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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

DMA 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)

20,000 5TSs

9E5% of gene-containing part of human
sequence finished to 99.99% accuracy

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

100,000 mapped human SHPs
Full-length human cDNAs

Complete genome sequences of £, col, &
.ceravisiae, C. elegans, D, melanogaster

Dewvelop genomic-scale technologies

National Human Genome Research [nstitute

National Instututes of Health

Department of Health and Human Services

Achieved

1-cM resolution map( 3,000 markers)

£2,000 =5TSs

99% of gene-containing part of human sequence finished to 99.99% accuracy

Sequence =1,400Mb/year at <£0.09 per finished base

2.7 million mapped human SHPs

15,000 full-lengthhuman cOMNAs

and
Office of Science
U.S. Department of Energy

Date

September
1994

October
1993

April 2003

Mowvember
2002

February
2003

March 2003

Finished genome sequences of £ coli, 5. cerevisiae, C. elegans, D, melanogaster, plus
whole-genome drafts of several others, including <. briggsae, D. pseudoobscura, mouse and April 2003

rat

High-throughput oligonuclectide synthesis DMA microarrays
Eukaryotic, whole-genome knockouts (veast)
Scale-up of two-hybrid system for protein-protein interaction

1994
1996
1999
2002




Lidsky genom ve faktech a

- Velikost genomu ~ 3 164 700 kb

- Polet genti ~ 20-25 000

- Velikost primérného genu ~ 3000bp

* Témér vSechny bdze jsou stejné (~99.9%) u vsech lidi

» Funkce u vice nez 50% genl neni 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 genti (2968) a chrom. Y nejméné (231)

Srovnani lidského genomu s genomy jinych organizmu

Eislech

i ——

-Genové ostrovy u ¢lovéka versus homogenni distribuce gent u jinych organizmt
-3x vice proteinl nez D.m. nebo C.e. diky alternativnimu sestrihu (35-60% gen)
-Stejné genové rodiny jako u D.m., C.e., rostlin, ale pocet ¢lent rodin expandoval

-Vétsi podil repetici - C.e. (7%), D.m. (3%), A.t. (11%)




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

oblastech

RNA nekodujici proteiny:

- mnoho transkriptt nekddujicich proteiny a s nezndmou funkci

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

- pres 800 miRNAs

Ultrakonzervativni elementy:
- 481 UCEs delsich 200bp, 100% identita mezi ¢lovékem, mysi a potkanem
- UCE jsou enhancery gent

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




».» M Lidsky chromosom Y:
’ .Sal plny zrcadel”

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

] Homologni oblasti mezi X a 'Y

B Duplikativni prenos z X
B Palindromy




Srovnani 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 B4% 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. Hughesf], Helen Skaletsky', Tatyana Pyntikuva], Patrick J. Minx?, Tina Graves”, Steve Rozen',

Richard K. Wilson® & David C. Page’

4 .....-3\-4— Initial speciation
\ >6.3 Myrago

Toumai ? —
| *+— Hybridization

<6.3 Myr ago

Humans Chimpanzees

1.23% rozdil

- speciace ~ 6.3 mil
- ndsledné krizeni
- vétsi podobnost
chromosomu X

» Genové duplikace

- Expanze transposont
* Mutace
* Posttranskripéni a translacni modifikace
- Odli3né pouzivdni gent (alternativni
promotory a alternativni sestrih)
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Mozaikovita s
Neéekteré oblasti blizsi

ruktura genomu:

Simpanzovi

a jiné gorile

- 5.8 My on . : il
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ven|| ... .genomes, like organisms,
-#x¢ || have an anatomy. But is this
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- vznik retrogent v linii primatt

- role ve spermatogenezi

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

Ana Claudia Marques'®, Isabelle Dupanloup'®, Nicolas Vinckenbosch®, A e "2, Henrik K v

1 Center for Integrative Genormics, University of Lausanne, Lausanne, Switzerland, 2 Department of Genetic Medicine and Development, University of Geneva Medical
School, 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 retroposition (retroduplication) in primates. Extensive comparative sequencing and
expression studies coupled with evolutionary analyses and simulations 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
germline function.

