Mobilni elementy jsou podstatnou
soucasti lidského genomu
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Mobilni elementy jsou podstatnou
soucasti lidského genomu

Classes of interspersed repeat in the hurman genome

Length Copy Fraction of
o number genome

LINEs Autonomous - EESS ) ABA 6-8 kb 850,000 219%
SINEs Mon-autonomous -ﬁ-ﬁ— AAA 100-300 bp 1,500,000 13%
Retrovirus-like Autonomous gagd ol lenvi e 6-11kb
elements } 450.000 gos,

MNon-autonomous T -j-;agj-_- 1.5-3 kb
DMA Autonomous b TanEposase 4 2-3 kb
transposon } I00.000 730¢,
tossils

Mon-autonomous . 1 A0-3,000 bp




Reverzni transkriptaza v modernich
genomech

SINEs
Alu
MIR
MIR3
LINEs
LINE1
LINE2
LINE3
LTR elements
ERV-class |
ERV(K)-class |l
ERV (L)-class Il
MalLR
DNA elements
hAT group
MER1-Charlie
Zaphod
Tc-1 group
MER2-Tigger
Tc2
Mariner
PiggyBac-like
Unclassified

Unclassified

Total interspersed
repeats

Number of

Total number of

Fraction of the

copies (x 1,000) basesinthe draft  draft genome

1,558
1,090
393
75
868
516
315
37
443
12

83
240
294

182
13

57
14

22

genome
sequence (Mb)

359.6
290.1
60.1
9.3
558.8
462.1
88.2
8.4
2270
79.2
8.5
395
99.8
77.6

38.1
4.3

28.0
09
2.6
0.5
3.2

38
1,226.8

sequence (%)

10.60
2.20

16.89
3.22
0.31
2.89
0.31
1.44

1.39
0.16

1.02
0.03
0.10
0.02
0.12

0.14
44.83

Number of

families

(subfamilies)

1 (~20)
1(1)
1(1)

1 (~55)
10)
10)

72(132)
10(20)
21 (42)
1(31)

Témer polovinu lidského
genomu tvori mobilni
elementy

20 az > 1 000 000 kopiti

Eukaryotické genomy: geny plovouci
po mori retrotransposont (Bushman
2002)




Distribuce repetitivnich sekvenci v
rostlinném chromosomu
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Tandem repeats

Contromers-associated
mndem repeats

Telomeric and sub-
telomeric repeats

[

Dispersed Tyi/copio

rerroelements and microsatellites

LINEs

Single and low-copy sequences
including genes




RETROELEMENTY

1. Uvod
2. Zdakladni typy retroelement
3. PlUvod a evoluce retroelementt

4. Funkce retroelementt




Uvod

- RNA svét ----- > DNA sveét

vyznam reverzni transkripce (pri vzniku DNA i dnes)

+ retroelementy - relikty RNA svéta (struktura,
replika¢ ni mechanizmy, vSudypritomnost)

- Uloha v evoluci genomd,
RT - nejhojnéjsi gen kddujici protein v lidském
genomu




Co jsou retroelementy?

* Retroelementy = sekvence DNA nebo RNA
obsahujici gen pro enzym reverzni transkriptazu
(katalyzuje prepis RNA do DNA).

Sirsi definice zahrnuje veskeré sekvence vzniklé
reverzni transkripci RNA do DNA.

Po genomech se Siri procesem retropozice.

‘ ReTropozice = presun genetického materidlu z
jednoho mista v genomu do mista jiného
prostrednictvim RNA intermediatu. Ma vzdy
duplikativni charakter.




Schéma retropozice

RINA
reverzni transkripce DNA
R S

transk:ripce/‘ \/inzerce

retroelement DNA hostitele

puvodni kopie DNA hostitele nova kopie
retroelementu retroelementu
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Reverzni transkripce

- nasednuti primeru tRNA a extenze

- odstranéni RNA oblasti R a U5

- prvni preskok a extenze

- odstranéni vétsiny RNA RNdzouH

- zbyde primer a extenze

- odstranéni zbytku virové RNA a tRNA
- druhy preskok a dosyntetizovdni




Replikacni mechanizmus retrovirt
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Typy retroelement

TYP Gen pro Retropozice Dlouhé koncové Tvorba
reverzni (integraza) repetice (LTR) virionu

RETROELEMENTU transkriptazu

Retroviry
Pararetroviry
Retrotranspozony
Retropozony

Retrony

Mitochondrialni
plazmidy

Introny Il. skupiny
Telomery
Retrogeny
Retropseudogeny

Retrosekvence




Retroviry - obecné schéma

LTR

gag pol

>IN ~ss

env LTR

PPT >

gag, pol, env ....... geny
LTR ... dlouhé koncové repetice

PBS .... misto vazby primeru

PR ...... doména kédujici protedzu
INT .... doména kddujici integrdzu
RT ... doména kddujici reverzni
transkriptdzu

