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A STRUCTURE FOR

J.D.Watson
F.H.C.Crick

Nature, April 25, 1953

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



senetika cloveka v r. 1953

m hodnotenie rodokmenov

m Studium dvojCiat

m cca 50 monogennych ochoreni

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

m 5 milionov genov

m ziadna DNA (podfa ucebnic)



m 1956: 46 chromozdodmov
m 1959: chromozdémoveé

aberacie a choroby

1960: nomenklatura a
metodika

chromozémy a nadory
chromozéomy: ,,organ®
lekarskej genetiky
Fudskych génov jeden
milion, o DNA stale ani
zmienka...




/0-te roky:

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

m bunkové hybridy

m biochemicka genetika

Ale uz a;j:

m prvé RFLP v Fudskej DNA (1978)
m DNA diagnostika chorob (1979)
m 100 000 génov



-

Auman Genome Froject: historia

m 1986: Santa Fe - DoE Intl. Meeting

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

m 1988: Kongres USA schvalil 15 roCny projekt
a dotaciu 3 mid USD

m 1990: zacCiatok projektu

m 2005: predpokladané ukoncenie

Koordinacia:

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



m 3200 x 108 bp (diZka Dunaja v mm!)

m dovtedy najdlhsSi sekvenovany usek: ludska
MmtDNA (16 500 bp, 1981)

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

Oficialny zaciatok HGP: 1990

m 20 pracovisk zo 6 statov

m 3 mld USD

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



bp/osoba/rok

rok

udalost’

1

1965

Holley sekv. alanyl tRNA §. cerev.

15

1970

Wu sekvenoval 12 bp lambda faga

150
1 500

1977
1978

Sanger dideoxy, Gilbert 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

dnes

kazdy kto ma vybavenie
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m [riangulovat gendm pomocou DNA markerov

m |dentifikovat a mapovat geny, urcCit ich strukturu
a funkciu v zdravi aj v patologii

m |dentifikovat dblezité mimogénove sekvencie

m UrCit' uplnu sekvenciu gendmu (3,2 Gb)

m VSetky data ulozit’ vo verejne pristupnych
databazach

m Sekvenovat gendmy modelovych organizmov
(drozofila, mys, C. elegans, A. thaliana a i.)
m Skumat eticke, legalne a socialne aspekty
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Genetické mapovanie
- rodokmenova analyza (rekombinacia)
- triangulacia pomocou markerov

Fyzické mapovanie
- nizke rozlisenie:

E hybridizacia somat. buniek
in situ hybridizacia (FISH)
vysoke rozlisenie:
restrikCné mapovanie
STS mapovanie
EST mapovanie
sekvenovanie

11



Tria

L

ngulacia ludskeno 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)

102
103
104
105
106
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I'rlangulacia genomu: genetic

1987 RFLP 402 nad 10 cM
1992 STR 813 cca ScM
1996 STR 5262 1,6 cM
1997 integrovana 6800 0,7 cM

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

Hierarchicka metoda

(clone-by-clone):
*Triangulacia genomu
Genomic DNA pomocou STR markerov
| *100 az 200 kb dIhé BAC

klony, mapovanie tychto
R kKlonov do STR mapy

clone contigs

«Zostrojit kontigy

BAC to be

sequenced v . ” ;

Stiepit BACy na nahodné
clones. (,shotgun®) fragmenty
S:c?fjilrnge B .ACCGTAAATGGGC$gi$giggg%gﬁCCCTGTGCATCCTACTG‘ .. OSekvenovat, fragmenty
Assembly .. .ACCGTAAATGGGCTGATCATGCTTAAACCCTGTGCATCCTACTG. . .

