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CHROMOSOMALNI o
DISTRIBUCE TRANSPOSONU




Chromozomalni distribuce retroelementu

Selekce nebo cilené vélenovani?

- vyskyt na vSech chromozomech (hybridizace in situ)
- mista s vyssi koncentraci retroelementul i bez retroelementd
- retroelementy v heterochromatinu i euchromatinu, hrbitovy RE
- sex chromozomy - akumulace na chromozomu Y:
u D. miranda, Cannabis sativa, Marchantia polymorpha, Silene latifolia

Marchantia S. latifolia [H)S. latifoligig =
polymorpha .
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Inzercni specificita a inzerce retroelementu
do heterochromatinu

- inzerce neni ndhodna (retroviry)

- role INT — chromodomain/targeting domain (TD) Ale! Selekce odstranuje TEs v blizkosti genQ,
- interakce s proteiny chromatinu coZ nas muze vést k faleSnému presvédéeni
- inZenyrstvi (nové specifity), genova terapie o inzeréni specificite.

- ,local hopping” DNA TE

Ty5 0 o cev . er .
L - Inzerce retroelementu do jiz existujicich
Re  PRIN | RT  his3Al |

retroelementut
; TD*

TD 1S3 Mested LTH retrotransposons
: , —|==t—{==] = =S =1
integraza
o i, C o
Time % similarity
heterochrom Myl LTR-LTR
0- — 100
(Voytas lab}
..... Y -
nas - |_:_¥:|
24
INTD Q TY5 TD (6 aa), RadSp (13 aa), NpwBP (12 aa)
& sirdp LexA fusion @ Sir4pC, Rad53p FHAI Npw38 WW 3 [ 30
Fig. 1. Strategyforretargeting Ty5 integration. Top, schematic of Ty5 single ORF encoding RMA binding
(RB), protease (PR), integrase (IN), reverse transcriptase (RT), and marker gene (his3Al) (open hox). View 4
of INis expanded to show conserved residues and targeting domain (TD) (solid). Lower left, preintegration L =y
complex showing wild-type IN bound to ends of TyS DNA (thick line) and integrating into telomeric - e
heterachromatin, mediated by Sirdp (hatched). Lower right, same as left except that the natural TD is w1
replaced with heterclogous domains (TD*) from Rad%p and NpwBP (solid). LexA DMA-binding demain E
(open) is expressed fused to SirdpC, Rad53p FHAT, and Npw38 WW domains (hatched). Integration occurs
proximal to LexA-binding sites (open arrows) in plasmid target (closed circle).




Funkce transpozonu
(v genomu)



Jaké jsou dusledky inzercni aktivity transpozonu?

Transposon =) Genetické choroby

=) Rakovina
B
X Con mn mem s

Transkripce v jiném
typu bunék

Nefunkcni protein

Bez efektu -_




Jak transpozony méni genom
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Transposony a lidské nemoci

ti v diagnostice a terapii

- VYUZi

- vazebné misto p53 je odvozené z TE

Geny tvofil jen malou &ast nadi genetické
informace (genomu). Naopak transposo-
ny - uiseky DNA premistujici se po genomu
z mista na misto, populdrné oznaéované ja-
ko ,skikajici geny” - pfedstavuji vice nez po-
lovinu genomu ¢lovéka (viz Vesmir 2000/5,
2009/9). Jiz desitky let vedou védci deba-
ty o ptivodu a tloze téchto evoluéné velmi
uspéinych genetickych entit. Zatimco dfi-
ve se na transposony nahlizelo jako na pou-
hé genomové parazity, jejichz jedinym cilem

Kejnovsky
Vesmir 2013/4

Skakajici geny
v mozku a v rakovinnych bunkach

je se v genomu namnozit, v posledni dobé
je stale jasnéjsi, Ze jsou mnohdy prospéiné,
mluvi se dokonce o ,domestikaci® transposo-
nil. Ptitseale po jejich smyslu je podobné ja-
ko se ptat po liloze jakékoliv genetické muta-
ce = mitze byt skodliva nebo uziteéna, zilezi
na éasovém a prostorovém kontextu.

