REKOMBINACE

Prestavby DNA = variace v kombinacich genti v genomu
— adaptace
— evoluce

1. Obecna rekombinace (,,General recombination®)

Geneticka vyména mezi jakymkoli parem homolognich DNA sekvenci - ¢asto
lokalizovanych na 2 kopiich téhoz chromosomu.

Vyména usekll homolognich chromosomu pii meiose ,,crossing over“= nové
kombinace alel

. Mistné-specificka rekombinace (,,Site-specific recombination*) = neni nutna DNA
homologie

Rekombinace v kratkych specifickych nukleotidovych sekvencich = rozpoznavané
mistné specifickymi rekombinaénimi enzymy

= Alterace posice nukleotidovych sekvenci v genomu (integrace viru,
transponovatelné elementy ..)

Specificka sekvence na jedné nebo na obou rekombinujicich molekulach

1. Obecna rekombinace (,,General recombination*)

Zakladni mechanismus stejny u riznych organismi = 2 homologni sekvence =
vznik Hollidayovy struktury a heteroduplexniho spojeni (i 1000ce bp dlouhé)

Nedochazi ke zménam sekvenci (vétSinou)
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Holliday model - rizné varianty

- homologni rekombinace - zacina 2 retézcovym prerusenim = 2 chromosom = predloha
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REKOMBINACE - E.coli :
3 drahy - vyuzivaji mechanismus 2 retézcového preruseni = vytvoreni Hollidayovy
struktury = migrace ramen = stépeni a ligace
Rec BCD enzymy:
= vytvoreni rekombinantnich 1 Fetézcovych oblasti DNA
= helikazova a exonukleazova aktivita

o CHI RecBCD = rozpoznava 2 fetézcové
Bakteriofag A GCTGGTAG RecBCD  Zlomy (napf. u bakterialni
= CHI mista = Y . konjugace, transdukce
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+ pomocna vazba ssb proteinl =

RecA zabrani vazbé ssDNA pred
(©000) asociaci s RecA
ADP + P, RBCA_ sSDNA (Aitlt)
RecA = ATPasova aktivita protein
(DNA dependentni) LR
199020098909) Q00000099 Rec A polymerizace =

filamentarni struktura
(nukleoproteinové viakno)

= vice nez 1 vazebné misto pro
DNA = podrzi ssDNA a
dsDNA pohromadeé

Vazba ss DNA s homologni
dsDNA = 3 fetézcova
struktura (ss DNA - vazba do dsDNA

velkého zlabku ds DNA) ( )

Tvorba Hollidayovy struktury = zavisi na Rec A
Udrzeni H-struktury — na Rec A nezavislé = dalsi kroky Ruv proteiny



RUV PROTEINY

RuvA: specificky rozeznava Hollidayovu strukturu, tetramer
RuvB: helikazova aktivita = migrace ramen

Umeéla Hollidayova struktura - syntetické oligonukleotidy - smichani
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Tetramer RuvA

= vazba do centra Hollid. struktury

= indukce vazby RuvB - kruhova
struktura® - hexamer - DNA uvnitf
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Eukaryota : Homologni rekombinace béhem meiosy
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Mistnée specificka rekombinace

Rizena rekombinaénimi enzymy rozpoznavajicimi specifické nukleotidové sekvence pfitomné
na jedné nebo na obou rekombinujicich molekulach

Konservativni mistné-specificka rekombinace = specifické sekvence na obou DNA, funguje
obéma sméry (inserce, vystépeni), obnovi se sekvence obou puvodnich molekul

napr. A-integrace = integrasa = katalyzuje rekombinaci, vazba na specifické DNA sekvence v
genomu faga A i v genomu bakterie, kratky usek homologie - vznik heteroduplexu

Transposicni mistné specificka rekombinace = mobilni DNA sekvence = koduji integrasy
= inserce do genomu, rozpoznavaji specifické sekvence mobilniho elementu x nevyzaduji
specifické sekvence v genomu do kterého se integruji, netvofi heteroduplex, nejsou zadné
homologie

Integrace bakteriofaga P1 - kdduje Cre protein (podobny integrase faga )



Integrace bakteriofaga P1

Replikace faga = multimerni DNA =
rekombinace v loxP mistech
= monomery

loxP site

T
loxP

P1 DNA monomer

H Cre protein

P1 maoanomer



Mechanismus funkce Cre proteinu

Sté&peni DNA = Interakce
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MOBILNIi GENETICKE ELEMENTY

Zakladni kategorie
1) Transposony = transposice DNA
2) Retrotransposony = RNA intermediat

Transposony

(a) Insertion sequence

or transposon

Donor DNA “:

Barbara McClintock (1940)

