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Co Je to mikroorganismus?

Tree of Life

Eukaryotes

QUPPORT BACTERIAI ...

it's the only culture some people have




Kde vsude najdeme mikroorganismy?

Horké prameny Travici trakt Sladka voda Atmosféra
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Uvod: co jsou sinice?

Prokaryotni organismy
Oxygenni fotosyntéza

Tree of Life

Eukaryotes

Bacteria

Crenarchaea

flexi

Crena,chaeum chlor©!

Archaea

; teobacteria )
€-pro! o-p roteobacteria

9—“’/’—”’0002%%/06 o
Us.

Aeropyrum Mitochondria
@-proteoh, .
Pyrobacult{m -pro acteria
per™®

Archaeoglobus

http://phylogenomics.blogspot.cz/2008/10/twisted-tree-of-life-award-2-science.html




Velikost genomu sinic Clovék — 2.9 Gb

Archaea:

Methanosarcing acetivarans
Halobacterium salinarium
Sulfolobus solfataricus
Fethanosarcina barkeri
Halobacter urm =p,
drchaeglobus fulgidus
Pyrococcus furiosus
Ferroplasma acidarrmanus
Methanobacteriurm therreautotrophicumn
Methanococcus jannaschii
Therrnoplasma acidophilumm
Manearchaeurn equitans

Bacteria:

Mostoc punctiforme
Pyxococcus ©anthus
Gernrnata obscuriglobus
Streptomyces coelicolor
Mesarhizabiurm loti
Mycobacterium smegratis
Fseudornonas aeruginosa
Burkholderia pseudomallei
E=scherichia coli 0157 HT
Agrobacteriom turnefaciens
Fseudornonas putida
Salrnonella typhiruor ium
Escherichia coli K-12
Fyzabacteriom tuberculosis
Bacillus subtilis
Caulobacter crescentus
Vibrio cholerae
Deinococcus radiodurans
Aylella fastidiosa
Lactococous lactis
Meizseria meningitidis
Chlarobiurn tepidurn
Haermophilus influenzae
dquitex aealicus
Rickettzia prowazekii
Geobacter sulfurreducens
Fyzoplasma pneurnoniae
Mycaplasma genitalium

o 1 2 z 4 5 & 7 & 9 10
Genome size {Mbp)

www.sci.sdsu.edu/~smaloy/MicrobialGenetics/topics/chroms-genes-prots/genomes.htmi



Genom sinic (i ostatnich prokaryot)

- VétSinou jeden chromozdm (mozna polyploidie)
- Velka €ast kodujici, malo ,Junk DNA®

- Synechococcus sp. WH8102 86%, 2526 protein kédujicich gen
- Velikost genomu €asto koreluje s poétem genu — 1kb = 1 gen
- (Skoro) zadné introny!
- Chromozom v supercoiled formé
- Transkripce a translace probiha zarovén

| -— Rl‘eg.datc»ry BECENCES - | - Structural genes —

| z ¥ a

[ ] o ] \

Promoter for Regulatory gene  Promoter for Structural gene Structurel gene Struchural gens
regulatory gene () codes for structural genes (py,.)  for B-galactosidase  for B-galactoside  for B-galactoside
(o) repressor proten peITrEass transacetylase

http://www.nature.com/scitable/topicpage/genome-packaging-in-prokaryotes-the-circular-chromosome-9113



Porovnani NGS a Sanger

Dnes 300 — 600 (pair end) bp

Sequencer 454 GS FLX HiSeq 2000 SOLiDv4 Sanger 3730xl
Sequencing Pyrosequencin Sequencing by Ligation and two-base Dideoxy chain
mechanism d & synthesis coding termination
50 + 35bp or
Read length 700 bp 50SE, 50PE, 101P, 50 + 50 bp 400~900 bp
Accuracy 99.9%* 989%, (100PE) 99.94% *raw data 99.999%
Reads IM 3G 1200~1400 M —
Output data/run 0.7Gb 600 Gb 120 Gb 1.9~84 Kb
Time/run 24 Hours 3~10 Days 7 Days for SE 20 Mins~3 Hours
¥ 14 Days for PE
. High quality, long
Advantage Read length, fast High throughput Accuracy read length
Error rate with
. polybase more than 6, High cost low
Disadvantage high cost, low Short read assembly Short read assembly throughput

throughput

Liu et al. 2012



Porovnani NGS a Sanger

Sequencers 454 GS FLX HiSeq 2000 SOLiDv4 3730x1

Instrument price Instrument $500,000, Igégt;lg(%;ﬁﬂjgg’ Instrument $495,000, LI:)S;;L;I:B]&T mefgiﬁf)’g(l;o’
P $7000 per run $15,000/100 Gb PS p

genome reaction

CPU 2* Intel Xeon X5675 2* Intel Xeon X5560 &* 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

Automatzlon in library Yes Yes Yes No

preparation

Other required device REM e system cBot system EZ beads system No

Cost/million bases $10 $0.07 $0.13 $2400

Liu et al. 2012
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Cost per Raw Megabase of DNA Sequence
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Projekt: sekvenovani genomu sinice

- Cil: ziskat kompletni genom sinice
- Postup:




Neosynechococcus sphagnicola

Life style — Sphagnum style




Shotgun sequenci

Large DNA molecule

4 fragmentation

&
LAY

J sequenced

CATACACGTAGCTA
Nasitn GTTACAGTGCATGCATA
DNA saauancing GCTATCAGGCTAGGTTA
{

—_—

Assembled GCTATCAGGCTAGGTTACAGTGCATGICATACACGTAGCTA

sequence




Assembly — poskladani

| Insertl Edit Modes >>| | (:utnffsl Llndul Hext Searchl Commands >>| Settings >>|

Cons |2_|

Quit |

Help ==

Qual [0 | |
Hd I -]

IFJ______J

+17
+79110
+79111
+79112
+79113
+98100
-98101
+98102
-98103
-98104
+98105
-98106
+98107
-98108
+98109
-98110
+98111
-98112
-98113
+98114
-98115
-98116
+98117
-98118
+98119
-98120
+98121
-98122
b

-
NC_012967
_cer_sxa_b2_
_cer_sxa_2_
_cer_sxa_125_
_cer_sxa_262_
SRR030257.1749
SRR03025L7.2467
SRR03025L7.7650
SRR030257.7695
SRR03025L7.2488
SRR030257.2806
SRR030257.1881
SRR030257.1895
SRR0302L7.2251
SRR030257.3596
SRR030257.3066
SRR030257.2170
SRR030257.3282
SRR030257.4159
SRR030257.1502
SRR030257.2403
SRR030257.2498
SRR030257.2410
SRR030257.3463
SRR030257.3446
SRR030257.1509
SRR030257.2478
SRR030257.1708
CONSENSUS —==-

————

0 475400 475410 475420 475430 475440 475450 475460 47547

tccgtcteccttttcctgptopt
aaagpgcgagcacaaggccgccaacaatpgotpotoataage¥ooppptopcotpatocatteccptectecttttectgotopt
aaagpcpgagcacaapggccgoccaacaatpotpotoataagc¥eppotopcotpatgcatteccptectecttttecctgptopt

aaagpgcgagcacaaggccgccaacaatpgotpotoataa
aaagpcgagcacaaggccgecaacaatpgtpotoat
CACAAGGCCGCCAACAATGGTGGTGATAAGC
CARGGCCGCCAACAATGGTGGTGATAAGC
AAGGCCGCCARCAATGGTGGTGATAAGC
AGGCCGCCARCAATGGTGGTGATAAGC
AGGCCGCCAACAATGGTGGTGATAAGC
AGGCCGCCARCAATGGTGGTGATAAGC
GGCCGCCAACAATGGTGGTGATAAGC
GGCCGCCARCAATGGTGGTGATAAGC
GCCGCCARCAATGGTGGTGATAAGC
CGCCAACAATGGTGGTGATAAGC
GCCARCAATGGTGGTGATARGC
CCARCAATGGTGGTGATAAGC
CCARCARTGGTGGTGATAAGC
CCARCAATGGTGGTGATAAGC
CARCAATGGTGGTGATAAGC
CAACAATGGTGGTGATAAGC
CARCAATGGTGGTGATAAGC
ACAATGGTGGTGATAAGC
ACAATGGTGGTGATAAGC
CAATGGTGGTGATAAGC
AATGGTGGTGATARGC
AATGGTGGTGATAARGCGGGGGTGGCGTGAT
ATGGTGGTGATAAGCEGGGGTGGCGTGATGCATTCC

AARAGGCGAGCACAAGGCCGCCARCAATGGTGGTGATAAGCGGGGGTGGCGTGATGCATTCCGTCTCCTTTTCCTGGTGGT

GGGG

GGGGTG

GGGGTGG
GGGGTGGC
GGGGTGGC
GGGGHGG
GGGGTGGCG
GGGGTGGCG
GGGGTGGCGT
GGGGHGG
GGGGTGGCETGAT
GGGGEGG
GGGGTGGCGTGATG
GGGGTGGCGTGATG
GGGGTGGCGTGATGC
GGGGTGGCGTGATGC
GGGGTGGCGTGATGC
GGGGTGG
GGGGTGGCGTGATGCAT
GGGGEGG
GGGGTGGCGTGATGCATTC

Tay type:Fgen Direction:+ Comment:"fgene=ybal :: locus_tag=ECB_00423"




L
Assembly

- Jednotlivé sekvence (reads) — contig — scaffold
— Contigz  Contig3

)

SCAFFOLD

Software: SOAP, MIRA...



