Metagenomika — priprava
knihovny 16S rRNA



Faktory ovlivnujici vysledek sekvenace
genu pro 16S rRNA

Sbér vzorku
— Cas vystaveni vzduchu
— Teplota
— Postup
lzolace DNA
— Pouzity kit a metoda disrupce bakterialnich bunék
— Cas po ktery je vzorek rozmrazovan pred izolaci
Priprava knihovny
— Vybér primert
— Polymeraza
— Pocet cykll PCR (vznik chimér)
Sekvenace
— Vybér sekvenacni platformy
— Kvalita knihovny
Analyza
— Pouzity quality trimming
— Pouzité algoritmy pro vybér OTU
— Algoritmus vybéru reprezentativnich sekvenci
— Vybér databdze 16S rDNA



Gen pro 16S rRNA

Gen pro 16S rRNA vyuzil roku 1977 Carl Woese ke zjisténi fylogenetickych
vztahU mezi bakteriemi.

Navrhl oddélit archea od prokaryot a navrhl rozdéleni organizmu do tfi
domén: Archea, Bacteria a Eukaryota

Taxonomicka klasifikace na zakladé 16S rRNA se vyuziva k vytvoreni
fylogenetickych vztahl, odhadu diverzity, vyrovnanosti mikrobidlniho
spoleCenstvi a struktury komunity

16S rRNA je nezbytnou soucasti ribozomalni podjednotky 30S, ktera je u
prokaryot odpovédna za translaci RNA do proteinu.

3" konec 16S ribozomalni RNA obsahuje anti-Shine-Dalgarnovu sekvenci,
ktera vaze do vazebného mista ribozomu 5" konec mRNA

16S rRNA napomaha spojeni obou ribozomalnich podjednotek (30S a 50S)
a utvari tak kompletni bakterialni ribozom.

Obsahuje jednak konzervativni oblasti, na které Ize navrhovat primery a
jednak hypervariabilni oblasti umoznujici rozliseni bakterii a urceni
diverzity bakterii ve vzorku
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Sekundarni struktura 16S rRNA
Nevybarvené oblasti odpovidaji
hypervariabilnim oblastem V1 — V9.

" 16S rRNA
‘{? o ‘ > 33 i VB

Amplicon B 366-716 Amplicon D 799-1149 Amplicon F 1115-1465
Amplicon A 28-378 Amplicon C 534-884 Amplicon E 933-1283
v v 343F v 517F v 784F v 017F v 1099F
4 £ coli 165 rDNA - 6
A A A A A A
Variabilni oblast S34R 798R 926R 1114R 1407R 1541R
oznacena 1-9
Amplicon A’ 516-166 Amplicon D’ 1098-748 Amplicon F' 1521-1171
Ampl B Ampl E' 1391-104
Amplicon C* 906-556

Vytvoreni primert in silico Ukazka setu 6 primerQ (A — F) pokryvajici vzdy dvé variabilni
oblasti a jejich teoretické forward i reverse ¢teni. Schéma ukazuje relativni pozici
jednotlivych amplikonovych &teni i jejich smér, stejné jako které baze budou zaclenény do
sekvence. Jako ukazkovy templat poslouZzil gen pro 16S rRNA E. coli s pfibliznym
vyznacenim variabilnich oblasti.
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Priprava knihovny- kontrola
vyizolované DNA

e Klasicky agardzovy gel (TapeStation)
 Méreni koncentrace

— Spektrofotometricky (Nanodrop)
— Fluorometricky (Qubit, PicoGreen)
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primers for use in high throughput sequencing to clas-
sify bacteria isolated from the human foregut micrabi-
ome,

METHODS: A forequt microbiome dataset was con-
structed using 165 rRMA gene sequences obtained from
oral, esophageal, and gastric microbiomes produced by
Sanger sequencing in previous studies represented by
219 bacterial species. Candidate primers evaluated were
from the European rRNA database. To assess the effect
of sequence length on accuracy of classification, 165
FRMNA genes of various lengths were created by trimming
the full length sequences, Sequences spanning various
hypervariable regions were selected to simulate the
amplicons that would be obtained using possible primer
pairs. The sequences were compared with full length
165 rRNA genes for accuracy in taxonomic classification
using online software at the Ribosomal Database Project
(RDP). The universality of the primer set was evaluated
using the RDP 165 rRNA database which is comprised
of 433306 165 rRNA genes, represented by 36 phyla.