V nasem genomu jsou nejpotetnéjsi skupi-
nou transposonti takzvané retrotransposony
L1 a Alu, které skacou do novych mist v ge-
nomu prostiednictvim molekul RNA, za-

http://wwwyesmircz | Vesmir 92, duben 2013 197
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Obranné mechanizmy eukaryot



Regulace transpozonu u eukaryot
Epigenetické mechanizmy

Chromosome |:

Transcriptional gene Histone
. . modification :
silencing (TGS)

Post-transcriptional s ;
. . interference
gene silencing (PTGS) :
small RNA
Transcriptional gene Argonaut
silencing (TGS) mcthyhtmn

............................................
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Metylace DNA

Bakterie X  ZivoCichové X
A CG G B
Symetricka Ob“.Ova_po kazde
metylace repllkac|
CHG
Asymetricka de-novo
CHH —
metylace RdADM (RNA-

directed DNA
methylation)

vvvvvv

H=A TorC



Metylace TE u zZivocichu a rostlin ? CG

?® CHG
Zivocichové (CG) !

? 97

Rostliny (CG, CHG, )

CG + CHG = udrzovaci metylace jiz zametylovanych oblasti
= de novo metylace hranic genu/TE, novych inzerci TE



Kdy a kde jsou transpozony aktivni ?

Somatické bunky Reprodukcéni bunky

Epigenetické reprogramovani
genomu - TE jsou aktivni

TE prevainé umicené, nizka
transkripCni aktivita




% CpG methylation

Epigenetické reprogramovani u savcu
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% CpG methylation

Epigenetické reprogramovani u savcu

\_ PiRNA cluster
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Rostliny: Podpurné bunky gamet zdroj regulacnich

seed coat

endosperm

—EI— maternal

maternal
paternal

TE

—E’— maternal

maternal

TE

vegetative nucleus

SRNA

Epigenetically activated
miRNAs (Creasey et al.,
2014)

tRNA derived siRNAs
(Martinez et al., 2017)




TRANSPOSONY UZITECNE
PRO HOSTITELE?

DOMESTIKACE
TRANSPOSONU



Vliv TE na fenotyp

Nature Vol. 284 17 April 190 |

Selfish DNA: the ultimate parasite
Nature 1980

The DNA of higher arganisms usually falls into two classes, one specific and the other comparatively
nonspecific. It seems plausible that most of the latter originated by the spreading of sequences whic
o rleosntine W o o ohiie ; towr g )

litrle or no effect
preferred replic

THE object of this sh|
of selfish DNA. A p|
wwo distinet properti
(1) It arises whe
additional cop|
(2) Ir makes no sy
This idca is not new
roots, It is sketched
The Selfish Gene g
39-45) after P. M.
based on a Symposi
shows that it was
Fincham and one of

L. E. Orgel & F. H. C. Crick
The $alk Institute, 10010 N, Torrey Pines Road, La Jolla, California 92037

h had

o o

Nature Vol 284 17 April 10800

REVI
Selfish genes, the phenotype paradigm and
Nature 1930 Senome evolution

W. Ford Doolittle & Carmen Sapienza

Department of Biochemistry, Dalhoosie Univessity, Halifax, Nova Scotin, Canada B33 4837

Natural selection operating within genomes will inevitably result in the appearance of DNAy with no
phenotypic expression whose only ‘function” is swvival within genomes. Prokaryotic ransposable
elements and evkarvotic middle-repetitive sequences can be seen as such DNAs, and thus no
phenctypic or evoliionary function need be assigned to them.

Nature 2006

)
GENETICS

Wal 4435 October 2006
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Junk DNA as an evolutionary force

Christian Biémont and Cristina Vieira

Transposable elements were long dismissed as useless, but they are emerging as major players in evolution.
Their interactions with the genome and the environment affect how genes are translated into physical traits.
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Transpozony — parazité nebo pomocnici?

