Osnova 4. prednasky

* Genetické metody
— Plasmidy
— Integrace
— Teplotné-sensitivni mutanty
— Tetradova analyza
— Synteticka letalita, suprese




Vyhody kvasinkovéeho modelu

«  Rychle se mnozici EUKARYOTNI mikroorganismy (90 min/dé&leni, 25-30°C)

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

« Stabilni haploidnii diploidni formy

« Haploidni bunky Ize kfizit na diploidni (heterozygotni mutanty)

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

 Lzetransformovat DNA (plasmidy i linearni)
« Centromerické a multicopy plasmidy
* Vysoka frekvence homologni rekombinace (linearni DNA)

 Lze pripravovat deleCni a mutantni kmeny
e Vydrzi v >15% glycerolu na -70°C ,indefinitely”

e Techniky barveni (napf. aktinovy cytoskelet = phaloidin, bunécna sténa
+ GFP in vivo)

»  Techniky synchronizace bunék

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

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

e MikrocCipy - expresni profily za rliznych podminek

« Rada zivotnich d&ji méa analogii v procesech v sav&ich burkéach
(lidskeé geny testovany v kvasinkach - nemoci, metabolismus,
regulacni mechanismy)
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LEU2::HIS3 — inzerce Table 1 | Nomenclature in the two yeast species
HIS3 genu v lokusu S. cerevisiae S. pombe
1] +*
LEU2 o Wild-type gene YFG1 yig1"
Deletion (null) mutant Ayfgl yiglA Ayfgl yfglA
i ”—*—990- Recessive mutant yfg1-1 yig1-1
“ "% Dominant mutant YFG1-2 yfg1-2
Protein Yig1 YFG1p Yig1 yigip
Forsburg: NRG, 2001 Yig typically means "your favourite gane’. The 'p’ da:;gwanon for proteins (for axampie Yigip)is

. occasionally used. S cchan budding yeast; S
Baudat a Nicolas, PNAS, 1997 hwu;ﬂcgwmmcﬁﬂ%g%ﬁmn y%gcg’ caravisiae of budding yeast: 5. pombe,



Laboratorni kvasinkove kmeny

S. pombe —,,501“
Genotype: h- ura4-418 leul-32 ade6-704

ATCCE IN PARTNERSHIP WITH LGC STANDARDS

S. Cerevisiae —,,5288C* — 1. osekvenovany kmen
Genotype: MATa SUC2 gal2 mal mel flol flo8-1 hapl

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, itis 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*“ — nejCastéji pouzivany laboratorni kmen
Genotype: |\_/IATa/MATO( eu2-3,112 trp1-1 can1-100 ura3-1 ade2-1 his3-11,15
O contains a bu

Notes: W303 als 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

Sources: Biosystems:YSC1058

Dvoj hybn dni Strain Genotype References
system: AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, James et al., 1996;
galdA, gal8OA, LYS2 - - GAL 1s-GAL 11,7,-HIS3, A. Holtz, unpublished

GAL2,,,5-GAL2;,;,-ADE2,
URA3 - - MEL1y,6-MEL1 1474-lacZ

Y187 MATe, ura3-52, his3-200, ade2-101, trp1-901, Harper et al., 1993
leu2-3, 112, galdA, met-, gal80A,
URA3 : - GAL 15s-GAL Trprp-lacZ

CG-1945 MATa, ura3-52, his3-200, ade2-101, lys2-801, Feilotter et al., 1994;
trp1-901, leu2-3, 112, gal4-542, gal80-538, cyh'2, C. Giroux, pers. comm.
LYS2 7 - GAL Ty CAL Lopyn HIS3,
URA3 : : GAL4 17 mersixay-CYC lrata-lacz



