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Zasadni pro bunécnou a molekularni biologii
Analyza a manipulace s DNA:

DNA amplifikace (pomoci PCR)

Stépeni DNA (na specifickych mistech

restrikénimi nukleazami) DNA replication
. DNA repair
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Klonovdni DNA BTk
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Jak vyrobit transgenni rostlinu? |




1. Vybér genu (napr. z databdze)

2. Navrzeni klonovaci strategie
a primeru (= oligos)

3. PCR a klonovani genu do
plazmidu (= vektoru)

4. Transformace E. coli a
replikace plasmidu

5. Izolace plazmidu
6. Sekvenovdni genu (DNA)

7. (Re-klonovani do binarniho
vektoru pro trasformaci rostlin)

8. Transformace Agrobacteria
9. Transformace rostlin
Arabidopsis - “floral dip”

Tabdk, ryze - techniky
tkanovych kultur

Transienti exprese

10. Selekce transformantt
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Pro¢ vyrobit transgenni rostlinu? |




\

Proé vyrobit transgenni rostlinu nebo GMO?

» Pro studium exprese a funkce genu
» Kdy a kde je gen exprimovan?
» Role promotoru a reportérovych geni
» Co se stane, kdyZ zvySime expresi genu?
» Chemicky regulovatelné transkripéni aktivaéni systémy

» Co se stane, kdyZ sniZime expresi genu nebo je|
vyradime z funkce?

» amiRNA, CRISPR/Cas9

» Pro zlepsSeni vlastnosti rostlin

» Klasické slechténi a domestikace
divoké travy teosinte (vlevo) vedly
po stovky let k plodiné Zea mays
(kukurice, vpravo).



JZlata ryze" byla vyrobena vloZenim 2 cizich)
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genu zapojenych do synteézy B-karotenu §

W Geranylgeranyl-pP ® Golden Rice
‘ Phytoene synthase W bl & a w 7~ -
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‘ crtl

Lycopene
cyclase

o-carotene

» Golden Rice je nutricnim zdrojem pro-vitaminu A, ktery zlepsu ei
odpovéd’ ¢lovéka na béZnd onemocnéni a vyznamné snizuje détsko
jeJiz hlavni pricinou je nedostatek vitaminu A.

» Byla ziskdna jiz pred 20 lety, ale stdle je zakazana .....



Studium genové exprese a funkce

>

Klasicka genetika za¢ina mutantem, tedy narusenim bunécného proce
nahodnou mutagenezi.

» Genetické skrininky identifikovaly mutanty se specifickymi abnormalitami.

» Byly vytvoreny komplexni knihovny mutantt v riiznych modelovych or'gamsm 1
véetné S. cerevisiae, C. elegans, Drosophila, Arabidopsis a dokonce i'mysi.

Reverzni genetika zacind zndmym genem a urcuje, které bunééné
procesy vyzaduji jeho funkci.

» Tento pristup obraci tradi¢ni smér genetického objevovani - postupuje
genl k mutacim, tedy reverzni genetikou. -

Genom organismu je zdmérné pozménén specifickym zplsobem, tento
pristup se také nazyvd genomové inZenyrstvi nebo editace genomu.

» Zisk funkce (gain of function)
» Ztrdta funkce (loss of function), napf. amiRNA, CRISPR/Cas9
Technologie rekombinantni DNA
Schopnost presné manipulovat s DNA ve zkumavce nebo v organist
» Geneticky modifikovany organismus (6GMO): bakterie, houby, rostli

Techniky rekombinantni DNA umoZiuji experimentalni pre
ha protein a z proteinu na gen... 4



Klasicka genetika za¢ina mutantem, tedy narusenim bunécného proc
nahodnou mutagenezi.

Genetické skrininky identifikovaly mutanty se specifickymi abnormalitami.

Byly vytvoreny komplexni knihovny mutantd v riznych modelovych organisme
véetné S. cerevisiae, C. elegans, Drosophila, Arabidopsis a dokonce i mysi.

Reverzni genetika zacind zndmym genem a urcuje, které bunééné
procesy vyzaduji jeho funkci.