PPT ..... polypurinovy dsek

- R primé repetice

X U3 ... jedineénd sekvence na 3'
krdtkd obrdcend  KONC L
krdtkd promotor repetice R ..... repetitivni sekvence
obracena

repeticezesilovade
transkripce

polyadenylacni signdl




Retrotranspozony - obecné schéma

(a) Typ Tyl-copia:
LTR gag pol LTR

PBS

PPT >

gag, pol, env ....... geny
LTR ... dlouhé koncové repetice

PBS .... misto vazby primeru
PR ...... doména kédujici protedzu
INT .... doména kddujici integrdzu
RT ... doména kddujici reverzni
transkriptdzu

(b) Typ Ty3-gypsy: PPT ..... polypurinovy dsek

- primé repetice
LTR g9ag pol env?  LTR

> PBS rer I >




Retropozony
(polyA, nonLTR retroelementy)

(a) LINE (L1):
syre  ORF1 ORF2 FUTR
> IR rrr Pohv(A)>
~ 1kb ORF1 ......... protein vazici RNA
EN ............. doména kddujici endonukledzu
RT oo doména kodujici reverzni
transkriptdzu
5'UTR ........ netranslatovand oblast na 5' konci
3'UTR ........ netranslatovand oblast na 3' konci
PPT .......... polypurinovy dsek
poly(A) ....... polyadeninovy Usek
(b) SINE (sekvence Alu): > . .. . primé repetice

>| levy monomer poly(A) pravy monomer | poly(A) S
100 bp




Véleriovani LINE element

1' i} First strand cleavage
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LINE elementy - vyznamny hra¢ v genomu clovéka

- vliv na velikost genomu u priméta (struktura)

- mista homologii pro genovou konverzi a rekombinaci

- v€leruje se do genu a narusuji kddujici sekvence, nemoci (funkce)

- preskupovani oblasti, exon shufling, zkrdceny na 5' konci - nedosyntetizovany
- zaceluji mista chromosomovych zlomi (reparace)

- neddvnd aktivita u primdta, rozdily mezi druhy i uvnit? druhd (evoluce)

Vélenovani mechanizmem TPRT
(target primed reverse transcription)




LINE elementy a inaktivace chromosomu X

- 2x vétsi hustota LINE-1 (L1) elementd na chromosomu X

- nejvice v misté centra inaktivace chromosomu X (Xq13-Xq21)

- geny, které unikaji inaktivaci (10%) obsahuji méné L1 elementi

- L1 slouZzi k Sireni inaktivacniho signdlu z centra (Xist gen)

- po pripojeni autosomu ke chromosomu X se signdl 3iri po autosomu do 100Mb
- preneseni genu Xist na autosom vede k Sireni signdlu - Xist RNA pokryje i
autosom

- L1 jako vazebnd mista Xist RNAIll

- u drozofily za Sirfeni signdlu kompenzace davky genu (zvyseni exprese
samciho X) také zodpovidaji RNA-proteinové komplexy

- L1 elementy jako zesilovace/prenasece (booster, way station) Sireni
inaktivac niho signdlu

- zejména zvysend hustota L1 mladsich 100 mil let - vznik inaktivace
chromosomu X (XCI) v linii savct pred oddélenim Metatheria a Eutheria

(Lyon 2000, PNAS, Bailey 2000, PNAS)




Chromosom X - kriZovatka pohybu gent

1. Unik gent z chromosomu X je ovlivnén jeho inaktivaci (Xi):

- meiotickd inaktivace pohlavnich chromosomu (MSCT) - sex chromosomu
kondenzovdny v sam¢i meidze, ,sex body", .XY body", aby nedochdzelo k
rekombinaci mezi nehomologickymi chromosomy, geny na XY tedy transkripcné
suprimovany

- proto backup gent na autosomech, prenos retropozici (compensatory hypothesis)

2. Prenos genu na chromosom X:

- prednostni vélenovani i selekce

- L1 elementy i retropseudogeny, L1 masinérie

- recesivni geny vyhodné pro samce a dominantni geny vyhodné pro samice

A
A%QA//' A
A‘/H%A

A




Alu elementy - nejhojnéjsi retroelementy
lidského genomu

millions of years ago

human Al
SIMIMNCRS

1
1,090,000
copies

=

751 ANA

b=

2

mouse 81
SOCUANCHS
f )
100,000
COPiDS

- odvozeny z 7SL RNA genu kédujiciho
podjednotku signdlni rozpoznavaci
dstice (prenos proteint pres
membrdny a zacleriovdni do membrdn)

- Alu inzerce - u kazdého 200
narozeného jedince




Alu elementy a alternativni sestrih

- Alu elementy tvori 10% lidského genomu (>1 milion)
- 5% lidskych alternativnich exoni je odvozeno z Alu elementd

Alternativni sestrih:

(a) Alu element
5" splice ' ' 3" splice
it it
= 279 275 -
— Als Ay | E—
\_Aplice 5’ EW
site site