Allele Reverts? Notes Molecular description? Reference
ochre mutation. red G to T transversion at nucleotide
ade2-101 yes . ' 190, changing amino acid 64 from | Gai and Voytas, 2005
colonies
aGlutoa STOP
Cold sensitive; high
his3-200 o frequer_lcy of petl_te 1 kb deletion, (-205 to 835) Struhl 1985; Fasullo and Davis
- formation, especially 1988
during transformation.
GTT-to-GCT missense change at
codon 69,
G insertion at nucleotide 249, Hinnen et al. 1978;
leu2-3.112 no double mutant G insertion at nucleotide 792, Gaber and Culbertson 1982;
GAC-to-AAC missense change at
codon 300.
. GAG-t0o-TAG amber (STOP)
trpl-1 yes amber mutation nonsense change at codon 83 McDonald, et al. 1997
Tyl insertion Rose and Winston 1984
Genotype References
MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, James et al., 1996;
gal4A, gal80A, LYS2 : - GAL1us-GAL T 1474-HIS3, A. Holtz, unpublished

GAL2,,,5-GAL2;,7,-ADE2,
URA3 : - MEL1yys-MEL1 1,ps-lacZ

MATe, ura3-52, his3-200, ade2-101, trp1-901, Harper et al, 1993
leu2-3, 112, galdA, met-, gal80A,
URA3 : : GAL 1 jp5-GAL 11 p1a-lacZ

MATa, ura3-52, his3-200, ade2-101, lys2-801, Feilotter et al., 1994,
trp1-901, leu2-3, 112, gald4-542, gal80-538, cyh'2, C. Giroux, pers. comm.
LYS2 : : GAL1yus-GAL 11475-HIS3,

URA3 : : GAL4 17 mersixn-CYC 11 p1a-lacZ




Table 2 | Corresponding tools in the two yeast species

S. cerevisiae S. pombe
Regulated promoter GAL (galactose regulated) nmf (thiamine regulated)
Plasmid replication ARS1 or 2p arsi
Selekce  oriins

Auxotrophic markers
Uraci, orotidine 5"-phosphate  URA3 urad*
decarboxylase
Select aganst with 5-FOA
Leucine, B-1sopropylmalate LEU2 jeut*
dehydrogenase
Adenine, phosphonbosyl- ADE2 adeb*
aminoimidazole carboxylase

Forsburg: NRG, 2001 Accumulates red colour

2u (2 micron)), an endogenous plasmid DNA molecule found in some yeast calls, with a
arcumferance of 2u; 5-FOA, 5 -fluoro-orofic acid. S. carevisiae, Saccharomycas caravisias or
budding yeast; S. pombe, Schizosaccharomyces pombe or fission yeast.

- geneticin (G418) — podobny kanamycinu (mistranslace)

- nourseothricin (NAT) — inhibitor ribosomalni proteosyntézy = miskodovani
(Streptomyces noursei), rezistence pomoci natl genu (N-acetyltransferasa —
monoacetyluje NAT)

- hygromycin B — inhibuje translokaci v priibéhu translace (aminoglykosid z
Streptomyces hygroscopicus), rezistence kédovana hph genem z Klebsiella
pneumoniae

- phleomycin — interkaluje se do DNA a zpUsobuje DSB (zlomy, glycopeptid z
Streptomyces verticulus), rezistence kédovana ble genem z S. hindustanus



— Nadprodukce (suprese mutaci nebo toxicita)

Shuttle vektory

vychazi z 2um plasmidui nebo centromer (S.c.; 2um pfitomné také v
Zygosaccharomyces bailii, Z. rouxii a Kluyveromyces drosophilarum)

Kvasinkova Cast — marker (URA3, NAT ...), CEN-ARS (1 kopie) nebo 2um (~50 kopii
na haploidni bunku) zaCatek replikace

Bakterialni Cast — Kan resistence, replikace
Promotor, tag, MCS
— Kondicionalni mutanty (fenotyp-funkce)

Regulation/ Signal
Relative Protein Strength on
Promoter Expression Level Western blot ©
ADHT (fulllength) Ethanol-repressed/High +4++
ADHT (410 bp+)= Constitutive/medium ++
ADHT (410 bp) Constitutive/low +— (weak)
Constitutive/ very low (not detectable)
ADHT (700 bp) Consitutive/high +++
GAL 1 (full-length) Repressed by glucose; (not detectable)d

MET1
CUP1
MFA1

induced (high-level) by galactose +++d

Methionin repressed
Indukovany médi
MATa specificky (haploid specificky)

Kpnl EcoRé -
s :\ ™~ anm
- ). — Xba l

1 N\
‘ “~Not I
\ ~ Sacl
pBK416 '
\ 5543 bp e
CENG6 on o
Kan



Gadaleta et al., 2013, BioTechniques

Table 1. Summary of pFA6 derivatives for genomic FLAG- and PK-tagging and gene deletion useful in S. pombe.

