EKO/MEM - Molekularni ekologie mikroorganizmu

Klonovani a sekvenovani prirodni DNA - zaklad
pro fylogenetickou analyzu spolecenstva
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KLONOVANI GENU

GOOD NEWS! I'VE
SUCCESSFULLY CLONED
|  THE FIRSTHUMAN!
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KLONOVANI GENU

Klonovani genU patfi mezi moderni a velmi
perspektivni molekularni metody

zisk Cistého vzorku jednotlivého genu, oddéleného
od vSech ostatnich genl v bunce

Principem klonovani genu je vytvoreni mnoha kopii
ciloveho genu diky prirozenému mnozeni
hostitelskych bunék

Usek DNA, ktery chceme klonovat, je vloien do
kruznicové molekuly DNA zvané vektor - vznika tzv.
rekombinantni molekula DNA

Cisty gen muze byt dale sekvenovan (tj. urci se
presné poradi nukleotidl v sekvenci) a porovnam
s daty ulozenymi v mezinarodni bance klon(

pfifazeni  klonu k jiz zndmym klondm (podle
vzajemné podobnosti nukleotidovych sekvenci) a
vytvoreni fylogenetického stromu.

KLONOVANI GENU

A ANALYZA DNA
Uvod
T.A.BROWN
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Vektor je prenesen do hostitele (zpravidla
bakterie), kde se pomnozi a produkuje velké
mnozstvi vlastnich kopii a zaroven kopii
genu, ktery nese

Mnozenim hostitelskych bunék se do
dcerinych bunék  prenasi i kopie
rekombinantni DNA, kde opét dochazi
k replikaci

Po mnohonasobném déleni vznika kolonie
neboli klon identickych hostitelskych bunék.
Kazda bunka klonu obsahuje jednu nebo vice
kopii molekuly rekombinantni DNA - gen,
neseny rekombinantni molekulou DNA, se
pak nazyva klonovany.

* X
* *
. * *
evropsky * X
socialni i
= fondvCR EVROPSKA UNIE

Plasmid Insertion

Gene for Foreiqgn DNA with
antibiotic » gene of interest
resistance plasmid

Cutting sites
E <+ for endomuiclease
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Produkt PCR

EXPONENCIALNI AKUMULACE

AMPLIFIKOVANYCH FRAGMENTU Velikost markerd Agarozovany gel

PO 30 CYKLECH
2 268 435 456 FRAGMENTU
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VloZeni PCR produkt( do klonovaciho vektoru

* Zpurifikované fragmenty DNA byly vloZzeny do plazmidovych vektor(l (pUC8) (vznik tzv.
rekombinantni DNA molekuly)

e vektor transportovan do hostitelské bunky E. coli (tzv. transformace)

s

* horizontalni prenos genetické informace neni v prirodé pravdépodobné béznym procesem
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Bakteridlni plazmidy (malé kruhové molekuly) obvykle nesou malé mnozstvi
celkové DNA (cca 5%), kterd neni pro zakladni Zivotni pochody nezbytnd, ale
prinasi obvykle jisté selektivni vyhody - napfriklad rezistenci k antibiotiku
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Prijem molekuly DNA kompetentni
bakterialni bunkou

e Abychom zvysili schopnost
bakterii pfijmout DNA, je nutné je Ao o i
chemicky i fyzikalné upravit. k.

Normalni bakterie

Osetreni
CaCl,

* Bunky se pripravuji v roztoku soli
(CaCl,) - tzv. kompetentni burnky

a pohyb molekul DNA do nich je B N el
stimulovan kratkodobym iy

zvysSenim teploty na 42°C.

Transformovana bunka
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Kultivace kompetentnich bunék

Vzorky kompetentnich bakterii E.coli s plazmidy byly naneseny na agarovou
plotnu a inkubovany pres noc

Nasledujici den je nutné vybrané kolonie (nesouci jeden klon) preockovat na
Cistou pudu.

2.amp® plasmids

1. &mpicillin sensitive
are added to 3. Cells are heat-

£ eadi cells in log
phase of growthare
transferred to
cold CaCly

301ut10n./»

A
O 3?"”
LE agal

experimental shocked at 4252,
cells only. Some of the

coampetent cells
take up the amp®

plazmid and are

il transformed.

4. The treated
cells are spread
ananagar plate
containing
ampicillin.

Starter plate

5.The cells are
incubated for
24 hours.

Arpicillin kills the
cells that lack the
ampF gene.

~ZLE ! Ampiicillin 295

&. Only colonies of £ 277 that have
been transformed by the ampP gene will grow.
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5. Dvoji selekce — I. antibiotikum

Rezistence k ampicilinu

K rozliSeni kolonii, které jsou tvoreny
transformovanymi bunkami se pouziva

74 . Rezistence Rezistence k tetracyklinu
systém dvoji selekce ke kanamycinu W A
MuZe se totiz stat, Ze bakterie nepfijmou Bufiky E. coli, nékteré
nabizeny plazmid @ O @ opsahuiiiRP4
00 C¢q ,
©O) (® Burky s plazmidem
O Bunky bez plazmidu

nebo prijmou plazmid, ktery nenese nas /
segment DNA

Normalni ristové Rustové médium
meédium — bez + 50 pg/mi
. antibiotika tetracyklinu
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Dvoji kontrola na téze agarové plotné

Prvni selekce spociva v tom, Ze plazmid obsahuje gen k ziskani rezistence k
antibiotiku, které se pridava do agaru, tzn. ze vyrostou pouze kolonie bakterii, které
plazmid prijaly.
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Dvoji selekce - II. princip inzercni inaktivace
genu lacZ’

principu naruseni integrity urCitého genu v
klonovacim vektoru poté, co inkorporoval
fragment DNA.