RESULTS: Truncation to 100 nuclectides (nt) down-
stream from the position corresponding to base 28 in
the Escherichia coll 165 rRNA gene caused misclassifi-
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Figure 1 Classification accuracy is dependent on amplicon size. Full
length sequences were trimmed to 900, 800, 700, 600, 500, 400, 350, 300,
200,100, and 50 bases with each amplicon starting at Escherichia coli base
28. Each sequence trim was uploaded onto Ribosomal Database Project Il
classifier and the results at each taxonomical level were compared to results
obtained using the full length sequence. Percent classification accuracies at the
genus level for each amplicon size trim are shown.

Amplicon Primers
F R

A 8F 534R

B 343F 798R

C 517F 926R

D 784F 1114R
E 917F 1407R
F 1099F 1541R

Total length

527
456
410
331
491
443

HVR(s) included

123
34
34,5
5,6
6,7
7,89

HVR: Hypervariable region; F: Forward primers; R: Reverse primers.



Vybeér specifickych primeru

Amplicon B 366-716 Amplicon D 799-1149 Amplicon F 1115-1465
Amplicon A 28-378 > Amplicon C 534-884 > Amplicon E 933-1283
Y aF ¥ 343F ¥ 517F Y 784F 13 917F l 1099F

1 2 3 4 F coli 165DNA 5 6 7 8 ]

i A i A i ] A
Hypervariable 534R 798R 926R 1114R 1407R 1541R
regions 1-9 labelled

< Amplicon A 516-166 Amplicon D' 1098-748 Amplicon F' 1521-1171
Amplicon B’ 783-433 Amplicon E' 1391-1041
< Amplicon C* 906-556

Figure 2 Design of amplicons for in silico evaluation. Amplicons designed using the 6 universal pnmer sets as described in Table 3 were evaluated for theoreti-
cal forward and reverse reads. The schematic shows the relative position of each amplicon read and read direction, as well as which bases would be included in the
sequence. The positional template is the Escherichia colf (E. colf) 165 rDNA gene with the approximate locafions of the hypervanable regions labeled.

Table 3 Accuracy of taxonomic classification of 219 foregut species using 350-bp sequences

Amplicon % accuracy compared to 900-bp amplicon/full length
Phylum Class Order Family Genus
Forward reads
A TTTT 96.3/959 9597954 9327945 877/8638
B 991,/991 0982/9638 97.7/963 97.3/959 018/89.0
C 995/995 052/958 97.7/96.8 97.3/950 90.4/881
D 95.6/991 95.6,/082 97.3/973 05.0/06.3 £51/868
E 93.2/95.6 97.7/962 95.4/959 92.2/93.6 85.4/849
F 97 7/982 96.3/97 3 95.0/954 91.8/93.6 83.6/845
EFeverse reads
AT 93.6,/95.6 973/977F 973/977F 95.0/96.3 90.0/909
B 995/995 982/9638 97.7/968 97.7/963 93.6/918
c 995/995 982/968 977/968 97.3/959 91.3/90.0
D 995,100 05.6/995 96.8/082 045/963 §72/805
E 98.2,/98.6 96.5,/98.2 045/963 913/041 83.6/87.2

