Osnova 4. prednasky

* Genetické metody
— Plasmidy
— Integrace do genomu
— Teplotne-sensitivni mutanty
— Tetradova analyza
— Synteticka letalita, suprese




Vyhody kvasinkoveho modelu

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

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

« Stabilni haploidni i diploidni formy

« Haploidni bunky lze kfizit na diploidni (heterozygotni mutanty)

* Diploidni buniky 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 delec¢ni, inzeréni a mutantni kmeny
*  Vydrziv >15% glycerolu na -70°C ,indefinitely”

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

«  Techniky synchronizace bunék

+  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)

*  MikroCipy - expresni profily za riznych podminek

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

Nevyhoda — malé burnky, malé organely (napf. nejsou vidét chromosomy — SMC)
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Table 1 | Nomenclature in the two yeast species
LEU2
S. cerevisiae S. pombe
=] k.o
Nomenklatura pro S.p..  sswzz zast 77z Wild-type gene YFG1 yfg1*
SPAXXXX: Deletion (null) mutant Ayfg! yiglA Ayfgl yiglA
inS' ﬁombe a H Recessive mutant yfg1-1 yfg1-1
- 1. chromosom N "% Dominant mutant YFG1-2 yig1-2
Protein Yigl YFGip Yig1 yigip

Forsburg: NRG, 2001
Baudat a Nicolas, PNAS, 1997

Yig typically means "your favourite gene’. The 'p’ designation for proteins (for example, Yigip) is
occasiondly used. S. carevisiae, Saccharomyces carevisiae of budding yeast; S. pombe,
Schizosaccharomyces pambe or fission yeast.



Laboratorni kvasinkvé Kmeny

S. pombe - ,,501“ #u,,
Genotype: h- ura4-A18 leu1-32 ade6-704 i
ATCC IN PARTNERSHIP WITH LGC STANDARDS

S. Cerevisiae — ,,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“ — nejCastéji pouzivany laboratorni kmen

Genotype: MATa/MATa Jeu2-3,112 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

Sources: Biosystems:YSG1058 auxotrofie — vyuzivana pro selekci

Dvojhybridm' Strain Genotype References

systém: AH109 MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, James et al., 1996;
galdA, gal80A, LYS2 : - GAL1,5-GALT1414-HIS3, A_Holtz, unpublished

GAL2,,,s-GAL2,,,,-ADE2,
URA3 - - MEL1y4s-MEL1 1p4-lacZ

Y187 MATa, ura3-52, his3-200, ade2-101, trp1-901, Harper et al., 1993
leu2-3, 112, gal4A, met-, gal80A,
URA3 - - GAL 1yps-GAL Tyara-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.
LYSZ2 :: GAL1ypg-GAL 11p1a-HIS3,
URA3 : : GAL4 17-n‘,er3|,:<3:'CYC ’TATA"aCZ



Allele Reverts? Notes Molecular description? Reference
ochre mutation. red G to T transversion at nucleotide
ade2-101 yes colonies ’ 190, changing amino acid 64 from | Gai and Voytas, 2005
a Glu to a STOP
Cold sensitive; high
his3-200 o frequepcy of petl.te I 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-to-TAG amber (STOP)
trpl-1 yes amber mutation nonsense change at codon 83 McDonald, et al. 1997
ura3-52 no - Ty1 insertion Rose and Winston 1984

Genotype References
MATa, trp1-901, leu2-3, 112, ura3-52, his3-200, James et al., 1996;
S galdA, gal80A, LYS2 : - GAL 1,,6-GAL 11,1,-HIS3, A. Holtz, unpublished
m t GAL2UAS_GAL2TATA_ADEZ'
URA3 : : MEL1,,c-MEL1 74r4-lacZ
m.'.
MATa, ura3-52, his3-200, ade2-101, trp1-901, Harper et al., 1993
leu2-3, 112, gal4A, met-, gal80A,
URA3 : : GAL1yps-GAL T1pra-lacZ
adeb* MATa, ura3-52, his3-200, ade2-101, lys2-801, Feilotter et al, 1994;
N trp1-901, leu2-3, 112, gald-542, gal80-538, cyh’2, C. Giroux, pers. comm.

