Projekt lidského genomu

Ukolem je zjistit kompletni genomovou

sekvencil.
1000 telefonnich
Problem: seznami

Genom je velky!

3 miliardy paru bazi




Genomova sekvenace

6/ 25/ 04

1128 genomovych projekti:

199 kompletnich (véetné 28 eukaryontnich) S cerevisiae

508 prokaryotickych genomU pred dokoncenim 200x

421 eukaryotickych genomu pred dokonéenim H. sapiens
nejmensi: archaebacterium Nanoarchaeum equitans 500 kb 200x

Bacillus anthracis (anthrax) 5228 kb A. dubia

S. cerivisiae (kvasinka) 12,069 kb

Arabidopsis thaliana 115,428 kb
Drosophila melanogaster (octomilka) 137,000 kb

Anopheles gambiae 278,000 kb 1980 - $10/bp
Oryza sativa (ryze) 420,000 kb 2001 - $0.1/bp
Mus musculus (my3) 2,493,000 kb 2006 - $0.01/bp

Homo sapiens (Clovek) 2,900,000 kb

http:// www. genomesonline. org/
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Projekt sekvenace lidskeho genomu
- HGP

Goal for Human Physical Map
Genetic Map Covers 98% of Human draft
Exceeded Genome
NRC Human Gene Map Human Gene Map
Recommends (16,000 genes) (30,181 genes)

HGP

Pilot Human Full-Scale Human
Sequencing Sequencing
Begins Begins

Yeast E. coli Drosophila




Kompletace lidské genomove sekvence

“Working Draft” —1 T
4-5 coverage
“Complete”

GenBank entries 9x coverage
99.99 % acc
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Kompletace lidske genomove sekvence

International Human Genome Sequencing Consortium.
Finishing the euchromatic sequence of the human genome.

Nature 2004 Oct 21;431(7011):931-45.

,,I he current genome sequence (Build 35) contains 2.85 billion nucleotides interrupted by only
341 gaps.

It covers approximately 99% of the euchromatic genome and is accurate to an error rate of
approximately 1 event per 100,000 bases.

Human genome seems to encode only 20,000-25,000 protein-coding genes*

2.85 miliard nt a 341 neosekvencovanych oblasti.
1 chyba na 100 000 nt.
20 000-25 000 genu kodujicih proteiny.




Pracovisté, které osekvencovaly 85% genomové sekvence

1. Whitehead Institute for Biomedical Research, Center for Genome
Research, Cambridge, MA

2. The Sanger Centre, Cambridge, UK

3. Washington University Genome Sequencing Center, St. Louis, MI
4. US Department of Energy, JGI, Walnut Creek, CA

5. Baylor College of Medicine Human Genome Sequencing Center,
Houston, TX

USA, UK, Japan, Germany, China, France




Sekvenace genomu

Genom: 3 Gb

Stepit genom na vétsi kusy DNA
Klonovat do BACs: 100 kb

Mapovani BAC klonu podél chromosomu

Dokoncit sekvenci

.. TGTAAGTGAGAACAGGACGTATGTGGTTTTCTACTCCT

usporadat
BAC TTGTAAGTGAGAACA
sekvence AGAACAGGACGTATGT(

TGTGGTTTTCTACTCC
TAAAA CAT;]’ TAAAAGC "q-x(IE TACCCAG 'ﬂi[{ CTTCTAGT CTACTC CTGTG TT
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600-11000 kb genome shear DNA to 2 kb

PrOblémy pi"i clone fragments

into phage or plasmid vector
sekvenaci I g

prepare sequencing

templates

low sequence  single : misassembly

quality stranded (e.g. ot cloned, (e.g. repeats, inverted)
not stable, repeats) ‘ ’

Consensus sequence following initial assembly

low sequence  single misassembly

quality stranded (e.g. not cloned, (e.g. repeats, inverted)
not stable, repeats) ’




Princip sekvenace

DNA polymerase,
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Kousek sekvence chromosomu 21

