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VELIKOST GENOMU



Genom = celkovd
genetickd informace
buriky nebo viru

co

Genomy bakterii a vir

Head
Neck —___
Collar ———— 2
Sheath
Tail
fiber -
B Tia Pl et B ol T R
Bakterie: Virus (bakteriofdg)
~ 0.5 - 9 mil bp ~ tisice gend ~ 50 kb ~ stovky gend
- genomy malé, kompakthi 10 000x mensi

o, veys z zrnko soli
- efektivni vyuZiti -t e

V pribéhu evoluce se genomy zvétsuji
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Obri viry - megaviry, mimiviry

Velikost genomu srovnatelnd s bakteriemi - Pandoravirus salinus (genom 2.5Mbp)
Velikost kapsidy srovnatelnd s bakteriemi - Pithovirus sibericum (velky 1.5um)

- izolovany 1992 z améby (Acanthamoeba)

- koduji ribozémy a kapsidy

- metabolické geny (~2500 genii pro proteiny)

- 10% repetitivni DNA

jen Cdstecna zdvislost na hostiteli (proteosyntéza)

Virofdagy: parazituji ha megavirech, Sputnik 18kb/21 genl

Co bylo drive - burika nebo mimivirus?

T M . P
4 ol Imivirus

Giant debate ’ o

Larger than some bacteria, Mimvirus and related giant viruses dwarf olther viruses and harbor 8

compléx genomes that have raised questions about their place on the tree of life |'J

! Eukarya
Polio virus Zika virus
~30-nm dameter ~45-nm dameler
— Archaea
Mimivirus
~400-rm dameter /

Bacteria




Vyssi organizmy: kde se nachdazi DNA?

Chromosome
Talomeare

Cantromara

Human cell

Mitochandria
Mucleus

Endoplasmic reticulum
Golgi apparatus

Call membrane

DNA (double helix)

Sugar phosphate backbone

B

Adenine
Guaning

Mucleatides 5

Cyftosine
Thymine

¢lovék
~ 3 000 000 000 bp 1cm -> BOOOkm




Velikosti genomu

savci
ptaci N
plazi T

obojzivelnici

ryby kostnaté

ryby chrupavgité

ostnokozci

korysi

hmyz

mékkysi

cervi

plisné

rostliny

rasy

houby

grampozitivni bakterie

gramnegativni bakterie

mykoplazmata

106

107

108

10°

1010

1011



Velikosti genomu a paradox hodnoty C

Klicem k reseni
paradoxu
hodnoty C jsou
opakujici se

useky DNA Podisma pedestris

| D/‘osoph//a me/anogasfer :
(repetice)

GENOM = celkova geneticka informace organizmu (geny i negenové oblasti/repetice)

Paradox hodnoty C = velikost genomu organizmu neni v korelaci s komplexitou organizmu
napr. jednobunéénd ménavka (Amoeba dubia) ma 200x vétsi genom nez ¢lovék

Genomy jsou repetitivni a dynamicke



Velikosti genomu a paradox hodnoty C

Pro¢ se genomy nezbavi repetitivni DNA?
Jakeé sily udrzuji repetitivni DNA?
Jaka je role repetitivni DNA?

Amoeba dubia
6706b

Frittilaria asyriaca
1306b \




Kli¢ k reseni paradoxu hodnoty C
se nachdzi v negenovych oblastech

120 -

—_

o

o
I

Bacterium

)

&

Yeast o

kce (

(Genic fraction (%)

enovd.fra

Fruitfly

L]

® Thale cress
Nematode o

[=
T

e Human

g

Stinkbell Lungfish

Newt o

I | I I L |
0.001 0.01 0.1 1 10 100 1000

Genome size (x 10° bp)

velikost genomu

Logyq(x+1) percentage of the genome

0.0

0o 10 15 20 256 80 35
Logyq (x+1) genome size (Mb)

4.0

velikost genomu




Hlavni komponenty eukaryotického
genomu

Kédujici éasti geni:

- u prokaryot tvori vétsinu genomu

- u eukaryot méné, ¢lovék 24 000 gent - 1.5%
Introny:

- plivodné povaZovdny za pri¢inu C-paradoxu,

- tvori vétsinu genl
Pseudogeny:

- klasické, retropseudogeny,
- 19000 ¢lovek, 14000 mys, 51 kur, 33 kvasinka, 176
drosophila

Mobilni elementy:

- LTR, nonL TR - SINE, LINE, DNA transposony-
MITE

Satelitni DNA:

Numt, Nupt:

- inzerce promiskuitni DNA



Evoluce genomu - citaty

. The majority of the genome consisted of
now-extinct genes”
- Susumu Ohno

"Triumphs as well as failures of
nature's past experiments appear to be
contained in our genome”

- Susumu Chno

. The evolution of the large-scale features of the
genome is one of the most difficult, perharps the
most difficult, question in evolutionary biology"

- Maynard Smith




Plasma membrane

Velikosti genoml prokaryot i

Cell wall

Bakteridlni genom: 6x10° ->107 (=0.6-10Mb)
- nejmensi znamy: Mycoplasma genitalium
(480 gent kédujicich proteiny, 3 rRNA geny, 37 tRNA genl)

Procesy ovliviujici velikost bakterialniho genomu:

- genova duplikace, malé delece a inzerce, transpozice, horizontdlni
prenos, ztrata gent v parazitickych liniich, atd.

Velikost genomd
prokaryot je
zhruba imérna
potu gend




Velikosti genomu prokaryot

Archaea:

Methanosarcina acetivorans
Halobacterium salinarium
Sulfalobus solfataricus
Methanosarcina barkeri
Halobacterium =p,
drchaeglobus fulgidus
Pyrococcus furiosus
Ferroplasma acidarmanus
MMethanobacter ium therroauototrophicurn
Methanococcus jannaschii
Therroplasma acidophilurm
Manoarchaeurm equitans

Bacteria:

Maostoos punctiforme

My zococcus =anthus

Germmata obscuriglobus
Streptoryces coelicolor
Mezarhizobiom loti

My cobacteriurn smegrnatis
Fzeudornonas aeruginosa
Burkholderia pseudornallei
Escherichia coli D157 :HY
agrobacterium turnefaciens
Fzeudornonas putida

Salrmonella typhimmuriam

—l Escherichia coli k-12
My cobacteriom tuberculosis
Bazillus subtilis

Caulobacter crescentus

Wibrio cholerae

—) [ inococcus Fadiodurans
Ay lella fastidiosa

Lactococcus lactis

Meisseria meningitidis

Chlorobium tepidurm

—l Haernophiluz influenzas
Aquitex asalicus

Rickettzia prowazekii

Geobacter sulfurreducens

My coplasma pneurmonias

—l My coplasma genitalium

4 b &

Genome size {(Mbp)

10




EXTREMNI GENOMY



.Zivotni minimum® bakterie
Zivot s pouhymi 271 geny

Strategie:

1. odstranéni ¢

i inaktivace gent (top-down)

2. syntéza minimdlniho genom (bottom-up)

Databases

Hodenhiets ot TTTCSE T T

JITIGR

_l THE INSTITUTE FOR GENOMIC RESEARCH

Minimmal Genome Project

Press Release

Global Transposon Mutagenesis

My cop lasms genitalivm with 517 genes has the smallest gere complement of
ary indeperdertly replicating cell =0 far Mentified. Global transpeson miv-
tagere siswas used to identify nonessertial genes in an effort to leam whether
thie maturadly occurring gere complement B a true minimal genome under
boratery growth conditions. The positions of 2209 trarspeson inzertions in
the completely sequenced geromes of M. genitalivm and its close relathee M.
premmsonias were determined by sequencing across the junction of the trams-
poson and the gencomic DA, These junctions defimed 1354 distinct sites of
insertion thatwere nok lethal. The analysis suggests that 265 to 350 of the 480
protein-coding genes of M, genitalives are essential under Laboratory growath
copditions, ncluding about 100 genes of unknowen function,

= fi A53 a54 255 2548 57 758 =5 i o]

% 0 28 202 ELE L 205 206 N 269
and a Minimal Mycoplasma e — I i
3 1obal E V3 F 3
GE“DmE gi}':h‘ 311 Lk E& 314 : 36, ¢ 6 4 7y , 318 319 &
chyde A. Hutchison NI, "** Scott M. Peterson,'*t Steven R. Gill," AT 5 e : :ﬁ ; ép-
Raobin T. Cline," Owen White," Claire M. Fraser,"
338 3

