GENE TECHNOLOGIES

Model organisms:
Model organisms used in biotechnology - bacteria (E. coli), yeasts (Pichia, Saccharomyces) and fungi (Penicillium),
Caenorhabditis elegans (nematode), Drosophila melanogaster, Danio rerio (Zebra fish), house mouse, animal cell cultures,

Arabidopsis thaliana, viruses (bacteriophages, retroviruses).
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Model Organisms

— DNA is found in all living organisms and viruses
— Only a fraction of so-called model organisms are studied in detail

— In model organisms, we now know the complete genome

— We use model organisms:
- as a model for studying similar organisms
- in a wide range of biotechnological processes
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Bacteria

— Master of model organisms

— Makes up approx. 50% of all living organisms (5 x 103°)

— Abillity to survive in extreme conditions -temperature (Thermus
aquaticus), pH (Acidothiobacillus)

— Escherichia coli is the most commonly used:
- Gram-negative rod

- has about 10 flagella and thousands of pili on its surface
- most strains are harmless

- E. coli O157:H7 - two toxins responsible for bloody diarrhea

Clark and Pazdernik, 2016
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Plasmids

— Survival strategy requires cooperation with other

organisms

— A number of bacteria secrete toxins called bacteriocins

— E. coli produces so-called colicins (E1, M) - perforation
of the plasma membrane, DNA/RNA degradation

— The bacteria's immune proteins neutralise the effect of

the toxins

— The ability to produce colicins is due to the presence of

plasmids (ori site)

— These plasmids have been modified for biotechnological

purposes
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Bacteria in Biotechnology

— Bacillus subtillis - production of proteases
and amylases

— Pseudomonas putida — the ability to
degrade a range of aromatic compounds

— Streptomyces coelicolor - degrades
cellulose and chitin, production of a range
of antibiotics (Clorobiocin,
Undecylprodigiosin, Actinorhodin)

— Corynebacterium glutamicum - production
of L-glutamate and L-lysine

— Streptococcus zooepidemicus - production
of hyaluronic acid
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Eukaryots

— The entire line of eukaryotes is diploid (two copies of each
chromosome)

— In contrast, a whole range of plants are polyploid (wheat =
hexaploid, tomato = tetraploid)

— In animals, there is a difference in germ and somatic cells
- diploid germ lines give rise to haploid gametes (eggs and
sperm)

- somatic cells are diploid
- somatic mutations are transmitted within the organism
- somatic mutations are not transmitted to offspring

— In most plants, cells are totipotent

— In animals, only stem cells carry this property e, metim. . Gt o

carrot plant growth medium in culture plant
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IPSC (induced Pluripotent Stem Cell)

— Method first described in Takahashi and Yamanaka (2006) for induction of iPSCs from fibroblasts

— Requires the expression of 4 transcription factors - octamer-binding transcription factor 3/4 (Oct3/4), SRY
(sex determining region Y)-box 2 (Sox2), Kruppel-like factor 4 (KIf4) and cellular-Myelocytomatosis (c-
Myc) (OSKM).
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Yeasts and Fungl

— Fungi are traditionally used in biotechnology - Penicillium roqueforti
(Roquefort), P. candidum, caseicolum and camembertri (Camembert),
Aspergillus oryzae (soy sauce), Penicillium notatum (Penicillin),
Aspergillus niger (citric acid)

— Usually cultivated in bioreactors

— Yeasts have the advantages of both bacteria and eukaryotes
— The most commonly used yeast is Saccharomyces cerevisiae
— The yeast genome is separated by a nuclear membrane

— S. cerevisiae has 16 chromosomes containing telomeres and
centromeres

— Some yeasts have extrachromosomal elements, the so-called
2.micron circle.
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Yeasts

Yeasts multiply by budding

Budding produces identical cells - division
by mitosis

Yeasts have diploid and haploid phases
within the life cycle

Under critical conditions, yeast undergo
meiosis - formation of haploid spores,
called ascospores in the ascus)

Under favorable conditions, spores
germinate and conjugate to form diploid
cells

In yeast, conjugation can only occur
between two different mating types (a, o)
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Pichia pastoris
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Caenorhabditis elegans

— Small nematode (nematodes) living in soil with mainly root vegetables
— It has two sexes - 99.9% hermaphrodite (self-fertilizing) and 0.1% male
— Body consists of a simple tube covered with a cuticle

— Inside the body - 959 somatic cells including about 300 neurons

— The head has a variety of sensory organs (taste, smell, temperature,
touch)

— Body is translucent = easy to use fluorescence techniques, generation
cycle 3 days

— RNA interference performed for the first time - ideal tool for reverse
genetics

— First known complete genome of a multicellular organism (100 Mbp)

https:/iwww.hsph.harvard.edu/mair-lab/c-elegans/
Gene technologies
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Drosophila melanogaster (fruit fly)

— A widely consumed organism in genetic studies
— Easy to grow, 2-week life cycle

— Egg hatches into a larva (24h), several larval stages
after adult )

Drosophila adult female

— Many mutants available - identification of genes
involved in development (homology with humans)

— Genome is 165 Mb - 3 pairs of autosomal and X/Y »
chromosomes 0

— Polytene chromosomes during rapid larval
development

Second
instar
larva
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Danio rerio (Zebra fish)

— A simple model vertebrate used in molecular biology

— Easy to grow and propagate in aquaria, availability of a wide
range of mutants

— Embryonic development outside the mother's body, development
from a single cell to an individual takes 24 hours

— Embryo is translucent - easy to monitor the effect of mutations on
development

— Genome contains 25 pairs of chromosomes (1700 Mb), 70% of
protein-coding genes in humans have orthologs in Danio

— |\/|Od€| fOI’ StUdy|ng a range Of human d|SeaseS https://theconversation.com/animals-in-research-zebrafish-13804

— Embryos are often used for screening new drugs

17  Gene technologies
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Arabidopsis thaliana

— The most widely used model organism in plant genetics
and molecular biology

— Similar response to stress factors and diseases as
economic crops

— Many of the genes responsible for development and
reproduction are identical to those of economic crops

— Easy to grow, space-saving, generation time 6-10
weeks, many seeds

— Can be maintained in a haploid state

— Small genome - five chromosomes (125 Mb), 25 000
genes
- Rice (430 Mb), 40-50 thousand genes
- wheat (17 Gb), tomato (950 Mb), tobacco (4.5 Gb)
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Viruses

— Entities at the edge of the definition of life, pathogens attacking host cells

— Consists of a protein envelope called a capsid that encases the DNA/RNA

genome

— Found in all living organisms (bacteria, plants, animals)

— Bacterial viruses = bacteriophages (phages)
- attach to the host
- entry of the viral genome
- replication of the viral genome
- production of new viral proteins
- assembly of a new viral particle
- release of virions from the host

— Many viruses go through a latent phase - lysogeny in bacteria

— Integration of the virion into the host genome often occurs - provirus
(prophage) formation
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Viruses

— We can divide based on the shape of the
capsid (spherical, complex, fibrous)
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The Life Cycle of RNA Viruses
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GENE TECHNOLOGIES

Manipulation of DNA, RNA, and proteins
Cell fractionation, isolation of proteins and nucleic acids.
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Isolation of DNA and RNA

— Different types of samples = different strategies

Plants tissues Animal and human tissues Bacteria and environmental samples

» seeds, leaves, roots, * Dblood, brain tissue, heart tissue, « gram positive and negative
wood liver tissue bacteria, yeasts, fungi
 stool, urine, swabs from the « food (cheese, meat, egg, milk)
urethra, throat, vagina, rectum, «  soil, water, manure

conjunctiva, cerebrospinal fluid
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Desintegration of sample

— Soft animal tissues - lysis at 50-60°C by Proteinase K

— Proteinase K
- digests preferentially after hydrophobic amino acids
- active in a wide range of temperatures (20 and 60°C ), pH and buffers

- activity is stimulated when up to 2% SDS or up to 4 M urea are included in the reaction

— Solid animal tissues and plant tissues - must be crushed mechanically
— Microorganisms - grinding with sea sand or garnet beads, lysozyme (G*)
— Mechanical grinding
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https://www.youtube.com/watch?v=Z28UvIOXRJFY
https://www.youtube.com/watch?v=k6mPWPuUR8PY
https://youtu.be/OwoUAO7vaJA?list=TLGGIXBeSy4AvBcyODA5MjAyMqg

Mechanical grinding

— Liguid nitrogen and mortar and pestle
— Retsch mill, Precellys Cryomill
— Garnet beads
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https://www.youtube.com/watch?v=Z8UvIQXRJFY
https://www.youtube.com/watch?v=k6mPWPuR8PY
https://youtu.be/OwoUAO7vaJA?list=TLGGIXBeSy4AvBcyODA5MjAyMg

Lysis buffer

— The goal of lysis buffer is to suppress the activity of nucleic acid-degrading
enzymes and to separate proteins from nucleic acids

— EDTA - chelating of Mg?* ions = inhibition of nucleases
— RNASIn — inhibitor of RNAses

— Detergents - sodium and lithium salts of lauryl sulfate or Triton X-100 and
Tween20 - nuclease inhibitors and at the same time release the nucleic acid
from its binding to the proteins/histones
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Deproteinization

— Phenol - one of the most effective denaturing agents, but phenol can
degrade nucleic acids with repeated use.

— Chloroform mixed with isoamyl alcohol — effectively denatures proteins
(chloroform denatures proteins and isoamyl alcohol reduces foaming)

— Guanidine hydrochloride — breaks the structure of proteins and biologically
Inactivates them. It can be used to isolate both DNA and RNA.

— Sodium perchlorate — removes detergents from extraction solutions by
forming their complexes with proteins
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Removing of saccharides

— Cetrimonium bromide (CTAB) - can be used to precipitate DNA and RNA,
while the saccharide remains in the liquid.

— Tetraethylammonium bromide (TEAB) —isolation of RNA from the
saccharide of a 50% ethanol solution of TEAB. The saccharides precipitate
and the RNA remains in the liquid. The saccharides are removed by
centrifugation.

— 2.5 M LICI - LICI precipitation is useful following RNA isolation or in vitro
transcription, because RNA is efficiently precipitated, while protein,
carbohydrates, and DNA are very inefficiently precipitated or are not
precipitated at all
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Phenol-chloroform isolation of NA

— The phenol-chloroform extraction method is most often used to isolate NA from plant tissues
or enviromental samples and large amounts of DNA from blood.

— A mixture of phenol, chloroform and isoamyl alcohol is added to the sample.
— TriReagent, TRIZOL - A mixture of phenol, chloroform and GuHCI

— Chloroform does not mix with the aqueous solution of the cell lysate, so the mixture is divided
Into two phases - upper aqueous and lower chloroform. By shaking, the phases are mixed,
during which the phenol precipitates the proteins present in the aqueous lysate.

— Using of acidic phenol (pH=4) — isolation of RNA to upper aqueous phase/DNA in interphase
— Using of basic phenol (pH=8) — isolation of DNA to upper aqueous phase

— DNA/RNA is precipitated from aqueous phase by isopropanol
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Phenol-chloroform isolation of NA
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NA precipitation

— Precipitation of RNA and DNA can be facilitated by addition of co-precipitant
— Glycogen, GlycoBlue

GlycoBlue - dye covalently linked to glycogen, a branched
chain carbohydrate, which is useful as a nucleic acid
coprecipitant.
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Isolation of NA using commercial kits

— Types of isolation techniques used by commercial Kits:
- resins - bind DNA specifically
- membranes (filters)
- silica columns — specific binding of nucleic acids
- paramagnetic particles with a differently modified surface

AN .
o o e -U-T T-U-1J
Rt y T ; ~ ° {3
I

paramagnetic particles silica columns membranes
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Silica columns
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Paramagnetic particles (MPs)

— One of the methods of isolation of nucleic acids, which has become more
widespread

— MPs are particles with a size of 5 nm-100 um formed from a metal core, which is
most often gamma-Fe,O; (maghemite) or Fe;O, (magnetite).

— The core is covered by a layer that has a prepared specific surface. This can be
adjusted according to which molecules we want to isolate from the given material.

— The size of MPs itself can be adjusted according to what we are isolating: 5-50 nm
proteins; 20 —450 nm nucleic acids, viruses; 10-100 um cells.