- 40-60% lidskych genti mad alternativni sestrih

- rozdil mezi ¢lovékem a mysi:

- 30 000 genu, fenotypové rozdily zptsobeny druhové-specifickym

alterantivnim sestrihem

- exony - konstitutivni (konzervativni) a alternativni
- alternativni exony - majoritni a minoritni formy

Vznik alternativnich exoni:

- duplikace exona,

- inzerce transposonu nebo retroviru,
- mutace existujici intronové sekvence,
- z Alu elementt (5% lidskych alternativnich exona)




Paraziti paraziti: Neautonomni elementy tvori
vétsinu. Balancovana rovnovaha

a DMA transposons b LTR retrotransposons ¢ MNon-LTR retrotransposons
- LIME=
qpenes T R | i |
"'u oo ¢ I : ] " ! i
v . I ! I I I 1)
Mon-autonomous b ' ' ' ' SIMEs !
CiN-ALID 5 T - .
dlamants 4| tge [ —’F h'--* - (A
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Loar 4 "--.l.l ~,, - -
—;‘-‘]}':)- —I-h— e
DMA-mediated TEs RNA-meadiated TEs
[class 2) (class 1)

Vybalancovana rovnovdha mezi autonomnimi (A) a neautonomnimi (N) elementy:

- prilisnd Uspédnost neautonomnich vede k zdhubé

- titrace transpozdzy neautonomnimi vede k omezenim aktivity

- inhibice nadprodukci

- koevoluce A a N Fizena kompetici o RT

- koevoluce endogennich a exogennich retrovird - rezistence k infekci
- daldi mechanizmy restrikce: metylace a heterochromatinizace




Retrony - primitivni retroelementy
bakterii

(a) retron: (b) msDNA:

! d - RT
msr msd

msr ... gen kédujici RNA slozku
msd ... gen kédujici DNA slozku
RT ..... gen pro reverzni transkriptdzu




Retroelementy prokaryot jsou
starobylé

1. Kéduji jediny RT protein s jedinou enzymatickou aktivitou.
Ostatni aktivity (protedza, integrdza, endonukledza) u retrotransposont a
retrovira byly ziskdny od hostitele (jako onkogeny retroviri)

2. RT prokaryot provddi syntézu nezdvislou na primeru podobné jako RNA
polymerdza (predchudce RT)

3. Prokaryotické RT jsou podobné RdRP (RNA-directed RNA polymerase), RT
eukaryotickych retroelementu jsou méné pribuzné

4. Telomerdza (starobyly eukaryoticky enzym) je podobna prokaryotickym RT a
RT retroposond

Typy prokaryotickych retroelementu:
1. Retrony

2. Retroplasmidy

3. Retrointrony (introny II. skupiny)




Dalsi primitivni retroelementy

1. Mitochondridlni (retro)plazmidy:

dsDNA plazmidy, v mitochondriich hub, kéduji RT,
replikace procesem transkripce-reverzni
transkripce, homologie s 1RNA, sekundarni
struktury na 3'konci, hairpiny

2. Introny IT. skupiny:

u bakterii a v organelach hub, fas a rostlin, kdduji
RT, samosest¥ih, ,reverzni sestFih® do RNA bez
intronu a reverzn transkripce

3. Telomery:

u eukaryot, kompenzace zkracovani chromozom,
telomeraza - homologie s RT, vlastni RNA ’rempla’r
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Plvod a evoluce retroelementt

1. Puvodni genomy byly tvoreny molekulami RNA

- my$lenka RNA jako predchiudce DNA (Crick, 1968)
» vSudypritomnost RNA (viz Relikty svéta RNA)

+ objev ribozymu (Cech, 1986) - uloZeni i realizace
informace

+ reverzni transkriptdza (Temin, 1970), homologie s
RNA replikdzami a telomerdzami

- v8udypritomnost retroelementd, riznd struktura a
mechanizmus replikace, tRNA a sekunddrni struktury
pri prevedeni informace z RNA do proteint i do DNA




2. Hleddni spoleéného predka vSech retroelementu
pribuznost retroelement, evoluéni strom
progenitor - jednoducha struktura a vdudypritomnost
- dvé alternativni hypotézy:
(a) retrony (nejjednodussi, codon usage - v¢lenény
ddvno)

(b) retropozony (nejvétsi diverzita sekvenci RT,
vSudypritomné)

3. Dvé hlavni evoluéni vétve retroelementu (OBR)

prvni vétev: retroelementy bez LTR, jednodussi
struktura

» druhd vétev: retroelementy s LTR, slozitéjsi struktura,
pribuznéjsi jsou retroviry, Ty3-gypsy a caulimoviry,
vzddlenéjsi jsou Tyl-copia a hepadnaviry




gen pro
RNA

Schéma evoluce retroelementt

gag + INT

gag RT INT

e’rr'o‘rr'anspozony
\yl copia

Re'rr'o'rranspozony

Retroviry

prvhni vétev

\

bakteridlni mitochond.

intfron

genom plazmid
—RT \ — A
Retrony Q Introny
II. skupiny

Mitochondridlni
plazmidy

Ty3-
N e

Caulimoviry




Chromozomalni distribuce retroelementu

- vyskyt na vSech chromozomech (hybridizace /n situ)
- mista s vy3si koncentraci retroelementu i bez retroelementd
- retroelementy v heterochromatinu i euchromatinu, hrbitovy RE

- sex chromozomy - akumulace na chromozomu Y u D. miranda, Cannabis
sativa, Marchantia polymorpha

- nade experimenty: Dochdzi k akumulaci retroelementu na Y
chromozomu u S. /atifolia (FISH)?

