MUl

Data v mikrobiologii

COREO042: Data — odpovéd na zakladni otazku zivota, vesmiru a vubec...
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Stanislava Bezdicek Kralova <kralova.s@sci.muni.cz> a kol.
Externista — Prirodovédecka fakulta MU
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Prednasejici a spoluautori

| _ Vaclav Seda

— CEITEC

— Mikroprostredi imunitnich bunek

— FAIR data v klinickém a
univerzitnim vyzkumu

— Stanislava Bezdicek

Kralova

— University of Vienna,
Center of Microbial Ecology a
nd System Science

— Prfirodovédecka fakulta MU,
externista

— Life science projekty, FAIR
Data v mikrobiologii

; — Matéj BezdiCek

' — Fakultni nemocnice Brno

— Interni hematologicka a
onkologicka klinika

— FAIR data v klinické
mikrobiologii
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Osnova

— Life cycle

— Historie vs. soucasnost
— Planovani

— Sbér/ziskavani dat

— Zpracovani dat

— Analyza dat —
— Uchovani dat Preserve g
— Poskytovani dat Process

— Opakovaneé vyuziti dat
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=== ata Science Big Data Data Science & Big Data

Evolutionary trend in the number of publications covering data seience and big data

S oOu éas nNo St Raban & Gordon, Scientometrics (2020)

— zmeéna instrumentace

— zmeéna charakteru dat (pozorovani vs. sekvenace)

— enormni narust mnozstvi dat — digitalni forma

— VySSi naroky na rutinni procesovani — zisk, organizace dat, jejich sdileni, uchovavani, procesovani
(Upravy), analyzy
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Planovani

Co? Kde?
— stanoveni cile — ziskat vzorek + logistika
Jak? — mame potrebnou instrumentaci?
_ urdeni metodologického postupu — dilCi ¢asti u spolu_pvr’acujl’ciho pracovisté?
(mame vée co potrebujeme?) (tuzemsko/zahranici)
— uréeni znalostniho zakladu Kdy?
(dokazeme uskutecnit vSechny kroky?) — Casové planovani je extrémné dulezité
— dohodnuti spoluprace — kdy odeberu vzorky
— rozlozeni finanénich prostfedku — stihnu je pak zpracovat?
Kdo? — kolik vzorku zpracuji?
_ jeden vyzkumnik? — potfebuji vice odbérl v riznych ¢asech?
_ tym? — dilCi kroky vs. celkovy projekt
— studenti?

— kdo to zaplati?!
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Planovani — specifika klinickeho vyzkumu

Eticka komise Kdy?
— Lidska DNA ve vzorcich = eticky problém — Casové planovani je extrémné dulezité
— nutné schvaleni — jak Casto budeme odebirat vzorky?
— Ochrana osobnich udaju — hledam néco typické nebo spis raritni??
— Informovany souhlas — nékdy extrémné dlouha doba do

vytvoreni dostacujiciho souboru vzorku
Puvod vzorku?

— ambulantni vs. hospitalizovany pacient Kdo?

— transport — interpretace: Casto nutny klinik

— kratkodobé uchovani — casto nutneé zapojeni vice pracovist
— dlouhodobé uchovani

— jeden vyzkumnik? Financovani

- tym? — nemocnice

— studenti?

kdo t lati?! — granty — klinicky vs zakladni vyzkum
— o to zaplati?!
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Planovani — priklady

Terénni vyzkum (Antarktida)

— chystani materialu (6 mésicu pred expedici)

— chystani sensitivhiho materialu (1 meésic pred expedici)
— jak budou vzorky cestovat?

— jaké vybaveni budu mit k dispozici?

— jak dokazu zpracovat vzorky?

Prilet na Antarktidu:

1. pfiprava kultivaénich médii

2. sterilizace materialu po cesté

3. odbéry na zac¢atku expedice (kultivace 6—-8 tydnu)
4. zpracovavani vzorku

5. odbéry na konci expedice (pfenos do CR)
v nesmi roztat v' kolik gramU
v nesmi se zahtat v kolik replikatd
v nesmi se stfidat teploty v plvod vzorkd
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Kdyz planovani experimentu nevyjde —

priklad z klinické praxe

Studium invazivnich mykoz

Zahajeni nového projektu souCasné se sbérem
vzorkU

Spoluprace s klinikou v ramci nemocnice

Za rok sbéru vzorkl nasbiram 2 potvrzené a 3
suspektni vzorky na invazivni mykozu

vysledky — z vysledkt u 5 vzorku neudélam
relevantni zavéry, nic nepublikuji
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Studium invazivnich myko6z

— Zahajeni spoluprace s dalSimi centry a po
dlouhodobém bankovani vzork

— Zahajeni projektu s jiz ziskanym vétSim mnozstvim
vzorkd

— vysledky — signifikantni poc¢et vzorku k vysetreni
umoznuje vysledky hodnotit, korelovat a délat
statisticky vyznamné zavéry, publikaci prace
zaloZené na takovém souboru nic nebrani

MUNI



Kdyz planovani experimentu nevyjde —
priklad z praxe

Mysi experiment — nepromysiené Mysi experiment — kvalitni plan

— rano: podani sulfoquinolézy zradle (10mg/l) — vecer podani sulfoquinolézy Zradle (10mg/l)

— kontrolni skupina — bez pfidavku — kontrolni skupina — bez pfidavku

— po 12 hodinach odbér stolice — po 3, 6,12 a 24 hodinach odbér stolice

— sekvenovani — sekvenovani kazdé vzorky

— vysledky — Zadny rozdil kontrola vs. testovana — vysledky — rozdil mezi skupinami pouze v 6 h
skupina

MUNI
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Ziskavani dat

Terén
— pozorovani + zapis Sdilena data
— mereni + zapis — pouziti dat v databazich s open access
— pouziti poskytnutych dat
. — ,share and re-use”
Laborator