«Zoradit do sekvencie ,



A

:L—LJ

—

’“:i"?\}\‘\_ﬂi\:“} BAC Library
™

Create Contig Map

/cz:\ Sequence Each Contig
Lo oo with Shotgun Apmoach

\1 Align Contig ECUELICES
GCATTTCGAGTTACCTEGACARC CAG TG GCTTEATTGECCAATARTAGTATAT

CCAGTGEETACTEAGGACGECAAGAGEC TTGA
GCATTICGAGTTACCTEGACAACCAG PEGETACTEAGEACECAAGAGECTTGA TG ECCARTARTAGTATAT

Genemate Finished Sequence

triangulovat genéom
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

15
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Narast udajov o sekvencii 1996-2001

5,000 1
4500{ M Finished
4.000 1 Unfinished (draft and pre-draft)
e 3,500 1
L3
= 3,000 -
3
= 2,500
% 2,000 -
“ 1,500 -
1,000 -
500 1 ‘
ﬂ LI LB L] LD LB
888855553888883838888
| - — gt [ —_— [ o | . — i cC j - m— et c =
§23852388%835583858238

Month
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Craig J. Venter a Celera Genomics




A s "

Strategia sekvenovania:

=

m Celogenémova shotgun
stratégia sekvenovania

m Skombinovanie s

{; '?;rf:ﬁ g Sequence Each Fragment détaml HG P
A with Shotgun Approach

m Utvorenie kniznic s

V 4
u I 4 - 4 n
\ \‘ definovanymi dizkami
GCATTTCCATTACCTOOACAACCACTG GCTTCGATTOGOCAATAATAGTATAT

CCAGTGOTACTCGAGGACGCAAGADCGLTTGAN (2 , 1 0 ) 50 kb)
Align Contiguous Sequences

CCTTTCGAGTTACC TELACARCCACT OO TACTOAGGACGCARCAGGCTTGATTOGCCAATAATALTATAT

Generate Finished Sequence

20
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articles

Initial sequencing and analysis of the
human genome :

International Human Genome Sequencing Gonsortium*

* A partial list of authors appears on the opposite page. Affiliations are listed at the end of the paper.

The human genome holds an extraordinary trove of information about human development, physiology, medicine and '
' Here we report the results of an international collaboration to produce and make freely available a draft sequence of the
" genome. We also present an initial analysis of the data, describing some of the insights that can be gleaned from the
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The Sequence of the Human Genome