— The principle of isolation is based on the physico-chemical properties of MPs.
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https://www.beckman.com/resources/technologies/spri-beads?wvideo=kh244puadj

Purification of DNA from RNA

— For some applications it is necessary to have RNA without DNA
contamination

— Precipitation of DNA with 1/10 volume of isopropyl alcohol - DNA precipitates
and RNA remains in solution; however, the method is not 100%

— Treatment of sample with DNAse | (RapidOut DNA removal kit)
- DNase | binds to Inhibition reagent (beads)

- special DNase | with lower Km
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Quantification and Purity

— Measure of concentration and purity by spectrophotometer (NanoDrop)

— Measure of concentration by Qubit (fluorometry)

— Measure of RNA integrity by Fragment Analyzer or TapeStation (Electrophoresis)

- RIN (RNA integrity number) > 7

| |
klilllil
|||
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Proteln Isolation

— RIPA buffer (from tissue cultures) - 30mM HEPES, pH 7.4,150 mM NacCl, 1%
Nonidet P-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 5mM EDTA, 1mM
NaVvO0,, 50mM NaF, 1ImM PMSF, 10% pepstatin A, 10 pg/ml leupeptin, and 10 pg/ml aprotinin

— Homogenization in SDT buffer - 4% SDS, 0.1M DTT, 0.1M Tris-HCI pH=7.6
— Homogenization in Urea buffer - 9M Urea, 20mM HEPES pH 8.0

T The hydrogen bond interaction between urea and the peptide groups
oo g e : HE- opens the entrance for water and contributes to the unfolding
A denaturation of protein.

urea water
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Proteins quantification

Cationic Anionic
CBB CBB

— Bradford assay (Agy:) - interferuje SDS (j”'%écrztlm

— Bicinchoninic assay (BCA) (Asg,) Qv
- strong interference —SH group and EDTA oH

Protein + Cu?* M Cu't*|+ Protein

- no interference with SDS (up to 5%)
— Folin assay (A/x)

— Measurement of Trp fluorescence (280/350 nm)

R R
|

----- CH—C —NH—CH—C—NH----

(II) g Bicinchoninic BCA-Copper
pepude A ~ OH tetradentate MOG'/WG' aCid (BCA) complex
+ Cu2t —— Cu! P —— i
bonds *{ Con‘:plex Folin reagent BLUE sodium salt
o) (phosphomolybdic/

I I phosphotungstic acid) Amax= 750 nm
----- (I:H—c —NH'—(|3H—C-—NH----
R R
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Manipulation of DNA, RNA and proteins

PCR techniques. DNA sequencing, high-throughput sequencing methods
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Chemical synthesis of DNA

— H. Gobind Korana synthesized the first active tRNA molecule of 72
nucleotides (1970)

— Artificial DNA synthesis is in the 3' — 5' direction
- attaching the first base to CPG (controlled pore glass)
- the 5' end is blocked with DMT (dimethyloxytrityl)
- the DMT group is removed using a weak acid (TCA)

- another nucleotide is added in the form of so-called phosphoramidite -
activated by tetrazole &
- 5'- OH ends of unreacted nucleotides are acetylated using acetic (from the left) Har Gobind Khorana, Robert W Holley,

Luis W Alvarez, Marshall W Nirenberg, Lars Onsager

anhyd”de and Yasunari Kawabata at the awarding of the Nobel Prize
in 1968.

- repeating the process
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Chemical synthesis of DNA

Blocking

group el

o
CH2

Base |

1
Next nucleotide 34— Deoxyribose

will be joined here

NEC—CHZ—CH2—O—é cH{

Phosphoramidite \

Di-isopropylamino
group

Blocking
—| DMT o
group i 5 Base 1|

Initial

1" nucleotide

(CHo)o
C=I10

|
NH

o -
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Spacer

PHOSPHORAMIDITE NUCLEOTIDE ACTIVATION

COUPLING
Activating
group
CH il
NG~ (CHg)y=0-P ~N=CH Actvating| ) Activating
I \CHyg group | group
CH
7 N (o]
CHg CHg 9 | : +
2)2
DIISOPROPYLAMINO |
GROUP CN
CHa
HN-CH
| \CHg
L
CHg CHg o

|
COUPLE 1ST NUCLEOTIDE TO CPG

DMT-Dimethoxytrityl

HsCO O cl

OCHjs



Chemical synthesis of DNA

O O
I

NN

HaC” 0" “CHg

+

Free 5'— OH —> HO—° O

never reacted
with 2nd
nucleotide

dR

https://www.youtube.com/watch?v=1S0x3aRCviM
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NC - (CHy), -0~

Base 2|

PHOSPHATE
TRIESTER OXIDATION

Base 1 |

(e}
|
=)
|

(0}

~CHy

;dR;
o

o]
I
CHy
dR

? PHOSPHODIESTER

NC~(CHa)p~0-F -0

O
K\
dR
(o}
|

Base 1

Couple spacer
+ 1st base to
CPG

I
DEPROTECTION

Remove
DMT from
5' - OH

COUPLING
\4

Add
phosphoramidite

I
CAPPING
¥

Cap all unreacted
nucleotides

T
STABILIZATION

Oxidize
phosphite triester
to phosphodiester

Y

Remove all other
protecting groups

Y

Phosphorylate 5’
end of oligo

Y

Elute from
column

Repeat
for

each
nucleotide



1ST CYCLE

Denatured
template DNA Primer binding site
u [ ] 5 TrrTIT o 3
Newly f
O y e r aS e a-l e aC t I O synthesized / Primer Newly
copy Primer synthesized
5 + 3 / i
¥ T —

’

Primer binding site Denatured

K Mullis, F Faloona, S Scharf, R Saiki, G Horn, H Erlich. . tomplals ONA
Specific enzymatic amplification of DNA in vitro: the polymerase chain reaction. v g
Cold Spring Harb Symp Quant Biol;1986;51 H s

Denature 5
Products
of Newly
1st Cycle 5 e " | synthesized
a A % B’ copies
..the idea of PCR came to him ’
while driving with his girlfriend s TETTIT 5
on a highway.. AERRAT
3RD CYCLE
n . . g: 1l 5 3!
It was quiet and something : .
: Z 5 11NN NN) 3
just went, Click!" s s
3"?,.‘3332 5: 3 ' Thl:s short product
of g LRRRNN 24— v ;bgttovr:v:et:e
2nd Cycle ) full number of cycles
KARY B MULLIS o el (A
g. jaRaan g'
1944-20109 3 QI —
Inventor of PCR Technique - ¥
3 5
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Modifications of PCR

STEP 1: MAKING THE TEMPLATE

Original gene "Exon Intron Exon Intron Exon

1
B2l lenside [Knownsequence! Rightside [iE
1
1

— Inversion PCR L S— TRANSCRIPTION AND PROCESSING

for restriction

enzyme CUT WITH
RESTRICTION ENZYME;

— Reverse Transcription PCR (RT-PCR) iAo — ENA
- 5’RACE, 3’'RACE PCR pimers
\H REVERSE TRANSCRIPTASE

Circular
template

— PCR mutagenesis

3
2
S

— EmUISion PCR - cDNA Exon |Exon| Exon

2
«Q
=
o
2
R

Sticky ends join

— Droplet Digital PCR AT PCR
STEP 2: RUN PCR REACTION

Exon |Exon| Exon
Short segment of Sticky Short segment of
known sequence ends known sequence Exon |Exon| Exon
'( * \ i Exon
0 Letsike  EEBEl Rightside 0 ('\;/l::)lﬂepsle Exon [Exon
Exon |Exon| Exon
[ Leitsike [EEBN  Rightsike [
Exon |Exon| Exon
I Leitsiie [N Rightsiie [
Front of primer Exon Exon Exon
matches target
tom Gt ana ° I tetsiee  EEEE Rignsie 00 -
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RACE PCR

§-RACE

reverse transcription
with specific primers

taiing with
terminal transferase

[}_A.K]I"llllm
-
(AT -

1. PCR with anchor pnmer
land anchor specific primer A1

Al | A2 | TTT L.
Dy
Al | A2 [AAAT

(A2 ] -+

i 2. PCR with anchor
specific primer A2

|

i
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3-RACE

reverse franscription
with anchor primer

TTT] A1 ] A2 |

..w'll.l".?’lr!f!fw%l

Template
Primer — —
1. PCR with
Template anchor specific primer A1
Primer
Template T
Primer —
Template
2. PCR with
Primer anchor specific primer A2

TTT] A2] Al |

[ RLRLRRRRLNT

TTT| A2 [ A1 |
[ A2 ]

TT1] A2 ]

nm

TTT] A2 ]

Rapid Amplification of cDNA Ends



Emulsion PCR

Used in NGS technology (454, ion torrent)

a) Generate emulsion by stirring b) Generate clonal beads by emulsion PCR

—— Aqueous phase containing PCR-Mixture

Annealing ~ Extension e
", Oil phase Droplets *_W - ‘Wﬁ ‘.- | — 9 —)
» - > Denaturation & - -

. : * Repetition for 50
s cycles
L — 2
e _{
] ,
¢) Extract beads from emulsion Nf = -
Emulsion breaking buffer+ Centrifugation ﬁ‘*# Cantrtiugation 2»butan9l :;"“ 5
+Vortexing : RS
E— G} il
Magnetic oy
d) Quantify yield by real time PCR e) Flow cytometry analysis
qPCR for y {
determing - y 0
the yield e YR
5 S —— + Lanll 3
[ 3 ol B A¥
—— S8 - - '
* %
fluorescence signal
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Droplet digital PCR

TUBERCULOSIS (TB)

SPUTUM COLLECTION PROCEDURE

’& & % VIC FAM HEX ~y T
DNA -
0"“’""““‘""‘ . i —) ) S S e—
isolation P e QX200 AutoD

ﬂ i Droplt igtal”PCR System

ey e / Load mix and sample Place plate in a
Q .‘ Prepare f’dPCR into a plate droplet generator
- , ,\&2 ready mix
‘L}‘ ‘r Aaa

N /\ POl () ey | S
=

Ch1 Ampltude
il

e) —)Ec— 10 4

= o]
=
Q QuantaSoft’
i i prrel B
Place amplified droplets Amplify targets in o e
Read and analyze in a droplet reader droplets by PCR Generate droplets
results

https://www.youtube.com/watch?v=IAvVVoyZxITU
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50

Sequencing of human genome ¥

— at the time of the beginning (the year 1990) a monumental task

— started in 1990 with the participation of the DOE and NIH

— seqguencing done using contig maps and BACs

— the initial plan envisaged duration of 15 years

— finally, sequencing using the Sanger method was almost completed already in 2000

— resulting sequence map published on April 14, 2003, with 99.99% accuracy (National Human Genome
Research Institute) —

— total cost of the project 3 billion dollars

— in 2000, President Bill Clinton asserted the unpatentability of DNA

https://https://www.genome.gov/25019885/online-education-kit-how-to-sequence-a-human-genome//

Gene Technologies


https://unlockinglifescode.org/timeline?tid=4

51

- : {CELER
Celera Genomics Project JceLera

— founded by scientist Craig Venter and started a sequencing project in 1998

— the total cost of 300 million dollars was fully covered by private sources

— the "whole genome shotgun sequencing" method was used for the first time

— used an approach developed by Gene Myers to analyze the sequencing data

— this approach required extreme computational demands

— final calculation performed on 7000 processors to obtain 1000 times the speed
of Pentium computers

— this innovative approach allowed sequencing to be completed in just 9 months

Gene Technologies

Original
genome

BREAK UP DNA

Many small
fragments

CLONE AND SEQUENCE MANY SMALL FRAGMENTS

LINE UP SEQUENCES AND
FIND OVERLAP BY COMPUTER

(S
Contig #1 Gap Contig #2



The strong role of diplomacy

It is hard to imagine today’s politicians reminding
scientists that cooperation has as much value as
competition.

In 26 June 2000, US President Bill Clinton and UK Prime
Minister Tony Blair presided over a carefully choreographed
piece of scientific theatre. Through a video link connecting
Washington DC and London, they announced to the world that

scientists had completed a rough first draft of the human

genome sequence.

Craig Venter (left), Francis Collins, Bill Clinton (right)
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Sanger sequencing

« Synthesis of DNA in-vitro using "terminators" - dideoxynucleotides that prevent further elongation after
being incorporated into DNA.

| 'I: A»‘\TTC»'«TC.
9 =
CH, , OH . "'9:":’;:. "’:':’“‘ P m:.':::::?”
Sk " \ s Laser ¥
H H 9 e L] Bufrer
H - +
Deoxyribosa Dideoxyribosa
* It requires the use of an initial primer, DNA polymerase and a mixture of ool Kol .u‘“ ’ | W —
. Il Mha fina ,' noafa (1 \
dNTPs with labeled ddNTPs (VYU s KV AR LAV SRV VY
* The synthesized strands are separated using polyacrylamide gel “ _ e h T
; ; ; A AN AR VUV A Y ; I Nt A
electrophoresis or capillary electrophoresis 0 Y S LA L A AL S AV T
 Possibility of fully automated separation using fluorescently labeled ‘J'", A e O Y PSP 1
3 ([ 1a | [y IV \ RATNL " N\ [
W YAV VY WA UATAY LY VAN SV LAY AY LAY AAAYAXAY LAVAS AY ol EY ey A

ddNTPs
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Sanger sequencing

54 Gene Technologies

Throughput/Performance by Run Module

XLRseq: 768 samples per day (690 Kbases)
LongSeq: 1152 samples/day (980 Kbases)
StdSeq: 2304 samples/day (1550 Kbases)
FastSeq: 2304 samples/day (1600 Kbases)
RapidSeq: 3840 samples per day (2100 Kbases)


https://products.appliedbiosystems.com/ab/en/US/adirect/ab?cmd=catNavigate2&catID=600527&tab=Literature

Pyrosequencing (1990)

* it enables rapid sequencing of short stretches of DNA - sequencing of 30 to 50 bases takes
approximately 30 to 45 minutes.

* itis bio-luminometric DNA sequencing based on the detection of inorganic pyrophosphate (PPi)
released during nucleotide incorporation.

Folvmeras:
ACCTTGAGTACCATCTAGGA--—--—---
AGATCCT-----—--

dATP /‘/’ FFRi
Apyrasa | ATP-zulfurylaza Sokvence nukleotidd
T G € - A 66 € T
’ l Luciferasa ) -
(d]XMP
S
. : Polymaraza
D-'\A.\: +dNTP — DNA.'\'-—I + PPi
Zprafons | PPi+ APS g dfurylase o i \
ATP+ 0, + Luciferin =4Tr2%8 | 4pp + pPi + CO, 6 ¢ T A 6 C T |
* Oxyluciferasa + Pridany nukloatid
. Apyrasa
Defradaini | ATE+dNTP —CPYTEES ., ADP+dNDP + Pi
reakes | ypp o gNpp _ APYPSSS L 4n[p 4 dNMP +Pi
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454 a GS Junior system

[— Optics Subsy - Fluidics Subsystom —

Status Indicator.

e “”’L'L"_-
PicoTherPlaf

Cartridge !

