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Osnhova

* Metody analyzy genoveé exprese

= Kvalitativni analyza exprese genu

= Pfiprava transkripéni fluze promotoru analyzovaného genu s
reporterovym genem (gen zpravodaj)

= Pfiprava translacni flize kodujici oblasti analyzovaného genu s
reporterovym genem

=  Vyuziti dostupnych dat ve vefejnych databazich
= Tkanové a bunécné specificka analyza genové exprese

= Kvantitativni analyza exprese
. DNA a proteinové Cipy
. Next gen transkripCni profilovani

= Regulace genové exprese v identifikaci funkce genu
pristupy ziskané funkce
= T-DNA aktivacni mutageneze
= Ektopicka exprese a systemy regulovatelné genove exprese

= Chemicka genetika



Osnova

» Metody analyzy genové exprese

= Kvalitativni analyza exprese genu
= Pfiprava transkripéni fluze promotoru analyzovaného genu s

reporterovym genem (gen zpravodaj)
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(Genova exprese

o Transkripéni flze s promotorovou oblasti

I |dentifikace a klonovani promotorové oblasti genu

: pfiprava rekombinantni DNA nesouci promotor a reportérovy gen
(uidA, GFP)

TATA box > UTR ATG...ORF reportérového genu

promotor _
pocCatek transkripce

BamHI

GAGGAGGCACAAAATGACGAA —//— TGTATTCTT TTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAA GAAGATAATATG! GGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
@RI PRV GQSLMLRPVETTPT

/" —

MMVKVTK.
-2739

GAGGAGGCACAAAATGACGAA —//— GTTATACAAGT TCACT CAAAT GATGGTGAAAGT TACAAAGCTT GTGGCTTCACGTCGGATCCCCCGGGTAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
M MV KV T KLVASIRRIPRY GQSLMLRPV ETUPT

— intron

I




O

(Genova exprese

Transkrip¢ni flize s promotorovou oblasti

I |dentifikace a klonovani promotorové oblasti genu

: pfiprava rekombinantni DNA nesouci promotor a reportérovy gen

(uidA, GFP)
: pfiprava transgennich organismu nesoucich tuto rekombinantni DNA a

jejich histologicka analyza




GUS reporter In mouse
embryos

LacZ activity marks the cells
of the developing myotome.



Osnova

Pfriprava translacni fuze kodujici oblasti analyzovaného genu s
reporterovym genem
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(Genova exprese

o Translaéni  fuze kédujici oblasti analyzovaného genu

repotérovym genem

. Identifikace a klonovani promotorové a kodujici oblasti analyzovaného
genu
. pfiprava rekombinantni DNA nesouci promotor a kddujici sekvenci

studovaného genu ve flzi s reportérovym genem (uidA, GFP)

5 UTR
TATA box ATG...ORF analyzovaného genu....ATG...ORF reportérového genu........ STOP

promotor

BamH|

GAGGAGGCACAAAATGACGAA —//— TGTATTCTT TTGTTATCAAAGGGT TTCGACTT TGCTCCGAGGAA GAAGA TAATATGA GBATCCCCCGGG TAGGT CAGTCCCT TATGT TACGT CCTGT AGAAACCCCAACC
@RI PRV GQSLMLRPVETTPT

MMVKVTK.

7 L 7/

-2739

BamH|

GAGGAGGCACAAAATGACGAA —//- GTTATACAAGT TCACT CA AT GE TGGTGAAAGT TACAAACGCTT GTGGCTTCACGTCGGATCCCCCGGGTAGGT CAGTCCCTTATGT TACGT CCTGT AGAAACCCCAACC
M MV KV T KLV ASRRI PRYGQSL MLRPVY ETPT

— intron

.

