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Osnova

» Metody analyzy genové exprese
= Kvalitativni analyza exprese genl

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

= Pfiprava translaéni fluze kodujici oblasti analyzovaného genu s
reporterovym genem

*  Vyuziti dostupnych dat ve vefejnych databazich

= Tkanové abunééné specificka analyza genové exprese

= Kvantitativni analyza exprese
. DNA a proteinoveé &ipy
- Next gen transkripéni profilovani
» Regulace genové exprese v identifikaci funkce genu
pristupy ziskané funkce
= T-DNA aktivaéni mutageneze
= Ektopicka exprese a systémy regulovatelné genové exprese

» Chemicka genetika




Osnova

= Metody analyzy genové exprese

= Kvalitativni analyza exprese genu
* Pfiprava transkripéni flize promotoru analyzovaného genu s
reporterovym genem (gen zpravodaj)
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Genova exprese

o Transkripéni fize s promotorovou oblasti

Identifikace a klonovani promotorové oblasti genu

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

Taabox  ° U™ ATG..ORF reportérového genu

prometor
pocdtek transkripce

BamH|
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Genova exprese

Transkripéni fuze s promotorovou oblasti

= Identifikace 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.
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= Pfiprava translaéni fluze kédujici oblasti analyzovaného genu s
reporterovym genem
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Genova exprese

Translaéni  flze kodujici oblasti analyzovaného genu s

repotérovymgenem
- Identifikace a klonovani promotorové a kodujici oblasti analyzovaného
genu

. pfiprava rekombinantni DNA nesouci promotor a kodujici
studovaného genu ve fuzi s reportérovym genem (uidA, GFP)

sekvenci

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

promotor

GAGGAGGCACAAMATGACGAA = I

-2739

GAGGAGGCACARMTGACGM -1 GI 1 ATACAN

BamHl

TGTATTCTT ITGTTATCAAAGGGT TTCGACTT TGCTCOGAGGAA GAAGA TAATA TCAGRATCCC COGOG TAGGT CAGTCOCT TA TGT TACGT O 1GT AGAR CCOCAACT

@RI PRV GAQS LM

/v — S — TS (TYTYITE .

BamHl

CCT TATGT TATGH OCTGT AGAM CCOCAACT

1 G GO 1T CACGIC OBATCOCCUGG T AGH CAGT
M MY KVTKLYASRREIPRYGAQSL MLRPY

1 TCACT CARAT G GG T GAAA GI TACAAML
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Genova exprese

Translaéni  flze kodujici oblasti analyzovaného genu s
repotérovymgenem

: pfiprava transgennich organismi nesoucich tuto rekombinantni DNA a
jejich histologicka analyza

. oproti transkripéni flzi umoznuje analyzovat napf. intracelularni lokalizaci
genového 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

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 AHP2
‘ Arabidopsis, Affymetrix ATH 22K Array)
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Genova exprese

Analyza exprese pomoci Genevestigator (AHP1 a AHP2,
Arabidopsis, Affymetrix ATH 22K Array)
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= Tkanové abunééné specificka analyza genové exprese
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Expression Maps - RNA
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Brady et al . Science, 2007

Microarray expression profiles of 19 fluorescently sorted GFP-marked
lines were analyzed (3-9, 23, 24). The colors associated with each marker
line reflect the developmental stage and cell types sampled. Thirteen
transverse sections were sampled along the root's longitudinal axis (red
lines) (10). CC, companion cells.
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Expression Maps - RNA

High-Resolution Expression Map in Arabidopsis Root
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(A) The majority of enriched GO terms (hierarchically clustered) are associated
with individual cell types (blue bar). A smaller number are present across multiple

cell types (green bar). (fig. S2) (B) GO category enrichment for hair cells
confirms a previous report (15). Enriched cis-elements and an enriched TF family

were also identified. (C) From the top 50% of varying probe sets, 51 dominant
radial patterns were identified. Pattern expression values were mean-normalized
(rows) and log, transformed to yield relative expression indices for each marker
line (columns). Marker line order is the same for all figures; see table S1 for