Vector name Comments Markers Sources
KanMXo 8
pFAGa-6xGLY-V5-(marker) C-termunal G6—1PK(V3)-tagging ;;p;:_.w 4 E8§
KanMX6 Thas study
PK-tagging vectors hphMX6 Thus study
pFA6a-12PK-(maker) C-termunal 12PK(V3)-tagging natMX6 Thas study
LEUZMX0 Thus study
uradMXo Thas study
KanMXo [€))]
hphMX6 4
pFA6a-SFLAG-(maker) C-terminal SFLAG-tagging :f; :iam-‘ E 4;
BleMX0 )
) ) KanMX06 (8)
FA6a-6xGLY-FLAG-(mak C-termunal G6-FLAG-ta
e x (maker) B hphMX4 @®
KanMXo 8
pFA6a-6xGLY-3FLAG-(maker) C-terminal G6-3FLAG-tagging " ®
hphMX4 @)
kanMX6 @
FLAG-tagging vectors hphMX6 “@
pFAbGa-(marker)-Pomt] 3FLAG* N-ternunal 3FLAG-tagging natMX6 4
bleMX6 @
his3MX6 (€))]
kanMX06 [€))]
hphMX6 4
pFAG6a-(marker)-Purgl 3FLAG** N-terminal 3FLAG-tagging :f; :iam-‘ E 4;
bleMX6 S
) . . kanMX6 .
pFA6a-G9/G11-5FLAG-(maker) C-terminal G9/G11-5FLAG-tagging kanMX6 Thas study
an
kanMX06 (2.13)
hphMX6 (10)
pFA6a-GFP(S65T) -(maker) C-terminal GFP(S65T)-tagging natMX6 (10.16)
bleMX6 This study
uradMXo This study
GFP-tagging vector kanMX6 2
ASEMSVCTOTS | FA6a-(marker) Pumt1-GFP(S65T)* |  N-terminal GFP(S65T)-tagging ano @
natMX6 (16)
kanMX06 (10)
. ) hphMX0o (10)
FA6a-mRFP-(mak C-terminal mRFP-
prada (maker) fazemne natMXG6 (10)
uraMXo This study
FanMX6 @
hphMX6 (9.10)
natMxo 9.10)
Disruption plasmids pFAba-(maker) For gene deletion bleMX6 (9.10)
uradMXo Thas study
his3MX6 This study
LEU2MX6 This study

*Expressed under the control of the nmt] promoter: P3nmtl and its weaker derivatives P4Inmt] and P8Inmtl are available.

#*Expressed under the control of the urgl promoter.




YAC (yeast artificial chromosome)

TENS SA, Notl
Szl Cloning site
SfL Nodl

Bakterialni cast — Amp
resistence, pocatek replikace

Kvasinkova ¢ast — marker, CEN-
ARS, TEL

50-500kbp insert napf. lidska
genova banka pro HUGO 80000 l BamH

Restriction fragment

klont YAC (270kbp) BamHl, Smal, Phosphat
mil, shegl, Fhosphatase

Klonovani, mnoienol', uchovani
dlouhych fragmentu DNA TRPI ARSI CEN4 RA3

o~ m— | —

Vyzkum savcCich telomer a
centromer

Pomoci transfekce, lipofekce
nebo elektroporace Ize dostat i
YAC i do savéich bunék — TRPTARST CENY LA

nahodné se integruji do genomu € ——T—T110 —— =
- vyzkum nesestfihnutych genl

(dlouhé regulacni useky)




