GENOVE TECHNOLOGIE

Genomika a genova exprese
techniky mapovani gen(, nekddujici ¢asti genomu, bioinformatické nastroje, farmakogenetika, DNA mikroarrays, RNA-seq

techniky, metagenomika, epigenetika
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Sekvenace lidskeho genomu

https://https://www.genome.gov/25019885/online-education-kit-how-to-sequence-a-human-genome//
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v dobé podatku (rok 1990) monumentalni tkol Clone #1_ T Clone #3

zapocCat v roce 1990 za ucasti DOE and NIH

Clone #2

sekvenace provadéna pomoci kontigovych map a BACs

prvotni plan pocital s dobou trvani 15 let Contig

nakonec sekvenace pomoci Sangerovy metody témér dokoncéena jiz v roce 2000

vysledna sekvencéni mapa publikovana 14. dubna 2003, 99.99% presnost (National Human Genome
Research Institute) 7= N

celkové naklady projektu 3 miliardy dolaru

v roce 2000 prezident Bill Clinton ujistil o nepatentovatelnosti lidské DNA



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

Celera Genomics Project JceLera

— zalozena védcem Craig Venterem a v roce 1998 zapocCala sekvenacni projekt

— celkové naklady 300 mil. dolart byly hrazeny pIné s privatnich zdroju

— poprvé pouzita metoda ,whole genome shotgun sequencing®

— k analyze sekvenacnich dat pouzit pfistup vyvinuty Gene Myersem

— tento pristup vsSak vyzadoval extrémni vypocCtové pozadavky

— finalni vypocCet provadén na 7000 procesorech k ziskani 1000-nasobné rychlosti
oproti Pentium poditacliim

— tento inovativni pfistup dovolil dokon it sekvenaci jiz za 9 mésicu
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Silna role diplomacie

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 (vlevo), Francis Collins (uprostied), Bill Clinton (vpravo)
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Mapovaci techniky

— Genomové mapy poskytuji linearni sérii znacek pro skladani sekvencnich dat

— Tvorba genomové mapy:
- genetické mapy (kfizeni, analyza rodokmenu, pfenos genu) — vazebné mapy
- fyzikalni mapy (radiacni hybridni panel, FISH)

— Genetické mapy zalozeny na vazbé = pravdépodobnosti, Ze se dva mapované znaky od sebe v ramci
kfizeni oddeli

— Pro ur€eni relativni vzdalenosti markert zasadni procento pfipadu, kdy jsou nalezeni spolu

— Dnes je pouzivana cela fada markeru

Typ mapovani Metody lokalizace

Geneticke Gen, biochemické vlastnost, DNA markery (RFLP, VNTRs, Vazebna analyza vyuZivajici kfizeni nebo pareni,
mikrosatelity, SNPs) Analyza pribuznosti
Fyzikalni STSs, EST, VNTRs, mikrosatelity RestrikCni analyza, Radiacni hybridni panel
FISH, Cytogenetické mapovani
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1000 —

Genetické markery

500 —

— RFLP analyza pfibuznych jedincu, snadna identifikace

— Variable Number Tandem Repeat (VNTR, minisatelity) — tandemoveé
repetice o délce 9-80bp (forenzni testovani, paternitni testy)

— Mikrosatelitni polymorfismus — tandemova repetice o délce 2 — 5bp

EcoRl
Father |

EcoRlI
Mother |

EcoRl EcoRlI
| |

5GTACTAGACTTAGTACTAGACTTA

— Single Nucleotide Polymorphism (SNP) GTACTAGACTTAGTACTAGACTTA®

— SNPs, VNTRs RFLPs jsou rovnéz pouzivany ve fyzikalnim mapovani

— Pro velké genomy potrebujeme dalsi markery
- STSs (Sequence Tagged Sites) — unikatni sekvence 100-500 bp
- ESTs (Expressed Sequence tags) — identifikace v cDNA knihovnach

— Digesce gDNA pomoci restrikCnich enzyml — metoda fyzikalniho
mapovani
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5AAGGTAT &

to 5AAGCTAT &

Clark and Pazdernik, 2016
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Genetické markery