— pozorovani + zapis
— meéfeni + zapis
— generace dat pristrojem — hruba data

! !

experimentalné (pivodce = vy) ptivodce je nékdo jiny

Placena data
— placené databaze
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Organizace dat

Slozky — podslozky — soubory

— konzistentni pojmenovani (nazev projektu, nazev analyzy, datum provedeni analyzy)

— hierarchicky systém

— oddéleni probihajicich a uzavienych projektu
— najit si vlastni systém ktery jste schopni dlouhodobé sledovat a udrzet

Pojmenovani souboru
— konzistentné
— datumy v urcitém sledu
— interpunkce (_ /. mezery???)
— Ciselné poradi na zacatku / na konci
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1

- 2

Organizace dat :

2

7

Zlaty standard - tabulky ;

— jasné =

Y . 11

— strucne 12

— jedna poznamka jedno misto =
— stejny format v danem sloupci

— Jjeden nadpis na sloupec ;12

— zadné slucovani bunéek 3

— zadné prazdné bunky 4

5

— kde to jde délat vybiraci seznamy
(vic lidi pracuje se stejnou tabulkou)
— zadné vypocty v raw data souboru
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A
Region
Mid West

North East

South

West

A
Region

Mid West
MNorth East
South
West

B C D

Retailer Type Qtrl Qtr2

E

Qtra

F

Qtrd

Food & Staples | 19,47,100 26,93,000|19,50,300/19,11,400

Multiline 9,77,200| 7,29,700| 3,67,800 3,22,600
Specialty 14,55,100  14,22,700| 4,98,200| 17,86,900
Food & Staples 16,30 kb BIEESAHEI™N 200
Multiline 18,37,500| 18,80,500| 17,20,500 24,89,200
Specialty 11,55,100 21,00,200| 16,52,100 9,07,700

Food & Staples  12,50,900|23,68,200 15,55,100|14,55,500

Multiline 13,74,300 7,93,200|12,54,900(15,17,400
B C D E
Qtrl Qtr2 Qtr3 Qtrd

29243500 5422700| 2318100| 2234000

T ==l
46840 6 >

786900
118700

2625200 5161400( 2810000| 2972900

iy B C

1 |Region Qtrl Qtr2

2 |Mid West 2924300 3422700
3 |Morth East| 1455100 1422700
4 |South 4084000 6220500
5 |Waest 2625200 3161400
i}

7

a8

D
Qtr3
2318100
498200
5202600
2810000

E
Qtrd
2234000

F

G
Region
Mid West

1786900 [

5118700
2972900

Mid West
Mid West
Morth East
Morth East
Morth East
MNorth East
South
South
South
South
West
West
West
West

H
Quarter
Qtrl

Qtr3
Qtr4
Qtr1
Qtrz2
Qtr3
Qtrd
Qtri
Qtrz
Qtr3
Qtr4
Qtrl
Qtrz2
Qtr3
Qtrd

I

Sales
2924300
3422700
2318100
2234000
1455100
1422700

493200
1786900
4684000
0220500
5202600
5118700
2025200
3161400
2810000
2972900



Organizace dat a metadat

Doplnkové informace

— mohou byt ulozeny separatné od metadat nebo dat
» dotazniky (pacienti, probandi)
« laboratorni deniky
 metadata
* reporty
* publikace

Rozsirujici informace
— presné popisky mist z tabulky
— pFesny popis odbéru vzorku z mist v tabulce
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Doplnkove informace — nutnost?!

Laboratorni deniky

— novinka grantovych agentur i nékterych pracovist (zejména zahranici)
— kazdy Clen tymu vede laboratorni denik — pfesné zaznamy

— skladovani i po skonCeni grantu

— varianty: papirova i elektronicka « naucit se zaznamenavat praci v laboratofi

‘ « pripadné zmény = leh¢i implementace
« nutnost u projektl i grantd, i kdyz to nevyzaduiji

Priklad: Rakousko — prisna pravidla

— denné podrobné zapisy o prubéhu experimentu

— zadné skrtani

— zadné trhani listu

— elektronicka verze musi byt opatfena Casovym zamkem
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Metadata v biologii

Metadata = informace o nasbiranych datech

— Fotky: jak-kde-kdy vznikli, Cim byli pofizeny, barevny profil, CoCky, zoom...

— Vzorek: kde se odebral, GPS, kolik, typ zdrojového materialu, jak se skladoval, jak se transportoval, jak
se zpracoval

— Bakterialni izolat: Z jaké vzorky pochazi, za jaké teploty roste, na jakych mikrobiologickych pudach
roste, do jaké BSL kategorie spada

— Experimentalni data: design jednotlivych experimentu, teploty, pH, ziviny, obsah vody, salinita,
objemy, hmotnosti, trvani, jakékoliv zmény

Metadata

18 COREO042 | 6. pfednaska | Stanislava Bezdiek Kralova | UEB PfF MU



Metadata v biolo

Links from BioProject

Se kve n aé n i d ata n Flavebacterium flabelliformis sp. nov. P4023T

|dentifiers BioSample: SAMN18262075; Sample name: Flavobacterium flabelliformis sp. nov. P4023T

Qrganism Flavobacterium flabelliforme
cellular organisms; Bacteria; FCB group; Bacteroidetes/Chlorobi group; Bacteroidetes; Flavobacteria; Flavobacteriales; Flavobacteriaceae; Flavobacterium

Package MIGS: cultured bacterialarchaea, soil;_version 5.0

Aftributes strain P4023
collection date 2011-02-02
depth 0
elevation 1630 m

broad-scale environmental context polar environment [ENVQ:01001703]
local-scale environmental context  polar biome [ENVO:01000339]

environmental medium nest of bird [ENVO:00005805]
geographic location Antarctica
isolation and growth condition RZA agar, 20 degrees C
latitude and longitude 63.77 S57.78W
number of replicons 1
reference for biomaterial CCM 9062T
isplation source sample talken from an organic matter in an abandoned nest of a bird
type-material fype strain of Flavobacterium flabelliforme
Description Keywords: GSC.MIxS;MIGS:5.0
BioFroject PRJMAT13758 Flavobacterium flabelliforme strain:P4023

Retrieve all samples from this project

Submission Masaryk University, Stanislava Kralova; 2021-03-11
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Metadata v biologii

Tvorba a uchovani metadat — jedno pravidlo: ,,There is no good reason
not to save metadata“

EU projekty
— musite uchovavat vse
(musite mit odhad o velikosti a typu dat)
— po dobu projektu + 5 let po ukonceni
(nutno pfemyslet dopredu, kdo bude odpovédna osoba?)
— aktualné: metadata musite nahrat do verejné dostupnych databazi a sparovat s daty
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A co klinicka data ve vyzkumu?