Tento pristup obraci tradi¢ni smér genetického objevovani - postupuje od
genl k mutacim, tedy reverzni genetice. |

Genom organismu je zamérné pozmeénén specifickym zplsobem, tento
pristup se také nazyvd genomové inZenyrstvi nebo editace genomu.
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Fluorescencni proteiny (napr. GFP, RFP), GUS (B-glucuronidase, uidA)

(A) STARTING DNA MOLECULES

normal : :
| | |
1 2 3

i |
cis-regulatory 4

DNA sequences
that determine the
expression of gene X

recombinant

1 2 3

Transcripcni vs translacni fize s FP
Promotor + FP Promotor + GENE + FP

EXPRESSION PATTERN
OF GENE X
coding sequence
for protein X A B C D E FE
— B B —
start site for RNA pattern of normal gene X
synthesis expression
coding sequence for cells
reporter protein Y A B C D E F 670
I 1
l—-- i s et "; e
pattern of reporter gene Y : ,'.'37;. %o d i
expression : ‘ Ree N7 Uil
AN {7.:::‘
105d K (] o E Sl |30




Regulovand genovd exprese genu v urcitém vyvojovém stddiu a po
uritou dobu, pomoci chemickych induktord, napf. pOp6/LhGR systém

AC IV TO DNA- transcription lac TATA REPCORTER

binding d. activation d. operators box

HSP90 l
complex
B . NDUCER
>
(dexamethasone)

Tkdriové X _
specifické

promotory
aktivatoru!



RNA interference (RNAi) se pouziva k umi¢ovan

RNA pol II

Transcription l

Nucleus
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Pri-miRNA [

Pre-miRNA %

DCL1, HYL1 l

1. Primary miRNA (pri-miRNA) is
transcribed, folds into a hairpin
structure (pre-miRNA), and is processed.

2. Processed double-stranded (ds) RNA is
bound to the RNA-induced silencing
complex (RISC), containing the catalytic
ARGONAUTE (AGO) protein.

/

HASTY (EXPORTINS)~~ |
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The RNAi pathway in plants

3. One strand of the dsRNA is removed
and the complex is exported into the
cytoplasm, where it either degrades the
target mRNA or halts its translation.
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» short interfering
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» micro-RNA (miRNA
single-stranded RN/

» endogenni, z
nekdédujici oblasti




RNA interference se pouzivda k umlcovani geng
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3. One strand of the dsRNA is removed
and the complex is exported into the
cytoplasm, where it either degrades the
target mRNA or halts its translation.
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» endogenni, z
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Bakteridlni systém CRISPR/Cas9 byl prizpusobef
k editaci genomu riznych druhi ~ genetické nizKy

» Schopnost Cas9 (nukledza) zacilit specifické misto genomové DNA

» 2020 Nobelova cena za chemii udélena E. Charpentier a J. Doudna

CRISPR/Cas9

Cas9

| guide RNA

Double-stranded
DNA break
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https:/ /www.youtube.com/watch?v=4YKFw2KZA50&ab_chan
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> Priklad pouziti CRISPR/Cas9

» narueni ORF a vytvore
KO ,knock-out™ mutan

Expected guideRNA
sequence CCC AAGAC

[TTTATATCACCCAT GWIGCAGGT TGTTAACACAAGACGT.
] 60 A 70 80 ol

CRISPR:
Clustered Regularly
Short Palindromic



Analyza mRNA pomoci:

microarrays,

mRNA from
sample 1

o
Pt N

convert to cDNA,

labeled with red
fluorochrome

mRNA from
sample 2

L

S P Pt
P

convert to cDNA,
labeled with green
fluorochrome

kvantitativni RT-PCR o Ied

i~

Pt Pt
Pt N P
P

nebo RNA-sekvenovani (RNAseq)

HYBRIDIZE TO MICROARRAY

poskytuje obraz genové exprese. |

DNA microarrays se pouzivaji k analyze produkce
tisich rdznych mRNA v jediném experimentu. \

WASH; SCAN FOR RED AND GREEN FLUORESCENT
SIGNALS AND COMBIMNE IMAGES

Pouziti cluster analyzy vede k identifikaci sad gend,
které jsou koordinované regulovany.

time

15 mir
30 mir
1h
2h
3h
4h
8h
12h
16h
20h
24h

e
cholesterol biosynthesis

wound-healing genes cell-cycle genes

small region of microarray
genes representing 676 genes




Kvantitativni real-time PCR (RT qPCR)

