


Bioinformatika

Jak velké geneticke rozdily jsou dulezite —
srovnani DNA ¢lovéka a Simpanze

Jan Paces jan.paces@img.cas.cz

Ustav molekularni genetiky AVCR ‘mg ?
http://www.img.cas.cz
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Uvod do terminologie

* Bioinformatika: jak se informace uklada a Siri v zivé
prirodé

* DNA: deoxyribonukleova kyselina

e Genomika
e Strukturni a funkcni

* Transkriptomika
* Proteomika



ProC cteme DNA?

Fundamental struggle of evolution takes place not
among individuals or species but at the level of
the chromosome. Organisms serve genes, rather
than the other way around: We are machines for

propagating DNA.
Richard Dawkins

DNA zde neni proto, aby slouZzila organizmum, naopak,

organizmy jsou zde proto, aby slouzily DNA
Richard Dawkins

Komparativni genetika se zabyva podobnostmi. Ale v
pripad¢é genomu Simpanze hledame predevsim rozdily.
Svante Paibo
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Transkripce a translace

DNA 5’"> ATGAAGCCGAGTCAT 3’
3’ TACTTCGGCTCAGTA <5’

transkripce
mRNA 5’> AUGAAGCCGACUGAT 3’

translace
Protein N> MetLysProSerVal C



Urovné kontroly

pocCet genu = uroveri MRNA # Uroven genové exprese #
mnozstvi a efektivni ucinnost proteinu

unkcni
genomicka

sekvence proteinovy
produkt




Jak dobre dnes rozumime DNA

e E-cell

 Synteticka biologie:

* Mycoplasma laboratorium Gibson D, et al. (2008): Complete
Chemical Synthesis, Assembly, and Cloning of a Mycoplasma
genitalium Genome. Science. DOI: 10.1126/science.1151721

e Synthia: 1. synteticky organizmus Gibson D, et al. (2010):

Creation of a bacterial cell controlled by a chemically synthesized
genome. Science. DOI: 10.1126/science.1190719



adani informace v DNA
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Ukladani informace v DNA

STORAGE LIMITS

Estimates based on bacterial genetics suggest that digital DNA
could one day rival or exceed today's storage technology.

WEIGHT
( - OF DNA
J NEEDED
g/ Flash Bacterial 71O STORE
" memory DNA WORLD'S
Read-write speed S ~3,000- 00 0 DATA
(Ks per bit) 5,000
Data retention
(years) b >10 >10 >100
Power usage N e
(waiis perpicaiate 4 0.04 ~0.01-0.04 <1010
Data density S ig o o

(bits per cm?) oenamre



/akodovani Shakespearovych
sonetu do DNA

Thou art more lovely ..

text do ASCI

0101010101000111000101001 ..
ASCIl do ,trits“ (0,1,2)

20112 20200 02110 10002 .. :
0 1000 trits” do DNA

Yse kazde pismenko
liSi

od predchazejiciho
TAGAT GTGTA CAGAC TAGCG ..

/] DNAfragmenty

e —— prekryvajici se a s unikatnim
Indexem

/]



Jak sledovat (meérit) evoluci

Ka/Ks (dn/ds) ratio:
pomér nesynonymnich
a synonymnich substituci

<<l :negativni (purifying) selekce
~1 . neutralni
>>1  :pozitivni selekce

Hurst LD: The Ka/Ks ratio: diagnosing the form of sequence evolution. Trends Genet. 2002 Sep;18(9):486.



Evoluce primatu

Simpanz

bonobo

Clovek

— gorila

orangutan

|
15 10 5 0 [miliont let]
|
4 3 2 1 0 [% divergence]




Daughter species 1 Daughter species 2
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H. erectus Ghinl

(-

H. rudolfensis 5, bahrel-

garhl  Au. afrlcanus I:]

Paranthropus aethiopicus

Kenyan- [:Ighazall

thropus

platyops Au, afarensis
gg:;;zfggl'g’”“s 1 Ardipithecus ramidus

Ardipithecus kadabba
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Disotell TR: 'Chumanzee’ evolution: the urge to diverge and merge Genome Biology, Vol. 7 (24 November 2006), 240
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Lidsky genom

22 chromozomovych partu

1 autozom (sex chromozom)

~3,3 miliard part bazi

(~10% heterochromatin) :

~25 tisic genll E
:




Koho jsme precetli?

HGC: 9 neznamych lidi Celera: 2 muzi, 3 zeny
* 5x muzska krev * AfroameriCan
o 3x spermie » Asiat - Cifian
* 1x987SK bunky « 2 Zakavkazan¢

* Hispanec - MexiCan

simpanz: Clint (Yerkes National Primate Research Center)



Clint

He's tall, dark, and handsome,
with a grin that turns heads,
especially those of older women.
Smart, playful, and a flirt, he's
happiest when someone's
scratching his back.