marker line abbreviations. (D) Pattern expression peaks were found across one

to five cell types. (E to G) Patterns where expression is enriched in single and
multiple cell types support transcriptional regulation of auxin flux and synthesis. In
all heat maps with probe sets, expression values were mean-normalized and log,
transformed. Expression is false-colored in representations of a root transverse
section, a cut-away of a root tip, and in a lateral root primordium. (E) Auxin
biosynthetic genes (CYP79B2, CYP79B3, SUPERROOT1, and SUPERROOT?2)
are transcriptionally enriched in the QC, lateral root primordia, pericycle, and
phloem-pole pericycle (P = 1.99E-, pattern 5). All AGI identifiers and TAIR
descriptions are found in table S14. (F) Auxin amido-synthases GH3.6 and
GH3.17 that play a role in auxin homeostasis show enriched expression in the
columella, just below the predicted auxin biosynthetic center of the QC (P =
8.82E74, pattern 13). (G) The expression of the auxin transporter, PIN-
FORMEDZ2, and auxin transport regulators (PINOID, WAG1) are enriched in the
columella, hair cells, and cortex (P = 1.03E74, pattern 31).
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Expression Maps - Proteins
‘ o Human Protein Atlas
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Schematic flowchart of the Human Protein Atlas. For each gene, a signature
sequence (PrEST) is defined from the human genome sequence, and following
RT-PCR, cloning and production of recombinant protein fragments, subsequent
immunization and affinity purification of antisera results inmunospecific
antibodies. The produced antibodies are tested and validated in various
immunoassays. Approved antibodies are used for protein profiling in cells
(immunofluorescence) and tissues (immunohistochemistry) to generate the
images and protein expression data that are presented in the Human Protein
Atlas (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

onary: histology of esophagus profiles based
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Expression Maps - Proteins

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

= Kvantitativni analyza exprese
DNA a proteinoveé &ipy
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DNA Chips

= DNA dipy

metoda umoZiujici rychlé porovnani velkého mnozstvi
genu/proteind mezi testovanym vzorkem a kontrolou

nejéastéji jsou pouzivané oligo DNA gipy

B k dispozici komeréné dostupné sady pro cely genom

firna Operon (Qiagen), 29.110 70-mer oligonulkleotidl reprezentujicich
26.173 genl kédujicich proteiny, 28 964 transkriptl a 87 microRNA genli
Arabidopsis thaliana

moZnost pouZivat pro pfipravu Eipl fotolitografické techniky-usnadnéni
syntézy oligonukleotidl napf. pro cely genom Clovéka (cca 3,1 x 10° bp) je
touto technikou moZno piipravit 25-mery v pouge 100 krocich)

¢ipy nejen pro analyzu exprese, ale napf. A}rﬁ#ﬁfyfﬂ-ﬁaﬂimm s GG Gy
U

(SNP polymorfizmy, sekvenovani pomoci €ipu.”...
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DNA Chips

DNA &ipy, analyza vysledku

B pro spravnou interpretaci vysledkl je nutna dobra znalost

pokroéilych statistickych metod

- je nutné zahrnout dostateény poéet kontrol i opakovani

kontrola na pfesnost méfeni (opakované méfeni na
nékolika Cipech se stejnym vzorkem, vyneseni
stejnych vzorkl analyzovanych na riznych éipech
proti sobé)

kontrola reproducibility méfeni (opakované méfeni
s rlznymi  vzorky, izolovanymi za stejnych
podminek na stejném cipu-stejné podminky proti
sobé)

identifikace hranice spolehlivého méfeni

kone¢né& vyneseni experimentu proti kontrole nebo
riznych podminek proti sobé — viastni wsledek

. v soutasnosti je jiZ velké mnoZstvi vysledkl riznych
experimentl  lokalizovanych ve

databazich
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/ treatment
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Che et al., 2002

vefejné pfistupnych
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Protein Chips

Proteinové Cipy
B ¢ipy s vysokou denzitou obsahujici fadové 10¢ proteinl

= analyza protein-proteinovych interakci, substratl kindaz a
interakci s malymi molekulami

. moznost pouZit protilatky — stabilnéj§i nez samotné proteiny

EVROPSKA UNIE

INVESTICE DO ROZVOJE VZDELAVANI
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Protein Chips

= |dentifikace proteint interagujicich s cytoplasmatickou ¢asti
integrinu a,,B; krevnich desticek

exprese cyloplasmatické casti jako W e
fuzniho peptidu biotin-KVGFFKR

analyza vazby s proteinovwym Eipem ey ol B )
obsahujicim 37.000 kloni E.coli - Z
exprimujicich lidské rekombinantni !