— Specifické
— Prisna pravidla na sdileni informaci

— Pseudonymizace — identifikace pacienta + dat mozna dle klie ( pf. nahodné Cisla jako ID)

— Anonymizace (de-identifikace) — oddéleni dat od identifikace pacienta

— Neanonymizované data nesmi opustit nemocnici

Clinician’s

Disease
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Data processing

— Vlozena nasbirana data ,,input”

— Priprava dat (filtrace, kontrola kvality)

— Zpracovani (z raw, tedy tzv. surovych dat) ol I _I S\ __r’

— Interpretace ,,output”

Input 3 I —I-’

_LD ] Output 3
- rf;"’ld‘i‘t‘i‘l - jednodussi
dasto neditelna ¢lovékem obrazeni
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Krok 1: Filtrace dat

RAW DATA — ZPRACOVANA DATA

— Kbvalitativni vyvhodnoceni dat

— Normalizace ziskanych dat pro moznost porovnani
— Odstranéni chybnych/nevyhovujicich dat
— Organizace

— Anotace
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Solexa read

Priklady — filtrace dat

Trim

-y N
GenomICka data CAGCACAGAGGTCATACTGGCATTCTGAACG

NN NN e s

— sekvenace genomu

vysledek tisice €teni (readu) — nejsou stejné

+ jina délka ‘ Kontrola kvality

- jina kvalita bazi —s filtrace

* pfitomnost adaptort Phred skdre kvality —
kvalita jednotlivych bazi
« pfitomnost kontaminaci
Minimalni délka read{
* nekvalitni koncové sekvence (jiné baze nez v skuteCnosti)

Vysledny soubor
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Pﬁklady flltrace dat

100
---------------------------------------------------------

smisena

sekvence
r
i
fi “
| i |
/r\ | f | |
. | .
:[ ( " ALY AW,

. A A ) A ¥ \
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Priklady — filtrace dat

nedostatecna kvalita
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Priklady — filtrace dat

Metagenom - lidsky strevni mikrobiom

— PCR — vybér pouze jednoho genu (16S rRNA) Large Subuni
— sekvenace
— vysledek je nutné filtrovat (obdobné jako priklad 1) -

(55U

— vysledek je nutné normalizovat

priklad — vysledek tvrdi ze mame v stolici:

— 100x% Bacteroides fragilis a 100x Prevotella copri — 1:1

— normalizace genem 16S rRNA — B.fragilis 6 kopii X P. copri 4 kopie — 3:2
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Priklad normalizace sekvenacnich dat

RMP genus abundance (%)

..4
i

&

N
i

bez normalizace
tzv ,relativni pocetnosti®
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QMP genus abundance (x 10"" cells per g)

SCO00
SCi17

po normalizaci vzhledem k velikosti vzorku
tzv ,absolutni pocetnosti”

Michaelsen, Albertsen Lab, 2018



Kontrola kvality dat

— Stanoveni postupu kontroly kvality dat

(kvalita fotek, kvalita sekvenci, uplnost metadat, kompatibilita dat, odstranéni chybéjicich hodnot)

— Parametry kontroly vzdy dle danych dat

» sekvenace: hloubka Cteni, délka Cteni, pfekryti, kontaminace...

« experimentalni data: pozitivni a negativni kontroly, minimalni po€et opakovani, reprodukovatelnost,
statistické vyhodnoceni...

— kvalita kontroly dat je nutna prakticky v kazdém kroku — sbér, generace dat, zpracovani dat

— mozna automatizace
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Problemy se zpracovavanim dat
— Zejmena BIOINFORMATIKA — tj. sekvenacni data
— neexistuji robustni univerzalni pipeliny

— kazdy si vytvari vlastni system:

* reprodukovatelnost = téezka az nemozna
« jedna data = ruzné vysledky!!!
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Analyza dat

— biochemické a fyziologické data + zpusoby vyhodnoceni
— genomicka data — bioinformatika (ruzné cile = rizné zpracovani + pfiklady)
— metagenomicka data (dtto)

— analyza dat od pacientu a asociace s vyzkumnymi daty

Priklady:
— popisy novych bakterialnich druhd, fylogeneze, genomika
— sledovani epidemiologie klinickych kmen

— hledani novych antibiotik
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Priklad analyzy 1
(noveé bakterialni druhy —
fylogeneze)

— Vstup: filtrovana sekvenacni data
jednotlivé geny

/1l /]

16S rRNA gene

—

 —

M Constant regions

—

| e | +—i Target regions M Variable regions

1. ukazatel:
— Cut-off value: 98.65% podobnosti genu 16S rRNA
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2. ukazatel:
— fylogeneze