Transformacni protokol

Exponencialni kultura
Oplachnout vodou a TE/LIAc roztokem

Rozsuspendovat v TE/LIAc roztoku a pridat DNA
(plasmidova/cirkularni i linearni DNA)

Pridat TE/LIAc/PEG4000 roztok

30 minut na 30°C a poté teplotni Sok pri 42°C (15min)
StocCit a pelet rozsuspendovat v TE roztoku

Rozetrit na selektivni plotnu



Yeast surface display

aglutinin v A
NH, :
Protein 5 l l
| of interest A
. __| GAPDH TR 7 V' Half of |
| promoter et a-agplutimin gene
\ E 2um TRPI
GPMH6/pMCGI  GPMH6/pMCG]
(100 uM CuS0Oy4)  (without CuSOy)
- vyuziti i pro biotechnologie — vychytavani : G T51
t&zkych kovll (dekontaminace) Amp
- 6xHis-Aga2 (vychytani Cu) integrovan v
genomu CUPI promoter
- CUP1-GTS1 (indukce aglutinace) na i
plasmidu

Kuroda et al, Appl Microbiol Biotechnol (2002)



Integrativni plasmidy

= nema_l I C E N anl Zum CaStI Feature Description Benefit
5" A0OX1 | An ~1000 bp fragment Allows methanol-inducible high
containing the AOX1 promoter | level expression in Pichia
Si Targets plasmid integration to the
g MCS AOX1 locus.
_— Tra nscription Sig DNA sequence C(.'ading f01-' an Targe_ts desired protein for
Not | or ac Termination (TT) N-terminal protein secretion secretion
Bgl Il signal
MCS Multiple Cloning Site Allows insertion of your gene into
the expression vector
o Native transcription Permits efficient transcription
termination and termination and polyvadenylation
polyadenylation signal from of the mRNA
Sall AOX1 gene (~260 bp)
Stu| |HIS4 Pichia wild-type gene coding Provides a selectable marker to
for histidinol dehydrogenase | isolate Pichia recombinant strains
(~2.4 kb) and used to
complement Pichia his4 strains
3" AOXI | Sequences from the AOX1 gene | Targets plasmid integration at the
that are further 3" to the TT AOXI1 gene
sequences (~650 bp)
Amp Ampicillin resistance gene Allows selection, replication, and
pBR322 | E. coli origin of replication maintenance in E. coli
origin
Not | or f1 origin | Bacteriophage f1 origin of Permits generation of single-
Byl Il replication (458 bp) stranded DNA for mutagenesis
Not 1 Unique restriction sites Permits linearization of vector for
- integ rativni plasm i d pro P. pastoris Bg»’ I efficient integration into the Pichia
) s genome
. C
(GS1115, genotype: his4 )
Sal 1
- exprese z AOX1 promotoru v -

P.pastoris



£A ori

MCS

Transcription
Termination (TT)

AOX1

Integrace |.

- integrativni plasmid pro P. pastoris
(GS1115, genotype: his4 )
- exprese z AOX1 promotoru

- integrace do AOX1 lokusu

Linearized plasmid

TT 3 Pichia genome (his4)

Plasmid integrated
into genome



Integrace |l.

Transcription

Not | or Termination (TT)

Byl Il

- integrace do his4 lokusu

Pichia Genome (his4)
his4. { * mutation




Transcription
Not | or Termination (TT)

Bgl Il

- integrace do AOX1 lokusu

Not | or \ AOX1 or aox1::ARG4

Byl Il Pichia Genome (his4)
g

5° AOX1oraox1::ARG4 LLJ 3 3' AOX1

Expression Cassette

& 2nd Insertion Event
5 AQXIoreoxl-ARGE TT 3 E"""-‘“'°")—m—( B 1T | ke | Hise )-m—
Cassette 1

Expression Cassette 2
l 3rd Insertion Event, etc.

u Pichia pastoris dochéazi u 1-10% transformant( k vicenasobné integraci — vysSi exprese
Pomoci jineho markeru Ize integrovat dalSi kazetu



Disrupce/delece genu

- Studium funkce genu — fenotyp (1. delece, 2. mutace)
- nezbytny/esencialni gen => bunky potfebuji gen napf. na plasmidu
(plasmid shuffling)
- Zivotaschopné — mutace lze pfimo integrovat do genomu
- mutantni kmeny se testuji na citlivost k riznym ,toxinim*“ — dale je Ize kfizit

s funkéné podobnymi geny-mutantami a hledat jejich funkcni vztahy
(synthetic lethal x epistatic x suprese)....

