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Trochu historie

Zakladni charakteristika kvasinek
Podminky rustu
Prirozeny vyskyt
Morfologie kvasinek
|dentifikace kvasinek

Vyznam
prakticky — vyroba piva, vina, etanolu a pekarského drozdi (S. cerevisiae ) ...

lekarsky — 15 druhu je potencialnimi lidskymi patogeny (Candida albicans) ...

vyzkumny — S. cerevisiae a S.pombe jsou modelovymi organismy



Osnova

2.Prednaska

Kvasinka jako modelova bunka/organismus
Srovnani S.cerevisiae a S. pombe
Vyhody
Nomenklatura, auxotrfie
Vektory

Genetické manipulace
Techniky
Fenotyp



Saccharomyces cerevisiae

-ovalné, mnozi se pucenim — >diploidni i haploidni bunk
- (rostou) vétsinou v G1 fazi (zatimco pombe je v G2 fazi)
-Genom 12 Mbp na 16-ti chromosomech

-Kratké centromery a ARS (100bp)

-Kéduje cca 6 275 genu (5 800 je funkenich)

-120 kopii rRNA, 262 tRNA

-Geny reprezentuji 75% celkové sekvence (kompaktni)
-<5% genu obsahuje introny (0.5% genomu), 3% transposony (46% u c¢lovéka)

Schizosaccharomyces pombe

-podlouhlé, mnozi se délenim - vétsinou haploidni bunky
-Pouze 3 kondenzované chromozomy (13 Mbp)

-Velké repetitivni centromery (40-100kb) a 1kb podatky replikace |
-Ma geny pro heterochromatin (S.c. nema)

-Asi 4800 kodujicich genu (nejmené u eukaryot)
-z nichz 43% ma introny

-50 gent ma homologie s geny lidskych nemoci

http://www.yeastgenome.org/
http://www.sanger.ac.uk/modelorgs/yeast.shtml



http://www.yeastgenome.org/

Vyhody kvasinkoveho model

«  Rychle se mnozici EUKARYOTNI mikroorganismy (90 min/déleni, 25-30 C)

» Vytvafi kolonie na plotnach - mikrobiologické metody (otiskovani ploten, kapkovaci test
=>toxiny v plotnach — HU, MMS ...)

«  Stabilni haploidni i diploidni formy

«  Haploidni buriky Ize kFiZit na diploidni (heterozygotni mutanty)

« Diploidni buriky Ize sporulovat a vyuzit pro genetickou analyzu (tetradova analyza)

* Lze transformovat DNA (plasmidy i linearni)

»  Centromerické a multicopy plasmidy

* Vysoka frekvence homologni rekombinace (linearni DNA)
* Lze pfipravovat deleCni a mutantni kmeny

*  Vydrzi v >15% glycerolu na -70 C ,indefinitely®

* Techniky barveni (cytoskelet, sténa ... + GFP in vivo)

+ S.c. ma kompaktni genom — knihovny s genomovou DNA (ne cDNA)
+ Kompletné osekvenovany genom (genomové aplikace)

+  EuroFan projekt — delece vSech S.c. genu (+GFP, +2-hybrid)

*  Mikro€ipy - expresni profily za rdznych podminek

« Rada zivotnich d&jii ma analogii v procesech v savé&ich burikach
(lidské geny testovany v kvasinkach - nemoci, metabolismus,
regulacni mechanismy)

F. Sherman, Getting started with yeast, Methods Enzymol. 350, 3-41 (2002):
http://dbb.urmc.rochester.edu/labs/sherman_f/StartedYeast.html



|* *u —

1} * 10 20 E. 4 an * k4D
Chromosom lll 1] = am E»aad -|re T
fow Fdw B73c 69w 68 B CHAT 82w 6fc 60¢c 59¢ FPRDT S5ur Sdw | 52c STw APAT 49c 48w 47c 45ch 4dc PINT
. v 7 TEw ) HME o2 BIw S8c S5e 53¢ AEwr
(nejmensi) Tb HATL e
&5w ABS305

CEN, ARS, TEL, Ty1-5
obsahuje MAT lokus | ]