CCM 9065
P7381
P7475 Flavobacterium geliluteum sp. nov.
ccM 7388"
P9670
Flavobacterium resistens BD-bBGST (EF575563)
lavobacterium branchiicola 59B-3-09" (HE612102)
Erlavobacterium tructae CCUG 60100 (HEB12100)
Flavobacterium spartansii ATCC BAA-2541" (JX287799)
Flavobacterium aquidurense DSM 1825!3T (JXB57043)
Flavobacterium araucananum DSM 24704 (FR774916)
lavobacterium psychroterrae CCM 8827' (MH100901)
Flavobacterium piscis CCUG 60099" (HEB12101)
IFlavobacterium frigidimaris DSM 1 5937" (AB183888)
Flavobacterium hydrophilum IMCC34758" (MG456810)
Flavobacterium cheongpyeongense MCC34759" (MG456811)
Flavobacterium hibernum DSM 12611 (L39067)
lavobacterium pectinovorum DSM 6368T (D12669)

a7

Flavobacterium xueshanense Sr22' (HQ436466)
Flavobacterium caseinilyticum AT-3-2" (MK272781)
Flavobacterium psychrolimnae LMG 22018T (AJ585428)
Flavobacterium limicola NBRC 103156T (AB455261)
Flavobacterium faecale Wv33" (KF214259)

Flavobacterium plurextorum CCUG 6011 2" (HE612094)
Gavobacrerf’um collinsii E!E!BLDEE.r (HE612088)
Flavobacterium hercynium DSM 1825!2.r (JX657042)

CCM 9063
bt Pa023"
P4911 .

Javobacterium saccharophilum DSM 1811" (D12671)
—[;svobscren'um chryseum CCM 8826" (MH100900)
Flavobacterium oncorhynchi CCUG 5944-6T (FN669776)
Flavobacterium chilense LMG 26360T (FR774915)
Flavobacterium chungangense LMG 26729T (EU924275)
Flavobacterium cutihirudinis DSM 25795 (JX966231)
Flavobacterium quisquiliarum EA-12" (KU973600)
gg — Flavobacterium branchiarum 57B-2-09" (HEB12097)
Flavobacterium hydatis ATCC 29551T (AB0680722)
Flavobacterium cupreum CCM 8825 (MH100899)
Flavobacterium circumilabens CCM BSZBT (MH100898)

Flavobacterium flabelliforme sp. nov.

Flavobacterium granuli DSM 17797 (ABE81659)
Flavobacterium ranwuense LB2P22" (MK346178)
lavobacterium laiguense LBZP3O.r (MF156857)
L Flavobacterium olei R-10-9" (KX872808)
Flavobacterium alvei HR—AYT (MF685248)

Flavobacterium reichenbachii LMG 25512 (AM177616)
Flavobacterium glaciei 0499" (DQS515962)
Flavobacterium aquatile DSM 1132'r (AM230485)

0.02

Flexibacter flexilis NBRC 15060 (AB680763)

Kralova et al., 2021



Priklad analyzy 1 (genomika)

— Vstup: filtrovana sekvenacni data, po kvalite kontroly

Flavobact psy CCM 8827"(GCA_018380615)
Flavobacterium aquidurense DSM 18293' (GCA_800107365)
sp. nov. P7388" (GCA_017948595)
Flavab raucananum DSM 24704' (GCA_003148525)

b hiicola CCM 8061' (GCA_018383905)

1y Flavebacterium spartansii ATCC BAA-2541"(GCF_002217445)

VElavobacterium tructae CCUG 60100' (GCF_002217475)
DSM 15937' (GCA_800129595)
b ium piscis CCUG 60099' (GCA_001686925) ..

Large DNA molecule

flagmentatlon

/ Fl collinsii CECT 7796' (GCA_802804485)
\ / / F pectinovorum DSM 6368 (GCA_800142715)
\ \—i F ium hib DSM 12611' (GCA_000832125)
Flavobacterium bizetiae CIP 105534 (GCA_02804475)
{4 sequenced Flavi saccharophilum DSM 1811' (GCA_900142735)
— 1 Fl ; CGMCC1.11361' (GCA_004349315)
= — — T Fl: rhamnosiphilum CGMCGC 1.11446 (GCA_004348195)
— F n glaciei DSM 19728' (GCA_D03350545)
100f Flavobacterium weaverense DSM 19727 (GCA_003688495)
L Flavobacterium segetis DSM 19741 (GCA_900129575)
Fiavobacterium xinjiangense CGMCC 1.2748 (GCA_900142885)
e ACGTAGCTATACG 10y Flavobacterium circumiabens CCM 8328' (GGA_004369705)
. 5:?:;%3 |Fravobacterium circumiabens P5626' (GCA_004345565)
i GCTATCAGGCTAGGTTA Fi ym cupreum CCM 8825 (GCA_003996965)
F ium limicola DSM 15094 (GCA_003634755)

DNA sequencing

4#—731; Flavobacterium xanthur DSM 3681 (GGA_800142695)
Assembled  GCTATCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACG . 2 m tyxelicola DSM 16208"(GGF_800143245)

sequence
Flavobacterium caseinilyticum AT-3- 27 (GCA_004349085)
F it sp. nov. P4023'(GCA_017948675)
f hereynium DSM 18202 (GCA_900182755)
Flavebacterium cutihirudinis DSM 25795" (GCA_003385895)
Flavobacterium chilense LMG 26360 (GCA_001602525)

- 100
1 - u kazate I . | Flavobacterium chilense DSM 24724' (GCA_800142685)

Flavobacterium oncorhynchi CCUG 59446 (GCF_002217355)

. 0 1 » Fi plurextorum CCUG 60112"(GCF_002217395
- C Ut Off value - 95 A) pOdObnOStI genom u —|—Fﬁavnbac{5n'umpanf:r PXU-55' (GCA_903819335) . )

Flavobact fens DSM 19382' (GCA_S00182645)

.
2 - u kazatel . Flavebacterium hydrophiium JCMM 34758 (GCA_003202405)
Flavobacterium johnsoniae ATCG 17061' (GCA_DD0016645)

wndﬂvabacreryum johnsoniae DSM 2064' (GCA_900142355)
— fylogeneze [ et
Fi subsp. jol jae DSM 6792' (GCA_000129605)