1. krok E‘“"Lfl 2. krok

yigi-1

1 YFG1 | 3 ! | Unas | 7

J Ura™t ® ] ; -
e\e\(\ & FOA Selection (Ura )
S

i [ URA33 3 oo
&Ffmﬂelectmn (Ura™ ) i yigi-1_ | }
specificka mutace
{ (] } neesencialni gen
g 1-A

Vyuziti inhibitoru FOA pro ,odléceni* URA3 markeru (FOA je preménovana
Ura3p dekarboxylazou na toxicky 5-fluorouracil => URA3+ bunky nerostou,
zatimco ura3- bunky jsou rezistentni)

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



Delece genu - PCR

« pro rekombinaci staCi pouze kratka homologie (50-100nt pro S.c.)

» oligonukleotidy ~ 70nt dlouhé postaci (pfi 2 krokové PCR se kromé dlouhe
homologie vnesou jesté specifické sekvence pro pozdeéjSi manipulace ...)

\_
T S

1.PCR (barcode)

L kewx 2 PCR (homologie)

T
> >

] Kvasinkovy ORF ]

- systematicky provedeno na >6000 genech v ramci projektu EuroFan
- kmeny lze ziskat z archivu EUROSCARF FUROPEAN

* ok &k S SACCHAROMYCES
+ EUROSCARF % CEREVISIAE

. i i i * + X ARCHIVE FOR
http://web.uni-frankfurt.de/fb15/mikro/euroscarf/index.htmi * & ST LIS



MX6 kazety

- nourseothricin (NAT) — inhibitor ribosomalni proteosyntézy = miskodovani
(Streptomyces noursei), rezistence pomoci natl genu (N-acetyltransferasa —
monoacetyluje NAT)

- hygromycin B — inhibuje translokaci v pribéhu translace (aminoglykosid z
Streptomyces hygroscopicus), rezistence kédovana hph genem z Klebsiella
pneumoniae

- phleomycin — interkaluje se do DNA a zptsobuje DSB (zlomy, glycopeptid z
Streptomyces verticulus), rezistence kddovana ble genem z S. hindustanus)

Spolecna struktura kazety — moznost zameny kazet (pro geneticke studie — kfizeni)

F2 pacl g Pmel
N q nat » Trer | ECORV pFA6a-natMX6 1.2kb
BamH |

R1
F2 Pacl Bglll Pmel
\ EcoRV
BamH | \

R1

2 Pacl gg Pmel
\—> Prer ble | Trer [« ECORV pFA6a-bleMX6 1kb
BamH | \ Hentges et al.: Yeast, 2005

R1 Goldstein et al.: Yeast, 1999



Cre rekombinasa

ESSENTlAL NON-ESSENTIAL Watson et al, Gene, 2008
pr—l— ) O

N\ pUGE | CPT®
BFF] Raw T = - _°_®_ PCR product size
o il 2.2 kb
e /  \

L EmTamind =
b P P

1 Transformation o - E-Creb B
’ m * +Cre CPT"
é ORF é - * B ¢ — @_ PCR product size
TTE T owr I \ 3.6 kb

|

4
|

'i' l Integration

\, —EEE] fov TN / Postup Ize pouzit n&kolikrat se stale stejnym
\—H2 o — 7 markerem

diploid il Nevyhoda pro genetické studie (marker

Guldener et al, NAR (1996) nekosegreguje s mutaci)