N Francis Crick: Transpozony = Junk DNA, parazitic DNA, selfish DNA (1980).
Existence transpozontli v genomech nevyzZaduje jiné vysvétleni nez jejich sobeckou replikaci!

Negativni vliv transposonti na hostitele Obranné mechanizmy hostitele
- vyplyva z povahy RE (sobecka a paraziticka DNA) - Metylace DNA

- choroby - RNA interference

- mutabilita — stochastické ,mutageny”




Barva hroznu vina je zplisobena transposony

. A <. ; % ; Ll s o ="

- Gretl retrotransposon v promotoru genu Theoe Appl Genet (2007) 114723730
) VvmybA1 (inzerce a excize) ORIGINAL PAPER
noir
Cabernet Sawvignon Wine grape ( Vitis vinifera L.) color associates with allelic
I 77 O s variation in the domestication gene VvmybAl
Pinot gris Patrice This - Thierry Lacombe -

gris

Molly Cadle-Davidson - Christopher L. Owens

rouge app PP Gewurztraminer

rose
Chardonnay rose
Pf Bf LTRSf Cr
S — — —_— —
blal’lc \ } — '\rﬁ.\ Nl el
. 10422 bp Chardonnay
20786

This et al 2007, TAG 1




Barva mysi a epigeneticky stav transposonu

v

- IAP transposon v promotoru -> exprese Agouti -> Zlutd mys
- metylace IAP -> zadna exprese -> hnéda mys
- mezistavy (epigeneticky stav, PEV)

k

Transposable elements and the
epigenetic regulation of the genome

R. Keith Slotkin and Robert Martienssen

Abstract | Overlapping epigenetic mechanisms have evolved in eukaryotic cells to
silence the expression and mebility of transposable elements (TEs). Owing to their
ability to recruit the silencing machinery, TEs have served as building blocks for
epigenetic phenomena, both at the level of single genes and across larger chromosomal
regions. Important progress has been made recently in understanding these silencing
mechanisms. In addition, new insights have been gained into how this silencing has
been co-opted to serve essential functions in ‘host” cells, highlighting the importance
of TEs in the epigenetic regulation of the genome.

Slotkin 2007, NatRevGenet

Retrotransposons as epigenetic mediators
of phenotypic variation in mammals

Emma Wl SR NS 2001, NatureGenet



Zvrasnéni semen hrachu jsou zpusobeno transposony

Cedl, Vol. 60, 115-122, January 12, 18980, Copyright © 1890 by Call Press

The Wrinkled-Seed Character of Pea Described by
Mendel Is Caused by a Transposon-like Insertion in
a Gene Encoding Starch-Branching Enzyme

Madan K. Bhattacharyya, Alison M. Smith,
T. H. Noel Ellis, Cliff Hedley, and Cathie Martin

John Innes Institute r (rugosus) lokus:

and AFRC Institute of Plant Science Research rr— zvrésnéné semeno
Colney Lane ,
Norwich, NR4 7UH RR, Rr — kulaté semeno

United Kingdom

- Ac/Ds DNA transposon Bhattacharyya et al 1990, Cell



Transposony stoji v pozadi variability lidské populace

NIH Public Access Huang et al 2010, Cell

2 Author Manuscript

Publizhed n final adited form as:
Call 2010 June 25; 141(7: 1171-1182. doa:10.1016/.c2l1.2010.05.026.

Mobile Interspersed Repeats Are Major Structural Variants in the |
Human Genome
Cheng Ran Lisa Huangm, Anna M. Schneidera': Yungi Lu1-2: Tejasvi Miranjan1-2, Peilin

Sheng: Matoya A. Rohinsnn1, Jared P. Steranka'-, David ‘ul'alle1, curt I. Civin*%, Tao
Wang1. Sarah J. Wheelan™?, Hongkai JiE', Jef D. Bnekez-“-:, and Kathleen H. Burns'2#
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Helitrony putuji po genomu a sbiraji geny

wenwna e comyhdy

NEWS AND COMMENTARY

Plani genomes

Massive changes of the maize
genome are caused by Helitrons

SK Lal and LC Hannah

:—i:rgg:gm[zﬁl g5, 421=422, doi10.1038/s).hdy. 6800764, published online
Treasures in the attic: Rolling circle transposons
discovered in eukaryotic genomes