J. Craig Venter," Mark D. Adams,! Eugene W. Myers,! Peter W, Li," Richard ). Mural,’
Granger G. Sutton,” Hamitton O. Smith,” Mark Yandell," Cheryl A. Evans,’ Robert A, Holt,’
Jeannine D. Gocayne,” Peter Amanatides,” Richard M. Ballew,” Daniel H. Huson,’
Jennifer Russo Wortman,! Qing Zhang,' Chinnappa D. Kodira," Xiangqun H. Zheng," Lin Chen,’
Marian Skupskl," Gangadharan Subramanian,” Paul D. Thomas," Jinghui Zhang,’
George L. Gabor Miklos,? Catherine Nelson,? Samuel Broder,! Andrew G. Clark,* Joe Nadeau,®
Victor A. McKusick,® Norton Zinder,” Arnold ). Levine,” Richard ). Roberts,® Mel Simon,?
Carolyn Slayman,’® Michael Hunkapiller,”® Randall Botanos,’ Arthur Delcher,! lan Dew," Daniel Fasult
Michael Flanigan,® Liliana Florea,’ Aaron Halpern,’ Sridhar Hannenhalli, Saul Kravitz,” Samuel Levy,
Clark Mabarry,” Knut Reinert,’ Karin Remington,’ Jane Abu-Threideh,” Elen Beasley,” Kendra Biddick
Vivien Bonazzi," Rhonda Brandon,? Michele Cargill,” Ishwar Chandramouliswaran,’ Rosane Charlab,’
Kabir Chaturvedi,’ Zuoming Daeng,? Valentina Di Francesco,! Patrick Dunn,’ Karen Eilbeck,’
Carlos Evangelista,’ Andrei E. Gabrielian,’ Weiniu Gan,” Wangmao Ge," Fangcheng Gong," Zhiping Gu
Ping Guan,” Thomas ). Heiman,! Maureen E. Higgins,” Rui-Ru Ji," Zhaoxi Ke," Karen A. Ketchum,'
Zhongwu Lai,7 Yiding Lei,’ Zhenya Li," Jiayin Li," Yong Liang," Xiaoying Lin," Fu Lu,’
Gennady V. Merkulov,! Natalia Milshina,” Helen M. Moore,” Ashwinikumar K Naik,
vaibhav A. Narayan,! Beena Neelam,” Deborah Nusskern,” Douglas B, Rusch,’ Steven Salzberg,'
Wei Shao," Bixiong Shue,! Jingtac Sun,” Zhen Yuan Wang,! Aihui Wang," Xin Wang,? Jian Wang,'
Ming-Hui Wei,? Ron Wides,”? Chunlin Xiao,” Chunhua Yan," Alison Yao," Jane Ye," Ming Zhan,
Weiqing Zhang," Hongyu Zhang,' Qi Zhae," Liansheng Zheng,” Fei Zhong," Wenyan Zhong,
shiaoping C. Zhu,! Shaying Zhao,'? Dennis Gilbert,! Suzanna Baumhueter,” Gene Spier,’
Christine Carter,! Anibal Cravchik,” Trevor Woodage," Feroze Ali,” Huijin An,' Aderonke Awe,'
Danita Baldwin,” Holly Baden,” Mary Barnstead,! lan Barrow,’ Karen Beeson,’ Dana Busam,’
Amy Carvar,’ Angela Center,” Ming Lal Cheng," Liz Curry, Steve Danaher," Lionel Davenport,’
Raymond Desilets,” Susanne Dietz,” Kristina Dodson,’ Lisa Doup,” Steven Ferriera,! Neha Garg,’
Andres Gluecksmann,” Brit Hart,” Jason Haynes,” Charles Haynes,” Cheryl Heiner,' Suzanne Hladun,
Pamon Hostin," Jarrett Houck,” Timothy Howland,! Chinyere Ibegwam,” Jeffery Johnson,’
Francis Kalush, Lesley Kline," Shashi Koduru,! Amy Love, Felecia Mann,! David May,’
Steven McCawley,” Tina Mcintosh,” Ivy McMullen,” Mee Moy, Linda Moy,! Brian Murphy,’
Keith Nelson,” Cynthia Pfannkoch,” Erlc Pratts,” Vinita Puri,’ Hina Qureshl,’ Matthew Reardon,’
Robert Rodriguez,! Yu-Hui Rogers,” Deanna Romblad,” Bob Ruhfel,” Richard Scott,” Cynthia Sitter,’
Michelle Smallwood,” Erin Stewart,” Renee Strong,” Ellen Suh, Reginald Thomas,! Ni Ni Tint,!
Sukyee Tse,’ Claire Vech," Gary Wang," Jeremy Wetter," Sherita Williams,” Monica Williams,’
Sandra Windsor,! Emily Winn-Deen,” Keriellen Wolfe,? Jayshree Zaveri," Karena Zaveri,’
Josep F. Abril,™ Roderic Guigé,™ Michael ). Campbell,” Kimmen V. Sjolander," Brian Karlak,'
Anish Kejariwal,’ Huaiyu Mi," Betty Lazareva,’ Thomas Hatton,! Apurva Narechania,! Karen Diemar,
Anushya Muruganujan,” Nan Guo," Shinji Sato,” Vineet Bafna,” Sorin Istrail,’ Ross Lippert,’
Russel! Schwartz,’ Brian Walenz," Shibu Yooseph,' David Allen,” Anand Basu,’ James Baxendale,’
Louis Blick,’ Marcelo CamInha,? John Carnes-Stine,” Parris Caulk,’ Yen-Hui Chiang,' My Coyne,’
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,’
Ken Graham,® Barry Gropman,’ Michael Harris,' Jeremy Heil,” Scott Henderson,? Jeffrey Hoover,!
Donald Jennings,! Catherine Jordan,” James Jordan,” John Kasha,? Leonid Kagan,! Cheryl Kraft,!
Alexander Levitsky,” Mark Lewis,’ Xiangjun Liu,’ John Lopez,! Danlel Ma,” William Majoros,’
Joe McDaniel,” Sean Murphy,” Matthew Newman," Trung Nguyen,” Ngoc Nguyen,! Marc Nodell,’
Sue Pan,” Jim Peck,’ Marshall Peterson,” William Rowe,! Robert Sanders,” John Scott,’
Michael Simpson,” Thomas Smith,’ Arlan Sprague,’ Timothy Stockwell,’ Russell Turner, Eli Venter,’
Mei Wang,” Melyuan Wen," David Wu,? Mitchell Wu,? Ashley Xia," Ali Zandieh,” Xiaohong Zhu'