Citation: Marques AC, Dupanloup |, Vinckenbosch N, Reymend A, Kaessmann H (2005) Emergence of young human genes after a burst of retroposition in primates. PLoS Biol
3011): €357
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které umistily bloky gentl do riznych kombinaci.
Konzervativita chromosomu X.
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Dystrofinovy gen - obri gen

79 exond, nejdelsi znamy gen, 14kb mRNA
2.5 Mb dlouhy (0.1% genomu)

Gen ,Metuzalem"

- alela genu daf-2, Island

- 6x delsi zivot u Cerva C. elegans

- Metuzalém Zil 969 let

- neni duvod pro selekci na dlouhovékost




FOXP2 - dilezity lidsky gen
(forkhead box P2)

- dlleZitd pro rozvoj reli, mutace v rodindch s poruchou reci
- souvislost s chdpdnim pojmu, gramatika, kreativita, kultura
- existuje i u jinych zvirat,

- nova lidska forma vznikla pred 200 000 let

- délka 14 063 bp
- divergenece od simpanze 0.87%, orangutana 2.5%
- lidska forma pritomna u Neandertdlce (S. Paabo)

Molecular evolution of FOXP2, a gene
involved in speech and language

Wolgang Enard”, Molly Przeworski®, Simon E. Fishert, Gecilia 5. L. Lait,
Victor Wiehe®, Takashi Kitano®, Anthony P. Monaco+ & Svante Paaho*

n 02
Garilla

Crang-utan

Rhesus
17131

— e — ] ————— [0S

Figure 2 Silant and replacamant nuclaatide substitutions mapped on a phylogeny of
primates. Bars represant nucleatide changes. Grey bars indicate amino-acid changas.




~ BUDOUCNOST
VYZKUMU LIDSKEHO
GENOMU




=%
Variabilita a mutace I
- 99.9% identita mezi jedinci S
- 1.4 miliond polymorfnich mist =15 H [
(SNP) - vazba na choroby |2 o
- 2x vice mutaci v zdrode&né I EH| |8 _
linii muze nez zeny Genomics to health (sl

|

biology

lidského genomu et O

.Now this is not the end. It is not _ e o j
even 7‘/7@ beg //7/7//79 Of the end. But it Fig 2 The utu of gejmr;s rests on he foundation of the Human nome Project.
/s, perharps, the end of the
beginning." Winston Churchill (1942)

-Transkriptomika - exprese genl, za rtznych podminek
-Proteomika - exprese a funkce proteind, dopady pro design léCiv
-Komparativni genomika - srovndni s jinymi organizmy
‘Polymorfismus mezi jedinci (genetic variation program)

-ELSTI - (ethical, legal and social implications) - 10 mil $ /rok
*Zdravi, spole¢nost, vzdéldvani ...




Rozdily mezi jedinci

8 Reference DNA Test DNA

5 Hybridize to arrays
v5 ™
,,-" Block repeats with Block repeats with C'.r5
C'C‘-‘T—l Df‘-l‘t CC'T 1 DI"-IA.

C 50 jl :

y3 l"\l Cy3

" ol ¥
Q

tﬂ:t -an-:l quantify signals

v3:Cy5)
Tast DNA Duplication v Spurious signal Reference DNA

15 Eos =
L0
05 [N

N

Deletion

Comparative genomic hybridization (CGH)




Farmakogenomika
a persondlni medicina

Soucasnost - design |ékl ha primérného pacienta, masovd vyroba, avsak ,Jedna velikost

bot nepadne vsem"

VVVVVV

VVVVVV

USA (rok 1994)