P | B )

g

50 W ' * I*elo + it t "* .o &0 ' * + T +* + 100
= 3 I B i JYEwi| Y R E | = ]
A ey P e
a1d Jo5c FFc IJie * 230 20
Nomenklatura pro S.c.: = ARS306 /
YCRXXW 1'|ulil(ll ' .'.C.E%”. 1o 'a' R - T "ok ' 150
Y:yeast Bc?%?w{ft.??c cngm rcm.:am ADPT Fam;gfou?a’ 16w f7c SADT_ TvZ
C= 3. chromosom ARS307 ARS309
R= pravé raménko o . - . - T
XX=p0Fad0Vé Cislo MAKSZ MAKSL 226 250 MP1 260 27c  28c AIMI Tyt 29c 30c CRY1 2w 33w GNST, 55'&'“. il
w/c=Watson/Crick a0
8.8%
LEUZ2 — gen
Leu2p - protein ‘ N |‘ T . |11
leu2-A1 — delece 2o * x| e *  x on * o e
/eu2_1 — mutance PHOBF D5 | ) 43c 44 mﬁ:?:fﬁtwmmm S4c PWFZ aﬁgﬂ;&‘l&:gggﬂ! AADIE SED4 SBWSCC:??’GF?C SSK22
LEUZ2::HIS3 — inzerce ARS314
HIS3 genu v lokusu ‘
LEU2 B T T T R B |
50 * 260 b ] + i) + Zan 3o
| R X EE E J] = J3F NIJE &N ]
SEK2Z EAST Fie 79w sSRE3 3w a5w | ABPT S S KINEZ MSHI coe38 Sdw 95¢ HAMRaz
SoL2  7c 80w #2w " TUPT Baw prmnat
225 ARS315 HMRE
31'30"*"'""3'10""""'3'20""""'35;_’_ rrrrr T T S e
4l dEd .- 1 P D
o 98¢ 99 J01c 102c  PAUS 105w 106w 107w Opon Reading Frame ;5: N
— Intergenic region with one or two promoters q o §
Intergenic region without promoter 25 % E
— Ty 2 % o<
: tANA gene 15 % g
. Replication origin 1 %
Proc. Natl. Acad. Sci. USA 94:5213-5218. *  Probe os % 3
o %



http://db.yeastgenome.org/cgi-bin/redirect.pl?source=DSB_graphic&url=http://www.pnas.org/cgi/content/full/94/10/5213?terms=&searchqstr=volume:94%21firstpage:5213%21tyear:1998%21fyear:1996%21fmonth:Feb%21tmonth:Apr%21tdatedef:28+April+1998%21fdatedef:6+February+1996%21hits:10%21sendit:Search
http://db.yeastgenome.org/cgi-bin/redirect.pl?source=DSB_graphic&url=http://www.pnas.org/cgi/content/full/94/10/5213?terms=&searchqstr=volume:94%21firstpage:5213%21tyear:1998%21fyear:1996%21fmonth:Feb%21tmonth:Apr%21tdatedef:28+April+1998%21fdatedef:6+February+1996%21hits:10%21sendit:Search
http://db.yeastgenome.org/cgi-bin/redirect.pl?source=DSB_graphic&url=http://www.pnas.org/cgi/content/full/94/10/5213?terms=&searchqstr=volume:94%21firstpage:5213%21tyear:1998%21fyear:1996%21fmonth:Feb%21tmonth:Apr%21tdatedef:28+April+1998%21fdatedef:6+February+1996%21hits:10%21sendit:Search

Laboratorni kvasinkove kmeny

S288C — 1. osekvenovany kmen
Genotype: MATa SUCZ2 gal2 mal mel flo1 flo8-1 hap1

Notes: Strain used in the systematic sequencing project, the sequence stored in SGD. S288C does not form
pseudohyphae. In addition, since it has a mutated copy of HAP1, it is not a good strain for mitochondrial studies. S288C
strains are gal2- and they do not use galactose anaerobically.

References: Mortimer and Johnston (1986) Genetics 113:35-43.

Sources: ATCC:204508

W303 — nejCasteji pouzivany laboratorni kmen
Genotype: WATa/MATa 'eu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15

Notes: W303 also contains a bud4 mutation that causes haploids to bud with a mixture of axial and bipolar budding patterns.
In addition, the original W303 strain contains the rad5-535 allele.

References: W303 constructed by Rodney Rothstein (see detailed notes from RR).

