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Prehistoria: Watson a Crick 1953




A STRUCTURE FOR
DEOXYRIBOSE NUCLEIC ACID
J.D.Watson
F.H.C.Crick

Nature, April 25, 1953

It has not escaped our notice that
the specific pairing we have
postulated immediately suggests
a possible copying mechanism for
the genetic material”




Genetika ¢cloveka v r. 1953

m hodnotenie rodokmenov

m studium dvojCiat

m cca 50 monogénnych ochoreni

m 5 monogénnych znakov (ABO, Rh...)
m 48 chromozomov

m 5 milidnov genov

m ziadna DNA (podfa ucebnic)




m 1956: 46 chromozomov
m 1959: chromozomoveé

60-te roky: cytogenetika Cloveka

aberacie a choroby

1960: nomenklatura a
metodika

chromozémy a nadory
chromozémy: ,,organ*
lekarskej genetiky
Fudskych génov jeden
milion, o DNA stale ani
zmienka...
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70-te roky: zeby DNA?

m polymorfizmy (séroveé skupiny, izoenzymy...)
m vazba a chrom. lokalizacia

m bunkové hybridy

m biochemicka genetika

Ale uz aj:

m prvé RFLP v 'udskej DNA (1978)
m DNA diagnostika chorob (1979)
= 100 000 géenov




Human Genome Project: historia

m 1986: Santa Fe - DoE Intl. Meeting

m James Watson: ,vystupit na cestu od dvojitej
zavitnice k 3 miliardam schodov ludského
gendému”

m 1988: Kongres USA schvalil 15 rocny projekt
a dotaciu 3 mld USD

m 1990: zaciatok projektu

m 2005: predpokladané ukoncenie

Koordinacia:

1988: HUGO (Human Genome Organization)
HUGO Europe — Americas - Pacific




HGP: rozsah

m 3200 x 106 bp (dizka Dunaja v mm!)

m dovtedy najdlhsi sekvenovany usek: fudska
mtDNA (16 500 bp, 1981)

m vtedajsia rychlost: 100 bp / osoba / den
m cena: 5-10 USD/bp

Oficialny zaciatok HGP: 1990

m 20 pracovisk zo 6 statov

m 3 mid USD

m cca 15 rokov prace (t.J. do r. 2005)




Historia sekvenovania DNA

bp/osoba/rok

rok

udalost’

1

1965

Holley sekv. alanyl tRNA §. cere.

15

1970

Wu sekvenoval 12 bp lambda faga

150
1 500

1977
1978

Sanger dideoxy, Gulbert chem. sekv.
Sanger sekv. phi-x174 (5375 bp)

15 000

1980

Messing vyvinul M13 vektor

25 000

1986

Hood — Ciastocne automat. sekv.

1,000 000

1995

Venter — autom. fluoresc. sekv.

150, 000 000

1999

Perkin-Elmer 96 kapilarny sekv.

¢ 000, 000 000

2004

kazdy kto ma vybavenie




HGP: ciele

m [riangulovat gendm pomocou DNA markerov

m |dentifikovat a mapovat gény, urcCit’ ich strukturu
a funkciu v zdravi aj v patologi

m |dentifikovat dblezité mimogenove sekvencie

m UrcCit uplnu sekvenciu gendmu (3,2 Gb)

m V/Setky data ulozit' vo verejne pristupnych
databazach

m Sekvenovat gendmy modelovych organizmov
(drozofila, mys, C. elegans, A. thaliana a 1.)

m Skumat etické, legalne a socialne aspekty




Metody mapovania

Genetické mapovanie
rodokmenova analyza (rekombinacia)
» triangulacia pomocou markerov

Fyzické mapovanie
- nizke rozlisenie:
- hybridizacia somat. buniek
in situ hybridizacia (FISH)
vysoke rozlisenie:
restrikCné mapovanie
STS mapovanie

EST mapovanie
sekvenovanie




dil

Triangulacia ludského genomu

Genetické markery: historia
krvné skupiny cca 20

1900
1960
1980
1985
1990
1995

séroveé proteiny a izoenzymy
DNA RFLP

minisatelity

mikrosatelity

SNP (single nt polymorphisms) 1

102
103
104
105

06




Snimek 12

dil dekanat1; 3.2.2002



Triangulacia gendmu: genetické mapy

1987 RFLP 402 nad 10 cM
1992 STR 813 cca S5cM
1996 STR 5262 1,6 cM
1997 integrovana 6300 0,7 cM

podrobnejsia triangulacia nie je potrebna
(v sucasnosti cca 2 x 10° mapovanych SNP)




