzdjem pribuzni Simpanzi v
rezervaci Gombe, jacikoliv dva lidé - 99.9% podobnost

- jedinecnost individua a universalita lidstva

Clovék je tvor spolupracujici:

- jeden druh z mnoha, antropocentrismus nahrazen ekocentrismem, jsme
soucdsti sité Zivota,

- sloZeni nasich tél je kooperujici: mitochondrie v nasich bunkach, 45% TE v
nasem genomu

Co je clovek?
- stavebnice pozlstatkil v nds preZivajicich, dfive samostatnych bytosti



Genovy doping a
.designer baby"

Drive: Vybér vhodného partnera
Nyni: Znalost lidského genomu
+ asistovanad reprodukce/PGD

vliv na vlastnosti déti

Co si muzeme dovolit?
MiZeme vybrat zdravd embrya?

Proposals for germline
engineering combine
the use of stem cells
and embryo cloning

MuZeme vybrat pohlavi (zaplatili jsme si, Aviedo 1997: pohlavi ale neni

hemoc)?

MiiZeme zlepsit vlastnosti ditéte (BRCA, vysku, pamét’)?
Cim se lisi plasticka chirurgie od genové zmény?

KdyZ investujeme do environmetdlnich faktort (knihy, vzdélani, vychova),

pro¢ neinvestovat do genetickych faktort?

Vznikne novodobd genetickd aristokracie a trida genetickych proletara?
Klasicky doping u sportovcl je zakdzany, a co genovy doping? Jak prokdzat?

Budou rodice odsuzovani za narozeni postizeného ditéte?
Genovy doping jen pro nejbohatsi? Vznik nového darwinismu?




CODIS (1994 Kongres USA) - FBI
databdze, obsahuje ~6 miliond vzorky
DNA, pribyvd aZ 40 000 kazdy mésic,
drive jen u usvédcenych zloéincl, nyni
Sirsi zdabeér.

Forenzni laboratore v USA - geneticky

fingerprint usvédcenych zlocinct

Ministerstvo obrany USA - vzorky
tkani vojdkl pro pozdéjsi identifikaci
pomoci DNA
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DNA databaze FBI

(Combined DNA Indexing System = CODIS)

THE PROCESS OF DNAFINGERFREINTING

2. The DMA = cut inte fragments -
using 2 restHction enzyme. The .r :_. -
fragrients ake theh e parated into |‘ - "'\. -

bands by electro phoresi= through
an agaro e qel.

1. The process begins with =
bBlood or cell =amnmple frorm which
the DM Ais exracted.

3. The DMNABbBand pattem is
ransferred ta & nydon me mbrane.

4.4 radiosctive DM Aprobe is
introducez=d. The DMNA probe binds
m specificMAsequences on the
rydon e brane .

5. The exzxess probe material i=
wazhed awayleaving the unique
M4 band peakbem .

&. The radiosuctive DA pattern i=
wransferrad b Xz filn By direct
exposdbe . YWhen developed, the
resultant visible pattem is the
DA FIMNGERFRIMT.




EVOLUCE CLOVEKA
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A. aforensis hominida:

KONSO
A, boisei

oMo

A. afarensis
A. aethiopicus
A. boisei

KODBI FORA
A. boisei

] A, afarensis
ALLIA BAY

A anamensis

A dnameénsis

TUGEHN HILLS

Orrorin tugenensis

OLOUVAI GORGE
A, boigel




Nalezisté hominidu v Africe

smnﬂ
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Srrarigrafie

l, il o
= CEOL E - Olduraiské

- HOMD ERECTUS

MILIONY LET
4.0 35 3.0 25 o X1

Nalezisté _
hominichi v Africe
5 casovim rozpétim
Jejich vyskytu

g

HADAR |

1. ERECITUS
H. HABILIS |
A. BOISE]
OMO A AFARENSIS

\
H. ERECTUS T

A. AFARENSIS /

JEZERO A soiser M H. HABILIS
TURKANA a,aeTHIoPicus Bl = |} |
H. ERECTUS [l
H. HABILIS

OLDUVAI A. BOISEI |
LAETOLI A. AFAREMSIS

% A ROBUSTUS || |
ARRI FRICANUS | | | H. ERECTUS
AFRIKA A AFHICANUS TRE fj

* Olduvajska rokle (Tanzanie)
* Hadar (Etiopie)
* jezero Turkana (Kenya)

2

- soucasné zde Zily 4 druhy hominida!l!