LYS2 : - GAL 1yps-GAL 11,74-HIS3,
URA3 - GAL4 17 preraiuns-CYC lrara-lacZ



Table 2 | Corresponding tools in the two yeast species

S. cerevisiae S. pombe
Regulated promoter GAL (galactose regulated) nmt (thiamine regulated)
Plasmid replication ARS1 or 2u ars
Selekce  oriins

Auxotrophic markers
Uracid, orotidine 5’-phosphate URA3 urad’
decarboxylase
Select aganst wath 5-FOA
Leucine, B-isopropyimalate LEU2 leut*
dehydrogenase
Adenine, phosphonbosyl- ADE? adeb*
aminoimidazole carboxylase

Forsburg: NRG, 2001 Accumulates red colour
2u (2 micron)), an endogenous plasmid DNA molecule found in some yeast calls, wath a
arcumierance of 2u; 5-FOA, 5 -fluoro-orotic acid. S. carevisae, Saccharomycas carevisiae or

budding yeast; S. pombe, Schizosaccharomycas pombe of fission yeast.

- geneticin (G418) — podobny kanamycinu (mistranslace)

- nourseothricin (NAT) — inhibitor ribosomalni proteosyntézy = miskodovani
(Streptomyces noursei), rezistence pomoci nat1 genu (N-acetyltransferasa —
monoacetyluje NAT)

- hygromycin B — inhibuje translokaci v prabéhu translace (aminoglykosid z
Streptomyces hygroscopicus), rezistence kddovana hph genem z Klebsiella
pheumoniae

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



Shuttle vektory

vychazi z 2um plasmidl 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)

— Nadprodukce (suprese mutaci nebo toxicita) Kpnl EcoR I

— \ BamH |
Regulation/ Signal el _\ ; " Xbal
Relative Protein Strength on tl ‘ . :N I
Promoter Expression Level Western blot P A o 0;
ac
ADHT (full-length) Ethanol-repressed/High +4+ i \ )
pBK416
ADH1 (410 bp+): Constitutive/medi 43 pUC
( p+) onstitutive/medium ++ “\.. 5543 bp
ADHT (410 bp) Constitutive/low +— (weak) \ )
Constitutive/ very low (not detectable) \ /
ARSH4 @
ADH1 (700 bp) Consitutive/high +4+ CENG6 b K
dan
GAL 1 (full-length) Repressed by glucose; (not detectable)d v
induced (high-level) by galactose +++0
MET1 Methionin repressed
CUP1 Indukovany médi

MFA1 MATa specificky (haploid specificky)



TABLE 2 | Metabolic engineering of yeast to improve the production of fatty acid-derived biofuels.