NarusSeni integrity genu se projevi tim, ze
bunka  prestane  vykazovat néjakou
vlastnost.

vektor pUC8 nese gen lacZ’, kodujici cast
enzymu [B-galaktosidazy, ktery je béznou
soucasti genetické vybavy E.coli a je nutny
ke Stépeni laktozy.
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(a) Uloha genu laZ'

E. coli lacZ'~

3

Neupiné
molekuly
enzymu

PUC8  (Jpiné molekuly
= Fragment B-galaktosidazy kédované bakterialnim genem B-galaktosidazy
< Fragment B-galaktosidazy kédované plazmidovym genem
© Uplna molekula B-galaktosidazy

(b) Screening rekombinantia pUC8
Agar + X-gal + IPTG
Modra kolonie = nerekombinantni

— Bila kolonie = rekombinantni

Modré kolonie = syntéza -galaktosidazy
X-gal - modry produkt

Bilé kolonie = bez syntézy B-galaktosidazy
X-gal -» bez modrého produktu

OP Vzdélavani
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Pro klonovani je vSak pouzit
modifikovany bakteridlni kmen, ktery
postrada pravé tu cast segmentu genu

lacZ’, ktera je nesena plazmidem. B P
Takto modifikované kmeny mohou LJ “
syntetizovat  [B-galaktosidazu  pouze ﬁk’””” e
v pfipadé, Ze prijmou plazmid. T e,

L | nNITOgED
Agarova puda obsahuje analog laktdzy i € &

(X-gal), ktery je rozklddan enzymem pB-
galaktosidazou za vzniku modrého
barviva.
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Vysledkem tedy je, Ze na agarové plotné jsou kolonie bilé a modré. Modré jsou
tvoreny bakteriemi, které pfrijaly plazmid bez inkorporovaného segmentu DNA -
nedoslo k poruseni integrity genu lacZ’, byla syntetizovana B-galaktosidaza a
Stépena laktdza za vzniku modrého barviva.
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Bilé kolonie predstavuji bakterie, které prijaly plazmid s rekombinantni molekulou
DNA, doslo tedy k naruSeni integrity genu lacZ’ a nebyla syntetizovana -
galaktosidaza ani Stépena laktdza.

Bilé kolonie bakterii, nesouci v plazmidech rekombinantni molekulu DNA, jsou potom
cilové pro sekvenacni analyzy. Tento systém se také nazyva modro/bila selekce.
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/. Konstrukce fylogenetického stromu — metanotrofni bakterie

* Vysledné nalezené sekvence patrici metanotrofim byly nasledné
porovnany s databazemi klonovych knihoven a dle miry podobnosti byl
zkonstruovan fylogeneticky strom.

e Methylobacter marinus A45 (AF304197)
100 |7— Methylococcus luteus (M95657)

100 Methylobacter whittenburyi (X72773)

~ Methylobacter tundripaludum (AJ414655)

99

Methylobacter psychrophilus (AF152597)

Uncultured bacterium clone LaC15H73 (EF667742)

Uncultured bacterium clone 114 (DQ165089)

Uncultured bacterium clone A173 (FJ660594)

100 S15

—
0.005

Fylogenetickd pozice sekvence 16S rRNA genu (S15) ziskana
z hyporheického sedimentu toku Sitka.
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EKO/MEM — Molekularni ekologie mikroorganism(

SEKVENOVANI DNA
a zaklady bioinformatiky

CRACKING
g e CODEo LIFE 12
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V4
Uvod — DNA
Prvni zminka —,,nuclein®

— Friedrich Miescher 1869 — z jader bilych
krvinek izoloval smés rliznych latek
bohatych na fosfat, kterou pojmenoval
nuklein a skryvaly se za ni nukleové kyseliny

DNA a RNA

— Hershey a Chase 1952 -potvrdili roli DNA v
dédi¢nosti, Nobelova cenu za fyziologii a
medicinu

Watson, Crick a Fraklinova

— Teoreticky a experimentalni dikaz struktury
DNA

Rosalind Franklin
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Uvod — sekvenovani

e Sangerovo sekvenovani — 1977 O Eone °5j‘é“!
UNRAVELLED TO CHANGE THE

PASSWORD

* Sekvenovani nové generace
(next-gen sequencing — NGS)

— 454 pyrosekvenovani (Roche)
— lllumina

— A dalsi....

OP Vzdélavani
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I Reaction mixture

::;i;TePr:\:[i’tr?::ut:gmz:es:ENH#FT{II;::F?:ETF.dGTF.anmeF’} ' y Chain termination methOd
u v 7 .
— * Soucasti reakce

. « dNTPs (ATCG)
= + dideoxyNTPs

e e o e (nemaji 3’-OH skupinu,

and chain fermiaton e _ Zna&ené fluorescenéné)
st o o E,’ * DNA polymeraza
AR * 1 Primer
N —— e Kapilarni elektroforéza
’ a : L * Detekce fluorochomu laserem
: RS  Vysledek — chromatogram
TEEACACARERTACGRETETEARECATARAS
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https://www.youtube.com/watch?v YUW LIV
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454 pyrosekvenovani

Pyrosekvenovani je nova DNA sekvenacni metoda zaloZzena na detekci pyrofosfatu, ktery je vedlejSim produktem

polymerizace DNA. Pyrofosfat vznika poté co DNA polymeraza inkorporuje dNTP do prodluZujiciho se primeru . Nékolika
enzymatickymi kroky je pyrofosfat konvertovan na ATP které pohani luciferdazovou reakci . Proto je pozorovana svételna
emise, kdyzZ je do rostouciho retézce DNA pridan dalsi nukleotid.