Sources: Biosystems:YSC1058

Dvojhybridni system:
Strain Genotype References
AH109 MATa, trp1-901, leu2-3, 112, ura3-52. his3-200, James et al, 1996;

galdA, gal80A, LYS2 - - GALT,,e-GALT,74-HIS3, A. Holtz, unpublished
GAL2,,,c GAL2;,;,-ADE2,
URA3 - MEL1 s s-MEL1 14 ps-lacZ

Y187 MATe, ura3-52, his3-200, ade2-101, trp1-901, Harper et al., 1993
leuz-3, 112, galdA, met-, galS0A,
URA3 - - GAL 1,45 GAL Typra-lacZ

CG-1945 MATa, ura3-52, his3-200, ade2-101, lys2-801, Feilotter et al., 1994;
trp1-901, feu2-3, 112, gal4-542, gal80-538, cyh'2, C. Giroux, pers. comm.
LYS2 - GALT pe-GAL I1474-HIS3,
URA3 - » GAL4 17 merspuay CYClyara-lacs


http://db.yeastgenome.org/cgi-bin/locus.pl?dbid=S000004246
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000050744
http://www.atcc.org/catalog/numSearch/numResults.cfm?atccNum=204508
http://wiki.yeastgenome.org/index.php/CommunityW303.html
http://www.openbiosystems.com/Query/?i=0&q=YSC1058%7COpen

Allele Reverts? Notes Molecular description® Reference
. G to T transversion at nucleotide
ade2-101 yes ochre‘mutatlon, red 190, changing amino acid 64 from Gai and Voytas, 2005
colonies
a Glu to a Stop
. AAA-to-TAA ochre nonsense Rodney Rothstein, Personal
canl-100 yes ochre mutation change at codon 47 communication to SGD.
Cold sensitive; high
frequency of petite
formation, especially during
transformation. Struhl 1985; Fasullo and Davis
his3delta200 no Note that this deletion 1 kb deletion, (-205 to 835) 1988; Siram et al. YGM RNA
damages the PET56 processing mtg 1993
promoter. See Zhang et al.,
(2003) for a discussion of
this issue.
GTC-to-GTT silent change at
codon 56,
S()sz-r:(;—;}CT missene change at Hinnen et al. 1978;
G inserti(;n at nucleotide 249 Gak?er and Culbertson 1982;
leu2-3,112 no double mutant . . . ’ Meira LB et al., 1995;
- G insertion at nucleotide 792, .
. Rodney Rothstein, Personal
GTT-to-GTC silent change at .
communication to SGD.
codon 299,
GAC-to-AAC missense change at
codon 300.
trpl-1 yes amber mutation iﬁr(l}g_;oa;;ri(joﬁngger honsense McDonald, et al. 1997
ura3.52 o i Ty1 insertion (transcribing left to Rose and Winston 1984

right) at pos. 121



http://db.yeastgenome.org/cgi-bin/locus.pl?locus=ade2
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=ade2
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=ade2
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000087056
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=can1
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=can1
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=can1
http://www.yeastgenome.org/community/W303.html
http://www.yeastgenome.org/community/W303.html
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=his3
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=PET56
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000074003
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000074003
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000074003
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000074003
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000042846
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000046453
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000046453
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=leu2
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=leu2
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=leu2
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000043265
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000043265
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000043265
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000043265
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000043265
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000042541
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000069760
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000069760
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000069760
http://www.yeastgenome.org/community/W303.html
http://www.yeastgenome.org/community/W303.html
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=trp1
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=trp1
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=trp1
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000041995
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000041995
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000041995
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=ura3
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=ura3
http://db.yeastgenome.org/cgi-bin/locus.pl?locus=ura3
http://db.yeastgenome.org/cgi-bin/reference/reference.pl?dbid=S000043686

Auxotrofie

marker | aktivita auxotrofie | pozn.

phosphoribosylamino- vyzaduje adenin k ristu, ¢ervené kolonie
ADE?2 | imidazole-carboxylase Ade- (metabolit)

Imidazoleglycerol-phosphate vyZzaduje histidin k rastu, inhibitor 3-aminotriazol
HIS3 dehydratase His- (3-AT)
LEU2 Leu- vyzZaduje leucin k ristu

vyzaduje lysin k rustu, inhibitor a-aminoadipic

LYS2 o-aminoadipate reductase Lys- acid (aAA)
TRP1 Trp- vyzaduje tryptofan k rastu

orotidine-5’phosphate vyzaduje uracil k rustu, * 5-fluoro-orotic acid
URA3 | decarboxylase Ura- (FOA)

FOA je pfeménovan Ura3p dekarboxylazou na toxicky 5-fluorouracil. URA3+
buriky nerostou, zatimco ura3- buriky jsou resistentni (dalSi zpusob selekce —

Zzpétna)