Hamiilton ©. Smith,"} |. Craig Venter'f§ amr L 34




Syn’re’rick)'/ Zivot: Pouhych 271 ¢
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x Synthesis

Design

O

Outgrowth

Rath 4
Test Build + %,
3 A 2
) ¢
Transplantation * |\;
_{_ \ » a2 » 1n| /

Isolation Construction

Cloning

CREATING

"_SYNTHETlc '

Transplantace genomu:

DNA

M. mycoides PRI

_.!L __L-
'G‘Mﬂ

M. capricolum

bt

L - s })"

=

The transfer
was successful
Q IR0 Y’ <’:l @w% -

The altered cell
begins to make the
proteins of M. mycoides

Transfer of whaole
genome

Genomy umime nejen
Cist ale také psat

Mycoplasma laboratorium (Synthia)

- nahradili genom M. capricolum uméle nasyntetizovanou DNA M. mycoides

- novy software prebudoval plvodni hardware, vodoznaky v umélé DNA

11/12




Nejvétsi prokaryotické genom

1 % e
Pseudomonas aeruginosa (bakterie): | / ﬁ.,
- 5500 gendl VAL
- pres 6 Mb s &
- pFirozené rezistentni k antibiotikim (ochranny obal) o ;gh“

- R-faktor, Zije ve spoleCenstvi jinych bakterii, konjugace
- lidsky patogen (kozni n., mocové, dychaci a trdvici cesty)

Sites in

Repetice Np. cenome

AATGACHh (STRE2)

Nostoc punctiforme (sinice): AATGACA o
AATGACT 63
X 7432 ORF AATGACC 39
ol 8.9 Mb AATTCCC (STREE4)
- repetice, franspozony Tacce -
- fotoautotrofni, také fakultativné heterotrofni e
v .« 7 . o o . A ACGH 2) 43
- moznost symbiozy s rostlinami i houbami
AdTCCCC (STRREI)
ATTCCCC 39
AATCCCC 19
AGTCCCC 15

AGCAGGGG (STREs) 29

AAAATTC (STTRT) 13




Velikosti genomu eukaryot

8.8x106~ 6.9x101
(8.8Mb - 6706b)
Nejmensi zndmy: Saccharomyces cerevisiae
Nejvetsi znamy: Amoeba dubia

Eukaryoticky genom:

Velikosti
eukaryotickych
genomi NEjsou

dmérné poctu genu
nebo komplexité
organizmu

Th000n

Genome Sizes

S0000

50,000

g

faess

wg« '
o

S

F000on

25,000

Number of Genes

20000 -

10000 -

Fruit fiy Roundworm Human

Arabidopsis




Organism
“irus, Bacteriophage bS2
Wirus, Shdl0
Yirus, Phage $©-x174,
Yirus, Phage &
Bacterium, Hagmophilus influenzae
Bacterium, Carsonella racdi
Bacterium, Buchnera aphidicola
Bacterium, Wigglesworthla glossinidia
Bacteriurm, Escherichia coli
Amoeba, Armcebs dubla
Plant, Arabidopsls thaliana
Plant, Genlisea margaretae
Plant, Frtiliaria assytica
Plant, FPopwius thchocama
Yeast, Saccharomyces cerevisiae
Fungus, Aspergifius nidulans
Mematode, Casnarhabditis elegans
Insect, Drosaphila melanogaster aka Fruit Fly
Insect, Bormbie: rmon aka Silk Math
Insect, Apis melifera aka Honey Bee
Fish, Tetraodon mgrovindia, type of Puffer fish

Marmmal, Homo sapiens

Genome size [base pairs)
3569

5224

5,386

A0,000
1,830,000
160,000

BOO 000
700,000

4,000 000
&70,000 000,000
157 000 000

B3 ,400 000
130,000 000,000
450,000 000
20,000,000
30,000,000
85,000,000
130,000 000
530,000 000
1,7/70,000,000
385,000 000
3,200 000 000

Fish, Protopterns aethiopicus aka Marbled lungfish | 130,000 000,000

Note
First sequenced RNA-genomel!
[=

First sequenced DNA-genormel™
First genome of living organisrm, July 19950

Srnallest non-viral genorne, B!