Roche (454) GSFLX Workflow:

Library construction

Emulsion PCR

PTP loading

¥

a T 1

R &R (7YY ;o

R 4 \

1/( 66 |— \ — K sj > /
QAL / -

S ) 8 7 /

r

1S

. 2 P, rimer
o Sutfurylase
ATP
Luciferase Dy (NN
co

Light + Oxy Luciferin

Pyrosequencing reaction

fragmenty DNA — genomicka DNA, PCR produkt na kazdy jednotlivy
fragment DNA napojeny adaptory

adaptory vaZzou fragment na capture beads (1 fragment - 1 bead)

emulzni PCR (emPCR) — na kazdé bead probéhne klonalni
amplifikace fragmentu - namnoZzeni daného typu molekuly DNA

1 III}I Il HH,I}II.HI}!‘II] Tl

Flowgram

Snimek pikotitracni desticky

Materské mléko —
cca 700 druha  °®
bakterii, sloZzeni
mikrobiomu v
materském mléce
ovliviiuje i
fyziologicky stres a
hormony

nez k samotnému sekvenovani dojde, jsou jednotlivé
fragmenty DNA umistény na streptavidinovy substrat a
kazdy z téchto fragmentu je umistén do specidlniho
pikolitrového reaktoru

prace 4 enzym( — DNA polymerazy , ATP sulfurylazy,
luciferazy a apyrazy.

Prvni reakci je DNA polymerace pomoci DNA
polymerazy, kdy dochazi k zafazeni prislusného
deoxynukleotid trifosfatu (ANTPs) za uvolnéni
pyrofosfatu -uvolnén z polymerazy a muze slouzit jako
substrat pro ATP sulfurylazu-dojde ke kvantitativnimu
prevedeni pyrofosfatu na ATP

Béhem treti a Ctvrté reakce je ATP prevedeno na
svételny signal pomoci enzymu luciferazy a nasledné je
svételny signal detekovan a vyhodnocen programem.
Posledni je reakce apyrazy, ktera odstrani
nezainkorpované nukleotidy a ATP, aby nasledné
mohlo dojit k zopakovani celého vyse popsaného
procesu

paralelné probiha obrovské mnozstvi sekvenovacich
procesll najednou a vysledek je ¢ten pocitacem.
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lHlumina

Simple, Automated Workflow

Library Pri

6 hours 3 hours hands-on time l

0 Fragment DNA

) . l ' © Repair ends/

Add A overhang

e L] -k @ Ligate adapters

S : ® l 0 Select

DNA

u Cluster Generation
5 he 30'm

Irs 30 hands-on time

flow cell

e LF 6 o @ Attach DNA to
i

@ Perform bridge

amplification

— — —
P4 |
§ "
i uhih Tl i i @ Generate clusters
i i | i i
% E Ly B Ity Uiy i @ Anneal sequencing

primer

0 @ (k) @ Extend first base,
days (single-read) read, and deblock
4-6 days (paired-end) *g
S T
30 min. hands-on time 8 Samples g 34 Q Repeat step above
E s 1 . G to extend strand

@ Generate base

.
calls

&
"

g

32008, Illumina In

p:
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Oxford Nanopore Technologies
(zajimavost)

p o-hemolysin

e * technologie nanopdri vyuzivaji velmi
tenkych otvort na molekularni drovni, jimiz
prochazi zkoumany retézec DNA

* v nanoporu jsou navic umistény drobné
elektrody

* jak kazdy ze ¢tyr nukleotidl ovliviiuje svym
vlastnim specifickym zpUlsobem proud
elektrontd mezi elektrodami, je mozné velmi
rychle urcit poradi prochazejicich
nukleotidd

Graphene

* Sekvenovani pomoci zmeény napéti v
nanoporu

 Vysokd chybovost!!! Ef o
v 7 7 v s socialni - OLS OP Vzdélavani
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Porovnani NGS a Sanger

Sequencer 454 GS FLX HiSeq 2000 SOLiDv4 Sanger 3730xl
Sequencing ) . Sequencing by Ligation and two-base Dideoxy chain
L Pyrosequencing : . BRI
mechanism synthesis coding termination
50 + 35bp or
. ) ~ 5 ~

Read length 700 bp 50SE, 50PE, 101PE 50 + 50 bp 400~900 bp
Accuracy 99.9%* 98%, (100PE) 99.94% *raw data 99.999%
Reads 1M 3G 1200~1400 M —
Output data/run 0.7 Gb 600 Gb 120 Gb 1.9~84 Kb

N - 7 Days for SE . ]
Time/run 24 Hours 3~10 Days 14 Days for P 20 Mins~3 Hours
Advantage Read length, fast High throughput Accuracy High quality, long

Disadvantage

Error rate with

polybase more than 6,

high cost, low
throughput

Short read assembly

Short read assembly

read length

High cost low
throughput

E%;

~—
* X %
* *
* *
* *
* 5k

fondvCR EVROPSKA UNIE 1
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Porovnani NGS a Sanger

Sequencers 454 GS FLX HiSeq 2000 SOLiDv4 3730xl

Instrument $690,000, Instrument $95,000,

P— - (g
Instrument $300,000, $6000/(30x) human about $4 per 800 bp

. Instrument $495,000,
Instrument price

$7000 per run genome $15,000/100 Gb reaction
CPU 2* Intel Xeon X5675 2* Intel Xeon X5560 8* processor 2.0 GHz Pentium IV 3.0 GHz
Memory 48 GB 48 GB 16 GB 1 GB
Hard disk 1.1TB 3TB 10TB 280GB
Astomation in brary Yes Yes Yes No
Other required device REM e system cBot system EZ beads system No
Cost/million bases $10 $0.07 $0.13 $2400

Liu et al. 2017
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ProcC sekvenovat?

|dentifikace druhu - popis spolecenstva
Barcoding

Rekonstrukce evoluce

Popis metabolismu v ramci spolecCenstva

Problémy mikroorganismu

Malé rozméry — mensi nez 1 mm

Vysoka druhova diversita — jen bakterie mohou mit miliardu druh
Vysoka metabolicka diversita

Jen mala cast se da kultivovat

INVESTICE DO ROZVOJE VZDELAVANI



Klonovani
X NGS

Metagenomika

(ii)

(a) DNA isolation from
microbial niches

‘Small-insert’
(plasmids)

Large-insert
(cosmids, fosmid, BACs)

l Sequence-hased analyses

Functional analyses

/

(b) Construction of
DNA libraries

(c) Mining for
clones and DNA
sequences

E Q of interest

3

(d) Accumulation of desired clones and DNA sequences

!