International Human Genome
Sequencing Consortium

Hierarchical shotgun sequencing

e o

r‘v'/‘";,":‘;’ -,
" | o Ay

Genomic DNA oA

BAC library = /C’ -/‘\,,\- :\,/;/

Organized
mapped large

clone contigs

BAC to be

sequenced

Shotgun

clones

Shotgun .. .ACCGTAAATGGGCTGATCATGCTTAAA

sequence TCGATCATGCTTAAACCCTGTGCATCCTACTG. .« -
Assembly ...ACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. . .

Hierarchicka metoéda
(clone-by-clone):

*Triangulacia genomu
pomocou STR markerov

*100 az 200 kb dlhé BAC
kKlony, mapovanie tychto
klonov do STR mapy

«Zostrojit kontigy

-Stiepit BACy na ndhodné
(,shotgun®) fragmenty

*Sekvenovat fragmenty

o/oradit do sekvencie




HGP: hierarchicka stratégia
sekvenovania (,,clone-by-clone®)

Hierarchical Shoteun Sequencing Method

N —?‘\3‘) BAC Library

Create Contig Map

Sequence Each Contig

/cz:\ with Shoteun Appioach
Wiy

< f\:?“:?—%jﬂ
._,-f‘“'i{\{f\f{: un&mes

GCATTTCGAGTTACCTEEACAACCAGTG GCTTEATIGECCAATAATAGTATAT
CCAGTGETACTGAGGACECAAGAGECTTGA

GCATTTCGAGTTACCTGGACARCCAGTG G TACTGAGGACGCARGAGGCTTGATTGGCCAARTAATAGTATAT
Generate Fimshed Sequence

triangulovat geném
pomocou STR

zostrojit BAC-kniznice
mapovat klony do STR

mapy
utvorit BAC kontigy

Stiepit BAC-y nahodne na
sekvenovatelné fragmenty
sekvenovat fragmenty

zoradit’' do konecnej
sekvencie klonu

zoradit’' sekvencie klonov do
definitivhej sekvencie

anotovat sekvenciu




HGP: Francis Collins a Eric Lander







Narast udajov o sekvencii 1996-2001
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00-120
0o-1nr
00-4dy
00-uer
66-1°0
66-1Nr
66-1dy
B66-uef
86-120
86-Inr
86-1dy
B6-uer
26-120
- 26-10r
L JE-idy
| JE-uep
- 96-100
- 96-1N1°
L 0g-1dy
96-uer

Unfinished (draft and pre-draft)

5,000 {

4,500 1

4,000 -
3,500 1
3,000
2,500
2,000 -
1,500 4
1,000 -
500 -

(qy) eouenbag

Month




Craig J. Venter a Celera Genomics




Stratégia sekvenovania: Celera
Genomics

Whole Genome Shotgun Sequencing Method

. .

—y L= Sequence Each Fragment
AT with Shotgun Approach
GCATTTCGAT TACCTGGAEA>‘ CCTTGATTOGCCAATAATAGTATAT
CaOTCOTACTOAGGADOCAADADCITTON
Align Contiguous I-,.r.*qu:t?tu-v.h:

CCTTTOGAGTTACCTELACAACCACTOOTACTLAGGACLCAACA GOCTTGATTOOOCAATAATALGTATAT

Generate Finished Sequence

Celogenémova shotgun
stratégia sekvenovania

Skombinovanie s
datami HGP

Utvorenie kniin’ic S
definovanymi dizkami
(2,10,50 kb)
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Initial sequencing and analysis of the
human genome '

International Human Genome Sequencing Gonsortium”

Here we report the results of an international collaboration to produce and make freely available a draft sequence of the h

' The human genome holds an extraordinary trove of information about human development, physiology, medicine and
- genome. We also present an initial analysis of the data, describing some of the insights that can be gleaned from the