» Expresi jednotlivych gent lze mérit pomoci
kvantitativni RT-PCR (real time-gPCR)
» Mérena fluorescence je generovana barvivem (napr. 1
SYBR Green 1), které fluoreskuje pouze tehdy, je-li g
navazano na dsDNA produkty qRT-PCR. 2
o
» napr. Cerveny vzorek - vyssi koncentrace mRNA, e
vyzaduje méné cykla PCR k dosazeni maximalni dsDNA
» RT-qPCR se pouziva v diagnostickych aplikacich Uime (number of BCR cycles) —+
» napr. COVID-19 PCR testovani
rare HIV particle .
in plasma of control, using
infected person blood from
noninfected
blood sample RNA person
from infected — ) |
REVERSE
REra0 TRANSCRIPTION GEL
AND PCR ELECTROPHORESIS
AMPLIFICATION ! |
OF HIV cDNA g g
) —_— =]
: plasma .

REMOVE CELLS
BY
CENTRIFUGATION




RNAseq analyza genoveé exprese

Aligned
reads

Number
of reads

RNA fragments R -
obtained from —_— r— S
RNA sample R—
Library with B —
adaptors e e
Sequenced reads " ATCGGC: GCATTCA- et
(~100 bp long)

------ CCGAT-----
Genome scaffold VL
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Nucleotide position




expression vector

PROTEOMIKA (PROTEOMICS)

» Klonovdni DNA umoznuje produkovat
promoter

jakykoliv protein ve velkém mnozZstvi sequence (T pNA WITH
RESTRICTION NUCLEASE

» DNA sekvence kodujici protein jsou « »
naklonovanany do expresniho vektoru
a transformovany do bunék. MY O ‘

CODING DNA SEQUENCE

» E. coli - napr. produkce inzulinu

» Kvasinkové burky - napf. etanol @
» Tabakoveé bunky BY2 - (Bright Yellow

. ’ . . ’ INTRODUCE

2, nediferencovane meristematicke RECOMBINANT DNA

bunky) napr. HIV protilatky INTO CELLS

» Savci bunky - napr. vyroba vakcin @]

/t 'i
: ln'l 3\\

overexpressed overexpressed
mRNA protein




Purifikace proteinu
» Bunky mohou byt rozdéleny na jednotlivé frakce centrifugaci. .\"»aw

» Bunécné extrakty poskytuji systémy pro studium bunécnych fun

VELOCITY EQUILIBRIUM
SEDIMENTATION SEDIMENTATION
cell
homogenate sample
stabilizing shallow
| suCrose
LOW-SPEED CENTRIFUGATION gradient
(e.g., 5-20%)
gradient
(e.g., 20-70%)
pellet contains
whole cells CENTRIFUGATION

nuclei
cytoskeletons

SUPERNATANT SUBJECTED TO
MEDIUM-SPEED CENTRIFUGATION

__slow-sedimenting
component

pellet contains i — fast-sedimenting

mitochondria component
A Ilysosomes
=" peroxisomes
SUPERNATANT SUBJECTED TO
HIGH-SPEED CENTRIFUGATION FRACTIONATION
low-buoyant-
density
pellet contains component
LR | MICrosomes
w ——— smiall vesicles high-buoyant-
SUPERNATANT SUBJECTED TO density
VERY-HIGH-SPEED CENTRIFUGATION component

| \

pellet contains
ribosomes
viruses L
= large
£ macromolecules }




gene for protein of interest
- .

INSERT DNA
ENCODING PEPTIDE
EPITOPE TAG

INTRODUCE
INTO CELL

epitope-tagged
protein

rapid purification of tagged protein
and any associated proteins

sample
applied

solid
matrix

porous

plug
test
tube

COLUMN CHROMATOGRAPHY

solvent continuously

applied to the top of
column from a large

reservoir of solvent

I
|

time fractionated molecules
eluted and collected

= free
@*__ positively
charged
molecule

(A) ION-EXCHANGE CHROMATOGRAPHY

retarded
- small molecule

® unretarded
large molecule

(B) GEL-FILTRATION CHROMATOGRAPHY

(C) AFFINITY CHROMATOGRAPHY




Proteiny jsou separovany podle velikost'

» Separace proteini pomoci SDS polyacrylamide-gel electrophoresis

(A) sample loaded onto gel (B) protein with two

by pipette s'uhuni'lx. A ?nd ?,
joined by a disulfide single-subunit
bridge protein
A B

molecular
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Denaturaci proteinti a poskytnutim jim c e
zdporného ndboje je mozné je oddélit na
zdkladé jejich velikosti, béhem migrace
smérem ke kladné elektrodé. A u
£2-2¢2
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slab of polyacrylamide gel




~——— 5DS migration (mol. mass in kilodaltons)

Separace bilkovin na zaklade velikosti a pl

» Two-dimensional (2D) gel electrophoresis 2D-PAGE
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Poskytuje lepsi sep'araci
proteind

pl = isoelectric point

Obrazovou analyzou se da
Zjistit pocet proteint
exprimovanych, napr.

v urcitych pletivech.