F 98.2/98.6 96.8/982 950/964 922/950 826/858




Vybeér specifickych primeru

Table 6 Taxonomic coverage of domain bacteria by primers 347F and 803R

Primer Optimization  Total species Coverage at mismatches s (%) Total sequence Coverage at mismatches 7 (%)
0 1 2 0 1 2
374F Before 5165 3392 (65.7) 4835 (93.6) 5042 (97.6) 433306 275801 (63.7) 406626 (93.8) 418613 (96.6)
After 5165 4703 (91.1) 4996 (96.7) 5114 (99.0) 433306 391695 (90.4) 418832 (96.7) 424756 (98.0)
803R Before 5165 4584 (88.8) 5091 (98.6) 5159 (99.9) 433306 352827 (81.4) 417612 (96.4) 430967 (99.5)
After 5165 4741 (91.8) 5131(99.3) 5159 (99.9) 433306 367771 (84.9) 427791 (98.7) 431725 (99.6)




Kontrola vybranych primeru

https://rdp.cme.msu.edu/probematch/search.jsp
F 5'-GGAGGCAGCAGTRRGGAAT (347F)
R 5’-CTACCRGGGTATCTAATCC (803R)

Probe Match - Start

[ video tutorial | help ]

Search

Running Jobs: 0
Pending Jobs: 0

Please enter your probe:
5| ¥
Probe targets | + : strand (- for forward primer, + for reverse primer).

Optional second probe
5| ¥

Probe targets | + : strand.
Restrict search to domain: I Bacteria) :

Restrict search to region relative to positions in E. coli (Bacteria or Archaea) or 5. cerevisiae (Fungi): I tol

Search |

Quick Help {more help is available)

RDP's Probematch finds sequences matching your probe in the RDP's database. A list of probes is available at sites such as Probebase. Use programs such as Primrose or ARB to assist you with phylogenetic probe
design.

Probe: Please enter your probe(s) in the 5" to 3' direction. Only IUPAC codons can be used, including ambiguity codons. A probe must be less than 64 bases in length.
Restrict to Domain: Search only Bacteria, Archaea or Fungi sequences, if desired.
Restrict to Region: Only search sequences with sequence data in the specified E. coli region (GenBank J01695) for Bacteria or Archaea , or 5. cerevisiae (GanBank NC_001144.5:455571..451786) for Fungi. There

are many partial 165 sequences in the RDP database that may be missing data in the region your probe targets. This function can be useful if you're interested in what sequences your probe does not match. The
coverage of the number of RDP sequences spanning each base position for each domain can be found on resources.

Questionsscomments: rdpstaff@msu.edu
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Kontrola vybranych primeru

Probe Match Result

Display depth: m Differences Allowed: IG_E Probe: s'arTccyvacTecTeccTee 3' Probe: 5'CTACCRGGGETATCTAATCC 3¢
) ’ Target: 5' GGAGGCAGCAGTRRGEART 3' Target: 5'GEATTAGATACCCYGETAG 3'

[ start over | help | options ]

Hierarchy View:

rootrank Root (1646694/3333501) (hits/total searched) [list results for this node]
domain Bacteria (1646694/3070243)
phylum "Actinobacteria” (193042/349461)
phylum “Aquificae” (0/2085)
phylum "Bacteroidetes” (237709/388464)
phylum "Caldiserica” (127/361)
phylum "Chlamydiae” (1/1538)
phylum "Chlorobi" (726/1556)
phylum "Chloroflexi” (3122/42562)
phylum "Chrysiogenetes” (11/13)
phylum "Deferribacteres” (994/1462)
phylum “Deinococcus-Thermus® (0/5035)
phylum “Dictyoglomi” (0/71)
phylum "Elusimicrobia” (588/782)
phylum "Fibrobacteres” (1155/1863)
phylum "Fusobacteria” (12789/17964)
phylum "Gemmatimonadetes” (3057/5338)
phylum "Lentisphaerae” (3/2628)
phylum Nitrospirae (3167/8171)
phylum "Planctomycetes” (58/31651)
phylum "Proteobacteria” (600360/1031919)
phylum "Spirochaetes” (6/30375)
phylum "Synergistetes” (1612/2996)
phylum "Tenericutes” (3909/10618)
phylum " Thermodesulfobacteria” (0/249)
phylum "Thermotogae” (1/1199)
phylum BRC1 (0/628)
phylum Parcubacteria (0/942)
phylum Microgenomates (0/322)
phylum SR1 (857/1084)
phylum Candidatus Saccharibacteria (1392/7052)
phylum Latescibacteria (1/1162)
phylum "Armatimonadetes” (14/3243)
phylum "Verrucomicrobia” (44/27439)
phylum "Acidobacteria” (29054/74631)
phylum Firmicutes (524770/811625)
phylum Cyanobacteria/Chloroplast (670/70404)
phylum Marinimicrobia (963/1637)
phylum Aminicenantes (1722/2296)
phylum Omnitrophica (0/38)
phylum Acetothermia (0/89)
phylum Poribacteria (0/354)
phylum Atribacteria (0/168)
phylum Cloacimonetes (3/11224)
phylum Candidatus Calescamantes (0/5)
phylum candidate division WPS-1 (0/1224)
phylum candidate division WPS-2 (0/376)
phylum Hydrogenedentes (11/985)
phylum candidate division ZB3 (84/95)
phylum lgnavibacteriae (1107/2130)
phylum Nitrospinae (370/821)
Archaea Qutgroup (0/1)
P unclassified_Bacteria (23179/111907)
domain Archaea (0/154357)
domain Fungi (0/108901)