ZEBRAFISH LINKAGE GROUP 15

| fa20c11, fa66g10

0:0 | 28309  kpnad
8.3 gof18
16.66 221982
54.16 470
dharma, hsp47
65.03 zsnp1265, zsnp1266
| zsnp1267, zsnp1268
zsnp1269, zsnp1270
80.25 23760
96.2 mtnrib
106.67 2732
| chd fa25h06 21195
113.05

| 237 2858

115.27 /

\ )

Brown = STS
Blue = gene
Green = EST
Red = SNP
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Fyzikalni mapovaci techniky

— FISH (Fluorescence in-situ hybridization) — umisténi konkrétni
DNA proby u chromozomu v metafazi vzhledem k prouzkovani
(chromosome painting)

— radiaéni hybridni mapovani — velké segmenty klonovaného
genomu mohou obsahovat dva fragmenty z riznych ¢asti genom
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Mezery v ramci lidského genomu

— Pro doplnéni mezer pouziti techniky ,chromosome
walking®

— Prvni klon je vétSinou lokalizovan pomoci znamého
markeru (STS nebo RFLP)

— Nejvic mezer je v oblastech repetitivni DNA —
heterochromatin
- hypoacetylace
- metylace H3 na specifickych Lys

- methylace CpG nebo CpNpG

— Fakultativni X Konstitutivni heterochromatin
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Pocet genu X Genom

Organismus Velikost genomu Pocet protein-kddujcich
(Mbp) genu

PSenice 17 000 95 000
Ryze 520 45 000
Paris Japonica (Pieris japonsky) 149 000 26 000
Trichomonas vaginalis 160 46 000
Encephalozoon intestinalis 2.25 1833
Bahnik vychodoafricky 130 000 ?
Clovék 3200 21 850
Hadatko 97 20 493
Octomilka 180 13 600
Streptomyces coelicolor 8.7 7800
E. coli 4.6 4300
Mycoplasma genitalium 0.58 470
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Nékodujici genom

— Protein-kodujici geny tvofi pouze malou ¢ast genomu Clovéka

— V ramci riznych druht cela fada CNE (conserved non-coding elements)

Target site direct repeat

Target site direct repeat

— Mozné zesilovaCe transkripce nebo izolani sekvence ' ORFT " GR2 URE )
A A
— 25% lidského genomu tvofi geny pro proteiny, z toho ale jen 1% CDS i e
— Zbyva objasnit roli intronu SINE (-0.340)
AT

— DalSi velka ¢ast = repetitivni sekvence
- ribozomalni RNA geny (kdédujici)

rich region

Clark and Pazdernik, 2016

- LINE (long interspersed element) (nekddujici) — az 20% genomu, retrovirus-like elementy

- SINE (short interspersed element) —az 13% genomu, Alu elementy
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Maxam-Gilbertova sekvenacni metoda

S e 3 DNA
) 9
Oznaceni koncl pomoci radioaktivni znacky

S me————
——————

Stépeni restrikénim enzymem

—
% v g

‘—
Odstranéni

Denaturace (detekovatelny je pouze znac¢eny fragment)

Rozdéleni vzorku do ¢étyr

' 3 chemickych reakci, které vedou
»{'/ i \y ke specifickému Stépeni
G A+G
/\ \/ /.

—ACACT
.ACACTGAAC

/ .ACACTGAACGTTCAT

.ACACTGAACGTTCATGTC
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\ Terminalni transferasa

- - - DODO-H-PO0

-y

-

/ Alkalicka fosfatasa/polynukletid kinasa

w

Touto metodou jsme schopni sekvenonat pfiblizné 250-
300 bp dlouhé fragmenty

Musime pracovat s velkym mnozstvim DNA

Velka pracnost metody (nékolik purifikacnich kroku),
nemoznost plné automatizace, prace s mutagennimi
chemikaliemi

Pouziva se stale pro “footprinting®
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Sekvenacni metoda dle Sangera

» Syntéza DNA in-vitro za pouziti “terminatort” — dideoxynukleotid( zabranujicich po
svém zaclenéni do DNA jeji dalSi elongaci.