S



(Genova exprese

o Translaéni  fuze kodujici oblasti analyzovaného genu s
repotérovym genem

. pfiprava transgennich organismu nesoucich tuto rekombinantni DNA a
jejich histologicka analyza

. oproti transkripéni fuzi umozhuje analyzovat napf. intracelularni lokalizaci
genoveho produktu (proteinu) nebo jeho dynamiku

PIN1-GFP in Arabidopsis Histone 2A-GFP in Drosophila embryo by PAM
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Vyuziti dostupnych dat ve vefejnych databazich
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(Genova exprese

0 Analyza exprese pomoci Genevestigator (AHP1 a AHP2,
Arabidopsis, Affymetrix ATH 22K Array)

#252184_at W256744_at
Arabidopsis thaliana arri  Arabidopsis thaliana arrays
callus H [ rcallus i &
—cell suspension L an —cell suspension —— an
—seedling E ] o986 —=eedling » 026
—cotyledons E ] a f—cotyledons HiH a
— hypocotyl » 5] — hypacotyl —g— -]
—radicle —— 23 —radicle . 23
—imbihed seed » 26 —imhibed seed —— 26
—inflarescence : 3 562 r—inflarescence L ) 562
—flower L ] 172 —flower L ) 172
carpel 15 carpel HH 15
ovary & 4 ovary HiH
stigma S stigma
petal » [ petal ———
sepal [ ] [ sepal
staren [} 43 stammen
—pollen : ) z —paollen
pedicel i) ] pedicel
—silique L ] 17 —silique
—seed L ] 121 —seed
embrya [ ] a embryo
endosperm [} a endasperm
—stem L ] 30 —stem —— 20
—node [ ] 2 —node (] 3
—shoot apex L) 137 —shoot apex L ] 127
—cauline leaf E ] 3 —cauline leaf & al =
—rogette » o085 —rosete [ ] 965
—juvenile leaf ] 103 —ijuvenile leaf [ ] 102
—adult leaf f ) 398 —adult leal HH 24
—petiole ® 12 —hetiale [} 12
—senescent leaf » 3 —senescent leaf » =
—hypocotyl L ] =6 — hypocotyl L ] 36
0l ern & a wylem HH a
cork ] a cork HijH a
—roots HiH 330 —roots - 230
—lateral root . 4 & f—lateral root —— 2
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—roottip ] 4 —roattip [ 4
—elongation zone . 2 10 —elongation zone —— 10
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(Genova exprese

o Analyza exprese pomoci Genevestigator (AHP1 a AHP2,
Arabidopsis, Affymetrix ATH 22K Array)
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(Genova exprese

o Analyza exprese pomoci Genevestigator (AHP1 a AHPZ2,
‘ Arabidopsis, Affymetrix ATH 22K Array)

& c—
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= Tkanové a bunécné specificka analyza genové exprese



Expression Maps - RNA

o  High-Resolution Expression Map in Are

DR5::GFP
Lo W LATERAL ROOT
PRIMORDIUM

O
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GO Categoreis

Expression Maps - RNA
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Expression Maps - Proteins

o Human Protein Atlas

- , NN

g Malecular Protein MS analysis Immunization Affinity
PrEST design biclogy Sequencing factory ) purification

|
| l

g_.' Ensembl
UniProt

3

—— — — —

IF analysis Western blot Bioinformatics and literature

IHC analysis B Protein microarray
search

Human protein alias portal

Ponten et al., J Int Med, 2011
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Expression Maps - Proteins

Human Protein Atlas
(http://www.proteinatlas.org/)

HUMAN PROTEIN ATLAS®

ABOUT & HELP

SEARCH ? »

|| | I Search | I Clear |Fie|dS »

e.g. CD44, ELF3, KLK3, or use Fields to search specific fields such as
protein_class:Transcription factors or chromosome: X

Protein evidence according to
Fagerberg et al is summarized in
the chromosome progress
diagram.

Version: 11.0
Atlas updated: 2013-03-11

release history

15156 genes with protein expression
profiles based on 18707 antibodies.

dictionary: histology of esophagus

@®

Fnaat ook e . —
llonbrms™ The Human Protein Atlas project is funded
LRI by the Knut & Alice Wallenberg foundation. UPPSALA

/u/[;/u UNIVERSITET




Expression Maps - Proteins

0 Human Protein Atlas
(http://www.proteinatlas.org/)

SUBCELLULAR LOCATION SUMMARY

Main location(s) Nucleus but not nucleoli

Additional location(s)

Staining summary Localized to the nucleus but excluded from the nucleoli.
Reliability (APE) @ High

Antibodies in assay CAB039238, CAB039239

Show image »

MORE SUBCELL DATA

NORMAL TISSUE & ORGAN SUMMARY

Expression summary Fractions of cells showed weak nuclear and/or cytoplasmic expression.
Tissue specificity Expressed in 11 out of 82 cell types