Novel biotechnological
applications

Analysis of the functional
role in the environment
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Vyvoj poctu sekvenci ziskanych
metagenomickym pristupem

1,000

100

Megabases of metagenome
sequences published

—

1991 1993

First publication of the
major working steps by
Schmidt et al. [2]

1998

1999

2000

genes with

Major breakthrough
in searches for

nological value [9]

2001

2002

2003

biotech-

Quaiser ef al. report on
overlapping archaeal
cosmids [52]

Healy and coworkers publish
the isolation of metagenome
sequences from enrichment

Rondon and colleagues coin
the term ‘metagenome’ and
report on BAC clones [10]

Snap shot sequences of a
phylogenetically diverse
drinking water biofilm [16-]

cultures [8]

Beja et al reporton a

new type of phototrophy

in the sea [43]

MNear complete sequence of an
acidophilic biofilm [17=-]

2004

seqguences [15¢]

Release of Saragossa Sea

Current Cpinien in Microbiology
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Sequence-based analyza pomoci
klonovani

Pocet ziskanych sekvenci — desitky az stovky
e Sangerovo sekvenovani

. Vysoka presnost dlouha c¢teni

| Pssst! Hey kid! Wanna i a SUPERBUG ..
t Stick some of this into your genome. ,[

| Even Aquu;(m won't be able to lnrm you'

\

i * * % ~ i 22
= * * &
evropsky 4 < i y
. ops|
It was on a short cut through the hospital kitchens that Albert socidini * ‘ —
2 . 5% 4 fondvCR EVROPSKA UNIE pro konkurenceschopnost

’ TR £ y 5 . - ; Lt Racicha e g N g
was first approached by a member of the Antibiotic Resistance. R ———"



Kolik je dost? Kolik sekvenci je potreba
k popisu spolecenstva

Nedostatec¢né vzorkovani, vétsSina
A diversity nepopsana

Habitat nedostatecné vzorkovan

OTUs

(Skoro) vsechny druhy popsany

Wooley et al. 2010

nnnnnnnnnnnnnnnnnnnnnn
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Molekularni markery pouzivané v
metagenomice

* Prokaryota — 16S rRNA, mcrA

* Eukaryota— 18S rRNA, 28S rRNA, COl, rbclL

e 16S rRNA, 18S rRNA — ribozomalni RNA
— Podléha malo mutacim — zaklad metabolismu
— V kazdém organismu

— Nekoduje protein — casto se vyskytuji mezery

708 ribosome

mRN.'z\
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Inicialni zpracovani sekvenci

e Cteni chromatogramu
e Assembly

* Orezani—trimming

* Proofreading

* Export

OP Vzdélavani
oooooooooooooooooooooo
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Cteni chromatogramu Sequencher 5.1

“ Sequencher
File Edit Select Assemble Contig Sequence View Window Help

M sanechelonlb.SPF o |[= =
Azzembly Parameters |Standard j Agzemble Automatically | Agzemble Interactivelyl Azzemble to Fleference| ﬁ'
Pz : (Dirty Data, With ReAligner, 3" gap placement): Min Owverlap = 20, Min Match = 85% {1 itemns selected out of 1)
Name | size | Qualty | Kind | Label | modified | comments
S =§Cortiaooor] 1605 BPs Centig of 4 - 1. dub 2012 12:08:23 J
E11_synelon1_F2_MS5120 671 BFs 91.4% AuioSeq Frag, . - 11. dub 2012 12:07:38
E12_syneloni P8 MS120 800 EPs 93.8% AutoSeq Frag.... - 11. dub 2012 12:07:15
A11_symelont_P14_MS120 720 EFs 94.7% AutoSeq Frag,.. - 11, dub 2012 12:08:23
A12_symeloni_F5_MS120 £45 EFs SE.6% AutoSsq Frag,.. - 11, dub 2012 12:08:21

E Chrormatagrams from Contig[0001]
E11_syn=loni_P2Z_MS5120410_Botanika_3730BDTw3-KB-DeMovo_wE.1 Fragn

I c
;!H_}GGGTTTGTFIFIFIEETTETTETTETEFIGGGFIFIGFIGGFIGE

L_

=
I5]in]

~ .
* X W U
* * P
Ky * * E— °
evropsky * * I
socialni it P—"
OP Vzdélavani
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Cteni chromatogramu Sequencher 5.1

L Ssequencher
File Edit Select Assemble Contig Sequence View Window Help

] sanechelonlb.SPF o [ ==
Azzembly Parameters | |Stanu:|an:| ﬂ Azzemble Autamatically | Azzemble Interactively | Azzemble to Heference| 'ﬁ
Farameters: (Dirty Data, With ReAligner, 3" gap placement): Min Cverlap = 20, Min Match = 5% (1 items selected out of 1)
Name | Size | Quaity | Kind | Label | Modified | Comments
S = WContig[0001] 1605 BPs Contig of 4 - 11. dub 2012 12:08:23 J
E11_synelon_P2_MS120 71 EFs 91.4% AutoSeq Frag, .. - 11. dub 2012 12:07:38
E12_synefoni P5_MS120 800 BFs 93.8% AufoSeq Frag .. - 11. dub 2012 12:07:15
A11_synelon1_P1_MS120 720 BFs 91.7% AuioSeq Frag .. - 11. dub 2012 12:08:23
A12_syneloni_P5_MS120 645 BFs 96.6% AufoSeq Frag,_.. - 11. dub 2012 12:08:21

|E| Chromatograms from Contig[0001]