Marchantia polymorpha

KEY

AR Dispersed Tyi/copio
DBED Tandpo ks retroelements and microsatellites

Centromere-associted lLINEs
mndem epe.zt

Telomeric Singie nd lowe-copy sequences
tcimeu including genes




Inzerce retroelementu do jiZz existujicich
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Inzercni specificita a inzerce
retroelementu do heterochromatinu

O

- Inz
| PR N T RT misaal ] - Role
m]’[j* - Int¢
WD |HHcc ODE - inie
- gen
integrdza
heterochromatiny.

INTD O TYSTD (6 aa), Rad9p (13 aa), NpwBP (12 aa)
LexA fusion @ SirdpC, Rad53p FHAI, Npw38 WW

@ Sirdp

Fig. 1. Strategy for retargeting TyS integration. Tap, schematic of TyS single ORF encoding RMNA binding
(RB), protease (PR}, integrase (IN}), reverse transcriptase (RT), and marker gene (his3Al) (open hox). View
of IM is expanded to show consenved residues and targeting demain (TD) (solid). Lower left, preintegration
complex showing wild-type IN bound to ends of Tys DNA (thick ling) and integrating into telomeric
heterochromatin, mediated by Sirdp (hatched). Lower right, same as left except that the natural TD is
replaced with heterclogous domains (TDY) from Rad% and NpwBP (solid). Lexd DMNA-binding domain
(open) is expressed fused to 3irdpC, Rad53p FHA, and Npw38 WW demains (hatched). Integration accurs

erce neni ndhodnd (retroviry)
IN - targed domain (TD)
2rakce s proteiny chromatinu
nyrstvi (nové specifity)

ova terapie

(Voytas lab)

proximal to LexA-binding sites (open arrows) in plasmid target (closed circle).




Metoda ,transposon display” - detekce
novych inzerci transposonu
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Funkce retroelement

1. Koadaptace retroelementu a hostitele

alternativni hypotézy - parazité x vyznamny cinitel v evoluci,

slucitelnost hypotéz, koadaptace, vliv na hostitele
pravidlo 3K: konflikt-kompromis-kooperace (ekologie genomu)
Mutabilita - stochastické ale regulované

misto inzerce retroelementu do genomu - exony, introny,

regulacni sekvence, LTR, RE, sekvencni specificita

regulace poétu kopii retroelementu v genomu - obranné

mechanizmy hostitele, metylace, rekombinace,




2. Negativni vliv retroelementu na hostitele
+ sobeckad a parazitickd DNA

+ choroby (hemofilie, rakovina), L1, Alu

» pricinou inzerce nebo rekombinace (mezi Alu)

3. Pozitivni vliv retroelementu na hostitele

+ prestavby genomu, rekombinace

- duplikace, genové rodiny, vznik novych gent (SETMAR aj.)
+ telomery drozofily

- imunitni systém




Poskozeni genomu transposony

Bestor 2003, TIG
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Retrotransposony mohou nahradit
telomery u drozofily

- Het-A a TART retrotransposony u drozofily

- stdle trvajici prechod ze svéta RNA do DNA,

- TE jako .genome builders”

- L1 RT tvori cDNA sekvenéné nespecificky i z bunéénych gent
- L1 zaceluje zlomy v DNA

- homologie mezi RT a
telomerdzou

(Science 276, 561, 1997)




Pdvod genu SETMAR - ,recyklace" transposonu

Birth of a chimeric primate gene by capture of the
transposase gene from a mobile element

Richard Cordaux*, Swalpa Udit*, Mark A. Batzer*, and Cédric Feschottet?

i rrnlting  yEars
ff {Hﬂr?nr:mﬁis; m ﬁ _E'“?':l' H ston
O . m 'I'yl'l'r'ar'lsfer'aza +
e i ﬁ & transpozaza

MO —QO0DVDOoOBDIA=Z>F
o

P

R

I | Iy 1

E{ New World monkeys e / _'E' L4 }j'ﬂ‘ii E .