Strategies Target Strain Genetic manipulation Titer/achievement References
Improving precursor FFA (C16: 66.3%, BY4727 Overexpression of TesA, ACCT, FAST, and 0.4g/L Runguphan and
supplement C18: 21.1%) FAS2 Keasling, 2014
FFA (C16, C18) BY4741 Overexpression of Mus musculus ACOTS 0.493g/L Chen et al.,, 2014b
FFA (C16, C18) BY4741 Overexpression of Mus musculus ACL. 013 gl” Tang et al., 2013
Deletion of IDH1 and IDH2
FFA (C16, C18) YPH499 Deletion of FAAT and ADH1 0.14g/L Lietal., 2014
FFA (C16, C18) CEN.PK2 Overexpression of the reversed B-oxidation  0.011 g/L Lian and Zhao, 2015
pathway and SeAcsL641F. Deletion of
ADH1, ADH4, GPD1, and GPD2
TAL BY4741 Overexpression of the Gerbera hybrid 2.2g/L Cardenas and Da
2-pyrone synthase (2-PS) Silva, 2014
Fatty alcohol (C16: BY4742 Overexpression of mouse FAR, ACC1, 0.086g/L Runguphan and
91.1%; C18: 8.9%) FAST, FAS2 Keasling, 2014
FAEE (C16, C18) BY4742 Overexpression of AbWS, ACCT, FAST, 0.005g/L Runguphan and
and FAS2. Deletion of POXT Keasling, 2014
FAEE (C16, C18) BY4741 Overexpression of WS2. Deletion of FAA2,  0.025g/L Thompson and
ACBI1, PXA2 Trinh, 2014
FAEE (C16, C18) CEN.PK113  Overexpression of WS2. Deletion of ARET, 0.017g/L Valle-Rodriguez
DGAT, ARE2, LRO1, and POX1 et al., 2014
FAEE (N/A) CEN.PK113  Overexpression of WS2, ADH2, ALDE, 0.002g/L" de Jong et al., 2014
and SeAcs!841P
FAEE (C16, C18) CEN.PK113  Overexpression of WS2, ACB1, and GAPN  0.048g/L Shiet al., 2014a
FAEE (C16, C18) CEN.PK113  Overexpression of WS2 and 0.026g/L" de Jong et al., 2014
phosphoketolase pathway
FAEE (C4-C10) CEN.PK113  Owerexpression of the reversed 0.75g/L Lian and Zhao, 2015
B-oxidation pathway and EEBT or EHT1
FAEE (Medium chain)  CEN.PK2 Overexpression of AbWS, GUPT, GCY1, 0.52g/L Yuetal.,, 2012
and DAK1. Deletion of FPS1, and GPD2
Alkane (Very long INVSci Overexpression of SUR4F262AK266L and  Trace Bernard et al., 2012
chain) A. thaliana CER1 and CER3

FFA- free fatty acids, FAEE - fatty acid ethyl esters

Sheng, Front in Microb, 2015



Priprava monomeru pro vyrobu plastu
— vyuziti Candida tropicalis

« Candida tropicalis je schopna vyuzit mastné 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

w-hydroxymastné kyseliny, které Fatty acid
v s ; . ° woxidation ~._ Poxidation
Ize pouzit pro vyrobu bio-polymeru / i
(plastl podobnych polyetylentim, CH,(CH,),-COOH CHa(CH,),-COOH
bio-odbouratelné na bio-palivo) CYPSIA P4Sts mx¢mns*ﬂ'r'f--‘"ﬂid-m
« dalSi modifikace kmene CHy-{CH,), - CH=CH-CO-$-CoA
, o . HO-CHy~(CH,) -COOH
(integrace genu pro lipasy) | Mydratase
TP 2\, 5 Sgock unknown enzy CH,-(CH,). _,-~CHOH-CH,-CO-8-CoA
by umoznilo pfimé odbouravani AN S s
odpadnich oleju ... OHC-(CH,),-COOH | Detydrogense
CH3-{CH,), 3-CO-CH,-CO-5-CoA
l | 1' hnlnkase
HOOCHCH,)-COOH CHs-{ CH,), ,-CO-S-CoA + CH-CO-5-CoA

Lu et al., JACS (2010)



YAC (yeast artificial chromosome)

CEMNS SHTL Noil

Bakterialni Cast — Amp -‘-’*‘"mlr Cloning site
resistence, pocatek replikace SfiL, Noi
Kvasinkova ¢ast — marker, CEN-
ARS, TEL URAZ
50-500kbp insert napr. lidska
Restriction fragment

klont YAC (270kbp)

Bt Sieal, Phosphatase

genova banka pro HuGO 80000 l BamH

Klonovani, mnozeni, uchovani
dlouhych fragmentu DNA TRP1 ARSI CEN4 LRA3

o 1| | ——

Vyzkum savcich telomer a
centromer

Pomoci transfekce, lipofekce
nebo elektroporace Ize dostat i
YAC i do savéich bunék — TRPTARST CENVY URA3

nahodné se integruji do genomu €—TT—T—1 L .
- vyzkum nesestfihnutych gen

(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 pote teplotni sok pri 42°C (15min)
StocCit a pelet rozsuspendovat v TE roztoku

Rozetrit na selektivni plotnu



Integrace |.