TCACAATTTAGACATCTAGICTTCCACTTAAGCATATTTAGATTGT TTCCAGT TTTCAGCTTTTATGACTAAATCTTCTAAAATTGT TTTTCCCTAAATGTATATTTTAATTTGT CTCAGGAGTAGAAT TTCTGAGT CATAAAGCGGT
CATATGTATAAATTTTAGGTGCCTCATAGCTCTTCAAATAGT CATCCCATTTTATACATCCAGGCAATATAT GAGAGT TCTTGGT GCTCCACATCT TAGCTAGGATTTGATGT CAACCAGT CTCTTTAATTTAGATATTCTAGTACAT
ACAAAATAATACCTCAGTGTAACCTCTGT TTGTATTTCCCTTGATTAACTGATGCTGAGCACATCT TCATGTGCTTATTGACCAT TAATTAGT CTTATTTGT TAAATGTCTCAAATATTTTATACAGI TTTACATTGTGI TATTCATT
TTTTAAAAAATTCATTTTAGGT TATATGTATGI GT GTGTCAAAGT GTGTGTACATCTAT TTGATATATGTATGTCTATATAT TCTGGATACCATCTCTGT TTCATGCATTGCATATATATTTGCCTATTTAGTGGT TTATCTTTTCAT
TTTCTTTTGGTATCTTTTCATTAGAAATGT TATTTATTTTGAGTAAGTAACATTTAATATATTCTGTAACATTTAATGAATCATTTTATGI TATGT TTAGTATTAAATTTCTGAAAACATTCTATGTATTCTACTAGAATTGTCATAA
TTTTATCTTTTATATACATTGATATTTTTATGTCAAATATGTAGGTATGTGATATTATGCACATGGT TTTAATTCAGI TAATTGT TCTTCCAGATGT TTGTACCAT TCCAACATCATTTAAATCATTAAATGAAAAGCCTTTCCTTAC

TAGCTAGCCAGCT TTGAAAATCCATTCATAGEGT TTGTGT TAATATATTTTTGI TCTTTTTTTTCCTTTCTACTGATCTCTTTATATTAATACCTACTGT GECTTTATATGAAGT CATGGAATAATACGT AGT AAGCCCTCTAACACT
GITCTGITACTGITGI TATTGI TTTCTCAGGGTACT TTGAAATATTCGAGATTTTATTATTTTTTAGTAGCCTAGATTTCAAGATTGT TTTGACGATCAATTTTTGAATCAATTGTCAATATTTTTAGTAATAAAATGATGATTTTTG
ATTGGAAATACAT TAAATCTATAAGCCAAATTGGAGAT TATTGATATAT TAACAAAAAT GAGT TTTCCAGT CCATGAATGTATGCACATTATAAAATTCATTCTTAAGTATGTCATTTTTTAAGT TTTAGT TTCAGCAGTATATGI TT