| 1: ‘;\TTC »’\TC.
9 >
CH, , OH GO g
H g - . LO!Q”, .
H H [_J s;:'::’ [_:[ Buffer
H - +
Deoxyribosa Dideoxyribosa
« Vyzaduje pouziti inicialniho primeru, DNA polymerazy a smési dNTPs PR O T o Vi
se znadenymi ddNTPs AV g FVV T T VW YA VAV T DT AW TV
« Nasyntetizované fetézce jsou poté separovany pomoci i ‘, ;‘ R
polyakrylamidové gelové elektroforézy nebo kapilarni elektroforézy L0 Y S A L A T L VYL
* Moznost plné automatizované separace za pouziti fluorescencné ‘J"; A : | | T
v ’ ‘\ '\-" ‘ |, I, | '| "l | \ ll ‘ \ | \~E | | l 'l '.,,\ “ '\, | [ L
Znacenych ddNTPs o WAV EVE WA AL A LY LAY LAY LAY AXAY CAVAS AY Wl XY
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Sekvenacni metoda dle Sangera

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

Pyrosekvenovani (1990)

» umoznuje rychlou sekvenaci kratkych usekt DNA - sekvenace 30 az 50 bazi trva
pfiblizné 30 az 45 minut.

» Jedna se o bio-luminometrické sekvenovani DNA zalozené na detekci anorganického
pyrofosfatu (PPi) uvolnéného béhem inkorporace nukleotidu.

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

dATP /‘/’ PP
Apyrasa | ATP-zulfurylaza Sokvence nukleotidd
"III:_M, ¢ ¢ - A 66 ¢ T
()P iferasa -
S
. : Polymaraza
D-'\A.\: +dNTP — DNA.'\'-—I + PPi
ZpraZené | PPi+APS g Sufarylaca o ATP \
reakee ; " -
ATP+ 0, + Luciferin =4Tr2%8 | 4pp + pPi + CO, 6 ¢ T A 6 ¢ 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 systém

[— Optics Subsy = Fluidics Subsystom —

Prichodnost 1 miliarda bazi za den
Doba analyza 10.0 hodin
Délka Cteni 400

s Pocet &teni/analyzu 1 000.000

ﬁﬁfrﬁ'.":.f:- Spravnost >99.0% spravnost jednoho ¢teni na 400

Cortridge T bazich
Potfebné mnozstvi DNA Méné nez 100 ng DNA

Subeystem Multiplexovanf AZ 192 vzorki/b&h

< &« [;y

ﬁrf 2 R Signs) inage

Polymerase

. APS
ex"(; (:gg’ Ko G ,\{/" Mpm".::
a arp

Sulfurylase
v Luciferin
DNA Capture Boad U
containing millions
of copies of a single

clonally ampified Light + Oxy Luciterin
fragment
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https://www.roche-applied-science.com/sis/sequencing/gs20/index.jsp

Akumulace mutaci v DNA

— Projekt HUGO oteviel mnoho novych moznosti AT SRS
W V- § : Parental v
— V rdmci miliénu let dochazi k hromadé&ni mutaci v ramci ol x 4 B ( 2
genomu
o B Embryo . ) A
— VétSina defektnich bunék umira procesem apoptozy V4 i
(fizené buné&&né smrti) o
(" — Patch of
— Mutace Entire ";‘::-‘ Organism af;eigt:d
- v somatickych burkach — nepfenasi se na potomstvo canesthe | Y
mutation
- v zarodecnych bunkach — prenasi se na potomstvo ]

Half of gametes Gametes of 772 None of gametes
carry mutation Offspring carry mutation

I
f—
[
I
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Typy mutaci

Tranzice GAACGT = GAGCGT KN‘:N R ELN
eamination | H
Transverze GAACGT - GAICGT — S s Gk
O o
Missense mutace GAACGT - GATCGT KDJ ONArepar 0
Glu Arg Asp Arg \© UDG \©
Konzervativni substituce ACTCGT -> TCTCGT gfosine uraci
Thr Arg Ser Arg NH, 0
Radikalni nahrazeni GATCGT - GCTCGT \K:LD deamngon IN,ED
Asp Arg Ala Arg KX ) BN ]
Nonsense mutace GAACGT - TAACGT Y i T
Asp Arg  STOP X X
5-methylcytasine thymine
Inzerce GAACGT = GAAACGT
Delece GAACGT - GACGT

Mutaéni hot-spoty — oblasti s vy§Sim vyskytem mutaci (metylace cytosinu, prokluz v repetitivnich oblastech)