) Signal image

RY 2w
» B

Polymerase
-

APS
Annealed
» P, " e
Sulfurylase
» me Luciferk
n
DNA Capture Boad U
containing millions
of coples of a single

clonally ampified Light + Oxy Luciterin
fragment

Gene Technologies

Prachodnost

Doba analyza
Delka Cteni

Pocet &teni/analyzu

Spravnost

Potfebné mnozstvi DNA

Multiplexovani

1 miliarda bazi za den
10.0 hodin

400

1 000.000

>99.0% spravnost jednoho ¢teni na 400
bazich

Méné nez 100 ng DNA
AZ 192 vzorkl/béh



https://www.roche-applied-science.com/sis/sequencing/gs20/index.jsp

Qiagen — PyroMark instruments

Ji o —

-

— https://www.labtube.tv/video/MTAXNzE1

— https://www.qgiagen.com/us/knowledge-and-support/knowledge-hub/explainer-
videos-and-demos/pyrosequencing-cascade-reaction
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https://www.labtube.tv/video/MTAxNzE1
https://www.qiagen.com/us/knowledge-and-support/knowledge-hub/explainer-videos-and-demos/pyrosequencing-cascade-reaction
https://www.qiagen.com/us/knowledge-and-support/knowledge-hub/explainer-videos-and-demos/pyrosequencing-cascade-reaction

DNA sample — fragmentation (Covaris, fragmentase)

& End-repair (DNA polymerase)

{_—
Com

Adaptor ligation (ligase)

= | Selection of fragments (SPRI beads)

_____________ Amplification of fragments
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Sequencing (lllumina, lonTorrent, Nanoballs)

&

<
2R &
1 '\7’6 ,bb'bQ e

be* ?:bb ’b& Qbe
P5 A\ x Insert W@ N P7
e ———t e —
—_— et —

Index2 Read1 Index 1

Read 2

reparation of Sequencing Library

Fragmentase

« A mixture of endonucleases (NEases) cleaving
one strand and then the opposite one

« A mixture of two enzymes (DNase I and SD
(strand-displacement) polymerase)

G Nicking by DNAse |

G Strand displacement DNA polymerizatior

Long dsDNA

with SD polymerase =§»
§<_ >‘_
N N

G Disjointed dsDNA fragments with
overlapping sequences

Fragmented dsDNA




Nextera technology

. . .l = In vitro transposition with
* USes In vitro transp05|t|0n l appended transposon ends
- ol

» transposases catalyze the random
insertion of excised transposons

B g Sl 5"-tagged DNA library
« transposase makes random, staggered — -

double-stranded breaks in the target DNA
and covalently attaches the 3’ end of the S“pp'essm”}l\
transferred transposon strand to the 5' end
Of the target DNA _)454-compatible libraries Illumina-compatible libraries

—y K f— — Sl

= L —

« for integration only free transposon ends
are sufficient

Alternative sequencing primers
q

—— T —
-

https://doi.org/10.1038/nmeth.f.272
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Targeted Enrichment

PCR enrichment

£ £ £
g-(P §|:|‘~P 5 . P
= = — .:‘E
< < <

Amplified pool
of DNAROIs

Amplicon Pool
with Sequencing Adapters

NGS
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DNA capture

__
Fragmented DNA
-h
[==]-—1]
Adapter Ligation
o =]
|
Fragmented DNA Library R
—
S—
Biotin-labelled
— Probes
HT __—-
__‘?f@
[ — | q
S— e ——
p—

—
Probe Hybridization

Capture by

Streptavidin-magnetic Beads
Wash steps (remove non-specific
background)

Target-Enriched DNA for
NGS

Inversion probes

Uniplex PCR Multiplex PCR RainStorm
1 reaction = 1 reaction = 1 reaction =
1 amplicon 10 amplicons 4,000 amplicons
b
Molecular inversion probes = 10,000 exons
Gap-fill
and ligate
am—— =
——
Exon 1
c

Adapter-modified
shotgun library

Solution
hybridization
Array capture \ ) 3 %X@

Bead capture
l

Y ( I8

7N\



Amplicon sequencing

p5

Target
Target E— — - |———
I
MID p7-01
1 Multiplex PCR ' 2" Universal PCR ‘ -
Target Target
— o—a . o-a—a
p3 MID p7-01 p7

Index Read 2

Target
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Quantification of NGS library

Electrophoretic methods '

Fragment Analyzer (Adv. Anal.) = 3
TapeStation (Agilent) -
BioAnalyzer (Agilent) -

'

1 °

| e *
_,r_’ “/

Fluorometric methods

Qubit (Thermo Scientific)
Quantus (Promega)

Real-Time PCR

« KapaBiosystem
- NEB
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lllumina sequencing system

MiniSeq, MiSeq, NextSeq, HiSeq, NovaSeq

o

L 1
SEQUENCING LIKE NO OTHER

Users can run 1 or 2 flow cells at a time, using any combination of the available read length and flow cell type

Provides a quick, powerful, and cost-effective

option for high-throughput applications
400 eo

SP 0.8z | 80e | 250 | 400«
S1 16¢ | 1670 | 333a. | 500

Flowcelitype  Single reads®

2 x 100 output 2 x 150 output

Yields unprecedented throughput while
enabling cost-effective sequencing across a range
of applications and depth of coverage

S2 415 | 417 | 833 | 1250 e

Flowcslityps  Single reads’ 2 x 50 output 2 x 100 output 2% 150 output
Flowcslltype  Single reads® i 2 x 100 output ‘ 2 x 150 output
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Sequencing in clusters

What is a cluster?

Clusters are bright spots on an
image

Each cluster represents
thousands of copies of the same

DNA strand in a 1—2 micron spot

] 1EEL;
Single ; Amplified
DNA ‘ Clonal
Library 7 = % Cluster
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15t step — hybridization on flow-cell

attached to flow cell
surface

Newly
synthesized
Ofilainal strand
Double-stranded rigmna
! template
molecule is denatured
Original template ——
washed away -
Newly synthesized Vs DREVEE 1.
' : VERVERV AR 4
strand is covalently Ly by | 45 i
$: L )/ i
1 L

cco
Pccmm

\
\
N
\
i\‘__ h(c(((‘((
. ‘f“‘c‘“““.—uc“((«
\
AN
'\,
FEEEEE8EE88EEE
;;
\
"
zs;Q Fcccmccco
R
¢ \
b ™
\
\}\\‘
\ 'l\
fcccceccee
Q
‘:uuc
F‘CCCM
‘-(uc

‘4
L
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2"d step — bridge PCR

Single-stranded molecule flips
over and forms a bridge by
hybridizing to adjacent,
complementary primer

Hybridized primer is
extended by

polymerases
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2"d step — bridge PCR

Double-stranded bridge is
formed

’-((((C‘(C(

N, frececcecce

L L}/
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2"d step — bridge PCR

Double-stranded bridge
is denatured - 15tcycle
denaturation

Result:

Two copies of covalently
bound single-stranded
templates
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Hybridized primer is

extended by
polymerase

2"d step — bridge PCR
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3'd step - linearisation

dsDNA bridges are

denatured
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4th step — separation of reverse strand

Reverse strands cleaved
and washed away, leaving a
cluster with forward strands
only
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5th step — blocking of 5"end
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6" step — hybridization of seq.

v
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Sequencing primer is
hybridized to adapter
sequence

(l!!‘i((‘

"

E2 224
Rt 177 S

primer

e !
g33
® S 2
.
™~
s
0:.
e S5
M
B R

Sequencing
primer




Reverse terminators

All 4 nucleotides in 1 reaction
Higher accuracy

No problems with homopolymer
repeats

o
- HN
\ o)\N

- =
\ Next Cycle
PPP 0O (o)

0O

X

A
\ X4
.>
ry A F
cleavage

site fluor

» Incorporation
3’ » Detection :
black » Deblock 3

* Fluor Removal OH free 3’ end
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Sequencing by synthesis (SBS)

DNA (1 ng -1 ug)

ﬁ

Library Cluster generation
preparation
(3x106 — 3x109)
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2-Channel SBS Chemistry: MiniSeq, NextSeq

Requires 2 images per base

T

Green
channel

Red
channel
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Intensity Channel: T

High performance with
half the pictures

ng Corrected Intensities of Lane 1, Tile 5, Cycle 1

-1200

=11000

200

00

Intenslty Channel c

fewer images




7th step — pair-end sequencing

Blocked
3’-ends

Sequenced
strand

Seguenced strand Is
stripped off

3-ends of template

strands and lawn primers
are unblocked
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7th step — pair-end sequencing

Single-stranded template
loops over to form a
bridge by hybridizing with

a lawn primer _
Bridge
formation

3’-ends of lawn primer is .
extended : I’g
i & 1
7y 3
r-

3’ extension

4| |[€CCCCcC

a

".‘0"’.‘0'.’“

79 Gene Technologie



7th step — pair-end sequencing
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Bridges are linearized
and the original forward
template is cleaved

Original
forward
strand

.—ue«.cuc
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7th step — pair-end sequencing
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Eree 3" ends of the
reverse template and
lawn primers are biocked
10 prevent unwanted DNA
priming

SEeguencing primer s
hybridized to adapter
Sequence

._-c«cccu«

Tm ceeeeeee
.‘\._ *—(utuuu

Blocked
3’-ends

Sequencing
primer

Reverse
strand




Index read

Region complementary to P5 grafting primer |

| Index 2 (i5) |

| DNA insert |

| P7 primer |

| PS5 grafting primer |

L

P7 gfafiing priméf >|

| Flow cell surface |
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Single index read

Single indexed sequencing utilizes three sequencings reads

Read 2

Paired-End Read 2 Seq Primer
Turnaround

e,

Index Seq Fimer

IIIIF
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Dual index read

1ISeq, MiniSeq, NextSeq,HiSeq

Read 1 Index Read 1 (i7) Index Read 2 (i5) Read 2

e i5 Index a i7 Index l H
Read1 Read?
;‘l','"‘.-;‘? F’[;[l\—'—'
V (HP10 Paired End V (HP1
: Turnaround
DNA
-t e

{7 Index Seq i5 Index Seq
L Primer Primer
¥ BP14 BP14

i7 Index |: i5 Index E
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PGM analyser (lon torrent)
L .| ] ke

SELECT CONSTRUCT PREPARE RUN AMALYZE
TARGETS LIBRARY TEMPLATE SEQUENCE

Application

incorporates Hydrogen ion
into DNA = is released
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http://www.lifetechnologies.com/cz/en/home/life-science/sequencing/next-generation-sequencing/ion-torrent-next-generation-sequencing-technology.html

DNBSeq (MGI)

https://en.mgi-tech.com/products/

| I f‘\ |

| 1 |

| N= |

: DMA fragment Adaptor 1 : : k J :

I 1 g |

it uses phi29 polymerase for amplification of | il t:_‘: :

| . I Rolling tircle l

one-strand template i [ X |

: : : Amplification of DNA fragment DN""""” :

this process creates nanoballs | . |

| S e 1| L ) |

. . . . | ;_rr} P |

sequencing cell contains regions with | O\ o ! i ; O ..m :
e . . | B

positive charge for binding of nannoballs ! | -1 x x |

I I Each DA ball is placed on a spot at the chip |

. . : f : : Sequencing using Probe-anchor ligation ﬁ‘iim—rﬁlrrw :

different technology of sequencing , X mrorr |
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https://youtu.be/xUVdINOmM38c
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Current techniques of 2"d generation

a Emulsion PCR
(454 (Roche), SOLiD (Thermo Fisher), GeneReader (Qiagen), lon Torrent (Thermo Fisher))

d In-solution DNA nanoball generation

: Rolling circle amplification
\E ¥ Eg e RE 2? (Eosmplate Gehomics (L) Circular templates are amplified to generated long
j : f —_— Cleavage concatamers, called DNA nanoballs; intermolecular
—_ — —_ Circular DNA interactions keep the nanoballs cohesive and
templates separate in solution
are cleaved
downstream
Emulsion On-bead amplification Final product of the:adapter L)
Micelle droplets are loaded Templates hybridize to bead-bound primers and are amplified; 100-200 million beads with o Sequence s *t‘ $
with primer, template, after amplification, the complement strand disassociates, thousands of bound template g::l;:rolf'g;;';f;rs ITt::ea«:I:gdling:;)ln "
dNTPs and polymerase leaving bead-bound ssDNA templates is ligated to either rounds of ligation, ‘
end of a DNA circularization and
template, followed cleavage generate a Hybridization
b Solid-phase bridge amplification ¢ Solid-phase template walking by template circular template with DNA nanoballs are
(Illumina) (SOLiID Wildfire (Thermo Fisher)) circularization four different adapters immobilized on a

patterned flow cell

Template binding
Free templates hybridize
with slide-bound adapters

—————m

Nature Reviews | Genetics

HINININIL !!!!!ﬁl!!!

