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VELIKOST GENOMU
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organism

model organisms

model bacteria E. coli
budding yeast S. cerevisiae
fission yeast 5. pombe
amoeba D. discoideum
nematode C. elegans

fruit fly . melanogaster
model plant A. thaliana
moss P patens

mouse M. musculus

human H. sapiens

viruses

hepatitis D virus (smallest known animal RNA virus)
HIv-1

influenza A

bacteriophage A

Pandoravirus salinus (largest known viral genome)

organelles

mitochondria - H. sapiens

mitochondria - 5. cerevisiae
chloroplast - A. thaliana

bacteria

C. ruddii (smallest genome of an endosymbiont bacteria)
M. genitalium (smallest genome of a free living bacteria)
H. pylori

Cyanobacteria 5. elongatus

methicillin-resistant 5. aureus (MRSA)

B. subtilis

5. cellulosum (largest known bacterial genome)

archaea

Nanoarchaeum equitans (smallest parasitic archaeal genome)
Thermaplasma acidophilum (flourishes in pH<1)

Methanocaldococcus (Methanococcus) jannaschii
(from ocean bottom hydrothermal vents; pressure =200 atm)

Pyrococcus furiosus (optimal temp 100°C)

eukaryotes - multicellular

pufferfish Fugu rubripes (smallest known vertebrate genome)
poplar P trichocarpa (first tree genome sequenced)

corn Z mays

dog C. familiaris

chimpanzee P. troglodytes

wheat T. aestivum (hexaploid)

marbled lungfish P. aethiopicus (largest known animal genome)
herb plant Paris japonica (largest known genome)

genome size
(base pairs)

4.6 Mbp
12 Mbp
13 Mbp
34 Mbp
100 Mbp
140 Mbp
140 Mbp
510 Mbp
2.8 Gbp
3.2 Gbp

1.7Kb
9.7 kbp
14 kbp
49 kbp
2.8 Mbp

16.8 kbp

86 kbp
150 kbp

160 kbp
580 kbp
1.7 Mbp
2.7 Mbp
2.9 Mbp
4.3 Mbp
13 Mbp

490 kbp
1.6 Mbp

1.7 Mbp

1.9 Mbp

400 Mbp
500 Mbp
23Gbp
24 Gbp
3.3Gbp
16.8 Gbp
130 Gbp
150 Gbp

protein number of
coding genes chromosomes

4,200 1
6,600 16
4,800 3
13,000 &
20,000 12 (2n)
14,000 8(2n)
27,000 10(2n)
28,000 27
20,000 40 (2n)
21,000 46 (2n)
1 ssRINA
9 2 ssRNA (2n)
11 B ssRNA
66 1 dsDMA
2500 1 dsDNA
13 (+22 tRNA 1
+2 rRMA)
8 1
100 1
182 1
470 1
1,600 1
3,000 1
2,700 1
4,100 1
9,400 1
550 1
1,500 1
1,700 1
2,000 1
19,000 22
46,000 19
33,000 20 (2n)
19,000 40
19,000 48 (2n)
95,000 42 (2n=6x)
unknown 34 (2n)
unknown 40 (2n)

Velikost genomu

Viry, organely

Miniaturni genomy (tisice bp = kb)

Vysoka hustota gen(

10-100 genu (bakteriofagové)

Eukaryota

Prokaryota

Malé genomy (miliony bp = Mb)
Vysoka hustota gend

Cca 5000 genu (E.coli)

Velké genomy (miliardy bp = Gb)

Nizkd hustota gen(
Cca 20000 genu (c¢lovék)

Leishmania Arabidopsis
Guillardia theta major thaliana Human Fern
Eukaryotes
Schizosac- Moss Paramecium Cockroach Amoeba
charomyces tetraurelia dubia
pombe
Esc!nw'.(‘.")ia
P marius coli
Bacteria Myxobacteria
Bradyrhizobium
japonicum
Nanoarchaeum
equitans
Archaea
Methanosarcina
acetivorans
IX10° IX10° 1XT07 1X70* 1x10" 1X10'" 116" Jx10v

Number of base pairs



Genomy viru

viruses

hepatitis D virus (smallest known animal RNA virus) 1.7 Kb 1 ssRINA
HIV-1 9.7 kbp 9 2 ssRNA (2n)
influenza A 14 kbp 11 8 ssRNA
bacteriophage A 49 kbp 66 1 dsDNA
Pandoravirus salinus (largest known viral genome) 2.8 Mbp 2500 1 dsDNA

- genomy malé, kompaktni

Virus (bakteriofag)
~ 50 kb ~ desitky gen

- efektivni vyuziti L“

- SS / d s DNA Hepatitis B Ebola Virus

- sS RNA ‘a
- kombinace DNA a RNA

Viry nejsou monofyletickou skupinou entit
- rzné viry maji rizny puvod, proto i rozdilné genomy
z hlediska obsahu genU a kodujici molekuly

Head — _ DNA
\

Tail
fiber _




Extrémni genomy: Mimivirus (APMV)

Capsid

Inner Membranes

Fibrils Megavirus chilensis

C 1,26 Mb
e 1120 gend
* dsDNA virus
* 90% coding capacity
* 10% Junk DNA

* 1.2 million base pairs

* ~911 protein coding genes

* additional genes (inc. aminoactyl IRNA synthetases;
sugar, lipid, and amino acid metabolism)

400nm

acanthamoeba
polyphaga mimivirus



Extrémni genomy: Pandoravirus salinus

-2,47 Mb

- 2556 genl

- ,parazité“ améb

- Jen 6 % genll ma homologie v genech
jinych org. — ostatni geny metabolické
procesy? nova vétev zivota?

- Zivotni cyklus podobny jako u
ostatnich vir(l — zavisli na hostiteli v
replikaci DNA a ¢asteCné v syntéze
proteinu




Obri viry — megaviry, mimiviry

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

- kdduji ribozémy a kapsidu, jen ¢asteCna zavislost na hostiteli Co bylo dfive — burika
- metabolické geny (~2500 gen( pro proteiny), 10% repetitivni DNA nebo mimivirus?