The Sequence of the Human Genome
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Carl Dahlke,’ Anne Deslattes Mays," Maria Dombroski,” Michael Donnelly," Dale Ely,” Shiva Esparham
Carl Fosler," Harold Gire," Stephen Glanowski,' Kenneth Glasser,” Anna Glodek,” Mark Gorokhoy,’
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HGP v Bielom Dome, jun 2001
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F. Collins a C. J. Venter 2001




Sekvenovane eukaryo genomy

organizmus rok Mb| %| % eu gény| g./Mb

S.cerevisiae| 1996 121 93| 100, 5800 483

C. elegans | 1998 97199 100| 19099| 197

Drozofila 2000 116| 64 971 13601 117

Arabidopsis | 2000 115 92| 100 25498| 221

H.s. chr. 21 | 2000 34| 75 100 225

H.s. chr. 22 | 1999 34| 70 97 545

H.s. HGP 2001| 2693 | 84 90| 31780

N IO | N

H.s. Celera | 2001| 2654 | 83| 88-93| 39 114




Prehlad [udskeho genomu: Celera

DiZka sekvencie

Podiel GC parov

Podiel repetitivnej] DNA
PocCet anotovanych génov
Celkovy pocet génov (odhad)
Priemerna dizka génu
Najviac genov v chromozéme
Najmenej génov v chromozéme
Gény tvoria

Exoény tvoria

Vyskyt SNP

2.91 Gb

38 %

35 %

26 383

39 114

27 kb

19 (239./Mb)
13 a Y (5/Mb)
25 5-37,8 %
1,1-1,4%
1:1250 bp




Nature 431, 931 - 945 (21 October 2004); d0i:10.1038 /nature03001

Finishing the euchromatic
sequence of the human genome

INTERNATIONAL HUMAN GENOME SEQUENCING CONSORTIUM

http://vega.sanger.ac.uk/Homo sapiens/
www.ensembl.org




Dokoncena sekvencia (2004):.
zakladné udaje

pokryva 2,85 Gb; cely gendm ma 3,08 Gb
pokryva > 99% euchromat. genému

sekvenacné chyby zriedkavejsie ako 1 : 100 000, priemerné pokrytie
11-nasobné

len <350 medzier (vacsinou heterochrom. useky a vysoko
repetitivhe sekvencie)

20 000 — 25 000 proteiny kddujucich genov (22 287)
priemerne 9 genov na Mb; velka variabilita

232 000 exonov; v priemere 10,4 exdnu na geén; exony tvoria len
1,2% dlZzky sekvencie

identifikovanych cca 20 000 pseudogénov, asi ich je viac ako génov

segmentové duplikacie tvoria 5,3% euchromatickej sekvencie
(,evolutionary gene nurseries”)

ale pozor: anotacia sekvencie stale este nie je dokoncena!




Number of 20-kb windows

Obsah GC parov v ludskom genéme: 20 Mb okna
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Zastupenie rozlicnych typov rozptylenych repeticii

LINE=

SINEs

Retrovirus- ke
elements

(T

transposon
fossils

Classes of interspersed repeat in the human genome

Length
O 1 DFFZ {i
AUtONOMOLS ] e i ST 6-8 kb
. AB
MNon-aulonomous H— oA8 100-300 bp
Autonomous - kL) pol ki S C-11kb
Mon-auionomous -__l__uﬂ-L- 1.5-3 kb
; [eCrE B

Aulonomous e 2-3 kb
Mon-autonomicws i 4 B0-3,000 bp

Copy Fraction of
number gename
850,000 21%
1,500,000 13%
} 450,000 B
3%

} 300,000




Table 11 Number of copies and fraction of genome for classes of inter-
spersed repeat