Transcription
Termination (TT)

Not | or
Bglll ~

B - integrativni plasmid pro P. pastoris
[N b (GS1115, genotype: his4)
| - exprese z AOX1 promotoru

£A ori

- integrace do AOX1 lokusu

Not | or

Bl - mechanismus homologni rekombinace

Linearized plasmid

5 AOX1 TT - i Pichia genome (his4)

= - Plasmid integrated
5 Paox1 Gene of Interest L HIS4 3 AOX1 into genome



Integrace: disrupce/delece genu

- studium funkce genu — fenotyp (delece/mutace)
- esencialni gen => bunky potfebuji gen napf. na plasmidu
(plasmid shuffling)
- zivotaschopné — mutace Ize 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 funkéni vztahy
(synthetic lethal x epistatic x suprese)...

1. krok EMEI 2. krok

yigi-1

3 YFGT | § ! m ?

¢ Ura™® e - - -
o & FOA Selection (Ura™)

- - \\‘56
{ [ URA3:] 3 O
;Fﬂﬂﬂelectmn (Ura’} i yig1-1_| }
specificka mutace
? [E] § neesencialni gen
Vg 1-A

Vyuziti inhibitoru FOA pro ,odlé€eni“ 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.)

« misto integrativnich plasmidl = oligonukleotidy ~ 70nt dlouhé postaci (pfi 2
krokové PCR se kromé dlouhé homologie vnesou jesté specifické sekvence pro

pozdéjSi manipulace ™)
[ kanmx ]

1.PCR (barcode)

D I T S 2 PCR (homologie)

T
> >

00000 Kvasinkovy ORF |

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

) . . * * k& e SACCHAROMYCES
http://web.uni-frankfurt.de/fb15/mikro/euroscarf/index.html % EUROSCARF CEREVISIAE
w * 4 % x ARCHIVE FOR

Giaever et al, Nature, 2002 FUNCTIONAL ANALYSIS



EuroFan projekt - testy fenotypu

Assay/growth conditions

YPD + 8 mM caffaine

Cyclkoheximide hyparsansitivity: YPD + 0,08 pg mi~' cycloheximide at 30°C
Mhite/rad colour on YPD

YPGhycerol

Calcoflucr hypersansitivity: YPD + 12 uafi~ caloofiucr at 30°C

YPD + 46 ugmi~' hygromiycin at 30°C Bunédéna sténa
YPD + 0.003% SDS (stabilizujici)

Benomiy hypersensitivity: YPD + 10 ugmi-' benomiy I M | krotu bu |y

T |

YPD + 5-bromo-4-choro-3-indolyl phosphate at 37 °C (stabi”zuj I’CI')

e (P00 + (0,001 % methwlana blua at 30°C
e BenOMyl resistance: YPD + 20 pgmi-! benomi I Mikrotubuly
e YPD att 37 °C | ts (destabilizujici)
—

YPD + 2mM EGTA

YPD + 0.008% MMS

| Oprava DNA

YPD + 75mM hydroxyuraa

YPD at 11°C | csS
Calcoflucr resistance: YPD + 0.3 pami™' cakcofluor at 30 '\SI Bun. sténa

Cycloheximide resistance: YPD + 0.2 pgmi™ cycloheximide (d estabilizuj I'CI')

Hyperhaploid invasive grawth mutants

T T 5

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

- Funkéni kategorie genu — anotace v databazich (genova ontologie)
Winzeler et al, Science, 1999; Giaever et al, Nature, 2002



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

2% - Testovano ~400 malych molekul
| a stresovych podminek (-aa ...)

- Celkem provedeno ~ 6milionu
testu

- multidrug resistance (MDR)

- Lethality (Giaaver et al, 2002)

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

Growth defect in this study

- pokud byl gen potfebny pro
DNO phenatype in this study resistenci vlci >20% z
testovanych latek
- el

Endosome
transport
(P< 109/ Veside-mediated

- Podobné profily svédcCi o funkéni podobnosti

Ubiquitin-dependent
protein catabolism transport #=

C Hydrogen peroxide, pH8 MMS, MPP+, Paraquat, Sodium arsenate via WVB pattway T, P <1017 | ok
(P <107) -Gol

