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Knowledge of DNA sequences has become
indispensable for basic biological research, and in
numerous applied fields such as

diagnostic, biotechnology,forensic biology, and
biological systematics. The rapid speed ot sequencing
attained with modern DNA sequencing technology

has been instrumental in the sequencing of complete
DNA sequences, or genomes of numerous types and

species of life


http://en.wikipedia.org/wiki/Biotechnology
http://en.wikipedia.org/wiki/Forensic_biology
http://en.wikipedia.org/wiki/Forensic_biology
http://en.wikipedia.org/wiki/Forensic_biology
http://en.wikipedia.org/wiki/Systematics
http://en.wikipedia.org/wiki/Genomes
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Pokroky v DNA sekvenovani

Sekvenovani nové generace —

Rozvojem technologii - zleviovani
454 — ROCHE - princip — pyrosekvenovani
[lumina — bisulfitova metoda sekvenovani syntézou

Moznosti bioinformatickych technik srovnavat sekvence
Rozvoj a pfistupnost databazi
Pokrok v porozumeéni mikroorganismut a mikrobnich
komunit
Rozsifuje poznani 1 na nekultivovatelné bakterie
Tteti zlaty vék mikrobiologie
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IHlumina

Firma zalozena duben 1998-

vyvoj, marketing vlastniho systému

http://www.illumina.com/technology/sequencing technology.ilmn

Vlastnosti systému
Velka pfesnost sekvenci
Mensi pokryti genomu —
Kratsi fragmenty- slozitéjsi vyhodnocovani
Presnéjsi pfi transkriptomice —

Aplikace
De novo a resekvence genomu
Genotyping
Analyza exprese gent — sekvenace RNA

Detekce nekodujicich malych RNA — rozliseni vlaken DNA
Detekce mnozstvi RNA


http://www.illumina.com/technology/sequencing_technology.ilmn
http://www.illumina.com/technology/sequencing_technology.ilmn

http:/ /www.youtube.com/embed/45vNetkGspo?iframe&rel=0&autoplay=1

Princip metody. Sequencing by Synthesis
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The Single-Nucleotide Resolution Transcriptome of Pseudomonas
aeruginosa Grown in Body Temperature. Omri Wurtzel, PLOS
Pathogens, 2012, 8 (9), | €1002945



Transposon mutagenesis

Vyhledavani inserce transpozond.

Vyuziti illumina systému

(e.g., fecal sample)

Insertion Sequencing (INSeq)
(steps 24-43)

Mariner transpozon

/.alozeno na restrikci Mmel -

o Streptavidin Beads

TCC(AG)ACN, ®..
Stipa s 16 bp DNA mimo ®:
transpozon

Vazba na streptavidinové
magnetické kulicky

Identifying microbial fitness determinants by Insertion
Sequencing (INSeq) using genome-wide transposon
mutant libraries. Andrew I.. Goodman, Nat

Protoc. 2011 November 17; 6(12): 1969-1980.

http:/ /www.nature.com/nprot/journal/v6/n12/full/n
prot.2011.417. html#bx1

(a) Extract DNA from samples (steps 1-20)

-=T

(c) Bind to beads, fill-in

(b) Linear PCR with biotinylated primer
(steps 21-23)
«—B B—

——

(B=biotinylated primer)

(d) Digestion, ligation (e) Amplification, sequencing

(steps 44-63) (steps 64-78)
Mmel
O Oy -
16bp SP
®: Y-

Sample-specific barcode (SP=lllumina sequencing primer)


http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term= Goodman AL[auth]
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term= Goodman AL[auth]
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Pyrosekvenovani

princip —454 ROCHE — zalozeno na
emulsni PCR - www.454.com

Dva piistupy —
Shotgun sequencing - Nahodna degradace
genomové DNA
Targeted sequencing - urcity PCR produkt