Cadric Feschotte and Susan R. Wessler*

Do partrnents of Botany and Genetics, University of Georgia, Athens, G4 30602
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Mnohonasobny vznik transkripcnich faktoru zaclenénim
transpozazy u obratlovcu — vznik regulacnich siti

A DNA transposons

promote exon shuffling
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Mnohonasobny vznik transkripcnich faktoru zaclenénim
transpozazy u obratlovcu — vznik regulacnich siti

Fig. 1. Gene birth by transpo- Lﬁg: RePt”es Host transposase fusion (HTF) ||}
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a Domestication of casposase for spacer integration in CRISPR-Cas

Casposase Prespacer (]
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b Domestication of RAG transposase for V(D)) recombination
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Inaktivace pohlavniho [== =
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Jak vznika kompenzace davky genti na neo-X drosofily?

Neo-X chromozom u Drosophila miranda stary 1,5 milionu let pravé prochazi evoluci kompenzace

davky gend.

1) Helitron ISX nese funkéni ale neoptimalni motiv, ktery je rozpozndvan MSL.

2) Helitron ISX (mobilni element) se vélenuje na rdzna mista chromozomu neo-X.

3) Vjednom z inzertovanych ISX doslo k vyhodné mutaci — vznikl optimalni motiv pro vazbu MSL.

4) Nealelicka genova konverze nyni homogenizuje jednotlivé inzerce ISX a prenasi tak vyhodnou
mutaci na dalsi ISX v¢lenéné do neo-X.

5) Selekce uprednostnuje jedince s co nejvétsim poctem téchto vyhodnych mutaci.

MSL = male specific lethal
complex. Rozpoznava GC
bohaty motiv na X a fidi
zdvojnasobeni transkripce
X genl u samcd.

pseudoobscura D. miranda
X v xl

Cl lc c cl
\ neo-Y| |nec-X|
: / formation of the

4 \c0-sex chromosomes|
(~1MYA)
A
XI ‘[: clic
|I neo-X neo-Y

autosomes|

ancestral
karyotype

, P D
Time i -

indin |
aﬁlnltyg . [ |

D Populahon Gene
Frequency Conversion
Singletan

Figure 6. Non-allelic gene conversion spreads refining mutations among TE-derived MSL recognition motifs. Shared
polymorphism of the TT haplotype among ISX insertions suggests a model where a mutation that refines regulatory
activity arose once at a single TE-derived regulatory element, and spread across elements via non-allelic gene
conversion. Over evolutionary time, such a mutation spreads in two dimensions: horizontally among TE-derived
regulatory elements and vertically through the population, until it is fixed across elements and across individuals. The TT
haplotype is at the midpoint of this process. Across ISX insertions, it is fixed, absent, and polymorphic, in approximately

equal proportions.



Retrogen zpusobil kratkonohost u psu

Science 325, 995 (2009)

- chondrodysplasie (kratkonohost)

gen fgfd retrogen fgf4
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» Lidsky genom obsahuje ~ 8000 retrokopii genu (Navarro, Galante, GBE, 2015)

Shared retrocopies Species specific retrocopies
’ Human
7,518
i K\ Chimpanzee || 255
e . ‘ Gorilla
5,905
IF‘ Orangutan
4,168
K & Rhesus
63
. f Marmoset 3,978
Murine
Rodent

2000 4000

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



Aktivace transposonu stresem je bézna u rostlin

ol
GF T TEMPER ATURE

[ :1 .{EF ,z;;:{: zz

Stres

aktivace TE

'

rozkolisani genomu

'

adaptace

Sucho, UV zareni, poskozeni, kultivace in vitro, ...
2 hypotézy proc stres aktivuje TEs
(oslabeny hostitel x variabilita a adaptace)

TE + epigeneticky kéd

TE zajistuji dlouhodobou
odezvu na stresové
podminky formou zmén
epigenetické regulace
nebo genetické
informace.