Template binding Primer walking
Free DNA templates hybridize dsDNA is partially denatured,
to bound primers and the allowing the free end to
second strand is amplified hybridize to a nearby primer
Bridge amplification Cluster generation
Distal ends of hybridized templates After several rounds of
interact with nearby primers where amplification, 100-200 million o [
amplification can take place clonal clusters are formed 1 E
Ll '
CHY
Patterned flow cell l l l l l l l l l ! ! ! !
Microwells on flow cell
direct c_luster generation, Template regeneration Cluster generation
increasing cluster density Bound template is amplified After several cycles of
to regenerate free DNA amplification, clusters on a
templates patterned flow cell are
generated
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@ PACBIO"

3'd generation of sequencers (PACBIO)

Sequel System PacBio RS I
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http://www.pacb.com/products-and-services/pacbio-systems/sequel/
http://www.pacb.com/products-and-services/pacbio-systems/rsii/

@ PACBIO
PACBIO

« Seguencing based on Single Molecule, Real-Time (SMRT®) technology

* It uses so-called Zero-Mode Waveguides (ZMWs) enabling the illumination of only the lower
part of the well, in which the DNA polymerase is immobilized at the bottom

« The main advantage is the possibility of long reads (up to 20 kb)

« Another advantage is the possibility of direct detection of methylated bases (epigenome)

Read lengths = 20 kb

Data per SMRT Cell: 750 Mb - 1.25 Gb _ 1
Directly detect DNA modifications

Half of data in reads: > 20 kb using polymerase kinetics

< o [—
—

Forward Strand

a8

Maximum read length: > 60 kb

T Reverse Strand

Polymerase Dynamics

ORI maE EEE NG RGN RGN EEe e EOE e mEm
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Library preparation

90 Gene Technologies

farwara strand

1. Generate amplicon

3 reverse sirand 5

2. Ligate adaptors

3. Sequence

4, Data analysis

4.1 Raw Ong read L E——

4.2 Processad lang read

4.3 Read of inseris {RO0)

4.4 Circular €onsensus seguence (oos)

https://www.youtube.com/watch?v=v8p4ph2MAvI


https://www.youtube.com/watch?v=v8p4ph2MAvI

{JNANOPORE NS

3'd generation — Oxford Nanopores

* The technology is based on nanopores

Minion

At the beginning of sequencing, NA is bound to a nanopore formed by a protein

It is then denatured and passes through the nanopore, generating a change in current

Based on the observed change, individual bases are read in real-time

Enables sequencing of very long chains (tens to hundreds of kilobases)

The disadvantage IS a higher error rate, correctness >95%
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GENE TECHNOLOGIES

Methods of studying gene expression and function
Mapping techniques, DNA libraries, gene expression, metagenomics

92 Gene Technologies



Mapping techniques

— Genome maps provide a series of markers for assembling sequence data:

— Creation of a genome map:

- genetic maps (crossbreeding, pedigree analysis, gene transfer) - linkage maps
- physical maps (radiation hybrid panel, FISH)

— Genetic maps based on linkage = the probability that two mapped markers will separate from each

other in a cross

— To determine the relative distance of markers, the percentage of times they are found together is crucial

— A variety of markers are used today

Type of mapping Methods of localization

Genetic

Physical

93 Gene Technologies

Gene, biochemical properties, DNA markers (RFLP,
VNTRs, microsatellite, SNPSs)

STSs, EST, VNTRS, microsatelites

Linkage analysis using crossing or mating
Kinship analysis

Restriction analysis, Radiation hybrid panel, FISH,
Cytogenetic mapping



94

- M F S1 S2 D1 D2
1000 —
Genetic markers
500 —
— RFLP analysis of related individuals, easy identification e T EooRl
atner I 1
— Variable Number Tandem Repeat (VNTR, minisatellites) — tandem Eeohl Ecofi Ecoki
repeats with a length of 9-80bp (forensic testing, paternity tests) Mother | % I

— Microsatellite polymorphism — tandem repeat of 2-5bp length
55 GTACTAGACTTAGTACTAGACTTA

— Single Nucleotide Polymorphism (SNP) GTACTAGACTTAGTACTAGACTTA®

— SNPs, VNTRs RFLPs are also used in physical mapping

5'AAGG_TAT 3 to 5'AAGC_TAT 3'
— For large genomes we need additional markers

- STSs (Sequence Tagged Sites) — the unique sequence of 100-500 bp
- ESTs (Expressed Sequence tags) — identification in cDNA libraries

Clark and Pazdernik, 2016

— Digestion of gDNA using restriction enzymes - physical mapping method

Gene Technologies



Genetic markers

ZEBRAFISH LINKAGE GROUP 15

| fa20c11, fa66g10

0.0

8.3

| 23309 kpna4

16.66

gof18

221982

54.16

2470

65.03

dharma, hsp47

zsnp1265, zsnp1266
| zsnp1267, zsnp1268
zsnp1269, zsnp1270

80.25

23760

96.2

106.67

mitnrib

z732

113.05

| chd fa25h06 21195

115.27 /
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| 287 2858

\ SR

Brown = STS
Blue = gene
Green = EST
Red = SNP

Pair of closely
linked markers

Pair of less closely

linked markers
Centromere

¥
O o [

e —

. Ix

. IK

6 shared
fragments

2 shared
fragments

Chromosome map

> Fragment
collection

Clark and Pazdernik, 2016



Physical mapping techniques

|
— FISH (Fluorescence in-situ hybridization) — the location of a Q

specific DNA sample on chromosomes in metaphase relative to
banding (chromosome painting)

— radiation hybrid mapping — large segments of the cloned genome
may contain two fragments from different parts of the genome

96 Gene Technologies

TK positive

donor human

cells

-

B

y,

TK negative
IRRANIATE donor hamster
cells
= Chromosomes —— e

¢ fragmented

CELL FUSION

SELECT CELLS THAT EXPRESS TK

Donor fragments
B2 taken up

Radiation hybrid line (TK positive)

Clark and Pazdernik, 2016



Number of genes x Genome

Organismus Velikost genomu Pocet protein-kddujcich
(Mbp) genu

Wheat 17 000 95 000
Rice 520 45 000
Paris Japonica (Pieris japonsky) 149 000 26 000
Trichomonas vaginalis 160 46 000
Encephalozoon intestinalis 2.25 1833
Marbled lungfish 130 000 ?
Human 3200 21 850
Nematode 97 20 493
Fruit fly 180 13 600
Streptomyces coelicolor 8.7 7800
E. coli 4.6 4300
Mycoplasma genitalium 0.58 470
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DNA libraries

— Used for:
- finding new genes
- genome sequencing

- comparison of genes from different organisms

— Basic steps in creating a library:
- isolation of chromosomal DNA

- cleavage of DNA with a restriction enzyme

- linearization of the vector
- insertion of fragments into the vector
- transformation into E. coli

98 Gene Technologies

Cut site

\ AN A 2N A

PARTIAL DIGESTION
WITH 4-BASE SPECIFIC
RESTRICTION ENZYME

— + + + Mixture of fragments,

>

€
- Y
€ >

CLONE FRAGMENTS
INTO VECTOR

some still
with cut sites

Plasmid
O vector

O 00

O O

TRANSFORM PLASMIDS

INTO BACTERIA

EEE)
LY

Bacterial colonies
each carrying
different

cloned fragment
of DNA

G5
&

TRANSFER TO
MEMBRANE OR FILTER

Bacterial colonies

on agar each carry
a cloned fragment
of DNA

LYSIS OF BACTERIAL CELLS
AND DENATURATION OF DNA

ADD LABELED DNA PROBE

Clark and Pazdernik, 2016

Probe binds to DNA
from colonies with
matching sequences



Eukaryotic expression libraries

LYSE CELLS
— The vector contains the sequence necessary for e, E—

cells

transcription and translation Revense TaiisorPTASE

USING OLIGO(dT) PRIMER

— Constructed from complementary DNA (cDNA) : EEEEE) & nriscons

3 VI 5° Heteroduplex

RIBONUCLEASE H

— Identification of new genes, splicing variants

s
3] TTTTTT 5 fg’g: stranded

1) DNA POLYMERASE |
2) S1NUCLEASE

5 AAAAAA 3' Double-stranded
3 LLLLLL: 5 c
LIGATE LINKERS i Cutsite
WITH CUT SITE S
— -l
Linker
AAAAAA
et Y B ey iy e Y
DIGEST WITH Cut site

RESTRICTION ENZYME

ARARAARR
- TTITTTT

Sticky end
LIGATE INTO VECTOR
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Protein
bound
to meg\brane

ADD ANTIBODY
SPECIFIC FOR TARGET PROTEIN

ADD SECOND ANTIBODY THAT
BINDS FIRST ANTIBODY

Clark and Pazdernik, 2016



Chromosome 7

Section of
cell below | ! \

~ gm ¢ Tag(
- / {
gene “4° \ | '\

Medical genomics

o

Child

inherits one

;:ri;r:‘)‘mosome
— The largest application of genomic data in disease diagnosis imione
— Genetic testing — determination of the presence of a gene

contains
code ]
to create

CFTR “ ' Wi >
chloride Ay TP/
channel 7
Cell surface o]
) ) : « O
associated with the disease: o—Choide
in and out
- muscular dystrophy (dystrophin gene) of cell
- cystic fibrosis (CFTR gene)
Gene without Non-mutated Healthy neuron

= HuntlngtOn'S dlsease (HTT gene) Huntlngtonsdlsease Huntingtin protein

Under 35
CAG repeats
Dystrophin Gene - 2.6 Mb with 97 exons % — —
ore ’\-/M\-/\-’h’m Normal 53
g —

Becker o
Increased %%f

{mild)
CAG repeats

"—'-—-___—‘I\' \

T —Cee - —
Y J {severa) \\
small deletion, but igading frame is changed § | %
% T r-<‘
3
Gene with Mutated Neuron
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Medical genomics

— To identify causal mutations, it is more advantageous to sequence the exome (2%) than the genome

— Currently, more than 3,000 diseases have been identified using genomics and pedigree analysis
- the so-called Mendelian disease (a mutation in one gene leads to the disease)

— Many diseases are polygenic (contribution of multiple genes to the development of the disease)
- Crohn's disease

cases controls
- autoimmune disease
- psychiatric disorders (schizophrenia, AD, mild cognitive impairment) ) v )
— Within these diseases, the use of GWAS (genome-wide association study) N
- analysis of single point polymorphisms (SNPs) - <

- frequency lower than 1% z |
- influence of genotype and environment on disease development :

101 Gene Technologies



Gene expression — WGAs, ChlIP

— WGAs (whole-genome tiling arrays

cover all genome

— Firstly, in Arabidopsis (25-mer

oligonucleotides)

— Discovery of new genes, splicing

variants

— ChIP (chromatin immunoprecipitation):

- analysis of DNA regions of individual

transcription factors

- DNA analysis of regions associated

with histone PTMs
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WHOLE-GENOME TILING ARRAY

5' " Genomic DNA

QUASI-WHOLE-GENOME ARRAY

5' Genomic DNA

SPLICE-JUNCTION ARRAY

\ Oligonucleotide
probes

3

mm— mms—m s Probes

Splice junction probes

¥

EXON-SCANNING ARRAY

Gene 5'

Exon-scanning probes

Clark and Pazdernik, 2016

Crosslink

Chromatin
Fragmentation

Immunoprecipitation

DNA Purification

DNA Analysis




Gene expression — RT-gPCR

Using of specific fluorescence probes Using intercalating dye
/ \ Detiatijire
. ®
Hydrolysis probe Hybridization probes -
TagMan Molecular beacons, FRET ¢ "
® P

hy Polymerization

Probe intact, reporter is quenched E*jz*_;
Frtey .
T ﬂu&;m& M U7 N Signal detection (Polymerization completed)
Va1 s { N
(&) L ‘
Farward - = \Q Q 2y
Frimer !
P
5 - 77777 = e W W W W
3' 5|
5 3 W W W W WK
__= 5|
Faverse + NN e
Primer
N
7| \_
i Molecular .
103 Gene Technologies Target Hybrid
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Gene expression - RNAseq

‘\&3 ,
»

- B0 O
A e

— Advantages of the RNAseq method:

IS

a
- does not depend on probes (more correct quantification of given RNA molecules) .-
- large dynamic range

ary,
L7
pAl

\(i?%% I/%”b gy - m\\\‘ \\%\ o
- detection of alternative splicing and the possibility of their quantification Py

- the possibility of analysis without knowledge of the genome sequence
- the possibility of analysis from one cell %7 STRING

° L) ;
= e et oo L
/b\ ¥ L0 ® .
\./ ISOLATE mRNA BY BINDING TO POLY(T) BEADS ‘
®
> Cells \_/ ROS production 8
5' cm———p\ AAAA 5 e SAAAAA PR i
—— proteins e g
Extract RNA TTTTY TTTTY iy &
5'an - ¢ e ®
e TTSAAAA .
TTTT i i
5 2 ? Signalling |
\N ' ﬁ ;.T\ ,1\’ ¢ /AAAAA ® " LRR-RLK/phosphatases  Ethylene si'::finm‘z::,‘;ﬁﬁ““
TTTTV synthesis L g
MICROARRAY RNA-SEQ o " <@ ° e & »
5 ™ @um IS .
x CONVERT TO cDNA e a Acsi wact L
- T T
Label RNA : N[ Lo
Reverse transcriptase e i ]_ o ‘[_ AAAA T‘ .W’ AAAAA ° o = L] .
pEEEEEEE ... s °
Bind to probes on array 2 et @ T
T T AAAA XX v
'l | v
f\:_fﬂ Al L TTTT X/
) 4 )‘7,77
CcDNA 2
N L]
P—— - ]
T T L L LT LT AAAAA WRKY/TIFY °
F . A bt k . TTTTT transcription factors
Measure fluorescence Sequence DNA SEQUENCE WITH NEXT-
GENERATION TECHNIQUE
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MetaRibo-Seq

— Riboseq — translation arrest and subsequent

sequencing of the translatome

Translation Arrest

Nuclease Digestion

Ribosome Protected Fragments Purification

NN Ny
NN Ay A

Library Generation ¢
Deep Sequencing l
Read Mapping

hd Ll

S0P
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a Chloramphenicol

Ribosome-bound Structured RNA
mRNAs

Translation Lysis

DNA/RNA precipitation
MNase treatment ‘ ‘
] g g

Microbiota in human feces —
frozen in RNALater

mRNA  Structured RNA CDNA library

Monosome recovery footprints fragments

and rRNA depletion

Library preparation

Counts

DNA reads —
RNA-Seq reads

Ribo-Seq reads

l De novo assembly 1 MS spectra E
Reference Gene E— . .
i Differential
MetaGenome annotation Gene A ifferentia