Ligace nastavci
Vazba na mikrokulicky — jeden fragment — jedna

kulicka
Amplifikace emulsn{ PCR — jedna kulicka v jedné
micele
Sekvenace
= —jedna kulicka — jedna sekvence

= —v mikrotitracnich destickach
m — kazda kulicka zapadne do jedné dirky
Pocitacové vyhodnoceni



454 sekvenovani

-
> «
Mnoho aplikaci — obdobné jako Illumina < « » >
De novo sekvenovani genomt — =ﬂ ———m e
prokaryotni v jednom béhu, jeden tyden = i
Vytvofeni referenéni genomové sekvence ; QSmmmgswemMW:““‘”"'“"”« ------------------------
Komparativni analyza na genomové urovni s
0 Strukturni pfeskupeni genomu —inverse, inserce, velké delece
0 Identifikace horizontalntho pfenosu, ortologt gent,
PCR produkty urcitého genu, lokusu —400bp
Detekce genovych variant — evolucni aspekty,
detekce bodovych mutaci — korelace fenotyp x mutace
Detekce variant s nizkou frekvenci vyskytu v populaci bun¢k (1 %)
Strategie navrzeni primeru
Moznost pfifazeni k urcitému klonu ARG
l PR smpication "\ e
-

emPCR Amplification and sequencing



454 sekvenovani

Metagenomika
Diversita mikrobialnich populaci —
Analyza genti a genomu obsazenych v komunité

0 16S tDNA - targeted sequencing

Analyza relativntho zastoupeni jednotlivych druht za rdznych podminek

0 Shot gun strategie — DNA/RNA isolovana z urcité komunity (puda,
pacient)

Identifikace novych gent v nekultivovatelnych mikrorganismech
Identifikace novych patogenu v infikovanych pacientech amplifikaci RNA
Genova exprese v mikrobialnich komunitach za riznych podminek
0 Enzymové aktivity — urcité geny charakterizujici populaci, syntéza
antibiotik



454 sekvenovani

Subject
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Actinobacters all genaera
Bacterodetes Bacleroides
Bacteroidetes Prevoleda
Bacleroidetes Nisﬁms
Bacteroidetes Parabacleroides
Bacterodates Megamonas
Bacterodates Xylanibacter
gaclorg-oelins Other

Firmicutes Faecalibacterium
Fimicutes Lachnospiraceas Unknown Genus
Firmicutas Ruminococcacess Unknown Genus
Firmicutes Rosaburia

Fimicutes Subdoligranulum

Firmicutes Vellonelaceae Unknown Genus
Firmicutas Ruminococcus

Frmicutes Dialister

Frmicutes Coprococcus

Firmicutes Anseratruncus

Firmicutes Ruminococcaceas incertae Seds
Femioutes Bryantela

Firmicutes Coprobacilus

Firmicutes Dorea

Incertas Sedis

incertas Sedis

Fyah
Firmicutes Paptocooous
Femicutes Papilibacter
Frmicutes Succinispira
Femicutes Lachnospira
Femicutes Angerovorax
Firmicutes Acatanaarobacterium
Fimicutas Paplostreplococcacass Incerae
Femicutas Holdamana
Femicutes Butyrivbno
Femicutes Catensbactenum
Frmicutes Acdamincooccus
Firmicutes Streptocoocus
Femicutes Oribacterium
Femicutes other
Fusobactaeria all genera
Protacbacteria Alphaprotachacieria
Protacbacteria Bataprotacbaciaria
Protacbacteria Deltaprotecbacienia
Protecbacteria Epsllonprotecbactera
Protacbacteria Gammaprotecbacteria
Unknown Protecbacteria
Unclassified bactera
Other Phyla

Sampling and pyrosequencing methods for characterizing bacterial communities in the human
gut using 16S sequence tags. Wu GD et al. BMC Microbiol. 2010,

Characterization of soil bacterial community structure and physicochemical properties in
created and natural wetlands. Peralta RM, Ahn C, Gillevet PM. Sci Total Environ. 2012 Dec

