T Tt A ot

Library preparatlon for 16S rRNA sequencmg

b e sl

Shantelle Claassen-Weitz

Division of Medical Microbiology
Department of Pathology

tellafiela@gmail.com



mailto:tellafiela@gmail.com

The “golden age of microbiology”

The schools of Robert Koch and Louis Pasteur identified
pathogenic microorganisms as the causative agents for
many communicable human diseases.

The Koch’s postulates were essential for
demonstrating that a specific microbe isolated in pure
culture from a lesion of the disease could produce
illness in a healthy animal, which gave rise to the
concept of pathogenic microbes.




The microbial community and health and disease

Recent advances in high-throughput sequencing technology has provided information on
the human microbiome and its physiological potential.

For example, novel links between the gut microbiota, the largest microbial community
inhabiting our body, and a wide variety of non-communicable diseases, including arthritis,
arteriosclerosis, obesity, diabetes, colorectal cancer, liver cancer, asthma and
neurodevelopmental disorders, have been reported.

Dysbiosis:
where an imbalance in the microbial community is associated with disease conditions

Bloom of pathobionts

* An overgrowth of commensal microbiota that
have the potential to cause pathology.

* An example of such population expansion is the
outgrowth of the bacterial family
Enterobacteriaceae, which is frequently observed
in enteric infection and inflammation.

Chow & Mazmanian (2010)., Cell Host Microbe, 7, pages 265-276.
Stecher, Maier. & Hardt. (2013)., Nat. Rev. Microbiol. 11, pages 277-284.
Frank et al. (2007)., Proc. Natl Acad. Sci. USA, 104, pages 13780-13785.; Garrett et al. (2007)., Cell, 131, pages 33-45.




The microbial community and health and disease

Recent advances in high-throughput sequencing technology has provided information on
the human microbiome and its physiological potential.

For example, novel links between the gut microbiota, the largest microbial community
inhabiting our body, and a wide variety of non-communicable diseases, including arthritis,
arteriosclerosis, obesity, diabetes, colorectal cancer, liver cancer, asthma and
neurodevelopmental disorders, have been reported.

Dysbiosis:
where an imbalance in the microbial community is associated with disease conditions

Loss of commensals

* Dysbiosis frequently features the reduction or
complete loss of normally residing members of
the microbiota.

* Replenishment of diminished commensal
bacteria has also proved effective against enteric
infection

Korem et al. (2015)., Science, 349, pages 1101-1106.
Buffington et al. (2016)., Cell, 165, pages 1762—-1775.

Hsiao et al. (2013)., Cell, 155, pages 1451-1463.
Buffie, et al. (2015)., Nature, 517, pages 205—-208.




The microbial community and health and disease

Recent advances in high-throughput sequencing technology has provided information on
the human microbiome and its physiological potential.

For example, novel links between the gut microbiota, the largest microbial community
inhabiting our body, and a wide variety of non-communicable diseases, including arthritis,
arteriosclerosis, obesity, diabetes, colorectal cancer, liver cancer, asthma and
neurodevelopmental disorders, have been reported.

Dysbiosis:
where an imbalance in the microbial community is associated with disease conditions

Loss of diversity

* Low bacterial diversity has been documented in the
context of dysbiosis induced by abnormal dietary
composition, IBD, AIDS and type 1 diabetes (T1D),
among many other conditions.

Cotillard et al. (2013). Nature, 500, pages 585—-588.
Le Chatelier et al. (2013). Nature, 500, pages 541-546.
Mosca, Leclerc, & Hugot. (2016)., Front. Microbiol. 7, 455.




How do we study our microbial communities?