E1i_syneloni_P2_MS5120410_Botanika 3TI0BDTv3I-KB-DeMovo_v
A T T C ©C ©
AT T

Df1=
-3/ Iy
][]
-3/ Iy
-3/ Iy
-3/ Iy

~ e
% e
** ** % ...
. * * 55— -
evropsky I

* *
A s * ox K
SOCIalnI 2 > OP Vzdélavani
[~ 4 fondvCR EVROPSKA UNIE pro konkurenceschopnost
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Assembly - poskladani

Orriginal sequence

GTAGTATAGTCAGTATCA
Sequence reads k-mers (2-mers)
GTAGTA TAGTAT AGTATA GT TA AG AT TC CA

GTATAG TATAGT
ATAGTC TAGTCA AGTCAG
GTCAGT TCAGTA
CAGTAT AGTATC GTATCA

|

Consensus overlap assembly de Bruijn graph

P v GTAGTA ] 2
* \lypocetne TAGTAT

AGTATA

Narocnejsi GTATAG
, , TATAGT AT
* Nevyhodné ATAGTC iz
iy TAGTCA
pro kratka AGTCAG
.., GTCAGT
cteni TCAGTA
CAGTAT
AGTATC
GTATCA

GTAGTATAGTCAGTATCA

http://gcat.davidson.edu/phast/debruijn.html

* * % =
*
. *
evropsky * Wk
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* Vypocetné
Méné narocné
* Vyhodné
pro kratka
Cteni

Eulerovsky tah — jak spojit vSechny
body v prostoru jednim tahem?

(Eulerian path)

OP Vzdélavani
pro konkurenceschopnost


http://gcat.davidson.edu/phast/debruijn.html

Assembly - poskladani

dligner

T GERAGT CG 1
IGARAGTCGTARCARGGT
IGAARGTCGTRACRAAGGT

GCCTTGTACACACCGCCCGT CACACCAIGGGAGIIGGCCACGCCCGAAGICGIIACICCAACCGCIIGCGGAGGAGGEIGCEIAEGGC&GGGCIGAAC

GG
cEETeTACAcAEceccceTcacAccATeecRETTEEcEACEC G ARG TCEGTTACTCCAACCGCTTGCGGAGGAGGAT MR AGGCAGEECTGATGACTGES
BrrAercEarEcec 1T CecMEc A EcMcc@ra 266 CcABEECTGATGRAETEGE

ATACGITCCCG
aTRcelTCCCE

e
o

G

= ATo

G GIG
GIG

| EEE Is1o Is20 LEED I's10 Iss0 EHE Ia70 L EERE | EER I1ooo I1o1o I'1o020 I1osc
A TACGTTCCCEEECCTTETACACACCECCCETCACACCATGEGAETTGECCACGCCCeARGTCETTACTCCARCCECTTGCGEAGEAGEATCCMIAAGECAGEECTGATCACTGEGETGRAGTCETARCARGETAGE
| 3
(=10 I | >
E1Z_syneloni_PE_MS5120410_Botanika_3720BDTw3-KB-DeNovo_vE.1 Fragment base #7589, Base 785 of B00
C TT G CGG A G G A G G ATG ¢ KT A A GG C A G G G €C TG A TG A C TG G G G TG A A G T C G
d AARDI & 33 T3 3 T3 23 T1TAI & a9 AT T I I 48T 333 3 4 ARI TAIT d A1 2 33 A T T I A &8 IJAT 1
Al1_syneloni_F1_MS120410_Botanika_3T30BDTv3-KB-DeMovo_vE.1 Fragment base 140, Base 140 of 720
T T G € &6 G A G G A G G A T G C T A A G G C A G G G € T G A T G A C T G G G G T G A A G T C G
AR I 4 33T 33 T 33T AH I 4 AT T 3 34 7T 3 3 3 4 A 3T A IT a9 A/ I 3 3 IJAR IT T I A d 1§
A1Z_synelon_P5_MS120410_Botanika_3T30BDTvI-KB-DeMNowo_vi.1 Fragment base #31. Base 31 of 645
T T G C G G AG G AG G AT 6 CHEM T A AG G CAG GG C T G AT G AC T G G G G T G AAG T C G
T T C6G G AG G AG G AT G C C TAAG & CAG 6GGEEC TG ATG AC T GG G 6G G TG ARAG TC G 1

~— -
K ’/T o
o
. o
f evropsky l
socialn( OP Vzdélavani
4 fondvCR EVROPSKA UNIE ro konkurencesshopnost
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Orezani — trimming

Xmn 11994 _—

PGEM®-T
Vector T T

I
‘. \ (3000bp) gy —

ori

VEFOWASSED

Orezani primeru, vektor( apod.