16 FEBRUARY 2001 WVOL 291 SCIENCE  www.sciencemag.org
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F. Collins a C. J. Venter 2001




Sekvenovane eu

Karyo genomy

organizmus rok| Mb| %| % eu geny | g./Mb
S.cerevisiae | 1996 121 93| 100 5800| 483
C.elegans | 1998 97199, 100| 19099 197
Drozofila 2000, 116| 64 97| 13601 117
Arabidopsis | 2000 115/92| 100| 25498| 221
H.s. chr. 21 | 2000 34| 75| 100 225 7
H.s. chr. 22 | 1999 34|70 97 545 16
H.s. HGP 2001| 2693 | 84 90| 31 780 12
H.s. Celera | 2001 | 2654 | 83| 88-93| 39 114 15
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Prenfad ludskeno genomu: Celera

DiZka sekvencie

Podiel GC parov

Podiel repetitivne] DNA
Pocet anotovanych génov
Celkovy pocet géenov (odhad)
Priemerna dizka génu
Najviac génov v chromozome
Najmenej génov v chromozéme
Gény tvoria

Exoény tvoria

Vyskyt SNP

2,91 Gb

38 %

35 %

26 383

39 114

27 kb

19 (23g./Mb)
13 aY (5/Mb)
25,5-37,8 %
1,1-1,4 %
1:1250 bp

27



Nature 431, 931 - 945 (21 October 2004); doi:10.1038 /nature(03001

Finishing the euchromatic
sequence of the human genome

INTERNATIONAL HUMAN GENOME SEQUENCING CONSORTIUM

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

28


http://vega.sanger.ac.uk/Homo_sapiens/
http://www.ensembl.org/

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

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

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

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

232 000 exadnov; v priemere 10,4 exonu na géen; exony tvoria len
1,2% dlzky sekvencie

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

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

ale pozor: anotacia sekvencie stale este nie je dokoncena!
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LINEs

SINEs

Retrovirus-like
elements

DMA

fossils

Classes of interspersad repeat in the human genome

Length
AUtonNomous - ORF1._ ORFE ol AAS 6-8 kb
Mon-autonomous ﬁ—Mﬁ. 100-300 bp
Autonomous e ot et ) S G-11kb
Non-autonamous e 1.5-3 kb
Autonomous » e 4 2-3 kb

Mon-autonomous — = 80-3,000 bp

Copy
number

850,000

1,500,000

} 450,000
} 200,000

Fraction of
gename

21%

13%

B%

3%
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Table 11 Number of copies and fraction of genome for classes of inter-
spersed repeat