Pfiprava monomeru pro vyrobu plasti
— vyuziti Candida tropicalis

» Candida tropicalis je schopna vyuzit mastne kyseliny jako zdroj uhliku
(acetyl-CoA)

 mutantni kmen (APOX4, APOX5) neni schopen [3-oxidace a preménuje je
oxidaci na di-karboxylové kyseliny (Picataggio et al, Biotechnology, 1992)

« pomoci flp rekombinasy odstranili geny oxidas (4 alkohol oxidasy) a
dehydrogenas (6 alkohol dehydrogenas), aby eliminovali w-oxidaci

 novy kmen je schopen produkovat

o-hydroxymastne kyseliny, které Fatty acid
~ s - . o w-oxidation . Poxidation
|ze pouzit pro vyrobu bio-polymeru / .
(plastli podobnych polyetylenam, CH,{CH;),-COOH CH(CH,),-COOH
bio-odbouratelné na bio-palivo) AT o soxs Kot ot
« dalSi modifikace kmene CHx{CH,), - CH=CH-CO-$-CoA

HO-CH,~(CH,),-COOH
Hivil ot

(integrace genl pro lipasy) |

5 - T 2 o RECKUNER Sy CH.-{(CH,). ,~CHOH-CH,-00-S-CoA
by umoznilo prfime odbouravani S g
odpadnich olejfl OHC-(CH;),-COOH S e

¥
l | CHy-(CH,), ;-CO-CH,-CO-8-CoA

| Tl ks

Lu et al., JACS (2010) HOOC-(CH:),-COOH  CH-{ CH,), -CO-S-CoA + CH-CO-S-CoA



PRI > S o U - SR - S oD

AroF “  AroB s AroD - AroZ AroY CATA
glucose » » PEP V DAHP V DHQ - DHS ro- PCA V catechol Py cis,cis-muconic acid
D-‘Df'
5 HaPOy HaPOS Aro1Y 0y 02
E4P v
aromatic

Cas9 zaintegrovan nejdrive amino acids

CRISPR-Cas9 systém byl pouzit v S.
cerevisiae ke vneseni nove metabolické drahy

v jednom integracnim kroku do 3 lokusu
(GALS8O delece — dereprese galaktosove drahy)

“—/'?":“——dsw NAaUSI T <
. | B cuc < oAmmDsE

crRNA kodovana
na plasmidech

i o multiple AroY — kriticky krok — zvySi vytézek

= — =—Jf———=1 Ao Inaiggl AmY
— e |
e~~~y A < e
S ———
Donor DNA (ARO1 delece — blok metabolismu aromatickych AMK)
Insertion/ DG Aoz BENRGEN AroY
+ deletion '
Y A — | AroB ERNIREN AroD  ARO1DS
o — e ——— s Lo o . , .
New DNA New DNA ucinnost vSech 6 integraci najednou pouze 5%
Non-homologons TR — Dosazeno syntézy kyseliny mukonové - plasty
end joining (NHEJ) repair (HDR) Horwitz et al, Cell Syst, 2015




EuroFan projekt - testy fenotypu

Assay/growth conditicns

YPD + 8 mM caffaine

Cycloheximide hyparsansitivity: YPD + 0.08 pg mi~' cycloheximide at 30°C
Whita/rad colour on YPD

YPGlycerol

~ 0

Calcofluor hypersansitivity: YPD + 12 pa i~ caloofiuor at 30°C

YPD + 46 pg mi-' hyaromycin at 30°C Bunééné Sténa
YPD + 0.003% S0S (StameUJ |’C|')
Benomiyl hypersansitivity: YPD + 10 ugmi~! benomiy I M | krotu b u |y

-

YPD + 5-bromo-4-chioro-2-indalyl phosphate at 37 °C (stabilizuj ici)

[T == |

¥YPD + 0.001% methylana blua at 30°C

Benomiy resistance: YPD + 20 pgmi-! benom I MikatUbUly

YPD at 37°C destabilizujici
{s
YPD + 2mM EGTA

YPOD + 0.008% MMS

| Oprava DNA
YPD + 75mM hydroxyuraa
YPD at 11°C | cS

Calcofluor resistance: YPD + 0.3 pami™' calcofluor at 30 W:Z;I Bun. sténa

Cychkheximide resistance: YPD + 0.2 ugml™ cycloheximids (destabilizujici)