January 8th, 2005: Clint was put down at the Yerkes National Primate
Research Center in Atlanta. The cause of death was not immediately

known. Clint, 24, was the living reference point for $18 million worth of
genetic code.




Zakladni rozdily hs x pt

1.44% rozdil mezi DNA
68000 indels mezi hs chr. 21 a pt chr. 22

15% vSech CpG je mutovano (23x vice transici a 7x vice
transverzi)

83% genll obsahuje rozdil na trovni aminokyselin
nejvice jsou mutovany U3‘ oblasti
Watanabe H, et. al. DNA sequence and comparative analysis of chimpanzee chromosome 22. Nature. 2004 May 27;429(6990):382-8.

Ingo Ebersberger, Dirk Metzler, Carsten Schwarz and Svante Paabo: Am. J. Hum. Genet. 70:1490 1497, 2002 Genomewide
Comparison of DNA Sequences between Humans and Chimpanzees






Hledame neéco navic
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MIC A/B

Duplication of MIC

gene (MICA, MICB)
AluS insertion
3544mys

AluY insertion

Human

40mya

30mya

20 mya

10mya
6 mya

O (R i O (o D

Chimpanzee

Human MICA

!donr l + TLf v 'f‘cxonz Lnnc\ exons 1

L1 1LY L1 exons axons

AluSp AluSq
Human MICB

A

AluY AluSp AluY

Cbmpanmnc
;l =~
$ T‘t D

LT L1l
AluSp Alusq




Hledame zmeéenu



FOXP2

one major hope is that the differences between the sequences will
reveal the genetic basis for our mental and linguistic capacities

obsahuje forkhead doménu

poskozeni zpusobuje abnormality v feC1 a chdpani jazyka

(KE rodina)

siln€ konzervovan - pouze 3 aminokyselinové zmény mezi
Clovékem a mysi

dvé specifické zamény se rozsirily pred cca 100 000 — 200 000
lety (vznik moderniho ¢lovéka)

thr -> asp (233) a asp -> ser (325)



KE family

Unatfected family Atfected family
members: members:

/\ D Male n Male
i O Female o Female

/ Deceased 4 Twins
B—
=
O

Figure 1 | Pedigree of the KE family. |, Il and lll represent the gener
permission, from REF. 14 © (2002) Oxford University Press.
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evoluce FOXP2

Human

0/2

0/5
Chimp

Gorilla

Orang-utan

Rhesus

1/131

IR F F  BGIE:

mmm pukleotidova zaména aminokyselinova zaména




Hledame co chybi



hCONDELS

a Human deletions (hDELs) Chimp conserved sequence
Chimp chri4 25938400 25938800 Chimp chri4 25938400 25938800]
hDELs I Conserved sequence i I NN
hlacagus

alignmant Consenvation
H hacague
e O Mouiss
alignment ) Dog
37.251 deletions Cpossum
(34.0 Mb) 1,160,828 regions

(70.0 Mb)

Human deletions that contain

chimp conserved sequence (hCONDELSs)

Chirmp chr14 25938400] 25928200|

hDEL = I
Conserved sequance|  EE RN

hCONDEL = I

Consensation

s g
583 deletions
(4.0 Mb)

alignmeant



Regulace androgenniho receprotu

] Mouse vibrissae [
: 351 (4th cycle) Androgen Penile
| receptor Vibrissas spines
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MYH16 inactivation




dy/0s=0.044

' 0/ds=0.072
I

d./d-=0.088
HHR)

d\/ds=0 '
—{H B W @ —— Chimpanzee

Australopithecus Paranthropus

d\/ds=0.061 o F@) afarensis

Modern
human

Homo erectus/ergaster

] MYH16 inactivation

before after
Overall dy/ds=0.53"

dy/de< 0.1 ’|< dy/ds=1.0

« : >
6-7 2.4 Present
Myr + 0.3 Myr

Stedman HH, Kozyak BW, Nelson A, Thesier DM, Su LT, Low DW, Bridges CR, Shrager JB, Minugh-Purvis N, Mitchell MA.
Myosin gene mutation correlates with anatomical changes in the human lineage. Nature. 2004 Mar 25;428(6981):415-8.



Homo floresiensis

Velikost lebky (mozku)

2,000+

1,500+

Homo sapiens

Erectines .

e R
Australopithecines

L)
Homo floresiensis

—
[=)
o
=

Brain size (cm?®)

o
o
2

1 125 15 175 2
Height (m)




Preci jen néco navic

* ARHGAP11B (Rho GTPase-activating-protein)

* Pouze u clovéka, ne u Simpanze ani mysi
* Vznikl ¢astecnou duplikaci genu ARHGAP11




Pozitivne selektované geny

* RNF213
* Ring finger protein 213
* Mutace zpUsobuje Moyamoya
syndrom
* Ovlivnuje velikost artérii v mozku.
 Pozitivni selekce u primatu




kontakt

Jan Paces

www: http://bio.img.cas.cz
email: hpaces@img.cas.cz
Icq: #110872370

Irc: efnet #hpaces

tel: +420 220183446







ProC zrovna genom simpanze?