KanMX — obdoba anti-bakterialniho antibiotika kanamycinu




Laboratorni podminky

25-30 C (S.c.i S.p.—rostou i pfi 15 C a prezivaji
kratkodobe i 50 C),

teplotné senzitivni mutanty (ts, 37 C)
chladové sensitivhi mutanty (cs, 20 C),

YPD — bohaté médium = 109/l yeast extract, 209/l pepton,
209/l dextrose (2%glukosa)

SD — minimalni (syntetické) médium = 6.7¢g/l yeast nitrogen
base w/o amino acids - aminokyseliny se pridavaji dle
selekce, 209/l dextrose (2% glukosa)

Transformace — metoda elektroporace
- octan lithny/PEG metoda



Shuttle vektory

Bakterialni Cast — Amp resistence, Origin
Kvasinkova €¢ast — marker (+KanMX), CEN-ARS (1 kopie) nebo 2um
(20 kopii na bunku) zaCatek replikace
Promotor, tag, MCS
— Kondicionalni mutanty (fenotyp-funkce)

— Nadprodukce
« Suprese mutaci (funkéni homologie) Kl ‘Ecﬂﬂémuﬂ |
o Dl Xbal
Regulation/ Signal y tl ¥ -~ Not I
Relative Protein Strength on URA3 «j_
Promoter Expression Level Western blot ? '151.5 53"3’;‘ l
ADH1 (full-length) Ethanol-repressed/High rt pBK416
MET1 Methionin repressed | uc
! '._ 5543 bp P
ADHT (410 bp+)© Constitutive/medium ++
ADHT (410 bp) Constitutive/low +/— (weak)
Constitutive/ very low {not detectable) ARSH4 /
CENG
ADHT (700 bp) Consitutive/high +++
GAL 1 (full-length) Repressed by glucose; (not detectable)d
induced (high-level) by galactose +++0
GAL 1 (minimal) Not regulated by glucose (no data) MFA1 - MATa haploid specificky

or galactose



YAC (yeast artificial chromosome)

CEN Sfl, Nofl
Bakterialni cast — Amp ARS] Smeal Cloning site
resistence, Ori pocatek
replikace S, Noi
Kvasinkova ¢ast — marker,
CEN-ARS, TEL
LRAZ
50-500kbp insert
Klonovani, mnozeni, uchovani
dlouhych fragmenti DNA BamHI
Restriction fragment

Vyzkum savéich telomer a BamHl, Smal, Fhosphatase
centromer

TREI ARSI CENY IRA3

Pouzity i v savéich burikach < I —— — | N

pro vyzkum nesestfihnutych
genu (dlouhé regulacni Useky)

TRPI ARSI CENY I/RAZ

G T 1T 1D | E—




Genetické manipulace - disrupce genu

« Studium funkce genu — fenotyp delece ¢i mutace
* Nezbytny gen = smrt — plasmid nebo mutanty
» Prezivaji — kfizeni tj. hledani funkéné pfibuznych gena
— Studium funk&nich homologii — dvojité mutanty (synthetic lethal x

epistatic)
YFG1 = your favorite gene
linearni DNA i e
. T Transformace do kvasinkove bunky
chromatin
1 Homologni rekombinace
e £ S ———

- Selekce na SC-Leu plotnach
- Overit pomoci PCR nebo Southern blotu



Delece genu — PCR

rdmear UPTOG pAmar

T U T
0 Tos 3 O T
rd mer DOWAYNTAG primear
Round 1 PCR Amplifikace kazety
UP_45 prim er l
Round 2 PCR con e

l Homologni sekvence

Chromosomal integration by homologous recombination

Eurofan projekt — delece vSech genu Nature 418 (2002) p.387



Vyhody pouziti URAS

« Vyuziti inhibitoru FOA pro ,,odléCeni® URA3 markeru

(B) N (©)
¥igi1-i
t YFGT_| : ! | Upas I 7

Ura™ }
¢ N #FDA Selection (Ura )

: )
;Fﬂﬂ Selection (Ura™) i yig1-1 | :

1 1E] ¥
g 1-A

FOA je preménovan Ura3p dekarboxylazou na toxicky 5-fluorouracil. URA3+
bunky nerostou, zatimco ura3- buriky jsou resistentni (dalSi zplusob selekce —
Zpétna)

- Bunky se stavaji ura-, takze URA3 marker Ize vyuzit nékolikrat



Cre rekombinasa
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Delece genu — transposony