67|
1001 Flavobacterium daemonense JCM 19455" (GCA_0D04352915)
L lavobacterium DSM 15936' (GCA_000425445)

100
IHavobactenum ginsenosidimutnas THG 01' (GCA_003254625)
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Priklad analyzy 1 (genomika)

— Vstup: filtrovana sekvenacni data, po kvalité kontroly
* nejenom, jestli je bakterie ,nova“

* muzeme pfidat vlastnosti kbdované v genomu

m (A) RNA processing and modification
M (J) Translation, ribosomal structure and biogenesis
m (K) Transcription
{L) Replication, recombination and repair
m (C) Energy production and conversion
M (E) Amino acid transport and metabolism
M (F) Nucleotide transport and metabolism

B (G) Carbohydrate transport and metabolism

A_ F ﬂabe”jforme Sp. Nov. F)4023T 2 ® (H) Coenzyme transport and metabolism
m (1) Lipid transport and metabolism
B. F geli.’uteum sp. nov P7388T M (P) Inorganic ion transport and metabolism

M (Q) Secondary metabolites biosynthesis, transport, and catabolism
m (D) Cell cycle control, cell division, chromosome partitioning
u (M) Cell wall/membrane/envelope biogenesis
{N) Cell matility
(O) Post-translational modification, protein turnover, and chaperones
m (S) Function unknown
m (T) Signal transduction mechanisms
M (U) Intracellular trafficking, secretion, and vesicular transport
® (V) Defence mechanisms
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m (V) COG unknown

Kralova et al., 2021



Priklad analyzy 2 (epidemiologie)

MST Cluster 13

Stanoveni pribuznosti izolatu A) oo e T
< 800 s2

, . P \‘W L 106 80 8080 ) °<- MST /clkiter-ﬂ -
A = I 5T Cluster 5
VRE na zakladé WGS JOS O OO ORI
fa0 gy e0 Va) 124 OYIC T R O Rl 7
VStu p !./80 ' sn\ 1’30\30' 4 p 80 /g T S~ \11_? - 1‘17./
— Slozené genom >80 L) JeTeusterts
g y }30 80 ' ?o\ 80 go suk MET Cluster 19 /315 P
) 80 TN VIST Cluster 19 / MST Cluster 17 1151
— Metadata ORI @\ / P
, \?\-(\w_/ MST Cluster8 " 1 L ist cluster 18 \“‘/I'""\§12 .
\ B - o . N
— VyStupy /”43 \'\_\322 MST Cluster 1 w!f 690 MST Cluster 16 \/11;'1’1711;\
v , o , v v o anx 787 A nr\ N
— Rozdéleni do clusteru na zakladé poctu rozdilu v & { 4 oo w120 }111117 m)
alelach jednotlivych gent & st cseer 12 VT Custer 4 VIST Cluster 6 _ ‘111’711? 117
L s L 40 P . . VIST Cluster o N e a7 N7
— Srovnani izolat(l v ramci clusteru s dostupnymi "¢ mL 'y wroeens Wy 117”/1'1_@
(80X 80\% (80, 80 W o
meta’daty v o _vr « f s - 237 s 80 80 %) g0y \ 148 I €7
— Na zakladé vysledku pripadné zahajeni B N8 /95
. . . , v _gv , , 18 / .y e
epidemiologického Setfeni a zavedeni 18 (v} . 385 _6n g MST Cluster2
pﬁSlUéﬂg/Ch Opat‘fenl’ VST Cluster 7 MST ;_‘I-.,-:rer 20 MST Cluster 21 |\.-1STEJfT(-‘.“22 B
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Priklad analyzy 3 (biosyntetika)

— Vstup: filtrovana sekvenacni data, po kvalité kontroly
— Vstup: fotografie
— Vstup: chromatograficka data
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Priklad analyzy 3 (biosyntetika)

B N LT

‘omﬁ IERIETEN 113 | 114 | 15 | 115 | 151 JRCR 181 162 1 EEDEEDED 211 )

Identified secondary metabolite regions using strictness “relaxed’

c00005_NZ_JAB... (original name was: NZ2_JABJRC010000014.1)

—
Region Type From To Most similar known cluster Similarity
BENOLENIN siderophore & 53,440 65,003

c00011_NZ_JAB.J.. (original name was: NZ_JABJRC010000001.1)

1 3 =]

B L

Region Type From To Most similar known cluster

Region 11.1  transAT-PKS & TIPKS & A NRPS & 586,329 666,426  9-methylstreptimidone & Polyketide:Modular type |
Region 112 T3PKS & 671,842 712,894  alkylresorcinol & Polyketide

Region 11.3 BuGEELTGEE) 1,268,489 1,278,860

RENLLNEE: N siderophore & 1,349,488 1,364,055

Region 11.5 REHEEE) 1,366,866 1,389,043 geosmin & Terpene

LGN RRE-containing &' 1,499,997 1,521,088 CDA1b/CDA2a/CDAZb/CDA3a / CDA3b/ CDA4a/ CDAdbE NRP:Ca+-dependent lipopeptide

c00015_NZ_JAB... (original name was: NZ_JABJRC010000002.1)
— =
F3

Region Type From To Most similar known cluster Similarity
BEVLINENEN NRPS-ike &' NRPS & 380,365 485540  thiocoraline @  NRP:Cyclic depsipeptide 34%

Region 15.2  lanthipeptide-class-i & 496,456 520,654
RELGURER N redox-cofactor B 895,339 917,379 lankacidin C & NRP + Polyketide 20%

c00016_NZ_JAB.J.. (original name was: NZ_JABJRCO010000003.1)

1

2

Region Type From To Most similar known cluster Similarity
Region 16.1  lanthipeptide-class-iii & 3,920 26,505 catenulipeptin @ RiPP:Lanthipeptide 60%

Region 16.2  lanthipeptide-class-i & 31,433 54,363

£ 3

Similarity
9%
100%

100%
17%



Priklad analyzy 3 (biosyntetika)