Geneticka variabilita zohledrniuje rekombinaéni hot-spoty = haplotypové bloky (haplobloky) 0 U N1
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Mira mutaci v genomech

Table 8.7 Mutation Rates in DNA Genomes

Mutation Rate per Generation

Genome Size Per Genome  Per Effective
Organism (Kilobases) Per kb (Uncorrected) Genome
Bacteriophage M13 6.4 U255 W= 0.005 0.005
Bacteriophage Lambda 49 e <n Oaloa R 0:0 04 0.004
Escherichia coli 4,600 Sk oz U0 0.003 0.003
Saccharomyces cerevisiae 12,000 2.2 s W 0.003 0.003
Caenorhabditis elegans 80,000 2} e e 0.018 0.004
Drosophila 170,000 SIAE [0 0.058 0.005
Human 3,200,000 5 OEGLO SO 6 0.004

19 GENOVE TECHNOLOGIE — Genomika a genova exprese

wn =
X —

— =



Chromosome 7

Genomika v medicine

o

Child

inherits one

;:ri;:;)‘mosome
— Nejvetsi aplikace genomickych dat v diagnostice onemocnéni imione '
— Genetické testovani — stanoveni pfitomnosti genu asociovaného .

Section of
cell below AN

i
4 g"‘ o~ :,/ il
gene ‘4° \ )\‘

contains
code ]
to create
CFTR

chloride
channel ‘
, Cell surface
v <« O
s onemocnénim: o Choride
in and out
. . of cell
- svalova dystrofie (gen pro dystrophin)
- cysticka fibroza (gen CFTR)
Gene without Non-mutated Healthy neuron

- Huntlngtonova Choroba (HTT gen) Huntington’s disease  Huntingtin protein

§| Under 35
= CAG repeats

Dystrophin Gene - 2.6 Mb with 97 exons = — —
see Normal =

ran
/ Increased t %J/,

YR

\ A

Becker

- (milc)

~ »a__'l.arge deletion, but reading frame is left Intact__,--

CAG repeats

—_—W

WW““"‘””" - — &
{severa) =
small deletion, but ieading frame is changed = | %
5 T rv’i/‘
= N
S
S
Gene with Mutated Neuron
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Genomika v medicine

— Pro identifikaci kauzalnich mutaci vyhodnéjsi sekvenovat exom (2%) nez genom

— V soucCasné dobé vice nez 3000 onemocneéni identifikovano pomoci genomiky a rodokmenové analyzy
- tzv. Mendelovy choroby (mutace v jednom genu vede k onemocnéni)

— Cela fada onemocnéni je polygennich (pfispévek vice genu pro rozvoj onemocnéni)

- Crohnova choroba - ———
- autoimunitni onemocnéni
- psychiatrické poruchy (schizofrenie, AD, mirna kognitivni porucha) v W ol 9 v
in cases than
, " v v s v g r . . . controls
— V ramci téchto onemocnéni vyuziti GWAS (genome-wide association study) -\-
- analyza jednobodovych polymorfismu (SNPs) — frekvence nizsi nez 1% v K

- vliv genotypu a prostfedi na rozvoj onemocnéni | | a
5- g ; % TP - |
e i

' T
C I

I
e
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illumina

Zipcode analysis

SNP SNP FIGURE 1: INFINIUM Il ASSAY PROTOCOL
/sile /site
— —
— — \ | ¥ [ | GENOMIC DMNA (750 ng)
= X n T 5 - a@lrdlrEdl g
- A
+
o | DAY 1 DAY 2
T T | P papiiva
- | Teailea
[ e— e— [ m— —) I?:FEL‘BQEB;{E © Fragment amplified DNA
TaliTailiai]
ADD PRIMER PLUS NUCLEOTIDES © Make amplified DNA
| 1 J 1
——i — O Precipitate & resuspend
T C Incubate amplified DNA
A & . 2] P 3
Primer G (2} / ) ) '
A A [ |
Zipcode - i
sequence ’ i
A) SINGLE BASE ELONGATION S—
B) DISSOCIATE DNA STRANDS © Prepare BeadChip
C) CAPTURE PRIMER : 3
cZipcode —_ {gDMA)
\ T C % {identical probes
per baad typa)
= (gDMA)
* Indicates stain in red channel
*Indicates stain in green channel