17 1

Scal 1875 ™~ 2692
/ f1 N /

Apal
Agr I
Sphl
BstZ |
Neo |
Sacll

Spel
ot |
BstZ |

Pst |
Sall
Nde |
Sac |
Bstx |

Nsil
\[ T spe

14
20
26
31
37
46

55
62
62
73
75
az
94
103
112
126

pGEM®-T Vector Sequence reference points:
T7 RNA Polymerase transcription initiation site 1

multiple cloning region 10113
SP6 RNA Polymerase promoter (=17 o +3) 124143
SP6 RNA Polymerase transcription initiation site 126
pUC/M13 Reverse Sequencing Primer binding site 161177
lacZ start codon 165
lac operator 185-201
B-lactamase coding region 13222182
phage f1 region 23652820

lac operon sequences 2821-2981, 151-380
pUC/M13 Forward Sequencing Primer binding site 2941-2957
T7 RNA Polymerase promoter (=17 to +3) 2984-3

*
*
evropsky *
socialni
[ 4 fondvCR EVROPSKA UNIE
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roofread — manualni oprava sekvenci

= FER

[F=3| O =X

dligner
GARGTCGTTACTCCARCCGCTTGCGGAGGAGGATECETAAGECAGG G cTAREACHE s coHEA L

cGCcc[MGRAGTCGTTACTCCARCCGCTITGCGGAGGAGGATMMNALGGCAGGGCTIGATGACTGGGGTGAAGTICGTAACARGGT
BriMErcErrEcecTTeCE e AEcMNG CET A ABGCAGGECTGATGACTGGGGTGAAGTCGTAACAAGGET

GCCITGTACACACCGCCCGTICACACCATGGGAGTTIGGC

GG
cecMENTeTACAcMEcsccceTcAacAccATeaEAGTTEHC

0
T

= e
oo
el

G
G

ATACGTIC
aTRcelIcce

[ Isso LEE Is70

Isoo Is10 Isz0

o | E &R
E12_synelon_PE_MS120410_Botanika_3730B0Tv3-KB-DeNovo_v5.1 Fragment base #7863 Base T8I of 500
C T T G C GG A G G A G G TG c BT A A G G C A GG G C TG A TG A C TG G GG TG A A G T C G
d AR]I 4313 T 13 3T I IJITAI d AT T I I 4T I3 3 @& AR TAIT d A1 13 33 A3 T T 3 A 9 IAT 1
A11_synelon1_P1_MS5120410_Botaniks_3T30BOTv3-HB-DeMNovo_v5.1 Fragment base #140. Baze 140 of 720
T T G C G G A GG A GG AT G cCHEM T A AG GCAGG G C TG AT G A CT GG G GT G A AG T C G
AA J d 33T 33 T 33 T AH I d AT T J 349 T 3 I 3 4 A I T AHIT dA/ I T I JTAHRIT T IAH I I
A1Z2_syneloni_P5_MS120410_Botanika_3720BDTv3-KB-DeNovo_v5. i 1 of 645
T T G C G G AG G AG G AT ¢ CHE T A A G G C A G G G C T G AT G AC T G G G G T G A AG T C G
T T6 C6G 6 AG 6 AG G AT 6 C C T AARG 6 CAG 66 C TG ATG AC TG 66 6 T 6 ARG TC 6 1

)

~— 2
* X x o
* * °
* * r .
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Chiméry
Artefakty vzniklé pri PCR
VétsSinou vznikaji nekompletni extenzi primer(

Takto vzniklé prodlouzené primery se navazuji na rlzné
templaty a vznikaji chimerické sekvence

DalsSi minoritni davody vzniku:

— Nizka procesivita polymerazy (malo navazanych bazi)
— Spatné vloZené nukleotidy

— A dalsi....

Jak odhalit chiméru? Bioinformatika...

~
* X % Y
* *
" * * /BN
evr_qp;ky ot I
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Malard - e soseiostie, by

Df¥aiwace Mo

‘Mybiosoftware.com

Detekce chimér pomoci program Mallard (Ashelford et al. 2006)

* *
* *
- * *
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Databaze GenBank

* https://www.ncbi.nlm.nih.gov/

* Obsahuje kompletné vsechny sekvence DNA, i z ruznych
dalSich databazi

* Poskytuje vse bezplatné
* Obsahuje velké mnozstvi nastroju na praci se sekvencemi

* Pripublikaci je nutné pouzité sekvence publikovat v této
databazi

S_-.} NCBI Resources [¥| How To ()

-
—NCBI All Databases ~

Mational Center for
Biotechnology Information

NCBI Home Welcome to NCBI
Resource List (A-Z)

The Mational Center for Biotechnology Information advances science and health by providing access to biomedical
All Resources and genomic information.

Chemicals & Bioassays About the NCBI | Mission | Organization | Research | RSS Feeds

[ T S - T T . S
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https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/

Search across databases |synechococcus

|LGo ][Clear] Help

- Result counts displayed in gray indicate cne or more terms not found

m PubMed: biomedical literature citations and abstracts

U PubMed Central: free, full text journal articles

m Site Search: NCBI web and FTP sites

Mucleotide: Core subset of nucleotide sequence records
EST: Expressed Sequence Tag records

GSS: Genome Survey Sequence records

Protein: sequence database

Genome: whole genome sequences

Structure: three-dimensional macromelecular structures
Taxonomy: organisms in GenBank

SNP: short genetic variations

dbVar: Genomic structural variation

Gene: gene-centered information

SRA: Sequence Read Archive

BioSystems: Pathways and systems of interacting molecules
HomoloGene: eukaryotic homology groups

Probe: sequence-specific reagents

BioProject: aggregated biological research project data

evropsky
socialni

*
* x K

- MINISTERSTVO
[~ 4 fondvCR EVROPSKA UNIE  MLADEZE A TE
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&€

ﬂ Books: online books

t OMIM: online Mendelian Inheritance in Man

dbGaP: genotype and phenotype

UniGene: gene-oriented clusters of transcript sequences

CDD: conserved protein domain database

Clone: integrated data for clone resources

UniSTS: markers and mapping data

PopSet: population study data sets

GEO Profiles: expression and molecular abundance profiles

GEO DataSets: experimental sets of GEO data

Epigenomics: Epigenetic maps and data sets

PubChem BioAssay: bioactivity screens of chemical substances

PubChem Compound: unique small molecule chemical structures

PubChem Substance: deposited chemical substance records

Protein Clusters: a collection of related protein sequences

OMIA: online Mendelian Inheritance in Animals

BioSample: biclogical material descriptions

OP Vzdélavani
pro konkurenceschopnost



GenBank: JN230338 1

GenBank zaznam

Phormidium autumnale JR3 16S ribosomal RNA gene and 16S$-23S ribosomal
RNA intergenic spacer, partial sequence