Taxonomy  Correlations — abundance

Fremin et al. 2020



Microbiome Microbiota Metagenome

IVI et ag e n O m I C S Microorganisms (and Microorganisms The genes

their genes) living (by type) living of microorganisms
in a specific in a specific in a specific
) ) ] ) environment environment environment
A study of the genetic material contained in a sample
ShotGun approach X sequencing of specific phylogenetic regions a ~ b V4SISE Ve sR
V4_515F V4_806R ’-»'\ée‘,‘* ‘ 165 |

(16S, 18S, ITS, mcrA)

16S

115—25 cycles, KAPA HiFi polymerase

1 35 cycles, Taq polymerase \4:;0.8*’ o {
\ - %; Va P
V4 /-';(60* -~
Fragmentatlon >seql ’ -
L GCCGTAGTCC l Normalize, pool 1 10 cycles, KAPA HiFi polymerase
extractlon ﬁ '\-' Y SequenCIng ' \f’o’o_f -
— ‘? ’ 2 seq2 Sequence, custom primers L V4 /\(@e*q'
& »l -\ L2 TATGCCGGTA... hi L 201 lNormaIizeL pool
>Seq3 Gonl et al. 2016 Sequence, standard [llumina primers
e oo a
1.00] Vi Va2 V3 Va Vs V6 V7 Va Vo
Assembly 078
2
— £
S T 050
'genome,——— .o — = 3
gengmeA —— ———— g
o Metabolic Phylogenetic ] G?ne g o2
g n
reconstruction | binning -4 Anding:& ————
2 <—— .genomeg < e — o - ——— 0.00
y f— —_— . - - Vi-\z2 Va-Vvs Ve-\g
;o i //1 P annotation Viva o
— { A — P> > —_— Vi_ve
4 genome _—_—__—_:—_ _—___—__—_': g 0 500 1000 1500
- _— Johnson et al. 2019 Position along 16S gene
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Monitoring of gene expression

— A whole range of details about a gene obtained using reporter
genes D AVCED K3 ) %

- adding a reporter gene behind the promoter

OH H OH H OH H OH

- adding a reporter gene behind the CDS
— Using the following genes: o f— ) o A—20 Cf
- lacZ gene (B-galactosidase) R e

- phoA gene (alkaline phosphatase) "
- lux/luc gene (luciferase) o :
- gfp gene (Green Fluorescent Protein) KCon f>|° C C YR \

Br
H B-galactosi: dase H OH OH ¢
H OH H H
(e} A 5-BROMO-4-CHLORO-3- D-GALACTOSE 5-BROMO-4-CHLORO-
| | INDOLYL GALACTOSIDE 3-INDOXYL
HO o | = X-GAL unstable
N
S SPONTANEOUSLY
oooooooooooo 5-BROMO-4 REACTS WITH

PPPPPPPPPPPPPPPPPPPPPPPPP

OXYGEN IN AIR

PPPPPPPPP

INDIGO-TYPE DYE
dark blue and insoluble
1]

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
EEEEEEEEEEEEEEEEEEEE

Clark and Pazdernik, 2016
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Analysis of methylome

NH,» NH» (0] (0]
— Analysis of gDNA methylation sites N e N)IH R HN)‘E
— Methylation usually silences transposon elements oJ\H o)\u __EER O)\H ot o*u

Cytosine Cytosine sulfonate Uracil sulfonate Uracil

— Silencing of one copy of the X chromosome in

femaleS s Clark and Pazdernik, 2016
Y™ 356
— Analysis using the bisulfite method OJ\N P
- the add_ition of sodium sulfite Ieads_to the | . ETEHEE
conversion of non-methylated cytosines to uracil
- subsequent sequencing without and with the s--eAeTcIcewTémA-s-
addition of sulfite leads to the detection of \Sf:t'ﬁn“:m
methylation sites
— 3rd generation sequencers (Nanopores, PacBIO) s--GAGwI,GTImAA_y
are able to directly read cytosine methylation \mgqgg;gn

B 5'-GAGTTABTGTTEGTTAA-3"
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GENE TECHNOLOGIES

Gene Cloning Strategies
Restriction endonucleases, plasmids, and cloning vectors, optimization of gene expression, expression in foreign hosts
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5 NGEATCC™ s 5 RGATCT 3

3 WuCCTAG G5 3 TCTAGA. 5

Restriction enzymes 5

3 CTAG 5 3

— Bacterial enzymes binding to a specific sequence and cleaving both strands i

— Protection of bacteria from foreign DNA (viruses)

ANNEAL

— Sensitive to DNA methylation ...
— Two basic types: O
Type | - cleaves the DNA strand 1000 or more bases from the recognized

sequence o W Sp—

3 LWCECCTIAGA 5’

ATP ®
Type Il - cleaves the DNA strand at the location of the recognized sequence /\ =

(blunt, sticky ends)

— The number of bases recognized = the degree o e e M
of DNA fragmentation
CUT BY Hpat CUT BY EcoR1 ADP+ Pi
— Joining fragments - ligase (T4 ligase)
5'- GTT AAC -3’ AATTC -3’ 5 TTEERATET™™ 3
3'- CAA IGESEN 5'- G G -5’ 3 LL.CCTAGALLS
3'- Cm ONE PIECE
BLUNT ENDS STICKY ENDS

110 Gene Technologies Clark and Pazdernik, 2016



Restriction enzymes (structure) EcRV ..

apoenzyme
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non-specific
DNA complex

specific DNA
complex
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Fragmentase

— Used for DNA fragmentation in NGS
— A mixture of endonucleases (NEas) cleaving one strand and then the opposite one

— A mixture of two enzymes (DNase | and SD (strand-displacement) polymerase)

’ ’ SD pol =
Long dsDNA g, 2, P
DNAsel | - Ignatov et al. 2019
G Nicking by DNAse |
.
X X -

& Strand displacement DNA polymerization 10 KD — s SIS SN0

\ \ with SD polymerase =§» — ] .
. 1 Kb — s e — 1.0Kb
Disjointed dsDNA fragments with ey . -
overlapping sequences i ‘ S — 05Kb
—— : .
Fragmented dsDNA
— 0.1Kb
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Cloning vectors

— Specialized plasmids (other elements) carrying foreign DNA for study/manipulation

— Currently, we also use artificial chromosomes and viruses
— Basic properties of cloning vectors:

- small size (easy handling and isolation)

- easy transfer between cells by transformation

- easy isolation from the host organism

- easy detection and selection

- occurrence in a larger number of copies (ori site)

- multiple cloning sites for insertion of cloned DNA

- method confirming the presence of inserted DNA in the vector
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Recognition Recognition Recognition Recognition
site for site for site for site for
restriction restriction restriction restriction
enzyme 1 enzyme 3 enzyme 5 enzyme 7

Recognition Recognition Recognltlon
site for site for site for
restriction restriction restriction

enzyme 2 enzyme 4 enzyme 6

/

e\\
/7

\\
N\

\

\ //

ey

\\

Clark and Pazdernik, 2016



INSERTIONAL INACTIVATION

Antibiotic
resistance gene #1

Cloning vectors al Y&

Vector |
)] ResisTance ||
\

P GENE #2 \\
DNA insertion control options F Nouse
ntibiotic Insert
. . . . . . resistance gene #2
- insertional inactivation (ATB resistance gene) )
. o LSRN ce e oror
- ccdB gene (Qeath gene interfering with DNA 5  EOTAROneS RESISTANT TO FIRST
gyrase aCtIVIty) https://link.sprinqer.com/article/lo.1007/BF00280310)
ALPHA COMPLEMENTATION Clark and Pazdernik, 2016
- alpha complementation (B-galactosidase) o~ 4 f*\ /,//;ri\
. Plasmid | ’ Chromosome ‘ (| Plasmid.b‘ ! Chromosome |
— Yeast vectors based on a 2u circle ) | U u \\( 1
I i 1 lacz ger® laczz is Q lacz gen® o
- ori site from two organisms, the Cen sequence 2 i i
- SEIeCtion based on AA SyntheSiS TRANSCRIPTION AND TRANSLATION TRANSCRIPTION AND TRANSLATION
TYPICAL BACTERIAL VECTOR YEAST SHUTTLE VECTOR
MCS  Bacterial Origin and Yeast origin <
Bactertiaell lgminator repilica;i:r} genes of replication g @
promo or bacteri )
' LacZa < 22,‘;?;0“(2 av bi Leyut:i’:\el o fragmfeLm c;mbines with No o fragment so B-gal
gene Tk iy T L
CLONING ‘ s SHUTTLE ' '; Sgigc'iofn in f -
PLASMID VECTOR l R yeast
\ l 4 $-gal metabolizes B-gal cannot metabolize
' y B X-gal to form blue dye X-gal and bacteria stay white

- Bl . = - 4 \
I " Origin of replication < &
A Gene for (bacterial) g Muttiple cloning Yeast centromere

H ¢ o
antibiotic resistance site SHQUENCH cal [+Galactosidase N Br N
- N \ S
. N T UL,
114 Gene Technologies Wn, w0« g
HO%%.OH
b 1 2


https://link.springer.com/article/10.1007/BF00280310

Virus vectors

— Bacteriophage vectors
- modified to carry non-viral DNA in the capsid

- connection of cos sequences = formation of a
replication form (RF) replicated by a rolling circle

- an insert with a size of 37 to 52 kb can be used

- use of helper viruses to package DNA into virus
capsid

— Cosmids

- a highly modified lambda vector having only cos
sites

- the necessity of packaging by helper phage
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LAMBDA REPLACEMENT VECTOR
Integration and |

]

]

' recombingtion '
) 1
1

: -

'

' cos
0 10 20 ' 40 48
kb ; ' . ; ' . kb
Head and tail ' Nonessential region Regulation and
(o proteins (may be replaced by cloned DNA)  DNA synthesis
COSMID AE (amber) AD (amben)
DNA insert AmpR lysogel lysogen.
cosmE 50 it cos INEBoE
ALYSIS
INVITROGRCKAGING: [ :
Tails Tails '
1 Assembly proteins, 1 Assembly proteins;
Protein D ! ! Protein E
i No pre-heads i i No pre-heads i
«—Tail 1 (due to lack of E) | 1 (due to lack of D)
. Head Lambda DNA
Linear form with insert
INFECTION @
Bacterial SUCCESSFUL PACKAGING

chromosome

E. colicell

D

Clark and Pazdernik, 2016



ARS1

Artificial chromosomes

Escherichia coli

LEU2 TEL
— Used for handling large pieces of DNA (150 — 2000 kb) TEL
Transform into yeast
— Include | spheroplasts
- yeast artificial chromosomes (YACS) - T W
_ . TEL  LEUZ ARS1 CEN3 TEL
- bacterial artificial chromosomes (BACSs) o B
Trends in Biotechnology 2000, DOI: (10.1016/S0167-7799(00)01438-4)
- P1 bacteriophage artificial chromosomes (PACS)
@ Bacterial plasmid /_>7/ "~/\\'
— YACs contain a centromere and telomeres for permanent ~ |
maintenance in yeast N <
— BACs are circularized and propagated in bacteria (ori site >N
and resistance gene) Z )
y ) /
4
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Introduce Cell "heals" with
genes/drugs gene/drug inside

DNA transformation _l____ Bl R

+

— Transformation is the process by which foreign DNA is

2 +
® 2
'+
N
2 ¢
\l. ' ‘: e
e
> e
e
?? Il:|:/ 2
++++ + e
2 °
+ e

introduced into a cell. Moo il il - ™
EIectI;ic field induceﬁ a
— Competent E. coli cells: Y membrane
- the use of calcium ions and thermal shock to increase the /a Chemical \ /b Physical ™
ili transformation transformation
permeability of the cell wall and membrane
Chemical calio;:?. cr . Nano-particles
- use of electroporation to open the cell wall and membrane o#)” T w %
i
488
— Competent yeast: @ %M é&a
- a combination of lithium acetate, single-stranded carrier o &> J

DNA and polyethylene glycol (PEG)
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Cloning strategies

— TOPO Cloning (Thermo)
- use of topoisomerase |

- Vaccinia virus topoisomerase | specifically recognizes the sequence 5'-(C/T)CCTT-3’

- topoisomerase is covalently attached to the 3' end of the vector

3. Transform the competent
E. coli provided.

2. Incubate 5 min at
room temperature.

1. Add 1 pL of PCR reaction to 1 puL
of TOPO cloning vector.

Perform PCR with Taq or a
proofreading polymerase.

OR

TOPO
cloning
vector

Topoisomerase | recognition sites

\ AGGG

TTCCC

| /
/® @-— 3" phosphate +

. CCCTT |
GGGA

TOPO TA cloning vector
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3 min at
room temperature

“Z

Tag-amplified PCR product

GGG
TTCCC

Ligation complete

-~
-

i |

Topoisomerase |
is released



Cloning strategies

— TA cloning

- using the property of Tag DNA polymerase to add A to

the 3' end

- pMIniT 2.0 (toxic mini-genes) (NEB)
- pPGEM-Teasy (blue-white selection) (Promega)

H
P-Galactosidase N Br N
X-Gal T N . —_— O —

r N Br

o] HO
HOHO cl o 4
2 Xmnl 2009
Scal 1890

Amp’
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\Nael 2707
1 ori

pGEM®-T Easy lacZ
Vector
(3015bp)

ori

174

Apal
Aatll
Sphl
BstZI
Ncol
BstZI
Notl
Sacll
EcoRlI

Spel
EcoRl
Notl
BstZI
Pstl
Sall
Ndel
Sacl
BstXI
Nsil

T spe

1 start

1473VA05_6A

BlgZl 100
Afel 144

Ndel 208
Nrul 226

BsaX| 2541

Constitutive .