Explozivni amplifikace transpozonti doprovazi velké
evolucni udalosti (speciaci)

Endogenm’ retroviry Chrosomal fraction (%)
P Million Years 1 0.8 0.6 0.4 0.2 0
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—a— |1 (Xq)
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Great apes Humans L2 (Autosome) ;
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125 | 25 &
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— 100 o
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Transpozony parazité nebo pomocnici?

N Francis Crick: Transpozony = Junk DNA, parazitic DNA, selfish DNA (1980).
Existence transpozontli v genomech nevyzZaduje jiné vysvétleni nez jejich sobeckou replikaci!

Negativni vliv transposonti na hostitele Obranné mechanizmy hostitele
- vyplyva z povahy RE (sobecka a paraziticka DNA) - Metylace DNA

- choroby - RNA interference

- mutabilita — stochastické ,mutageny”

parazité x vyznamny cCinitel v evoluci?

V pribéhu evoluce

i . ) ) dochazi ke koadaptaci
Mechanizmy transposonu minimalizujici jejich vliv na hostitele transposont a

- vélenovani do heterochromatinu hostitele

- odstranovani elementd rekombinaci

Transpozony , prebudovavaji“ genom Transpozony mohou byt ,domestikovany“
- prestavby genomu, rekombinace - telomeraza

- duplikace, rodiny, vznik novych gen( (Setmar) - telomery drozofily — Het-A, TART

- role v segregaci chromosomu, izolace, speciace - centromery — CENP-B z DNA transposonu
- reparace zlomu v DNA - imunitni systém — V(D)J rekombinace

- inaktivace chromosomu X - syncytin v placenté (retroviralni env)

- tvorba novych regulacnich siti

Transpozony jsou extrémné dulezitou evolucni silou!



ProcC trpi eukaryota transpozony ve svych genomech?

Konvencni vyklad:

1) Nejprve byly genomy osidleny transpozony.

2) Epigenetické mechanizmy se vyvinuly na obranu proti transpozontm.
(Francis Crick — parazitické sekvence)

Prokaryota: Eukaryota:

- malé genomy efektivné vyuzité operony - velké genomy plné repetici

- malé mnozstvi transpozon( - obrovské pocty transpozonu

- Obranné mechanizmy zaloZené na rozliSeni vlastni od cizorodé DNA VS 1 slozité epigenetické regulacni mechanizmy cilici
(ta je degradovana) na umléeni cizorodé DNA

- Homologni rekombinace neumoznuje duplikace genomu - VSudypritomnost duplikované DNA

Nekonvencni:

Epigenet. mech. vznikly z obrannych systému prokaryot pro regulaci homologni
rekombinace (uml¢ena DNA je inertni vuci rekombinaci), kvuli snizeni HGT.
Teprve poté byly exaptovany pro umiceni TE.

Epigenet. mech. se staly predpokladem mnozeni transpozont v genomech.

Epigenetika + transpozony zvysily evoluéni potencial organizm( a mohly vzniknout

slozité mnohobunécné zivotni formy.
(Nina Fedoroff, 2012, Science 338:758-767)



,Bez transposont bychom zde nebyli a Zivy svét by pravdépodobné
vypadal velmi odlisné.”  Susan Wessler

,Retrotransposony nemohou byt zcela sobecké, protoZe hostitelsky genom i
védci je vyuzivaji ke svému vlastnimu prospéchu.” :-)
Jeffrey Bennetzen

CoJenasea co cizi? Paraziti, nebo pomocnici?