Hyperhaploid invasive growth mutants

[P [

YPD + 0.9M NaCl
- Systematicky provedeno na >6000 genech v ramci projektu EuroFan

- Funkéni kategorie genl — anotace v databazich (genova ontologie)



~ 6000 heterozygotnich dele¢nich kmen

~ 5000 homozygotnich dele¢nich kmenu (+ ~ 1000 esencialnich gen()
(neesencialni — rust za specifickych podminek nebo redundantni procesy)

3%

- Lethality (Giaever et al, 2002)

Growth defect in rich medium
(Deutschbauer et al., 2005)

Growth defect in this study 63%

D No phenotype in this study

- Podobne profily svedci o funkCni podobnosti
C Hydrogen peroxide, pH8 MMS, MPP+, Paraquat, Sodium arsenate

Peroxisome
(P=6x1025)

Resistan__ Sensitive

410 homozvaous exparimeants

- Testovano ~400 malych molekul
a stresovych podminek (-aa ...)

- Celkem provedeno ~ 6milionu
test(

- multidrug resistance (MDR)
pokud byl gen potrebny pro
resistenci vici >20% z
testovanych latek .

B P <104
Endosome

transpart
Ubiquitin-dependent (P<109) Voslds-medmsd
Witsp g
® <107 fEngoooms vas‘.’c‘iirﬁ;’é‘i’m
(P<10'3) F:.%'r'ﬁ&':; T transport

PEXS mﬁ&ﬂ?ﬁ?ﬁm / (P<10%) P<107)
PEX22 i 107 ESC‘?E#I:I;IIII -——  Golgi
pEX19 P <103 -c:— ?Epa:aélﬂ
PEX14
PEX8 Lysosome) /_T\
YGL152C \ | i
YJL211C ‘;\\ Vacuolarr‘ Regulation 01[//;.\\ (P<10%) ;
PEX1 Nk gty W
PEX3 S
PEX10
PEX4
PEX13
PEX6 i i
rexs. Geny/Proteiny peroxisomu
PEX12 )
PEX15 Science 320 (2008), p.362



Mutagenesis

Tranaformation

Plasmid shuffling

Pokud je YFG1 esencialni musi byt v deleCni
mutanté pritomna extra divoka kopie genu
napr. na plasmidu

Na dalSim plasmidu mdZze byt vnesena
mutovana verze yfgl — jeji efekt se projevi az
po odstranéni plasmidu s divokou kopii genu
(pomoci FOA)

Podobné Ize pouzit ade2, ade3 systéem s
YFG1 wt genem na plasmidu s ADE3
(kolonie jsou Cervené diky ade2 mutaci) — po
ztraté plasmidu jsou sektory kolonii bile (bez
Ade3p enzymu je metabolicka draha
blokovana dfive nez vznika Cerveny
metabolit)



ts mutanty

- ts mutanty jsou vyhodné pro studium funkce esencialnich gent — mutanty jsou
normalni na permisivni (25°C) teploté, ale nemohou dokoncCit bunécny proces
vyzadujici aktivni protein za restriktivni teploty (37°c)

- ts mutanty = vétSinou nestabilni proteiny, které se pfi zvySené teplotée
denaturuji/ztraci aktivitu a jsou degradovany

domain 1 domain2 domain 3

Uiguitin - DWER™ T('c]l Halt-life i"“ Phenotypes with | Phenotypes with
5. cerevisine Ura3 as domain 3 [Cdc28 as domain 3

UBA1 | ubriA | UBRT | ubriA | UBRT | ubriA

deniblguitination
{cotranslational)

pratain of interest

¥ |237C

long | long 'Ura"' Ura™ | growth growth

}hon long [ Ura” | Ura™t | arest | growth

- ubiquitinace ,,0znacCkuje“proteiny pro proteasom (degradaci)
ts alela DHFR je degradovana (nestabilni protein — strukturni mutace)
- flize DHFR (ts alely) s heterolognim proteinem => cely protein je na 37°C degradovan