Clark and Pazdernik, 2016
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© Hybridize samples on BeadChip

DAY 3
' — A {gDNA)
0:;'
E 3
= G

€ Extend/Stain samples on
BeadChip

D Image BeadChip

{aDNA)

) Auto-call genotypes and
generate reports
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https://www.youtube.com/watch?v=lVG04dAAyvY
http://www.illumina.com/

Metoda Infintum

1 072 820 SNPs/vzorek

4 az 48 vzorkl najednou

Celogenomové typizace SNPs

Prdmérna call rate > 99%

Moznost provadéni CNV analyz (copy number variation)

Infinium HD BeadChips SBaer: dpclc:‘?pper Markers per Sample
HumanOmnil-Quad 4 > 1 million*
Human1lM-Duo 2 > 1 million
HumanOmniExpress 12 > 700,000
Human660W-Quad 4 > 658,000
HumanCytoSNP-12 12 ~ 300,000

Semi-Custom Human1M-Duo+, 2/4 standard content and up to

and HumanHap550-Quad+

60,800 customized SNPs per
sample
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http://www.illumina.com/

CNVs (copy number variants) analyza

— Pomucka pro detekci celé fady geneticky-podminénych onemocnéni

— Analyza chromozomalnich aberaci (delece, inzerce, multiplikace, presupeni

a -
- e . ': s ..' "_l - . ® ., .lh' ..' Sape * . .t %
0 o B S el A L Ay Bl A : B . e
g | B B T SR e s B A HL60: Hemizygous Deletion/LOH HL60: Monoallelic duplication
'.% g o ¥ S o 1'.| 2
£ o ix __"\_‘.'.‘;'-;.f 2 @ 28
[
= .
] - - Lo
Elg- - S i S e o e e e e e
o7 . ' . -
w 1% .JJ‘;"‘" H:..h '-'.‘ AR ”l'\x‘_‘ o '.::F‘.-"‘y“'\.‘_-,. SN ;:‘._‘:.‘
b
5
o ]
‘©
gl © ? P S * 7?7 ¢ C Chromosome 9 D Chromosome 18
] 1
fl - H H -
2 0 HL60: Amplification MCF7: Deletions
s| o5 22 e
=l5 20 © i homozygous hemizygous =
§ £ 15 o - gmm emp 83
a & 10 ’ ! % -
5 ] a L J
0 160 kb 83 kb
C = N T Wee W W )
[+ = =
54.6 KB = [T mrmas 7ERa0 AMIED NKAAE NANM0 SIS0 2370 DETIE Z3WE0 25
Canvas call
64.05 MB 64.10 MB 64.15 MB 64.20 MB 64.25 MB
chrX Position on chrX

ZCaH2 Chromosome 8 Chromosome 9

Gross et al. 2018
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Farmakogenetika a genomika

— Vyvoj celé rady |éCiv byl Fizen omylem (penicilin, paralen,
viagra, atd.)

— Velky problém pfi vyvoji I€Civ je ADR (adverse drug
reaction) — pfiblizné u 7% lidi

— Farmakogenetika — studium dédi¢nych rozdilt v
metabolismu léku

— Farmakogenomika — studium vSech genu ovlivAujicich
odpoved na IéCivo

— Roche Diagnostics' AmpliChip P450 2D6/2C19 — prvni
diagnosticka analyza SNPs spojenych s metabolismem
|éCiv pomoci DNA Cipu
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Genova exprese - Microarrays

— CcDNA microarrays: DO O DD D s
O O 0O 0O 0O O O © couling group
- naneseni ¢asti cDNA knihoven, PCR produktl na &ip (25tis. genu u ¢lovéka) BARGSMAM
- pfima syntéza oligonukleotidd na €ipu pomoci fotolitografie
2
— Vybér vhodnych oblasti pro sondy (GC pomér, sek. struktury) { { § { {
. — || I Vask
SHORT VS, LONG SPACER SRSReR R R
\I:‘ '\I/' lJ "‘ S I,“ ‘\,l,,GI:sI:di\pl 4
3
SOLID SUPPORT U@ _BE_BO
PR o \I, \I) T I \I.f \l | \l,
DENSELY SPREAD Glass chip
PACKED ouT
LONG VS. SHORT TARGETS u