Dnes je tedy nepochybné, Ze transpozony ne-

jsou jen parazitické elementy v nadich geno- s k‘ k. ‘CI 9. ny
mech. Podstatné zvy3uji evoluéni potencidl

svych hostitelti. Poméihaji ndm p¥ezit a adap- TR ST

vt o b poSeiy, Ny b a evoluce
pocit, Ze si transpozony své hostitele tvoii
k obrazu svému, tvaruji cely genom véetné
genil podle svych potieb jako misto pro své
ptezivini. SpiSe viak jde o krdsnou ukézku
logiky evoluce, kterd funguje cestou zépla-
tovini, bez plinu. K své tvorbé pouziva vie,
o je po ruce, at jsou to tfeba parazitické ele-
menty. MiZeme zde vibec mluvit o cizoro-
dych elementech a hostitelich? Co je nale

a co je cizi? Vidyt cely nd§ genom vietné
nadich transpozoni jsme pfece my. °

Kejnovsky
Vesmir 2009/9



Role mobilnich elementu v evoluci
bunécnych organizmu
(Zavody ve zbrojeni)



MObiInl’ E|Ementy u bakterii v SirsSim slova smyslu

a Plasmid b Temperate phage € Transposable element
Conjugative Chromosome Vi Phage injects DNA |
plasmid into bacterium Prophage DNA with

transposable element

Conjugation

Pilus of two bacteria

from prophage

Transposition
to chromosome

Phage
DNA
Plasmid
Recombination of
phage DNA into
chromosome

Prophage
DNA




Restrikcné modifikacni obranné systémy
™ prokaryot (R-M system)

4
/|
g 'l,"
POX

/ “‘\ OLN(D
\ X'

Rozliseni vlastni a cizorodé DNA!

Plasmid
oM ganes O# R-M systémy se Sifi HGT, vektorem byvaji plazmidy, obvykle
nasleduje trvalé zaclenéni do gDNA

ifase Modified

genome

Koexprese Restrikéni endonukleazy a Metyltransferazy ve
spolecném operonu (obdoba Toxin-antitoxin modul()
REase -> stépeni nemodifikované gDNA

MTase -> metylace DNA

REase

MTase je méné stabilni nez REase -> degradace gDNA po ztraté
operonu

Cell addicted Cell death



CRISPR/Cas systémy — mnoho variant

a Domestication of casposase for spacer integration in CRISPR-Cas

Clustered Regularly Interspaced Short Palindromic Repeats Casposase Prespacer
Z]ilz
I _—
—T Casposase/Cas1 -1 [RIER R casi HEZTB-
Torger SRS, Leder
. Caspo*on l '3:‘}}:}:‘ ‘%} J CRISPR spacer
integration L] .ﬁ‘\ P integration
|. CRISPR adaptation e e - ST e - HT-
Integration of foreign DNA fragments CRISPR

~ Adaptation 4. into CRISPR array as spacers

mcrdu le_—
N“’

K J:f‘ = @ repeats
cas genes \ CRISPR array .spacers

J transcription

Domestikace caspozazy ->
adaptacni modul CRISPR/Cas

pre-crRMNA . spacer H ./ spacer H ./ spacer H ./ spacer H ./ spacer H ./ spacer H ./

ﬁ processing
rRNAS _ﬁﬁ f | | L.CRISPRRNA

ﬁ biogenesis

I1l. CRISPR o  Interference

: . module
interference
Foreign DNA degradation & &7

Mnoho fagu a transpozonU nese
CRISPR modul nebo cely
CRISPR/Cas se sekvencemi jinych
virt (=obrana vlastniho hostitele).




Selfishness

Obranne systémy jsou mobilni

A a e

= _Lytif\ Obranné systémy jsou potencidlné
— — VvIruses v . s . . v/ .
\ Skodlivé (autoimunita) a v nepfitomnosti
Addiction - | parazitd je selekce odstrani.
modules / e ~ |
\ / PFaSE’nids with /’
g addiction moduyi€s / Obranné systémy se proto Sifi
|.,H | lemperate prostfednictvim HGT (plazmidy, fagy,...) =
Conjugative | ME ve funkci obrannych systém.