— Vstup: filtrovana sekvenacni data, po kontrole kvality
— Vstup: fotografie

— Vstup: chromatograficka data

P12377, inhibition of Micrococcus luteus P12377, inhibition of Staphylococcus aureus UV100, inhibition of Saccharomyces cerevisiae
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Streptomyces sp. UV100

Priklad analyzy 3 (biosyntetika)

— Vstup: filtrovana sekvenacni data, po kvalite kontroly
— Vstup: fotografie

— Vstup: chromatograficka data M. uteus

- /'
K. pneumoniae

f

/
%

Uitiahia

S. aureus
—

—
E. faecium
—

o

Loy
o bt e
i Nt L

-
W
b
&
]
|
bt
= i3
=
N

] L]
Lo e

“— M. luteus
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Priklad analyzy 3 (biosyntetika)

— Vstup: filtrovana sekvenacni data, po kvalité kontroly
— Vstup: fotografie
— Vstup: chromatograficka data
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Priklad analyzy 3 (biosyntetika)

ntens. | 93630_ISP2_pDDA_R-A2_1_2582.d: BPC +All MS

6 -
X11055 +BPC of ISP2 medium control

1.0

0.5 |
0.0 MJ
ntens. T 93636_UV5 ISP2 H1 pDDA R-A8 1 2589.d: BPC +All MS

3
Xllooi 3 +BPC of UV5 - ISP2/H1

0.8‘_
0.6
0.4-
0.2-

ntens. ] 93636_UV5_ISP2_H1_pDDA_R-A8_1_2589.d: UV Chromatogram (UV_VIS_2)

mI’:)U(])E UV (280 nm) of UVS - ISP2/H1

7.5
5.0- V\,M
2.5

0.0 25 5.0 7.5 10.0 12.5 15.0 175  20.0 Time[minl

inhibiton of G- bacteria?

v

7

12 8 919
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AR

Preserve Process
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Archivace dat

— data v tisténé podobé — doba uchovani, katalogizace
— data v elektronické podobé

— lokalni ulozisté

— cloudové uloziste

— uzavrene databaze

— open access databaze

— ovlivnéni grantovymi agenturami — podminky + priklady
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Archivace dat — priklad: srovnani univerzit

Ceska sbirka mikroorganismu, MU

katalogizace v tisténé podobé

katalogizace v digitalni podobé, software MINE

vyhody:

dva systémy (zaloha v tisténé podobé)

nevyhody:

digitalni systém zastaraly, neexistuje IT
podpora

neexistuje zaloha pristupna vzdalené
neexistuje zaloha pfistupna vSem
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CMESS, UniVie

katalogizace/navody primarné digitalni

papirové formy pouze vyjimecné (navody k strojum)

vyhody:
* univerzalné dostupném vSem
» pokud aktualizace, okamzité u vSech
« vzdaleny pristup samozrejmosti, pro vSechny
« denni zalohovani na 3 serverech
nevyhody:
* nutny tisk pokud chcete vlastni kopii

MUNI



Archivace dat — online databaze a
repozitare

Ukladani dat online ma v biologii pravidla:

— NUTNOST pred kazdou publikaci

— minimalni doba — 5 let po publikaci

— perzistentni identifikator (DataCite DOI)

— umoznéno review ukladanych datasetd!

— idealné specifické repozitare dle povahy dat nebo dle standardu v daném oboru

— Oopen access

(vyjimka: klinicka data mohou vyzadovat ,Data Usage Agreements")
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Archivace dat — priklady

Data — nukleové kyseliny

Data types Repository options Data and metadata standards

Raw sequencing data
(reads or traces)

INSDC repositories
Genome assemblies

Genome Sequence Archive

Annotated sequences  (GSA) Browse data and metadata standards

endorsed by the Genome Standards

Sample metadata Consortium

dbSNP (human variations less

than 50bp)

dbVar (human variations

greater than 50bp)

ClinVar (human genotype &
Genetic variation data  Phenotype)

European Variation Archive

(EVA) (all species)

Genome Sequence Archive

for Human (GSA-Human)

Data — proteinové sekvence

UniProtKB

view FAIRsharing entry

Data — funkéni genomika

ArrayExpress

Gene Expression Omnibus (GEO)

GenomeRNAI

dbGAP

The European Genome-phenome Archive (EGA)
Database of Interacting Proteins (DIP)

IntAct

Japanese Genotype-phenotype Archive (JGA)
NCBI PubChem BioAssay

Genomic Expression Archive (GEA)

GWAS Catalog

Data — obrazky

Image Data Resource

The Cancer Imaging Archive

SICAS Medical Image Repository

Coherent X-ray Imaging Data Bank (CXIDB)

Cell Image Library
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view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry

view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry
view FAIRsharing entry

nature/repositories I\II U I\I I



Archivace vzorku — mikrobiologie

TAXONOMIE: zivé kultury — reprezentujici BIODIVERZITA/EKOLOGIE: zivé kultury
nové druhy — musi byt dostupné — nejde o nutnost, ale Casto jsou ulozené volné
— nejde ale o open access! dostupné soubory izolatu
— uchovavani zabezpecuji sbirky — nejde/jde o open access
mikroorganismU — poskytovani je placené — uchovavani zabezpecduji sbirky mikroorganismu /

university — placené/neplacené

I Ustav experimentalni
biologie
« : . Leibniz Institute
Cgska sblrkg . DS Mz P DSMZ-German Collection
mikroorganismu . of Microarganisms
[ ] and Cell Cultures GmbH