GLASS MASK LIGHT
SLIDE

Clark and Pazdernik, 2016

SOLID SUPPORT
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Genova exprese — WGAs, ChlIP

WHOLE-GENOME TILING ARRAY

_ _ .y , e - (wg;? e
\é\é@%seﬁv(\;fxle genome tiling arrays pokryvaji e g 5 %ig/é%%jé‘;%f?g%f
_ Poprvé u Arabidopsis (25-merni —_— - l p
: . —— o s e
oligonuleotidy) — B — &5;;? ane
— Fragmentation Zf; N ﬂ?gé
— Objeveni novych genu, sestfihovych variant — |
- l
— ChIP (chromatin immunoprecipitation): I L O AR )§ 9‘{
, . ., 5' Genomic DNA 3 %ﬁ% ;%
- analyza DNA oblasti jednotlivych — e —— — — — — Probes %

transkripénich faktoru

SPLICE-JUNCTION ARRAY

Splice junction probes

- analyza DNA oblasti asociovanych s PTMs g e e
histon(l di== == === naua g
EXON-SCANNING ARRAY
Gene 5' - — =3

7

Exon-scanning probes

Clark and Pazdernik, 2016
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Genova exprese - RNAseq

<@

— Vyhody RNAseqg metody: : i
- neni zavisly na sondach (spravnéjsi kvantifikace danych RNA molekul) 4 *

- velky dynamicky rozsah % R

””,"ll i S &

r'd

x“‘)

- detekce alternativnich sestfihi a moznost jejich kvantifikace i
- moznost provedeni i bez znalosti genomové sekvence

y o %7 STRING
- moznost provedeni i z jedné bunky |

. e 2o
@ g S °
( )
@v@ ISOLATE mRNA BY BINDING TO POLY(T) BEADS [ - @ ® .
= Cells

ROS production > ®
5' =\ AAA A 5t AAAAA PR protei
§ proteins > [ 3
Extract RNA TTTTY 5 TTTTT :. o® il
" A S=—aan P
TTTT . i i
" = Signalling i =
~ 5" S TTNAAAA AAAA ¢ LRR-RLK/phosphatases  Ethylene S asmotic acld "
TTITE TTTTT ® J‘ B ° signalling and synthesis
) synthesis
MICROARRAY RNA-SEQ S - @ o L ?
5' — @ - L
x CONVERT TO cDNA e a e wact .
‘ - e e
Label RNA D st - aNi @ s
everse transcriptase ™7 T T AAAA T T 1 AAAAA pt s
JOOTTT ey IO 7705 5 ’ i @ . ®
Bind to probes on array £ o
e : -
T AAAA @, L 4
- e TTTT \(/%
N 7y
CDNA o8
o3 &
= ]
T ¥ B I 1“ 1 AAAAA WRKY/TIFY ®
ENEEENEEREER sTTTTT transcription factors
Measure fluorescence Sequence DNA

SEQUENCE WITH NEXT-
GENERATION TECHNIQUE
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MetaRibo-Seq

. , p , a Chloramphenicol
— Riboseq — zastaveni translace a nasledna _
Ribosome-bound Structured RNA
sekvenace translatomu _ _ mRNAs
Translation Lysis
k DNA/RNA precipitation
Translation Arrest gk MNase treatment ‘ ‘
g A " g g
/—‘M Microbiota in human feces —
frozen in RNALater

Nuclease Digestion mRNA  Structured RNA cDNA library

Monosome recovery

**’*‘ __and rRNA depletion > footprints fragments Library preparation >
$ESE =

Ribosome Protected Fragments Purification b Counts
| — — ]
x’\'l\f\’/\/’\y DNA reads —
—_— RNA-Seq reads
Library Generation ¢ —_—
e —_— Ribo-Seq reads
Deep Sequencing l =S
Read Mapping l De novo assembly 1 MS spectra E
l Reference Gene - . .
I  —— > . .
J wh ks b L. —_ MetaGenome annotation Gene A . Differential
Ao s1op Taxonomy  Correlations — abundance
Fremin et al. 2020
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Microbiome Microbiota Metagenome