71
Largest known genorme. F]
First plant genorme sequenced, Dec 2000,

Stnallest recorded flowering plant genorme, 2006, !

First tree genome, Sept 2006

(1o

First multicellular animal genome, Decermber 1925071

[12]

smallest vertebrate genome known

Largest vertebrate genome known




ZMENY VE VELIKOSTI
GENOMU



Zvétseni genomu

celkové zvétseni:
polyploidizace (duplikace
celého genomu)

duplikace ¢asti genomu,

zmnozZeni po¢tu chromosomdl

duplikace gent a skupin gent

amplifikace transpozont
inzerce virové DNA
inzerce organelové DNA

expanze (mikro)satelitl

Milkon years ago : .
(400 . O | First eukaryotie cells
Lk 5 o

CAMBRIAN REVOLUTION

Vzristajici komplexita Zivych
forem byla doprovdzena vzristem
velikosti genoml a po¢tu gent




Evolucni sily ovliviujici velikost genomu

Spontaneous insertion

Spontansous deletion Tranzposable Mumber of insertions
Mumber of deletions elements Size of insertions
Size of deletions Insartion
Excision _ .
Proliferation Mrt‘.rDE_ﬂTE_.‘lll‘tEE
Repressicn 2T
Chromosomal Shrinkage
mechanisms
Genome duplication -
Palysamy Heterochromatin
Duplication/deletion E* pansion
Accessory ‘r,,.r-"f Shrinkage
chromosomes

Mutation pressure

/ N

Physiclogical effectz  Constraints

Negligible effects OMA replication Polypepiide length
on fithess Muclear volurme Imiron length
Ketabolic rate niergenic spacers
{and others)

|

Random genetic drift Selection pressure

~N

Genome size

TRENDE h Geneiics




Zmény ve velikosti genomu: plynulé
nebo skoky?

Plynulost:

- savci, ptdci, kostnaté ryby

- postupnd akumulace nebo delece, malé segmenty DNA

- normdlni distribuce velikosti genomt v téchto skupindch
- podil jedineénych sekvenci konstantni, méni se spolu se
zménou velikosti genomu, je dan velikosti intront

Skoky (kvantové zmény):

- bezobratli, rostliny (50% nahosemennych je polyploidni),
vyjimecéné obratlovci

- polyplodizace, pridatna replikace nékterého chromosomu,
kryptopolyploidizace (koordinovand replikace vsech repetici v
genomu - Chironomus)

- kvantové rozdily mezi blizkymi pribuznymi, velké rozdily ve
velikostech genomdl




Rust velikosti genomu: Polyplodizace

wowe  Chyba v meioze vede
@ k diploidnim gametdm

N =
(.-ﬁ Prephats [
7™\
(:} L f""'&)
- & /) =
\:} = / \ =\ (:_-;
| - N
\.,__.; ~ 4::‘) v =/
Q) « L_.:_‘é' Gametas
o Prophase [T
Gametes
MNORMAL MEIOSIS ABERRAMT MEIQSIS
Gametes are haploid Gametes are diploid

Diploid gamete @ @ Haploid gamete
"

. Fuze diploidni a haploidni
Y gamety vede k triplodnimu
jadru, organizmus je vsak

( '\ sterilni
e
Tr'q:ﬂnid cell ——
=~/
Twe homelogous ehromasames

N - \ form a bivalent

Prophase |

Third copy has no hamalag

Autopolyploidie: multiplikace jedné zdkladni sady chromosomd, jeden
organizmus, chyba pri meioze (ruze...)

Allopolyploidie: kombinace geneticky odlisnych sad chromosomu (psenice...)
Krypjopolygloidie: ddvnad polyplodizace, organizmus se jevi jako diploidni,
Y

prestav
sekvenaci

- delece, translokace..., kvasinka, obratlovci, obilniny, odhaleni az




Polyploidni plodiny

- tetraploidi: kukurice, bavina, brambor, zeli

- hexaploidi: psenice, chrysantéma

- oktoploidi: jahodnik




Genom kvasinky: Polyploidizace
nebo duplikace segmentu?

