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Syllabus

>Uvodni poznamky a terminy z molekularni biologie
>Genomove projekty a zdroje na internetu
*Rozdily mezi Simpanzem a ¢lovékem na rovmi DNA
~Nékolik zajimavych genu
> FOXP2
> 1munitni systém
> MYH16




Uvod

Genomika zkouma genomy jednotlivych organismi
Bioinformatika vyuZiva informatické metody pro popis
struktury a funkce biologickych systémi

DNA zde neni proto, aby slouzila orgamizmim, naopak,
organizmy jsou zde proto, aby slouzily DNA

Richard Dawkins
Komparativni genetika se zabyva podobnostmi. Ale v pripadé
genomu Simpanze hledame predevsim rozdily.

Svante Pdcdbo
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Urovné kontroly

poCet genu # urovenit MRNA # Uroven genové exprese #
mnozstvi a efektivni ucCinnost proteinu

genomicka — mRNA — protein — pIg;Tr?g\l/y
sekvence , 1 +  produkt
translacni
kontrola
transkripcni post-translacni

kontrola kontrola
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ProC zrovna genom Simpanze?

Medical Condition Humans Great Apes
Definite

HIV progression to AIDS Common Very rare
Influenza A symptomatology Moderate to severe Mild
Hepatitis B/C late complications Moderate to severe Mild

P. falciparum malaria Susceptible Resistant
Menopause Universal Rare

Likely

E. coli K99 gastroenteritis Resistant Sensitive?
Alzheimer’s disease pathology Complete Incomplete
Coronary atherosclerosis Common Uncommon
Epithelial cancers Common Rare
Speculative

Menstrual blood loss Variable Lower amount?
Early fetal wastage High 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
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Koho jsme preceth?

Clovék: Homo sapiens (hs)
Simpanz:  Pan troglodytes (pt)

HGC: 9 neznamych hidi Celera: 2 muzi, 3 Zeny

*  5x muzska krev * AfroameriCan
* 3xspermie * Asiat - Cinan
* 1x987SK bunky * 2 Zakavkazané

* 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.

Clint died from heart failure,
but two cell lines from the primate

have been preserved.

January 8th, 2005: Clint was put down at the Yerkes National Primate
Research Center 1n Atlanta. The cause of death was not immediately

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




Rozdily hs x pt -1

PocCet genetickych odliSnosti mezi ¢clovékem a Simpanzem ...

>~ 60x méné nez Clovek vs. mys

> ~ 10x méné nez mys vs. krysa

>~ 10x vice nez mezi dvéma lidmi

Zmény ...

- 2.7% celkovych rozdilu predstavuji duplikace

- 1.2% zamény jednotlivych nukleotid
- v “typickém” ortologu: 2 ak (1 na lini)!

Srovnani chr. 21 a 22 ...

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% genul obsahuje rozdil na trovni aminokyselin

nejvice jsou mutovany U3¢ oblasti



Rozdily hs x pt - 11

~ U n€kolika tfid genu se ukazuje vyssi rychlost evoluce u ¢loveéka nez
u Simpanze (FOXP2, AHI, ASPM, MCPHI). Jednou z
nejvyznaméjSich skupin predstavuji transkripcni faktory.

> Vice nez 50 genu pritomnych v lidském genomu schazi nebo jsou
casteCne “vymazany” z genomu Simpanze.

~3 kliCové geny UCastnici se zanctlivych procest jsou zieymé
“vymazany” z genomu Simpanze

- Lidé zreymé ztratily funkci genu caspase-12, ktery produkuje enzym,
ktery pomaha jinym organismum proti Alzheimer's disease.



kde zacit na internetu
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vybrane zdroje dat na internetu

SwissProt http
Entrez  http

/IWww
//Www

Hetscape: Entrez- Mucleotide
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Bearch | Nucleotide 3 | forII

Lirnits PreviewIndex History

Entrez Mucleotdes, part of the Entrez search and retrieval system, is a collecton of
mucleotde entries from GenBank. The number of bases n GenBank grows atan
exponential rate. Today’s total is:

HUB4uaauuad

I YecScreen

I Decoding the hnman genome
Thanks to a multnational effort, the
complete DA sequences for human
chromoszomes 22 and 21 have been
published, along with draft versions for
chromosomes 5, 16 and 19,

WCBI now has a vector contamdnation
detection tool. VecScreen your sequence.