GITACATAGGTAAACTCCTGT CATGEEEGT TAGT TGTACAGGT TATTTTATCATCCAGGCATAAAGCCCAGT ACCCAGTAGI TATCTTTTCTGCTCCTCTCCCT CCTGT CACCCT CCACTCTCAAGTAGACCCCAGITTCTGITGITC
TCTTCTTTGCATTAATGACTTCTCATCATTTAGAT TGCACT TGTAAGT GAGAACAGGACGTATGTGGT TTTCTACTCCTGT GT TAGT TTGCTAAGGATAACCACCT CCATCTCCATCCATGT TCCCACAAAAGACATGATCTCCTTTT
TTATGECTGCATATTATTCCATGGTATATATGTACCACATTTTCTTTATCCAATCTGT CATTGATGGACATTTAGGT TGT TTCCACATCATTGCCGT TGTAAATACTGCTGCAGT GAATATTCGTGTGTATGTCTTTATGGTAGAATG
ATTTATATTCCTCTGGGTATATTTCCAAGTAAT GCGATGGT TGEGT CAAATGGTAATTCTGCTTTTAGCT TTTTGAGGAATTGCCATATTGCCT TTCACAACGGT TGAACTAATTTATACTCCCAAGAGT GTATAAGT TGTTCCTTTT
TCTCTGCAACCTCGACATCACCTGT TATTTATGACT TTTATATAATAGCCATTCTGCTGGTCTGAGATGGTATCTCATTATGATTTTGATTTGCATTTCTCTAATGCTCAGTGATATTGAGCT TGECTGCATATATGICTTCTTTTAA
AAATATCTGI TCATGTCCTTTGCCTAATTTATAACGGGGT TGT TTGTI TTTTCTCTTGTAAATTTGT TTAAGT TCCTTATAGATTCTAGGTATTAAACCT TTTTTCAGAGGECGT GECTTGCAAATATTTTCTCCCATTCTATAGGT TGT
CTGITTATTCTGITGATAGT TTCCCT TGCTGT GCAGAAGCTCTTAACT TTAATTAGATCCGACTTGTCAATTTTTGCTTTGGTCCCAATTGCT TTTGATGT TATTGT CGT GAAATCT TTGCTAGT TCT TAGGT CCAGGATGATATTGC
CCAAGTTGTCTTCCAGGECTTTTATAATTTTGGATTTTACATTTAAGT CTTAATATATTTATTAAATTTGI TAGGGT TTCAGGATACAAGGACAAT ATAGCAGCAAACAATGTAAAAGT AAAATCTGAAAAATAATAGAAAACAGT TT
AATTGAACACTTTACCATTATGTAATGCCCTTCTTTGTCTTTCCTGATCTTTGT TGGT TTGAAGT TCAAAAAAGACAAACT TAATGGTACAATAGGTATTGTAGAT TTCAGGACT TTCTGTATAAAATAT TTTGTATATATGAATAGA
TCATTTTTTATTTCCAGTCTTTAAACATTTTCTTAACATTTTCTTCTATTGCTTCACT TCACT CGCTAGGACCATCAGGACAGT GT TGAACAGAAAT TGT CAGACTGATCATCACAACT TTTTCTAGATTTTAGAAGGAAATTTTTCT
TTATTTCAACATAAAGCAGCATGI TAATGCCAAGT TTTAATATGTGT TATCAGATTGAAATTTTTTTGTATATTTCTACATTACCAAGAATTTTTAGCAAGAGT TTTTGT TGAGT TTTAATTTAAAAATCATTTGI TAATTTCATCTG
ATTTTTTTATTTCTCTTTTTACCT TAAGAGATTAAACTGACTACAGAT TGAATATAAACAAACAAACAAACAAACAAAAACT CTAAAATGCT GTGGATCAACACCACT TAGTAATTTGTATACT TGGATTCAATTTGCTGAAATTTTG
TTAGACATTTTTGCGT CGATATTTATGAGGGATGI TGATCTGTAAAAGT AT TAAAATGCCT TTGACAGAT TTTGATAGCAGT GT TAT TCTGGCCTAATAAAT CAAACTGAGGTATGATCCTTCCTTTTCTATTTCTTAATAGCATTTT
TAAAATTGGTGGT TTTTTCCTTCCT TAGT GAAAT T TACCAGCAAAGT AACAGECCTTATATTTCTCT TGTGGAAATAT TTTAATTTCAAATTAATGGTATTTTGT TCTTGTAGEGTGGTAATTTTCTCTGTGT TTGGTCTTAATGGAC
TCTTAGCTGATCACCCAGI TACT CAGCGAGGT CTCT TCACT CT GGAAGAGCTGGAACT CCAGT GTGT TTTAGT GCAGCAT GACCACGGEGTATTACCGT TCAACAT TTAGECT TTATCAGTGATAACTATTTGTCCTCATGGAGI TTTT
GCCCCTGEECCTACACAGT TTAGGCT TCAGCT TAGAACACATAATGAATTCTTATGCAGAT TTCTGCCCACCT TTGACCT TTCATGATTTCCTCT TCT TGGGTAAGCT GCCTTAT TAATCTGATACACT TCAGCAGT CCAGAACTACA
CTCTTTCCCTTCTCTGCTCTTGGAGATGACTCTTTTGT CTGAGATTCACT TTGCTGT GCTGAAAAAGAAAAGT GCTTCAAGGAAGATACCAAGGAAAAT CACAGECCTCATTTATGTATTTCTCTTCTTTCAAGGACTACAGCTTTGT
GITGCCTATGI TCAATTTCTGAAAATAATTAGAGCATATATACT CTGT GT GAGAAGGCAAAT CCAGACAGTI TAGT TTGTATGACT AGAAGCAGAAGT CTACATGGAGAAT TTTACT TAACTGTGT TATAGT TTCTTTAATTATTTCAA
