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Analyza genové exprese
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Formation of transcription initiation complex
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Regulation of transcription occurs via specific interaction of both general and
tissue specific transcription factors (TFs) with promoter and/or enhancer
sequences.

The scheme above shows simplified subsequent formation of the complex of TFs
involved in the regulation of transcription. Interaction of general TFIID with the
TATA box induces distortion of the DNA structure (see the next slide).
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Induction of structural changes upon interaction of TFIID with DNA. This may be
important for the assembly of other TFs involved in the formation of
transcription initiation complex.

This change of confirmation provides a kind of “signature” that is recognized by
other proteins and NA polymerase to recognize the proper binding site. However,
there are also TATA box-less promoter, where probably other types of
“signatures” occur.




Formation of transcription initiation complex
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The scheme showing the formation of the transcription initiation complex and
the interaction of both positive (open symbols) and negative (solid symbols)
factors.

These proteins bind to the regulatory sequences that might be hundreds or even
thousands of base pairs away from the promoter. These protein interact with
each other and with the RNA polymerase, integrating thus many signals into a
“yes” or “no” response of the basal promoter, i.e. the region adjacent to the TATA
box and recognized by the RNA polymerase.

The individual positive or negative factors are complex and their activity might be
regulated by their phosphorylation status or via their interaction with other
proteins (i.e. momomeric or dimeric) etc..




Mechanism of transcriptional
regulation by TAFs
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There is a whole family of transcription activating factors (TAFs) that interact with
signalling molecules, e.g. steroid hormones, thyroid hormones or retinoic acid
and in a response to the signal transfer to the nucleus where they regulate
transcription.

One of the type of TAF are leucine zipper or bZIP type TAFs. These TAFs are
dimeric, with leucine-rich hydrophobic face formed by the Leu that occurs every
7t aa.

That allows the factor to take the proper configuration, which provides the dimer
with the ability to bind DNA via charged aa.
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An example of the “microprocessor”-like acting promoter is a promoter of the endo16
gene from the sea urchin.

There have been identified several gene regulatory modules in the endo16 gene that
have positive or negative regulatory role. These modules were identified via formation
of deletion mutants of the transcriptional fusions with reporter gene.

The analysis has revealed that the module A has a positive function and must interact
with its cognate TAFs for transcription to occur.

Module G enhances the expression when the A and B are active.

C, D, E and F are responsible for the specificity of the expression of endo16 during sea
urchin development.

Each of the modules has several protein interaction sites, some of them general, other
unique. Site for the protein SpGCF1 is present in many modules and is probably
responsible for looping of chromatin, allowing thus bringing of distal regulatory modules
close to the basal promoter.

This type of regulation, i.e. based on the different activities of diverse regulatory
sequences is sometimes called combinatorial and is common for development of many
living creatures.

In the combinatorial type of regulations, some modules may act synergistically, some of
them antagonistically, some may have both positive and negative roles (e.g. the module
B, see the figure). This variability allows very precise and responsive regulations towards
changing environmental conditions.
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“Microprocessor-like” acting promoters
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An example of the combinatorial gene regulation is the regulation of B-globin type of hemoglobin chains
of humans.

As discussed in the Lesson 5 (course Bi8940 Developmental biology), the type of hemoglobin produced by
the fetus changes during development. The hemoglobin present in the liver-produced hemoglobin is
composed of two a- and two B-type chains. The B-type hemoglobin chains are of several developmental
types, produced by €, y1, y2 and B (in this order). In addition, there is minor adult type of B-type
hemoglobin, called & globin.

The genes for the B-type chains are aligned on the chromosome in the order, in which they are expressed
during development (see the figure).

For the expression of individual cell types is distinctive an upstream regulatory sequence called locus
control region (LCR). LCR is located about 50 kbp away from the most proximal € gene.

The LCR structure is different in erytrocyte precursor cells in comparison to other cells that could be
demonstrated by the changes in the sensitivity to low concentrations of DNase, suggesting low amount of
nucleosomes bound.

For the expression of the particular genes, the interaction of their regulatory sequences with LCRs is
necessary. Because of LCR can interact only with one regulatory sequence at a time, only one type of
genes for the particular B-type chain is activated (the first interaction of LCR with € gene, which is later in
development replaced by the other one, is shown by the double-headed arrow).

The underlying molecular mechanisms of the specific pattern of the LCR movement from the most
proximal towards the most distal gene cannot be satisfactory explained.

Probably, acetylation of H3 histones might play a role and possibly, other genes outside of the B-type
chain family are involved in the regulation of LCR activity. That seems to be confirmed by the

identification of other human genes with similar structure, suggesting common regulatory mechanisms
via LCRs.