54 neprekryvajicich se duplikovanych oblasti
50 z nich si zachovalo stejnou orientaci vzhledem k centromére

nebyla nalezena zddnd triplikovand oblast, pricemz 7 oblasti by
bylo o¢ekdvdno dle Poissonova rozlozeni

pribuzné druhy bez duplikace - Kluveromyces waltii a Ashbya
gossypii

457 genovych part - 17% se vyviji rychleji nez jejich homology u
K. waltii

I |

1l

Lid 1wl

Chromosome V11

Duplikace jsou

) 77 vysledkem
'y / 'y o« o ’v
Positions of hl::lrnc-h:!gt:!usfgenéfs TZTCCIPIOldle S,plse
NN LN\ hez postupnych
Y U SN regiondlnich
Ll | Ll Ll

——"

i
i

i- - Chromosome XVI

duplikaci




Polyploidizace v linii obratlovci

S. Ohno:

- dvé genomové duplikace u obratlovct - hypotéza ,2R" (2 rounds)

- nékteré genové rodiny maji 4 ¢leny u obratlovct a jednu u bezobratlych
- srovndni jezovky (bezobratly) s obratlovci (¢lovékem, mysi a rybou Fugu)
- v genomu Clovéka dlouhé segmenty ve ¢tyrech kopiich podél vsech

chromosom

Duplikace genomu pred 450
mil let napomohla vzristu
komplexity a diverzifikaci

obratlovcl

TursCite

L0 100 37 1 joumal plein 030344 g0




Polyploidizace u rostlin

Arabidopsis:

- duplikace pred 200 a 80 mil. let

- moznd i vice nez 4 genomové duplikace

- asi 60% genomu lezi v duplikovanych segmentech
- 50% genl v nich je konzervovano

5M 10M 15 M 20M 25 M 30 M
| T T I T | T T T T ‘ T T T T | T I T T ‘ T T T T |

|| o . 1| B
\ A —— L ] — —
—] w

adl—
W

|
T

i




Pocet genu a evoluce
duplikovaného genomu

abcdefghijk

| m

nopqr'stuvwx/y/z

26 genes, 2 chomosomes

ABCDEFGHIJTKLM
NOPQRSTUVWXYZ

26 genes, 2 chomosomes TC"T‘GD'OidiZOCC

ABCDEFGHIJKLM
abcdefghijklm

NOPQRSTUVWXYZ

Z.'.r,é.raq nopqrsfuvw%

. AB DEF H| st vwxy
bc e gh jkm Tr-anslokace/bCe gh jk m

N PQ TUV X Z >
2 ¥A N PQ TUV X Z

hop rst vw;y/
nop r |

52 genes, 4 chomosomes

AB DEF HI KLM

[ KLM

Crossing over

bc EF H| st vwxy
AB D e gh jk m
N PQ TUV X Z

I KM

36 genes, 4 chomosomes nop r




Vzriust poétu genu, potlaceni
sumu a biologicka komplexita

Prokaryota/eukaryota:

Eulkaryote
orign

£2 52 %5 % Y & TS
55 op ° =° 4| Potlaceni sumu - separace
100000 © transkripce a translace,
: bratlovei | Jadernd membrdna a
000 . | histony
g 80000 - | Obratlovci:
s | Potlaceni Ssumu - metylace
2 4000, genl, mobilnich elementi a
eukaryota, | duplikdt
20000/~ ' prokaryota szt | RNA interference
Aﬂwlnlllunmulnlmm'ulmnmm: (smallRNAs)

BIIII-::n yaars bemre presenl




Mechanizmy zvétSeni genomu

Duplikativni (retro)transpozice
Nerovnomérny (unequal) crossing-over
Replikacni klouzani (Replication slippage)
Genova amplifikace (rolling circle replication)

(A} Unequal crogsing ower

-

Fepeat cequences
-
=

l

> —
!

S m— -

T Duplicatian

K ——

(B) Wnequal sister chromatd exchanga

{C) During CMA replication

Raplication fork Replicarion fork




NEKODUJICI DNA a
VELIKOST GENOMU



Teorie dlohy nekodujici DNA: | =7
adaptivni role vs. sobecka DNA |7,

- Jaké evoluéni sily produkuji ,,.zbytecnou"DNA?
- Jaka je role ,zbytecné"DNA?

- Pro¢ selekce toleruje . zbytecnou” DNA?