Medical Condition

Definite

HIV progression to AIDS
Influenza A symptomatology
Hepatitis B/C late complications
P. falciparum malaria
Menopause

Likely

E. coli K99 gastroenteritis
Alzheimer’s disease pathology
Coronary atherosclerosis
Epithelial cancers

Speculative

Menstrual blood loss

Early fetal wastage

Humans

Common
Moderate to severe
Moderate to severe
Susceptible
Universal

Resistant
Complete
Common
Common

Variable
High

Great Apes

\ery rare
Mild
Mild
Resistant
Rare

Sensitive?
Incomplete
Uncommon
Rare

Lower amount?
Low?

A White Paper Advocating Complete Sequencing of the Genome of the Common Chimpanzee, Pan Troglodytes
Maynard V. Olson,a,b Evan E. Eichler,c Ajit Varki,d Richard M. Myers,e Joseph M. Erwin,f and Edwin H. McConkeyg



8 human genomes comparison
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Hledame rozdi




kde zacit na internetu

aN Netscape: Ensembl Genome Server

File Edit ¥“iew Go Communicator

EENEE]

Help |[elp

Back Forward  Reload Home Search MNetscape Print Security Shaop Etap
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vybrané zdroje dat na internetu

Hetscape: Entrez- Hucleotide
File Edit Wiew Go Communicator

Back Foryard  Reload Home Search Metscape Print Security Shop

W" Bookmarks ‘& Location: F_http A nchionlm nih. gov: 80/ entrez/query. fogivdb=Nucleotide

es :
S Nucleotid

Stucture Popet

Bearch | Nucleotide | forII

Limits Preview/Index History Cliphoard

Entrez Mucleotides, part of the Entrez search and retrieval system, is a collection of

- " " nucleotdde entries from GenBank. The number of bases in GenBank grows at an
SwissProt http
]

Lokl )

EntreZ http - _ L B Decotigticmangenome ] VecSereen

Thanks to a multinational effort, the MCEI now has a wector contamination
complete DNA sequences for human detection tool. VecBereen your sequence.
chromosomes 22 and 21 have been

published, along with deaft versions for

chromosomes 5, 16 and 19,

l Top 10 organisms of the month
human
HIY type 1
pig
house mouse
Submit to FenBank Drosophila simglans
Botrul lus schlosseri (zea squirts)
rhesus monkew
Theileria annulata

Moruway rat

Brachionus plicatilis drotifers)

I t t t t t t t t t
@ 188 200 308 400 SO0 GOE TOE S08 98E

Mumber of nesw nmucleotide sequences processed in & enBank for May, 2000,







hs ch21 vs pt ch2?2
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proteom

49.5 49.5
g 3
3 g
: :
2 2
40.0 — & ; - 40.0 —
clovek Simpanz

Enard W, Khaitovich P, Klose J, Zollner S, Heissig F, Giavalisco P, Nieselt-Struwe K, Muchmore E,
Varki A, Ravid R, Doxiadis GM, Bontrop RE, Paabo S. Intra- and interspecific variation in primate
gene expression patterns. Science. 2002 Apr 12;296(5566):340-3.



mozek

Human Chimpanzee
Homo sapiens Pan trogladytes

Unix. of Wiscoomin-Madison Bram Coflection e L & Univ. of Wisconsin Madison Brain Collection




akcelerace vyvoje mozku

CHIMP.2 CHIMP, 1

CHIMP. 3 %
ORANG,

38
HUMAN 1
HUMAN 3
BRAIN
HUMAN 2
SPR.2 _ SPR.1
SPR.3
CAR
21
MUS. 1
MUS. 2 MUS.3
BRAIN

CHIMP 2
CHIMP. 1
CHIMP. 3
ORANG
HUMAN 1 7< LIVER
HUMAN 2
HUMAN 3
SPR. 2
SPR. 1
SFR. 3
CAR
MUS. 1
LIVER

MUS. 2 MUS. 3

BRAIN
CHIMP
RHESUS
5.5
HUMAN
BLOOD
CHIMP
10 RHESUS
HUMAN
LIVER
CHIMP
RHESUS
1.3
HUMAN



microcephalin

Nonsense mutation

causing microcephaly
Stan Stop
Exons 7N I N N N A N N —
—— —_— —_—
Domains BRCT BRCT BRCT
54
Ratio of *
Brain encephalizatiol
morphology quotient
3-
Ka/Ks

ey
bl Jl i 11" il

0 2 2.5 (kb)