Reliability (APE) @ High
Antibodies in assay CAB002973, CAB039238, CAB039239

No of

Organ cell Protein expression
types

CNS (brain) 11

I
Hematopoietic (blood) 8 [ |
Liver and pancreas 5 I
Digestive (GI-tract) 13 [N
Respiratory (lung) 4 :]

Cardiovascular 1 |:]
Female tissues 13 I

Placenta 2 I:]
Male tissues 5 [

Urinary tract (kidney) 3 |:]

Skin and soft tissues | 14 | | |

Endocrine tissues 3 |:]




Osnhova

= Kvantitativni analyza exprese
. DNA a proteinové Cipy



DN

DNA &ipy

A Chips

metoda umozAiujici rychlé porovnani velkého mnozstvi
genu/proteint mezi testovanym vzorkem a kontrolou

nejCastéji jsou pouzivané oligo DNA Cipy

. k dispozici komercné dostupné sady pro cely genom

firma Operon (Qiagen), 29.110 70-mer oligonulkleotidi reprezentujicich
26.173 genl kodujicich proteiny, 28.964 transkriptd a 87 microRNA genl
Arabidopsis thaliana

moznost pouzivat pro pripravu Cipu fotolitografické techniky-usnadnéni
syntézy oligonukleotidi napf. pro cely genom ¢lovéka (cca 3,1 x 10° bp) je
touto technikou mozno pfipravit 25-mery v pouze 100 krocich)

¢ipy nejen pro analyzu exprese, ale napf. Ajﬁ)%%nto;[ygﬂ){f%abi dopsis genome array

(SNP polymorfizmy, sekvenovani pomoci Cipu,’.. 3"
Critical Specifications

Mumber of arrays Cne

Mumber of saquance reprasaented =24,000 gene saquancas
Faatura siza 18pm

Oligonucleotide probs length 25-mar

Proba pairsssquence 1

Cantrol sagquances E. col ganes biod, bioC, bioD.

B. subtilis gane =4, Phaga P1 cre gana.
Arabidopsis maintenance ganes GAPDOH,
Ubiquitin, and Actin

Diatection sansitivity 1:100,000%

*a5 measured by detectlon In comparative analysis between a complex target containing splked
control transcr plions and a complax target with no splkes.




DNA Chips

DNA Cipy, analyza vysledku

. pro spravnou interpretaci vysledkld je nutna dobra znalost
pokrocilych statistickych metod

. je nutné zahrnout dostateCny pocCet kontrol i opakovani

v v v , ., v v , E i f 195M6T7 i to chemical
kontrola na presnost méfeni (opakované méfeni na mﬁ:ﬁ"? TR In response o chemica

nékolika Cipech se stejnym vzorkem, vyneseni

stejnych vzorkd analyzovanych na riznych &ipech wtair
prOti SObé) Search | Tools | Arabidopsis Info | News | Links | FTP | Stocks

I IGene j Search |

Home | About TAIR | Sitemap | Contact | Help | Order | Login

Experiment: Aluminum Stress

kontrola reproducibility méfeni (opakované méfeni EXPOTOOTE o pien | AR N e S
S raznymi vzorky, izolovanymi za stejnych Slide Details
, -y v _ -y , . i Replicate . Vi i
pogrvn)lnek na stejném Cipu-stejné podminky proti ey Exornall 2 Rg(;:)l;c%teri;;:ti Sample ®  [EXPerimentallLaboll b, o
sobé description) " | @name) ’ ? '

L —
/’ no trean e
(pool of 3, 8,
. - ) o . i HoekengaS7 7304_Cy3 7305_Cy5 o Cy3
identifikace hranice spolehlivého méfeni (1 | e ¢ 24 hours) \'
Aluminum FGC Download