16S rRNA sequencing

Nucleic acid

Amplification of
region of interest

Sequencing of amplicons
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Shotgun metagenomics sequencing

Fragmentation of genomes
into unordered sequence
segments

Computational automated
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Benefits and limitations of the two methods used for
microbial community analysis

16S rRNA sequencing Shotgun metagenomics sequencing

Benefits: Benefits:

1. cost effective 1. sequence broad regions of the genome

2. data analysis can be performed by 2. identifies approximately twice as many
established pipelines species

3. alarge body of archived data is 3. identify organisms in additional
available for reference. kingdoms including viruses, fungi and

Limitations: protozoa

1. sequences only a single region of the 4. increased prediction of genes and
bacterial genome functional pathways

2. classifications often lack accuracy at Limitations
the species level 1. expensive

3. specific genes are not directly 2. computationally intensive

sequenced, but rather predicted based
on the OTUs

Ranjan et al. (2016).
Biochem Biophys Res Commun. 469(4): 967-977.



Addressing the “fine print” behind 16S rRNA
sequencing when constructing an amplicon library

L AT T TG I AT A L TG GGRACAGTTTT A AT CAC A TG GGG T AR AT AGT IGT CCACATTTGCTITICAATITGTGTATALCATGIGGACAGTTTTAATCACL LARTAGTIGICCACATITIGCTITTI

TTTCGTATARATATACAT
R GTRLAGERGEERCAC
TAAGCRARGCCTAC

[TGGERARR R TATCTCIGRATIIAT GERAATAGTGCCTTAR AL CARTTAGRAA R L A GETRAGCARGCCTAGI GEARARTATCTCTGATITIATGE
LT GAGRCATGGIT AL L TCCACRRCGECTCAT AL CTTGARGRAR AGRACGTATTAACGATTACAGCTCCGIGAGACATGGTTALLALRTCCAC
TGAATTTGCTCRTGACTGGCTAGRATCTCATTACTCCGARACTARTTTCAGRAARCACTATACGATTTARGRRTTTGCTCGT GACT ZECTA
GEGGCRRR A TTAGCAL TTCGCTTTATTATTCCCCARAGTCARGCTGRAGAGERCATTGATCTGCCTCCGEECARRRTTAGCAATTCGE
[TALGCCERARTCCAGCAC AR GATGATTCAGCTCAT I TACCACAGAGCATGTIARATCCARAATATACATARGCCGRATCCAGCRCRLG,
CGATRCATTIGITATIGGCT CT GGT AR CCEITTIGCCCAT GCAGCTTCATTAGC T GTAGCTGAGGCGCEATACATTTGTTATTIGGCT(
GCTARAGCGTATARTCCACTCTTTATITACGGGGEAGTTGEACTTGEARAGACACATTTAATGCACGCCTARRGCGTATAATCCACT
[TGGTCATTAT T AL TTGARCATAR TCCR L A TGO R A L ST TGTATATTTATCATCAGRARA R A TTTRACATGGTCATTATGTRAATT GAL !
GAATTTAT T A A CTCTAT TCGT GAT AR T AR GCTGTTGATTTTCGTAATARA TATCGTAACGTAGATGEGARATITATTAACTCTATTC /e - CGTLGATC
[TATTGATAGATGATATTCAATTTCTIGCTGLAR AR GRRCAGACT CARGARGRGTTTITCCATACATTITATTGATAGATGATATTC \ - CILTLCLTT
L A TTTGT T AT A e TG GGRCAGTTTTA AT CAC AT T GGG TAR A TAGTIGTCCACATTTGCTITICARATTTGTGTATRARACAT T G) /