GAGTATGTTTAATGT TCCACAGATCTCATTCTATAAATCTTTATCATCTTAGAGCTCTGATACTATTTAGAATTACTATTCCTTCAAATAAGAGAT TAGAAACAGGEGT TATATTTGEGGTAGGT TGACT TACT TTTCTGEGAACCAAA
GCATATTAAATTGACCAGT TTTAACACACTTCTATGTATGCACAAAGATATATATTTACATTCTGCAAAATCATTCTTTCCTTTTTGAAT TTGAAAAGGATCTTTGGTATACAGATATTCAATAGCCAGCCTGAAGATTCATTTGAAT
TCATTTAATGI TTAGATTCACTACATGAAAT GATCCAGAAGAGAGT ACTCAAATATAAGT ATCTATAACGAT GGAAATATACATCTCCACT GCCCAAGATGGTAGT CATGAGT CAATAT TGATCATGT GAGACGTGECAAGT GT TACT
CAGGGTCTCAATATTTAAATGTATTAAGCTTTAATTAATGTAAATTTGAAT TTAGCAAAACATGTATAGCT TGTGGT TACTGI TTTATTCAGT GCCAATATAGAACAT TTCCATGATTACAGAAAGT TATCT TAGAATACTCAGI TCT
GGACTATTTTATCTGGCTAAATTAAATGT TAAAATATTACAAATTCATCTTCAGGECTGECTGT TGAATATTTTTATAGCAAAAGT CATTTATAAATTTAAAACT CAAATAATTATCTTTTTCAATATGTAAAATATGTCTTTACATAT
TCTACTCCCTTCTTACATACATATTCTGATGTAACATAGGTATTCTCTTATTCATGCACACTGAAATGACAACATAAATAAT TTTACTAAGT GTCACCATATAAAAAACT TTGAACAAAATCAGATTATATCACTGTGGATATTTCTA
TTTTGAACTAACT TAGATGATAATTTTAATCTATATCCTAGATGAACT TTAAATCAATAAAAT CTCTCAATGGT GT TATAAATCTCAAGCCAT TAGCCACTGATTATCCCATTTTTATTCTTTTCATATTAATTTTATTGCCATGTAT
GAATGCTGTAGCATCCATGT TTAAATACTAGT TAACAAAAT GCACT GECATCAGATACAAT AAGGATGAAAT GAGATATAAT TAGGACT CT GGT AACACACATAAAAT TGGAAAGATACCCT GAAAT TCAAGCCAAGAAGATATTTAT
CCAGCTTATTTTATTTTGAGACAGAGT CTTGCTCTCTCACT CAGGECT GGAGT GCAGT GGACCAT TCTAGECT CGCTCCAACCT CTGT CTCCCAAAT TGAAGT AAT TCTCGT GCCTCAAT CTCCCCAGT AGCT GGGAT TACAGCCATGT
GICACCAAGCCTGCCTGATTTTTGTAGI TTTAGTAGAGACGGEGEGT TTCACCATGATGECCAGECTGGET CTTGAACT CCTGECCT CAAGT GACT GGAACACCT CGECCT CCTAAAGT GCT GEGAT TACAGACGAGAGCCACT GAACAGC
TTTGATCCAACTTATTTGGATGAATGAGT TACATATTTTACATTAAATCTGT TATTGTGATAATTCTTCATGT TATTTTCCATGTATAGATTTATATATAATGTAATTTTAATTTTTTTTCACCGGAGAGTATAAACAACAATTATTT
TATAAACAGGATAATAAAAATAAGACAAAAATTGT TGAAATGT CTTCATTTGACTACTAACTTTTTACATGT TTGT TACT TTGAAGCTGT TATCAATACT TGTGATGT AT TACAAT TAAGTAAAGATTTAAAGATGCCATTTTTAACT
TATTATGACACAAAGTCTATAAATTCTTATATTTTGAGAT TTGTATTTAAATAACTTGT GAAATTTAATTTTAAAATAAAAT TTCT TCTATGGAT TGGT CTTCAAT CGAGGCATAAAAAGGAATATAACAGT GTGECACTATAACTTC
TATATTGAATTTCTATATTATTTAACACAATTATAATTTTGCTAATGAATTGTAATGT TTTTAAAAAGCTAGGTGAATTTTATTAAATTCATTACATGGECGATAACACAGAGAAAACAT TTTGEGGATTCTTTTAAAATGGTATGTAC
AAAAGCTTAAAAGT TGT TATGT AGT GGCAGAGATAAAAAAGT AAAACAAAAAAAAGCT TAAAAGT TTGCT TTACTAT TTATAGGCT CATAAGT GT AAGT GT GCCAGAAAAT GAAAAAGAAAGGACAGAAAT TATAAATAACT GTGT GG
AAAACACAGATAAAGCATAAAGATAGAATATAAAGATAGAAGCAT TTTAATATGAGCCAGT GATGGECT TTTTGAAGAAT CCCAACTAAGGACCTACT TTTAGT TAATAAATAATATGT TTCTAATCCCTATAT TGT CCACAGCAACCT
TTTTAGGACAT GGAGCAGT GACTATGAGT GCCAGAAGGCAAGAGT AGAAGCAAT TGTAAAATCATGAACACTAGT TTGTAAAATCCTCACT GAGATATAATATCTGT TTGCCTCTACCT TAGAATTATTAATGT CTTGAGGGCTGGEGA