T | (Owl monkey) Mgt 23 OﬂlZOCe

S | Emergence of SETMAR o e nekodujici sekvence

e\ B s 5 “H a \vznik intronu

b 4%
PROSIMIANS \“ﬂ- —

k 50 mil let
PLACENTAL MAMMALS - <
{Mouse, Rat, Dog, Cow) an
MARSUPIALS (Opossum) w 123{
—

VERTEBRATES (Zebrafish) == 4 ‘4‘

Fig.1. Milestones leading tothe birth of SETAMAR. The structure of the SETMAR locus (Right) ard a simplified chronology of the divergence time of the species
examined relative to haminoid prirnates (Left) are shown. Pink booes represent the two SET exons, which are separated by a single intron {internupted black line)
and form a “SET-only" genewhose structure is conserved in all nonamthropoid specdes examined and terminated with astop codon {*) lecated at a homelogous
position {except in cow; see Fig. 2a). The Hsmar? transposon (event 1)was inserted inthe primate lineage, after the split betesesn tarsier and armthropoids, but
before the divergence of extant anthropoid lineages. The transposon is shown herewith its TIRs (black triangles) and trareposase coding sequence (red box).
The secondary AluSx inssrtionwithin the TIR of Himari (event 2) is representad as a blue diamond. The position of the deletion remaoving the stop codon of the
VSET-only' gere (event 3] is indicated as a lightning balt. The denovo corversion from roncoding to exonic sequenceis shown in green, the creation of the second
intran is represented as a dashed blue line (event 4), and the splice sites are shown as thick blue lines,
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Helitrony - nedavno objevené transposony
vyuzivajici mechanismus otacejici se kruznice

- replikace mechanizmem otacivé kruznice (RC, podobné jako plazmidy,
jednoretézcové fdgy, rostlinné geminiviry)

- vyskyt u eukaryot - 2% genomu A.thaliana, C. elegans, také v Oryza sativa
- nedélaji duplikaci cilové sekvence (TSD)

- cilend inzerce do AT dinukleotidu

- zacinaji 3'-AT a konc¢i CTRR-5', nemaji TIR

- konzervace palindromu pred 3'CTRR (sekvence neni konzervativni)

- vétdina elementu je neautonomni (0.5-3kb)

- méneé hojné dlouhé Helitrony (5.5-15kb)

- kédujici proteiny pro RC replikaci: helikazu (HEL), nukledzu/ligazu a
proteiny vazici jednoretézcovou DNA (RPA)

- mechanizmus tvorby neautonomnich elementu nejasny

- Helitrony jako evoluéni spojovnim mezi prokaryotickymi RC elementy a
geminiviry (potomci geminivira intergrovanych do genomt &asnych eukaryot)




Helitrony putuji po genomu a sbiraji geny

NEWS AND COMMENTARY

Plani genomes

Massive changes of the maize
genome are caused by Helitrons

Sk Lal and LC Hannah
Heradity (2005) 85, £21-422, dol10.1038/s). hdy 6800764, published online
12 Octobear 2005

Rolling-circle transposons in eukaryotes

Viadimir V. Kapitonov* and Jerzy Jurka

Genetic Information Research Institute, 2081 Landings Drive, Mountain View, CA 24043

Communicated by Margaret G. Kichvell, University of Arizona, Tucson, AZ, May 20, 2001 (received for review April 10, 2001)

All eukaryotic DNA transposons reported so far belong to a single
category of elements transposed by the so-called “cut-and-paste”
mechanism. Here, we report a previously unknown category of
eukaryotic DNA transposons, Helitron, which transpose by rolling-
circle replication. Autonomous Helitrons encode a 5'-to-3° DNA
helicase and nuclease/ligase similar to those encoded by known
rolling-circle replicons. Helltrondike transposons have conserva-
tive 5'-TC and CTRR-3" termini and do not have terminal inverted
repeats. They contain 16- to 20-bp hairpins separated by 10-12
nucleotides from the 3'-end and transpose precisely between
the 5'-A and T-3', with no modifications of the AT target sites.
Together with their multiple diverged nonautonomous descen-
dants, Helitrons constitute ~2% of both the Arabidopsis thaliana
and Caenorhabditis elegans genomes and also colonize the Oriza
sativa genome. Sequence conservation suggests that Helitrons
continue to be transposad.

and best illustrated by a recent study of Sleeping Beaury, a
Tel-ike transposon from fish (13), reconstructed from its inac-
tive copies and demonstrated to be transpositionally active in a
test tube. Another much more ancient example is a PiggyBac-like
DNA transposon, Looper, discovered in the human genome
[VV.K and JJ. Repbase Update (1998) www.girinst.org/
Repbase_Update.html], whose consensus sequence is based on a
multiple alignment of the inactive copies, which are = 100 million
years old. All genomic copies of Laoper are mutated to the extent
that no traces of its transposase could be detected at the
sequence level. However, the transposase re-emerged from the
virtual background noise after reconstructing the consensus
sequence.