\ \ ﬁ,‘f‘fg_';";j koo vss:::lr:r-];n;ﬁﬂatod

Late endosome oormplax P <107

pEXS to vacuola lm?sport / (P<1 04’
Pl AP-1,3

pEX22 ( ) . ESCRTI I, e — Golgi

PEX19 P< 10r3 Q apparatus

PEX14 e

PEX8 ,-’" P

YGL152C ! ;\/\Eﬁmmk
Peroxisome YJL211C | e ‘ Poguiation of (P <10%)
(P=6x10%) EEE & i

PEX10 Nt

PEX4

PEX13

PEX6 ; :
Exe . Geny/Proteiny peroxisomu

PEX12
PEX15 Hillenmeyer et al, Science, 2008

Resistan_ Sensitive 410 homozvaous experiments



Cre rekombinasa — odstraneéni markeru

ESSENTIAL
; — | NON-ESSENTIAL
‘ \;w wos | CPT®
‘ Aew [T-TJ)———— ':

T - o .. PCR product size
- - Q=T P

2.2 kb

>
o {f\
D IE2ECTEN SR B . 4 o
baxP P )
3
l Transformation @
e e -I-crep s N
- s e S './ : \"._! §
R Lcomw s v e CPT"
é ONEF é — — " 01 — l@- PCR product size
O oRF T 3.6 kb

:Elujfw LS . Postup lze pouzit nekolikrat se stale stejnym
M ORF H— 7 markerem

diploid ™~ Nevyhoda pro genetické studie (marker
Guldener et al, NAR (1996) nekosegreguje s mutaci)




Integrace: inzerce genu (CRISPR- Cas9)

A. Genome Engineering With Cas9 Nuclease

Horwitz et al, Cell Syst, 2015

Yeast expressing Cas9
Linear: )

- guide RNA cassettes .
/§ -donor DNA =
- marked plasmld

Cas9 crRNA.  Cas9 zaintegrovan |
- ©va& gRNAkazeta defanJe
: ] = | (J misto $tépeni
[ Cleavage ‘o gopyp . donorova DNA nese
N ;?“.“ﬁ?\ integracni insert
Target 9 “pam \.J Multiplex CRISPR
/ . o — integration
== =—— L':L\ ': -
!-E"._"' Prototype Assess allele
~ Donor DNA pathways synergy
L), — CL,, > ) e .
- - ;T S
——— m——
New DA e INA K integraci u kvasinek neni nutny CRISPR
Mon-homaologous Homology directed - u€inna homologni rekombinace
Ond joiming (HHEJ) mpmir (HOR) - CRISPR zvy3uje uginnost mnohonasobné

integrace (fizené stépeni DNA)



6 integraci do 3 lokust (podvou)  NOva metabolicka draha
_ > - Yeast expressing Cas9 Linear: X _:\

- guide RNA cassettes h §
- oA N _ /< -donor DNA
lokusy: GAL80, HO, ARO1

- marked plasmid
= ; |~ gRNAkazeta definuje
T AroF falee - \J misto Stepeni

T

1 <1 JHoBsN donorova DNA nese
. integracni insert
AroY v péti kopiich — zvysilo vytézek O Multiplex CRISPR

—— - integration
arrEEm
m “arr / ~

Phosphoenol pyruvate (glykolyza) MOy 0 )ﬂi

AroF AroB = AroD AroZ
glucose » » PEP OV DAHP rov DHQ ro. DHS > PCA Y catechol p cis,cis-muconic acid
) 4
i:’ Oy 0‘3-'-'04 AFO"

E4P X

aromatic — gyntéza k selln mukonove bioplast
AroB, D, F, Y a Z = E. coli orinoacse =YI1SEA BYSSILY Plasty

CATA = C. albicans Horwitz et al, Cell Syst, 2015

delece ARO1 blokuje tvorbu aromatickych AMK (draha vede na kys. mukonovou) a nuti
buniky do této drahy — v biotechnologickém procesu nejdfive na bohatém médiu roste
biomasa — poté se na minimalnim médiu (bez aromatickych AMK) spousti tato draha