proteiny

potvrzeni interakce pull-down '

analyzou peptidd i koprecipitaci T

celych proteind  (chloridovwy kanal ERRPI st

ICIn) ,

daldi wyuziti napf. pfi identifikaci
substratd kinaz, kdy substraty jsou
navazany na ¢&ip a vystaveny
plsobeni kindz za pfitomnosti
radiokativné znafeného ATP (768
purif. proteind jeémene, z nich 21 _
identifikovano jako subtraty kinazy Lueking et al., 2005
CK2a, Kramer et al., 2004)

s chapmnd
R A
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I IL_- ‘;5- ; 3 Ky S il 1]
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Osnova

Next gen transkripéni profilovani
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Next Gen Transcriptional
Profiling

Transcriptional profiling via RNA sequencing
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Results of —omics Studies vs
Biologically Relevant Conclusions

Transcriptional profiling yielded more then 7K differentially
regulated genes. ..

gene locus sample_1 sample_2 status value 1 value 2  log2fold_change] teststat p_value qvalue  significant
1.7% ]

T1gesaTy

i R 5 5 5 FE 555

Excample of an output of transcriptional profiling study using Illumina
sequencing performed in our lab. Shown is just a tiny fragment of the complete
list, copmprising about 7K genes revealing differential expression in the studied
mutant.
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» Regulace genové exprese v identifikaci funkce genu
pristupy ziskané funkce
» T-DNA aktivaéni mutageneze

29




Gain-of-Function Approaches

Metody identifikace funkce gent pomoci pfistupli ziskané funkce

B T-DNA aktivacni mutageneze

metoda  umoZfujici izolaci dominantnich  mutantl
prostfednictvim nahodné inzerce konstitutivniho promotoru,
vedouci k nadmérné expresi genu a tim odpovidajicim
fenotypovym zménam

prvnim krokem je pfiprava mutantni knihovny pfipravené
pomoci transformace silného konstitutivniho promotoru
nebo zesilovate

nasleduje vyhledavani zajimavych fenotypu

identifikace zasaZeného genu napf.pomoci plasmid-rescue

EVROPSKA UNIE

N :!E" - INVESTICE DO ROZVOJE VZDELAVANI
’ ; :I' Tato or - an f , n
I . E"M 3 . .
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Activation Mutagenesis
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Izolace genu CKI1

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

- izolace genu pomoci aktivaéni mutageneze

- mutantni fenotyp je fenokopii exogenni
aplikace  cytokininu (CKI1, CYTOKININ
INDEPENDENT 1) i Plasmid p  35S:CK1

rescue cDNA

t-zeatin [§

no hormones K.




Osnova

» Regulace genové exprese v identifikaci funkce genu
pristupy ziskané funkce
» T-DNA aktivaéni mutageneze
= Ektopicka exprese a systémy regulovatelné genové exprese
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Regulated Expression Systems

| =  Systémy regulovatelné genové exprese
umoznuji ¢éasovou nebo mistné specifickou regulaci genové
exprese, vedouci ke zméné fenotypu a tim identifikaci
pfirozené funkce genu

. pOP systém

> e INVESTICE DO ROZVOJE VZDELAVANI

EVAOPSKA UNIE il P e e— ANA T
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Regulated Expression Systems
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Regulated Expression Systems
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Regulated Expressmn Systems
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Regulated Expression Systems

=  Systémy regulovatelné genové exprese

umoznuji ¢éasovou nebo mistné specifickou regulaci genové
exprese, vedouci ke zméné fenotypu a tim identifikaci
pfirozené funkce genu

. pOP systém

= UAS systém




Osnova

* Chemicka genetika
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Chemical Genetics

Nové trendy
. chemicka genetika

. pojem chemicka genetika — vice nez 50.000/89.631 zaznami v
databazi PubMed (16.10. 2008/29.10. 2015, narust 65%)
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Chemical Genetics
= Noveé trendy

. chemicka genetika

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

podobné jako v pfipadé genetiky, existuji i zde pfistupy
primeé” a reverzni”

oproti pfistupim  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
chemikdlie schopné interakce s proteinem zajmu
(,reverzni® chemicka genetika)

za timto G¢elem jsou provadéna vyhledavani v
knihovnach nejriznéjSich chemickych latek (tisice
poloZek, komeréné pristupné)

pfiklad: analyza endomembranového transportu u rostlin




Chemical Genetics

Analyza mechanismi endomembranového transportu piistupy
chemické genetiky

. v rostlinnych bufkach dochdzi k velice dynamickym procesam,
zprostfedkovavanym zejména tzv. endomembranovym transportem
(viz film, GFP sméfované do ER)
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Chemical Genetics