Triedy

MNumber of Total number of  Fraction ofthe  Number of

roz pty I en YC h copies (x1,000) basesinthe draft  draft genome families
genome sequence (%)  (subfamilies)
re petic i i sequence (Mb)
SINEs 1,558 359.6 13.14
Alu 1,080 2901 10.60 1 (~20)
MIR 393 €0.1 2.20 1(1)
MIR3 75 9.3 0.34 1(1)
LINEs 868 558.8 20.42
LINE1 516 4621 16.89 1 (~585)
LINE2 315 88.2 3.22 1(2)
LINE3 37 8.4 0.31 1(2)
LTR elements 443 227.0 8.29
ERV-class | 112 79.2 2.89 72 (132)
ERV(K)-class Il 8 8.5 0.31 10 (20)
ERV (L)-class |l 83 39.5 1.44 21 (42)
Mal R 240 99.8 3.65 1(31)
DMNA elements 294 77.6 2.84
hAT group
MER1-Charlie 182 38.1 1.39 25 (50)
Zaphod 13 4.3 0.16 4 (10)
Te-1 group
MER2-Tigger 57 28.0 1.02 12 (28)
Tc2 4 0.9 0.03 1(5)
Mariner 14 2.6 0.10 4 (5)
PiggyBac-like 2 0.5 0.02 10 (20)
Unclassified 22 3.2 012 7 ({7
Unclassified 3 3.8 0.14 3 (4)
Total interspersed 1,226.8 44,83

repeats

s L r 1 i i - | ol £ i 1 i ] i i L




Hustota hlavnych tried repeticii ako funkcia obsahu GC parov
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PocCet genov u rozlicnych
organizmov

okolo 25 000 _.
Caenorhabditis elegans ——
okolo 20 000 |

Drosophila
melanogaster

14 000 :
E. coli - )
okolo 6000




Dlzkova distribucia . v
(Clovek, drozofila, C.e.): ¢
L
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Chromozom 12: Mb / cM
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Distribucia homoloégov Ffudskych proteinov

Prokaryotes
anly
<1%

Eukaryote and
prokaryote
21%

Vertebrate only
22%

Animals and
Uertet:ratgs and other eukaryotes
other animals 32%

24%

Mo animal
homology
1%




Evolucny vek rozptylenych repeticii v eukaryo-
genomoch

. »>25% Oldest

. <25%
. <20%
. <15%

<10%

<5% Youngest

Proportion of interspersed repeats (%)




Konzervované
segmenty

fudského a mysieho
genomu
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Segmentove duplikacie v f'udskom
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Pozicne
klonované
gény s
vyuzitim HGP
sekvencie

Table 26 Disease genes positionally cloned using the draft genome

sequence
Locus Disorder Reference(s)
BRCAZ Breast cancer susceptibility 55
AlRE Autoimmune polyglandular syndrome type 1 (APST 389
or APECED)
PEX1 Peroxisome biogenesis disorder 390, 391
PDS Pendred syndrome 392
ALP A-linked lymphoproliferative disease 393
DFNAS MNonsyndromic deafness 394
ATPZAZ2 Darier's dissase 395
SEDL X-linked spondyloepiphyseal dysplasia tarda 3986
WISF3 Progressive pseudorheumatoid dysplasia 397
CCM1 Cerebral cavemous malformations 398, 399
COLT1AZ/DFNAT3  Nonsyndromic deafness 400
LGMD 2G Limb-girdle muscular dystrophy 4M
EvC Ellis-Van Creveld syndrome, Weyer's acrodental 402
dysostosis
ACTING Familial focal segmental glomerulosclerosis 403
SCNTA Generalized epilepsy with febrile ssizures plus type 2 404
AASS Familial hyperlysinaemia 405
NDRG1 Hereditary motor and sensory neuropathy-Lom 408
CNGE3 Total colour-blindness 407, 408
MUL Mulibrey nanism 409
USHIC Usher type 1C 410, 411
MYHS May-Hegglin anomaly 412, 413
PRKARTA Carney's complex 414
MYHS MNansyndromic hereditary deafness DFNA1T 415
SCAT10 Spinocerebellar ataxia type 10 418
OPA1 Optic atrophy 417
XLCSNB X-linked congenital stationary night blindness 418
FGF23 Hypophosphatasmic rickets 419
GAN Giant axonal neuropathy 420
AAAS Triple-A syndrome 421

HSPG2

Schwartz-Jampel syndrome

422




HGP: moznosti vyuZzitia

Etiologia genetickych a nadorovych ochoreni
Diagnostika monogénnych a nadorovych ochoreni
Diagnostika multifaktorialnych ochoreni

Génova terapia (genetickych a nadorovych ochoreni)
Cielena liecba (,,molekularna farmakoloégia“)

Stadium biologickych funkcii na molekularnej trovni
(diferenciacia, starnutie ...)

Evolucia cloveka a pévod Fudskych populacii

Nosce te ipsum: podstatny krok k poznaniu biologie
nasho druhu

Podstatna cast’ prace je este len pred nami