IH lox lacZ URA3 fet res I::ux iIF{
Library of mTn E! -

T
insertions in yeast T
DMNA, generated in Notl ~~——""Ret|

E. coli yeast DMNA

%55

Prepare DNA from YPD

individual plasmids Eheieetotet tats
P Car e R A kel

Cut with Naotl;
transform yeast

SREE RN B-gal filter H‘_Y‘g ro

el
e L e e L L)

EoEo bW

Figure 1 The mTn insertion project. Most steps were performed using a Robbins Hydra
96-channel dispenser; all strains are maintained in a 96-well format. Nature 402 (1999) p.413
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Defekt bunécné stény




Testy fenotypu-funkce

Azsay'growth conditionz

YD + & mM caffaing

Whitevrad colour on Y PD

YPGhcerol

YPOD + 0.003% 505

YPD at 37°C | ts
YPD + 2mM EGTA
YPD + 0,006 % MMS

YPO + Tomh hydrosouraa

YPD at 11°C | cS

Hyparhaploid invasiva growth mutants
YFD + 0.9 M MaCl

Cyilcheximide hyparzansitivity: ¥ PO + 008 pg mi! cyclohexdmide st 30°C

Calzoflucr hypersensitivity: YFD + 12 pg ! calcofluor at 30°C
YPD + 46 pgmi hygromiyein at 30°C

Benomyd hypersensithity: ¥PO + 10 pgml-! benomid I Mikrotu bu|y
YPO + S-bromo-d-chloro-2-indohyd phosphate at 27 50
YPO + 0,001 % methdana blua at 307

e Bzl resistance: YPD + 20 pamt! benommigd

- | Oprava DNA

Calooflucr resistance: YFD + 0.3 ugrnl‘* calcofluor at 2050

Cyizlcheximide resistance: YFO + D.E-;.Lgrnl" cyzloheximide

Bunécdna sténa

Systematicky provedeno v ramci projektu EuroFan



~ 6000 heterozygotnich dele¢nich kmen
~ 5000 homozygotnich dele¢nich kmenu (+ ~ 1000 esencialnich genu)
(neesencialni — rast za specifickych podminek nebo redundantni procesy)

% - Testovano ~400 malych molekul

Il <ty (Giasver et al, 2002) a stresovych podminek (-aa ...)

- Celkem provedeno ~ 6milionu
testd
- multidrug resistance (MDR)

Growth defect in rich medium
iDautschbauer et al., 2005)

Growth defact in this study

- - pokud byl gen potfebny pro
| No phenotype in this study resistenci vuci >20% z
testovanych latek
8 A

Erdosome

- Podobné profily svédci o funkéni podobnosti e
Ubiquitin-depandant (P<10%) \nbs;cie—med:ated
. . ain ca ism LeL L ]
"5 Hydrogen peroxide, pHE8 MMS, MPP+, Paraguat, Sodium arsenate pvrioatM\u"B;tfatlzjmlvay : : (P < 10-17) 5 =
\_\ \ 1D ng-ﬁ;ﬁn;; Fo B \.esitcieu;'nad?atad
ransport
PEXS e 4 E | e
pEKEE e 10—?] ESSI:'I:II ?I n — Golgi
PEX49 . (P<10) —— ?Bpa‘li'aoti?
PEX14
_'F;Efﬁ C - /—I\\E e
152 - o
Peroxisome YJL241C e Roguatin d(—\\f N
(P=Ex -||:|-EE:| PEXA (P <1012 ITPH?QS—HG‘;” ':' Nudleus

PEX3
PEX10
PEX4
PEX13
PEX&
PEX17
PEX12 _
PEX15 Science 320 (2008), p.362
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Zivotni cyklus S. cerevisiae

— 0
o/ O X

O e @

. haploid

® '/

- Deleci Ci mutaci Ize provést v
haploidni Ci diploidni burice

- v haploidni bunce hrozi suprese
defektu proto je lépe pouzivat
diploidni bunky (druha kopie
zUstava nezménéna)

- |ze pfripravit dvojitého mutanta
kfizenim haploidnich mutant a
poté sporulaci diploida

Sporulation mednun

- pouzdro spory je tfeba rozrusit a Presponatior?
pomoci mikromanipulatoru ziskat
jednotlivé haploidni bunky (Ize

provest i tzv. random sporulation)

Sporulation?