BCT 25-0CT-2012

gaggaatcag
ttatccggaa
accggggctt
agggaattcc
gocgotctget
gataccccag

FASTA Graphics PopSet
Goto; v
LOCUS JN230338 1680 bp DHZ linear
CEFINITION Phormidium autumnale JE3 163 riboscmal BNA gene and 165-233
riboacmal BENA intergenic spacer, partial segquence.
ACCESSION JN230338
VERSIOH JN230338.1 GI:371937151
KEYWORDS .
SOURCE Phormidium autumnale JR3 (Microcoleus vaginatus)
ORGANISM Fhormidium autumnale JR3
Bacteria; Cyancbhacteria; Oscillatoricphycideae; Oscillatoriales;
Phormidium.
REFERENCE 1 (bases 1 to 1680)
AUTHORS Strunecky,0., Elster,J. and Komarek,J.
TITLE Meolecular clock evidence for survival of Antarctic cyancbacteria
{Oscillatoriales, Phormidium autumnale) from Paleczoic times
JOUBNAL  FEMS Microbicl. Ecol. 82 (2), 482-4580 (2012)
PUBMED 22671681
EEFERENCE 2 (bases 1 to 16280)
AUTHORS Strunecky,0., Elster,J. and Komarek,J.
TITLE Direct Submission
JOUENAL Submitted (09-JUL-2011) Institute of Botany, Academy of Science cf
the Czech Bepublic, Dukelska 135, Trebon, Czech Republic
FEATURES Location/Qualifiers
source 1..14680
Jorganism="FPhormidium autumnale JR3"
/mol_type="gencmic DNA™
fatrain="JR3"
fdb_xref="taxon:1104556"
fnote="acronym: Microcoleus vaginatus™
misc BNA <1l..>1680
T /note="contains 165 ribosomal BNA and 165-235 riboscmal
BNA intergenic spacer™
ORIGIN
1 gaaccccctt ttoctgggaa gattgttgtg azagcaacct gacggtacca
&l catcggoctaa ctococgtgoca goagocgogg taagacggag gatgcaagog
121 tgattgggcg taaagogtco gocaggtggca gttcazagtot gotgtcaaag
181 aacttcggaa aggcagtgga aactgaacag ctagagtatg gtaggggcag
241 tggtgtagog gtgasatgcg tagagatcag gaagaacatc ggtggcgaag
301 ggaccatzac tgacactcag ggacgazagc taggggagog astgggatta
- * o
: *
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Lnange region snown X

Customize view -

Analyze this sequence
Run BLAST

Pick Primers

Highlight Sequence Features
Find in this Sequence

LinkOut to external resources
SILVA 35U Database

SILVA
Related information =
Related Sequences
PopSet
PubMed
Taxonomy
Recent activity =
Turn Off Clear
B Phormidium autumnale JR3 165
ribosomal RMA gene and 163-238 Hucizatidz
Q, microcoleus vaginatus 16s (182)
B Uncultured Microcoleus sp. clone
DM1-103 168 ribosomal RNA gen Muclectidz
Q, microcoleus (1257)
B Synechococcus elongatus PCC 6301

strain PCC 6301 168 ribosomal R Muclectidz

See more...




BLAST

* Basic Local Alignment Search Tool

e V kratkém case (heuristické vyhledavani)
prohleda GenBank a najde nejpodobnéjsi
sekvence

* Vyuziti — hledani ortologu sekvenci, hledani
taxonomicky pribuznych sekvenci apod.

INVESTICE DO ROZVOJE VZDELAVANI



6 @ blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=MNucleotidesR&PROGRAM=blastn8QUERY=JN230338 1&DATABASE= nr&IMEGABLAST=on&BLAST_PROGRAMS=rmegaBlast&LINK_L!

¢ ol

> BLAST®

Home  Recent Results Saved Strategies Help

» NCBI/ BLAST! blastn suite Standard Nucleotide BLAST

blastn blastp | blastx | tblastn | fblastx |

Enter Query Sequence

BLASTHN programs search nucleotide databases using a nucleot

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
JN230338.1
From
To
Or, upload file )
Job Title
Enter a descriptive title for your BLAST search &)
[C] Align two or more sequences &
Choose Search Set
Database ) Human genomic + transcript © Mouse genomic + transcript @ Others (nr etc.):
Nucleotide collection (nr/nt) - @
Organism
Optional [ Exclude '+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. @&
Exclude [Tl Madels (xM7XP) [C] Unculturedfenvironmental sample sequences
Optional
Entrez Query
Optional

Enter an Entrez query to limit search &)

Program Selection

Optimize for

@ Highly similar sequences (megablast)

) More dissimilar sequences (discontiguous megablast)
) Somewhat similar sequences (blastn)

Choose a BLAST algorithm @

{ B"ﬂ\"é'i ] Search database Nucleotide collection (nr/nt) using Megablast {Optimize for highly similar sequences)

[C] show results in a new window

evropsky
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gblJN230338.1| (1680 letters)

Query ID qi|371997151|gb|IN230338.1| Database Name nr
Description Phormidium autumnale JR3 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, Description Nucleotide collection (nt)
partial sequence Program BLASTN 2.2.28+ P Citation

Molecule type nucleic acid
Query Length 1680

Other reports: B Search Summary [Taxonomy reports] [Distance tree of results]

(=) Graphic Summary

Distribution of 101 Blast Hits on the Query Sequence &

Mouse-over to show defline and scores, click to show alignments |

Color key for alignment scores

<40 40-50 80-200 *=200

0 ue ry | —
| | | | | |
1 300 600 900 1200 1500
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Vysledek BLAST prohledavani