Materials and Methods

Computational Analysis. TEs reported in the manuscript were
identified by running DNA sequences of prospective TEs against
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MITE elementy

» rostlinné ekvivalenty lidskych Alu

* neautonomni elementy (master = DNA TE Mariner)

- mala velikost: 125 - 500bp

- obrdcené koncové repetice (TIR) - konzervativni 10-15 bp
+ AT-bohaté (~72% Stowaway)

* tvori sekundarni struktury DNA (hairpins)

- preference cilového mista - TA(A)

- asociace s geny - v intronech, pobliZ 5' nebo 3' koncu genu
- rodiny:

- Stowaway (jednodélozné, dvoudélozné, Zivocichové)

- Tourist (trdvy)

- Emigrant, Alien, Heartbreaker, Bigfoot, .. (rostliny)




MITE elementy
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EXPLOSIVNI AMPLIFIKACE
TRANSPOSONU V EVOLUCT
HOMINIDU




Korelace mezi expanzemi transposonu a
oddélovanim vétvi savcu

Chrosomal fraction (%)
hillion Years 1 08 L3 04 0.z ]

—&— Aly (Chrid)
=&= L1{%q)
=i~ LTR {ChrY)
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L2 {Autozome)
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Early eutherian
racliation {100)

Sequence divergence (%)

Cretaceous-
Teriary
boundary (85)

Mew World
monwey (207
Old World
rmonkey (25)

Human Chrosomal fraction (%)




Human genome comprised

Korelace mezi expanzemi transposonu a

by repeat class (%)

1

4

7

oddélovanim vétvi savcu

10 183 16 19 22 25 28 31 34 37 40
Substitution from consensus sequences (%)

= Alu
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o LINE2
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m DNA




Human genome comprised

Korelace mezi expanzemi transposonu a

by repeat class (%)

oddélovanim vétvi savcu

dtlum transpozice

v nedavne dobe  gqsnych dobdch -

dominovaly LINE2 a MIR

-
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-1 4 7 10 13 16 19 22 25 28 31 34 37 40

Substitution from consensus sequences (%)

= Alu

m SVA
o LINET
m MIR
o LINE2
m ERVI
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o ERV
m DNA




Dynamika transposonu v evoluci mysi

;. L ;. m B1

L lr|~neyc§eir\‘rn| dtlum je zfetelny i u =

- 12| m D

%'\?10 I" m B4
o 1 Ut 2 LN
%gos- I "I o LINE2
3 m ERVI
%"04 | Il ||H‘ = ERVII
= 02- 2kl w ERVIN
0.0 ‘TEENPINER G- 111l = ERV

1 4 7 10 13 16 19 22 25 28 31 34 37 40 m DNA
Substitution from consensus sequences (%)

MGSC. Nature (2002) 420 520-562




Lidsky genom je plny starych transposont zatimco
transposony v jinych genomech jsou mladsi
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Srovnadni stari transpozonl v eukaryotickych genomech




Riznéd mista vélenéni retroelementt u raznych
vétvi primdtu

L1IHS480 lokus

& primar Bly S, L1HE, Jn-:ljﬁlu"n"lrhgutlm Fibas ¥ primer
Pre-integralion sile 5° : 3
G0 bp 16bp
o' | KRy [ Auv ] 3
Owl Monkey Old World Monkeys :

Hurnan filled site (polyrmorphic)

Retroviry PTERV1:

- u Africkych (Simpanz a gorila)

- chybi u ¢lovéka a Asijskych
lemuri (orangutan, gibon)




UMLCOVANI TRANSPOSONU

Metylace DNA
Metylace histonu H3 (lyzin 9)
Deacetylace histond
RNA interference




Umléovani transposonu: transkripéni i

posttranskripcni (me‘l'ylace a RNAi)

Tranacriptional silencing (TGS)

Mucl=us

DNA-DNA pairing?

P-u:n-st -transcriptional silencing (PTGS)

D—

Readthrough
transcription

S

WY

@( \il ";"THIJ.':I
Polycomb — l
group proteins? mm
RNA-RNA
, pairing c@\'ﬁ
& , T cl=RMA
<O
RMA-DNA pﬂimm_‘_ L
RNA-protein interactipns? “rea 0 - {25t
Cytoplasm — === siRNA
e A

oy

Transkripéni uml¢ovani -
Posttranskripcni uml¢ovani -

metylace promotord TE
sekvencné specifickd degradace RNA v cytoplazmé




Umlicovani transposonu metylaci a reaktivace jejich

aktivity u mutanta se snizenou metylaci DNA:

» Aktivni retrotransposon Ttolvnesen z tabdku do Arabidopsis

- Ovérena transpozice (obnoveni delece v LTR)

» Zvyseni poctu kopii a ndsledna metylace a umlc¢eni (MspI / HpaII)
» Zkrizeni s ddm!mutantem - vneseni Ttol do ddmimutanta

» Snizeni metylace Ttola transkripni a transpozi¢ni aktivita
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Transposition ¢