Promoter

Sapl 2526

Peil - Afllll 2409

Drdl 2307
BsaJl 2249

Sites
Flanking

Toxic Minigene
Cloning Site

BseYl 2105

AlwNI 2000

pMiniT 2.0
2,588 bp

Xmnl 921
Begl 1017
Scal -Rsal 1040
Pvul 1152

Banl 1568
Ahdl 1521
Bmrl 1481
Bpml 1452
BsrFl 1436

Bgll 1403

NmeAlll 1373

Fspl 1298

Features within Sequence Flanking the Toxic Minigene/Cloning Site

Cloning Analysis Forward Primer

Sbil/Pstl Pmel

ACC TGC CAA CCA AAG CGA GAA CAA AAC ATA ACA TCA AAC GAA TCG ACC GAT TGT TAG G6TA ATC 6TC ACC TGC AGG AAG GIT
© T66 ACG GTT GGT TTC GCT CTY GTT TTG6 TAT TGT AGT TTG CTT AGC TGG CTA ACA ATC CAT TAG CAG TGG ACG TCC TTC CAA

1
SP6 Promoter =
Pmel ———————| PspXUXho! | BamHi | EcoRl
TAA ACG (A CIACTIATALGAA GTG TGT ATC GET CGA GGG ATC COA ATT CAG GAG GTA AAA ACC
ATT_JGC GTA AAT CCA CTG TGA TAT CTT CAC ACA TAG CGA GLT CCC TAG GCT TAA GTC CTC CAT TTT 766

W

W

== ———— -
+ 2 oATG AT € T6A TAA TAA...
I vtac ta INSERT ¢ icy arv arril. I

| ,

I Two Amino Acid Taxic Minigene with Cloning Site Shown |

L rme amr cmm e e e e Vet 53

(As diagrammed, minigene inactivated if insert cloned into site)

Pacl {Zral/Aatll EcoRI/Xhol NotU/Eag! BsmBI
TTA ATT AAG ACG TCA GAA TIC TCG AGG CG6 _CCG CAT 676 CGT CIC CCT ATA 676 AGT CGT ATT AAT TTC GC6 66C
AST_TAA_TIC TGC AGT CTT AAG AGE TCC GEC GGC GTA CAC GCA GAG GRALTATSCACIICAGEALTAALITA AAG CGC CCG

wn

+1
T7 Promater

GGA ACC CCT ATT TGT TTA TTT TTC TAA ATA CAT TCA AAT ATG TAT CCG CTC ATG AGA CAA TAA CCC TGA 3
© CCT TGG GGA TAA ACA AAT AAA AAG ATT TAT GTA AGT TTA TAC ATA GGC GAG TAC TCT GFT ATT GGG ACT 5

-—
Cloning Analysis Reverse Primer

wer




Cloning strategies

PHAGE
DNA

attP

POP
— GATEWAY cloning vectors (Invitrogen-Thermo) )
- use of phage lambda integrase and excisionase enzymes
- use of ENTRY and DESTINATION vectors regrurion
- the BP reaction removes the gene of interest from attR sites and
Inserts it into attL sites.
- the LR reaction removes the gene of interest from attL sites and ) 4
Inserts it into attR sites
MULTIPLE CLONING SITE
%E ?o_) % % % o % % é % BOP' PROPHAGE POB'
[ X 2 0o WEEEEEE 4 2 X U |
@3!' at Gene of Interest ccdB Gene of Interest ccaB
_ ’ 12?, a1 a2 atm hmz a8 1&;\8’82 attP1 atP2
~ GATEWAY® | / ENTRY DESTINATION L vooade DESTINATION 3 ENTRY \
CLONING ' ' VECTOR VECTOR — VECTOR | VECTOR }
@ENTRY VECTOR & \ BP clonase \\\
_ 5
— KanR AmpR AmpR KanR
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Cloning strategies

B
A
4+ COEE—————
DNA inserts with 15-20 bp
overlapping ends (PCR-amplified)

Linear
vector

(REase-
digested)

— In 2009 Dr. Daniel Gibson and colleagues at the J.
Craig Venter Institute developed a new method to
easily assemble multiple linear DNA fragments

— Advantages l A
|. There is no need for specific restriction sites. // Single-tube reaction
. ' + Gibson Assembly Master Mix
lI. Join any fragments regardless of order. - 5' exonuclease
. . -~ DNA polymerase
lll. The reaction takes place in one tube. 3 _ DNAligase

Incubate at 50°C
for 15-60 minutes

— Gibson's Mix consists of three different enzymes

|. T5 Exonuclease \.
lI. Phusion DNA Polymerase Assembled
lll. Tag DNA ligase

DNA

Transformation
and plating

https://www.youtube.com/watch?v=tIVbf5fXhp4
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Expression vectors

— The most commonly used lacUV promoter (modified lac promoter)
- RNA polymerase binding site

- lacl repressor site
- transcription start site

- transcription termination site

— Another frequently used promoter is the lambda left promoter (P,)
- lambda repressor binding site
- most frequent activation by increased temperature (42°C)

Transcription

Cloning sites G\oned ene P, terminators
LacUV N\ ' Ok’
promoter 5 0

EXPRESSION
VECTOR

Clark and Pazdernik, 2016

— Expression systems also use a promoter binding only bacteriophage T7 RNA polymerase

- E. coli strains carrying T7 RNA polymerase after inducer control

— Expression vectors often contain sequences for various tags (6xHis, Myc, FLAG, S-tag, MBP)
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Bacterial Expression Vectors

— PET, prSET E. coli T7 expression vectors
- expression in BL21(DE3)pLysS cells

— PMAL expression vectors

- carry maltose-binding protein (MBP)

/ Nsp V(268)
Msc I(351)

Sca I(4995) SgrA I(g40)
Pvu |(4885) Sph 1(996)
EcoN 1(1056)

Pst |(4760)

Bsa I(4576)
Eam1105 (4357,

PR

BStE 11(1702)
Bmg 1730)
Apa |(1732)

AlwN 1(4038)
BssH 11(1932)

BspLU11 I(3622)
Sap 1(3506)

Bst1107 1(3333)

Tth111 1(3367)

BspG I(3148)
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Mscl 6679
\ PAMI 7

Bpu101 6547: \ p—
)  BStENl 612
/__Apal - PspOMI 638

< ooy 879

PAIFI - Tth1111 5901
BSZI71 5877

Sapl 5766, N, of
Pcil 5648 N Hpal 935
£ Kasl - Narl - Sfol 1070
[ & plli leader \ _Acc651 - Kpnl 1560
‘ pMAL-plll “ | T pagl 1580
_ 6706 bp ]
Nael - NgoMIV 4763 [~ Bsiwl 1878
Dralll 4657 $’ Bglll 1047
E: / N\ BmgBl 2131
swal 44387 /S Bsml 2202
andt 42607 e e Ny am

— " Imes

Scal 3782

6HIS TAG

Binds to 6His Antibody
A or binds to a nickel column

@
<&
&

TRANSCRIPTION & TRANSLATION

MYC OR FLAG TAG

ned e‘e .
& \N"
& Y
&

TRANSCRIPTION & TRANSLATION

Myc @
C\x\\))

)

’

Antibody to Myc used to detect Antibody to FLAG used to detect
expressed protein

B expressed protein



Yeast Expression Vectors

— Inducible AOX promotor (methanol) E

— Possibility of intra- and extracellular expression

— EXxpression in yeasts P. pastoris and S. cerevisiae

] ENERGY METABOLISM |

INITIAL
OXIDATION

CH,OH NHCHO
FAD* AOX FADH,

= HCHO 1 — P CO,

NAD* NADH,

Comments for pPICZo A
3593 nucleotides

2CH,OH+ o, H,0 1120, 5" AOX1 promoter region: bases 1-941 * Pstlis in Version B only
H.0, MITOCHONDRIA 5" AOXT priming site: bases 855-875 Clalis in Version C only
HCHO | L e ) o-factor signal sequence: bases 941-1207
CH,OH S e - .r..--..‘.--.---.X.u'fa;’.-...-.....-....---.---.: Multiple qlonln_gbsne: 225851132548-1 276 TThe two Xho | sites in the vector allow
: Xylulose - c-myc e.plFODE' a?’es _75— the user to clone their gene in frame with
2H,0 ' | monophosphate cycle ' Pplyhlstldln_e (_6le§) tag: bases 1320-1337 the Kex2 cleavage sits, resulting in
. Cell H ?4(54)2)(1 priming site: bases 1423-1 443b expression of their native gene without
'> GAP F1,6BP 13GAP =3 IR transcription termination region: bases 1341-1682 additional amino acids at the N-terminus.
PEROXISOME 2 : materfal ' TEF1 promoter: bases 1683-2093
: . EM7 promoter: bases 2095-2162
: Sh ble ORF: bases 2163-2537
.
J

‘_bDHAP ANABOLISM

CYC1 transcription termination region: bases 2538-2855
pUC origin: bases 2866-3539 (complementary strand)
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Expression in Bacteria

— Special plasmids (expression vectors) are used to increase proteins

expression
- strong promoter, adequate ori site, selection marker for antibiotic

— Expression of eukaryotic proteins is more problematic
- promoter modification, absence of splicing, low rate of translation
- weak interaction of the ribosome with the RBS site, mRNA instability,
limited amount of tRNA
— The necessity of using specially modified vectors
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Eukaryotic DNA

DNA  Promoter Exon Intron Exon Intron Exon
TRANSCRIPTION

Primary
Intron ' Exon Intron Exon

transcript (RNA) | Exon

SPLICING

Messenger RNA

REVERSE TRANSCRIPTASE

cDNA
(coding sequence)

Plasmid

INSERT INTO PLASMID a0
Strong f

terminator Bacterial
’ promoter
R Multiple
cloning site
(MCS)

,“anscript,'o "

’
’
3
£/
4
o

TRANSFORM INTO BACTERIAL CELL
AND EXPRESS

Clark and Pazdernik, 2016



E. Coli Origami™ 2

— They carry a mutation in the gene thioredoxin reductase (trxB) and glutathione reductase (gor)

— Increase in the formation of disulfide bonds in the cytoplasm of E. coli

— Suitable for proteins requiring the formation of S-S bridges for proper composition

A SHuffle ~ Origami 2
I P S I P S

91

€
67 B =
«J=BE O
-
X
-
-

29 [

| 0§ W]

14 |«

L Rl

kDa

Exprese Oncostatinu M (OSM): A (37°C),

SHuffle Origami 2

| P S | P
— -
| )
[ -
—
- - -

— -

. - "
3 -

) <4 -

B (18°C). C-kontrola bez IPTG,

I-lyzat, P-pelet, S-solubilni frakce (Nguyen et al., 2019, SciRep)
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periplasm

cytoplasm

Berkmen, 2012

aerobic

Prot,
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Translational Expression Vectors

Consensus Start Strong

— Designed for protein expression (pET, pRSET) BT o i
\ \

. . . _— . . 1
- maximum translation initialization T—— CCETE G )
Vector Promoter RBS Iz = ===
. — CE(E;LJAJ%(: —
- consensus RBS site L 8be | ‘%
. . Nco |
- ATG codon at an optimal distance of 8 bases from the RBS cut site
- cloning site directly in the ATG codon (Nco 1) CUT VECTOR WITH Neo |
Start
— The possibility of further complications in protein folding gt
FECICATGG
S GLGTA C:C,, Cloned gene
T7 promoter primer #69348-3 CuUT
. o WITH Nco |
pET upstream primer #69214-3 T7 promoter |
—» Bglll_ > ac operator Xba | rbs
AGATCTCGATCCCGCGAAATT AATACGAC TCAC TATAGGEGAAT TGT GAGCGEATAACAATTCCCCTCTAGAAATAATTTTGTTTAAC TTTAAGAAGEA GA INSERT CLONED GENE
oo, His-Tag Noel Nhel —_— INTO VECTOR Nco | SITE
TATACCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCECGCEGCAGCCATATGECTAGCATGACTGGTGGACAGCAA
MetGlySerSerHisHisHisHisHisHisSerSerGl yLeuValProArgGlySerHisMetAlaSerMetThrGlyGlyGInGIn
Eagl 'thrombin
BamH | EcoR | Sacl Sall Hindlll Netl  Xhol His-Tag TR —
"""""""""""" AGCACCACCACCACCACCAC TGAGATCCGGCTGCTAACAAAGCCE  pET-28al(+) Vector Promoter RBS o~ GsTACC —

MetGlyArgGlySerGluPheGluLeuArgArgGIinAlaCysGlyArgThrArghlaProProProProProleuArgSerGlyCysEnd

Clark and Pazdernik, 2016

127 Gene Technologies



Codons Effect

7. |81 190 {0l 11

— Protein expression in other organisms (eukaryotic in bacteria)

o |
— Different organisms prefer different codons for a given AA Amino acids —>_¢ @
- optimization of the codons used in gene synthesis Vacantsite @ %
waiting for Charged
rare tRNA tRNA

- up to a 10-fold increase in production
Clark and Pazdernik, 2016

- delivery of tRNA carrying rare codons to the organism

- E. coli ROSETTA — seven tRNAs for rare codons M ;
(AGA, AGG, AUA, CUA, GGA, CCC, and CGG) B f’
metT tRNA pRARE2
K 4965 bp pLny(_)%%\pR E2

thrT tRNA ‘

glyT tRNA ) pLaclRARE2

glyT tRNA thrU tRNA argU tRNA
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Toxic effect of overexpression