Co lze nalezt v genomu?

Geny (ij. protein kodujici oblasti)

jen <2% genomu koduje proteiny

 geny pro nekodujici RNA (rRNA, tRNA, miRNAs, atp.)
« strukturalni sekvence (scaffold attachment regions)
Regulacni sekvence

* “junk” (zahrnujici transposony, retroviry, atp.)




34% 42% 45% 48% 53%

transposon
fossils’
Retrovirus-like
elements

Segmental
duplications

Simple sequence
repeats

REPEATS

90.5% — 92% 100

I Heterochroms:

Introns Frotein
coding
regions




Classes of interspersed repeat in the human genome

Length

LINEs Autoriomous -—ORF_ORF2(po)  \aa 6-8 kb
AB

SINEs Non-autonomix HHH—AAA 100-300 bp

Retrovirus-like

30 PO OV oy

elements
Non-autono 5 (gag) r— 15-3 kb
DNA Autonomo — transposase <
transposon
fossils
SRR e = 80-3,000 bp

2-3 kb
} 300,000

Copy
number

850,000

1,500,000

6-11 kb
} 450,000

Fraction of
genome

21%

13%

8%

3%
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Shrnuti

»  Variabilni distribuce fady parametra (GC, CpG
1slands, repetice)

»  20.000-25.000 protein-kodujicich genti

»  Proteom je mnohem komplexné&jsi nez u

bezobratlych
»  Stovky genil maji ptivod v horizontalnim

transferu
» 'V genomu se vyskytuje asi 10 milionti SNP




Aplikace znalosti lidského genomu

> Geny podminujici gen. choroby — pozi¢ni klonovani
(30 genu)

> Paralogni geny (achromatopsie, CNGA3, CNGB3);
(971 znamych genu => 286 paralognich genu)

> Cile zasahu medikamentu — recentni kompendium =

483 cilu, 18 nove 1dentifikovanych; (Alzheimer’s disease, B-amyloid is
generated by processing APP by BACE; BACE2 in obligatory Down’s syndrom region of
chromosome 21)

> Obecna biologie — horka chut’ — nova rodina G-
proteinovych receptoru




Sekvenace genomu Simpanze

Chimpanzee Sequencing and Analysis Consortium
Initial sequence of the chimpanzee genome and
comparison with the human genome.

Nature 2005 Sep 1;437(7055):69-87.

Thirty-five million single-nucleotide changes, five million insertion/deletion events, and various chromosomal
rearrangements.

98,6 % identitity to human genome sequence
Differences in gene/exon structures

35 milionu zamén nt, 5 milidnu 1nzerci, deleci a dalSich zmén
96% 1dentita s lidskou genomovou sekvenci
/Zm¢ény ve strukture genu popt. exonll




Rozdily mezi lidmi a dalSimi primaty

Lide Primati
Definitivni
HIV progrese v AIDS Casta vzacna
Symptomatologie chiipky A sttedn¢ tézka az zdvazna lehka
Komplikace u hepatitidy B/C sttedné téZké az zavazné lehke
Malarie (P. falciparum) citlivi rezistentni
Menopauza obligatni vzacna
Pravdépodobné
E. coli K99 gastroenteritida rezistentni sensitivni?
Rozvoj m. Alzheimer kompletni casteCny
Koronarni aterosklerdza Casta vzacna

Karcinomy Casté vzacné




Genetické rozdily mezi sou¢asnym c¢lovékem (Clovék moudry, Homo sapiens) a
vybranymi organismy na celogenomové urovni a odhadovana evolu¢ni vzdalenost od
posledniho spole¢ného predka