Budoucnost - farmakogenomika, test v détstvi, dédic¢né varianty v genech urcuji reakci

na léky

Single nucleotide polymorphism (SNP, snips) - genetické varianty, katalogizace, anotace,

dbSNP, microarray data (Geo)

DNA &ipy - skrining 200 000 SNPG/nékolik hodin (200$) > vybér léki
Levnéjsi - klinické testy na mensich skupindch, pacient se nevraci k Iékari pro dalsi Iéky
na vyzkouseni kvlli Zadnému efektu nebo nezddoucim d¢inkdm

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

Farmakogenomika studuje, jak
varianty v lidském genomu
ovliviiuji odpovéd’ na l€€bu.

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




DNA cipy

(DNA chips, DNA microarrays)

|ze urlit, které varianty gent/sekvenci

DNA ¢lovék obsahuje a podle toho zacilit 1é€bu.
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Genova terapie je rychle se rozvijejici obor

0 4 °
Genova *er‘ap|e 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, epllepsue 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 burikach, nahrazen spatny gen nebo vnesen
novy gen s funkci vylécit nemoc.

Do 15 let - véechny monogenni nemoci ~ 5% u déti

Rlesw
CHA  Gene  DHA
[ a—] ]
DATD,

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

onkogen.




DNA vakcinace je ochrana proti nemocem

DNA vakCinace (viry, bakterie, paraziti) pomoci geneticky

upravenych molekul DNA s cilem vyvolat
imunitni odpoved'.

Vakciny:

Prvni generace - oslabené formy celych organizm
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 klize - trvald nebo dlouhodobd exprese, rychlé
rozsireni po téle, nevyhodou velké mnozstvi potrebné DNA (10ug-1mg)

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

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

Dalsi metoda - naneseni aerosolu na sliznice.
MnoZstvi vndsené DNA je 10x mensi u mysi nez u primdtu.

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




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

. Budeme procitat svij genom jako kdyZz pldnuyjete cestu a
hleddte pripadné objizd’ky (predispozice pro nemoci).."

. Vidime, Ze znalost naseho vnitrniho vesmiru je tak . \\
podmanivd..." ¥ \ M -
: | Back row (left to right): Jarmes Sherley, Misha

s o S p Lo o {langrist, John Halamka, Keith Batchelder,
.. Zahdji éru mediciny sité na miru kazdému jednotlivci B alynn Gil. Front row (1sft 1o fight): Esther

Geor'ge M. Cth‘Ch Cwson, George Church, Kirk Maxey. Not
fshuwn: Stan Lapidus and Steven Finker.

Projekt osobniho genomu:
- sekvenace 100 000 dobrovolniki (1% genomu bohatou ha geny)

- hledani korelace mezi genetickymi a télesnymi vlastnostmi

- cilem cena do 1000 USD béhem nékolika let (faktory: Cas, technologie, cena)
- axiomy: automatizace prdce + otevrrenost dat

- predpokladem je vyvoj novéjsich technologii sekvenovdni: 454 Life Sciences,
Solexa (Illumina), SOLiID (Applied Biosystems), aj.

Aspekty osobni genomiky:

»Zdravotni hlediska

‘Rodokmen

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




ETICKE A PRAVNI
ASPEKTY SEKVENACE
LIDSKEHO GENOMU




Patentovdni genu | Patentovatelny objev nebo ndpac

.38 T 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 prirody a nelze je tudiZ [ eemmn o2
patentovat (pokus patentovat vlakninu izolovanou z rostlin) FlfeR I
1930: Ize patentovat nové odridy rostlin (kongres USA) s i
1948: spojovdni bakterii neni objev, nelze patentovat (Nejvyssi soud USA) |
1981: spor Diamond vs. Chakrabarty - uméla bakterie likvidujici ropné kTR
skvrny - geneticky modifikovand (flze), nepfitomnd v prirodé o 3
1996: Bermudska pravidla - sekvence genomt musi byt volné dostupné
2005: zamitnut ndvrh na patent na lidskou chiméru, aby zabranili tvorbé | wwe
hybridi S
Patentovdny geny, izolované iseky DNA samostatné neexistujici v pFirods. |@me ... 4
2005: pres 4 000 genll z ~24 000 je spojeno s patentem, napf. firma Gt
Incyte vliastni 10% gendl B e e i