80 60 40 20 0
i yous e Posmon of w:ndow cen!er

== Catarrhine ancestors to humans
- Carnivores (dog vs. cal)

ral vs. mouse

- ROdsnis



pozitivneé selektované typy genu

host — patogen interakce (MHC, CMAH)
reprodukce

adaptace na potravu

vzhled (MC1R)

smysly (Cich, sluch)

chovani

mozek

Vallender EJ, Lahn BT. Positive selection on the human genome. Hum Mol Genet. 2004 Oct 1;13 Spec No 2:R245-54.
Hellmann I, Zollner S, Enard W, Ebersberger I, Nickel B, Paabo S. Selection on human genes as revealed by comparisons
to chimpanzee cDNA. Genome Res. 2003 May;13(5):831-7.



Chimp @ UCSC
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Homo floresiensis

E. Asia S.E. Asia Africa Europe

°| orsenssy e SN H. floresiensis was part of the
0.4 -, - Asian dispersals of the
£ s descendants of H. ergaster
; " . and H. erectus.
=
= argaster georgicus
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Homo sapiens

Present:

10 000 BP:
“Neolitl_iic

50 000 BP: ° pension

"mtDNA

expansion"

100 000—200 000 BP:
||xq1 3,3 l
Homo ereclus expansion”

T t 1

MRCA MRCA MRCA
autosomal locus Xqi3,3 mtDNA
(800 000 BP) (500 000 BP) Y chromosome (150 000 BP)



Cizorode elementy

DNA, ktera se do genomu dostala jinak nez vertikalnim
transferem, tj z predku na potomky

principy detekce:
e ,c1zi* DNA je odlisSna od prumérné ,,vlastni* DNA
e experimentalni data



Repetetivni elementy

Transpozony:
Mikro a minisatelity:

Duplikace:

Jiné typy repetic:

transposon-derived repeats, interspersed
repeats; 45% genomu

simple sequence repeats, opakovani
Kratkych primych repetic; 3% genomu
duplikace razné dlouhych (10-300 kb)
genomovych segmenti - inter i
intrachromosomov¢; 3,3% genomu
centromerickée a telomerickée repeaty

HGSC (2001) Nature 409: 860-921



DNA transpozony

@ transposaza @
2-3 kb

terminalni reverzni repetice (50 - 100 b)
cut-and-paste mechanismus kopirovani

3% genomu

minimalné 7 tfid, které nejsou (blizce) pribuzné



LTR retrotranspozony

HERV:
1. 6 -8 % lidského genomu

2. 100 000 elementu
3. desitky rodin

Y gag pol (env)
RNA R e U3 R AAA
DNA U3RUs=——820pol W) 315
>

>

LTR LTR



Transpozony

DNA transpozony

retrotranspozony
(RNA intermediat, reverzni transkripce)

LTR transpozony (podobné retroviram)

polyA (non LTR) retrotranspozony
(kolinearni s MRNA, maji polyA)



non-LTR
(LINE1 nebo L1 elementy)

5 ORFl . U:EAA

0 1 6kb
| 1

LINE — long interspersed elements

poly A (non-LTR) retrotranspozony

RNA intermediat (interni promotor pro RNA pol. II); polyA
kratka inzer¢ni duplikace (5-15 bp)

inzeréni preference (TT|AAAA)

17 % genomu

500 000 elementu, ¢asto zkracenych na 5' konci

30-60 aktivnich LINE1 element v genomu



Neautonomni elementy

nekoduji enzymy pro svou vlastni transpozici

pro kazdou tfidu autonomnich elementu existuje
neautonomni element, ktery pouziva
mechanismus replikace ,,svého* autonomniho
elementu



DNA transpozony

transposaza

2-3 kb; terminalni reverzni repetice

p—{ ]

80-3000 bp; terminalni reverzni repetice



Lidské endogenni retroviry

(HERVS)

U3R

U3

US

Usmimtig _pol () )5
>

US

U5 — U3
>

>

LTR; kratké inzer¢ni duplikace; primer binding site




SINE (Alu) elements

A B
i
SINE — short interspersed elements
poly A (non-LTR) retrotranspozony
interni promotor pro RNA pol. III; polyA
inser¢ni duplikace (5-15 bp)
insercni preference (TT|/AAAA)

10 % genomu
1 000 000 elementu, Casto zkracenych na 5' konci



Procesované pseudogeny

kolinearni s mRNA, chyb¢&ji introny a promotory
poly A

Casto zkracené na 5’ koncli

kratke inzeréni duplikace



Koevoluce parazitu




Cim to zacalo?

International Human Genome Sequencing
Consortium: Initial sequencing and analysis of the
human genome. Nature. 2001 Feb 15; 409 (6822):

860-921.

Celera: The Sequence of the Human Genome.
Science. 2001 Feb 16; 291 (5507): 1304-1351.
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