* reka Omo (Etiopie)
* Laetoli (Tanzdnie)



SIMPANZ AUSTRALOPITHECUS HOMO SAPIENS SAPIENS
Objem mozku 400 cm’ Objem mozku 450 cm Objem mozku 1350 cm?

Oddéleni vétvi hominidi a
Simpanzu: pred 6-7 miliony let

Za 35 mil. let vzniklo 84 druht hominidd
Za 8 mil. let vzniklo 16 druhG hominidt

SPODNI CAST LEBKY SPODNI CAST LEBKY

BOMNDOBO
CHIMPANTIEE
HOMO
Ardipithecus
romidus

Au. afarensis ‘ . Au. robustus
Au. africanus

Sahelanthropus

Au. anamensis
Au. aethiopicus

Au. boiser

B MYR 5 MYR 4 MY R 32 MYR 2 MYR 1 MYR
AGD AGD AGD AGDO AGD AGD

FAMILY TREE of the hominid Australopithecus [red ] includes a number of species that lived between
roughly 4 million and 1.25 million years [Myr] ago. Just over 2 Myr ago a new genus, Homo [which
includes our own species, H. sapiens], evolved from aone of the species of Australopithecus.



Sahelanthr‘opus (Toumcu) s1'ar'|67mllle1' |

*Mozkovna 340-360cm3
‘Bipedie
‘Nejstarsi predek ¢lovéka po

Sahelanthropus tchadensis : 6 mil. let (v).ddéleni VéTVE ve@oucfch k
(Cad, Michel Brunet, 2002 Nature) simpanzum a ¢loveku

Orrorin tugenensis: 5.8 mil let

Ardipithecus kadabba: 5.6-5.8 mil let



Australopithecus: 4

ustralopithecus boisei
KNM-ER 406 )

Vgl _.&; o w‘"‘f T ol
iy ] Lebka .
AN hyperrobustniho australopiték =
KNM-ER 732 e 4 iir:,jzu :usilralfopiﬂiheicus gofﬁecir Lucy A' Gfar‘en5|s
. (OH 5) (3.5-3 mil)

732 )
Gy souvrstvi 1.
Jeji geologické stafi

Je asi
1,75 milionu let

‘mozkovna 35% moderniho ¢loveka
-vyska 120-140cm, pohlavni dimorfismus (az 50% rozdil)
*frugivorni (pojidal ovoce), moznd omnivorni (vSezravec), zil v savandch

robustni - A. robustus ............... 1-2 mil
A. boisei ... 1-2 mil
gracilni - A. afarensis = Lucy ... 3.5-3 mil
A. africanus ................... 2-3 mil



Homo habilis: 2.5 mil. - 1.5 mil.

*Olduvajskd rokle (Tanzdnie, Mary ¢
Louis Leakey) :
Jezero Turkana (Kenya)

*polovi¢ ni mozkovna

‘primitivni ndstroje, lovec, sbérac

. H habilis (OH62):
.Zena roku 1987", 1.8 mil let




Homo erectus: 2 mil. - 0.3 mil.

-Velka mozkovna (850-1100cm3)
*Vysoky (180cm), pohlavni dimorfismus (30% rozdil)
*Pouzival ohen, plaval na vorech, primitivni ,fec", poprvé malé rovnostarské

skupiny, sloZitéjsi ndstroje, lov ve velkém méritku
-Jezero Turkana, Java, Cina

;. Ve svrchni ddsti souvestvi 11
se nasly acheulské ndstroje.
Jde o dvoulici nastroje,

\ kieré predchazely péstnim Klinim
‘) Jejich gealogicke stari se odhaduje

4\ 4
A mf na 1,2—1,1 milionu let.
:d A & Zhotovovaly se obijenim jader.
i ’ Nékteré slouzily
'} Jjako Feznické ndsiroje,
- i Jiné moind k dreeni

tuhjch plodii a hliz




Homo habilis and Homo erectus ‘f‘ «ffa ili Py
Zili vedle sebe v Africe po dobu | s g
500 000 letlll i .
(Nature 448, p688, 2007) "o | e WP
“d . -
\ < b 4 - -1 @_ _@ H. habilis
- evolution ze spolecného predka w @*_
- rozdily v potravé T
- H. habilis - bo¢ni vétev, prezival déle 3 6 R T Rrceaiopione
- H. erectus - Zivotni styl podobny gorildm -