Paraziti megaviru:
Virofagy: napt. Sputnik - 18kb/21 genu, prenasi geny mezi megaviry (jako fag)
Transpovirony: ~7kb, nékolik gend, lin. ds. DNA, abundantni

Eugene Koonin: ,Giant viruses crossed the imaginary boundry between viruses and cellular organisms.”
J.-M. Claverie: ,The fact that it can get sick makes it more alive.”

Mimivirus

Giant debate

Larger than some bacteria, Mimvvirus and related giant viruses dwarf other viruses and harbor
complex pencmes that have raised questions. about their place on the tree of life

Eukarya

Archaea
/

Bacteria




Genomy eubakterii a archei

bacteria

C. ruddii (smallest genome of an endosymbiont bacteria) 160 kbp 182 1

M. genitalium (smallest genome of a free living bacteria) 580 kbp 470 1

H. pylori 1.7 Mbp 1,600 1

Cyanobacteria 5. elongatus 2.7 Mbp 3,000 1

methicillin-resistant 5. aureus (MRSA) 2.9 Mbp 2,700 1

B. subtilis 4.3 Mbp 4,100 1

5. cellulosum (largest known bacterial genome) 13 Mbp 9,400 1

archaea

Nanoarchaeum equitans (smallest parasitic archaeal genome) 490 kbp 550 1

Thermoplasma acidoephilum (flourishes in pH<1) 1.6 Mbp 1,500 1 . v ., . . ..
e T e = 1 Procesy ovlivnujici velikost bakterialniho
(from ocean bllz}tmm hytllrc:thermal vErlts: pressure =200 atm) ge nomu:

Pyrococeus furiosus (optimal temp 100°C) 1.9 Mbp 2,000 1

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

- genomy malé, kompaktni

- efektivni vyuziti, operony, polycistronni
- kruhova genomova dsDNA + plazmidy
- Carsonella ruddii — 3. nejmensi genom endosymbiotické bakterie (160 kb, 182 genl)

- Tremblaya princeps — 2. nejmensi (139 kb, 110 gen()

- Nasuia deltocephalinicola — 1. nejmensi (112 kb, 137 genl), syntéza esencialnich AK

- Nanoarchaeum equitans — nejmensi parazitickoendosymbiotické archea - Ignicoccus (490 kb,
536 genu), hypertermofil, chybi geny pro syntézu lipidu, kofaktor(, aminokyselin, nukleotid(. %
- Mycoplasma genitalium — nejmensi genom volné Zijici (parazitické) bakterie (580 kb, 470
genl)

- Sorangium cellulosum — nejvétsi genom, pudni bakterie (13 Mb, 9400 genu)




Velikosti genomu prokaryot

Archaea:

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

Bacteria:

Maostos punctiforme

My zococcus =anthus

Germmata obscuriglobus=s
Streptoryces coelicolor
Mezarhizobiom loti

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

Salrmonella typhimmurium

—l Escherichia coli k-12
My cobacteriom tuberculosis
Bacillus subtili=

Caulobacter crescentus

Wibrio cholerae

—) [ inococcus Fadiodurans
Ay lella fastidios=a

Lactococcus lactis

Meisseria meningitidis

Chlorobiurm tepidurm

—l Haernophiluz influenzas
aquitex aealicus

Rickettzia prowazekii

Geobacter sulfurreducens

My coplasma pneurmonias

— My coplasma genitalium

4 b &

Genome size {(Mbp)

10




,,Zivotni minimum®“ bakterie

¥

Zivot s pouhymi 382 geny

Strategie:
1. odstranéni ¢i inaktivace genu (top-down)

. V4

2. syntéza minimalniho genom (bottom-up)
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Minimmal Genome Project

FPress Release

Databases

Socientists at TTICGGE TTncower the DWhinimal TTuamber of Cellular Genes eeded for

TLaife

Global Transposon Mutagenesis Publication
H.- M!r [ (777 PDOF Fornmat) Global Transposon Butagenesis and a DvIinimal
a“d a Mlnlmal {ﬂplasma My coplasma (Fenome, Hutchison TIT, O A Peterson, .., R, S R, Clhine,
Genﬂme E.T., "White, O., Fraser, O I, Sath, H. O, Wenter, J.. . Sciegxnce 286 (54477

Z165-216% (12393
Chyde &. Hutchison 1L, "** Scott M. Peterson,'*t Steven K. Gill,"

Robin T. Cline," Owen White," Claire M. Fraser,’
Hamilton ©. Smith,'} ). Cralg Venter'}s

My coplasins genitalives with 517 genes has the smallest gene complement of
ary independently replicating oell so far identified, Global transposon mu-
tagene siswas used to identify nonessential genes in an effort to leam whether
the maturaly occurring gere complement kB a true minimal genome under
laboratory growth conditions, The positions of 2209 trarsposon insertions in
the completely sequenced genomes of M. genialive and its close relatkoe M.
poesroniae were determined by sequencing aoross the junction of the trans-
poson and the genomic DMA, These junctions defined 1354 distinct sites of
Insertion thatwere nok lethal. The analysis suggests that 265 to 350 of the 480
protein-coding genes of M. genitaliver are essential under Laboratory growth
copditions, mcluding about 100 genes of unknown function,




Synteticky Zivot: JCVI-syn3.0, 473 gend [ = ““(@
P ~—

Transplantace genomu, 2007:

DINA
removed

M. mycoides M. capricolum

Transfer of whole

genome The transfer

was successful

ey -
Gz (— Glman)”

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

2019, kompletni biochemické drahy
JCVI-syn3.0:

Membrane
structure &

Cytosolic
metabolism

function
Preservation
Syn-3.0 of genome
473 genes
Genome Unknown
expression function

]

l

\" . Synthesis
. - Design N S
£ ofe
i3 | Outgrowth e
Test Build ¥

Tra nsplanfatio n
\ o
O (5) %,

Isolation

Cloning

Mycoplasma laboratorium - JCVI-syn1.0, Synthia, r. 2010, 985 gendu
JCVI-syn3.0, r. 2016, 473 genu, 100 gent mad dosud nezndmou funkci

- nahradili genom M. capricolum uméle nasyntetizovanou DNA M. mycoides
- novy software prebudoval pivodni hardware, vodoznaky v umélé DNA