Vybér primeru z publikaci

16S_V1/V3F_ERB

16S_V1/V3R_ERB

16S_V3/VAF_NOSS

16S_V3/VAR_NOSS

16S_V3/VAF_CLAE

16S_V3/VAR_CLAE

16S_V4/VSF_CLAE

16S_V4/V5SR_CLAE

16S_V2/V3F_MCKE

16S_V2/V3R_MCKE

16S_univ-2F

16S_univ-2R

492

456

464

363

345

Erb-Downward at al., 2011 16S na

58

60

56

66

52

53,3

56

50

58

GAG TTT GAT CNT GGCTCA G

GWN TTA CNG CGG CKG CTG

GGA GGCAGCAGT RRG GAAT

CTA CCR GGG TAT CTAATCC

ACT CCT ACG GRA GGCAGCAG

TAC NVG GGT ATC TAATCC

AYT GGG YDT AAA GNG

CCGTCAATTYYT TTRAGT TT

CTG CTG CCT YCC GTA

AGA GTT TGA TCCTGG CTC AG

GAG GAA GGI GIG GAI GACGT

AGI CCCGIG AACGTATTCAC

pyrosequencing

Erb-Downward at al., 2011 16S na

pyrosequencing

Nossa et al., 2010 16S na
pyrosequencing

Nossa et al., 2010 16S na
pyrosequencing

Claesson et al., 2010 16S na
pyrosequencing

Claesson et al., 2010 16S na
pyrosequencing

Claesson et al., 2010 16S na
pyrosequencing

Claesson et al., 2010 16S na
pyrosequencing

McKenna at al., 2008 16S na
pyrosequencing

McKenna at al., 2008 16S na
pyrosequencing

Tseng et al., 2003 pro real-time
PCR

Tseng et al., 2003 pro real-time
PCR

rl

pr2

pr3

prd

pr5

pré



Real-time PCR s vybranymi primery
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Strategie pripravy amplikonu

1. Dvoustupnova PCR

- primery lze nasyntetizovat s extenzi, na kterou se pak pomoci PCR pfidaji komercni

indexy (napr. Nextera XT)

PCR amplify template out of genomic DNA using
region of interest-specific primers with overhang adapters

Forward primer overhang adapter:

5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG-3’ . . . .
Region of interest-specific primer

Region of interest-specific primer

Reverse primer overhang adapter:

5'-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG-3’

Attach indices and lllumina sequencing adapters
using the Nextera® XT Index Kit

P5 \

Index 2

Index 1
\ P7

Normalize and pool libraries

Sequence

* Vyhody

* Presny protokol, neni potreba
zadna optimalizace

* Vysoka efektivita prfipojovani
adaptor

* Nevyhody

* Vysoka cena

* 96 indexu (lze i vice, ale
prodraZzuje se to)