Adaptivni role:

- vliv nadbytecné DNA na fenotyp

- vliv na velikost jddra a bunky

- ochrana kédujicich sekvenci pred mutacemi
- pufrovdni koncentrace regulachich proteini

Sobecka DNA (junk DNA):

- jsou to jen parazitické sekvence, mobilni elementy, fixace
genetickym driftem, velikost genomu je tolerovatelné maximum
zavisejici na ekologickych a vyvojovych potrebdch organizmu




Genomova obezita u rostlin -
jednosmeérny proces?

Teorie sobecké DNA (Dawkins, 1976)
-jedinym cilem DNA je se replikovat

Dva modely:
- pouze rast genomu
- rlst i zmensovdni genomdl

Limity rdstu genomd:
- fitness hostitele etz p bl call
- mechanizmy potlacujici amplifikaci - me’rylace
- mechanizmy odstrariovdni repetici - rekombinace
- BARE - 42x vice soloLTR nez vnitrnich ¢asti (davna aktivita)
- rekombinace uvnitr elementl i mezi elementy
- selekce na kratsi LTR, solo LTR nejdelsi




Big Bang v genomu kukurice

- polyploidizace
- amplifikace TE (6 mil let)
- inzerce do mezigenovych oblasti

commentary  pNAs 98, 8163-8164 (2001)

Gene galaxies in the maize genome

Virginia Wall>ot* and Dmitri A, Petrow

Lepartment of Biokgical Sciencss, 385 5%2rm Mall Starford Unieersity, Stanford C4 Q43055020

2N Progenitor 20 MYA
PR ETY\7)
i“‘ */
“‘t R
? *1 i‘
4N 2N 11.5 MYA
‘/\'A\\«X 6 MYA
RTE
Explosion
Present
Maize Sorghum
2500 MB 750 MB



Zavislost velikosti genomu na
zameépisné Sirce a nadmorské vysce

- korelace mezi velikosti genomu a teplotnim rezimem
- vétsi genomy nebo polyploidi:
- arktické Iososovu‘re r'yby

- rostliny v poldrnich oblastech
- populace v teplych oblastech jsou diploidni

Arctic Char (Salvelinus alpinus)




Obsah DNA je promeénlivy i
v ramci jedince

Zvyseni obsahu DNA - endopolyploidie a polytenie:
- drosophila - polytenni chromosomy ve slinnych zlazach Daphnia pulex
- Daphnia - tkanové-specifické rozdily v ploidii, 2-2048C,
vliv na morfologii hlavy indukovanou predatorem

- Bombyx mori- 1000 000 ploidni buriky zlaz - hedvadbi

- korelace ploidie a velikosti burnky

Bonfz’bﬂyx mori
Snizeni obsahu DNA v somatickych bunkach:

- hematoda, bi¢ikovci, dvoukridli,

- napr. Cyclops strenuus - somatické b. maji 5% obsahu DNA
oproti oplozenému vajic¢ku

- vysvétleni z hlediska sobecké DNA - delece DNA ze slepé
somatické linie a ne ze zdrodecné linie

- zména obsahu DNA béhem Zivota jako odpovéd' na stimuly
- Lamarckismus

< > 2
e
A By
X

Cyclops strenuus




Vliv velikosti genomu na fenotyp

Velikost genomu koreluje s:
+

- velikosti jdadra

- velikosti buniky (nucleotypic effect)
- dobou mitozy a meidzy

- minimdlni generacni dobou

- velikosti semen

- odpovedi letnicek vuéi CO,

- dobou vyvoje embrya u mlokd

- rychlosti bazdlniho metabolismu u obratlovct (hegativni korelace)
(maly genom ptdkl a netopyrd - rychly metabolismus pri letu,
velky genom ryb - estivace za hypoxickych podminek)

- morfologickou komplexitou mozkl u Zab a mloki (negativni korelace)



TOPOGRAFIE GENOMU



Usporadani gent v genomech

o

I

Dﬂl’] Tandem repeats

Centromere-associated
tandem repeats

Telomeric and sub-
telomeric repeats

Al

1}

Dispersed Tylicopia

retroelements and microsatellites |

LINEs

Single and low-copy sequences

| including genes

ST, |




Syntenie - konzervativita poradi genu

druhy ITT,

I.

1I.