Retrotransposony

{b}
Retrotransposon

iy

7 Diorar DM

Flanking DNA RNA
polymerase

1_;
RMNA

intermediate
l Reverse

transcriptase

bt
_‘_\_\_\-\- ’{;mmmw.x
DMNA intermediates
=] arget DNA——
cilova DNA
W

. Transposed

mobile elements



Major Types of Mobile DNA Elements

Tvpe

Strucrural Feartures

I DINA-MEDIATED TRANSPOSITION I éastéjéi u bakterii

Bacterial insertuon
SCUENCEs
{15 elemenes)

Bacterial transposons

Fukaryorc ransposons

=50-bp inverred repears
Hanking region encoding
transposase and, in some,
resolvase

Central antbiotic-resistance
pene flanked by 1S elements
Inverned reprars ﬂ:l.nl-:ing
coding region with introns

I EMA-NMEMATED | RANSPOSITION

I Ccastéjsi u eukaryot

Yiral FCEFOTTANEPOSONS

viroveé

Monviral retrotransposons

neviroveé

=250 tor BIH-bp direct
terminal repeats (LTRs)
tHanking region encoding
TEVETSL trﬂ“!'i';.-'ri]:'rﬁﬁl.'-..
INTEErase, amd retrowiral-hike
Caag protein

Of variable lengech with
a 3" AlT-rich region;
full-length copy encodes
A reverse ranscriprase

Mechanism of Movement

Excision or copying
of DNA and s
INSEFtion at target site

Copving of DNA and s
INSErtion at target site

Excision of DINA and
It INSErtien at target
SITE

Transcription into RNA
from promoter in left LTR
by RNA polymerase 11
tollowed by reverse
transcription and imsertion
At rarget s

Transcription into RNA
from internal promoter;
tolding of ranscript o
provide primer for reverse
transcription followed by
INSETHON at target sie

Examples

151, 1510

In¥

P clement (Drasopbilal
Ac and Ds elemenrs
fcorn)

Ty elements (veast)

Ciopia elements
i Drosoprbila)

F and G elements
{ Drosogprbila)

LIME and SINE elements
(mammals)

Aln sequences {humans)




1. Bakterialni IS elementy (Insertion sequence)

= identifikovany elektronovou mikroskopii = hybridni molekuly DNA wt kmenu a kmen(
nesoucich mutace

> 20 rdznych IS elementd u E.coli a dalSich bakterii

= transposice IS elementt 1/10°-107 bunék, transposice do nahodného mista, prenos pres
plasmidy nebo viry

IS element (= 1-2 kb)
A
i A

5,. . //” -— %_:'_3,
3i ;"ﬁ;- \ 1/ F 51
5-to 11-bp Protein-coding = 50-bp
direct repeat region inverted
Délka je stejna pro  Kodujici sekvence igpact .
dany element x — koduje 1-2 enzymy nutné Invertovane
sekvence rlizné pro transposici - nizka hladina repetitivni
exprese - TRANSPOSASA sekvence

nereplikativni transposice IS
elementu



Donor DMNA Target DNA
with 1570

: — {
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9-bp target
site
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(1) Transposase makes blunt-ended
cuts in donor DMNA and staggered
cuts in target DMNA

5' 3
o Ry .,
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5" unpaired
bases

(2) Transposase ligates |S10
to &' single-stranded ends
of target DNA

(3 Cellular DNA polymerase extends
3' cut ends and ligase joins extended
3" ends to I1IS10 5" ends

i T
| TR i

TRANSPOSASA

Donorova DNA = vystépeni IS (,tupé“ konce)

Cilova DNA = Stépeni - ,kohesivni“ konce

Ligace IS k 5'ss konci cilové DNA =

DNA polymerasa = opravi porusenou sekvenci

9-bp target-site PFfimé repetice - sekvence cilového mista

direct repeats



2. Bakterialni transposony:
vétSi nez IS elementy, nesou dalSi proteiny, napf. resistence k antibiotikim

Transposon (2600 bp)
< 750 bp —><—— 1100 bp —>K— 750 bp —¥

mista Stépeni 151 Chloramphenicol- IS2  5-bp
transposasou resistance gene piimé repetice

3. Eukaryotické transposony:
Ac, Ds elementy (kukurice) = nereplikativni transposice
P elementy (Drosophila) = nereplikativni transposice