Assembly — poskladani

Original sequence
GTAGTATAGTCAGTATCA

"4 N

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 ° Vypoéetné
« Vypocetne | __ Méné
néroénéjél' Consensus overlap assembly de Bruijn graph .o,
e N "hodné GTAGTA 1 2 naroc’:ne ]
eV)‘i okne Tigﬁh @—' o Vyhodne
ro kratka GTATAG Lar e
gtenl’ TRTAC 7] 4 3 pro Ifratka
S rAGTCA Cteni
AGTCAG
GTCAGT
TCAGTA , . vy v
CAGTAT Eulerovsky tah — jak spojit vSechny body
GTATCA v prostoru jednim tahem?
GTAGTATAGTCAGTATCA (Eulerian path)

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



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

Ortolog versus paralog

homologs
A
- e
orthologs paralogs orthologs
S — )\
's ~N
~ _ N ™~
frog ot chick mousex mouse[3 chick B frogf
or-chain gene (3 -chain gene
\M
early globin gene




Anotace sekvenci

- Predikce genu — kde jsou v sekvenci geny a kde
nekodujici sekvence

- Predikce tRNA — v ramci nekddujicich useku — typicka
sekundarni struktura

- Identifikace ortolognich sekvenci pomoci algoritmu
BLAST v databazi GenBank (http://www.ncbi.nlm.nih.gov/)
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The Central Dogma of

Molecular B1010 0y



Predikce genu

aatgcatgcggctatgctaatgcatgcggctatgctaagctgggatccgatgacaatgcatgegge
tatgctaatgcatgcggctatgcaagcetgggatccgatgactatgctaagcetgggatccgatgaca
atgcatgcggctatgctaatgaatggtcttgggatttaccttggaatgctaagctgggatccgatgac
aatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgctaatgcatgcggctatg
ctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggctatgcaagetgggatc
cgatgactatgctaagctgeggctatgctaatgcatgcggctatgctaagetgggatccgatgaca
atgcatgcggctatgctaatgcatgcggctatgcaagctgggatcctgeggcetatgctaatgaatg
gtcttgggatttaccttggaatgctaagctgggatccgatgacaatgcatgcggctatgctaatgaat
ggtcttgggatttaccttggaatatgctaatgcatgcggctatgctaagetgggaatgcatgeggcta
tgctaagctgggatccgatgacaatgcatgeggctatgctaatgcatgeggctatgcaagetggg
atccgatgactatgctaagctgeggctatgctaatgcatgcggctatgctaagcetcatgeggctatg
ctaagctgggaatgcatgcggctatgctaagctgggatccgatgacaatgcatgeggctatgeta
atgcatgcggctatgcaagctgggatccgatgactatgctaagctgeggctatgcetaatgcatgeg
gctatgctaagctcggctatgctaatgaatggtcttgggatttaccttiggaatgctaagetgggatec
gatgacaatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgctaatgcatge
ggctatgctaagctgggaatgcatgcggctatgctaagctgggatccgatgacaatgcatgeggce
tatgctaatgcatgcggctatgcaagcetgggatccgatgactatgctaagcetgcggctatgctaatg
catgcggctatgctaagctcatgegg



Predikce genu

aatgcatgcggctatgctaatgcatgcggctatgctaagctgggatccgatgacaatgcatgegge
tatgctaatgcatgcggctatgcaagcetgggatccgatgactatgctaagcetgggatccgatgaca
atgcatgcggctatgctaatgaatggtcttgggatttaccttggaatgctaagctgggatccgatgac
aatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgctaatgcatgcggctatg
ctaagctgggatccgatgacaatgcatgcggctatgctaatgcatgcggctatgcaagetgggatc
cgatgactatgctaagctgcggctatgctaatgcatgcggcetatgctaagetgggatccgatgaca
atgcatgcggctatgctaatgcatgcggctatgcaagctgggatcctgeggctatgctaatgaatg
gtcttgggatttaccttggaatgctaagctgggatccgatgacaatgcatgcggctatgctaatgaat
ggtcttgggatttaccttggaatatostaatgsatgeaactatgctaagetgggaatgcatgeggcta
tgctaagctgggatccgatgacahtgeatg caactatyclaatgcatgeggctatgcaagetggg
atccgatgactatgctaagctgegactalgdtaatgdaty ggctatgctaagetcatgeggctatg
ctaagctgggaatgcatgcggctatgctaagetgggatccgatgacaatgcatgcggctatgceta
atgcatgcggctatgcaagctgggatccgatgactatgctaagctgcggctatgctaatgcatgeg
gctatgctaagctcggctatgctaatgaatggtcttgggatttaccttggaatgctaagetgggatec
gatgacaatgcatgcggctatgctaatgaatggtcttgggatttaccttggaatatgctaatgcatge
ggctatgctaagctgggaatgcatgcggctatgctaagctgggatccgatgacaatgcatgeggce
tatgctaatgcatgcggctatgcaagcetgggatccgatgactatgctaagcetgcggctatgctaatg
catgcggctatgctaagctcatgegg



Predikce genu

- CDS - coding DNA sequence
- Identifikace start kodonu, stop kodonu
- V pripadé eukaryot — identifiace exonu a intronu

|<—emn —>|<—|ntrun —>|<— —>|<— intron —>|<—exnn —>|
BTG . |GT—AG[[ .. |GT—AG[.. TGA|

o o e

start donor acceptor donor acceptor stop
codon site site site site codon



Anotace genu — BLAST BLAST

Label TitleLine Comment 2

>fig|282458.1.peg.1

Data Lines
Program Query Database
o
Query Index (Neighborhood words that blastp protein 4——(ys—— protein
alelé e atta the a0 are present in or have been extracted
‘ g g gr from database sequences) blastn nucleotide 4 O“ ¥ nucleotide
Query word
11 buses
Query word | acttcattage blastx Cm*
: i1 hases 1
: Query word | pmﬁnd—@—rmﬁh
: 1l hases | ccltgecattagg
lactgcattagg! actgcattagg thlastn mm)
‘\\_/'/ pmulnﬁ-(@-bprmh
Exact match to an 11-base 7] gacgceailclaa
“neighborhood word” that eblastx nucleatide nucleatide
is present in a database sequence. C )
pmnin*-@-hmh



Anotace genu — RAST

Annotating Newly-
Sequenced Genomes

Generate
FiGfams

Proteiny, které maji u vSech
organismu stejnou funkci

Rapid Annotation * 70% shodné — BLAST

using Subsystem
Technology
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RAST — subsystems

Subsystem Category Distribution

=] |
=N
= N
=N

Subsystem Feature Counts
B Cofactors, Vitamins, Prosthetic Groups, Pigments (235)

Cell Wall and Capsule (113)
Virulence, Disease and Defense (50)
Potassium metabolism (16)
Photosynthesis (58)

Light-harvesting complexes (19)
Photosynthesis - no subcategory (0)
@ Electron transport and photophosphorylation (39)

=]
(0
= N
=N
(=1
=N
=N
(1
=M
=l
=] |

i3]
|

HEHEEEE
|

Photosystem 11 (24)
Photosystem I (15)
Miscellaneous (22)

