Zakladni prvky kvasinkoveho genomu

Saccharomyces cerevisiae
- haploidni genom - 12Mbp, 16 chromosomu (chrl=0.22 — chrXll=1.6Mbp)

- délka chromosomu XlI se u riznych S.c. liSi dle poctu (az 200) kopii rDNA v
repetici (9kbp), 262 tRNA, 40 snRNA,

- Kratké centromery a ARS (100bp)

- Geny (cca 6500) reprezentuji 75% celkové sekvence (kompaktni)

- Redundantni (2000 genu duplikovano) — cca30% genomu vzniklo duplikacemi
- <5% genu (220) obsahuje introny (0.5% genomu),

- 3% Ty1-5 transposony (46% u Clovéka)

- Kondenzovany/tichy heterochromatin: centromery, telomery a HMR/HML

— e — e T— Eont Spindle pole
body
I | MNucleus
(e) &) @
‘ G, 5 G,

I'.'i' 1




Centromera S. cerevisiae
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Konsensni skevence kvasinek

- Sekvencné specificka centromera se patrné vyvinula z pivodné
repetitivni/sekvenéné nespecifické



Centromera S. pombe

- Pouze 3 chromozomy (13 Mbp = 3.5, 4.6, 5.7)
- kondenzované chromozomy - geny pro heterochromatin
- velké repetitivni centromery (40-100kb) a 1kb pocatky replikace
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Carroll a Straight, Trends in Cell Biol, 2006
Reinhardt a Bartel, Science, 2002



Schizosaccharomyces pombe 10 kbp
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Pozorovani DNA/chromosomu u kvasinek

« Chromosomy jsou u kvasinek malé a téZko pozorovatelné — barveni DNA na fixovanych preparatech
pomoci DAPI (4 ,6-diamidino-2-phenylindole)

»  Pouziti centromerickych proteint-GFP (green fluorescence protein) pro studium dynamiky
chromatinu

+ TetR-GFP represor se vaze na TetO sekvence (operon) zaintegrované v pfesné definovaném lokusu

*  ChIP (chromatin immune precipitation) — specifické sekvence, ChlP-seq nebo ,ChlP on CHIP*

*
Saccharomyces cerevisiae

Schizosaccharomyces pombe ——

Pozadi = mtDNA




DNA v prubeéhu bunécného cyklu S.cerevisiae
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zahajeni tvorby pupene a duplikace SPB — zaCatek S faze tj. replikace

rozchod jadernych plakl na opacné poly — pfechod z S do G2 faze

jadro se protahuje — zaCatek M faze (u kvasinek se jaderna membrana nerozpada)
na zaCatku anafaze dochazi k oddeleni sesterskych chromatid a jejich segregaci
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Telophase




Separace a segregace chromosom

( + SPB=Cdc11-CFP)

Image courtesy of Jonathan Millar, Division of Yeast Genetics, National Institute for Medical Research, London
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Pouziti fiznich proteinu pfi studiu kohese
sesterskych chromatid

Gruber et al., Cell, 2006
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Haering et al, 2002, Mol Cell

SMC3-Scc1-Frb + SMC1-FKBP12 (vazi rapamycin)



Vstup DNA pres opacny konec nez uvolneni
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Kohesin napomaha pri oprave dvou-
retézcovych zlomu v G2/M fazi

Centromera wocu DSB
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Evoluce kvasinkoveho genomu

« cca 30% genomu S.c. vzniklo duplikacemi — cca 2000 gent duplikovano

« srovnani kvasinkovych genomu ukazalo na existenci ,prakvasinky® s 8-mi
ancestralnimi chromosomy (cca 4500 geny)
* nejblize anc. genomu je Lachancea kluveri (8 chromosomu, nejméné = 15

preskupeni v genomu)

 ancestralni kvasinka prosla
celogenomovou duplikaci
(WGD) 8->16 chromosomu

*nékteré kvasinky nékteré
chromosomy ztratili (napf.
C.glabrata = 3 chromosomy)
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Gordon et al., PLoS Genetics, 2011
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Figure 2. Cartoon showing the rearrangements indicated by lowercase letters in Figure 1. Monocolored chromosomes belong to the
WGD Ancestor. Chromosomes in gray boxes are extant L. kluyveri chromosomes. Events encircled by a color correspond to events on branches of the
same color in Figure 1. Black crossed lines between chromosomes represent points of interchromosomal translocations, and square brackets along
chromosomes (events ¢, f and h) represent inversions. Arrows point to the products resulting from each rearrangement. The rearrangement for event
o (marked with two asterisks) is not shown as it involves a reciprocal translocation located one gene from the edge of the Ancestral inference, which
essentially swaps the telomeres of Anc3 and AncB at the ends of Lklu3 and Lklu4.