Millions of years ago

F g 4 3 2 1 present

/

To chimpanzees @ H. sapians
. AL ey
Hominids A, afarensis - -

. 3
Ardipithecus
F
A ) A, africanus
uSIratOpiecis F 3 i
SITSITENLIS H. negderﬂ‘raﬂanﬁa
[ ] A. asthiopicus E
| 3 o H. heidedbergensis
_‘“- S —_——

HOTE: =kulls not drawn to =cale m

» » » » » .




P omani
Eeorg

Homo erectus: _ ﬂS\ =
prvni expanze

clovéka (1.8 mil)

Bahr el Ghazal,

Chad
’ v v e . 5 Vs Hadar, Ethiopia i
- prvni prekrocil hranice afrického T Wiy
- kontinentu [ Koo Y
- pouzival ohen Ordvvai Gorge
Janzania i # : 2 :
aetolif lanzania Java, Indonesia ""'-.‘.."’_,F .

- o Homo erectus g

' _: Homao habilis i "
E £ 4 y @ Australopithecines f
Sterkfun}ein. Swartkrans £ d
South & 2

rica gif Southfrica




Homo sapiens:
vznik pred 500 000 - 250 000 lety

Hypotézy: ,multiregiondini* a ,Out of Africa™

- mtDNA 182 lidi

- 2 vétve - africka a neafricka
- max 0.6% rozdily, 3 mutace/500bp, 1 rozdil~10 000 let

- Z Afrlky pred 100 tis IeTy 50 TIS Aus‘rr'alle 35 tis. Evropa

Multriregiondini hypotéza
(teorie svicnu, polycentricka
hypotéza) (Wolpoff)

Homo sapiens

. sapiens
-

L |

w

L]

- i_\lr
1 a | i,
H. neanderthalensis - | At
| | L
= : g
= A
- E 4 o »”
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H. heidelbergensis
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TTER'H'EEE § SNEENERNSEEEEE =

wsslﬁ:::e;:imun\' SINGLE ORIGIN i ”OUf Of Afl"iCG“ Zakladatelskd pOpUlClC@
wiiioi (Wilson, 1987) ~ 10 000 jedinc -



Nejstasi Evropan: Eoanthropus a podvod z Piltdownu

- lidskd mozkovna a opici Celist, nejstarsi Evropan?
1915 - Ch. Dawson - Eoanthropus dawsonii
1953 - Kenneth P.Oakley - odhaleni podvodu

- fluorova metoda (starsi kosti - vice fluoru)

Woodwardova rekonstrukce
mezi¢lanku mezi ¢lovékem a
opici (stari asi 500,000 let)

Skutecny prvni evropan:
1993 - Boxgrove (Sussex)
stari 500 000 let



Jsou neandertalci nasimi predky?

Neandertalci zZili pred
400 000-29 000 lety

- vysli z Afriky pred 400-800 000 lety

- pred 29 000 lety je nahradili H.s. sapiens, 10 OC

- krizeni H. s. neanderthalensis s H.s. sapiens?
rizny poet chromosomi (46x48) a tudiZ neploc

- §impanz a gorila md 24 pdri

- flze po oddéleni neandertdlce?

- kiifi a osel - 64x62 chromosomd

- moderni ¢lovék ma 3% DNA neandertdlce

RLISSIA

AERICA \{\L MI@&&ET__\

Neanderthals
help to tell
our story

The availability of Neanderthal
genomic sequence datais allowing
us to date key events in our own
evaolution.

So far. only one gene has been
comvincingly associated with human

la d speech— forkhead bax
PRIFOXP2) Despite being a highly
comeerrestrnie. the human and

chimapanzes versions differ at two
positions in exon 7, and these
substitutions have been implicated in
aur unique ability for speech.

Krause et al. found both

/| substitutions in two Spanish

Meanderthal samples. Further they
concluded that. for both substitutions,
at least one of the individuals was
homozygous for the derived allele that
is predominant in modern populations.