Subsystem —

soubor genu se

spolec¢nou funkci

Phages, Prophages, Transposable elements, Plasmids (1)

Membrane Transport (56)

Iron acquisition and metabolism (5)
RMNA Metabolism (112)

Mucleosides and Muclectides (65)
Protein Metabolism (243)

Cell Division and Cell Cycle (42)
Motility and Chemotaxis (0)

Regulation and Cell signaling (51)
Secondary Metabolism (8)

DMA Metabolism (122)

Fatty Acids, Lipids, and Isoprenoids (82)
Nitrogen Metabolism (33)

Dormancy and Sporulation (3)
Respiration (82)

Stress Response (98)

Metabolism of Aromatic Compounds (2)
Amino Acids and Derivatives (257)
Sulfur Metabolism (23]

Phosphorus Metabolism (50)
Carbohydrates (203)

Genome

Domain

Taxonomy

Neighbors

Size

Number of Contigs (with
PEGs)

Number of Subsystems

Number of Coding
Sequences

Number of RNAs

&
Synechococous elongatus SPO8 -_)
Bacteria

Bacteria; Synechococcus elongatus SPO8
View closest neighbors

4,331,368 bp

118

343
4598

50
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Predikce tRNA

Last base

* Prohledani sekvence pro
kandidatni tRNA

* Filtrovani kandidatnich tRNA
pomoci sekundarni struktur

c%"-‘“l’ » Urceni typu tRNA podle
O™ pegar - antikodonu

Anticodon
Ainticodon
Seq. CCTTCGATAGCTCAGTTGGTAGAGCGGAGGACTGTARgctcattaagcaaggt ATCCTTAGGECGCTGGTTCGAATCCGGCTCGGAGGA
Palr >0 . 023> >0 0 e e .. B - IR L w w e e LA CCLL<C<L .
AD-—gup D-loop DC- V) | Intron T V-loop T-loop Last base
I I i | I C-loop |_|_| '_|:| ':,—' |——|
D-stem C-stem T-stem
&-stera

tRNA -scan
Lowe & Eddy (1997)
http://lowelab.ucsc.edu/tRNAscan-SE/



Vysledek — vizualizace anotace

G . B o=m OO0 4L Q=
[ Human hg19 | [ chrt 1] Ichr1:11,?3?-11,325| Ica fFf « » @O = 2 = R e
N SN EECE] B W B B S N W N BN e
p36.23 p3el2 p35l p3d1 p32.2 p3l.2 p223 pll3 pl33 pl2 qll ql2 q2l1 022 q24.1 q25.2 q31.1 q321 q323 qd42l1 qd423 qdd
EH 90 bp
ol traee 11,750 bp 11,760 bp 11,770 bp 11,780 bp 11,790 bp 11,400 bp 11,810 bp 11,820 bp
gFF | | | | | | | | | | | | |
3
TTCCACTGATGATTTTGCTGCAT !! GTTCCTGCATGTAGTTTAAA
TTCC CTGHTTHTTTTGCCGCRTGGCHGGTGTTGRG““TG“CTthCA GTTCCTGCATGTAGTTTAAA

J_X¥_bowtie bam

TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGITGCAAATTTGCCGGATTTCCTTCGCTGTTICCTGCATGTAGTTTAAA
TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGITGCAAATTTGCCGGATTTCCTTCGCTGTCCCTGCATGTAGTTTAAA
CTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGC GCAAATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAA
CTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGEGCAAATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAA
ATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGIT GCAAATTTGCCGGATTTCCTITCGCTGTTICCTGCATGTAGTTTAAAM

P_XY_bowtie.bam

TGCTGCATGGCCGGTGTTGAGAATGACTG T GCAAATTTGCCGGATTTCCTTCGCTGTTICCTGCATGTAGTTTAAA
[

TTCCACTGATGMTTTTGCTGCATGGCCGGTGTTGAGHMTGHCTGH
TTCCACTGATGMTTTTGCTGCATGGCCGGTGTTGAG#MTGﬁCTGFFCAAﬁTTTGCCG

M_XY_bowtie bam Coverage

M_¥Y_bowtie bam

TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGEGCAAATTTGCC
TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGEGCAAATTTGCC
TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGEGCAAATTTGCC
TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGC GCAAATTTGCCGGATTTCCTTTGCTGTTICCTGCATGTAGTTT
TTCCACTGATGATTTTGCTGCATGGCCGGTGTTGAGAATGACTGCGCAAATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTT
AATGACTGE GCARATTTGCCGGATTTCCTTTGCTGTTICCTGCATGTAGTTTAAAR
AATGACTGC GCARAATTTGCCGGATTTCCTTTGCTGTTICCTGCATGTAGTTTAAAM
AATGACTGC GCARAATTTGCCGGATTTCCTTTGCTGTTICCTGCATGTAGTTTAAAM
AATGACTGC GCARATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAAM
Il ATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAA
ATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAARA
ATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAA
ATTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAAA

Sequance

GCT
C

TTCCACTGATGATTTT GCATGGCCGGTGTTGAGAATGACT
F H = o = = m o N -

3 GCGCAARTTTGCCGGATTTCCTTTGCTGTTCCTGCATGTAGTTTAMA
C & A ] [ L ) F C ( 5 C fl v F K

C A P 0] C C

W E I

T A L C DRT 2 - =S

C X i~ i i~ W s | ]

B tracks loaded

[[enr1:11,826 ' ' 19414 of 309M




Browse Genome: Synechococcus elongatus SP08 (6666666.38602

Welcome to t

synechb_c1 (136,391 bp)
—
16000bp v
byfocus v

EED

+2

+1

Viewer

read-only bro

r of the
theSEED.org.

Vizualizace — genome browser

) The S

B 4

L g

RN S— 4 »

http://www.theseed.org/wiki/Main_Page

» |

2400
T T

5600
T

exporttable ] [ clear all filters

display 15

items per page

displaying 1 - 15 of 4166

CDS Feature fig|6666666.38602.peq.7
Type cDs

Contig synechs_c1

Start 5999

Stop 7351

Length 1353bp

Function

Subsystem DNA-replication, Inteins

Replicative DNA helicase (EC 3.6.1-) @ intein-containing

all all < - < - < v
figl6656666.38602.peg.1 (CDS synech5_c1 |523 810 288 transposase - none - show
figl6666666.28602.peg.4 (CDS synech5_cl |4862 4182 681 NADH dehydrogenase |Respiratory show
(EC 1.6.99.3) dehydrogenases|
1,
Riboflavin
synthesis cluster|
fial6666666.38602.peq.5 (CDS synech5_c1 |4997 5320 324 Transcriptional - none - show
regulator, ArsR family
fig|6666656.38602.peg.6 (CDS synech5_cl |5350 5853 504 LSU rib | protein |Rib Lsu show
L9p bacterial
figl6666666.28602.peq.7 (CDS synech5_cl |5999 7351 1353 Replicative DNA DNA-replication, || chow
helicase (EC 3.6.1.-) |Inteins
@ intein-containing
figl6666666.28602.peqg.8 (CDS synech5_cl |9197 7416 1782 Fibronectin/fibrinogen-{- none - show
binding protein
fig|6666666.38602.p209.9 (CDS synech5_cl |9293 9565 273 FIGO02307: -none - show
hypothetical protein
figl6666666.38602.peq.10(CDS synech5_c1 |9608 10204 597 Guanylate kinase (EC [Purine show
2.7.4.8) conversions
figl66566666.28602.peqg.11|CDS synech5_cl |10489 10806 318 hypothetical protein |- none - [ show ]
figl6666666.38602.pe0.12(CDS synech5_c1 |11535 11873 339 hypothetical protein |- none - [ show ]
figl6666666.28602.pe9.13(CDS synech5_cl [11892 12740 849 hypothetical protein |- none - [ show ]
fig|6666666.28602.peq.14|CDS synech5_cl |12737 12853 117 hypothetical protein |- none - [ show ]
fial6666666.38602.peq.15(CDS synech5_c1 |12857 13264 408 VapC toxin protein Toxin-antitoxin show
replicon
stabilization
systems
et ce s 05D mem 18l P B . RV E -] 123594 F4ats] | TR NIN) Iy, S ) [ T s I al




Porovnani regionu genomu

Protein  fig|273035.4.peg.1008
Function Cysteine desulfurase (EC 2.8.1.7) EC Number 28.1.7
Organism Spiroplasma kunkelil CR2-3x Taxonomy ID 273035

This page offers access to the data relating to the protein encoded by a gene. Each protein implements one or
more functional roles, which are themselves components of cellular subsystems (e.g., pathways or complexes).