r——\ plasmids | _
[ Integrative . _\‘*if

Mobilni elementy pouzivaji komponenty

Insertion | plasmids '
 avencecll | obrannych systému jako zbrané proti
@ >4 Plasmids with PICIs / o 1 . o
i it e / hostiteli nebo jinym parazitum
9 K Composite | resistance genes 2 (vytvoreni zavislosti).
tt\'\a NsSposon 5,7(\1___ — i
f,-f \ / Ke vzniku novych obrannych systémi
/ Dedicated F jsou ¢asto vyuzity komponenty ME.
| defence I‘
\ systems )
/‘ e = koevoluce ME a obrannych
Regulak / mechanizmU, opakované exaptace
ng:éir\\ / komponentd (ndjemni zabijaci).

Y -

Y

Mobility



Bacterial cell

R-M systémy mohou zapricinit vznik
novych bakterialnich kment

Genome

’/Exchange of genetic informatiun\

<4

Vétsina bakterii obsahuje jednotky az nékolik
desitek rdznych R-M systému najednou.

bt ©\l Ziskem nového R-M systému bakterie

S pozbyva schopnost ,komunikovat” pomoci
HGT s ostatnimi bakteriemi svého kmene
(kvlli absenci specifickych modifikaci gDNA
degraduje transferovanou DNA) -> geneticka
diverzifikace.

=X

Accumulation of mutations and
genetic diversity

=X

Different genotypes and phenotypes

Strain A Strain B



Phages Bacteria Bacterial Genome

Potencialni role R-M systému

@ a fagu v pfechodu od RNA k
/ DNA genomim

Acquisition of RNA dependent
REase and MTase

RNA virus

A) Protoburika s RNA genomem je
parazitovana RNA fagem. Obrana buriky
vznikem REasy a MTasy (prvni R-M).

pro U-DN AT e o o dected B) Virus se adaptuje pfechodem na U-DNA.

Bunka prevezme DNAP pro tvorbu U-DNA

od faga a poté v ramci obrany prejde na

U-DNA

oA DNA s Tymidinem a zmé&nou R-M syst.
C) Virus se adaptuje prechodem na T-DNA.
s Obrana buriky vznikem moderniho R-M
systému (REase + Metyltransferase)
D) Virus se adaptuje modifikaci DNA. Zavody
g oemaes ve zbrojeni mezi burikou a virem ve
vyuzivani riznych R-M systémd.
Evolution of present :
day R-M systems !
T-DNA

DNAP = DNA polymerase/replicase



Role parazitui v evoluci genomu
,major evolutionary transitions” o smin

Prechod od

1

Malé virim
podobné
replikatory

Protobunka

Prokaryoticka
bunka

Jednobunécni

k

Protobunka

Prokaryoticka
bunka

Eukaryoticka
bunka

Mnohobunécni

Prispévek mobilnich elementu

Prvni replikatory podobné virim, + podvodnici — parazité hned na dsvitu ->
Kompartmentalizace pod tlakem parazit(

Zavody ve zbrojeni -> vznik R-M systém( -> prfechod k DNA genomu
Separace templatd a katalyzator( (vznik translace)
Velké genomy pro zajisténi kooperace genl

Vznik intrond 1l z Mobilnich element( -> toxické mRNA -> oddéleni transkripce a
translace jadernou membranou, spliceosom, NMD

Linearizace genomu (obrana proti letdlnim nasledkim rekombinace intron(),
exaptace Group Il RT pro telomerazu

Meiotické geny (od archedlnich plazmidu, které byly bez HGT pod silnou selekci na
ucinnost svého replikaniho aparatu)

Epigenetické systémy pro modifikaci DNA z R-M systém (rekombinace, duplikace)

Programovana bunécna smrt infikovanych bunék jako altruisticka odpovéd na
genetické parazity (u vSech bunéénych organismu), z TA systém0 plazmid(



* Mit transpozony je evolucni adaptace, ktera zvysuje evolucni potencial.

* VVSechny organismy, které se zbavily TE, nakonec vymrely (tfidéni z hlediska stability
—J. Flegr, J. Toman)