* Hodné vzork( se pooluje
najednou, velka
nevyrovnanost (s 200 vzorky
nikdo nebude délat qPCR,
pooluje se pouze na zakladé
vysledkd fluorometrického
stanoveni koncentrace)

e Dvoustupniova PCR



Strategie pripravy amplikonu

2. Dvoustupnova PCR s vnitrnimi tagy — stejny postup jako
predtim, ale pred specifickym primerem je vlozena znacka

16S Amplicon PCR Forward Primer = 5'
TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG- N az NNN- znacka (min. 5 nukleotidu)-
spacer (2 nukleotidy)-CCTACGGGNGGCWGCAG

16S Amplicon PCR Reverse Primer = 5'
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG- N az NNN- znacka (min. 5
nukleotidu)-spacer (2 nukleotidy)-GACTACHVGGGTATCTAATCC

Extenze, oblast potifebnou pro pozdéjsi pridani indexu

N — nukleotidy které pridavame aby byla vyssi diverzita béhem sekvenovani (napt.
pét primerd bude mit 1 N, pét primert 2N, pét primerta 3N...)

znacka — sekvence odlisujici mezi sebou jednotlivé vzorky

spacer — oddéluje znacku od oblasti komplementarni k oblasti zajmu

vlastni primer, komplementarni k oblasti zajmu



Strategie pripravy amplikonu

2. Dvoustupnova PCR s vnitrnimi tagy
* Vyhody
— Po prvnim poolovani pred indexaci se pracuje jiz s
méneé vzorky — snadnost
— Cena — usetri se za indexy
— Lépe vyrovnana knihovna
* Nevyhody
— dvoustupnova PCR



Strategie pripravy amplikonu

3. Sekvenace primo produkti amplifikace

 Amplikony 100 — 500 bp — primery s extenzi pfimo na sekvenovani, musi
obsahovat extenzi a index (jen jeden z nich)

e Caporaso a kol. (http://www.earthmicrobiome.org/emp-standard-
protocols/16s/ ), pozor jiny sekvenacni a indexacni primer

— Forward: AATGATACGGCGACCACCGAGATCTACAC TATGGTAATT GT
GTGCCAGCMGCCGCGGTAA

— Reverse: CAAGCAGAAGACGGCATACGAGAT Index AGTCAGTCAG CC
GGACTACHVGGGTWTCTAAT

* Pro sekvenacni kit s TruSeq indexy, viz. Nelson a kol., 2014 (Analysis,
Optimization and Verification of lllumina - Generated 16S rRNA Gene
Amplicon Surveys)

— Forward:CAAGCAGAAGACGGCATACGAGAT- TruSeq indexy-
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT

— Reverse:AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCTCTTCC
GATCT-NNNN

 Podobné i Kozich a kol.
(http://aem.asm.org/content/suppl/2013/08/06/AEM.01043-
13.DCSupplemental/zam999104626s01.pdf)



http://www.earthmicrobiome.org/emp-standard-protocols/16s/
http://www.earthmicrobiome.org/emp-standard-protocols/16s/
http://www.earthmicrobiome.org/emp-standard-protocols/16s/
http://www.earthmicrobiome.org/emp-standard-protocols/16s/
http://www.earthmicrobiome.org/emp-standard-protocols/16s/
http://www.earthmicrobiome.org/emp-standard-protocols/16s/

Strategie pripravy amplikonu

3. Sekvenace pfimo produkti amplifikace
* Vyhody

— Rychla priprava

— Pouze jedna PCR reakce

— Cena
* Nevyhody

— Hodné vzorkU se pooluje najednou, velkd nevyrovnanost (s 200 vzorky
nikdo nebude délat gPCR, pooluje se pouze na zdkladé vysledk
fluorometrického stanoveni koncentrace)



Strategie pripravy amplikonu

4. Za pomoci TruSeq PCR free
(http://support.illumina.com/sequencing/sequencing_kits/truse
g _dna_pcr_free It sample prep kit.ilmn)