Mext, the authors analysad the
Meanderthal samples for evidence of
aselective sweep close toexon 7
of FOXP2 that, from modern hurman
genetic diversity data, was previously
proposed to have occurred within the
past 200,000y ears. Seven
polymarphic regions from the intronic
region upstream of exon 7 were
successfully amplified from the
Meanderthal samples and. for six of
these, all preducts from both
Meanderthals represented the derived
allele. These results suggest that the
selective sweep in the FOXPZ region
bagan before the split from the
human-Neanderthal common
ancestor, which existed 300,000 to
400,000y ears age— much earlier
than previously thought.

S0, Meanderthal sequences can
provide a useful tool to imv estigate our
own evolution, making the extreme
care that must be takenwhen
retrieving genetic information from
ancient zamples worthwhils.

Carrie Patis

Krings et al. 1997: Neandertal DNA sequences and the origin of modern humans. Ce// 90, 19-30.
Green et al (2010) A draft sequence of the Neandertal genome. Science 328, 710-722.
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Molekularni archeologie

- studium ddvnych organizmd pomoci DNA - lidé, zvifata i rostliny

- evoluce ¢lovéka, domestikace zvirat i rostlin

- extrakce ze zbytkl - kosti, zuby, tkdné, vlasy i fosilie

- amplifikace fosilni DNA metodou PCR, sekvenace a evolucni stromy

Problémy:
1. degradace DNA, dspéch zdvisi na prostredi ndlezu - klimatu, nejlepsi suché a chladné
2. kontaminace - opatreni, chirurgicky odbér kosti

Uspéchy: y
DNA z mamuta, magnolie (20 mil let), egyptskych mumii, Otztalsky muz, neandertdlec
PO STOPéCh ROI’I’\G"OVCI?I Queen
1613-1917 o
_ ( : ) 1918 - poprava

LT LT T Ji o
e00ev e | @

= MALE A-[resxaarll?dara Nicriz:as VZO r‘ ky D N A =

O -ron d 6 O ‘ i zijici knize z

Olga ) Marie ) Alexeil Edlnbur‘gu




Moderni clovék-umélec: Paleolit-mousterian, aurignacian ..

Velky skok vpred" (pred 50 000 let):
- abstraktni mysleni, pldnovani, inovace, symbolické chovani
- oblékani, pohrbivani, skalni kresby, rafinované pasti a lov

g
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Floresky ¢lovék - Hobit

Nalezy v jeskyni Liang Bua:
- 2003 (LB1), pozdéji 8 jedinct

- mezi nejstarsi a nejmladsi kostrou 80 000 le

- nejmladsi jen 12 000 let

Novy druh nebo nemoc:
- mozek jen 380 cm3,
- nejde o patologické jedince (microcephalus

- velikost mozku a inteligence, ndstroje a ohen

- ostrovni fenomén

Rodokmen:
4—/. sapiens do Austrdlie pred 45 000 lety

- stret s H. sapiens (jako neandertdlci)

- Zivé legendy - Ebu Gogo, posledni setkani
pred 100 lety, myty o malych lidech u
sndic'mﬁ, australand

a E. Asia 5.E. Asia Africa Europe b
0 @ sapiens
floresiensis neanderfhalensis
0.4 0
4 heidelbargensis :
& anter
= 0.8 il
- grectus
§
& 1.2
=
QEONNCUS
16 argasier
2




CHCETE POZNAT
SVUT GENOM?



Genetické testovani - nemoci, ptvod (firma ,23andMe™)

23andMe DNA Spit Kit

www.23andme.com

register kit 1"5.' n

help

Learn valuable
health &
ancestry

information.