7;443C:725-732. doi: 10.1016



http://www.ncbi.nlm.nih.gov/pubmed/20673359
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http://www.ncbi.nlm.nih.gov/pubmed/20673359
http://www.ncbi.nlm.nih.gov/pubmed/20673359
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu GD[Author]&cauthor=true&cauthor_uid=20673359
http://www.ncbi.nlm.nih.gov/pubmed?term=Wu GD[Author]&cauthor=true&cauthor_uid=20673359
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http://www.ncbi.nlm.nih.gov/pubmed/20673359
http://www.ncbi.nlm.nih.gov/pubmed?term=Peralta RM[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Peralta RM[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Peralta RM[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn C[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn C[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Ahn C[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Gillevet PM[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Gillevet PM[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed?term=Gillevet PM[Author]&cauthor=true&cauthor_uid=23228718
http://www.ncbi.nlm.nih.gov/pubmed/23228718

454 sekvenovani

Transkriptomika

Sekvenace transkriptomu

De novo sekvenovani transkriptomﬁ

Alternativa k sekvenact celych genomut — pouze aktivn{ geny za urcitych
podminek

Moznost kvantifikace — podle cetnosti sekvenci

Soucasna alternativa k microarrays
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Hledani similarit

Similarity, homology, statistika - bioinformatika

Programy — BLAST, database genomu, database
enzymu, mobilnich elemett atd.

Protein versus DNA sekvence



Konstrukce BAC a Fosmid knihoven

Kultivacné nezavislé metody

Konstrukce genomovych knithoven s velkymi inserty.

Vektory stabiln{ s velkymi inserty
BAC a Fosmid — vektory

F origin,
Rozdil v klonovani a vpraveni do E. co/i

BAC — ligace pfes restrikéni mista, transformace, elektroporace
Pouziti — isolované kultury — isolace DNA a jeji restrikce

Fosmid — blunt end a pakovani pomoci fagového extraktt a transfekce
Metagenomické aplikace — isolace celkové DNA — fragmenty

Screening jako macroarrays — mikrotitracni desticky, dot blots
Hybridizace, PCR, enzymové aktivity
Sekvenace — sng

Nevyhoda —

diskriminace klont s ,,letalnimi geny®, repetitivnimi sekvencemi



Konstrukce BAC a Fosmid knihoven

o
o Priklady BAC: (Bacterial Artificial Chromosome)

o Napt.: Epicentre —

CopyControl™ pCCI1BAC™ Cloning-Ready Vectors (BazH 1, EcoR 1, or Hind 111)
»  Dva pocatky replikace — jednokopiovy z F plazmidu a inducibilni multikopiovy

EPICENTRE
Protocol
] Cloning-Ready
EcoR 1332 » P&%}m
pIB BamH 1 353 I + CopyCotl:.trol'“

Fp Hind 1ll 383 PCC1BAC™ Vector

Hpa 17618 1 7 Genomic DNA Fragments 4 hours
Pci 1 7471 =

EPI300™ cells

Ligate
Transform TransforMax™
Plate. Select.

Apa | 6961
Bsal 6799

T (O ) Ty e

parB  CopyControl™ BstZ17 11832

Clones selected and maintained as single copy to ensure insert stability.
™
pCC1BAC su@ 4 hours
Pick clone(s)
8128 b
° Xho 12380 ‘ Sultre
Add CopyControl™
SnaB | 5620

Induction Solution
CopyControl"“ ON.c 16 hours
Induction Solution

BstX | 5074
EcoN | 3458 High
Afe | 4555 - J“ 2 hours
DNA High yield
CopyControl™ BAC clones are induced to 10 - 20 copies per cell High purity

for high yields of DNA for sequencing and fingerprinting.