IVI et ag e n O m I k a. 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
Studium genetického materialu obsazeného ve vzorku
ShotGun pfistup X sekvenace specifickych fylogenetickych oblasti  a e v b \JASISE V4 B0oR
'4_515 4_806! .
(16S, 18S, ITS, mcrA) ‘ — | = |
115—25 cycles, KAPA HiFi polymerase
1 35 cycles, Taq polymerase \43?.@* {
-~ \\’; 71 4/\"’9‘r
\ V4 /-—;be* N
Fragmentatlon >seql ' ’ | tocrcles, kap i o
i cycles, iFi polymerase
eXtraCtlon ﬁm*h ‘ L SequenClng GCCGTAGTCC... l NOrITI:ZhZB, pool \5‘20\’94,’ /q’
3 ‘? >s eq 2 Sequence, custom primers "~ Va /\(@e*
& »l -\ L2 TATGCCGGTA... lNormaIizeL pool
>Seq3 Gohl et al. 2016 Sequence, standard [llumina primers
- a
1.00] Vi va V3 V4 V5 Ve V7 va VE]
Assembly 078
g
‘ \ ——— E 0.50
genome,——— s e :
AT wxeies  etabolic Phylogenetic - ] G?ne - § 0.25
: reconstruction 1 binning 4B finding&
3 €<—— .genomeg < T — 0.00
y = p— — e - —_— - Vi-v2 V3 Vs Ve-\g
T Wak IR TN — annotation — m
=t 3 ( § —— L i S S —— . . vivs ] .
. 8enoMecr e —_————— —_———— 0 500 1000 1500
- — JOhnSOﬂ et al. 2019 Position along 16S gene

MUNI
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Sledovani genove exprese

— Cela fada detailll o genu ziskana pomoci reportérovych genu

- pfidani reportérového genu za promotor
- pfidani reportérového genu za CDS
— Pouziti nasledujicich genu:
- lacZ gen (B-galaktozidaza)
- phoA gen (alkalicka fosfataza)
- lux/luc gen (luciferaza)
- gfp gen (Green Fluorescent Protein)

o NO, o o &
| |
HO o HO o |
OH OH N
H

O-NITROPHENYL 5-BROMO-4-CHLORO-3-
PHOSPHATE INDOLYL PHOSPHATE
= X-PHOS
o o
HO #— o o HO, 0. (o] HO 4#—QH
OH Alkaline phosphatase \(:[Z OH
CH, CH, PHOSPHATE

4-METHYLUMBELLIFERYL 4-METHYLUMBELLIFERONE
PHOSPHATE FLUORESCENT
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CH,OH
OH H N
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H OH
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INDIGO-TYPE DYE
dark blue and insoluble
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HO H
H
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HO OuH
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CH,OH
HO O H
b
OH H
H OH
H H
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H OH

D-GLUCOSE

OH

f NO,

0-NITROPHENOL

bright yellow
H
N
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OH ¢

5-BROMO-4-CHLORO-
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Sledovani methylomu

NH, NH, o) 0
— Analyza mist metylace gDNA e | s N _Ho | | =2 8 |
I . N J I 5 |
o o S0s5 o 505 o
N N + N N
H H NH, H H

— Metylaci vétSinou umi€eni transpozonové elementy

Cytosine Cytosine sulfonate Uracil sulfonate Uracil
— UmlCeni jedné kopie chromozomu X u Zen ”
, L. . . Clark and Pazdernik, 2016
— Analyza pomoci bisulfitové metody j\/ | CHs %52%
- pfidani sifiCitanu sodného vede k konverzi ne-
metylovanych cytosinl na uracil » [Emethyicytosing

- nasledna sekvenace bez a s pfidavkem sifi¢itanu vede k T T
odhaleni metylaCnich mist 5'-GAGTCABCGTTEGTTAA-3

treatment

Bisulfite
— sekvenatory 3. generace (Nanopores, PacBIO) jsou j
schopny pfimo &ist metylaci na cytosinu T T
5'-GAGTUABUGTTEGTTAA-3'

Amplify by PCR
and sequence

B 5-GAGTTABTGTTEGTTAA-3"
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Sekvenator PaCBi0O  wmmmwscomacmassmam

— Sekvenace zalozena na Single Molecule, Real-Time (SMRT®) technologii

— Vyziva tzv. Zero-Mode Waveguides (ZMWSs) umoznujcici osviceni pouze spodni Casti jamky, ve které je
dole imobilizovana DNA polymeraza