PATENTY TYKAJICI SE DNA NEBO RNA - VYDANE V USA } ”

UdBlovani grentl tykajicich se nukleavyeh kyselin (vEetnd z jinych arganismi |

neije Elovik) dosdhlo vrchalu v roce 2001 a néslednd poklesia (viz grafl, s il " __!‘ 4lh)

pravdépodobni z divodu 2tiZen| podminek pro uzndni ‘1152“ AT patsnid] nm SniATE et M

Mositald nejviitiiho poftu gramd jsou uvedeni v tabulee [ voraval 14 13
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ELSI p POj i§ T’Ovny Studium etickych prdvnich

a socidlnich otazek (ELSI)
Obava ze zneuziti (eugenika - USA, Némecko) Je soucasti sekvenace

3-5% rozpo&tu (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. Poskytovani zdravotni péce

4. \Vzdélani (education)

PojisSt'ovny:

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

Pro¢ by pojist'ovny nemohly znat 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

napr. 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 Zadatele - nyni jsem zcela zdrav, nenesu vinu na predispozici




Etické otdzky 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 nenf r'edukova’relny na své geny a vychovu. I kdyz pozname
.chemicky vzorec ¢lovéka" stdle nas bude prekvapovat.

Filosofické dusledky sekvenovdni 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

Clovek je tvor spolupracujici:

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

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

Co je clovek?
- stavebnice pozlstatki v nds preZivajicich, drive samostatnych bytosti




Genovy doping a
.designer baby"

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

vliv na vlastnosti déti

Co si muzeme dovolit?
MlzZeme vybrat zdrava 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)?

MiiZzeme zlepsit vlastnosti ditéte (vysku pamet’)?
Cim se li3f plastickd chirurgie od genové zmeny9

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

pro¢ neinvestovat do genetickych faktora?

Vznikne novodobd genetickad aristokracie a trida genetickych proletari?
Klasicky doping u sportovci je zakdzany, a co genovy doping? Jak prokdzat?

Budou rodi¢e odsuzovani za narozeni postizeného ditéte?
Genovy doping jen pro nejbohatsi? Vznik nového darwinismu?




CODIS (1994 Kongres USA) - FBI
databdze, obsahuje ~6 milionl vzorkd
DNA, pribyvad az 40 000 kazdy mésic,
drive jen u usvédéenych zlocincl, nyni
Sirsi zdbér.

Forenzni laboratore v USA - geneticky

fingerprint usvédéenych zlo¢inci

Ministerstvo obrany USA - vzorky
tkdni vojdakl pro pozdéjsi identifikaci
pomoci DNA
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DNA databaze FBI

(Combined DNA Indexing System = CODIS)
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THE FROCESS OF DNAFINGERFREINTING

1. The proces=s begins with =
blaod oF cell =ample fromrn which
the DM AlS extracted.

2. The DM A= cut inha Fagments
u=ing & restHction enayme. The
fragmenkts are then ==paraked into
bands=s by electrophoresi= through
an g aro=e gel .

2. The DN A band pathem is
wansferred to & nydon e mbrane.

g, A radiosctive DMNAprobe is
introdiacad. The DMA probe binds
b specific DMNAsequenc=s ol the
redon e brane .

5 The exces=s probe material is
washed swaylesving the uhigue
LM A band poakberm .

6. The radiosctiwe DMA pattern is
wransferred w ¥ +sopfilin by direct
exposdpe, When developed, the
resultant visible patem is the
CMAFIMGER FRINT.