Umlovani transposont| ... _.
| Anlpe-E .
mechanizmem RNAI

e e

dzRMA

s e ]

iRMAs
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TANDEMOVE REPETICE




Tandemové repetice,
Knihovna" satelitni DNA

B.Ugarkovié and M.Plohl Hlavni parametry:
- poCet kopii (zmena v B a D)

- sekvence DNA (zmény C a D)




Evoluce tandemovych repetici

Evoluce v koncertu (concerted evolution)

Genova konverze

Molekuldarni tah (molecular drive)

Nerovnomérny crossing-over

Evoluce satelitnich sekvenci - skldddni ze segmentd

exon 1 2 3 exonti 2 3
B*1501 -E—E——— [ [ Cw'D102 mutation
7
: S>> >— T >— L >— >
@:1 H ! :|:| :IZ Cw'0102
B*1501 - intrachromosomal
@ homogenization
Br4601 R N — H F Cw'0102
S D> T > ¥ T ¥ ¥ >—{x=]

e i > >—_{— >—{— >—{— >

interchromosomal

ineraielicconversion | Genova konverze

exon 1 2 3 gene conversion
(rate-limiting step)

B'5101 t“- - interchromosomalni
s ———| - intrachromosomalni

D intrachromosomal
homogenization

85901 <~ W-_F ST D% D> DN D0 D>




Satelity mohou vznikat i z retroelementt

Common celacaan DNA salelliie

.ee E

7]
1110 1237 1275 aa

L1 ORF2 Protein

PPT
1 kb
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T3D an
FRS DEIEhE‘Hg' {E-S“B-Sk-b}
PPT
2 HENNNGH —%n-
2ix pro rt rh int TSD
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PROMISKUITNI DNA




ENDOSYMBIOTIC GENE TRANSFER:
ORGANELLE GENOMES FORGE
EUKARYOTIC CHROMOSOMES

Jeremy N. Timmis*, Michael A. Ayliffe, Chun Y. Huang* and William Martin®

Genome sequences reveal that a deluge of DNA from organelles has constantly been
bombarding the nucleus since the origin of organelles. Becent experiments have shown
that DNA is transferred from organelles to the nucleus at frequencies that were previously
unimaginable. Endosymbiotic gene transfer is a ubiguitous, continuing and natural process
that pervades nuclear DNA dynamics. This relentless influx of organelle DNA has abolished
organelle autonomy and increased nuclear complexity.

“"Promiscuous DNA" (Ellis, 1982)

"Endosymbiotic gene transfer is ubiquitous...
.. at frequencies that were previously unimaginable”.

Nature Reviews Genetics, 2004




Organelové genomy - pozustatky prokaryot

(a) chloroplast
20-200 kb
20-200 proteind
progenitor - cyanobacteria (Synechocystis)
3.6 Mb
3000 proteind

(b) mitochondrie
6-400 kb
3-67 proteind
progenitor - alpha-proteobacteria (Mesorhizobium
loti)
7 Mb
6 700 proteind




sinice proteobakterie
~ 3000 kb

rostlinna bunka




Endosymbioticka evoluce a strom zivota

‘Eukaryotes % Plants
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Velikosti organelovych a prokaryotickych

genomu

Genome
Algae

cp Porphyra pupurea

cp Cyanidium caldanum
cp Guillardia theta

cp Cyanophora paradoxa
op Odontella sihensrs

cp Euglena gracilis

Land plants

cp Marchantia polymorpha
cp Chlorella vulganis

cp Nicotiana tabacum

cp Oryza sabiva

cpZea mays

cp Pinus thunbergil
Non-phosynthetic plastids
cp Toxoplasma gondi

cp Eimena tenalla

cp Epitagus virginiana
Cyanobacteria
Synechocystis sp.
Prochlorococcus mannus

Nostoc PCC 7120
Nostoe punctiforme

Plants and algae

mt Pylziella fittoralis

mt Marchantia polymorpha
mt Laminana digitata

mt idioschyzon marolae
mi %?byﬁopsb}giaﬂana

mt Choendrus crispus

mt Scenedesmus obliguus

161
165
122
136
120
143

121
151
156
134
140
120

35
36
70

3573
1660
6413
~8000

=10)
187

32
367
26

Length [kbp] Number of protein-coding genes

60
47
50
48
56
38
42
43
77
63
24
40
25
6

4017
7596
~2100

13,462

67
40
46
44
40
40
36
34
32
20
14
13
12
3

3767
7281
~8300

6,327

Length [kbp] Number of protein-coding genes | | Genome
5 Various protists and fungi
}gg mt Racinomaonas amercana
198 mt Malewimonas jakobifrmis
124 mt Neeglena gruben
58 mt Rhodomonas saling
mt Dictyostelum discodeum
a4 mt Phytophthora infestans
78 mt Acanthamoeba castallani
76 mt Cafetena roenbergensis
s mt Monosiga brevicollis
80 mt Fhysarum polycephatum
mt Harpochytrium sp
5 mt Candida albicans
8 mt Qryptococcus neofamans
21 mt Plasmodium falciparum
Anaerobic mitochondria
01 88 *
1884 mt Hydrogenosomes
??3800 a-proteobacteria
Caulohacter crescentus
52 Mesorhizobium ot
g; Bradyrhizobium jgponcum
g? Yeast
25 (nuclear)
20