[GTCGRRA A CCCTTICICAATACAR ACGACGTTITAGGIITTAR A ATCGTIITICGTATARATATACATGTCGARARCCCTTITCTICE

[T TTATTAGETTGTACAT T TG TGCACARCCTTTATICTITTACCAACTTAGTAAAGGAGGEACACRATTTATTAGETIG

[TGGRRRRTATCTCTGRATTIAT GGRAATAGTGCCTTARAL AR TTAGRA LM AGETRAGCARGCCTAGTGGARARATATCT L LALGCRARGCCTAC
LT GAGRCATGGI T AL L TCCAC AR CGECTCATALCTTGARGRAR AGACGTATTAACGATTACAGCTCCGI GRAGACATG CEATTACAGCTCCC
[GAATTTGCTCGT GACTGGCTAGRATCTCATTACTCCGAACTARTTTCAGRARARCACTATACGATTTARGRARTTT 4 PLTAGRATCT g © D CTRTRACGATTTAR
GEGGCARR A TTAGCALTTCGCTTTATTATTCCCCARAGTCARGCTGRAGAGERCATTGATCTGCCTCCGEE TCGCTTTATTATIC e - . L CATTGATCT GOCTCC
[TALGCCEARTCCAGC AL GATGATTCAGCTCATITACCACAGAGCATGTTAAATCCARARTATACK N CACAAGATGATTICAGCTICATITA AGAGCATGTIALAATCCRRRATATACE
CGATRCATTTGITATIGGCICT GETAACCGITTITGCCCATGCAGCTTCATTAGCTGTAGCT GAGEC TATTGGCICTGETAACCGITITGCCCATGCAGCTTCATTAGCT GTAGCT GAGGCEL
GCTARRGCGETATA A TCCACTCTTTATTTRACGGGGGEAGTTGEACTTGEARLAGRCACATTTAAT TATA e TCCACTCTTTATTTACGGGGGRGTTGGACTTGERRLAGRACACATTTARATGCRCEL
[IGGICATTATGIAATIGARCATARTCCALATGCALAAGTTGTATATITATCATCAG, CATTATGI AT TGARCATARTCCARLTGCAL LA GTTGTATATITATCATCAGALAARTTTALCE
[GAATTTATTARCTCTATICGI GATAATARAGCTGTITGATTITICGTAATARATATCG ATGEAR TTTATTALCTCTATICGTGATAATARAGCTGITCGATITICGIAATARATATCGTARCGTAGATC
[TATTGATAGRTGATATTCARTTTCTTGCTGGRARAAGRARCAGRCTCARGRAGAGT 4 CCATRCATTTAT T GATAGATGRTATTCRATTTCTTGCT GERAL L L GR A CAGRCTCRARGRAGRGTTTTTCCATACATT
Lo GCATTACACGARGALAGT AR ACA R A TTGT AL T TTCTAGTGACCGACCACCAL AL GRRATTCCARCTCGCAT TACACGRAAGA A GTALACAR ATTGTAATTICTAGT GACCGACCACCARRAGARATTCCARCT



Addressing the “fine print” behind 16S rRNA
sequencing when constructing an amplicon library

x Sample collection:

Sample collection could influence the microbiota profile obtained following
sequencing

x | DNA isolation:
Template concentration - may significantly impact on sample profile variability
for most samples.
Template extraction method - may influence the bacterial composition extracted
from the sample (as well as the purity and DNA yield).

x | PCR amplification
PCR bias and inhibitors - PCR bias will affect downstream sequencing results

Amplification of contaminants - from extraction kits and PCR reagents amongst
others

Kennedy et al., (2014), App Environ Microbiol, 80, 5717-5722; Kennedy et al., 2014, PloS One, 9, 88982,
Weiss et al., (2014), Gen Biol, 15, 564; Patel et al., (2012), PloS One, 7, e30619; Jervis-Bardy, (2015), Microbiome, 3, 19



Steps involved:

Step 1
Design your experiment

How many samples can be included in a sequencing run?

By using barcoded primers, numerous samples can be sequenced simultaneously (this is
referred to as multiplexing).

Sequencing
adapter ’
< Prmer R/ Barcode
Sample ID Barcode (or index) _
Sequencing
GITB552178_newborn GAACCAAAGGAT adapter
GITB522968_one_month TACACGATCTAC
GITB536987_two_months GCGATATATCGC
GITM528796_birth CAGTGCATATGC
GITM564789_birth TCCAAAGTGTTC
GITM566987_birth GGCCACGTAGTA




Steps involved:

Step 1

Design your experiment

How many samples can be included in a sequencing run?