Preskupovani

chrom. bloku u

L.kluveri

 pfeskupeni prostrednictvim
rekombinace (mikrohomologii)

* L.k. neztratil chromosom -
patrné zplsobeno absenci
genu DNL4, POL4, NEJ1 -
dulezité pro NHEJ
mechanismus (oprava
poskozené DNA napr.
dvouretézcovych zlomda, které
jsou nutné pro fuze
chromosomu i pfeskupovani =>
omezené preskupovani)

Gordon et al., PLoS Genetics, 2011



Celogenomova duplikace — S.cerevisiae

- ancestralni kvasinka prosla celogenomovou duplikaci (WGD) 8->16 chromosomu

- poté doslo k pfeskupovani a redukci segmentut (i chromosomu) — 30% genomu u
S.c. je pozustatkem celogenomové duplikace (nikoli duplikace segmentu i gent)
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Redukce chromosomu telomera-telomera
fuzemi

* napf. Zygosaccharomyces rouxii ztratila 1 chromosom diky telomera-
telomera fuzi 2 ancestralnich chromosomu - soucasné ztratily centromeru
(chromosom nemuze mit 2 centromery — problémy se segregaci)
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Struktura kvasinkovych telomer

T1G'CosA
CHER Y Y~ MWW
Repetice ~5.5kbp 300bp
E. Blackburn, Nobelova cena, 2009
Species RAP1 consensus
taRRTGY aYRGRT MNo. of repeats
S. cerevisiae, S. exiguus TGGTGTGTGGGT GG 1
S. castellii, S. dairensis TCTGGGTGTCTGGGT G 2
C. glabrata CTGTGGGGTCTGGGTG 1
5. kluyveri GACATGCGTACTGTGAGGTCTGGGTG G 1
C. albicans TCTAACTTCTTGGTGTACGGATG 1
C. tropicalis TCACGATCATTGGTGT AacGGATG 1
C. maltosa CAGACTCGCTTGGTGTACGGATG 1
C. pseudotropicalis T GATTAGTTATGTGGTGTACGGATT 1
K. lactis TGATTAGGTATGTGGTGTACGGATT 1
C. guilliermondii TACTGGTGTACTGGTG 2

5'To end of telomere —» 3’
Cohen et al., Curr Genetics (1998), p.83



Ochrana kvasinkovych telomer

- musi byt prodluzovany (telomerasou),
jinak by se zkracovaly po kazdé replikaci

- musi byt chranény, jinak by byly
V\ Ci2ATG 12 DNA povaZovany za konec zlomené DNA
@ Rif1p, Rif2p (,opraveny“ napf. flize chromosomu)

Rapi o
v app g - struktura telomer a subtelomer umicuje
anoy, transkripci (silencing)

Telomere maintenance
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Represe u kvasinkovych telomer

- struktura telomery a subtelomery umicuje
transkripci (silencing)

a) | _napf. HML a HMR lokusy jsou umi&ené
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— - ADEZ2 reporter je pod kontrolou telomer
pouze obCasné nahodné transkribovan

- v prubéhu evoluce nékteré geny méni
lokalizaci a jsou jinak regulovany
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Aneuploidie zpusobuje genomovou
nestabilitu - rakovina

- aneuploidie ve >90% rakovinnych bunék
- je genomova nestabilita disledkem aneuplodie nebo je aneuploidie dusledkem
genomoveé nestability?

Wild-type - - - - - - - - - -
Disome | - + ND + - + - + - -
Disome I - - + - + + + - - -
Disome IV + - ND + + + + + + +
Disome V + + + - + + + + + +
Disome VIl + + + - + + + + + +
Disome X - + - + - - - + - -
Disome X + - + - + | + + + + +
Disome X - + - + + | + + + + +
Disome x| - + + + - + - + + +
Disome XIII - + - + - + + - + +
Disome XIV + - + + + + + + + +
Disome XV - + + + + + + + + +
Disome XVI - + - - - - - + + -

Shelzer et al, Science (2011)



Poskozeni DNA

* Studium kvasinek po ozareni ... rad mutanty (napf. RAD21, RAD50, RADS51)
— lonizujici zareni generuje pfedevsim DSB (double-strand break)
— UV zareni modifikuje nukleotidy tzv. TT-dimery

* Chemicka Cinidla/mutageny modifikuji nukleotidy — maji za nasledek zménu
geneticke informace

— MMS (methyl methan sulfonat) — (napf. MMS21)
— Alkyla¢ni €inidla (napf. EMS = ethyl methan sulfonat), ROS (reactive oxygen species)