EVOLUCE CLOVEKA
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Nalezi$té hominidu v Africe
TP ” MILIONY LET !___r_____, Naleziits

R 4.0 1,5 1,0 2.5 2 S5 L0 haminidii v Africe
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AUSTRALOPITHECUS
——— . IS —

L
—— HUERELY

* Olduvajska rokle (Tanzanie)

* Hadar (Etiopie)

* jezero Turkana (Kenya)

- souc¢asné zde Zily 4 druhy hominidal!l
pmpre——— * reka Omo (Etiopie)

* Laetoli (Tanzanie)

HARILIS




SIMPANZ ALUSTRALOPITHECUS HOMO SAPIENS SAPIENS
Objem mozku 400 cm Objem mozku 450 cm? Ohjem mozku 1350 cm

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

Za 35 mil. let vzniklo 84 druhd hominida
Za 8 mil. let vzniklo 16 druht hominidt

L= || =

f BONOBO
CHIMPANZIEE
ETTAME——— P—
Oirorin Ardfpr'r:hecus
- _"'r .-"Il : A e Au. afarensis ‘ oy ;L} robustus

Au. africonus

|
|
Sahelanthropus F T
Au. aethiopicus
Au. boisel
I
B MYR 5MYR 4 MYR 3 MYR 2 MY R 1 MYR
A ALD AGOD AGD ALD AGO

FAMILY TREE of the hominid Australopithecus [ red ] includes a number of species thart lived betweean
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 |, evalved from one of the species of Ausrtrralopithecus.




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

Sahelanthropus tchadensis: 6 mil. let goddéleni VéTVE Ve(\i,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 mil. - 1 mil.

h Australopithecus boisei

S . ( KNM-ER 406 )

Red et

Lebka .
hyperrobustniho australopitéka Lucy =A. afar-ensl [

druhu Australopithecus boisel
(OH5) (3.5-3 mil)
souvrstvi 1.
Jeji geologické staFi
Jje asi
1,75 milionu let

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

robustni - A. robustus ................ 1-2 mil
A. boisei ......ceeo..... 122 mil

gracilni - A. afarensis = Lucy ... 3.5-3 mil
A. africanus .................. 2-3 mil




Homo habilis:

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

2.5 mil. - 1.5 mil.

*Olduvajska rokle (Tanzdnie, Mary ¢

Louis Leakey)

-Jezero Turkana (Kenya)

*polovi¢ni mozkovna

‘primitivni ndstroje, lovec, sbérac

[

el W




Homo erectus: 2 mil. - 0.3 mil.

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

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

‘e svrchni dasti souvrsivi
se nasi nastroje
204 rije,
S \ které p dstim klimim.
’. " | ‘/ J Jejich geolog ari se odhaduje
i o 5 f na 1,2=1,1 mifionu fet.
; Zhotovovaly se obijenim jader.
/ ; Nekreré slouzily
¢ d jako f  ndsiroje,
< : jiné moznd k drcent

arcen
tuhych plodil a hliz




H. neandertalensis m H. sapiens

Homo habilis and Homo erectus @f‘l ' 2

Zili vedle sebe v Africe po dobu | o y:;f e |
500 000 let!! i
(Nature 448, p688, 2007) @ I"&PT
™ i _a
[ [
. AN 4 pE @—_@H.m
- evolution ze spole¢ného predka e %;i_
- rozdily v potravé — B e
- H. habilis - boCni vétev, prezival déle 3 é I N T Merertoptthuces
- H. erectus - zivotni styl podobny gorildm % )

Millions ofyears ago

B 5 4 3 A 1 present

/

To chimpanzeeas @ H. sapiens
. AL pavdyl
Haominids A afarensis  puy _

Ardipithecus
k3
.-ﬂ. ) A. afrlcanus e
Lstratopitiecis E 3 e i
SAMansis ) H. nea- rifratensis
| | A. asthiopicus E
| & _ H. heidelbergensis
e —

HOTE: skullz not drawn to scale m

-» * e - * »




Homo erectus: R ﬂ;%" “
prvni expanze . W g
cloveka (1.8 mil)

- prvni prekrocil hranice afrického

Bahr &l Ghazal, -
Chad :
Hadar, Ethiopla

Turkana.