Description

Phormidium autumnale JR3 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale .JR43 168 ribosomal RMA gene and 165-238 ribosomal RMNA intergenic spacer, partial sequence =gb|lJN230337 1| Phormidium autumnale JR4 1685 ribosomal RNA gene and 1

Phormidium autumnale JR12 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale JRE 165 ribosomal RMA gene and 165-238 ribosomal RMA intergenic spacer, partial sequence

Phormidium cf. autumnale CCALA 145 165 ribosomal RMA gene and 165-233 ribosomal RMA interaenic spacer. parial sequence

Phormidium autumnale A25 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Microcoleus vaginatus SRS1-KK2 163 ribosomal RMA gene. partial sequence: and 165-233 ribosomal RNA intergenic spacer, tRNA-lle and tRNA-Ala genes. complete sequence

Microcoleus vaginatus SNM1-KK1 165 ribosomal RNA gene, partial sequence: and 165-235 ribosomal RNA intergenic spacer, tRMAJle and tRMNA-Ala genes, complete sequence

Microcoleus vaginatus CSU-U-KK1 168 ribosomal RNA gene. partial sequence: and 165-2335 ribosomal RMA intergenic spacer. complete sequence

Phormidium autumnale CCALA 154 163 ribosomal RMA gene and 163-233 ribosomal RNA intergenic spacer, partial sequence

Oscillatoria nigro-wiridis PCC 7112, complete genome

Uncultured cyanobacterium clone AN2 1 16S ribosomal RNA gene, partial sequence; 165-235 ribosomal RNA intergenic spacer, complete sequence; and 23S ribosomal RNA gene, partial sequence

Phormidium autumnale e18 1 165 ribosomal RNA gene and 165-2385 ribosomal RMA intergenic spacer, partial sequence

Phormidium autumnale E17 165 ribosomal RMA gene and 165-233 ribosomal RMA interaenic spacer, parial sequence

Phormidium autumnale A25 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale A10 163 ribosomal RMA gene and 165-235 ribosomal RMA intergenic spacer, partial sequence

Phormidium autumnale sv30 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale Af 165 ribosomal RMA gene and 168-238 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale sw11 163 ribosomal RNA gene and 163-233 ribosomal RNA intergenic spacer, partial sequence

A 5 o

Uncultured cyanobacterium clone AN2 2 163 ribosomal RNA gene, partial sequence; 165-235 ribosomal RMA intergenic spacer. complete sequence: and 235 ribosomal RMA gene, partial sequence

Phormidium autumnale JR16 163 ribosomal RMNA gene and 163-233 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale JR7 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale JR1 165 ribosomal RMA gene and 165-233 ribosomal RMA interaenic spacer, parial sequence

Phormidium autumnale JR29 165 ribosomal RNA gene and 165-235 ribosomal RNA intergenic spacer, partial sequence

Phormidium autumnale sv25 168 ribosomal RNA gene and 165-238 ribosomal RNA interaenic spacer, partial sequence
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Masx
score

3103
3068
3068
3035
2791
2778
2713
2680
2678
2669
2601
2590
2588
2545
2529
2529
2523
2499
2475
2453
2449
2449
2442
2442
2440

Total
score

3103
3068
3068
3035
2791
2778
2713
2680
2678
2669
5202
2590
2588
2545
2529
2529
2523
2499
2475
2453
2449
2449
2442
2442
2440

Query
cover

100%
99%
99%
99%
99%
99%
99%
99%
95%
99%
98%
97%
86%
86%
86%
86%
86%
86%
86%
97%
99%
99%
99%
99%
86%

E
value

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Mazx
ident

100%
99%
99%
99%
97%
97%
96%
96%
97%
96%
95%
95%
99%
98%
98%
98%
98%
97%
97%
94%
93%
93%
93%
93%
97%

Accession

JN230338 1

JN230340.1

JN230341 1

EFE654078.1

EF854077 1

CP003614.1
FJ3059101
JQ769136.1

JA769135

JQ769131.1
JQ769129.1
JQ769130.1
JQ7681321
JO7691341
FJ805911.1

JN230329 1

JO769133.1



Sequence-based analyza pomoci NGS

Velké mnozstvi sekvenci — desetitisice az miliony
Kratsi cteni 200 — 700

454 pyrosekvenovani, lllumina

Méneé presné

Amplikonové sekvenovani x shotgun sekvenovani

Cloned genomes

Multiple genomes are sheared
into variable sized segments

Unordered sequenced
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INVESTICE DO ROZVOJE VZDELAVANI



Dékuji za pozornost!!!

INVESTICE DO ROZVOJE VZDELAVANI



https://www.youtube.com/watch?v=MIfDx41
75Ds kloning

https://www.youtube.com/watch?v=nudG0r9
zL2M sanger

https://www.youtube.com/watch?v=rsJoG-
AUINE 454

https://www.youtube.com/watch?v=Zqr8 Kiu
zHU lllumina



https://www.youtube.com/watch?v=MIfDx417SDs
https://www.youtube.com/watch?v=MIfDx417SDs
https://www.youtube.com/watch?v=MIfDx417SDs
https://www.youtube.com/watch?v=nudG0r9zL2M
https://www.youtube.com/watch?v=nudG0r9zL2M
https://www.youtube.com/watch?v=nudG0r9zL2M
https://www.youtube.com/watch?v=rsJoG-AulNE
https://www.youtube.com/watch?v=rsJoG-AulNE
https://www.youtube.com/watch?v=rsJoG-AulNE
https://www.youtube.com/watch?v=rsJoG-AulNE
https://www.youtube.com/watch?v=Zqr8_KiuzHU
https://www.youtube.com/watch?v=Zqr8_KiuzHU
https://www.youtube.com/watch?v=Zqr8_KiuzHU