Specifické proteiny lze
detekovat pomoci protilat
(WESTERN BLOT analysi
immunoblotting)



Mass Spectrometry (MS) je vysoce citliva

metoda pro identifikaci neznamych proteint \
» Proteiny ve vzorku nejprve stépeny na kratké peptidy proteazou, napr. t
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ion source mass fragmentation  mass detector 200 600 1000
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(precursor ion (product ion
selection) analysis)

» lontové zdroje zavisi na technice matrix-assisted laser desorption ionize

» MALDI je spojen s time-of-flight (TOF) analyzatorem, coz je dlouha
jsou ionizované peptidy urychlovany elektrickym polem smérem k de
hmotnost a naboj urcuji dobu, za kterou se dostanou k detektoru.,



Struktura proteinu muze byt stanovena pomocil‘g
rentgenové krystalografie (x-ray crystallography_“)w

» Hlavni technika pouzivana k objevovani 3D struktury molekul
v atomovem rozliseni. g s

diffracted beams

protein crystal
Ry

» Nuclear magnetic resonance (NMR) spektroskopie, lze
pouzit ke stanoveni struktury proteinu v roztoku, neni
potreba krystalicky vzorek.

» Struktura proteinu a sekvence ulozené v databazich
poskytuji voditka o funkci proteinu.

» BLAST - program pro zarovnani sekvenci.




Proteiny mohou byt fluorescencné oznaceny v zivych bunkach geneticky
kodovanym markerem = fluorescencnim proteinem.

energy of orbital electron
in fluorophore

EXCITED STATE

absorption emission of photon
of photon  at longer wavelength

GROUND STATE

LIGHT

ource D I

Green fluorescent

protein (GFP)
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fluorescenéni proteiny (FP)

eyepiece —

3 3 second barrier filter: cuts out
— unwanted fluorescent signals,
passing the specific green
fluorescein emission between
520 and 560 nm

2
‘ 2 beam-splitting mirror: reflects

1 light below 510 nm but
: transmits light above 510 nm

1 first barrier filter: lets through
only blue light with a wavelength
between 450 and 490 nm

:d___f objective lens
@ object
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Fluorescence (or Forster) resonance energy transfer (FRET) casto kombino

blue fluorescent

protein blue

violet | light
light s ‘emission
excitation

/
(A) protein X
violet blue

Ilght light
‘ ouT

(B) NO PROTEIN INTERACTION
NO EXCITATION OF GREEN
FLUORESCENT PROTEIN;
BLUE LIGHT DETECTED

@ 9

green fluorescent

blue protein green

light l\ light

excitation emission
protein Y

(C) PROTEIN INTERACTION
FLUORESCENCE RESONANCE
ENERGY TRANSFER;

GREEN LIGHT DETECTED

Bimolecular fluorescence complementation (BiFC)

zivych bunkach!
FLIM (fluorescent life-time im

Fluorescence recovery afte
photobleaching (FRAP).

0 min

post-bleach

(A)

selected region fluorescence recovery
bleached in selected region

photobleach
untreated

(B) control cell




vytvari optické rezy (3D struktury) vyloucenim out-of-focus

svetla pomoci pinhole
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detector

confocal gy e
pinholes

|
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objective

~
~_point of
focus

fluorescent specimen is illuminated
with a focused point of light from
a pinhole

(B)

(€

detector

- 3-D specimen

emitted fluorescent
light from in-focus
point is focused at
pinhole and reaches
detector

emitted light from out-
of-focus point is out of
focus at pinhole and

is largely excluded
from detector







» “hypothesis-driven experimentation... is being replaced by
cook-book and largely automated isolations, purifications
and rote characterizations of genes and their function.”



Cely genom muze byt reprezentovan v DNA
knihovné (genomove nebo cDNA)

» Knihovny (DNA libraries) maji rizné vyhody a nevyhody é
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