Genomic Context and Compared Regions!’

& Ciose Genomes ¢ Diverse Genomes!’)

http://www.theseed.org/wiki/Main_Page
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Co Je to mikroorganismus?

Tree of Life

Eukaryotes

QUPPORT BACTERIAI ...

it's the only culture some people have




Kde vsude najdeme mikroorganismy?

Horké prameny Travici trakt Sladka voda Atmosféra
&

e |




Kolik druht mikroorganismu existuje?

o 8,7 m|||énL°j druhﬁ eukaryot (http://www.nature.com/news/2011/110823/full/news.2011.498.html)
- 20% popsano

- 107 az 10° druhd prokaryot (Curtis et al. 2002,Dykhuizen
1998) a 103° bunék (Whittman et al. 1998)

107 ‘

10°

m Eukaryota
= Prokaryota

m Eukaryota
= Prokaryota




D
Ale...

-90% mikroorganismu se neda konvencnlml
zpusoby kultivovat

- Jak tedy popsat druhovou
Ci metabolickou diverzitu
mikroorganismu???

?




Odpoved: metagenomika

- Kdo?
- C07?
- Jak?

are they doing it?

http://www.cbs.dtu.dk/researchgroups/metagenomics/

METAGENOMICS Gilbert & Dupont (2010) — definice

The basic definition of metagenomics is the analysis of genomic DNA from a whole community; this separates
it from genomics, which is the analysis of genomic DNA from an individual organism or cell. In fact, the most
appropriate translation of meta in Greek is “beyond,” and hence the term literally means “beyond the single genome
study.” The term was first published in 1998 in a study of soil microbes using random cloning of environmental DNA
(Handelsman et al. 1998). Subsequently, definitions have varied to include any study whereby a whole community
is analyzed, e.g., directed studies of 16S rDNA diversity from an environment to isolation and analysis of total
DNA from environmental samples without prior cultivation (Chen & Pachter 2005). It could be argued that prior
cultivation of communities, in the case of enrichment studies or community cell-encapsulation cultures, can also be
analyzed using metagenomics, and hence such definitions must be kept broad.




L
Dva pristupy v metagenomice

(ii)

(a) DNA isolation from
microbial niches

(b) Construction of
DNA libraries
‘Small-insert’ ‘Large-insert’
(plasmids) N G S (cosmids, fosmid, BACs)
v v s
(c) Mining for
| Sequence-based analyses | Functional analyses | clones and DNA

sequences
of interest

|

| (d) Accumulation of desired clones and DNA sequences |

Kdo? Co? Jak?
l 1

Novel biotechnological Analysis of the functional
applications role in the environment

Current Opinion in Microbiclogy



Molekularni markery pouzivané v

metagenomice

- Prokaryota — 16S rRNA, mcrA

- Eukaryota — 18S rRNA, 28S rRNA, COl, rbcL

- 16S rRNA, 18S rRNA — ribozomalni RNA
- Podleha malo mutacim — zaklad metabolismu
-V kazdéem organismu
- Nekoduje protein — Casto se vyskytuji mezery

708 ribosome

HIPSTER RIBOSOMES

WERE INTO CODONS
BEFORE EVERYONE
STARTED READING THEM




@ RIBOSOMAL DATABASE PROJECT

BROWSERS | CLASSIFIER | LIBCOMPARE | SEQMATCH | PROBE MATCH | TREE BUILDER | PYRO | TAXOMATIC | SEQCART | ASSIGNGEN

RDP Release 10, Update 32 :- May 14, 2013 -] 2,765,278 165 rRNAs The Ribosomal
Database Project (RDP) provides ribosome related data a i Terrirf ite RDP"s NAR article @
community, including online data analysis and aligned and annotated Bacterial and

Archaeal small-subunit 165 rRMA sequences.

RDP Release 10 brings two major changes to the RDP:

= ROP10 provides new Bacterial and Archaeal alignments with several significant enhancements over the
previous RDP 9 alignments.

m Use of the Infernal secondary-structure based aligner that provides better support for short partial
sequences and handles certain sequencing artifacts in a more intuitive manner.

Explore our online analysis tools:

RDP
= HOVER over any tool item in the menu to see a brief popup description of its

BROWSERS features;

CLASSIFIER CLICK on the tool menu item to begin working with it.
LIE COMPARE
SEQ MATCH
PROBE MATCH
TREE BEUILDER

PYROSEQUENCING
PIPELIHE

ASSIGHMENT
GENERATOR

TAXOMATIC

3 DOE
Biol ﬁ;iﬂf d
olo an
j Environmental NIEHS
’ Su nd

R h
A Research A

RDP_MIMARKS

Try our NEW PROCEDURAL TUTORIALS to use our site to your fullest advantage.

Be sure to view the video tutorials and visit each tool's help file if needed.

RDP HOME | ABOUT | AMNOUNCEMENWTS | CIT.

RDP News

10/09/2013 FunGene article
published

The article describing our
FunGene data and tools is
published in Frontier in
Microbiclgy.

1070972013 RDP FrameBot
article published

The article describing RDP
FrameBot (a frameshift
correction tool) is published
in the journal mBic

10/01/2013 RODP Staff and
Poster

5th Argonne Soil
Metagenomics Meeting

09/25/2013 Campus internet
interrupticns
RDF is back cnline.

08/16/2013 Power cutage
alert
RDP sites are now back online

06/06/2013 Amplicon
chimera checking with
uchime

The functicnal gene pipeling
now offers a tool to check
amplicon sequencing datasets
for chimeras powered by
05/14/2013 RDP 10, update
32 released




Hierarchy View:

rootrank Root (0/1258845/0) (selected/total/search matches) [ options |

domain Bacteria (0/1235311/0)
phylum "Actinobacteria® (0/180827/0)
phylum "Aquificae” (0/945/0)
phylum "Bacteroidetes” (0/141057/0)
phylum "Caldiserica” (0/220/0)
phylum "Chlamydiae” (0/504/0)
phylum "Chlorobi” (0/1058/0)
phylum "Chloroflexi® (0/20447/0)
phylum "Chrysiogenetes” (0/12/0)
phylum "Deferribacteres” (0/378/0)
phylum "Deinococcus- Thermus” (0/1844/0)
phylum "Dictyoglomi® (0/22/0)
phylum “Elusimicrobia® (0/172/0)
phylum “Fibrobacteres” (0/308/0)
phylum “Fusobacteria” (0/9378/0)
phylum “Gemmatimonadetes” (0/1256/0)
phylum “Lentisphaerae” (0/1707/0)
phylum “Nitrospira” (0/1433/0)
phylum “Planctomycetes” (0/11233/0)
phylum “Protecbacteria® (0/341501/0)
phylum "Spirochaetes” (0/9606/0)
phylum “Synergistetes” (0/1120/0)
phylum "Tenericutes” (0/3214/0)
phylum *Thermodesulfobacteria” (0/107/0)
phylum "Thermotogae” (0/582/0)
phylum BRC1 (0/399/0)
phylum OD1 (0/152/0)
phylum OP11 (0/37/0)
phylum SR1 (0/234/0)
phylum TM7 (0/2167/0)
phylum w3 (0/529/0)
phylum "Armatimonadetes” (0/1016/0)
phylum "Verrucomicrobia” (0/9586/0)
phylum "Acidobacteria” (0/14151/0)
phylum Firmicutes (0/420503/0)
phylum Cyanobacteria/Chloroplast (0/21330/0)

P Archaea Outgroup (0/1/0)

P unclassified_Bacteria (0/36214/0)

domain Archaea (0/23532/0)
phylum "Crenarchaeota” (0/7123/0)
phylum “Euryarchaeota”™ (0/12628/0)
phylum “Korarchaeota" (0/92/0)
phylum "Nanoarchaeota” (0/138/0)
phylum *Thaumarchaeota” (0/0/0)

P Bacteria Outgroup (0/1/0)

P unclassified_Archaea (0/3550/0)

P unclassified_Root (0/2/0)

1+ TR HRHRH L L L L L DR R LR LD LD DR




silva

comprahensive rioosomal ANA dalabases

Home Browser Search Aligner Download Documentation Projects FISH & Probes Shop Contact
SILVA News
23.08.2013

Welcome to the SILVA rRNA database project

A comprehensive on-line resource for quality checked and aligned

ribosomal RNA sequence data.