Aluminum |technical Aluminum (50
Stress 1 7304
[S{;iz il Stress 5M AICI3,
7304 Cy5.7305_Cy3|pool of 3,8, | Cys

kone€né vyneseni experimentu proti kontrole nebo e and 24 hours)
riznych podminek proti sobé — viastni vysledek \ Aluminum (50
Liceksngad 7304_Cy5 7305_Cy3|pool of 3,8, | Cy3
R 64 and 24 hours)
s | m‘“h”m‘ G J@@
[strong spatial \ no treatment
A= wand 24 hours)| &2
. v soucCasnosti je jiz velké mnozZstvi vysledkd rdznych Che etal., 2002

experimentu lokalizovanych ve vefejné pristupnych
databazich



Protein Chips

= Proteinoveé Cipy

. ¢ipy s vysokou denzitou obsahuijici fadové 104 protein(

. analyza protein-proteinovych interakci, substratd kinaz a
interakci s malymi molekulami

moznost pouzit protilatky — stabilnéjSi nez samotné proteiny
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Protein Chips

» |dentifikace proteinu interagujicich s cytoplasmatickou casti
Integrinu a,,,B; krevnich desticek

S ——
exprese cytoplasmatické CcCasti jako @ eein o o
fazniho peptidu biotin-KVGFFKR : : ﬂg’g &
& o
r . r w 16
analyza vazby s proteinovym Cipem il
obsahujicim 37.000 klond E.coli KVGFFKR peplide o an Frote
exprimujicich lidské rekombinantni =4
. Clchannel probe
prOteIny Peptide pulldown ass:
potvrzeni interakce pull-down KAAMAR oontrol KR
analyzou peptidd i koprecipitaci (B Pente syest Sereening of 37 600 ﬁécf;ﬁi o
celych proteind (chloridovy kanal HANAAR oontrel el e
binding of KWGFFKR 205 T -
ICIn) peptide to 19 clones — e D o *
including two coding for T —
a chloride channel. :
dalS§i vyuziti napf. pfi identifikaci Intearin probe:

Lo . , . Co-precipitation of chioride channel
substratt kinaz, kdy substraty jsou and integrin cufis from platelet lysate
n?\lazany na , Clp a \v/,yStavenY ::'n u'a'tr'ooéa—l.oc.alizatio.n
pusobeni kinaz za pfitomnosti ~Surface plasmon resonance
radiokativné znaceného ATP (768 Brug Bscevery Todoy
purif. proteini je€mene, z nich 21 _
identifikovano jako subtraty kinazy Lueking et al., 2005
CK2a, Kramer et al., 2004)
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Osnhova

Next gen transkripCni profilovani



Next Gen Transcriptional
Profiling

o Transcriptional profiling via RNA sequencing

hormonal mutant
3 /"/'3 A ‘Y‘/:"ur“

N

CDNA

Library Preparation Cluster Generation Sequencing by Synthesis CASAVA
~2 h [15 min hands-on (Nextera)] ~5 h (<10 min hands-on) ~1.5to 11 days 2 days (30 min hands-on)
< 6 h [< 3 h hands-on (TruSeq)]

&

Sequencing by lllumina and
number of transcripts determination



gene

AT1G07795

HRS1

ATMLO14

NRT1.6

AT1G27570

AT1G60095

AT1G03020

AT1G13609

AT1G21550

AT1G22120

AT1G31370

APUM10

AT1G48700

AT1G59077

AT1G60050

AT4G15242

AT5G33251
AT4G12520

AT1G60020
AT5G15360

Results of —omics Studies vs
Biologically Relevant Conclusions

o Transcriptional profiling yielded more then 7K differentially

regulated genes...

locus

1:2414285-2414967
1:4556891-4558708
1:9227472-9232296
1:9400663-9403789

1:9575425-9582376
1:22159735-
22162419

1:698206-698515
1:4662720-4663471
1:7553100-7553876

1:7806308-7809632
1:11238297-
11239363
1:13253397-
13255570
1:18010728-
18012871
1:21746209-
21833195
1:22121549-
22123702

4:8705786-8706997
5:12499071-
12500433
4:7421055-7421738
1:22100651-
22105276
5:4987235-4989182

sample_1 sample_2 status value_1

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT

WT
WT

WT
WT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT

MT
MT

MT
MT

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK

OK
OK

OK
OK

0

0
0
0,00930712

0,0498375
0,0195111

0,0118377
0,0988273

value_2

1,1804 1.79769e+308
0,6965831.79769e+308
0,514609 1.79769e+308
0,8778651.79769e+308