4. REPLIKATIVNi DNA TRANSPOSICE
Bakteriofag Mu (mutator) OH skupiny = l

TRANSPOSASA transposon DNA

donor DNA

Jednoretézcoveé
prerusent po [2:’3;;5&?93'11‘;?.?: =i
obou stranach Usporadani ) &
3'0OH . . replication through
transposonu ,“f—”ﬁ.\ replikacnino jagging stranc l the transposon
= volné 3'OH 3OH aparétu :g
skupiny ) levé preruseni _ >
% leading strand 1 Ic:g::.:grl.]led replication
target DNA
1 Kointegrat = 2 vychozi cirkularni molekuly

spojené 2 kopiemi transposonu

Casto reorganisace chromosomu, delece, ? Selekéni nevyhoda replikativni transposice



5. Virové retrotransposony:

Primé repetice

=~ 5-8 kb

2 i

=

5-to 10-bp
direct repeat

Integrated
retroviral
DNA

Primary
transcript

Retroviral
RNA

genome

- vyuziti reversni transkriptasy
- cca 4 % lidské DNA

Protein-coding

region

LTR Repeat
(250-600 bp)

— >3
I \ LTR = Long Terminal

Obsahuje promotor pro hostitelskou RNA polymerasu Il

Oblasti U3 R U5
LTR Coding region LTR

(i A b g M
Host-cell
U3?Fl U5. .U3 R|U5 DNA
Stari site Poly(A) site

S.yvvvvvvvvv\;r\/\/vv)S’

:;f\/\/\/W\/\/V\/\ (A),

RNA polymertase Il (hostitelska)

= Stépeni vedle prave R

HNA—processing enzymes sekvence

Poly(A) polymerase

+ poly A ocasek

= Retrovirovy RNA genom
- nema kompletni LTR
sekvence



Upravy retrovirové genomové RNA = pfidani LTR sekvenci
Bunécna tRNA - vazana na PBS (,primer binding site) sekvenci
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Retroviral DIMNA

INTEGRACE - enzym INTEGRASA, kratké pfimé repetice

Retrovirova DNA, Ty elementy kvasinek, Copia elementy Drosophila — kéduji reversni
transkriptasu a integrasu



TY ELEMENTY KVASINEK

GAL promotor =
zvySeni frekvence
transposice na
galaktose

Elameants usad

Ty elament
4? LTRs

Ty alermant

[]IN

anding rag
mBEM& from

ion

TRON

Experiment 1

—

Gal-rasponsiva Ty

Results

recombinant Ty
in plasmid vector

Gal-responsive Ty with
PLASMIDY unrelated intron added
Transform yeast cells and grow
in galactose-containing medium

1. Ty mERNA synthesis

incraasad

2. Transposition of Ty

increasad

Galactose-  Intron from another

sansitive gana

pramaoter

Experiment 2
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Results

1. Ty mBMA lacks intron

2. Transposed Ty elaments
lack intron

TY mRNA bez intronu

Primary transcript

WPRPRDIS Mt PP

RMNA
splicing

A
Ty mRMA

Reverse
transcription

1l 2 -

Transposed Ty

TY elementy
— RETROTRANSPOSONY




6. Nevirové retrotransposony bez LTR:

Sekvencné podobny

L1 LINE RNA-vazebny reversnim o ]

protein transkriptasam Prima repetice
_ORF1__ ORF2 . j
(=1kb) ~ 4 kb -

5 ( ) I[ ) 3 &)

v <] — L=

Target-site Multiple Coding region A/T bohata
direct repeat stop codons oblast
(= 1 kb)

STOP KODONY

LINE 3 (Long Interspersed Elements) .... ~ 6-7 kbp
SINES (Short Interspersed Elements) ..... ~ 300 bp

Lidské bunky: ~ 10 skupin LINES
~ 1 skupina SINES

L1 LINE ~ 600 000 kopii / lidsky genom, 15 % genomu
- prukaz RNA intermediatu

SINES - Alu sekvence (Alu1) ~ 1 milion mist / lidsky genom



Promotor v levé

Casti L1 elemﬂtu AT bohata oblast sousedni DNA
5’ AAAAAAAAA TTTTTT —= 3’
3« M ol r’:| AAAAAA 5’
h, Y RN - J
L1 element Sousedni DNA

An RMNA polymerase

Transkripce dolniho retézce
transcribes bottom strand

x
L

5 PNV AAAAAAAAANNG UUUUUL 3
polyA polyU

A - RMA folds back on itself with
Tvorba Vlasenky Us and As hybridizing

(@ | 3 end primes synthesis of DNA
from RNA template by L1
w7 reverse transcriptase

5 PNV AAAAAAAAA
< TTTUUUUUU

cDNA  Reversni transkripce

? Syntéza 2. retézce
? Integrace do genomu



Inserce mobilnich elementu:

— mutace (inserce do genu)

= zmeény exprese (inserce do regulacnich oblasti)
— genové duplikace, reorganisace chromosomu

= pseudogeny