* The more samples included, the more cost effective the run, however with reduced

sequencing depth.

* We typically process up to 384 reaction per run (4x96 well plates)

* Itis critical to have a “library prep manifest” to document the positions of each
sample together with its barcode and any other clinical or experimental data.

Sample ID

Mother or infant

DNA yield (ng/ul)

Plate position

Barcode (or index)

GITB552178_newborn infant 25 P1A01 GAACCAAAGGAT
GITB522968 one_month | infant 39 P1A02 TACACGATCTAC
GITB536987_two_months | infant 60 P1A03 GCGATATATCGC
GITM528796_birth mother 221 P1A04 CAGTGCATATGC
GITM564789 _birth mother 157 P1A05 TCCAAAGTGTTC
GITM566987_birth mother 195 P1A06 GGCCACGTAGTA




Steps involved:

Step 1

Design your experiment:

Include controls

Include a set of controls on each 96-well plate

Plate 1 Plate 2
1 2 3 4 5 6 T 8 9 10 11 12 1 2 3 4 5 6 7 ) 9 10 11 12
A A
B B
(o3 C
D D
E E
F F
G G
H H

Plate 3 Plate42
1 2 3 4 5 6 T 8 9 10 11 12 1 2 3 4 5 6 T 8 9 10 11 12
A A
B B
c c
D D
E E
F F
G G
HOOOO OOOOOOOO HOOOO OOOOOOOO

Between-run repeat (process any
specimen in duplicate per run to measure
reproducibility across runs)

Within-run repeat (process any specimen
in duplicate on each of the plates to measure
reproducibility)

Water used during PCR (to determine if
any contamination was introduced during
PCR reactions)

Water spiked with known bacterial DNA
(to control for contaminants introduced
during PCR reactions)



Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate
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Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate

Table 1 List of contaminant genera detected in sequenced negative ‘blank’ controls

Phylum List of constituent contaminant genera

Protecbacteria Alpha-protecbacteria:

Afipia, Aquabacterium?®, Asticcacaulis, Aurantimonas, Bejjerinckia, Bosea, .E?.rcra‘yrha’zo.b.l't.rmdr Brevundimonas®, Caulobacter,
Craurococcus, Devosia, Hoeflea®, Mesorhizobium, Methylobacterium®, Novosphingobium, Ochrobactrum, Paracoccus, Pedomicrobium,
Phyliobacterium®, Rhizobium®®, Roseomonas, Sphingobium, Sphingomonas®®, Sphingopyxis

Beta-proteobacteria:

Acidovorax™®, Azoarcus®, Azospira, Burkholderia®, Comamonas®, Cupriavidus®, Curvibacter, Delftia®, Duganella®, Herbaspirillum®c,
Janthinobacterium®, Kingella, Leptothrix®, Limnobacter®, Massilia®, Methylophilus, Methyloversatilis®, Oxalobacter, Pelomonas,
Polaromonas®, Ralstonia™=“<, Schlegelella, Sulfuritalea, Undibacterium®, Variovorax

Gamma-proteobacteria:

Acinetobacter®®~, Enhydrobacter, Enterobacter, Escherichia®>®<, Nevskia®, Pseudom onas®?e, Pseudoxanthomonas, Psychrobacter,

Stenotrophomonas®®<%<, Xanthomonas®

Actinobacteria Aeromicrobium, Arthrobacter, Beutenbergia, Brevibacterium, Corynebacterium, Curtobacterium, Dietzia, Geodermatophilus, Janibacter,
Kocuria, Microbacterium, Micrococcus, Microlunatus, Patulibacter, Propionibacterium®, Rhodococcus, Tsukamurella

Firmicutes Abiotrophia, Bacillus®, Brevibacillus, Brochothrix, Facklamia, Paenibacillus, Streptococcus