SILVA provides comprehensive, guality checked and regularly updated
datasets of aligned small (1657185, 55U) and large subunit (2357285,

A nearly endless trip to get release 115 done. Highlights: Improved
taxonomy, especially for the Eukaryotes, and ALL sequences in SILVA

are now classified based on the SILVA taxonomy!
16.06.2013

L5U) ribosomal RNA {rRMA) sequences for all three domains of life
(Bacteria, Archaea and Eukarya).

SILVA are the official databases of the software package ARB.
For more background information -+

More than 4 Mio 55U and LSU sequences...
D5.056.2013

Preparation of SILVA release 115 has started. SILVA 115 will be a full

ARB release with updated taxonomy and trees, as well as ARB files. The
The software package ARB release is planned for July 2013.
T I 03.03.2013

represents a graphically- — ey et
oriented, fully-integrated N i

package of cooperating software — f—*...."'_'_f__h:_”: A Talk to the ARB and SILVA developers at VAAM 2013

tools for handling and analysis of ’\:“ VVM (10.03-13.03) in Bremen, Germany. Follow the link to see
sequence information. L ea \ the sessions where you will find us.

e

The ARB project has been B —
started more than 15 years ago by Wolfgang Ludwig at the Technical
University in Munich, Germany, see Al

SILVA 115 - full release

55U Ref
SSU Parc  SSU Ref LSU Parc LSU Ref
The MEGX.net data portal arc € arc €
Visit our partner site 7 , the meQX' Minimal length 300 1200/900 1200/900 300 1900
data portal for Marine Ecological Genomix, to e s Nl Quality filtering  basic strong  strong  basic  strong

get a feeling how your research can be improved using integrated

databases. Guide Tree no no yes no yes
Release date 23.08.13 23.08.13 23.08.13 23.08.13 23.08.13
. i Aligned rRMA
SILVA Terms of Use/License Information sequences 3,808,884 1,426,414 479,726 361,874 39,412

SILVA uses a dual licensing model. In short, browsing and deploying
the SILVA database content displayed on the SILVA webportal is free
for all (academic and non-academic users) whereas all downloads are

only free for academic users. Both, academic and non-academic users
chnnld have a lnnk at the +

SILVA on Twitter!



Chimery
- Artefakty vzniklé pri PCR

- VétSinou vznikaji nekompletni extenzi primeru

- Takto vzniklé prodlouzené primery se navazuji na ruzne
templaty a vznikaji chimerické sekvence
- DalSi minoritni duavody vzniku:
- Nizka procesivita polymerazy (malo navazanych ba2|)

- Spatné vloZené nukleotidy
- Adalsi....

- Jak odhalit chiméru? Bioinformatika...




o Cpiow e
“d > Mae
Brasa S o

ey )]
| [ LR LS
0 [ rnt

Dgeus - 4
L w— CORAre] % Ofetences |
B )
2 03
i
g " \
A ™\ A
N\ ~on
~
A ) T ’
’ ™ 10 "e 1o LS e

Dasn position (e 165 (MAA gene

VRO NS OMNOCA 1IN0t G LA N 310 SAtAT [ A e,
L A e e e R L LT
et e g

Thorstire, Dl o eviies W L (PEatagns 1o 51 LatOh Of Yot
T St e il 0 8 D oF 1R T3 e Ty e b TR DT
R IR T )

Conthumsan

T WS4 I ¢ B ST

W e el
! « oowe
2w e nel

8~ X _awwrons |

Dwaste vow Erpectitae

Woin % Dfirencs

BN v THOIOATTR

‘Mybiosoftware.com
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Kolik je dost? Kolik sekvenci je potreba k
popIsSuU spolecenstva B -
NedostateCné vzorkovani, vetsSina

A diversity nepopsana

Habitat nedostatecné vzorkovan

OTUs

(Skoro) vSechny druhy popsany

Wooley et al. 2010 Clones



Fundamentalni podstata fylogenetiky

- Teorie neutralni evoluce — Kimura (1968)

ancestral
t
gene .. Gene
......... duplication
t, 1
.................. Speciation

species-specific
gene duplication



Fundamentalni podstata fylogenetiky

- Vznik variability popsatelné molekularnimi
markery
- Binarni — AFLP, RFLP, DGGE,...
- Vicestavové — sekvence DNA,...

- Pfedpoklad homologie genu — ortologie x
paralogie, homoplasie — konvergentni evoluce



Multiple Sequence alignment

Usporadani sekvenci do sloupcu

™ 15: Alignment Explorer (rbcl 3.mas)
Data Edit Search Alignment Web Sequencer Display Help

B o " | =& 5 WY
F”E: DMA Sequences |Trans|ated Protein Sequences'
'&'E Species/Abbrv
- 1. Gloecbacter viclaceus PCC 7421
| |[z._syelon rbeL ENEEEENEEEEEEEER AR EE RN R EEEER R R R ERERER AR EEE
— | ||2._2B0&5004Acaryochloris marina ENEEEEREEE R AN EE AR ERRERERER A AR EEaS
| —|/|[2. x57359P.no11andica ENEEEEREEE R EEER AR F e EEEEERAEREERERERARAEREER:
5. A¥2215195ynechococcus sp. C9 EEEEEEEREEE A EEER AR F R R R EREEREEEREEAERAEE
6. AY¥221517Synechococcus sp. OHZ EEEEEEERE TR EEE A EE R f R EEEEEEEEAfEAEAREEAEEAEEREE:
7. ABE95370 Uncultured bacterium ORU11 ENEEEEREEEREEEER AR AR R A EREERERER AR R EEE
B. ABE353&7Uncultured bacterium ORUS ENEEEENEEEREEEER A RA AR ERERRERERER AR ERAEE
9. Synechocystis sp. DCC 6803 substr. BCC-D DNA ENEEEEREEEE A EEER AR R EEEEEEEEERAERRERERER AR EREEE
10. HQA7T7052Uncultured bacterium clone BKL-fi-o:us ENBNEENEEEREEEEREERAREEEEREEEEEEERAEREERERERARAEREERE:
11. FM955229Leptolyngbya laminosa ETS-08 ENEEEEREEEEEER AR AR EER A EREERERER AR EREER
12. ABS05111Uncultured organism oze0SLGZ EEEEEENEEEEEEEER AR E R RN AR EER A EREE AR EERERAEREER:
13. D135395SYORBPC Synechococcus sp. ENEEEENEEEEEEEERREEE - - EREREREEEE - A EREEREREREEAEREEE
14. AB297498Thermosynechococcus vulcanus EEEEERNEEEEEEE RN F RN AR EREERERER R BN EEE:
Firgt ti . D
FIReragE————
Site # |7_7 3: & with T wio Gaps
)



Multiple Sequence alignment algoritmy

- Progressive alignment construction — ClustalW
- Fylogeneticky strom pro presnejsi vyhledani podobnych
sekvenci MUSCLE
- Iterative method — Muscle
- Podobné, ale je mozne se vratit zpét a alignment score
vylepsit
- HMM — Hidden Markov Chain

- Pravdépodobnostni metoda, prirazovani mezeram a
kombinacim bazi pravdepodobnosti

CLUSTAL



Fylogeneticky strom

Very Crude Phylogeny of Really Smart Animals

" > PARROTS
ST i A i Clade — klad
Evolution of nidopatium <> CORVIDS
PEOPLE
REPTILES { CHIMPANZEES
L GORILLAS
MAMMALS
b sssssassassnns _I ORANGUTANS
s » oowwns  Nttp://watchingtheworldw

placentals, morsupiols

. s akeup.blogspot.cz/2009
100 ‘\{ o 11_01_archive.html

/ N

Node — uzel
Branch — vétev

Root — koren .

00




Vyuziti fylogenetického stromu v

kriminalistice

Phylogenetic tree
of HIV sequences
from the DENTIST,
his Patients, & Local
HIV-infected People:

r— DENTIST

b PatientC
Patient A
Patient G
Fanent & The HIV sequences from
Patient E these patients fall within
Patient A the clade of HIV sequences
DENTIST found in the dentist.