Lactose operon

NO RECOMBINANT PROTEIN EXPRESSION

GF

? ol
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RECOMBINANT PROTEIN EXPRESSION

R <l

OH
Chromosome
& N\ m'&n B ooty B promotet
: \ i
" @f@
i pET -
] 11

Arabinose operon

PROTEIN EXPRESSION OFF

OFF

pBAD plasmid
— DNA

PROTEIN EXPRESSION ON

- ON
- e W o [ M . Eggm pBADDﬂismid

B

Clark and Pazdernik, 2016



Autoinduction Medium

Glucose

_Stationary phase

Lactose Allolactose ~a

N A

[-Galactosidase

Induction

T7 RNA polymeras
- 7ac %

Plasmid

T7lac
{, promoter

promoter

E. coli chromosom

Insert

e
_))_~
\/ AI
b r|
4/

4
4
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Glucose Lactose Glycerol

| : Exiracellular
ntracellular

— |«
L. ¥
cAMP Lactose
Lactose to‘_
J- Allolactose Lactose
v Permease
CRP Lacl p-Gal
| ,
v 1

| 2 |
lacl Prom lacZ lacY

Bacterial Genome




Inclussion Bodies

— Misfolded proteins accumulate in inclusion
bodies

— Molecular chaperones — they help with proper
packing

Inclusion
Misfolded _ Body

— Possible secretion of proteins into the
periplasm or medium

Polypeptide
. . . . chain
— Proteins can be solubilized from inclusion g/

bodies with a chaotropic agent and renaturation g
)
8
=

Molecular

chaperone

Clark and Pazdernik, 2016
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Secretion of Proteins

— Possible expression into the periplasm or medium

— Secretion controlled by a hydrophobic sequence at the N-terminus cleaved by signal peptidase
- possible addition of a signal sequence to the protein (risk of inclusion bodies)
- possible fusion with a naturally secreted protein (maltose-binding protein in E. coli)
- possible secretion in gram-positive bacteria (Bacillus)

- use of a special Type | secretion system (hemolysin secretion, E. coli) or Type Il (Endotoxin A,
Pseudomonas)

- use of autotransport proteins
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Secretion of Proteins

Secretion system of type | and |l

® e I
secretory

A system y

Type |

secretory —»
system

% % — Protein to be exported - %

PROTEIN SYNTHESIS IN BACTERIAL CYTOPLASM
Clark and Pazdernik, 2016
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LPS
oM -
TSRO S8R LS " ]
AAAAAA JATTRAL (ALTAL oo TR (22

Autotransporter proteins

Passenger
domain

Periplasm B- barrel Protein

Peptidoglycan

Periplasm

( Periplasmic
~ protein
Protein
™M [\

LLCUCLLCUO0L  LUQUCUCUCLLCL

2022 2 A0 A2 A A A AAAAAAA

Cytoplasm r\/dmﬂr

Signal peptide Passenger domain B-domain




Protein glycosylation

— A whole range of proteins in higher organisms is glycosylated
— Glycosylation is necessary for proper function - e.g. membrane proteins

— The bacterium carries out O-glycosylation (N-glycosylation was also discovered in the genus
Campylobacter)

— Eukaryotic organisms mostly have N-glycosylation
— Insect cells are the solution for the expression of glycosylated proteins
- a different pattern of glycosylation compared to mammals
- the solution is modified insect cells with a mammalian glycosylation pathway
— A change in the glycosylation pattern can affect the properties of the protein
- recombinant human erythropoietin contains an extra N-glycosylation site (Asn-Xxx-Ser/Thr)

- lower affinity to the receptor, but a longer half-life prolongs the overall clinical activity
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Protein glycosylation

COMMON PATHWAY Key to symbols

] N-acetyl glucosamine
{ ) Mannose
Insect A y ‘AA Fucose
(&) T Mammalian
g \_n_é-: Asn \'{X\ () Galactose
@ | | | .'V‘/' i “‘\I

4 [l N-acetyl galactosamine

"ﬂ\' &a|
Low mannose B0, nn@®
derivatives r .
y

A A
- p— %’/ S
Derivatives with sialic acid

Clark and Pazdernik, 2016
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Protein Expression in Eukaryotic Cells

PYRROLYSINE

— A number of eukaryotic proteins are more efficiently . 1 WY
expressed in eukaryotic cells U\ i #
— Possibility of post-translational modifications WY
- chemical modifications forming new amino acids 3] S
Ik,‘\ CH’_T:_COON .”‘__lgl/ﬂh) = N lw‘
- formation of disulfide bridges ST ‘
- glycosylation
- addition of functional groups (fatty acids, acetylation,
phosphorylation, methylation, sulfurization) 00034~ 8~ oot
- cleavage of pre-cursor proteins required for .
secretion, assembly, and/or activation e

ACETYLATION
PHOSPHORYLATION

D MYRISTOYLATION

Clark and Pazdernik, 2016
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Yeasts

— A whole range of advantages
- easy cultivation on a small and large scale
- the yeast S. cerevisiae is considered a safe organism

- yeasts secrete very few of their own proteins — an advantage in
secreting the expressed protein

- DNA can be easily transformed (chemically, enzymatically,
electroporation)

- characterization of a whole series of promoters for targeted
expression

- capable of a whole range of post-translational modifications
characteristic of eukaryotic organisms

- glycosylation takes place only in secreted proteins

— Frequent secretion of recombinant proteins by the signal
sequence of the mating factor a. gene

— The signal peptidase recognizes the Lys-Arg sequence
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Coding region
for signal sequence

T cDNA for

Vector DNA Promoter s cloned gene

TRANSCRIPTION AND TRANSLATION

\ A
Prote;j :
S 2 Of interegy

— LysAr%‘i

& DA
Y

Signal peptide from
mating factor o1

' Cleavage
site

SECRETION AND CLEAVAGE
Protein of interest

i LysArg

Clark and Pazdernik, 2016



Yeasts

Exterior

— Currently expressed in the yeast S. cerevisiae and P. pastoris ——
: : Cytoplasm [ Degradation)
- insulin (Fansiosaion)” e SRR
_ : o
- clotting factor Vllla e e
- various growth factors 5 ¥ o
. . . . . . s - o : — — /'
- viral proteins for the production of vaccines or diagnostics (HIV, L ?«;V o
HBV, HCV) 2 1 | 4 " B
— The most common expression problems in yeast ' Vacuole
- loss of expression plasmids in large-scale cultivations A A
. : V v
- secreted proteins remain between the PM and the cell wall s, |t —
. i . ) Response | | Folding Secretion
- hyper-glycosylation of secreted proteins occurs (solution by strain
modification) Sheng et al. 2017
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GENE TECHNOLOGIES

Technologies in Immunology

Antibodies (structure, function), targeted antibody design, monoclonal antibodies, ELISA, vaccines (design and production,
identification of potential new antigens, DNA vaccines)
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Introduction

— The surrounding environment is full of infectious microorganisms and virusesOchrana
organismu pomoci bunék imunitniho systemu

— Protection of the body by the cells of the immune system
— Antigens - mostly proteins on the surface of microorganisms = activation of immune response

— Antibodies - recognize and bind to antigens = produced by B-cells of the adaptive immune
system

— Antibodies mostly secreted into the lymph, some bind to surface = B-cell receptors
— Massive proliferation of B-cells producing antibodies recognizing a given antigen

— Immune system records all successfully used antibodies = faster and more massive response
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Introduction

Antigen-binding site T N R
o PREPARRTIGi ‘
Gene shuﬂ'lid generates vast =
numbers of different antibodies. B cells whose antibody fits the antigen divide and
Each B cell makes one type. manufacture more antibody =i

A

— Antigen g :
Constant e (foreign — ' :L
region \/r?egiagrlme molecule) o
A A
ANTIBODY BINDS ANTIGEN \ S L
RECOGNITION =
Foreign antigen Foreign antigen
appears is recognized :
>_» | REFINEMENT MEMORY
‘ o "w : Mutation improves antibody Memory B cells
Rt binding to antigen remember antigens

B B D E
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Antigen, antibody, epitope

— Antigen - a foreign molecule that activates the immune
system

— Strongest immune responses = glycoproteins and lipoproteins

— Very often polysaccharides on the surface of microorganisms /A
serve as antigens | '

\ ‘
Surface proteins / |

and carbohydrates

— DNA can also serve as an antigen

— The animal immune system is based on specific (acquired)
immunity divided into:
- humoral immunity (mediated by immunoglobulins)

- cell-mediated immunity (T-lymphocytes = T, and T,)

Antibody

— Antibody = binding to whole proteins
— T-lymphocytes = binding to protein fragments

— Epitope - region of protein recognized by antibody
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T-lymphocytes

— recognize only antigens expressed on the surface of other cells, mainly macrophages, virus-infected
cells or B-lymphocytes

— T-lymphocytes recognise these cells via class | and Il major histocompatibility complex (MHCS) receptor
proteins

— Class | activates T, cells and class Il activates T cells
— MHC receptors are encoded by a family of genes specific to each individual

— MHC receptors are also called major histocompatibility complexes HLA
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T-lymphocytes

Lymphocytes

Regulatory
CD8T Cell B Cell T Cell

CellCartoons.net

CDAT Cell
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CD8

Infected p
cell . .
o B
o /
MHC

class I

T cell
receptor

e o 4 Cytotoxic

Infected o o )
cell

Antigen
presenting cell

MHC
class II

® —

<

..o molecules

Cytotoxic T cell
(To)

CD4

T cell
receptor

A

@

Th1 cells help Tul7 cells help
activate recruit
macrophages and neutrophils and

Th2 cells help
activate B cells

cytotoxic T cells

macrophages



Structure and Function of Immunoglobulins

— Antibodies divided into 5 basic classes 5;% V. \"/ V%
: R I
— The most abundant are IgG in serum a . I
— Only 1gG antibodies cross the placenta IgM 186G IgA IBE IgD
Heavy Chain L () v (gamma) o (alpha) £ [epsilon) 6 (delta)
— IgA - secretory antibodies important in MW (Da) 900k 150k 385k 200k 180k
Suppressing respiratory and % of total antibody 6% B0% 13% 0.002% 1%
gastrointestinal infections —
Fixes complement Yes Yes No No No
— IgM - 10 binding sites = coating o | i | "avbosy, | i o s | ‘ot s |
microorganisms and stimulating cells e N e
_ IgE - On the Surface Of mast Ce”s’ Levels of circulating antibodies to a specific antigen
stimulation of allergic response by
. . ~
histamine release ¢ | Antigen .G
sa| ¥ rem
35
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Structure and Function of Immunoglobulins

— 1gG antibody consists of two light and two heavy

chains

— Light chains encoded by one of two gene loci k or A

— Each of the light and heavy chains consists of one to
four constant regions and one variable region

— The variable regions form the so-called paratope-
antigen binding

— We have millions of different variable regions

— In the Pant region, antibodies can be divided
chemically (by papain) into Fc and two Fab fragments
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CH3  ~ CH2
- E

Heavy chain

ANTIBODY

CHEMICAL BREAKAGE

TWO Fab FRAGMENTS

Antigen binds here

%* Parts of &b
2 heavy chain
4 \ N

ONE Fc FRAGMENT

Parts of

Complement peavy.cliain

recognition C

Fc receptor
recognition E



Diversity of Antibodies

— There are an almost infinite number of antigens = an almost
infinite number of antibodies are needed

— Genetic problem concerning the number of genes encoding
each antibody

— The entire human genome would encode only a few million
antibodies

— The immune system generates a large number of sequences
from a relatively small number of genes in the process of
V(D)J recombination

— The immune system assembles genes for antibodies from
collections of short DNA segments

— V(D)J recombination occurs in the bone marrow during B-cell
development and is initiated by RAG1 and RAG2 proteins
followed by NHEJ
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Monoclonal Antibodies

— Antibodies find wide clinical use
— Need for one specific antibody against an antigen

— One antigen has many epitopes = polyclonal antibodies

— Polyclonal antibodies = mixture of antibodies with different degrees

of specificity and binding
— Monoclonal antibody = one specific antibody from one B-cell

— Viability of B-cells outside the body is very low = fusion with
myeloma cells

— The resulting cell is called a hybridoma = a forever living cell
producing the targeted antibody
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Use of Antibodies
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"Humanization" of Monoclonal Antibodies

STAGE |
V-REGION OF MOUSE PLUS C-REGION OF HUMAN

— Human immune system recognises mouse antibodies

— Several solutions: “ "
- Replacing the C-region with a human variant of the antibody ‘\ ,' /

Variable
region

- Replacement of V-regions not involved in antigen recognition with a human
variant S

region {
- Complementarity Determining Region (CDR) - hypervariable region
recognizing Ag

A
Names Trade Names Target Anfibody Format Malignancy
STAGE Il
Bevacizumab Avastin VEGF Humanized IgGl Glioblastoma, NSCLC, metastatic colon and kidney cancer ONEYCORSAGE EHOMMOUSE RESTIS EUMAN
Cetuximab Erbitux EGFR Chimeric [gG1 Head and neck squamous cell carcinoma, mCRC

%

Thymi i i
Cixutumumab IMC-AL2 IGFIR Fully human IgG1 ymic carcinoma, soft tissue sarcomas, osteosarcoma, breast ‘

cancer, Ewing's sarcoma

Panitumumakh Veetibix EGFR Fully human IgG1 Metastatic colon cancer
Pertuzumab Perjeta HER2 Humanized IgGl Metastatic breast cancer
Ramucirumab Cyramza VEGFR2 Human IgGl Gastric cancer
. . . : CDRs
Trastiziiib Herceptin HER2 Humanized 1gG1 Breast cancer, gastric Iadcn o-c:arcmml'na, gastroesophageal junc- (complementarity
(Herclon) tion adenocarcinoma determining
domains)
Trastuzumab .
Kadcyla HER2 Humanized IgGl Advanced breast cancer
emtansine s Mouse
B B Human