= kOhTInenTU . Henga‘ﬂ _
- pouzival ohen ALK K-
Tanzania i k
Laet Tanzania v, Indonesia '""-'."f

#

© Home erectus "
oy Homeo habilis ?f
I @ Australopithecines

Sterkfun}:-ain. Swart rarl'rs,ﬂ'
South Africa o8 Southfrica




Homo sapiens:
vznik pred 500 000 - 250 000 lety

Hypotézy: ,multiregiondlni* a ,Out of Africa™

- mtDNA 182 lidi

s ML 2 - 2 vétve - africkd a neafricka '
Mult Ini hypot
corie orent Bolentrickd - Max 0.6% rozdily, 3 mutace/500bp, 1 rozdil~10 000 let

teorie svi I tricka
ﬁ;::;gzi;'iw;ng’ge" Gy Afrlky pred IOO tis le‘ry 50 ‘rus Aus‘rr'alle 35 tis. Evropa

L . 3
Homao sopiens H. sapiens —
»
rr' .-"f
E,\ 'p\
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H. neanderthalensis 8
= w
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r F
yf {
| =
1 R0 R z
N B B i/ H. heidelbergensis -
8
w 1\ E
|
=
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' E
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B
N erectus I-.E ° V4
,Out of Africa®™ Zakladatelska populace

REGIDNAL CONTINUITY SINGLE DRIGIN R L, (Wilson' 1987) » 10 OOO Jedmcﬂ




Homo sapiens: vznik pred 500 000 - 250 000 lety

Teorie.

1. multiregiondlni (polycentrickd, teorie svichu, Howells, Harward; M. Wolpoff):
- H. erectus se vyvinul v H. sapiens v riznych ¢dstech svéta nezavisle, tok gent mezi

vétvemi

2. Out of Africa" (Noemova archa, Willson, Cal. Univ. Berkley):
- H. erectus nahrazen modernim ¢lovékem, ktery se rozsiril z Afriky pred 100 000 lety

3. Hybridni model (Stringer):
- miseni starousedlikl a prichozich

Rozdily v mtDNA jako
méritko evolucni divergence

miDNA:

- vyssi rychlost mutaci

- nema reperachni systémy
- nepodléhd rekombinacim

Solving the Mystery of the Neandertals

So, 56 mutations have accumulated in gglf:! '\:!]‘?EN r "
&l " sgrf, ) L ! g
this part of the llfnl control region since ANCESTOR ./
humans and chimps diverged from a MITOCHONDRIAL
common ancestor. GENOME
CHIMPANZEE
J MUTATIONS

. That is correct.

’ —
g =

Solving the Mystoery of the Neandertals

Seven Is, in fact, the average number of
mutations in this region between any two
peaple from populations around the
world. This number of differences has
been calibrated to equal about 150,000
years. Thus, mitochondrial DNA analysis
suggests that all living (modern) humans
share a common ancestor who lived
about 150,000 years ago.