Local control 2

b |_ocal control 3

Patient F «— NOo

Local control 9
From Ou et al. (1982) Molecular

Local control 35 epidemiciogy of KIV transmission in a dental
practice. Scence. 256:1165-71,

Local control 3
patentd +— NO

Priniess Comsline's Ionrhel baremmedl 19 het bushand * ow.

THE DENTIST AND
THE PATIENT:



METAGENOMIKA I

Petr Dvorak @7
Katedra botaniky PrF UP

,Propojeni vyuky oborti Molekularni a bunécéné biologie a Ochrany a tvorby
zivotniho prostredi “

Reg. €.: CZ.1.07/2.2.00/28.0032



Dva pristupy v metagenomice

L
— =
——
The 16S-based wms) = v =) GreenGenes
=
approach — — myRDP Kdo?
NINININS NSNS == Silva
NINT NI
Amplify and Group similar Use database to

NINS NINS

s o~ sequence 16S rRNA sequences into OTUs identify OTUs

Extract DNA
Community composition: Which organisms are present?
Variant sequences and
SNPs
Microbial community § GATTACA
sl : Gavreen
. e 3 ReTCE
o0 @G 00 < - e
a»e amm rTT
Relative abundance OTU phylogeny
of OTUs in
community
Extract DNA ﬁ
NININTINS NSNS
Co? Jak?
NN SN NN T Compare sequences to
NANINSNS NI XSS reference genomes
LXK SO SNSR
The shotgun Sequence Community function:
metagenomic  wesp community What can the community do?
approach DNA

!

!
- KEGG i
e =l Morgan & Huttenhower

- SEED

<~ NCBI

BLAST
Use database to Relative abi:‘nn:!:;ﬂc: of gene (2 O 1 2)
identify sequences pathways in community




Analyza strevni mikroflory

Bacteroides uniformis ' e DI TR T— ., B—
Alistipes putredinis '
Parabacteroides merdae
e betii 5.5 o 13 A 14 . . °
Bacterooes caceas - 10* az 10** mikroorganismu
Clostridium sp. SS2-1 T —f T
gag;erloiqes tge’tlgjotaomicmn VPI-5482 — T , , . .
ubactenum halli o . —{Y{IT
Ruminococcus forgues L2-14 e - Obrovska druhova diversita
Unknown sp. SS3 4 e me e — T}
FRuminlqt;:ao?cqs sp. SR1 s'tzi'SLa 4 W — T , R .
ibacterium prausnitzi . " "
Fuminococcus acar = - 100x vice genu nez genom
Collinselia aerofaciens ' Woaesun 4 — T
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e s e i, Clovéka
Bacteroides sp.2_1_7 Ve o — Tt
Eubacterium siraeum 70 3 Vo o T

L 4 LV 4
ides di ; v — T
e e —o— Pomahaji zpracovat

Bacteroides ovatus . I

Bacteroides 5. 4 3 4TFAA = nestravitelné polysacharidy

Bacteroides sp.2_2_4 '

Eubacterium rectale M104 1 TR TR — o S
Bacteriodes xylanisolvens XB1A (R oy U
Coprococcus comes SL7 1 ' o — T —
Bacteroides sp. D1 ' [ oy oy SIS
Bacteroides sp. D4 R oy T
Eubacterium ventriosum —_— T
Bacteroides dorei PR —, | S—
Ruminococcus obeum A2-162 p— T
Subdoligranulum variabile ' v —LT—

Bacteroides capillosus — LT
Streptococcus thermophilus LMD-9 —_—_-—r
Clostridium leptum e o ! e
Holdemania filiformis ' L - —

Bacteroides stercoris —_—r
Coprococcus eutactus e, I S
Clostridium sp. M62 1 T B S M R PR
Bacteroides eggerthii —_—L
Butyrivibrio crossotus —_—T
Bacteroides finegoldii —T i
Parabacteroides johnsonii T Veaw
Clostridium sp. L2-50 —_—LTr
Clostridium nexile —{— s e e
Bacteroides pectinophilus o —{IJ— "o
Anaerotruncus colihominis o T J——in s
Ruminococcus gnavus —LT 3 w0 e
Bacteroides intestinalis  — — RTTEN)
Bacteroides fragilis 3_1_12 e T EE—
Clostridium asparagiforme —_—{ T
Enterococcus faecalis TX0104 VT

Clostridium scindens VoL e

Blautia hansenii —{— ' Ve

QU' et a.l. (2010) - Relativeggundance(lc;gw) B



Zmena strevni mikrobioty pri hubnuti

Ley et al. (2006
Kazda barva jind osoba ° s Moo y et al. (2006)

_ 100r
10 . B sol : : e
: L | - Mikrobiota specificka pro
1}{' £ & 4ol urcitou osobu (a)
3 Pol g % - Bacteroidetes prevazuji pfi
12 e hubnuti
il Iél € 30 eCARBR .
i :Fl2 ‘gﬁ 25" .FAT‘R .
L R=08
Tl t 8 15+
T3 o &
3 eE 0
L——1 &2 s
CARB-R 2 of

, LT , 2t A 5 A0 A5 20 25
NizkotuCna dieta Nizkokarbohydratova Change i bods it (o)

« TO — zaCatek experimentu
« T1-12tydnu
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« T3 -52tydnl



Mikrobialni strevni diverzita dvojCat

a . - — b 122-
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SAR11 — nejpocetngjsi organismus

NejpocCetnéjsi organismus v oceanech Giovanonni & Stingl (2005)

Nekultivovatelny 1

Alfa-proteobakterie
Casto 50% komunity

Po celém sveéte

% of 165 rRN A sequen
;i

. 5
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Synechococcus/Prochlorococcus

NejpocCetnéjsi autotrofni organismy

A Prochlorococcus

Prochlorococcus

Sea surface mean
annual abundance
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o 156G — Present climate
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% 100,000 — Future climate
O (2070-2100)
g 80,000
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o
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Diverzita Synechococcus v povrchove vrstve

V6 tag abundnace

10000

1000

oceanu Vv prubéhu roku

® Clade |
Clade X
Clade Il

£
. :

§ 4

2006-2007 Annual Cycle

June

® Clade V-VI
" Clade llI-IV
® Total

finothece PC
S
Pm’?ﬂc’f.@g’%ﬁ%s 101

ococeus BCC 7002

Post et al. (2011)

02A47
e RMCC’SO" 187851 --x- ----- 5- '-3--
7001 —Casi : ]
i
5
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Cluster




UCYN-A: novy druh symbiozy sinice a Haptophyta
A4 . A

www.mpi-bremen.de/en/Unusual_symbiosis_discovered_among_marine_microorganisms.html

Braarudosphaera bigelowii — Haptophyta
Chrysochromulina parkeae — Haptophyta

Schopnost fixovat dusik, ale chybi fotosystém |l
(Zehr et al. (2008)

nannotax.org/content/braarudosphaera-bigelowii
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UCYN-A: novy druh symbiozy

Qﬁ.'a Glogocapsa sp. KO20BS , v v s P
100 Goe0capsa sp. Kool * Globalné rozsifena sinice
165 rRNA 62 Cyanothece sp. ATCC 51142 . r
100 rsﬁwhinnt of Clim acodium frauenfeldianum * Nekultivovatelna

1 %] Crocosphaera watsonii WH 8501
wal

nothece sp. WH 8902 * |Izolace prutokovou cytometrii

[ 15334441
1605AA44
1000 403784 2 38
Tl 4041828
Cyanothece sp, WH 8904
BQLMBGFHB::B sp. KO11DG
—_— 100 Glogothece sp. KOGEDGA

100 Gloeothece sp. SK4D
g7 1C}ranomec~e sp. SKTU126

00 Aphanothece sacrum
gﬂ_:ﬁhﬂpafﬂﬂfa gibba
82 Cyanothece sp. PCC 8801

0.01

Zehr et al. (2008)
Othe Bactaria 0 Seqs * VVyznamna soucast fytoplanktonu
) oceand
» SloZzeni 16S rRNA sekvenci
na stanici ALOHA Hawaii

Alpha Protecbacteria 29 Seqs.

UCYM-A | Cyanothece
335 Beqs




I ..