Number of Total number of  Fraction ofthe  Number of
copies (x1,000) basesinthe draft  draft genome families

genome sequence (%)  (subfamilies)
repeticii sequence (Mo}
SINEs 1,558 359.6 13.14
Alu 1,090 290.1 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
LINET 516 4621 16.89 1 (~58)
LINEZ2 315 88.2 3.22 1(2)
LINE3 37 8.4 0.31 1(2)
LTR elemeants 443 227.0 8.29
ERV-class | 112 79.2 2.89 72 (132)
ERV(K)-class I 8 8.5 0.31 10 (20)
ERV (L)-class Il 83 39.5 1.44 21 (42)
MalLR 240 99.8 3.65 1(31)
DNA elements 294 7.6 2.84
hAT group
MER1-Charlie 182 381 1.39 25 (50)
Zaphod 13 4.3 0.16 4 (10)
Te-1 group
MERZ2-Tigger 57 28.0 1.02 12 (28)
Te2 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 0.12 77
Unclassified 3 38 0.14 3(4)
Total interspersed 1.226.8 44.83

repeats
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t genov u rozlicnych

organizmov

O élovek/ &
okolo 25 000 _
m Caenorhabditis elegans

okolo 20 000

m Drosophila
melanogaster

14 000
m E. coli
okolo 6000
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exonov:

intronov:

Percentage of exons

Percentage of introns

Percentage of introns

—— Human

64 —Waorm
—Fly

5]

4

3]

2]

1

0

0O 100 200 300 400 500 600 7vOO BOO 900 1,000
Exon length (bp)

<100 bp 101 bp-2 kb 2kb-5kb 5-30 kb =30 kb
Intron length

?: \A - |
. \A(\\
| oo

D 20 40 60 80100 120 140 160
Intron length (bp)
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Prokaryotes
only
<1%

Eukaryote and
prokaryote
21%

Vertebrate only
22%

Animals and
other eukaryotes
32%

Vertebrates and
other animals
24%

Mo animal
homology
1%



Proportion of interspersed repeats (%)

100+

. =>25% DIdiSt

. <25%
. <20%
. <15%
<10%

<5% Youngest




fudskéeho a mysieho
genomu
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Pozicne
klonované
gény s
vyuzitim HGP
sekvencie
(kandidatne

geny)

Table 26 Disease genes positionally cloned using the draft genome

sequence
Locus Disorder Referencels)
BRCAZ Breast cancer susceptibility 55
AIRE Autoimmune polyglandular syndrome type 1 (APS1 389
or APECED)
PEX1 Peroxisome biogenesis discrder 320, 391
FDS Pendred syndrome 392
XLP X-linked lymphoproliferative disease 393
DFNAS Nonsyndromic deafness 384
ATF2AZ Darier's disease 385
SEDL X-linked spondyloepiphyseal dysplasia tarda 396
WISF3 Progressive pseudorheumatoid dysplasia 397
CCM1 Cerebral cavemous malformations 398, 398
COLT1AZ/DFNATS  Nonsyndromic deafness 400
LGMD 2G Limb-girdle muscular dystrophy 40
EVC Ellis-Van Creveld syndrome, Weyer's acrodental 402
dysostosis
ACTN4 Familial focal segmental glomerulosclerosis 403
SCN1A Generalized epilepsy with febrile ssizures plus type 2 404
AASS Familial hypetlysinaemia 405
NDRG1 Hereditary motor and sensory neurcpathy-Lom 408
CNGB3 Total colour-blindness 407, 408
MUL Mulibrey nanism 408
USHIC Usher type 1C 410, 411
MYHS May-Hegglin anomaly 412,413
PRIKAR1A Carney's complex 414
MYHS Nonsyndromic hereditary deafness DFNA1TT 415
SCATO Spinocerebellar ataxia type 10 418
OFAT 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: moznostl vyuzitia

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

Génova terapia (genetickych a nadorovych ochoreni)
Cielena liecbha (,,molekularna farmakologia®“)

Studium biologickych funkcii na molekularnej rovni
(diferenciacia, starnutie ...)

m Evolucia ¢loveka a poévod Fudskych populacii
m Nosce te ipsum: podstatny krok k poznaniu biolégie

nasho druhu
Podstatna cast’ prace je este len pred nami
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