E. Koonin, A. Musheigan, 1996: M. genitalium
vs Haemophilus influenza -> Teoreticky
minimalni genom 256 genl




Nejvetsi prokaryotické genomy

Pseudomonas aeruginosa (bakterie):

- 5500 genu

- pres 6 Mb

- prirozeneé rezistentni k antibiotikim (ochranny obal)

- R-faktor, Zije ve spolecenstvi jinych bakterii, konjugace

- lidsky patogen (kozni n., mocové, dychaci a travici cesty)

Nostoc punctiforme (sinice):

- 7432 ORF

- 8.9 Mb

- repetice, transpozony

- fotoautotrofni, také fakultativné heterotrofni
- moznost symbidzy s rostlinami i houbami

. Sites in
Repetice N.p.  genome
AATGACh (STRE2)

AATGACA 69
AATGACT 63
AATGACC 39

AATTCCC (STRR4)
AATTCCC
AATGCCC

AATTACG (STRRES)
AdTCCCC (STRRL)
ATTCCCC
AATCCCC
AGTCCCC

AGCAGGGG (STRR6)

AAAATTC (STTRT)

41
37

45

39

19

15

29

13




Genomy eukaryot

Jaderny genom

chromozomy z DNA, tisice genll, monocistronni, Mbp-Gbp
Mitochondridlni genom

kruhova DNA, desitky gen(, desitky-stovky kbp thrg:;‘:‘;::fm S
Plastidovy genom

kruhova DNA, desitky gen(, desitky-stovky kbp

Archaea
Bacteria

Fungi - qimalia

i~ Protecbactenum-like
endosymbiolic ancestor

Prokaryot

Mature Reviews | Genetics



Endosymbioticky vznik eukaryot

Endosymbioza cca -2 miliardy let (1,5; 1,2?) - vznik eukaryotické bunky
Archea (= jadro) + alfa-proteobakterie (= mitochondrie)
Reakce na vzrUstajici koncentraci kysliku v atmosfére = silny selekéni tlak zvyhodrioval novou
eukaryotickou bunku?

Primarni Endosymbidza cca -1,2 (0,9?) mlid let = vznik fotosyntetizujicich eukaryot (Cervené a zelené rasy)
Eukaryota + cyanobakterie (= plastidy)

Sekundarni Endosymbioza = vznik cryptophyta, chlorarachniophyta
Eukaryota + eukaryota (Cervenad, zelena rasa)

Eukaryota:

-Jaderné procesy jsou podobné archealnim

-Cytoplazmatické a organelové procesy podobné eubakteriim

-Genovy transfer z organel do jadra, vétSinu kodujicich funkci Casem prevzalo centralni jadro

-Casové zafazeni vzniku eukaryotické buriky je velmi orientaéni kvali nejasnym fosilnim zaznam@m, nékdy se
uvadi prvni eukaryota az pred 1,5 miliardami let nebo dokonce 800 miliony lety

-Prvni mnohobunécna eukaryota prokazatelné az pred 630 miliony lety (Ediakara)



Primarni a Sekundarni endosymbioza

a Primary endosymbiosis Glaucophyta b Secondary endosymbiosis

Secondary eukaryotic host

\ Rhodophyta~

} anobacterium :_ =

Mucleomarph-plastid
complex

Land plants



Extrémni genomy: sekundarni
endosymbioza — Guillardia theta

Plastid
145 genes

Plastid
57 genes

NM = nucleomorph - ®

Guillardia theta Bigelowiella natans



Endosymbioza a promiskuitni DNA

Sinice Proteobakterie
~ 3000 kb ~ 4000 kbo
3000 ge ~ 4000 genu Chloroplastova DNA se hromadi na

chromosomu Y u Silene latifolia

Mitochondrie

10-2000 kb

Eukaryoticka burka
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Vyssi organizmy: kde se nachazi DNA?

Chromosome

Telomere

=y

Cantromara

Human cell

Mitochandria
Mucleus

Endoplasmic reticulum
Golgi apparatus

Cilia
Call membrane

DNA (double helix)

Sugar phosphate backbone

Adenine
Guaning

Mucleatides 5

Cyftosine
Thymine

¢lovék
3 000 000 000 bp 11/27




Variabilita velikosti genomu



Velikosti genomu

savci

ptaci

plazi

obojzivelnici

ryby kostnaté

ryby chrupavgité

ostnokozci

korysi

hmyz

mekkysi

cervi

plisné

rostliny

rasy

houby

grampozitivni bakterie

gramnegativni bakterie

mykoplazmata

108

107

108

10°

1010

101



Velikosti genomu a paradox hodnoty C

100x

~
rJ

-
Ve %?? B s
180 |\/|b ‘o OOO Mb

Podisma pedestris

Drosophila melanogaster

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

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



Velikosti genomu a paradox hodnoty C

ProC se genomy nezbavi repetitivni DNA?
Jaké sily udrzuji repetitivni DNA?

Jaka je role repetitivni DNA?

Amoeba dubia
670Gb

Frittilaria asyriaca
130Gb -
M

clovék

3Gb




Organismy podle velikosti genomu

MysS

Genlisea aurea Trichoplax adherens Drosophila melanogaster _ .
2,6 Gb / 20 tis genu

0,064 Gb / 17 tis gend 0,098 Gb / 11 tis genG 0,14 Gb / 17 tis gend

Clovék Psenice Parijaponica Polychaos dubium
3,3 Gb / 20 tis gend 17 Gb / 110 tis gen( 150 Gb / 17 tis gen( 670 Gb (67 Gb)



Klic k reseni paradoxu hodnoty C se
nachazi v negenovych oblastech

Genic fraction (%)

120 -

100

Bacterium

ige (%)

Fruitfly
[ ]

* Thale cress

nové fra

Nematode o

&¢

e Human
Stinkbell Lungfish

Newt o

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

Genome size (x 107 bp)

velikost genomu

Logyq(x+1) percentage of the genome

podil genl

podil TE

0.0

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

4.0

velikost genomu




Hlavni komponenty eukaryotického

genomu

Kédujici ¢asti gen:

- u prokaryot tvori vetsinu genomu

- u eukaryot méné, clovék 20 000 genu — 1.5%
Introny:

- plvodné povazovany za pric¢inu C-paradoxu,

- tvofi vétsinu gend

Pseudogeny:

- klasické, retropseudogeny,

- 19000 clovék, 14000 mys, 51 kur, 33 kvasinka, 176
drosophila

Mobilni elementy:

- LTR, nonLTR = SINE, LINE, DNA transposony- MITE
Satelitni DNA:

Numt, Nupt:

- inzerce promiskuitni DNA

LTR retrotransposons
D& transposons

repeats

Simple ssquence 8.3
Segmental
duplications

heterochromatin

Mizcellansous
LNigue ssquUences

SIMNEs

LIME=

Proteir-coding
Qenss

Irtrons




Vzrust poctu genu, potlaceni Sumu a

biologicka komplexita

100000

Mo. of genes

BOOOO

60000

40000 ;

20000

Earlh

cools

BIIII-::n yaars bemre presenl

LLLENL II LLL i II 0 lI LLULLY

3
e
o
l

& b
=] &
= e s
(== 25 €5
5% 25 <%
| | l
(c)
Mnohobunécna
eukaryota i
eukaryota o
prokaryota

L
0

Prokaryota/eukaryota:

Potlaceni Sumu - separace
transkripce a translace, jaderna
membrana a histony

Mnohobunécna eukarya:
Potlaceni Sumu — metylace
genu, mobilnich elementu a
duplikatl = rozvoj
epigenetickych mechanismi
RNA interference (smallRNAs)




Evoluce genomu - citaty

,he 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 Ohno

,he evolution of the large-scale features of the genome
is one of the most difficult, perharps the most difficult,
qguestion in evolutionary biology“

- Maynard Smith




MECHANIZMY ZMEN VE
VELIKOSTI GENOMU



Mechanizmy zmeén velikosti genomu

Polyploidizace (duplikace genomu)
Duplikace a delece chromozomu nebo
jejich casti (chromozomové prestavby)
Inzerce/delece/duplikace geni
Amplifikace transponovatelnych elementu
Inzerce virové DNA

Inzerce organelové DNA

Expanze mikrosatelitt

=S50 Mulicellular alge

CAMBRIAN REVOLUTION

Vzrustajici komplexita Zivych forem
byla doprovazena vzristem
velikosti genomu a poctu genU




Evolucni sily ovlivhujici velikost genomu

Spontaneous insertion

Spontaneous deletion Tranzposable Mumber of inssrtions
Mumber of deletions elements Size of insertions
Size of deletions Insartion
Ex=cision - .
Proliferation M IEFDE_E‘[E_.‘HITEE
Repressicn R
Chromosomal Shrinkage
mechanisms
Genome duplication -
Polysomy Heterochromatin
Duplication/deletion E* PRSI
Accessory I’_,,.-a"" Shrinkage
chromosomes

Mutation pressure

/ N

Physiclogical effectz  Constraints

Megligible effects OMA replication Polypepiide length
on fitness Muclear wolume Intren length
Metabolic rate ntergenic spacers
{and others)
Random genetic drift Selection pressure

~N

Genome size
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Zmeény ve velikosti genomu: plynulé nebo skoky?

Plynulost:

- savci, ptaci, kostnaté ryby

- postupna akumulace nebo delece, malé segmenty DNA

- normalni distribuce velikosti genom( v téchto skupinach

- podil jedinecnych sekvenci konstantni, méni se spolu se zménou velikosti genomu, je dan
velikosti intron(

Skoky (kvantové zmény):

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

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

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




Polyploidizace

Pojmy z hlediska plivodu:

Autopolyploidie (polyploidizace v ramci druhu = jen 1 druh genomu)

Allopolyploidie (polyploidizace mezidruhovou hybridizaci =

Allopolyploidie je zrejmé vyhodnéjsi:

- Dva rizné genomy = vice alel a proteinovych interakci
- Dochazi k heteréznimu efektu, hybridi maji Sirsi
ekologicky zabér nez rodicovské druhy, maji vyssi rezistenci

k parazitum nez rodice

Kryptopolyploidie: davna polyplodizace, organizmus se jevi jako
diploidni, prestavby — delece, translokace...,

obilniny, odhaleni az sekvenaci

kvasinka, obratlovci,

2 a vice druht genomu)

(a)

KKK

Diploid (2N)

KKKKKxxK

Autotetraploid (4N)

(c) homologous homoeologous

JLLeeee

Allotetraplmd {4N

n Genelics & Development

Homologni vs. homeologni
chromosomy




Duplikace genomu v historii eukaryot
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Duplikace genomu v historii obratlovcu

Duplikace genomu obvykle nasledovana masovou speciaci (2x na bazi obratlovcl, dalsi u Teleostei + dalsi

u nékterych skupin obratlovcu (drapatky, lososoviti,...

)

Susumu Ohno: Hypotéza ,,2R“ (2 rounds) dvé genomové duplikace u obratlovcl pred cca 450 mil. lety

- nékteré genové rodiny maji 4 ¢leny u obratlovcl a jednu u bezobratlych
- srovnani jezovky (bezobratly) s obratlovci (¢lovékem, mysi a rybou Fugu)
- v genomu ¢lovéka dlouhé segmenty ve ¢tyrech kopiich podél vSsech chromosomi

Pocty druht obratlovctd (celkem 62 tisic)
Savci —cca 5,5 tis

Ptaci — cca 10 tis

Plazi — cca 9 tis

Obojzivelnici — cca 6,5 tis

Ryby - > 31 tis

Primérnd doba prezivani genl vzniklych
duplikaci genomu je mnohem vyssi nez u
lokalnich duplikaci genomu (duplikace
celych drah)

whole-genome duplications

fissions
stable
fusions

intensive fusions

Duplikace

Chordata

Urochordata

Vertebrata

3.