« HU (hydroxy urea) blokuje replikaci — v mutantach dochazi ke kolapsim
replikacni vidlice (napf. HUS1) => DSB

Transition

GC — AT

Guanine Cytosine 06-ethylguanine Thymine



Opravné mechanismy

* Dvoj-fetézcoveé zlomy (DSB)

— homologni rekombinace (HR) — v pfitomnosti homologu (tj. sesterské chromatidy
v G2 fazi, S.pombe)

— nehomologni spojovani konct (NHEJ) — v G1 fazi (S.cerevisiae)
« Jednoretézcové zlomy, modifikace nukleotidu
— Pfimé opravy (specifické enzymy)
— Vystfihovani poSkozeného useku (BER, NER — excision repair)
« Opravy chybného parovani
— MMR — mismatch repair (MSH1-6, MLH1-3)
— Specialni polymerazy (TLS — translesion synthesis — v pribéhu replikace)
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Oprava DSB

Functional class Sacchammyces cerevisias hMammalian
DNA damage sensors  Mrel1-Rad50-Xrs2 MRE11-EADSO-NEST

Rfa1-Rfa2-Rfa3 RPA1-RPAZ-RPA3

NHEJ (a) HR Checkpoint proteins Rad24-RFC RAD17-RFC
Ddc1-Mec3-Rad17 RADS-HUS1-RAD1

Mec1-Dde2 ATR-ATRIP

Teal ATM
Dpbi1 TopBP1
4 ® 4@ I ’
(A) (B)

RPA focl In H. .fq.fa;:-a'nfm

RPA foci in S. cerevisiae

Fig. 1. DMA damage-induced RPA foci. (A) Rfal foci in 5. cerevisiae. A yeast strain expressing Rfal-CFP was treated with 200 pg/ml zeocin for 1 h to induced DSBs. Six yeast
nuclei are shown. (B) RPA foci in human cells. U205 cells were sensitized with BrdU and laser micro-irradiated at 337 nm to generate a track of DSBs. Immunostaining with
target specific antibodies against RPA. One nucleus is shown. Reproduced from [2] with permission from Journal of Cell Biology. Scale bars, 10 pum.



Maintenance of genome stabhility
| 1

G, s G, M
RFC5 RAD17 SGS1
RAD17 RAD17 BUB1,3 BUB2
RAD24 AL RAD24 RAD24 MAD1,2,3 BFA1/BYR4
MEC3 DRC1 MEC3 MEC3
DNA damage Replication intra-5S (replication) DNA damage Mitotic Mitotic
checkpoint %Gﬂ checkpoint (S) checkpoint (S) checkpoint ?G:«:} checkpoint (M) checkpoint (M)
G, arrest in response S phase arrest Slowing of replication G, arrest in response  Meta-Anaphase Block of exit
to DMA damage in response to in response to DNA tuEDNA damage arrest in response  from mitosis
replication blocks  damage in S phase to spindle damage
1 ]
Human homologs
Yeast Human Cancer syndrome
- MEC1
TEL1 MEC1/TEL1 ATR/ATM Ataxia telangiectasia
MRE11=-RAD50=-XRS2 _ _ o
Transducer and RADYS MRE11 MRE11 Ataxia telangiectasia-like disorder
Sl el gﬂﬂ? XRS2 NBS1 Mijmegen breakage syndrome
233155 RADS3/DUN1  hCHK2 Li-Fraumeni syndrome
S5GS1 BELMMWRMN/BTS  Bloom, Wemer & Rothmund-

Thomson syndromes

Fig. 1. Summary of 5. cerevisiae DNA damage, replication, and mitotic checkpoints. The different stages of the cell
cycle are indicated above the horizontal line. Below the line are listed a subset of the proteins that function in the
indicated checkpoint branches. These proteins are thought to detect the "damage” that triggers each checkpoint. The
primary effect of activating each checkpoint is shown below the proteins. Listed below the three checkpoint branches
that function in S-phase are many of the known proteins that function in the downstream signal transduction cascade
or are targeted by this cascade. The box at the right lists human homologs of yeast checkpoint genes that are mutated

in human cancer susceptibility syndromes. Kolodner et al, Science (2002)



'rDNA - repetice

* rDNA koduje geny pro ribosomalni RNA

» Je vysoce konzervativni

* |[dentifikace a odliSovani kvasinkovych druhu
» Sledovani evolucnich trajektorii

« Az 200 kopii v radé za sebou
* Problem s homologni rekombinaci
* Problém s replikaci — ve stejném smeru jako
transkripce (probiha v S-fazi — kolize)