Minimal sporulationf

Components Composition
0.8% Bacto-yeast extract 08¢g
0.3% Bacto-peptone 0.3g
10% Dextrose 10 g
2% Bacto-agar 2g
Distilled water 100 ml
1% Potassium acetate 10 g
0.1% Bacto-yeast extract lg
0.05% Dextrose 05¢g
2% Bacto-agar 20¢g
Distilled water 1000 ml
1%o Potassium acetate 10 g
2% Bacto-agar 20¢g

Distilled water 1000 ml



Tetradova analyza

e ¢ 9
R Y AAaa
® & & &
N O O
* % & 8
e e &
& & & 4
" O N
et e
- e & ¥
& " 9 B
YPD Selektivni médium

(SD-Trp ... testy)
Segregace 2:2



Priprava mutant

« Studium funkce genu — fenotyp delece ¢i mutace
* Nezbytny gen = smrt — plasmid nebo mutanty
» Prezivaji — kfizeni tj. hledani funkéné pfibuznych gena
— Studium funk&nich homologii — dvojité mutanty (synthetic lethal x
epistatic)

-V pripadé esencialnich genu je diploid transformovan plasmidem s
exprimovatelnym wt genem — po jeho vypnuti se sleduje ,terminalni fenotyp*

-Pro sledovani terminalniho fenotypu jsou vSak lepsi ,kondicionalni mutanty®
tj. teplotné (nebo chladové) sensitivni mutanty

-Mutagenese (vétSinou nahodna) a nasledna selekce markeru Ci fenotypu
(napf. cdc mutanty, mutace metabolickych drah)



Dvojité mutanty — funkcni pribuznost

Mutageneze pomoci hydroxylaminu ...

stejny fenotyp - diploid - identicky gen
- haploid — epistaticky (funkéné pribuzné)

Aditivni az letalni — haploid — paralelni draha, redundance, rozpad komplexu

b/A\e
[ ]
\ /

b/A\E
|

C

F
\ D/ Epistatic Protein Lethal
complex

Hledani (screening) letalniho mutanta — mutageneze kmene s vypinatelnym
plasmidem (promotor nebo FOA)



Supresory

Supresory potlacuji puvodni fenotyp — mutace téhoz genu ,napravi® pavodni

- mutace sousedniho (protein) zesili oslabenou

interakci
- nadprodukce proteinu z paralelni drahy
- nadprodukce proteinu z téze drahy
A
/ N\ /A\
b E
l | b E
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Cloning the Mutant Isolation Meiotic Analysis

Wild-type Gene Mutagenesis of a - S
by Complementation haploid. A44Ta strain Crogs mutant to MATo VPG

Izolate a diplond strain and
sporulate

Transform a
MATa el wrai-S2
gtrann with a
Y Cp30 library.

v

Dretection of Yig~

Izolate Ura™ transformants
and score for Yigh

Dhgest ascns walls

%i

Dissect 4 spores of each tetrad

Kontrola zavislos ’fg"‘
na plasmidu na

Com plementation

FOA plotnach ¥ Croge the Yz MATa mutant
Recover the YCp-YFGIT to A4 T tester strams
plasmid in E. coli leolate dipload strains.
¢ Score for Yig* and Y~
Analyze the plasmid by digestion MAToe FFGT
- e MATa el @
with reghécr?insenﬂzﬂlﬂmses and MATa viel X 3 biiT i fg} o
QU MAT yés o

i, o

KFfizeni — ovéreni - jedna mutace

- rozdéleni do komplementacnich skupin (allelicka kompl.)

Ovéreni pravosti (mutant+delece)



- mutagenese S. pombe — hledani ts mutant (55 000 kolonii) s defektni morfologii —
nasli 64 kmenu (3 druhy defektu: 51 kulatych=orb, 8 tip elongation aberrant=tea, 5

- z 51 orb mutant kfizenych s WT segregovalo 43 v poméru 2:2 tj. jeden gen (8
sterilnich), ,linkage analysis® mezi mutantami ukazala 12 orb genu (skupin — Tab./)

o -

.. aktinovy cytoskelet (polarizovany ristu)

Cell Division

Table 1. ork Genes

—.teal, tea

Close Multicopy

Synthetic
end markers Gene Alleles lethality linkage* SUPPTEsaLOn
Constant Length Stage - - - ]
orb3, 8, 9 orb fi (3F) artrd, ok
re-establishment arh2 2idk artel, arbt
orb 1,6, 12 of cell palarity arbd (1%
stsS5, cwg2 ) orbd  12(1%) srsSt pekI™ pypl”
maintenance of orb$ 2i2H
polarized growth o orbi 4 artrl, orb?
Nuw End orh7 I cwg2l
Take urr ban1, 2, 3, 4 feld 6 orkS, grl] |
maintenance of arh¥ 1 orb¥, arhl]
growth direction errl fi) 4
orts TR s, arb l
ﬂrt;? teal, ban2 growth iy = c o CE
activation of activation arkld 2 ekl ppl T, rasi®

bipolar growth . - ‘/ -

Oid End Take Off

JCB 131 (1995) p.1529



@ Mutagenesis Pri studiu znamého genu pouzivame
\ @ cilené mutageneze (napf. pomoci PCR)