A
B

Cl1
c2 il

AW

e

A

GRASS
GENOMES

Data

Fhmias
Sorghum

Sugar cane
Foxtall millet
Rice

- konzervativita gent
* rozdilné mezigenové sekvence




Makro- vs. mikro- kolinearita

- konzervativita v dlouhych dsecich

- mikrostruktura vice dynamickd, mix s jinymi geny
- polyploidie urychli evoluci mikrostruktury

- zmény jiz u prvnich generaci syntetického alotetraploida u Brassica
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TRENDS in Genelics
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/\ Neddvnd divergence:
% ae A. thaliana vs. Capsella rubella
divergence pred 6.2-9.8 mil. let

TRENDS in Genetics

(Bancroft, 2001)



Rychla evoluce oblasti rezistence
k patogenu

- gen ,RPP5" - rezistence k
Perenospora parasitica

- rozdily mezi A.t. ekotypy
Lansberg erecta a Columbia

- veétsinou pseudogeny

- fandemové duplikace a
nerovnomeérny crossing-over je
mechanizmem rychlé evoluce

(Bancroft, 2001)
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Poéty chromosomu u ruznych druhu

Common  Species Diploid Common  Species Diploid :
Marme : number MName : number
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Ruzné pocty chromosomu u blizce
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Evoluce pohlavnich chromosomu
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"> M Lidsky chromosom Y:
.Sal plny zrcadel®

Palindromy:
» 3 000 000 bazi dlouhé
* 99.9% identita

L] Homologni oblasti mezi X a 'Y

B Duplikativni pfenos z X
B Palindromy



Recyklace pohlavnich chromosomu u drozofily
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Prvni Y chromosom: ,original Y":
- vymizel pred vice nez 60 mil. lety

Druhy Y chromosom: ,ancestral Y":

- pdrovdni B chromosomu s X chromosomem ~
pred 60 mil let

- ziskdni Gziteénych genli z autosomt

- degenerace

Treti Y chromosom: ,neo Y"

- fize X s autosomem

- pripojeni ancestrdlniho Y na A, recovery
- opet degenerace neo-Y



Silenka Sirolista:
model pro studium mladych pohlavnich chromosomu

Degenerace chromosomu Y jiz v casnych fazich jeho evoluce

clovek (Homo sapiens): 300 mil let silenka Sirolista (Silene latifolia): 10 mil let




Akumulace repetici na mladém chromosomu Y

DS To " o Microsatellite accumulation on the Y chromosome
in Silene latifolia

Survey of repetitive sequences in Silene latifolia with respect
to their dis >ution on sex chromosomes
Zdenek Kubat, Roman Hobza, Boris Vyskot, and Eduard Kejnovsky

1k, Zdenek Kubat', Roman Hobza', Andrea Koblizkova®, Alex Widmer®, Jiri Macas?,
& Eduard Ke 1




Degenerace genu na chromosomu Y:
Vice repetitivni DNA v genech na chromosomu Y
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Current Biology 15, 545-549, April 3. 2008 ©2008 Elsevier Lid Al rights reserved  DO4 9010160 cu, 2008.03.023

Report
Evidence for Degeneration
of the Y Chromosome
in the Dioecious Plant Silene latifolia

Gabriel A.B. Marais,™* Michael Micolas,*® Roberta Bergero,®
Pierre Chambrier,? Eduard Kejnowvsky,? Francoise Monéger, 2
Roman Hobza, % Alex Widmer,* and Deborah Charlesworih®




Srovnani lidskych a mysich
chromosom
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Od evolucni divergence doslo k ¢etnym prestavbdm, které
umistily bloky gent do riznych kombinaci.