$99




Zdravi: nemoci, mutace, citlivost k lekum

Oizea=se risk [30] Wour risk Arverage risk i

Celiac Dise asa *Decreased risk
Frostate Cancer + 22 3% 17 .2% i

Coronarng Heart Dise ase *Decreased rish
Alzheimers Disease 14.2% T2 Crohn's Dise ase * Cecreased rish
Age-related Macular Degeneration + 13 .8% 5.5% Exfaliation Flaucoma ~p [ =oreased risk

hol 1 Decreased risk
Restless Legs Syndrome + 2.5% 2 0% slanoma *

Fakinson's Diseass * Decreased rishk
Eszophageal Squameous Cell Carcinema (ESCC) + 042 % 0,26 %

Frimans Biliany Cirrhosis *Decreased risk
Stomach Cancer(Fastric Cardia Adenocarcinoma) + 028 % 0. 23%

Rheumatoid Arthritis *Decreased risk
Seleroderma rLimited Cutaneous Typel + 00 % 0.07 %

Twpe 1 Diabete= * L ecreased rish

Atrial Fibrillation Typical risk Type 2 Diabetes . Cecreased rige
Bipolar Drisorder Typical risk i

Carrier st=tu=s (48] St=tu=
Breast Cancer T\_.rpical i ARSACS wWariant Absent

Chronic Kidney [isease

Colorectal Cancer

Fallstones

Lung Cancer

Lupus (Swstemic Lupus Enthematosus)

Typical

Typical

Typical

Typical

Typical

HAgenesis of the Corpu=s Callosum with Feripheral
Heuropathy (SZCFR M

Alpha-1 Antitrepsin Deficienoy

Autozomal Recessive Polyoystic Kidney Disezase

Beta Thalassemia

Bloom's Syndromes

Canavan Disease

Congenital Disorder of Slycosylation Type 1a
CFhARAZ- C D]

YWariant Absent

ariant Absent

ariant Absent

Wariant Absent

ariant Absent

Wariant Absent

YWariant Absent

multiple Sclerosis Typical ri Connexin 26-Related Sensarineural Hearing Lass wariant Absent
. . Cw=tic Fibrosi= wariant Absent

Obesity Typiczal ri
-Bifunctional Frotein Deficienoy wariant Absent
Fzoriasis Typical i DPD Deficienow wariant Absent

Ulzerative Colitis

“enous Thromboembolizm

Twpical

Twpical

Cihwdrolipoamide Dehydrogenase Deficienoy

Factor 1 Deficienor

Familial Dyvsautonomia

ariant Absent

ariant Absent

Wariant Absent



Map History Haplogroup Tree Community Pﬁv : d

Locations of haplogroup R1ala circa 500 years ago, before the era
Haplogroup: R1a1a, a subgroup of R1a1

Paterndlni - Rlala Age: 12,000 years

Region: Eastern Europe, Scandinavia, Southwestern

of intercontinental travel.

—

. Asia, India
:-ﬁ b o Populations: Ukrainians, Indians, Poles
’ ' " - r Highlight: R1a1a is the most common haplogroup
P, Ocean in eastern Europe.
v, A
- . Your Family and Friends
B
D2a1b Japanese Person
i i . E1b1a8al... Nigerian Person

R1a1a is the primary haplogroup of Eastern Europe, where it spread after the end
of the lce Age about 12,000 years ago. The haplogroup is most common in a N Chinese Person
swath from Ukraine and the Balkans north and west into Scandinavia, along the R1ala Eduard Kejnovsky
path of the men who followed the receding glaciers into Europe. It is also
common near its presumed point of origin in south-central Asia. Famous PEOp|E

J1cdis asubgroup of J1  Materndlni - J1c4 Haplogroups J1, 2 subgroup of J

Age: more than 38,000 years
Locations of haplogroup J1 circa 500 years ago, before the era of Tofr- Eorrr Gcrc e
intercontinental travel. Populations: British, Scandinavians

Highlight: J1 spread from the Middle East all the

way to lceland.

<« ; Americ: Atiantic Your Family and Friends
Oce: D4e2 Japanese Person
DS5a2a'c Chinese Person
o J1ca Eduard Kejnovsky

L3e2b2 Nigerian Person

Haplogroup J originated about 45,000 years ago on the Arabian Peninsula not
long after modern humans expanded out of Africa and onto the Eurasian
continent. About 7,000 years ago the expansion of farming carried daughter
lineages of J, including J1, into Europe. Today the haplogroup extends as far west
as Britain and as far east as Central Asia.



Puvod

Y-DNA HAPLOGROUPS
map with predominant haplogroups
public domain

made for wikipedia by
robert gabel 1272011

Ria-Z284
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Subgrouping of Main Indo-European Language Branches according to SLRD-Method
Projected to possible Migration Routes between the 35th and 25th Century B.C.

(Holm 2007),