\ \ =

Gnathostomata |

Agnatha

Achnopterygll

Sarcopterygii

400 300 200 100 ”
} I = I } millions of years ago
Boreoeutheria mouse
Theria y deg
i etatheria
Mammalia i opossum/
n=26 Monotremata —
Amniota
AVES_ chicken
Testudines
turtle
Tetrapoda Reetilial L Crocodilia .
: | e — crocodl}e\
~ Squamata :
lizard, snake, tuatar:
Amphibia 5
frog, salamander, caecili
I Coelacanthiformes, Ceratodontimorpha a\

I Acipenseriformes, Lepisosteiformes, Amiiformes

Polypteriformes

Chondrichthyes

Cephalochordata

coelacanth, lungfish
torafugu

spotted green pufferfish
medaka

zebrafish

sturgeon, paddiefish,
gar, bowfin
bichir

shark, ray, skate, chimaera®

ey

hagfish, lamprey

sea squirt
amphioxus



Polyploidizace u rostlin

Arabidopsis:

- duplikace pred 200 a 80 mil. let

- mozna i vice nez 4 genomové duplikace

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

SM T0M I5M 20M 25M 30M
T T T T T T T T T




Polyploidni plodiny

- tetraploidi: kukufice, bavina, brambor, zeli

- oktoploidi: jahodnik




Allotetraploidie
brukvovité




Genom kvasinky: Polyploidizace nebo
duplikace segmentu?

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

* nebyla nalezena zadna triplikovana oblast, pricemz 7 oblasti by bylo
oCekavano dle Poissonova rozlozeni

e pribuzné druhy bez duplikace — Kluveromyces waltii a Ashbya gossypii
* 457 genovych parlQ — 17% se vyviji rychleji nez jejich homology u K. waltii

L I w111 1wl - Chromosome VII

/ /
Positions of homologous genes
y

xﬁ} .\

L 1w .. Chromosome XV

-

1 il




Diploidizace: postupné snizeni poctu genu a delece
casti genomu po duplikaci

abcdefghijk

nopqr'stuvwx/y/z

26 genes, 2 chomosomes

ABCDEFGHIJTKLM
NOPQRSTUVWXYZ

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

ABCDEFGHIJKLM
abcdefghijklm

NOPQRSTUVWXYZ

Z.'.r,é.'.aq nopqrsfuvw%

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

N PQ TUV X Z >
Q / N PQ TUV X Z

nop 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




Zmeéna regulace genomu u polyploidu

Increased variation for dosage-regulated genes

T

Altered regulatory interaction

Polyploidization R

. e

Genetic changes

 + p—
2 —

Funkénost dimerd (homo-,
protein( = nové fce, naruse

etero-)
né fce

Novel
variation

\

Epigenetic changes
|

Repression

-

Derepression

Inzerce, delece, translokace
Konverze - zména genové

, gen.
exprese

TRENDS in Genelics

Fig. 4. Potential causes of novel variation in polyploids. The merger of chromosomes from two diploid genomes (red and blue) into a tetraploid genome can cause (1)
increased variation of dosage-regulated gene effects and expression (magnitudes of allelic effects and expression shown by size of blocks for three loci); (2) altered regulat-
ory interactions (trans-acting regulatory factors shown as dimeric proteins, with heterodimers not functioning properly); (3) genetic changes affecting gene expression
(e.g. insertions, deletions, translocations and gene conversions); and (4) epigenetic changes (repression or derepression of gene expression caused by genome interaction

of chromatin modeling factors, which could also trigger movement of transposable elements).




Osudy genu po duplikaci

dupllcatmn
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Evoluce ztratou genu
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Figure 1| The wingless (Wnt) family: a paradigmatic example of the pervasiveness of gene loss during metazoan

evolution. In the past decade, the accumulation of fully sequenced genome data from various species has revealed great
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NEKODUIJICI DNA a VELIKOST GENOMU
(postupné zmeény velikosti)



Mechanizmy zvétSeni genomu - postupné

Nerovnomeérny (unequal) crossing-over
Replikacni klouzani (Replication slippage)
Duplikativni (retro)transpozice

Genova amplifikace (rolling circle replication)

(A} Unequal crogsing ower

Fepeat cequences
____.u-"'

(B) Wnequal sister chromatd exchanga

{C) During CMA replication

Raplication fork Replicarion fork




Segmentalni duplikace

- Duplikace kratSich (stovky bp az desitky kb) unikatnich sekvenci s i bez obsahu geni

- Tandemové usporadani nebo rozptylené v genomu

- Mnozstvi se lisi mezi druhy (drosophila malo — ¢lovék mnoho)

- Segmentalni duplikace zodpovidaji za vice nez 90 % genetické variability mezi lidskymi populacemi
(Sudmant et al., Science, 2015)

-V nedavné historii ¢cloveka se fixovaly duplikace nesouci geny se selekcni vyhodou — imunitni reakce,
olfaktorické rozpozndavani, odbourdvani xenobiotik, reprodukce, proliferace neuron( (velikost mozku),
gen pro amylazu AMY1 (3x vice neZ Simpanz, strava bohata na skrob).

Table 1| SD content of sequenced animal genomes

Caenorhabditis Drosophila Human Mouse Rat Chicken Chimpanzee*
elegans melanogaster

SDs of >1 kb 4.3% 1.2% 5.2% 2.7% 1.6% 2.7% N.D.

SDs of >10kb 0.7% 0.1% 4.5% 2.2% 1.5% 0.3% N.D.

SDs of >20 kb N.D. N.D. 4.0% 1.7% 0.9% 0.0% ~4.8%

Genome size 97 123 2,866 2,506 2,566 1,040 2,866

Data taken from REFS 2,7 for pairwise segmental duplications (SDs) with >90% identity. *Given the fragmented nature of SDs in the draft chimpanzee genome, the
duplication content can only be estimated indirectly on the basis of human duplication content, adjusting for detected differences in SD compared with chimpanzee whole-
genome shotgun sequencing®. DNA not assigned to a chromosome was not included in these calculations. Consequently, in other genomes the estimate of recent duplication

mightrise as the quality of the sequence assembly improves. N.D., not determined. Balley & Eichler, N RG, 2006



Tandemové repetice = Satelity

Jednotka (= monomer) se opakuje n-krat za sebou it Jadient

centrifugation satellite bands
> monome> monome> monome>> monome>

main barnid

Satelity — objeveny pri hustotni gradientové

centrifugaci - tvori satelitni prouzek kvuli N4 4
jinému slozeni bazi.