43




Typicky chloroplastovy genom

Spinacia oleracea plastid, complete genome

&ccession: HC 002203
Total Bases Sequenced: 150725 bp
Comgpleted: Apr 20, 2000

tRHA-Arg
+RHA-Leu tRNEEETEG v
Spal EPIBEFERNF"I e tRMA-Lys
it -HistRHA-Ser
SpolCria +RHA H'Esbx r*zpDCZ
tRHA-Ya | ndhE rpstEtpA_, "FF
tRHA-I | & rpsT, ’

rp 2| tRHA-LY = atpl

tRHA-Al & rspl2 pshA pabk /rtpH

SpolCpa9y
r=plz L i
tR‘t‘SﬁIEIIFIE GRS ! rpoC1
—Ar . .
tRHA-Fian oo, rpoB  tRHA-CyERHA-Asp
wefl " 15K : yerepsotEPaltpal?
rpsis - .
rdhif +RHA-Thi
AT ridhH ~ 125K 25K -~ psbIpsbC
ndhG_—o . - tRHA=SerRHA-G |1
ndhT—— Fpsat e L T
tRHA-LeFspl2sptZ s F'E?g
. Wmowe
ndhFrspiz 1@k SeK .~ vt | cpazs
+RHA=Arg L~ S Spo | CpEzE
tRHA-A=h 75K . I Pﬁﬁﬂ'ﬁﬂﬁ'ﬁ‘%f‘
el T Ry
tRHA=I 12 \: atp ~ —Fhe
FRHA-R | 2 rplz W » aEIEEL tRﬁEﬂﬂejgal
Spo|CpEys. rsplz pza
rap1zpsi2ndnB gg;g
Spolcpay?  crHA-Leu FRELz ent
rpli2 pob.
rps1Z2 pebl
r=spl2 | pFy, o psbF
tRMA-1 1= fpof  |f psbE p=bE
rpsll p=bT petl
rplEe psbH pE'EIG
intA p=bH pS?SS
rpzlZ2 petE rp
rplld petl
Legend:
Bl - CDS +=strand Bl - RMA +strand

- CIS -=trand - EHA -=strand

velikost: ~ 150 kb

LSC (large single copy) - 80 kb
SSC (small single copy) - 20 kb
IR (inverted repeats) - 25 kb

118 geni:

85 proteiny
photosystem I and II
cytochrome
ATP synthase
Rubisco
NADH dehydrogenase
ribosomal proteins
RNA polymerase

29 tRNA

4 rRNA




Endosymbioticky genovy prenos:
- transport genu, reimport proteinu

Mitochondrion

Cyanobacteium-
endosymbictic ancestor




Mechanizmy genového prenosu

1. Prenos velkych kusu DNA ("bulk DNA" hypothesis)
intergenové spacery, introns

experimenty u kvasinek
>100kb

2. Prenos prostrednictvim cDNA ("cDNA intermediates”)
prenesend DNA je sestrizena a editovdna

rekombinace sestrizené mtDNA s nesestrizenou mtDNA
heterogenita velikosti mtDNA




Pro¢ nékteré geny zustavaji v organelach?

1. Hydrophobicita
- hydrofaébni proteiny jsou tézko importovany do
organel

2. Rizeni redoxniho stavu
- organely ridi expresi gend, které kéduji komponenty
jejich elektronového transportu, jejich lokalizace je
vyhodnéjsi v organeldach

Zmenseni genomu u organel a parazitu:

Parazité: - specializace na intracelularni prostredi
- ztrdata gend

Organely: - export gent do jadra hostitele
- import produkt




Nékteré geny se prendseji do
jadra drive jiné pozdéji
Nejdrive - regulacni funkce

(sigma factor of RNApolymerase, gamma subunit
of ATPase)

Posledni - translace
- respirace

Rubisco:
katalyza - v plastidu (rbclL)
regulace - v jadre (rbcS)




Kam se prenesena DNA integruje?
- z4dné dukazy preferovanych sekvenci
¢i Edsti chromosomu

Sekvencni proménlivost promiskuitni DNA
>95% identity sveédci o velké obméné
organelovych sekvenci

Faktory vedouci k degeneraci sekvenci:
- asexualita

- poskozujici zplodiny metabolismu

- selekce na malé genomy

Kompenzujici faktory (u rostlin)
- polyploidie
- reparace DNA




Genovy prenos z organel do jadra v redlném

case

Frekvence prenosu:
- v gametdch - 1: 16 000
- v somatickych burikdch - 1 : 5 million

Pricina rozdilu (300x):

- programovand degenerace plastidu
pri vyvoji pylovych zrn zvysuje

frekvenci prenosu