2,08291.79769e+308
0,688588 1.79769e+308

1,788591.79769e+308
3,55814 1.79769e+308
0,562868 1.79769e+308
0,6173541.79769e+308
1,462541.79769e+308
0,5810311.79769e+308
0,5565251.79769e+308
138,886 1.79769e+308

0,370087 1.79769e+308

17,9056 10,9098
52,2837 10,0349
15,8516 9,66612
7,18823 9,24611
56,4834 9,1587

log2(fold_change)

Ddii et al., unpublished

test_stat p_value g_value significant

1.79769e+ 0,00039180
308 6.88885e-05 lyes
1.79769e+ 4.67708e-

308 6.61994e-06 05 yes
1.79769e+ 0,00053505
308 9.74219e-05 5yes
1.79769e+ 3.50131e-

308 3.2692e-08 07 yes
1.79769e+

308 9.76039e-06 6.647e-05 yes
1.79769e+ 9.84992e-

308 9.95901e-08 07 yes
1.79769e+

308 0,00913915 0,0277958yes
1.79769e+

308 0,00021683 0,00108079 yes
1.79769e+

308 0,00115582 0,00471497 yes
1.79769e+ 1.91089%e-

308 2.48392e-06 05 yes
1.79769e+ 0,00028514
308 4.83523e-05 3yes
1.79769e+ 5.46603e-

308 7.87855e-06 05 yes
1.79769e+ 0,00037473
308 6.53917e-05 6yes
1.79769e+

308 0,00122789 0,00496816 yes
1.79769e+

308 0,00117953 0,0048001 yes

-4,405231.05673e-05 7.13983e-05 yes

-9,8119 0 Oyes
-3,900439.60217e-05 0,000528904 yes

-7,503826.19504e-14 1.4988e-12 yes
-10,4392 0 Oyes



Osnhova

= Regulace genové exprese Vv identifikaci funkce genu
pristupy ziskané funkce

= T-DNA aktivacni mutageneze



Gain-of-Function Approaches

= Metody identifikace funkce gent pomoci pristupu ziskané funkce

= T-DNA aktivaéni mutageneze

metoda umozAujici izolaci dominantnich  mutant
prostifednictvim nahodné inzerce konstitutivniho promotoru,
vedouci k nadmérné expresi genu a tim odpovidajicim
fenotypovym zménam

prvnim krokem je pfiprava mutantni knihovny pfipravené
pomoci transformace silného Kkonstitutivnihno promotoru
nebo zesilovace

nasleduje vyhledavani zajimavych fenotypu

identifikace zasazeného genu napf.pomoci plasmid-rescue
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Activation Mutagenesis
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|zolace genu CKI1

- Tatsuo Kakimoto, Science 274 (1996), 982-985 *

- izolace genu pomoci aktivaCni mutageneze

- mutantni fenotyp je fenokopii exogenni
aplikace cytokininu (CKI1, CYTOKININ

INDEPENDENT 1) plasmid 5  35S:CK1

rescue cDNA

t-zeatin [§

no hormones @




Osnhova

= Regulace genové exprese Vv identifikaci funkce genu
pristupy ziskané funkce

= T-DNA aktivacni mutageneze
= Ektopicka exprese a systemy regulovatelné genove exprese



Regulated Expression Systems

Systémy regulovatelné genové exprese

umoznuji Casovou nebo mistné specifickou regulaci genové

exprese, vedouci ke zméné fenotypu a tim identifikaci
prirozené funkce genu

. pPOP systém
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Regulated Expression Systems
4y

35S

activator
X

activator x reporter

AN

pOP

reporter



Regulated Expression Systems
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Regulated Expression Systems

35S

activator
X

activator x reporter

pOP

c O .®,,

pOP

reporter




Regulated Expression Systems

Systémy regulovatelné genové exprese

umoznuji Casovou nebo mistné specifickou regulaci genové
exprese, vedouci ke zméné fenotypu a tim identifikaci
prirozené funkce genu

pOP systém

UAS systém




Osnhova

= Chemicka genetika



Chemical Genetics

Noveé trendy
. chemicka genetika

. pojem chemicka genetika — vice nez 50.000/89.631 zaznamu vV
databazi PubMed (16.10. 2008/29.10. 2015, narust 65%)
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Chemical Genetics