Typické rozlozeni tandemovych repetic
- PFitomny ve véech genomech (prokaryota i eukaryota) na chromosomech Stoviku
- Klasifikace: N rag7s0
e Satelity — vyznamna slozka genomu (i > 50%), tvori bloky Y2
heterochromatinu, délka monomert i >2 kbp)
e Minisatelity — 0,5-30 kbp, délka monomeru 10-100 bp
e Mikrosatelity — kratké useky, délka monomeru <6 bp

Strukturni a regulacni funkce, expanze mikrosatelit( u nékterych chorob



Mobilni elementy

(transposable elements = TES) TEs na chromosomech stoviku
E Maximus/SIRE-CL18

- Schopné samostatného pohybu v genomu

- Typy mobilnich elementu:

- Trida | — retrotransposony (copy-and-paste, replikace pres RNA)
- Trida Il = DNA transposony (cut-and-paste)

Class | Class 11
FY
transcription integration
Y excision
-~ — A
reverse integration
tfﬁﬁSﬂr‘iptiUﬂ -
result esult

- Pro jedince spiSe negativni — inzercemi TE m{zZe byt narusena funkce genli
- Kliéovi hraci v evoluci genomu (vznik novych gen, prestavby chromosomd, ...)
- Casto soucast heterochromatinu




Teorie ulohy nekddujici DNA: adaptivni role
vs. sobecka DNA

- Jaké evolucni sily produkuiji ,, zbytecnou“DNA?
- Jaka je role ,,zbytecné“DNA?
- ProC selekce toleruje ,,zbyteCcnou” DNA?

Adaptivni role:

- vliv nadbytecné DNA na fenotyp

- vliv na velikost jadra a bunky

- ochrana kodujicich sekvenci pfed mutacemi
- pufrovani koncentrace regulacnich proteinu

Sobecka DNA (junk DNA):

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




Genomova obezita u rostlin —
jednosmerny proces?

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

Dva modely:
- pouze rust genomu
- rust i zmensSovani genomU

Limity rustu genomu:
- fitness hostitele Jstiionsblarti i
- mechanizmy potlacujici amplifikaci — metylace
- mechanizmy odstranovani repetici — rekombinace
- BARE — 42x vice soloLTR nez vnitrnich ¢asti (davna aktivita)
- rekombinace uvnitr elementut i mezi elementy
- selekce na kratsi LTR, solo LTR nejdelsi
- genomy <10 Gbp, korelace velikosti genomu a podilu repetici (max 90 %)
- genomy >10 Gbp, 55 % repetici, nizké tempo odstranéni rekombinaci




Big Bang v genomu kukurice

- polyploidizace

- amplifikace TE (6 mil let)

- inzerce do mezigenovych oblasti

Commentary  p\as o8 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
Y |16 MYA
; i“‘ */
w* R
? *1 ii
4N 2N 11.5 MYA
‘/\'A\\«X 6 MYA
RTE
Explosion
Present
Maize Sorghum
2500 MB 750 MB



VELIKOST GENOMU a FENOTYP?



Zavislost velikosti genomu na zameépisné
sirce a nadmorské vysce

- korelace mezi velikosti genomu a teplotnim rezimem
- vétsSi genomy nebo polyploidi:

- arktické lososovité ryby

- zooplankton arktickych jezer (Daphnia, Bosmina)

- rostliny v polarnich oblastech

- populace v teplych oblastech jsou diploidni

|.|5.r|:tin: Char {3alvelinus alpinus)

Arctic Char (Salvelinus alpinus)




Velikost genomu ovlivhuje komplexitu mozku

Ocasati obojzivelnici maji jednodussi mozek nez vétsina zab
a ostatni obratlovci

- U obojzivelnikd byla testovana korelace mezi velikosti genomu
a komplexitou mozku
- Druhy s velkym genomem -> velké bunky - > jednodussi mozek

- Obojzivelnici maji ancestralné malé genomy — genom nezavisle
mnohokrat zvétsen -> sekundarni zjednoduseni mozku

« Nejjednodussi mozky
. maji malé druhy mlokd
<

Salamandra salamandra Thorius narisovalis

Bombina orientalis

(velké burnky — jednoducy mozek)
VS.

Xenopus laevis

(malé bunky — komplexni mozek)




Miniaturizace téla a velikost jadra

Megaphragma mymaripenne (Blanokridli)
Jeden z nejmensich létajicich druht hmyzu (0,2 mm)

-Larva se vyviji ve vajickach trasnenek
(mali¢ka ->miniaturizace)

-Béhem metamorfdozy zmenseni objemu téla Megaphragma

(Trichogrammatidae)

-asi 100x méné neuronu nez véela, 95 % neuronu
bezjadernych

e —— e e i
scale bar 200 pm = 0.008 nches



Maly genom -> rychlejsi metabolismus

Ptaci maji mensi genom nez savci — vliv metabolismu?

Ptaci
-> dobfi letci -> maly genom
-> Spatni letci -> variabilni velikost

Savci
-> netopyfi -> maly genom
-> ostatni savci -> vetsi a variabilni velikost

Pravdépodobné vysvétleni:
Maly genom -> mala bunka -> velky pomér povrch/objem bunky
-> |epsi vymeéna plynu -> rychlejsSi metabolismus vyhodny pfri
aktivnim zpUsobu Zivota

Mechanismus: redukce délky intron(, mnozstvi transpozonu...