* Protokol stejny jako pro chromozomalni DNA, jen se nepouzije
Covaris
* Vyhody

— oproti postupu 1. nemusi mit primer extenzi, lze ligovat na rizmé PCR
amplikony

— Neni druha PCR — méné chyb zanesenych polymerazou
* Nevyhody
— Delsi a slozitéjsi priprava
— Knihovna se hire kontroluje (nizka koncentrace, 1. retézcova DNA)



Strategie pripravy amplikonu

5. Vytvoreni vlastni dvoustupnové PCR —

e prvni sada primeru obsahuje vlastni extenzi a oblast zajmu,
druhy par primeru obsahuje kompatibilni oblast k prvni
extenzi, index a extenzi nutnou k sekvenaci

* Vyhody

— Variabilita pouziti
— Cena
* Nevyhody

— Optimalizace



Postup pri dvoustupnove PCR s
vhitrnimi tagy
PCR reakce — s 2x KAPA HiFi HotStart
ReadyMix, 3x 10 ul, nasledné smichani
Kontrola produktu na gelu/Agilentu
Precisteni AMPure Beads

Zméreni koncentrace vzorku pomoci
fluorometru (Qubit, PicoGreen)

Prip. kontrola nékterych vzorku na Agilentu
(kontrola odmyti primeru, ze je pouze jeden
produkt)



Postup pri dvoustupnoveé PCR s
vhitrnimi tagy

* Poolovani vzorku pred indexaci

Vzorek Primery s vnitini Indexy - 2.PCR
znackou — 1.PCR

1-20 1-20 1
21-40 1-20 2
41-60 1-20 3

* Pridani indexu - 2. PCR — nutna kontrola
indexu (vytvoreni sample sheetu) !!!

llumina



Postup pri dvoustupnove PCR s
vhitrnimi tagy

A4 VeV

Precisteni AMPure Beads

Zméreni koncentrace vzorku pomoci
fluorometru a/nebo qPCR

Poolovani vzorku pred sekvenaci
Kontrola knihovny (Agilent, gPCR)

Sekvenace na lllumina

— Lépe mirné podklastrovat (hodné nizka diverzita
knihovny)

— Pridat PhiX (5-50%) pro zvysSeni diverzity



Tipy a triky

e Veést si zaznamy
— Koncentrace vyizolované DNA

— Gel s vyizolovanou DNA — idealné nanaset stejné
vyredénou DNA

— Gel s vysledky PCR, koncentrace po precisténi

Sample Sample 1 | Sample 2 | Sample 3

IConcentration|

9.8 145 118
{ng/l)
260/280 1.94 2.19 1.50
[Sample [Sample 1 [Sample 2 [Sample 3
] Buccal Buccal  |Buccal 260/230 2.72 2.93 2.21
Material
wab wab lswab
Buffer
No buffer, Buffer
ISwab storage ] BFl, i sample 7 sample 8 sample 0
Lzo"c o [BFLRT , .
‘ EJ'JJ
Isolated DN 16.2 100
conc. .6 ng/ul he/ul 19.4 ng/pl X
111111111 J‘SI I1§0‘ 3:70 ! 5(‘)0I !

T
111111111



Tipy a triky

* AMPpure beads x SPRI Select beads?

* AMPpure beads = SPRI Select beads

* http://core-genomics.blogspot.cz/2012/04/how-do-spri-
beads-work.html

Magnetite
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Size selection

Figure 1 Agilent High Sensitivity DNA chip Electropherogram.
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Size selection

Left Side Size Selection Process Overview

{ Add
SPRIselect Size Selection Separation Ethanol Wash Elution Buffer
& v
W ™, 9822843 82842 -
AR o 0% .7 .7 P

Magnet Magnet Magnet

- - =Y =

Discard Discard
Supernatant EtOH

5

Transfer



Size selection

Definition

Diagram

bp Region's
% of Shear

The
maximum
potential
recovery of
the Stock
sample for
the targeted
size selection
region.
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of bp Region

Percent
recovery of
the targeted
region
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