=
==
—
—

DS MZ Leibniz Institute
® D5MZ-German Collection

S '
.O-t‘-
e
. of Microorganisms
[ ] and Cell Cultures GmbH ATC c f

w
o
—
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Preserve m

AR
Process

50 COREO042 | 6. prednaska | Stanislava Bezdigek Kralova | UEB PiF MU I\II U I\I I



Data sharing

107
= + GenBank (bases) ._._' " r' 1018
= UniProtkB/TrTEMBL (sequence entries) - re 4 l .
S ,f‘ f
w 10B l ' ' 1007
2 N ' i
8 1B I & :
[ '] ! 107
E o ? g
100M ,_l" 3 £ 1
Py g l l
E'I-J ..
s ® H ' 1008
=
T " [ ] l
1 & o e s
108
1980 1985 1990 1995 2000 2005 2010 2M5 2020

year

Sielemann et al., 2020
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Data sharing — vyznam

V biologii nutnost:

— poskytnout vSechna data

— nebo poskytnou ,,minimalni dataset“ — replikace vysledku (vSechny data z ¢lanku, metadata, metody)
,Data Availability Statement” pfi submitovani Clanku

— bez restrikce pristupu — open access

— pokud restrikce — etické/legalni — jiny pfistup nutny (agreement, official request, official permit)
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Data sharing

V biologii nutnost:
— validace vysledk
— replikace, re-analyza, re-interpretace

— nové analyzy

— reprodukovatelnost
— archivace dat — investice do vyzkumu ma dlouhodobé vysledky

— citace dat — viditelnost a rozeznatelnost autoru, tvirct dat, kuratoru
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Data sharing — vyznam i v praxi!

Sledovani, reakce, predikce:

— infek€ni onemocneéni (SARS-Cov-19, HAV v Brne, opiCi nestovice...)

— S§ifeni rezistentnich patogent (nemocnice, Cisticky vod...)

— Sifeni rezistence Siveni rezistence k cefalosporiniim
v Evropé — Klebsiella pneumoniae

2005 o

[ VV SNST
Zrychleni vyzkumu: /’
— infekéni onemocnéni '
— mikrobiom a souvisejici onemocnéni
— Human Genome Project
* rakovina

* vzacna geneticka onemocnéni
« farmakogenomika

MUNI
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Data reusability

— Pouziti drive nasbiranych/zpracovanych dat za jinym ucelem oproti
puvodnimu planu

— Podminka:

« vysoka kvalita

» eticky v poradku

» dostateCné popsané — metadata

« aktualni verze dat

« uvedené podminky opakovaného pouziti

« NUTNO OCITOVAT, UVEST REFERENCI!!!
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Data reusability — vyznam

— nezavislé studium dat riznymi skupinami/védci
— Setfeni finan¢nich zdroju
— urychleni vyzkumu

— nasobné moznosti zpracovani a vyhodnoceni (jedny data = mnoho vysledku)

— Nevyhody:

* neuplné/nespravné metadata
* nizka kvalita dat
« chybna data
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Primary data

i
1]
=]
-
@
-
o
@

Sequences: text strings describing sequential bases, including gaps in data and their length

[single genafwhole genome sequences, amino acid sequenceas) e
[ATEGTTTACE TAGACETEATE |
IATCCOATCGATTACGTG i
[aend

Metadata: information about the acquisition, processing and presentation of data gg;gmumﬁﬂ:nwu}m
I b T |

{meihodology, sample size and ongin) gl i —

JACGACAMTCATCTCL fogegd ;
IWTSMADCHLIY
b T

Graphs: graphical representation indicating relationship GPHLHIGROEE LI W

[paibway data, genelic maps. plasmid maps)

Annotations (gene annotation, gene model) o pocpersegeenar
i = B

Algorithms and Software (code, bioinformatics pipelines)

Hypotheses, evidence and prose (dala interpretation)

Plots and Images: natural, artificial and stylised imagery
[micregraphs, radiographs, diagrams, microscopy of bicdogical material, images of geographical regions)

Measurement parameters
[anzyme affinity/spead, chromalography resulls, mass spacira, geo daiarmurdmalas}

Geometric information/Molecular structure data
(secondary and lerliary protein structures)

Patterns
(sequence molifs, regulalony sequences, expression prafiles)

LS --!Aééiéi.

Primary databases: diract submission of exparimentally-derived data from researchears; archival database P
(DMA, RMNA, protein, expression, disease, organism-specific databases) Flans i

Em

Publications (text mining)

Meta-analyses

: results of analysis, literature search and interpretation, curated database
(DMA, RMA, protein, expression, disease, organism-specific, phenolypic databases)

Sielemann et al., 2020



Data reusability — priklad

— kazda fylogeneticka analyza

data z repozitail/databazi —=

vlastni data

data z repozitarl/databazi —=
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e

vlastni data «———

CCM 9065
P7381
P7475 Flavobacterium geliluteum sp. nov.
ccM 7388"
P9670
Flavobacterium resistens BD-b:&GS.r (EF575563)
lavobacterium branchiicola 59B-3-09" (HE612102)
ﬁrlavobacterium tructae CCUG 60100 (HEB12100)
Flavobacterium spartansii ATCC BAA-2541" (JX287799)
Flavobacterium aquidurense DSM 1825!3T (JXB57043)
Flavobacterium araucananum DSM 24704 (FR774916)
lavobacterium psychroterrae CCM 8827' (MH100901)
Flavobacterium piscis CCUG 60099" (HEB12101)
IFlavobacterium frigidimaris DSM 1 5937" (AB183888)
Flavobacterium hydrophilum IMCC34758" (MG456810)
Flavobacterium cheongpyeongense MCC34759" (MG456811)
Flavobacterium hibernum DSM 12611 (L39067)
lavobacterium pectinovorum DSM 6368T (D12669)

a7

Flavobacterium xueshanense Sr22' (HQ436466)
Flavobacterium caseinilyticum AT-3-2" (MK272781)
Flavobacterium psychrolimnae LMG 22018T (AJ585428)
Flavobacterium limicola NBRC 103156T (AB455261)
Flavobacterium f: /i WV33T (KF214259)

Flavobacterium plurextorum CCUG 6011 2" (HE612094)