Odhadovana  Priblizna
Druh doba uplynula pribuznost na
od vyskytu urovni DNA
spolecného
predka
Clovék moudry (Hor.n'o ~99.9 %
sapiens), kterykoliv jiny
jedinec
Clovék neandertalsky (Homo 0,5 mil. let =99.5 %
neandertalensis)
Simpanz uéenlivy (Pan 6 mil. let ~96 %
troglodytes)
Makak rhesus (Maccaca 25 mil. let ~93 9
mulata)
Potkan obecny (Rattus 75 mil. let ~40 % genomu

norvegicus)

je sekvenéné
pribuznych
(nikoliv
shodnych)




FOXP2 evolution

2/0***
| Human

0/5

Gorilla

Orang-utan

Rhesus

1/131

X F T B F § ¥  HVGIE:

1 nucleotide change - aminoacid change




d)y/ds=0.044

d,/ds=0.072

d/ds=0.088 @
— Orang-utan

ED d,/ds=0

—— Chimpanzee

Australopithecus
| { ¢ ) afarensis

/

dy,/ds=0.061

Modern

Homo erectus/ergaster
human

MYH16 inactivation
dy/de=< 0.1 dy/ds=1.0

before after
Overall d\/dg=0.53"




MY H16 1nactivation




The Cancer Genome Atlas (TCGA) E“ﬁ*ﬂ'f@r'*“ —£5

»Jde o vysokokapacitni sekvenaci (tj. sekvenaci témét celého
genomu) mnoha nadorovych vzorki jednoho typu nadoru od mnoha
riznych pacientd.

» Tohle vSe je planovano pro mnoho typt nadort. Jde tedy o jakysi
frontalni atok na odhaleni genetického pozadi nadorovych
onemocnent.

Inactivating intragenic | Activating intragenic
mutations . o mutations

I Gene deletions

. = i 4 / i \ =
Epigenetic silencing Gene translocations

Loss-of-function mutations Gain-of-function mutations




ENCODE
(Encyclopedia of DNA Elements)

» Transkripéné aktivni jsou také podstatné Casti
genomu (molekuly DNA), o kterych se dosud
soudilo, Ze jsou nefunk¢ni a jsou pouhym
,,balastem*. Pritom tato DNA tvori okolo 98 %
veskere lidské DNA.

»Znamena to tedy, ze 1 kdyzZ RNA kédovana
touto ,,nefunkcéni® DNA neni pfepisovana do
bilkovin, tvofi se v takovém mnozstvi a na tak
rozsahle casti DNA, Ze n¢jakou jeji funkci Ize
opravnéné ocekavat.
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SNPs

Chromosoms 1
CGhromosoma 2
Chromosoma 3

Chromosoma 4

Projekt HapMap

Heplotypas

*

AACACGCCA...
AACACGCCA...
AACATGCCA....
AARACACGCCA...

*

. TTEGGGOTEC....
. TTEGAGGTC....
TTCEGEGGTC....
. TTEOCAGOGTE....

TR

SHP

AGTCOACCO....
AGTCA ACCG....
AGTCA ACCG....
AGTCOACCO....

Haplptype ! CTCAAAGTACGOTTCAGGCA
Haplotype 2 TTGATTGEGCAACAGTAATA
Haplotyped CCCOATCTOTOATACTOOGTO
Haplotype 4

>Vzorky DNA od z 269 lidi z Afriky, Japonska, Ciny a USA
» Bylo identifikovano okolo 10 miliont mist, ve kterych se lidé ¢ty riznych populaci
1181 nejCastéji. (To priblizné odpovida shod€ 99,9 % mezi kterymikoliv dvéma

osobami.)

» Tato mista se oznacuji jako SNP (jednonukleotidové polymorfismy).

» Plati pritom, Ze jednotlivé SNP se dédi po urcitych blocich (haplotypech). Z toho
vyplyva moznost definovat genom individualniho ¢lovéka jako kombinaci urcitych
haplotypt a pro zjiSténi genotypu konkrétni osoby tedy neni tfeba mapovat vSech 10
miliont jeho genomovych mist, ale staci genotypovat jen 300.000 — 600.000
klicovych SNP.




Homo floresiensis

Brain size
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Homo floresiensis

E. Asia S.E. Asia Africa Europe

- sapiens
floresiensis

neanderthalensis
heidelbergensis

antecessor
erectus

georgicus
ergaster

H. floresiensis was part of the

Asian dispersals of the
descendants of H. ergaster
and H. erectus.
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“We think it has something to do with your genome.”


