Plasmid shuffling

Tran=formation

Testovani yfg1- mutant

Podobné lze pouzit ade2, ade3 systém
s YFG1 wt genem na ADE3 plasmidu,
ktery je Cerveny — po ztraté ADE3
plasmidu jsou sektory kolonii bilé
(mutace ade3 enzymu blokuje
metabolickou drahu pred ade2 a
nevznika Cerveny metabolit)

Je ovSem lepsi mutantu integrovat do
chromosomu nez testovat plasmidovou
kopii




, 1 ranscriptional landscape of the yeast genome”

-Obvykle se geny identifikuji podle (dlouhé) sekvence bez stop kodond,
konzervované sekvence, cDNA sekvencovani, mikroarray analyzy

- neodhali kratké Cteci ramce, hranice genu
-HT sekvencovani RNA tzv. RNA-Seq (pfes cDNA, S.c.) Experimental pipeline

- 75% genomu je exprimovano [ PovAnana [+ sRACE
Biosyntéza, transport 1 v
. ” . . o Oligo{dT) primed Rardom hexamer primead
Melosa, Synteza Vltamlnu 6% cONA synthesis cDMA synthesis

24% %

—h-l cOMNA fragmentation I-l—

¥
ar

19% Add adapters &
amplify (15 cycles)

Y
| size Selection (100-300bp) |

Y
lllumina seguancing |

44% |
I /o Expression
I L ow Expression (sekvencovano 35bp)
[ Medium Expression
[ High Expression
I Repeat Masked

Science 320 (2008), p.1344



Analyza ORF-transkribce

- prumeérna zjisténa délka 5’UTR (untranslated regions) je 50bp (od 0 do 990bp)
- 35 genu delSich a 29 genu kratSich nez se doposud myslelo
- metoda také ukazala (ne)existenci nékterych intront predpovézenych podle
GT-AG/AC hranic
- prumérna délka 3'UTR je 104bp (od 0 do 1460bp) — ale ¢asto heterogenni
(variabilita v polyA processing)
- identifikovali 321 upstream ORFs (UORFs), které by mohli regulovat expresi
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Expression (log2 tag counts)
YOLO18W (LEUZ) YOLO1 T YCLO1BC

Named gene
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o
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Named gene

LSk this study Y m j _______________
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Nobelova cena za vyzkum
bunecneého cyklu v roce 2001

Leland Hartwell zaCal studovat bunécny cyklus v 60.letech na S. cerevisiae.
Podarilo se mu izolovat kvasinky, které mély mutovany gen kontrolujici bunécny
cyklus. V nasledujicich letech identifikoval podobnym zptsobem vice nez 100 genu
kontrolujicich bunécény cyklus. Také sledoval citlivost kvasinek na poskozeni DNA
radiaci. Zjistil, Ze BC je pfi poskozeni DNA zastaven — aby ziskal ¢as na opravu
DNA

Paul Nurse studoval bunécny cyklus na S. pombe. V 70. letech objevil gen cdc2,
ktery je zodpovédny za regulaci vétSiny fazi BC. V roce 1987 izoloval odpovidajici
lidsky gen a nazval jej CDK1 (cyclin dependent kinase).

V kvétnu 2008 mél pfednasku v Brné, v ramci Mendlovych seminaf

Tim Hunt na zaCatku 80. let objevil prvni cyklin — cykliny jsou proteiny, které jsou
syntetizovany a odbouravany béhem urcité ¢asti bunécného cyklu. Cykliny se vazi
na CDK a reguluji jejich aktivitu.