Ga vobacterium collinsii 9533—08.r (HE612088)

— .
Flavobacterium hercynium DSM 18292 (JX657042)
CCM 9063
& log P4023" Flavobacterium flabelliforme sp. nov.
<
P4911

88

_[Ftavobaczerihm saccharophilum DSM 1811 (D12671)
Flavobacterium chryseum CCM 8826" (MH100900)
Flavobacterium oncorhynchi CCUG 5944-6T (FN669776)

Flavobacterium chilense LMG 26360T (FR774915)
Flavobacterium chungangense LMG 26729T (EU924275)
Flavobacterium cutihirudinis DSM 25795 (JX966231)
Flavobacterium quisquiliarum EA-12" (KU973600)
Flavobacterium branchiarum 578-2-09T (HEB8120897)

Flavobacterium hydatis ATCC 29551T (AB0680722)
Flavobacterium cupreum CCM 8825 (MH100899)

Flavobacterium circumilabens CCM BSZST (MH100898)
Flavobacterium granuli DSM 17797 (ABE81659)

Flavobacterium ranwuense LB2P22" (MK346178)
lavobacterium laiguense LBZP3O.r (MF156857)

L Flavobacterium olei R-10-9" (KX872808)
Flavobacterium alvei HR—AYT (MF685248)

Flavobacterium reichenbachii LMG 25512 (AM177616)

Flavobacterium glaciei 0499" (DQS515962)
L Flavobactetium aquatile DSM 1132'r (AM230485)

0.02

Flexibacter flexilis NBRC 15060 (AB680763)

Kralova et al., 2021



Data reusability — priklad

Pangenomicka analyza — Klebsiella pneumoniae
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Data reusability — priklad — klinicky vyzkum

Tvorba epidemiologickych
schémat

 vyuziti NCBI databazi

« vyuziti gendmové subdatabaze

* moznost filtrovani vysledku

* moznost stahnuti celého souboru

61

& U.S. Department of Health and Human Services

m National Library of Medicine

National Center for Biotechnology Information

Q, Search NCBI ..

Datasets Taxonomy Genome Gene Command-line tools Documentation

Genome

Download a genome data package including genome, transcript and protein sequence, annotation and a data report

Selected taxa

Enterococcus faecium Enter one ¢ ore tax ~ names

= Filters
STATUS SEARCH WITHIN RESULTS
[] Reference genomes Q

[7] Annotated genomes

Enter taxon name or modifier, assembly name or submitter

NCBI NLM MNIH

BETA

[[] Annotated by NCBI RefSeq ASSEMBLY LEVEL
[J Annotated by GenBank submitter cogcig scaffold chromosome com.pIeTe
[} Exclude atypical genomes YEAR RELEASED
@ o
1980 2022



Data reusability — priklad — klinic

Tvorba epidemiologickych
schémat
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Select columns

Assembly

ASMO73400v2 ( reference
RefSeq: GCF_009734005.1
GenBank: GCA_009734005.2

ASM76497v1

RefSeq: GCF_000764975.1
GenBank: GCA_000764975.]
ASM76498v1

RefSeq: GCF_000764985.1
GenBank: GCA_000764985.

ASM76734v1
RefSeq: GCF_000767345.1
GenBank: GCA_000767345.7

ASM7E736v]
RefSeq: GCF_000767365.1
GenBank: GCA_000767365.7

ASM77250v1

RefSeq: GCF_000772505.1
GenBank: GCA_D00772505.1
ASM77252v1

RefSeq: GCF_000772525.1
GenBank: GCA_000772525.1
ASM78705v1

RefSeq: GCF_000787055.1
GenBank: GCA_000787055.1

ASM78706v1
RefSeq: GCF_000787065.1
GenBank: GCA_000787065.1

70617
RefSeq: GCF_000804385.1
GenBank: GCA 000804385.1

Scientific name

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

Enterococcus faecium

17 390 genomes

Modifier

SRR24

strain

UC7266

strain

UC7265

strain

70-7-8

strain

70-36-8

strain

VRE3

strain

ATCC 51559

strain

L-3

strain

L-X

strain

70-61-7

strain

Annotation

NCBI RefS..

Submitter

NCBI RefS..

Submitter

NCBI RefS..

Submitter

NCBI RefS..

Submitter

NCBI RefS..

Submitter

NCEI RefSs..

Submitter

NCBI RefS..

Submitter

NCBI RefS..

NCBI RefS..

NCBI RefS..

Submitter

Rows perpage 20 =

Size (Mb)

2.919

2.806

2.807

2.476

27

2.820

2.954

2.642

2710

2.521

Level

Complete

Contig

Contig

Scaffold

Scaffold

Contig

Scaffold

Scaffold

Contig

Scaffold

Ky vyzkum

1-20 of 17 390

Year

2020

2014

2014

2014

2014

2014

2014

2014

2014

2014

WGS acce Action

JRJWOT

JRHQO1

JRUFOD1

JRUGO1

JSETO1

JSVTO1

JRGXO1
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JUEKO1
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Data reusability — priklad — klinicky vyzkum

Tvorba epidemiologickych A)
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Shrnuti

6. prednaska COREQ042
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Shrnuti

— Cyklus dat v mikrobiologii/biologii — vyuzivame vSechny kroky
— Generujeme velké mnozstvi variabilnich dat (fotografie, HPLC, sekvence, méfeni, popisky, ...)

— Generujeme enormni mnozstvi metadat (GPS souradnice, typy materialt, mnozstvi materiald,

¢asy/doby odbéru, klinicka data, asociovana data, ...)
— Vysoka narocCnost na plan — collect — process — analyse
— Vyrazny podil sharing + reusability

— Vyrazny tlak na FAIR data (zejména preserve + share — to be reused!)

« velké mnozstvi databazi
» specifické databaze
* nevyhoda — databaze bez review procesu a kontroly — chyby
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