Delece genu pomoci transposond

a
Xa 3xHA
IR lox lacZ URA3 tet reslox |IR
Library of mTn ~ esencialni »
. ; -
\ /
insertions In yeast Nofl ~—"NotI
|

DNA, generated in |

E. coli yeast DNA

=) il

/
\
Prepare DNA from Oﬂo%‘é,o =
individual plasmids PRARRE R
ETEECETES o
Citlivé ... »
Cut with Notl;

transform yeast

Hyg r

&gglsgger Defekt bunécné stény

popsat
MacDonald et al.: Nature, 1999



SAturated Transposon Analysis in Yeast (SATAY)

A I transposon 1-scrape and pool
I non-essential genes
mm essential genes inserted in
inserted in non-essential genes szizntlal

L10Z ‘a)718 ‘e 18 |syYdIN

2-genomic 3-digestion with
DNA extraction frequent-cutter

hgaﬂon

ooe j,

- generovano 1.000.000 klont — 300.000 inzerci (vysoké pokryti na 6.000 genu)

- cirkularni DNA pouzita pro NGS sekvenovani (MiniDs transposon-specifické primery)
- inzerce kazdych 40bp (preferen¢né v nucleosom-free oblastech)

- kazdy transposon sekvenovan 20x ...




apltd

veds
mmmiA VPS13(D7 16
N1
wild-type 2
Wi
chrl:

chril: 100, 000

- inzerce chybély v
esencialnich genech
(zelené Sipky)

- charakterizace GO,

2009 drug screening,

- rozliSeni na urovni

vV V.V VWV \' V
ChrIV 350, OOO 400,000 450 000 500 OOO
10 L I | ] | P ] |

CthII 300,000

chrXVv: 300, 000l 350 OOOl 400, 000|

A C-terminal truncations

} b (R

|'|h||| l
GAL10

epimerase mutarotase

e

—

domén (GAL10 — dvé
domeény z nichz
esencialni je pouze
prvni ...)

- C-koncové, ale i N-
koncové delece

B N-terminal truncations

| i T
|II|W' ! : lIl |\ illll ol I|I':"||I |'M|h j:‘
v o T o
phosphatase  TFC7 TRIC i
! I ' '

U‘ ‘TI!! | '\" Hﬂl: ||” L 'fw I
-

Michel et al, eLife, 2017



Zivotni cyklus S. cerevisiae

8 g - Deleci €i mutaci Ize provést v
& \ haploidni & diploidni bufice

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

OAO Q M
.{. diploid
o ... @ >R

®‘/\.

- pouzdro spory je tfeba rozrusit a
pomoci mikromanipulatoru ziskat

- lze pfipravit dvojitého mutanta
kfizenim haploidnich mutant a poté
sporulaci diploida

@ RHOMBOEDRICKY

jednotlivé haploidni buriky (lze S L|NEARNiM
provést i tzv. random sporulation) i ¢

- u S.pombe jsou diploidni bunky USPORADANIM
nestalé a okamzité sporuluji SPOR

(pouzdro se rozpada samo)
- Vice v dalSich prfednaskach



Zivotni cyklus S. cerevisiae

8 e - Deleci ¢i mutaci lze provést v
® \ haploidni &i diploidni bufice

a
O haploid Q

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

diploid
- lze pfipravit dvojitého mutanta
kfizenim haploidnich mutant a poté

sporulaci diploida

D
- delece esencialniho genu Ize provést pouze ®
v diploidni burice (haploidni neprezije) 4 Q
- po iniciaci sporulace dojde k meiotickému @‘*@" @
déleni (2n -> 4n -> 4x 1n) a vzniknou 4 ssoaira  pamectc et @ Q

haploidni bunky (lze rozdélit
mikromanipulatorem — tetradova analyza) @ mes Q

I~
hapI0|d ‘ O 0]