Chromosomové prestavby

zlom a znovuspojeni (del., dupl., inv.)

rekombinace mezi repeticemi

Crigins of Chromosomal Rearrangements

(a) By breakage and rejoining
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(b) By crossing-over betwean repetitive DNA
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Izochorovy model organizace genomu
Isochory: bloky genomové DNA (stovky kb-Mb) s
charakteristickym GC-obsahem, ostry prechod (&. Bernard)

- shlukovadni do skupin s diskrétnimi GC- obsahy u ¢lovéka typy

L1, L2, H1, H2 a H3 (6C nejbohatsi, tvori jen 3% ale obsahuje
25% genu)

- Mozaikova struktura genomu obratovci a rostlin

Pivod izochor: o =
1. Vysledek mutaci? Finding isochores i

2 V?S l edek Selekceo ® Isochores: homogeneous regions of %GC content Institute
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Figure 1 | Large-scale variation in G+C content. a | The classic isochore model. b | G+C content : EbSm § 0 11 .,t
across the three classes of human major histocompatibility (MHC) region of chromosome & (data from et e e e LR e R e S R S i "1"1"'!'\'{']1 I““’H‘II“."‘IKH"HHW i
GenBank): G+C content is plotted as a moving average, and the window size is 100 kb, advanced by ot

10 kix sach step.

Costantini et al. (2006) Genome Res. doi:10.1101/gr.4910606




GENOMOVE PROJEKTY



Prvni genomové projekty
- zacatek ery genomiky

1977: prvni kompletni genom (virus) -
bakteriofag phiX174 (5 386 bp)
Sanger et al., Nature 265, 687-695.

1995: prvni kompletni genom autonomniho organizmu -
bakterie Haecmophilus infuenzae (1.38 Mb)
Fleischmann et al., Science 269, 496-512.

1996: prvni eukaryoticky organizmus -
kvasinka Saccharomyces cerevisiae
Goffeau et al., Science 274, 563-567.
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Genomové projekty

1996: Saccharomyces cerevisiae (12 Mb/ 6548 genes)

:;T_"'?- 1998: Caenorhabditis elegans (97 Mb/19 099 geni)

2000: Drosophila melanogaster
(137 Mb/13 500 geni)

- -l

Mus musculus g
(3 300 Mb)

2000: Arabidopsis thaliana | >3
(125 Mb/25 500 gent) F AR




Sekvenovani lidského genomu

THES - - "
HUMAN 8
GENOME . &




Jak zjistit stav genomovych projektu

Genomes OnLine Database

(6OLD): https://gold. jgi.doe.gov/

Studies

Metagenomic _1 662
MNon-Metagenomic 36 877

Biosamples

=, Classification

Ecosystems
Host-associated 30 777
Engineered 5 175
Environmental 27 633

Seguencing Projects
&4 Complete Projects 16 754

EF Permanent Drafts 174 424
=1 Incomplete Projects 88 541
@ Targeted Projects 1 085

Analysis Projects

nome Analysis 151 307

tagenome Analysis 39 132
Metagenome - Cell Enrichment 1 674
Metagenome - Single Particle Sort 4 706
Metagenome - Assembled Genome (MAG) 10 613
Metatranscriptome Analysis 6 264
Combined Assembly 255
Single Cell - Screened (SAG) 2 167
Single Cell - Unscreened (SAG) 1 928

Transcrnptome Analysis 528

Special Projects

Projects w. Genbank Data

Type Strains
with Projects 7 760

Type Strains
with projects
at Genbank 6 515

GEBA Projects
HMP Projects

Seq. Projects 147 013
Archaeal Projects 920

Bactenal Projects 133 285
Eukaryal Projects 4 300
Viral Projects & S08

JGI Projects
JGI Studies 1 383
JGI Biosamples 22 571
JGI Sequencing Projects 83 023
JGI Analysis Projects 43 120

Organisms
Organisms 360 291
Archaea 3 210

Bacternia 318 095

Eukarya 30 019

Wiruses 8 967
Bacterial Type Strains 15 559
Archaeal Type Strains 558

Genbank - sekvence DNA, verejné pristupna
SRA -sequence read archive - NGS data

SWISS-PROT - sekvence proteint, popis funkce, struktury domén
dbEST - sekvence cDNA z riznych organizmi

REBASE - restriktdzy a metyldazy

PEDANT - kompletni nebo parcidlni sekvence genomt
PDB - 3D koordinaty makromolekuldrnich struktur

REPBASE - repetitivni sekvence

7.3.2019




Objem dat v databazich roste exponencialné
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http://www.insdc.org/

Genomové sekvenacni projekty (pocet genomii)

Cumulative sequenced genulnes
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Prudky pokles ceny sekvenovani genomu (Clovek)

Cost per Genome Q&AL RN

zboZi zlevnilo
témér
100 000x 22?

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

$1K
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