[ Top 10 organisms of the month
human
HIV type 1
pig
house mouse
Submit to GenBank Drosophila simglans
Botrul lus schlosseri (zea squirts)
rhesus monkew
Theileria annulata -

Moruway rat

Brachionus plicatilis drotifers)

I —t t —t t — t
G 168 200 300 460 SO0 c0A 70O 208 908

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




hs ch21 vs pt ch22
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Sledovani evoluce

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

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

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



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 feCi a chapani jazyka

(KE rodina)

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

dve specificke zameény se rozsitily pred cca 100 000 — 200 000
lety (vznik moderniho Clovéka)

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



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

KE family

Unaffected family
members:

D Male
O Female

Affected family
members:

n Male
o Female

/ Deceased

/7 Twins

7

0

O




evoluce FOXP2

2/0***
Human

0/2

0/5
Chimp

Goirilla

Orang-utan

Rhesus

1/131

s | | s e s s s \OUSE

mmm nukleotidova zameéna aminokyselinova zaména
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Duplication of MIC
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MY H16 inactivation




dy/ds=0.044

0, /d=0.072

s FCA) o d\/d=0.088

d,/d=0 ' '
—1H B W @ — Chimpanzee

Australopithecus Paranthropus

dy/ds=0.061 sy ,_@) afarensis

Modern
human

Homo erectus/ergaster

f.
MYH16 inactivation
dy/dg=< 0.1 dy/ds=1.0
before after

# Overall d,/d=0.53"

: | ]
67 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)
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Zaver? Ne!

Evan Eichler

“We're 1n a very nice intermediate stage of understanding
human-chimp differences, we can't say, This is the
difference that makes us human, but we can say, These are
the regions of the genome that show a lot of potential and
are excellent candidates to do further work on.”

Carina Dennis

“The chimp was a great start. But the genomes of our other
primate relatives will help to reveal a whole lot more.”



kontakt

Jan Paces

www. http://blo.1mg.cas.cz
email: hpaces@img.cas.cz
icq:  #110872370

irc:  efnet #hpaces

tel:  +420 220183446

Radek Zika
WWW:

email:

icq:  #111030547
Jjabber:

tel:  +420220183446
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Large-Scale Sequencing Center

GenBank (April 2006): ~130 000 000 000 nt
Swiss-prot (Rel. 51.0; 31-Oct-06): 88 541 632 aa
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BIOINFORMATIC LINKS

AT THE INSTITUTE OF MOLECULAR GENETICS AS CR IN PRAGUE

hittp:/ /bic.img. caz.czdlink s

DATABASES

Sequences [38]
DA [2]
Protein [3]
RerA [5]
Human Gename [12]
Eucaryotic Genomes [4]
Bacterial Genomes [9]
Repeated sequences [4]

Gene Expression [10]
Microarray Data [7]
SAGE Data [2]

Structure [13]
PDB Classify [8]
30 Modelling [1]

Comparative Genomics [15]
Metabalic Pathways [7]
Regulatory Pathways [3]
Taxonamy [3]

Other [11]

PROGRAMS

Alignment & DB search [14]
Pairwige Alignment [4]
Multiple Alignment [9]

DNA Sequence Analysis [12]
Gene prediction [3]
Repeated sequences [4]

Protein Analysis [8]
Falding [1]
Structure Prediction [1]
Structure alignment [1]

Phylogenetic Analysis [9]
Distance Methods [1]
Parsimony Methads [0]
Maximum Likelihood Methods [4]
Tree Inference, Tree Distance [3]
Bootstrap, Other Tests [0]

RFLF, RAPD Data Analysis [1]

Visualisation [9]
Alignment [4]
Molecular Structures [2]

Expression Evaluation [7]
Chips [6]

Other Tools [1]

OTHER LINKS

Courses [8]
Link Pages [23]
Unsorted [4]
Distributed applications [2]
Old [0]
Multifunctional Servers [2]
Search Engines [2]
Literature [12]
Preprints [2]
Journals [6]

Cur Favorite Prague Pubs [1]
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