@ Thatis correct

GTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCARAG
GTTCTTTCATGGGGAAGCAGATTTGGGTACCACCCARAG
TATTGACTCACCCATCAACAACCGCTATGTATTTCGTA
TATTGACTCACCCATCAACAACCGCTATGTATCTCGTA
CATTACTGCCAGCCACCATGAATATTGCCACGGTACCAT
CATTACTGCCAGCCACCATGAATATTGTACGGTACCAT
ARAATACTTGACCACCTGTAGTACATARAAACCCAATCC
AAATACTTGACCACCTGTAGTACATARAAACCCAATCC
ACATCAAARACCCCCTCCCCATGCTTACAAGCARGTACA
ACATCARAACCCCCTCCCCATGCTTACAAGCARGTRACA
GCAATCAACCCTCAACTATCACACATCAACTGCAACTC
GCAATCAACCCTCAACTATCACACATCAACTGCARCTC
CAARRGCCACCCCTCACCCACTAGGATACCARACAARACCT
CAAAGCCACCCCTCACCCACTAGGATACCAACARRCCT
ACCCATCTTTAACAGCACATAGTACATAAAGCCATTTA
ACCCACCCTTAACAGTACATAGTACATAAAGCCATTTA
CCGTACATAGCACATTACAGTCAAATCCCTTCTCGTCC
CCGTACATAGCACATTACAGTCAAATCCCTTCTCGCCC
CCATGGATGACCCCCCTCAGATAGGGCTCTCCATGCA

CCATGGATGACCCCCCTCAGATAGAGCTCTCCATGCA




Nejstasi Evropan:
Eoanthropus a podvod z Piltdownu

- lidska 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




Vpad H. sapiens do Evropy: 50 OdO-Z5 000 pr.n.l.

LAGAR VELHO
[24.500 ytarsago]
]

# IATARRAYA
[78.000-32.000 yearsago)

® Early Modem
i Noandertl

MEADEL
% [32,000-35,000 years ago]

. -

- YOGELMERD :
S {32 000 years ago)

il
& VINDIJA .
| 28,000 yeats ago]

# QAFIEH

® ceHiiL

| &round 90000
geErs ago)




Molekularni archeologie

- studium ddvnych organizmt pomoci DNA - lidé, zvirata i rostliny

- evoluce ¢lovéka, domestikace zvirat i rostlin

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

- amplifikace fosilni DNA metodou PCR, sekvenace a evolu¢ni stromy

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

Uspéchy: .
DNA z mamuta, magholie (20 mil let), egyptskych mumii, Otztalsky muz
PO SfOpéCh ROﬂ’\OﬂOVCI?I Queen
1613-1917 b
( _ b 1918 - poprava

LIIYTYL LT 1098 - pohich
ee0E v O | @

el e | vzorky DNA -

jOm e0@e® | LI

Ta!|ar|a " Anastasia




Svante Paabo:
.Neandertalci nejsou nasimi predky"

Krings et al. 1997: Neandertal DNA sequences and
the origin of modern humans. Cell 90, 19-30.

- sekvenovana mtDNA neandertadlce, 454
- rozdily mezi mtDNA dnesnich lidi a neandertdlct jsou vétsi nez
mezi dnesnimi populacemi (26 rozdilt vs. 3 rozdily v 500 bp mtDNA)

KriZeni H. neanderthalensis s H. sapiens?
Rizny polet chromosomi (46x48) a tudiz
neplodné potomstvo? -
- $impanz a gorila ma 24 pard, ( £
- fuze po oddéleni neandertdlce?

- kil a osel - 64x62 chromosomu Neandertalci Zili pred
230 000-29 000 lety

RLUSSIA
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Svante Paabo:
Sekvenovani Neandertalce - 454 sekvenovani

nmatunre Wol 444 16 Novermber 2006 |doi: 107038 natureD 5326

ARTICLES

Analysis of one million base pairs of
Neanderthal DNA

Richard E. Green', Johannes Krause', Susan E. Ptak', Adrian V. Briggs', Michael T. Ronan~, Jan F. Simons>, Lei Du?,
PMichael Egholm™, Jonathan M. Rothberg™, Maja F'aur10v'|c3,T, & Swvante Paibo'

MNeanderthals are the extinct hominid group most closely related to contemporary humans, so their genome offers a unique
opportunity to identify genetic changes specific to anatomically fully modern humans. Ve have identified a 38, 000-year-old
MNeanderthal fossil that is exceptionally free of contamination from modern human DM A . Direct high-throughput sequencing
of a DMNA extract from this fossil has thus far yielded over one million base pairs of hominoid nuclear DM A sequences.
Comparison with the human and chimpanzee genomes reveals that modern human and NMeanderthal DN A sequences
diverged on average about S00,000 years ago. Existing technology and fossil resources are now sufficient to initiate a
MNeanderthal genome-sequencing effort.