Bunecny cyklus S. cerevisiae

- Generovali teplotné-citlivé mutanty, z kterych vybirali kmeny zastavuijici v
urcité fazi bunécného cyklu (cdc = ,cell division cycle” mutanty)

- Vybér dle morfologickych (diagnostickych) znaku charakteristickych pro

urcitou fazi bunécného cyklu ]
pindle pole

body

o.@‘@‘%i;

|"'t' 1

- zahajeni tvorby pupene a duplikace SPB — zaCatek S faze

- rozchod jadernych plakd na opa¢né poly — pfechod z S do G2 faze
- jadro se protahuje — zaCatek M faze (mitdzy)

- oddeéleni pupene — cytokineze — pfechod z M do G1

- Oddélena dcerinna bunka je mensi nez matefska — nerovnocenné déeleni—
pro dalSi deleni musi dosahnout urcité velikosti => dlouha G1 faze
(S.pombe ma rovnocenné déleni — velikost se kontroluje v G2 fazi =

nejdelSi je G2 faze) Curr Opin Gen Dev 5 (1995)



Klicovym meznikem BC u S. cerevisiae je START, kdy se rozhoduje o pfechodu z
G1 do S faze

- pro dalSi déleni musi burika v G1 fazi dosahnout urcité velikosti

- haploidni buriky v pfitomnosti partnera zastavuji v G1 fazi a konjuguiji

- diploidni buriky (pfi nedostatku N a C) zastavuji v G1 a zahajuji sporulaci
- pfi vyCerpani Zivin z média pfechazi z G1 do stacionarni faze

- STARTovni interval I1ze rozdélit na usek Aa B

- v useku A se rozhoduje o pfechodu do stacionarni faze (mutanty zastavené v této
fazi nemohou konjugovat)

- v useku B se rozhoduje o konjugaci Ci sporulaci (hnemuze byt zvolena alternativa
pfechodu do stacionarni faze)

- v useku A hraji roli CDC25 a CDC35 (komponenty RAS drahy)
- pro usek B (a dalsi ,checkpoints®) je klicovy CDCZ28 (tj. CDK1) a prislusné cykliny

Cin/Cdc28 Clb1/2/Cdc28 Clb/Cde28
activation activation inactivation




A4

Bunecny cyklus S. pombe

S.pombe ma rovnocenné déleni - velikost se kontroluje v G2 fazi => nejdelsi je
G2 faze
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Cin/Cdc28 Clb1/2/Cdc28 Clb/Cdc28
activation activation inactivation
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- zahajeni tvorby pupene a duplikace SPB — zaCatek S faze
- rozchod jadernych plakl na opaéné pdly — pfechod z S do G2 faze
- jadro se protahuje — zaCatek M faze (mitozy)
- oddéleni pupene — cytokineze — pfechod z M do G1
Curr Opin Gen Dev 5 (1995)




CDCZ28 a cykliny u S. cerevisiae

Interakce fosforylované Cdc28p s cyklinem (defosforylace) vznika aktivni komplex:

-v G1 fazi CLN1 a CLN2 (CLN3 mRNA je konstantni)

- pro vstup do S faze jsou nutné CLB5 a CLB6 (transkripce stimulovana CLN)
- zahajeni mitdzy se ucCastni CLB3 a CLB4

- mitézu ukoncuji CLB1 a CLB2

4
Cinip, -2p ClbSp, -6p Clo3p, -4p Cibip. -2p

- -

o« -
r

G1 T 5 G2 b A
Mating — konjugace — zastevni v G1 fazi — feromony opacného MAT typu

Trends in Genet 12 (1998)



, 1 ranscriptional landscape of the yeast genome”

-Obvykle se geny identifikuji podle (dlouhé) sekvence bez stop kodond,
konzervované sekvence, cDNA sekvencovani, mikroarray analyzy

- neodhali kratké Cteci ramce, hranice genu
-HT sekvencovani RNA tzv. RNA-Seq (pfes cDNA, S.c.) Experimental pipeline
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Analyza ORF-transkribce

- prumeérna zjisténa délka 5’UTR (untranslated regions) je 50bp (od 0 do 990bp)
- 35 genu delSich a 29 genu kratSich nez se doposud myslelo
- metoda také ukazala (ne)existenci nékterych intront predpovézenych podle
GT-AG/AC hranic
- prumérna délka 3'UTR je 104bp (od 0 do 1460bp) — ale ¢asto heterogenni
(variabilita v polyA processing)
- identifikovali 321 upstream ORFs (UORFs), které by mohli regulovat expresi

chrlll

.....................................

atk 2k gk dk
-7
3.5
Expression (log2 tag counts)
YOLO18W (LEUZ) YOLO1 T YCLO1BC

Named gene

................... —
chrill &0

-I"
i
WWW’WMH‘MM/\W ExpressmnW}J
o
cDs '

239100

Named gene

LSk this study Y m j _______________

Science 320 (2008), p.1344