Archaea
sserema o)
| ]
Metanogeny T e | Y
ramosiive
- Archea — euryarcheota -m§

- Zvlastni bunécCna sténa — pseudomurein =
- Unikatni struktura biCiku a ribozomu )
- Produkce metanu — metyl-koenzym M reduktaza — mcr
- 40 — 50% produkce metanu v sedimentech (sladkovodnich),
mokrady, ryzovisté
- Metan — 25x vétSi efekt na globalni oteplovani nez CO2

Methanosarcina




78r 434P KC952040 é
62[L fen soil (FR725553.1)
80l 302P Kcsszo41
fen soil (FR725639.1)
Uncultured Methanosarcina sp. clone KM95 (DQ085330.1)
rice paddy soil (AF414009)
92" river sediment (FJ455349)
301P KC952048
126H KC952042
Zoige wetland (EU276000.1)
84| 9P KC952044 (3)
17P KC 952047 (13)
90" roots of rice (AM746909.1)
Methanosarcina mazei (AF414043.1)
100[— Methanocella paludicola (AB300467.1)
rice paddy soil (JX853624.1)
— Uncultured Methanosaeta sp. (AY625582.1)
Methanosaeta concilii (AF414037.1)
414P KF156780
127H KF156679 (2)
5(100 118H KC952039 écg
meromictic lake (GQ390062.1)
60[_r206H KC952045
95-soil (AJ607424.1)
Methanogenium frigidum (DQ229158.1)
Methanomicrobium mobile (AF414044.1)
Methanoculleus bourgensis (AF414036.1)
Methanocorpusculum bavaricum (AF414049.1)
100y 22H KC952033 (7)
88[1 3H KC952027
roots of rice (AM746880.1)
humic bog lake (GU084957.1)
58r humic bog lake (GU085024.1)
peat soil (FN565473.1)
203H KF156778
38H KC952034
3P KC952028
T4 acidic peatland (EU980424.1)
418P KC952036 (6)
417P KC952035
112P/H KC952050 (2)
96|(102P KC952051 (2)
205H KC952052 3
53L Zoige wetland 501 EU430369.1)
; 1P KC952031
100 biogas plant reactor (DQ261759.1)

85

Methanocellales

100

61 Methanosarcinales

76

9%

Methanococcales

55

Methanococcus aeolicus (AY354034)
100 Methanothermococcus okinawensis (AY354033.1)
Methanothermus sociabilis (AY289747.1)

Methanobrewbacterarboriphilus (AF414035.1)

f 104P KC952031
100! forest soll (JF28857O 1)

Methanobacterium kanagiense (AB551869.1)
Methanosphaera stadtmanae (AF414047.1)
119H KC952030 (2)

Methanobacterium sp. (DQ677519.1)

soil (AJ607420.1)

1H KC952032
100 7t roots of rice (A’\/I)l46916 1)

4100? Uncultured Methanoplasmatales archeon (JX266126.1)

Meromictic crater lake (GQ390099.1) Methanoplasmatales

Meromictic crater lake (EU980441.1) P
Methanopyrus kandleri (AF414042)

9%

sajeuloIesouBYIS|N|

So|BIqoIoIWLOoUBYISN

so|euajoRqoUBYISIN

|Unclass.

Metanogeny v

rFicnim sedimentu

Hyporeicky sediment

Vyznamna komunita
metanogenu

Interface of ground-water-
flow system, hyporheic zone,
and stream

Buriankova et al. (2013)
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DNA barcoding — zakladni principy

Morfologie

- Kazda bunka ma DNA

- Sekvence DNA se postupem ¢asu
meni — evoluce, mutace

- Takze pro kazdy druh muzeme najit
specifickou sekvenci DNA —

Sekvence DNA

X AAACCTGGGTTT

barcode
AAACCTGGGTTTT

fragmentu DNA misto morfologie
(Herbert et al. (2003)
- Kod produktu: 10 Cislic, 11 pozic = |||||||||H|||||||| |
123456
4100 kombinaci
- Odhadem 10 (Hammond 1992) | o

barcode
- Definice: pouziti kratkého DNA
10 kombinaci
- ldealni DNA barcode 100 pozic =
druht, nepoditaji se RN
mikroorganismy




DNA barcoding

TAXDMOMIC INDEX

E- APPLICATION USER

Meeting the L. b-.

Specimen Tissue Dna Processing . Publishing and Using BARCODE
Collecting Sampling & Sequencing Managing Data “g::a?‘gfrn;ta Hosting Data Data
TN

USER

T

[ —]
—. RESEARCH
!_ == I I

o~ iy
@* 006 =&

HHEHE

=

USER

SIS

BOL DATA PORTAL

COLLECTIONS

Data Validation & Analysis
GEMERAL FUELIC

'

THE BARCODING PIPELINE



Vyhody DNA barcodingu

1. Prace s kratkymi DNA sequencemi — jednoduche
zpracovani — nejCastéji cytochrom oxydaza

(zvirata)
2 RychlejSi identifikace
3 Redukce chyby pfi identifikaci druht
4 Rutinné levnegjsi
Cost Per Base of DNA Sequencing and Synthesis

5. LepSi pfistup k datum — vefejné databaze popagg L Careon Cecher 202 wnwembese
6.  Analyza mozna pro vSechny stadia vyvoje 10801
7. Mozna analyza kryptickych druh(i -
8.V budoucnu — pfiruéni analyzator? § e

) S 1oe03

1.0E-04

- Cost: Sequencing
1.08-05 —+— Cost: Short Oligo
Cost: Gene Synthesis

1.0E-06
1988 1993 1998 2003 2008 2013

Years




Function based metagenomika

m——
— -
S — oru2 ’:'@‘—“‘""“ v < NCBI
The 16S-based wes) S— — -—) gam“‘:;‘gmp ws)  GreenGenes
approach —— OTU3 S myRDP
NINININS NSNS == OTU4 SRR Silva

NI NSNS

Amplify and Group similar Use database to

Fa
NN ~ Nl
NINLNIN /, « ~+~ .~ sequence 16S rRNA sequences into OTUs identify OTUs
Extract DNA

Community composition: Which organisms are present?

Variant sequences and
t l SNPs

Microbial community ~ § GATTACA
sample '§ g:'r‘mg
[y ] ] a GAI 22 S
o @B 00 < e TTT
aG»e am» GATTTCA
Relative abundance OTU phylogeny
of OTUs in
community

Extract DNA
NINININ S NSNS I

INT NININTINT

N NS LRSS Compare sequences to
NANININT NN SNSRI reference genomes
NI
The shotgun Sequence Community function:
metagenomic  wie community What can the community do?
approach Di‘\
g
KEGG
2P seeo — ghm Morgan & Huttenhower
BLAST
Function:
Use database to Relative ab:nﬂ;anc’e of gene (2 O 1 2)

identify sequences pathways in community




Craig Venter a jeho jachta

Bylo nebylo...




Global ocean sampling expedition

- Sbér vzorku vody, izolace DNA
- Shotgun sequencing
- Assembly

- Anotace

Atlantic

Pacific Ocean

47 % o7 °
47 -

Sorcerer |




V sargasovem mori

Sargasso Phylotypes

Weight % of Clones
o
]
[4)]

I Il .I e Bep o
.

P

S\

@ @
& ﬁ-&

N
6@ 6\_@‘ @ O \QQP Qﬁ' o
i o o ?‘ﬁ' «@
1@@@ '@@ '@ﬁa @dsb xﬁiﬁ Q\é\ ‘\9@9 ° Oﬂ@gé\é‘ N C\éé\ (‘éep

Venter et al. (2004)



L
Slozeni genu pri GOS

GOS

Known
Prokaryotic

Global ocean sampling

6.2 miliénl predikovanych genu

100%

80%

(20.78%)

60%~

Known Non-Prokaryotic

40% (viral+eukaryotic)

20%

Yooseph et al. (2007)

0%~



Zivot v raném obdobi evoluce

Great Oxidation Event
A O Formation of continents
O First evidence for continental crust
O Formation of earth out of solar nebula o Snowball Earth O Sepwball Earth
Hadean Archean Proterozoic Phanerozoic
46 4.0 35 3.0 255 2.0 © 15 1.0 0.5 Today
hydrothermophilic (?) @ Eosynechococcus, Tetraphycus, Enteophysalis
B anoxygenic photosynthesiser @ Nivioeoetpies Polybessurus

(3)iron/sulfur oxidizer ) ) (Pleurocapsa-like)
(4)sulfur based metabolism @ Halythrix, Gunflinta (D) Palaeolyngbya (Lyngbya-like)

(5)anoxygenic(?) photosynthesiser @ Archaeoellipsoides (@) Heliconema (Spirulina-like)