= Analyza mechanismi endomembranového transportu piistupy
chemické genetiky

. v rostlinnych buiikdch dochdzi k velice dynamickym procesim,

zprostfedkovdvanym zejména tzv. endomembranovym transportem
(viz film, GFP sméfované do ER)

endomembranovy transport je dileZitym regulaénim mechanismem
pfi pfenosu signélu a regulaci bunéénych procesl
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In the figure, there is simplified scheme of vesicle trafficking pathways, regulated by
GNOM and its closest relative, GNOM-LIKE1 (GNL1).

\

N

Secretory and membrane proteins are synthesised at the ER (blue) and passed onto the
Golgi apparatus (green) by anterograde trafficking in COPIll-coated vesicles.

The retrograde route from the Golgi apparatus to the ER is regulated by the ARF-GEFs
GNOM (GN) and GNL1, which regulate the recruitment of COPI coats to the Golgi
membrane. On the secretory route, proteins are transported to the sorting station, the
trans-Golgi network (TGN; lilac).

From there, proteins are either transported to the vacuole (grey) via multivesicular
bodies (MVB, also called prevacuolar compartment, PVC, which corresponds to the late
endosome; deep blue) or trafficked to the plasma membrane (PM).

Plasma membrane proteins like the auxin efflux carrier PIN1 (red), which accumulates at
the basal PM at steady state, are continually internalised and trafficked to the TGN,
which resembles the early endosome (EE) in plants.

From the TGN, PIN1 is recycled to the plasma membrane via the recycling endosome
(RE; light blue). This pathway is regulated by the ARF-GEF GNOM.

44




Chemical Genetics

Analyza mechanismi endomembranového transportu pfistupy

chemické genetiky

pomoci vyhleddvani v _knihovn&" chemickych latek
byly identifikovany takové, které vedou u kvasinek (S
cerevisiae) k sekreci enzymu (karboxipeptidazy Y),
ktera e normainé transportovana pomoci
endomembranového transportu do vakuoly

analyza zmény sekrece pomoci dot-blotu a
imunodetekce karboxipeptidazy Y v kulti-
vatnim médiu pomoci monoklonélnich
protilatek
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Zouhar et al., 2004
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Chemical Genetics

= Analyza mechanismi endomembranového transportu pfistupv
chemické genetiky cpy

. pomoci wyhleddvani v _knihovn&" chemickych latek
byly identifikovany takové, které vedou u kvasinek (S
cerevisiae) k sekreci enzymu (karboxipeptidazy Y),
ktera e normainé transportovana pomoci
endomembranového transportu do vakuoly

analyza zmény sekrece pomoci dot-blotu a
imunodetekce karboxipeptidazy Y v kulti-
vatnim médiu pomoci monoklonélnich
protilatek

. identifikované latky (.sortiny”) byly schopny wvyvolat
obdobné zmény i u Arabidopsis - konzervované
mechanismy transportu u kvasinek 1 u rostiin

. pro  biiz&i identifikaci molekularnino  procesu
oviivnéného jednim z identifikovanych _sortind® byla
provedena analyza jeho viivu na sekreci markerového
proteinu (AtCPY) = sortin 1 inhibuje specificky pouze
tuto sekreéni cestu

L pomoci EMS mutageneze identifikace mutantd se
zménénou citlivosti k sortinu 1 (hyper- nebo hypo-
senzitivni mutanti)

Zouhar et al., 2004




Chemical Genetics

* Analyza mechanismi endomembranového
transportu pomoci chemické genetiky - shrnuti

GFP::d-TIP zna&eni mebrany vakuoly -_-

(tonoplastu) a identifikace mutaci

vedouci ke zméné morfologie iy
18
i o

tonoplastu

@ e "'e
chemicka genetika v kombinaci s ! "'
klasickou genetikou - identifikace

proteint zucastrujicich se regulace
endomembranového transportu

e
proteomické piistupy — identifikace a W
analyza proteomu vakuol
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EVROPSKA UNIE

INVESTICE DO ROZVOJE VZDELAVANI
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