Extrémni genomy: miniaturni genom
eukaryotickych parazitu - Encephalitozoon

E. cuniculi

2,9Mb

1999 genl

Paraziticka spdjiva houba (mikrosporidie)
Encefalitozoondza kralik(

E. intestinalis

2,3Mb

1833 genl

Vznik redukci genomu E. cuniculi

-Nékteré parazitickeé
organismy jsou jednodussi
nez jejich neparaziticti
predkové
-Zjednodusovani je spojeno
se ztratou genu



Fenotyp vs. velikost genomu

Velikost genomu ovlivnuje:

1) Velikost bunky (pozitivné)

2) Komplexitu organismu (negativné pri zachovani velikosti téla)
3) Rychlost metabolismu (negativné)

4) Rychlost bunécného déleni (negativné)

5) Rychlost diferenciace bunék (negativné)



Obsah DNA je promeénlivy i v tkanich
jedince (zmény béhem ontogeneze)

Zvyseni obsahu DNA - endopolyploidie a polytenie:

- drosophila - polytenni chromosomy ve slinnych zlazach

- Daphnia - tkanové-specifické rozdily v ploidii, 2-2048C, vliv na morfologii hlavy
indukovanou predatorem

- Bombyx mori — 1 000 000 ploidni buriky zZlaz - hedvabi

- korelace ploidie a velikosti bunky

W e _
Bombyx mori

Snizeni obsahu DNA v somatickych bunkach:

- nematoda, bic¢ikovci, dvouk¥idli,

- napf. Cyclops strenuus — somatické b. maji 5% obsahu DNA oproti oplozenému
vajicku

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

- zména obsahu DNA béhem Zivota jako odpovéd na stimuly — Lamarckismus
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Cyclops strenuus
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Usporadani genu v genomech
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Syntenie - konzervativita poradi genu

druhy IR
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Makro- vs. mikro- kolinearita

- konzervativita v dlouhych usecich

- mikrostruktura vice dynamicka, mix s jinymi geny

- polyploidie urychli evoluci mikrostruktury

- zmény jiz u prvnich generaci syntetického alotetraploida u Brassica

Arabidopsis |l ‘_D_G_T%DT — T - T - o
Arabidopsis IV -] [ Y

Tomato Il —

ol
Arabidopsis V' g
. . | l".,l ‘T
Arabidopsis Il Davna divergence: e =
A. thaliana vs. tomato:
divergence pred 150mil. let TRENDS in Genelics
5]

Arabidopsis

---\-"\-\.\__-
i

a Nedavna divergence:
&) D A. thaliana vs. Capsella rubella:
divergence pred 6.2-9.8 mil. let (Bancroft, 2001)

TRENDS in Genstics




Rychla evoluce oblasti rezistence k

patogenu (Bancroft, 2001)

_ Columbia Lansberg erecta
- gen ,,RPP5“ —rezistence k
Perenospora parasitica /
Arabidopsis thaliana
- rozdily mezi A.t. ekotypy Lansberg s
erecta a Columbia -

- vétSinou pseudogeny

- tandemové duplikace a nerovhomeérny ) epstomsoss

. . . , - Similarity to serinefthreonine
crossing-over je mechanizmem rychlé o o pecutane
eVOI uce |:| Ty1/Copia class refroglement

. Ty N Gypsy class retroelement

= Similarity to mitochondrial
55 rRMA gene

___ Puosition of ORF-dizrupting
point mutation

TRENDS in Zanefics




Chromosomové prestavby

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

rekombinace mezi repeticemi

Crigins of Chromosomal Rearrangements
(a) By breakage and rejoining

iransiocalion

Delation
| YR - AV 1 4
Loss
Delelion
1 d 434 | 1 2 4
—_—
1 28 3IA ! 2 9 3 ¢
Duplication
i
.2 3hd . 5 B 4
. ,
\\ jl Inversion
1 2.3 4§ ! 2 8 B W
5 6 7408 8 10 5 6 [ 3 4
Reciprocal

(b) By crossing-over betwean repetitive DNA

— + - 3 2 Lasl
! 4
. (a2) 4 - - Deletion
1 23 4 ——— Deletian
LT 3 e i
1 23 4 1 Z 3 23 4
Duphication
1 2 3 4
2 3 1 32 4
—— Inversion
114
1 2 8 8 10
A S 5 & T 3 4
§ 6 7.8 0 10 ;
- Heciprocal
Iransiocalion
Hay: = broak
- = rapatitive DNA sagments
= rejoining
= Crossover




lidskych a mysich chromosomu
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Inverze chromozomu -> speciace

Drosophila pseudoobscura a D. persimilis i *

- oddéleny pred cca 500 tisici let - 100m S
v . ) D. pseudoobscura D. persimilis
- LiSi se 4 inverzemi

izolace — rozdilna vibrace kridel pfi namluvach)

19.4

- V prirodé tvofi hybridy X malo (tvorba prezygotické 2 | . 4 |

- Samci v F1 jsou sterilni |

21.3

- Zkoumana geneticka podstata inviability/sterility .

hybridnich samc(, dysfunkce ve dvoreni se samicim, | 3

uspéch v pareni a samici preference. s L|
9.2

- VSechny znaky zamapovany do inverzi na chromosomech
Xa?2.



Inverze chromozomu u drosophil

Vyskyt inverzi u sympatrickych druht drozofil vs. absence u alopatrickych

druht =2 role v izolaci sympatrickych druh(?

Table 2. Relative abundance of homosequential Drosophila taxa vs. those bearing inversion
differences compared by sympatry (sym)/allopatry (allo) and genetic distance

Patry* Dt Sterility*
Drosophila species/subspecies not differing by one or more inversions
heteroneura planitibia allo 0.134 0.500
differens planitibia allo 0.138 0.500
planitibia silvestris allo 0.19 0.500
pseudoobscura Bogota pseudoobscura USA allo 0.194 0.250
sechellia simulans allo 0.280 0.500
simulans sechellia allo 0.280 0.500
mauritiana simulans allo 0.300 0.500
mauritiana sechellia allo 0.320 0.500
“aldrichi*% mulleri sym 1.051 1.000
Drosophila species differing by one or more inversions
flavomontana lacicola allo 0.180 0.500
borealis montana sym 0.210 0.500
arizonae mojavensis baja sym 0.212 0.250
flavomontana montana sym 0.290 0.500
borealis flavomontana sym 0.380 1.000
persimilis pseudoobscura sym 0.410 0.500

Alopatric Peripatric Parapatric Sympatric

i @ ©® © @
population . . .
Initial step of &
speciation L

Bames Nmnhh Hew niche Genelic

fommiation entemd  polymorp hism
Evolution of
e @D o @ ©
isolation
In s ktion In n.dp:am ‘Within ihe
populion
MNew distinct
species after
“ © ©

of new ranges



Evoluce pohlavnich chromosomu

_ — potlageni
_ alela _ rekombinace a
— determinujici — akumulace repetitivni
_ pohlavi _ DNA
A A proto  proto —
X Y X Y
S. latifolia
) , degenerace
ztrata
chromosomu Y
chromosomu Y
hmyz X0 savci

X Y



Lidsky chromosom Y:
,Sal plny zrcadel”

Palindromy:
e 3 000 000 bazi dlouhé
¢ 99.9% identita

[ees] Homologni oblasti mezi Xa'Y

Bl Duplikativni pfenos z X

Bl Palindromy



Evoluce karyotypu

(pocet, tvar, velikost chromozomui)



Velikost chromozomu ma své limity

- Obvykla délka mezi 1 a 10 um

- Horni limit — raménko delsi nez % osy déliciho
vieténka — sesterské chromatidy se nemohou
rozejit -> pretrzeny délici se bunkou

- Spodni limit — velmi malé spatny rozchod v
meidze — nedostatek crossing-overu a chiasmat?