- je mozno vyuzit pro pfipravu ts mutantnich kvasinek (fize s CDC28 — kvasinky
arestuji v G1 fazi) Dohmen et al.: Science, 1994



Zivotni cyklus S. cerevisiae

8 —  © - Deleci Ci mutaci Ize proveést v
o ~ haploidni & diploidn bufice
O haptoici Q

- v haploidni bunce hrozi suprese
9 defektu proto je lepe pouzivat
97 diploidni buriky (druha kopie z(stava
nezmenena)

dlp!Old

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

6 @

l\\__,

@ RHOMBOEDRICKY

- pouzdro spory je tfeba rozrusit a
pomoci mikromanipulatoru ziskat

jednotlivé haploidni bunky (Ize S L|NEARN[M
provést i tzv. random sporulation) = A

- u S.pombe jsou diploidni bunky USPORADAN[M
nestalé a okamzité sporuluji SPOR

(pouzdro se rozpada samo)
- Vice v dalSich prednaskach



Tetrddova analyza
(S. pombe)

genetické vztahy
kfizeni dvou mutant

S LINEARNIM
USPORADANIM
SPOR

"TEEEXERE B B
'S ITEEELE R D

T EEAERE R R N BN
T EXEEREEL N B BB

YPD



Tetrddova analyza

genetické vztahy
kfizeni dvou mutant

© © © :

S < < Segregace g.z

< © © Mendlovy zakony ...
<< Lo

"TREEEEERE BA
'TRE I EEE R B

T EEEEEER N B
T REA R B A B B B

YPD Selektivni médium
(SD-ura ... testy)



Dvojité mutanty — funkcni pribuznost

haploid x haploid => diploid — stejny fenotyp - identicky gen
- bez fenotypu — diky wt alele (rizné geny)
sporulace => haploid — stejny fenotyp — epistaticky (funkcné pfibuzné geny)
C

- aditivni az letalni (paralelni draha, redundance, rozpad
é \ :
F

komplexu)
\‘ ’/ Epistaticky Proteinovy D

komplex

A A

E S\

)y

Letalni

Mutageneze pomoci hydroxylaminu ... hledani (screening) letalniho mutanta —

mutageneze kmene s vypinatelnym plasmidem (promotor nebo FOA — viz
plasmid shuffling)

Pomoci téchto genetickych metod byly analyzovany metabolicke drahy ...
proteinové komplexy ...



Supresory

Supresory potlac¢uji plivodni fenotyp — mutace téhoz genu ,napravi“ plvodni mutaci

- mutace sousedniho (protein) zesili oslabenou
interakci

- nadprodukce proteinu z paralelni drahy

- nadprodukce proteinu z téze drahy

A
E A

\
¢ 1
\

F

NS

Proteinovy
komplex



Priprava aneuploidnich bunek

MATo, karlAlS3, Ivs2-801, cyh2-Q37E, a::HIS3 MATa, a::kanMX6, LYS2, CYH2, canl-100
a: kanMX6 ﬁ

Select for: Can".-His and Kan®

X

KAR1 gen potiebny pro
karyogamii tj. pro fuzi jader

a::HIS3 + a::kanMX =>
a:.specifické promotory -
rezistence pouze v (a)
haploidnich bunkach

a:-kanMX6 ﬁ

Studium vlivu aneuploidie na
bunku (u Clovéka se podili na
kancerogenezi, aneuploidie v
90% lidskych nadori)

Torres et al, Science, 2007



Souhrn 4. prednasky

* Genetické metody
— Plasmidy (kvasinkové elementy)
— Integrace (plasmidy, PCR, kazety)
— Teplotné-sensitivni mutanty (esencialnich gent)
— Tetradova analyza
— Synteticka letalita, epistase, suprese

Pomoci téchto genetickych metod byly analyzovany metabolické drahy, proteinove
komplexy, evoluce biologickych systémd ... pfipravovany nové kmeny pro
biotechnologie ... feSeny otazky tykajici se zdravi Cloveka