VEGF: vascular endothelial growth factor, NSCLC: non-small cells lung carcinoma, EGFR: epidermal growth factor receptor, mCRC: metastatic colorectal carcinoma, IGFR: insulin)
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Herceptin and Casirivimab

— Monoclonal antibody recognises the epidermal growth factor receptor type 2 (HER2) i
. o . . : Casirivimab/
— In breast cancer patients, HER2 overproduction is associated with resistance to chemotherapy Imdevimab
— Binding of antibodies to the receptor prevents its internalization = better efficacy of chemotherap 6‘)
— Casirivimab - a monoclonal antibody that recognizes the SARS-CoV-2 coronavirus spike protein (]D%
Her2
receptor Regeneron

STOP COVID-19

CANCER CELL IMMUNE SYSTEM KILLS
CELL WITH HERCEPTIN BOUND
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Nanobodies

— Antibodies from camels, alpacas and llamas have only heavy-chain
antibodies (hcAb)

— The antigen is bound by the terminal variable region of the heavy
chain called the VHH (12-15 kDa)

— Recombinant antibodies containing only this part are called
nanobodies (Nb)

— The VHH region has a very high affinity for the antigen

— Nanobodies can cross into the brain

Ychromotek N

new tools for better research
part of Proteintech Group
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Vaccines

— The immune system remembers foreign antigens - immune memory
— Special memory B-cells mediate immune memory

— Vaccines consist of derived infectious agents that can no longer cause disease but are still
antigenic

Vaccines:
- Attenuated = pathogens still alive but no longer producing disease-causing toxins or proteins

- Subunits = effective against only one component of the pathogen, often requires the use of
adjuvants

- multivalent = targets several proteins from one or more viruses

— Vaccines from attenuated microorganisms usually induce best immune response
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Vaccines

Attenuated vaccines

HEAT DENATURED VIRUS

Virus

A

ATTENUATED BACTERIA

Virulent gene
is deleted

Other virulence

Virulence gene mutated

proteins
VIRULENT—
AUSES DISEASE AND ELICITS IMMUNE REACTION
IMMUNE REACTION WITHOUT DISEASE
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Search for Suitable Antigens and Adjuvants

— Reverse vaccinology = sequential cloning of pathogen genes and expression of proteins used for
iImmunization (vaccine for Neisserie meningitidis serogroup B)

Adjuvant Composition Vaccines

Aluminum One or more of the following: amorphous aluminum Anthrax, DT, DTaP (Daptacel), DTaP (Infanrix), DTaP-IPV
hydroxyphosphate sulfate (AAHS), aluminum hydroxide, (Kinrix), DTaP-IPV (Quadracel), DTaP-HepB-IPV (Pediarix),
aluminum phosphate, DTaP —IPV/Hib (Pentacel), Hep A (Havrix), Hep A (Vaqta),
potassium aluminum sulfate (Alum) Hep B (Engerix-B), Hep B (Recombivax), HepA/Hep B

(Twinrix), HIB (PedvaxHIB), HPV (Gardasil 9), Japanese
encephalitis (Ixiaro), MenB (Bexsero, Trumenba),
Pneumococcal (Prevnar 13), Td (Tenivac), Td (Mass
Biologics), Tdap (Adacel), Tdap (Boostrix)

AS04 Monophosphoryl lipid A (MPL) + aluminum salt Cervarix
MFE59 Qil in water emulsion composed of squalene Fluad
ASO1s Monophosphoryl lipid A (MPL) and QS-21, a natural Shingrix

compound extracted from the Chilean soapbark tree,
combined in a liposomal formulation

CpG 1018 Cytosine phosphoguanine (CpG), a synthetic form of DNA Heplisav-B
that mimics bacterial and viral genetic material

No adjuvant ActHIB, chickenpox, live zoster (Zostavax), measles, mumps
& rubella (MMR), meningococcal (Menactra, Menveo),
rotavirus, seasonal influenza (except Fluad), single antigen
polio (IPOL), yellow fever
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https://www.cdc.gov/vaccinesafety/concerns/adjuvants.html#alum
https://www.cdc.gov/vaccinesafety/concerns/adjuvants.html#as04
https://www.cdc.gov/vaccinesafety/concerns/adjuvants.html#mf59
https://www.cdc.gov/vaccinesafety/concerns/adjuvants.html#as01
https://www.cdc.gov/vaccinesafety/concerns/adjuvants.html#cpg1

Search for Suitable Antigens and Adjuvants

Reverse vaccinology
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Adenovirus vaccines
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MRNA vaccines

a Unmodified, unpurified mRNA

Endosomal-
RNA sensing
* TLR3
* TLR7
* TLR8

Type | IFNs

Cytosolic-
RNA sensing
* PKR

* OAS

* MDA5S
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* Others?

DC maturation

* CD80

* CD86

* MHC class | and Il
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b Nucleoside-modified, purified mRNA
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MRNA vaccines

S'iG PPP

signal peptide
transport the protein

'

mRNA Construct

sp I

5'- untranslated region l

CAP
increases the stability

Cloning

increases mRNA half life

gene of interest
DNA sequence of vaccine
candidate

Transcription Capping

3'- untranslated region
increases mRNA half life

AAAAAA(40-150)-3'

l

Poly A tail
increases translation efficiency and stability

Purification

® — 6 — 06 — ©

160 Gene Technologies

Co-transcriptional capping

o
<

capped mRNA

.
=

==

D T s
.! «

| & | I
osve =
L

purified capped mRNA

Versteeg et al, 2019

a Naked mRNA

W%

AAAAAA

d Cationic nanoemulsion

-

100-130 nm

g Cationic polymer

P

@
\‘% ‘
—

100-300 nm

j Cationic lipid nanoparticle

W@
) &

@
| SN —

80-200 nm

b Electroporation

% ¢ Protamine

MAA%

AAAAAA M
AAA

AAA

e Modified dendrimer particle

h Cationic polymer liposome i Polysaccharide particle

Mgy

Magqus® M

Margqu e § AAAAAA

S - Wf‘“‘
AAAAAA
| S
100-200 nm
L ¥ A

600 nm

| Cationic lipid, cholesterol,
PEG nanoparticle

k Cationic lipid, cholesterol
nanoparticle

80-200 nm 80-200 nm

Nature Reviews | Drug Discovery



	Snímek 1: GENE TECHNOLOGIES
	Snímek 2: Model Organisms
	Snímek 3: Bacteria
	Snímek 4: Bacteria
	Snímek 5: E. coli
	Snímek 6: Plasmids
	Snímek 7: Plasmid pET28
	Snímek 8: Bacteria in Biotechnology
	Snímek 9: Eukaryots
	Snímek 10: iPSC (induced Pluripotent Stem Cell)
	Snímek 11: Somatic mutations
	Snímek 12: Yeasts and Fungi
	Snímek 13: Yeasts
	Snímek 14: Pichia pastoris
	Snímek 15: Caenorhabditis elegans 
	Snímek 16: Drosophila melanogaster (fruit fly)
	Snímek 17: Danio rerio (Zebra fish)
	Snímek 18: Arabidopsis thaliana
	Snímek 19: Viruses
	Snímek 20: Viruses
	Snímek 21: The Life Cycle of RNA Viruses
	Snímek 22: GENE TECHNOLOGIES
	Snímek 23: Isolation of DNA and RNA
	Snímek 24: Desintegration of sample
	Snímek 25: Mechanical grinding  
	Snímek 26: Lysis buffer
	Snímek 27: Deproteinization
	Snímek 28: Removing of saccharides
	Snímek 29: Phenol-chloroform isolation of NA
	Snímek 30: Phenol-chloroform isolation of NA
	Snímek 31: NA precipitation
	Snímek 32: Isolation of NA using commercial kits
	Snímek 33: Silica columns
	Snímek 34: Paramagnetic particles (MPs)
	Snímek 35: Paramagnetic particles
	Snímek 36: Purification of DNA from RNA
	Snímek 37: Quantification and Purity
	Snímek 38: Fragment Analyzer (RIN)
	Snímek 39: Protein isolation
	Snímek 40: Proteins quantification
	Snímek 41: Manipulation of DNA, RNA and proteins
	Snímek 42: Chemical synthesis of DNA
	Snímek 43: Chemical synthesis of DNA
	Snímek 44
	Snímek 45: Polymerase Chain Reaction
	Snímek 46: Modifications of PCR
	Snímek 47: RACE PCR 
	Snímek 48: Emulsion PCR
	Snímek 49: Droplet digital PCR
	Snímek 50: Sequencing of human genome
	Snímek 51: Celera Genomics Project 
	Snímek 52: The strong role of diplomacy
	Snímek 53: Sanger sequencing
	Snímek 54
	Snímek 55: Pyrosequencing (1990)
	Snímek 56: 454 a GS Junior system
	Snímek 57: Qiagen – PyroMark instruments
	Snímek 58: Preparation of Sequencing Library
	Snímek 59: Nextera technology 
	Snímek 60: Targeted Enrichment 
	Snímek 61: Amplicon sequencing
	Snímek 62: Quantification of NGS library
	Snímek 63: Illumina sequencing system
	Snímek 64: Sequencing in clusters
	Snímek 65: 1st step – hybridization on flow-cell
	Snímek 66: 2nd step – bridge PCR
	Snímek 67: 2nd step – bridge PCR
	Snímek 68: 2nd step – bridge PCR
	Snímek 69: 2nd step – bridge PCR
	Snímek 70: 2nd step – bridge PCR
	Snímek 71: 3rd step - linearisation
	Snímek 72: 4th step – separation of reverse strand
	Snímek 73: 5th step – blocking of 5´end
	Snímek 74: 6th step – hybridization of seq. primer
	Snímek 75: Reverse terminators
	Snímek 76: Sequencing by synthesis (SBS)
	Snímek 77
	Snímek 78: 7th step – pair-end sequencing
	Snímek 79: 7th step – pair-end sequencing
	Snímek 80: 7th step – pair-end sequencing
	Snímek 81: 7th step – pair-end sequencing
	Snímek 82: Index read
	Snímek 83: Single index read
	Snímek 84: Dual index read
	Snímek 85: PGM analyser (ion torrent)
	Snímek 86: DNBSeq (MGI)
	Snímek 87: Current techniques of 2nd generation
	Snímek 88: 3rd generation of sequencers (PACBIO)
	Snímek 89: PACBIO
	Snímek 90: Library preparation
	Snímek 91: 3rd generation – Oxford Nanopores
	Snímek 92: GENE TECHNOLOGIES
	Snímek 93: Mapping techniques
	Snímek 94: Genetic markers
	Snímek 95: Genetic markers
	Snímek 96: Physical mapping techniques
	Snímek 97: Number of genes x Genome
	Snímek 98: DNA libraries
	Snímek 99: Eukaryotic expression libraries
	Snímek 100: Medical genomics
	Snímek 101: Medical genomics
	Snímek 102: Gene expression – WGAs, ChIP
	Snímek 103: Gene expression – RT-qPCR
	Snímek 104: Gene expression - RNAseq
	Snímek 105: MetaRibo-Seq
	Snímek 106: Metagenomics
	Snímek 107: Monitoring of gene expression
	Snímek 108: Analysis of methylome
	Snímek 109: GENE TECHNOLOGIES
	Snímek 110: Restriction enzymes
	Snímek 111: Restriction enzymes (structure)
	Snímek 112: Fragmentase
	Snímek 113: Cloning vectors
	Snímek 114: Cloning vectors
	Snímek 115: Virus vectors
	Snímek 116: Artificial chromosomes
	Snímek 117: DNA transformation
	Snímek 118: Cloning strategies
	Snímek 119: Cloning strategies
	Snímek 120
	Snímek 121
	Snímek 122: Expression vectors
	Snímek 123: Bacterial Expression Vectors
	Snímek 124: Yeast Expression Vectors
	Snímek 125: Expression in Bacteria
	Snímek 126: E. Coli OrigamiTM 2
	Snímek 127: Translational Expression Vectors
	Snímek 128: Codons Effect
	Snímek 129: Toxic effect of overexpression
	Snímek 130: Autoinduction Medium
	Snímek 131: Inclussion Bodies
	Snímek 132: Secretion of Proteins
	Snímek 133: Secretion of Proteins
	Snímek 134: Protein glycosylation
	Snímek 135: Protein glycosylation
	Snímek 136: Protein Expression in Eukaryotic Cells
	Snímek 137: Yeasts
	Snímek 138: Yeasts
	Snímek 139: GENE TECHNOLOGIES
	Snímek 140: Introduction
	Snímek 141: Introduction
	Snímek 142: Antigen, antibody, epitope
	Snímek 143: T-lymphocytes
	Snímek 144: T-lymphocytes
	Snímek 145: Structure and Function of Immunoglobulins
	Snímek 146: Structure and Function of Immunoglobulins
	Snímek 147: Diversity of Antibodies
	Snímek 148: V(D)J Recombination 
	Snímek 149: Monoclonal Antibodies
	Snímek 150: Use of Antibodies
	Snímek 151: "Humanization" of Monoclonal Antibodies
	Snímek 152: Herceptin and Casirivimab
	Snímek 153: Nanobodies
	Snímek 154: Vaccines
	Snímek 155: Vaccines
	Snímek 156: Search for Suitable Antigens and Adjuvants
	Snímek 157: Search for Suitable Antigens and Adjuvants
	Snímek 158: Adenovirus vaccines
	Snímek 159: mRNA vaccines
	Snímek 160: mRNA vaccines