8\,

haplon sporas

Meakosis n



Tetradova analyza
(S. pombe)

spory preneseny tenkou jehlou a
rozmisteny v pravidelnych
odstupech

S LINEARNIM
USPORADANIM
SPOR

'T R AR B B
TR JEEE R BN

LT EEEEREE R B AN
12122 R RN

YPD



Tetradova analyza

2 spory/kolonie normalni
+

2 spory/kolonie mutantni

YPD
"T BREEEERE B D

TR I EEEREE BE N
TEIREEEERE LA

T RIXEXEEEE R BN (D /Q

S288c strain ® \x O
=D~
@ diploid hybrid prﬂmmmcﬁ recombination ® O

Selektivhi médium (SD-ura ... testy) haploid spores

meosis 1l

AAaa
aaAA
AaAa
AaAa




Zivotni cyklus S. cerevisia

yig1-1
_——© (a)
® \ \
O haploi£
Y
| a\a
~ diploid ‘
. ha::oid ‘ . @ ./

@‘/\.

yfg2-1

(b)

No CO Single CO Double CO
© (four-strand)
- Ize pfipravit dvojitého mutanta krizenim
haploidnich mutant a poté sporulaci diploida
- frekvence typu zavisi na vzajemné pozici v < '
genu — ruzné chromosomy => nezavisla 6*0 0" 9"
segregace, stejny chromosom (Morganovy 0 " "

Parental ditype Tetratype Nonparental ditype

zakony — €im blize, tim méné cross-over) (PD) M (NPD)
(d)



Dvojité mutanty — funkcni pribuznost

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

sporulace => haploid — stejny fenotyp — epistaticky (funkéné pribuzné geny)
- aditivni az letalni (paralelni draha, redundance, rozpad

komplexu)

A A

E /N

¥

\

. e
| g /1
\ / Epistaticky Proteinovy D Letalni
komplex

Mutageneze pomoci hydroxylaminu ... hledani (screening) letalniho mutanta —
mutageneze kmene s vypinatelnym plasmidem (promotor nebo FOA — viz

plasmid shuffling)
Pomoci téchto genetickych metod byly analyzovany metabolické drahy ...

proteinové komplexy ...



Hledani funkcné pfibuznych genu

Fatty alcohol
alcohol
a,@-dicarboxylic acid P450 ® dace dehydrogenase
roductivity (g/L/h) = o2 o2 o3 oo & " @
£ - S § §§§§z2523%38 %355
a B R R EEEEEEEEEEEE
o (0] 0o o O O u w w w 3 9 < < < < < <
=) DP174 ® © 0 o
0O -pF283 @ @ ® ©®© © @ © © 0 O
~ P @ @ ® © © 0 00 00 00
F= bPatsc @ @ © @ © © © @ © 0000 00O
g —Fr21 © 0 0 00 0 000000000 o
% - P23t @ @ © @ © @ © © © 0 0 00 00 0 0
3= P52 @ @ ® © © 0 0 000000 00 @
X5 5% @ © © @ © 0 000000 0 00 °
= PiE @ @ 0 @ 0 0000000 00 @
2 Fatty acid
W 9 w-oxidation ~,.  poxidation
oo / T
22 1l . -
99z CHy{(CH,),-COOH CHy-(CH,),-COOH c
O #:Bg CYPS2A PiSls SOX4 BOXS JINV Col ovida o
ab - = Y -
2 CHy-(CH,),, +CH=CH-CO-5-CoA o
HO-CH,-(CH,), -COOH >
Hvilratase
Y »
block unknown enzy CH,-(CH,), ,-CHOH-CH,-CO-S-CoA
o
- delece homolognich enzymu (napf'. OHC-{CH,),-COOH g =
dehydrogenas) potla¢i metabolické l l LA, s DO-CHr CD5:Cna
schopnosti buriky (DP421 = méne ¢ Thiclase

o-hydroxymastné kyselin) HOOCH(CH),-COOH  CHy-( CHy),-CO-5-CoA + CH3-CO-S-CoA



Priprava aneuploidnich bunek

MATo. karlAlS3, f\_g:-SO] c.\']p:-QjTE_ a:-HIS3 MATa, a::kanMX6, LYS2, CYH2, canl-100
x a‘mm:oﬁ

Select for: Can®,-His and Kan®

KAR1 gen potfebny pro
karyogamii tj. pro fuzi jader

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

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

Torres et al, Science, 2007