Diverzita 1
Neandertdlcl a [

dneénich lidu je |

31 Vé 0 0.04 0.08 012 016 020 0.24
Modern srovnatelna 5
humans 307 A
| i
20 i
[ b I
]
107 :
| |
Vindija-80 T !
Neanderthal 0 004 008 012 016 020 024
C

A A
Figure 3 | Schematic tree relating the Vi-80 Neanderthal mtDNA
sequences to 311 human mtDNA sequences. The Neanderthal branch
length is given with uncorrected sequences (red triangle) and after
correction of sequences via independent PCRs (black triangle). Chimpanzee
and bonobo sequences (not shown ) were used to root the neighbour-joining 03
tree. Several substitution models (Kimura 2-parameter, Tajima-Nei, and
Tamura 3-parameter with uniform or gamma-distributed (v =05-1.1)
rates) yielded bootstrap support values for the human branch from 72-83%.

) .

0.04 008 012 016 020 024
Current Biology

Figure 2. Pairwise distance distribution
between modern humans and Neander-
tals.

Neanderthals
help to tell
our story

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

So far, only cne gene has been
comvincingly associated with human
lag d speech — forkhead bax

F'jl:FCEX P2) Despite being a highly
c #ene, the human and

chimapanzes versions differ at two

positions in exon 7, and these
substitutions have been implicated in
our unique ability for speech.

Krause et al. found both
substitutionsin two Spanish
Meanderthal samples. Further, they
concluded that. for both substitutions,
at least cne of the individuals was
homozygous for the derived allele that
is predominant in medern populations.

Mext, the authors analysed the
Meanderthal samples for evidence of
aselective sweep close to exon 7
of FOXP2 that, from modern human
genetic diversity data, was previously
proposed to have occurred within the
past 200,000y ears. Seven
polymorphic regions from the intronic
regicn upstream of exon 7 were
succassfully amplified from the
Meanderthal samples and. for six of
these, all products from both
Meanderthals represented the derived
allzle. These results suggest that the
selective sweep in the FOXPZ region
began before the split from the
human-MNeanderthal common
ancestor, which existed 300,000 to
400,000y ears ago— much earlier
than previously thought.

5o, Meanderthal sequencescan
provide a useful tool to imv estigate our
own evolution, making the extrems
care that must be takenwhen
retrigving genetic information from
ancient samples worthwhils.

Carrie Patis




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

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

Nalezy v jeskyni Liang Bua: Rodokmen:
- 2003 (LB1), pozdéji 8 jedinct ¢ . P

- mezi nejstarsi a nejmladsi kostrou 80 000 leﬁ eggEreortleindiies gae OISOl BiY
- nejmladsi jen 12 000 let - stret s H. sapiens (jako neandertadlci)

- Zivé legendy - Ebu Gogo, posledni setkdni

Novy druh nebo nemoc: pred 100 lety, myty o malych lidech u

- mozek jen 380 cm3,

- nejde o patologické jedince (microcephalusSnd'anu’ Qusirgient

- velikost mozku a inteligence, ndstroje a ohen
- ostrovni fenomén

a E. Asia S.E. Asia Afric Europe b
o o » saplens 7 g
floresiensis meandethalenss ; o
i
0.4 W0 '
= heidelbeargensis i 5 &
E antecessor o 5
= LB 7 d
] BreciLs
§
1.2
= f
1 ' i i
QECIIICUS e F iy '
1.6 Brgasier i i r i j
2 \ ; yf

=