1
sy

6.8 um

>

26.1 um

éé

24.8 um

Wildtype
longest arm:
10 6 um

Hypothetical
karyotype
longest arm:
13.5 um

FHE
longest arm:
14.1 um




Pocet chromozomu - minimalini

- Jednobunécna eukaryota — obvykle 1 chromozom

- Mnohobunécna eukaryota:

X - A o

Myrmecia pilosula ,,Jack jumper ant, Australie: n=1 Haplopappus gracilis, Asteraceae, Severni Amerika: n=2



Pocet chromozomu - maximalini

: H s . > ,}1“".,‘;:&; :Rﬂ‘r:' (‘i "
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Horni limit poctu chromozom je zavisly na kapacité déliciho vieténka — dostatecny
pocet mikrotubulll omezen objemem burky



Priklady poctu chromosomu

Druh 2n Poznamka
Skrkavka Parascaris univalens 2 nejmensi znamy pocet
: Myrmecia pilosula, M. : PN /

mravenci : 2 nejmensi znamy pocet

croslandi
modrasek Polyommatus atlantica 440 rj_e vae.tSI Gznamy pocet u

ZivocCichu
kapradina Ophioglossum reticulatum | 1060 p:;\tflti?r;m A7 e s
drozofila Drosophila melanogaster | 8 modelovy organismus
mys$ Mus musculus 40 modelovy organismus
Cloveék Homo sapiens 46
: : samice 6 , Vo s sy
. 1 x .| Muntiacus muntjak nejmensi znamy pocet u

muntZak ¢erveny o .

vaginalis savcu

samec 7

osmak poustni Tympanomyctomys 102 nejv%t5| znamy pocet u/y

barrerae savcu

Pocty chromosomU se mohou lisit i u blizce pribuznych druhd



Muntzak — pripad rozdilu v poc¢tu chromosomu
u pribuznych druhu

Fenotypové podobné druhy s velkym rozdilem v poctu chromosomu
- Muntiacus reevesi: 2n=46

- M. feae: samice 2n=13, samec 2n=14

- M. crinifrons, M. gongshanensis: samice 2n=8, samec 2n=9
- Muntiacus muntjak vaginalis: samice 2n=6, samec 2n=7

Mnohocetné fuze
chromosomu

Chromosomy muntzaka ¢erveného
(Muntiacus muntjak vaginalis, samice
2n=6, samec 2n=7).

Chromosomy muntzaka malého
(Muntiacus reevesi, 2n=46)



Monocentrické X

Obratlovci, vétsina
bezobratlych a rostlin

Vice crossing-over( ->
vysSi variabilita potomkd

Citlivé na zlomy
chromozomu ->
zastaveni v G2 -> letalni

Typ a tvar chromozomu

Holocentrické

Asi % bezobratlych, 3%
rostlinnych druh

Malo crossing-over( ->
pomalejsi adaptace

Vysoka odolnost proti
UV, gama, kosmickému
zareni

L] ’

Monocentrické
— — o S /—.—\
- - - = — —
METACENTRIC SUBMETACENTRIC ACROCENTRIC TELOCENTRIC

V karyotypu druhu obvykle prevazuji bud’
metacentrici nebo akrocentrici — Proc?

Tvar chromozomU zifejmé nepfinasi
evolucni vyhody/nevyhody



Evoluce karyotypu a meioticky tah

Meiosis | Meiosis Il
AL Al

— >
\
=
Spermatocyte
(diploid)
N4 | "\__'}
(a) Gamete formation in the male Spermatids Sperm cells

(haploid) (haploid)

(diploid) Polar bodies (haploid)
(haploid)
{b) Gamete formation in the female
© 2012 Pearson Education, Inc.



Evoluce karyotypu a meioticky tah

450

Asymetrické délici vieténko
hraje roli jen v samic¢i meidze

Symmetric Asymmetric

—
AChrom-Spindle

Asymmetric

\ Aspindle-Cell /

Asymetrické vieténko ->
prednostné kratsi/delsi
chromozomy do vajicka

-> Karyotyp savcl je prevaziné
tvoren z meta- nebo akrocentriku

Moznost zmeény orientace vreténka
Prokazana u mysi, dvé
subpopulace, cca 500 let

Number of species

0 11.1 222 333 444 556 66.7 77.8 889 100

Mouse

Human

Chicken

Centromeres

% Acrocentric

:

0

i

Females Males
3283 4839 | 3494 3529 5
298.10 P<10-30 | 0.17 not significant|
246 173 126 132
1272 P<0.0005 ||0.14 not significant
I| 264 119 210 199
54.90 P<10-10 ||0.30 not significant
1 2 1 2




Evoluce karyotypu a meioticky tah
+ Robertsonovskeé translokace

a.-‘ - A [ b...
L 82 b id ;
13 M fg ay “ {4
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1 2 3 4 5 ‘ ]
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SRS AR A e | RN
i,_. ps \n -, ol Br %E‘
e g2 2g 3 &8 i 2
11 12 13 14 15 10 i3
A lh & -
G 58 @3 a¢ g' iff L
16 17 18 19 Xy 1 15

MysS domaci — 2 poddruhy, 500 let izolace
Mus musculus musculus — ptivodni karyotyp 2n=40 akrocentrickych chromozomdi
Mus musculus domesticus — fuze chromozom( -> 2n=22-38




Konec