— Hlavni vyhoda je moznost dlouhého ¢téni (az 20 kb)

— Dals$i vyhoda je moznost pfimé detekce methylovanych bazi (epigenom) PacBio RS I

Read lengths > 20 kb Directly detect DNA modifications
Data per SMRT Cell: 750 Mb - 1.25 Gb using polymerase kinetics

Half of data in reads: > 20 kb

Forward Strand

-+ p—
— -

N1

Maximum read length: > 60 kb Reverse Strand

r =

Palymerase Dynamics

MmN WEE  mEE MmN MER RSE O mEE D aam  BaE Eam mEm

Read Length
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https://www.youtube.com/watch?v=v8p4ph2MAvI
http://www.pacb.com/products-and-services/pacbio-systems/rsii/

Sekvenator Oxford Nanopores

— Zakladem technologie jsou nanopory (nanodiry)
— Na zacCatku sekvenace je NK navazana na nanopor tvofeny proteinem
— Poté je rozpletena a prochazi pfes nanopodr, coz generuje zménu proudu
— Na zakladé pozorované zmény jsou odecitani v realnim Case jednotlivé baze
— Umoznuje sekvenaci velmi dlouhych useku (desitky az stovky kilobazi)
— Nevyhodou je vysSi chybovost, spravnost >90%

w
="
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Editace genomu

— VS8echny techniky pracuji na zakladé tvorby dvou-fetézcovych zlomu

— Tyto zlomy jsou nasledné opraveny nehomolognim parovanim koncu (NHEJ) nebo homologni
rekombinaci (HR)

— V ramci procesu muze dojit k zaClenéni nového genu nebo vneseni kratké inzerce/delece
inaktivujich dany gen

— Dvé zakladni metody pro tvorby dvou-fetézcovych zlomu:
- endonukleazy nebo restrikéni enzymy s dlouhou rozpoznavaci sekvenci (az 40 bp)
- pouziti CRISPR/Cas9 systemu

— ZFNs (Zinc Finger Nucleases) — doména zinkového prstu rozpoznava sekvenci, DNA je Stépena
Fokl restriktazou.

— TALE nukleazy (TALENS) — rozpoznavaci doména pochazi z TALE (Transcription Activator-Like
Effector) proteinu, DNA je $tépena Fokl restriktazou

I
f—
[
I
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/ZFNs a TALENS

Double-stranded break
/ in DNA

A Right ZFP

Ku PROTEINS WITH -N
DNA-DEPENDENT PROTEIN KINASE (DNA-PK)
BIND TO BREAK
| 3’
A5
Phosphate group
g
Protein kinase
activates XRCC4
by phosphorylation
B Right TALEN
—i c- N
\J\gaSeN | R Vv W v
_——% 5|c|T|G|C|A T|G T|T GIC|IAIC|G|T|T cC|lA|T|3
3|G|A|C|G|T|T|A|C|T|A TIA|IG|T C ATEC (NGl A 5°
LIGASE IS BOUND . ) 7 ™ LY

AND MENDS BREAK

Left TALEN

Clark and Pazdernik, 2016
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CRISPR/Cas9

— Co-exprese endonukleazy Cas9 nebo Casl12a a gRNA specifické k cilovému genu (ropoznavana
sekvence ~20 nukleotid()
— Nutno splnit dvé podminky:

1. Sekvence je unikatni v genomu
2. Cilova sekvence je pfitomna hned za Protospacer Adjacent Motif (PAM) — vazba Cas9 endonukleazy

Part of bacterial chromosome

Unique virus sequences

Ay

| CAS genes Repeat Repeat Repeat Repeat
TRANSCRIPTION

CAS proteins, ) . O

including nucleases Cutting by CAS proteins O
T T ——
—r . e S . e ...,

/ Virus sequence recognized
by CRISPR RNA

Clark and Pazdernik, 2016

VIRUS DNA OR RNA

l Cutting by CAS nucleases
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PAM+Target

Gene of
interest

Genome Engineering
Transcriptional Regulation
Other Applications

gRNA
T

Scaffold

Spacer
¢ Complex formation

S

Cas9:gRNA complex

¢ Target binding

1

Target+PAM

Target cleavage (DSB)

T
¢

NHEJ
LU L wT
AL LI Insertion
[T Deletion
LTI Frameshift
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