Standard
Protocol

~7 days

20 hours

20 hours

72 hours

16 hours

not possible

Low yield
Low purity



Konstrukce BAC a Fosmid knithoven
-

o Priklady Fosmid: . /Emmm
o Epicentre - CopyControl pCC2FOS™ Vector a

= Dva pocatky replikace —
jednokopiovy z I plazmidu a inducibilni multikopiovy

parg CopyControl™
pCC1FOS™ Vector

= 40-50 bp inserty — nutno PFGE kontrola

B1kb

L

Cloning=-Ready
CopyContro]™

p reciros™ 4 _

4 Induser

Plate on
Purify Genomic  Randomly Shear & Isolate DNA of Correct Size Ligafion Package & EPIZ00™ Cells Culture
DNA End-Repair DNA  Qptional: Concentrate Sample Titer & Screen Induce to multiple copy



Struktura mikrobialni komunity

Analyza gent 2 genomu obsazenych v komunite
PCR jednotlivych metabolicky zajimavych gena
PCR genu 16S RNA
Konstrukce klonalnich knithoven, SNG

Struktura a aktivita mikrobialn{ komunity
Probing intact cells (flurescent, radioaktivni)
Probing isolované RNA — metabolicky aktivni populace

Stanoveni aktualni biomasy populace



In situ hybridizace (FISH)

Identifikace jedné bunky v komunite

Fluorescentni detekce
Proby na rfRNA bakterialni, rodove specifické, enzymové
aktivity
Dualni znaceni — rfRNA a enzymova aktivita.

Fixace mikrobialni populace

Zasadni a kriticky bod pokusu

Zachovani morfologie x permeabilizace bun¢k

Formaldehyd, alkoholy



In situ hybridizace

Schéma 1 — princip metody

Schéma 2 — stanoveni enzymové aktivity v
environmentalnim vzorku

Cervené - Ammonia oxidizers - Neu23a

FISH (Fluorescent In Situ Hybridization)

Gene Fixed Cells
TIIIIIIIIT (on ices)
DNAase
( o i
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TLITTLTIT IO — =
\ = - Dig-dUTP (or Biotin-dUTP) Denaturation
) .>< - dCTP + dATP + dGTP (Formamid 42°C)
NICK
escaTon \ Py . 00 T
\ I&I&]I 11111111111111111111
\ enatur;

Hybridization

i ‘, An(ipodies anti-Dig (or Avidin)
'? linked with a fluorophor
e ¥
<, 100 ?
11111 LUTTET LT Ty gy
EpifluorescentMicroscopy




In situ hybridizace

Isolace jedné bunky z komunity:

rRNA probe — determinuyici — rod, kmen,

Single-cell identification in microbial communities by improved fluorescence 77
situhybridization techniques. Rudolf Amann & Bernhard M. Fuchs, Nature Reviews
Microbiology 6, 339-348 (May 2008)

/gb\":: < O ‘3‘5]’
45 3
o @
e 1§
Sample /\>} Sy ,
L% .
— ]~
= y =
T B I
N . - . i3
A Epifluorescence O
d cells are FE Y : microscopy
permeabilized Bessin<d 6" f5°1 d VN ANAN .
{ /\.‘ ’\’/\;\‘ Fluorescently labelled m
aaaaaaaaaaaa > ,\:/-\0 cligonucleotides (probes) Spilicd /
IS g———
7
ra g (a @ Washing «»
1 i



Otazky ke zkousce

Co jsou a k jakému typu studif se pouzivaji v genetice a molekularni biologii
reportérové geny, uved'te piiklady typa (min. 4) a srovnejte moznosti jejich pouziti.

Na modelu Lac operonu popiste mutanty, které vykazuji konstitutivn{ fenotyp
dominantni k WT.

Jaka je funkce CAP (CRP) proteinu v metabolismu E. c/i? Jak se fenotypové chovaji
knock- out mutanty?

Srovnejte moznosti transformace DNA u E.colz, Bacillus, Pneumokoka a korynebacterii.

Jaké jsou typy regulaci na arovni RNA? Uved'te pfiklady a detailné popiste u DsrA
RNA a riboswitch).