= Nové trendy
. chemicka genetika

. pojem chemicka genetika — vice nez 50.000/82.357 zaznamu vV
databazi PubMed (16.10. 2008/23.10. 2014, narust 65%)

podobné jako v pfipadé genetiky, existuji i zde pfistupy
,pPFimé“ a ,reverzni*

oproti pfistuplim  klasické“ genetiky neni predmétem
zajmu gen ale protein

chemicka genetika se snazi identifikovat bud cilovy protein
po chemickém pusobeni a naslednych fenotypovych
zménach (,pfima“ chemicka genetika) nebo naopak
chemikalie schopné interakce s proteinem zajmu
(,reverzni“ chemicka genetika)

za timto uCelem jsou provadéna vyhledavani v
knihovnach nejriznéjSich chemickych latek (tisice
polozek, komercné pfistupné)

priklad: analyza endomembranového transportu u rostlin



Chemical Genetics

= Analyza mechanismu endomembranového transportu pristupy
chemickeé genetiky

. v rostlinnych burnkach dochazi k velice dynamickym procesim,
zprostfedkovavanym zejména tzv. endomembranovym transportem
(viz film, GFP sméfované do ER)




Chemical Genetics

Analyza mechanismu endomembranového transportu pristupy
chemickeé genetiky

. v rostlinnych burnkach dochazi k velice dynamickym procesim,
zprostfedkovavanym zejména tzv. endomembranovym transportem
(viz film, GFP sméfované do ER)

. endomembranovy transport je dulezitym regulaénim mechanismem
pfi pfenosu signalu a regulaci bunéénych procesu




ER

Anterograde “ Retrqgrade
transpor transport
Trans-Golgi C}

network — =

Vacuole

Multivesicular
bodies-late Recycling

PM endosome endosome
(prevacuolar
compartment)

PIN1

Richter et al., E J Cell Biol (2010)
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Chemical Genetics

= Analyza mechanismu endomembranového transportu pristupy

chemické genetiky cy
. pomoci vyhledavani v ,knihovné“ chemickych latek ?/!
byly identifikovany takové, které vedou u kvasinek (S. Wi ‘i/'CPY

cerevisiae) k sekreci enzymu (karboxipeptidazy Y),

ktera |Je normalné transportovana pomoci U] = SRTAN
endomembranového transportu do vakuoly .

analyza zmény sekrece pomoci dot-blotu a
Imunodetekce karboxipeptidazy Y v kulti-
vachim meédiu pomoci monoklonalnich

ot A
orotilatek yOOL Wy R |

Zouhar et al., 2004



Chemical Genetics

Analyza mechanismu endomembranového transportu pfistupy
chemické genetiky

413

pomoci vyhledavani v ,knihovné&“ chemickych latek
byly identifikovany takové, které vedou u kvasinek (S.
cerevisiae) k sekreci enzymu (karboxipeptidazy Y),
ktera je normalné transportovana  pomoci
endomembranového transportu do vakuoly

analyza zmény sekrece pomoci dot-blotu a
Imunodetekce karboxipeptidazy Y v kulti-
vachim meédiu pomoci monoklonalnich
protilatek

identifikované latky (,sortiny) byly schopny vyvolat
obdobné zmény i u Arabidopsis - konzervované
mechanismy transportu u kvasinek i u rostlin

pro bliz§i identifikaci molekularniho  procesu

ovlivnéneého jednim z identifikovanych ,sortind“ byla .- E . a h
provedena analyza jeho vlivu na sekreci markerového

proteinu (AtCPY) — sortin 1 inhibuje specificky pouze .

tuto sekre¢ni cestu

pomoci EMS mutageneze identifikace mutantd se

zménénou citlivosti k sortinu 1 (hyper- nebo hypo-
senzitivni mutanti)

Zouhar et al., 2004



Chemical Genetics

= Analyza mechanismu endomembranového
transportu pomoci chemickeé genetiky - shrnuti

GFP:.d-TIP znacCeni mebrany vakuoly et

(tonoplastu) a identifikkace mutaci

vedouci ke zméne morfologie

tonoplastu

chemicka genetika v kombinaci s

klasickou genetikou - identifikace

proteinl zucCastnujicich se regulace | o raemsommmomen

endomembranového transportu
L

proteomické pristupy — identifikace a E |

analyza proteomu vakuol
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