@Phototrophic mat builder R 2
@ T M —— @Gloeodmlop5|s (Gloeocapsa-like)

First Eukaryotic fossil

® &P

Schirrmeister et al. (2011)



. VA
S I n I Ce Fusobacterlum nucleatum j{; M < Pl
L i
Prokaryotni organismy e ey
Oxygenni fotosyntéza o st
succinogenes

sp.
Actinosynnema mirum DSM 43827

Schirrmeister et al. (2011)
16S rRNA

Chlamydia trachomatis

Planctomyces braslensis DSM 5305

007

3.5 mld let staré fosilie (Schopf
1996)
Apex Chert v zapadni Australii




Zivot sinic pfi nizké koncentraci kysliku

« Sink hole mat — lake huron
« Konstatni nizka koncentrace kysliku
« Simulace pocatku evoluce

-~ Bedrock Aquifers

J
~ Sandstone, carbonate, sandstone
sl | Jervoiera I Caronse o
J ~y A [ Rocks that are generally 4
\‘ ’, ,I A rm permosble I Sandstone aquifer
r i - mostly shale] [ Granite and gneiss
b, (moderate to poor aquifer)

=
4 B Carbonate aquifer
'-,Ll-, ~ = = Great Lakes Basin boundary

.....

Voorhies et al. (2012)

llll



Zivot sinic pfi nizké koncentraci kysliku

b

14
a4

@® MIS metagenome
O MIS clone

B Genome available
[IMG gene object ID]

© Lake Huren Clone AM-20-36
O Lake Huron Clone TS-42-§
@ MIS-Ph [2050921214]
97 |\ Phormidium sp. KU003
Phormidium cf. autumnale CCALA 145

741 Phormidium autumnale Arct-PhS

W Oscillatoria sp. 6506

@ MIS-Os [2050945392]
@ MIS-0s [2050941344]
@ MIS-0s [2050930655]
@ MI5-05 [2050935722]
Planktothrix rubescens CCAP 1459-14

Oscillatoria sp. 49

Oscillatoria agardhii

W Mi PCC 7420

L Microcoleus glaciei UTCC 475

a9 B sinabaena variabilis ATCC 29413

W Nostoe sp. PCC 7120
] ari

W Nostoe punctiforme PCC 73102

CCY9414

Oscillatoria sp. 101-1
."“l

W trihrospiva maxima CS-328

n W Lingbya sp. PCC 8106

Gei
| By

elongaius BP-1

Geitlerinema sp. PCC 9228
Geitlerinema sp. BBD P2b-1

Halothrece sp. PCC T418

Oscillatoria amphi 113

M 4carvochloris marina MBIC11017
Pleuracarpsa sp. SAG 4.99

W Synechococeus sp. PCC 7002

W Crocosphaera watsonii WH 8501

W Syrechocystis sp. PCC 6803

B Synech

B Prochloracoecus marinus MIT 9313

elongatus PCC 7942

93 W Prochiorococcus marinus AS9601

_Ii Limnothrix sp. CENALLL

i sp. PCC 6903
B Glocob

violaceus PCC 7421

@ MiIS-U

0.05

spe|

- Mala diversita komunity

- Metagenom obsahoval
geny oxygenni i
anoxygenni fotosyntézy

- Jen tfi dominantni

genotypy

Voorhies et al. (2012)



Systematika bakterii

A D 2 Acidobacteria

o OPIN
Fibrobacter ', l\
0

H'Sl\_‘
0P8\ \

Nitrospira s
Termite group I == 0Pl

) P5KADI

= WS6

Planctomycetes

Chlamydiae

Verrucomicrobia & \ e IMY
High G+C gram pn.\‘ilireN Y 1 TM6
or9 —— m— A — Thermus/Deinococcus
0opPs — e 2 RNaNE= C ;
B AN TN Ytophagales
AD3 7/

Marine group A
Green non-sulfur bacteria Proteobacteria

Fusobacteria
Flexistipes

Thermodesulfobacterium

Thermotogales
Dictylomus |
Aquificales

Cyanobacteria

Low G+C gram positive

Archaea

Dark matter

Kandidatni divize v ramci bakterii
Nemohou byt popsany
Neni dostupna kultura

Nikdo je nikdy nevidél...pouze
jejich sekvenci DNA




Mikrobialni ,Dark matter® bakterii

( Seawater Brackish/freshwater Hydrothermal Sediment Bioreactor £

- u Y 1 @ Pomerization o

‘./TG lf-l ' fGBS e, — 3

° € -.../ B 4 . /_/D C@ R —}1
69 _/l'*\‘ \ Debraacbng

HOT 1 EPR ,| _

V\ 4 Ly | A i

ngn € - @m‘
Debr chh% S_L—’L

A T Pobmcrization
ﬁ\//
o Environmental
o JQ: ooy sappion =10
su.o%’
%¢
ml '.v
&
WU ¥
Isolation of single Whole genome Genome sequencing, ' <"
calls (n = 9,800) amplification (n = 3300) assembly and QC {n = 201) o Rinke et a|_ (2013)
5,

o = / \
\ / / )



Mikrobialni ,Dark matter®

I TACK
[ DPANN
* Archasa

- Identifikace novych

skupin, potvrzeni
existence kandidatnich

- stop kodon UGA

kéduje glycin u
gracilobakterii

- Archealni syntéza

purind u bakterii

- Adalsi..

Rinke et al. (2013)



Horizontalni pfenos genu

Pfenos genl mezi organismy jinak nez
pohlanim rozmnozovanim

Velice éasty u prokaryot a Bacterial transformation Releaseof

V&echny geny (resp. skupiny) v / H\DN} | %
genomu mohou projit horizontalnim k

transferem (Zhaxybayeva et al. 2006) Donor cel 2‘1‘.;‘1';’;';99“9 Recipent cell

b Bacterial transduction

Ale ke zménam v genomu nedochazi

nahodné, nybrz v tvz. ,genomic islands”
(Rodriguez-Valera et al. 2009) (W%M éy

Castéji dochazi k prenosu lokalnég, ne

> 2

phage

Phage-infected donor cell Recipient cell
na Vel ke VZdaIenOStl C Bacterial conjugation
‘ >
TransposonJ Donor cell Recipient cell

Copyright © 2006 Nature Publishing Group
Nature Reviews | Microbiology

Furuya & Lowy (2006)

Waters (2001)




Horizontalni transfer genu

E:er;rchaeota o
5.
%Q'Za§-§>gc~.'!er°/73
2. © 0o 8 @ e L g
@ ?‘E‘o%&“" i~ & "383 %

Archaeg
G,

b Bacterial transduction

phage

Phage-infected donor cell

«

squirvel

retare

monkiy wonkey

bchs— Py
lish- rog

/./\”’an ’{Z’y

huran wonkey squirvel

>

Recipient cell



Horizontalni transfer genu

\0°°\

S-CBS1

Siphnoviry

S-CBS3

i 69{’@9‘0\0\ °\6§:° @
< ' ge? RN
Synechococcus sp. B S g oo
PCC 6301 5kb
[ cyanopodoviruses [ S-CBS2, S4 or P-SS2 I lambdoid phages [ other phages
[ cyanomyoviruses [ cyanobacteria I myophages Eco1230-10, VP882 and/or HAP-1
W) capsid related protein mmm) DNA replication mmm) host interaction
s tail related protein ©» DNA metabolism and repair > other function
- phage packaging protein - transcription regulator - unknown function

Huang et al. (2012)



Horizontalni transfer genu

dam*
926" 92 953\933* g

194.45 kb

[ BLAST hits to P-SSM4
[ BLAST hits to Syn9
I BLAST hits to S-PM2
M cos

B RNA

S-RSM4 149*

Millard et al. (2009)

Cyanomyovirus

* psbA a psbD geny
fotosystemu

* homology k hostiteli
Synechococcus sp.



HGT u morskych sinic Synechococcus

\ LR
T lum}'-;/% D saom
- ‘s /I, “

2,000,000

Metagenom L woe Metagenon

* Celkem tfi mobilni elementy (plazmidy) v metagenomu, ale ne v genomu sinice
» Horizontalni transfer gena



Dekuji za pozornost!!!

- S metagenomikou nejste nikdy sami ©

Feeling lonely?

Just remember;
you're not alone.

ngo d ex
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YOU ARE NEVER ALONE,

birdandmoon .com