For
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Genova exprese

o Transkripéni faze s promotorovou oblasti

Identifikace a klonovani promotorové oblasti genu

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

Transkripéni flze 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
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GUS reporter in mouse
embryos

LacZ activity marks the cells
of the developing myotome.
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= Prfiprava translaéni fuze kédujici oblasti analyzovaného genu s
reporterovym genem
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Genova exprese

Translaéni  fuze kodujici oblasti analyzovaného genu s

repotérovymgenem
- Identifikace a klonovani promotorové a kodujici oblasti analyzovaného
genu
. priprava rekombinantni DNA nesouci promotor a Kkoédujici sekvenci
studovaného genu ve fuzi s reportérovym genem (uidA, GFP)
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Genova exprese

Translacni fuze kodujici oblasti analyzovaného genu
repotérovymgenem

pfiprava transgennich organismu nesoucich tuto rekombinantni DNA a
jejich histologicka analyza

oproti transkripéni fuzi umoZnuje analyzovat napf. intracelularni lokalizaci
genového produktu (proteinu) nebo jeho dynamiku

S
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Genova exprese

Translacéni  fuze kodujici oblasti analyzovaného genu s
repotérovymgenem
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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

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

o 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 SUPERROOQOT?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 =
8.82E~, 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 = 1.03E~*, pattern 31).
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Expression Maps - RNA

1 o High-Resolution Expression Map in Drosophilla
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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 SUPERROOQOT?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 =
8.82E~, 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 = 1.03E~*, pattern 31).
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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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Human Protein Atlas
(http://www.proteinatlas.org/)
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Expression Maps - Proteins

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

» |dentifikace mutantt se zménou expresniho
profilu

analyza expresnihq profilu (vzorce) daného genu a
identifikace mutantu se zménou exprese

o, or ' 9
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Expresni profil

= |dentifkace mutantt se zménou expresniho

profilu

analyza expresniho profilu (vzorce) daného genu a
identifikace mutantu se zménou exprese

mozZnost ¢asteéné automatizace (virtualni digitalni
mikroskopie)
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» Kvantitativni analyza genové exprese
. DNA a proteinové &ipy
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DNA Chips

= DNA Sipy

metoda umoZiujici rychlé porovnani velkého mnozstvi
genl/proteini mezi testovanym vzorkem a kontrolou

nejéastéji jsou pouZivané oligo DNA Eipy

. k dispozici komercné 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)
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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 vzork( 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 vysledkli riznych
experimentu lokalizovanych ve

databazich
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Protein Chips

Proteinové &ipy

¢ipy s vysokou denzitou obsahujici fadové 104 proteinl

analyza protein-proteinovych interakci, substrati kinaz a
interakci s malymi molekulami

moznost pouZit protilatky — stabilnéjsi neZ samotné proteiny

EVROPSKA UNIE

INVESTICE DO ROZVOJE VZDELAVANI
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Protein Chips

= |dentifikace proteint interagujicich s cytoplasmatickou ¢asti
integrinu 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)
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Osnova

Next gen transkripéni profilovani
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Molecular Regulatory
Networks Modeling

o Vascular tissue as a developmental model for GO analysis and MRN
modeling

Lehesrania etal . Trends in Plant Sci (2010




Hormonal Control Over Vascular
Tissue Development

Plant Hormones Regulate Lignin Deposition in Plant Cell
Walls and Xylem Water Conductivity

lignified cell walls

Acid-insoluble lignins
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Hormonal Control Over Vascular
Tissue Development

Transcriptional profiling via RNA sequencing

WT hormonal mutant
AT 3 4 i ) .

Sequencing by lllumina and
number of transcripts determination

il
cDNA
& [’ “* 1 -
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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  log2ifold_change) test_stat p_value qvalue  significant
1.7% 80

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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Shrnuti

= Struktura genu
= Regulace transkripce

= Metody analyzy genové exprese

= Kuvalitativni analyza exprese gen(

* Pfiprava transkripéni flze promotoru analyzovaného genu s
reporterovym genem (gen zpravodaj)

= Prfiprava translaéni fuze kédujici oblasti analyzovaného genu s
reporterovym genem
=  VWyuZiti dostupnych dat ve vefejnych databazich
= Tkanové abunééné specificka analyza genové exprese
* |dentifikace mutantli se zmé&nou expresniho profilu
» Kvantitativni analyza genové exprese
. DNA a proteinové &ipy
. Next gen transkripéni profilovani
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Diskuse

EVROPSKA UNIE

INVESTICE DO ROZVOJE VZDELAVANI
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