Bacteroidetes Chryseobacterium, Dyadobacter, Flavobacterium®, Hydrotalea, Niastella, Olivibacter, Pedobacter, Wautersiella

Deinococcus- Deinococcus

Thermus

Acidobacteria Predominantly unclassified Acidobacteria Gp2 organisms

The listed genera were all detected in sequenced negative controls that were processed alongside human-derived samples in our laboratories (WTSI, ICL and UB)
over a period of four years. A variety of DNA extraction and PCR kits were used over this period, although DNA was primarily extracted using the FastDNA SPIN
Kit for Soil. Genus names followed by a superscript letter indicate those that have also been independently reported as contaminants previously. *also reported by
Tanner et al. [12]; balso reported by Grahn et al. [14]; “also reported by Barton et al. [17]; Yalso reported by Laurence et al. [18]; “also detected as contaminants of
multiple displacement amplification kits (information provided by Paul Scott, Wellcome Trust Sanger Institute). ICL, Imperial College London; UB, University of
Birmingham; WTSI, Wellcome Trust Sanger Institute.

Salter etal., (2014), BMC Biology; 12; 1-12



Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate

Background noise

+ — present in biological
\\]f ‘ sample sequencing
v/ results
Potential Biological
contaminating sample DNA

genera from
PCR reagents



Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate

1 Undlassified

TM7 classincertae sedis

Spirochaetes

1 Sphingobacteria
= Negativicutes Targeted the 16S
B Gemmatimonadetes
B Gammaprotechacteria rRNA gene Of
® Fusohacteria

u Flavobacteria Salmonella

B Epsilonprotecbacteria

B Deltaprotechacteria bOI’IgOri (il’l

B Deinococci .
# Clostridia black) which
B Betaprotecbacteri

Bacteraidia had undergone

m Bacilli

8 Armatinonedia five rounds of

Alphaproteobacteria

Actinobacteria Serial ten'fOld

Acidobacteria Gp2 . .
| Acidobacteria Gp3 dllutlons

M S5.bongori

Proportion of total sequences

|
01 2 3 4 5 con

No. of serial =3
dilutions =

Laboratory 1

Salter et al., (2014), BMC Biology; 12; 1-12



Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate

Clearly we need to be removing “background noise” added to our reactions via reagents
such as PCR grade water.

However, removing the reads generated from no-template controls themselves will result
in over-compensating for contamination for example:
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Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate

Clearly we need to be removing “background noise” added to our reactions via reagents
such as PCR grade water.

However, removing the reads generated from no-template controls themselves will result
in over-compensating for contamination for example:
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Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate

We can control for this by spiking our no-template controls with “competing” DNA of a
known organism

The spike-DNA should be from an organism not expected in the no-template control
The spike-DNA should be at a concentration representative of that of the biological
samples

R - —_

|
I
I “Noise” for
DNA from No- removal from
knovyn template No-template SPIKED Remove biological
organism  control control SPIKED reads

samples



Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate
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Biological sample “Noise” following
removal of spike-
in DNA

b

Biological sample
without over-
compensating for
contamination



Steps involved:

Step 1
Design your experiment:
Include controls

Include a set of controls on each 96-well plate
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Biological sample
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Steps involved:

Step 1
Design your experiment:
DNA extraction protocol

Quantify template using 16S rRNA qPCR

The 16S rRNA real time PCR protocol is published at:
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0017035

301460 F05 Unkn 24.26819 0.116
Primestore_FTDint_P1 (SC 9 B8) |FO6 Unkn Primestore _int 36.03133 0.000
502527 FO7 Unkn 29.54712 0.003
101398 FO08 Unkn 29.55681 0.003
102598 F09 Unkn 23.255 0.233
104454 F10 Unkn 24.64554 0.089
518306 F11 Unkn 22.84429 0.310
302194 F12 Unkn 21.13398 1.015
102539 GO03 Unkn 33.36721 0.000
104435 G04 Unkn 21.43081 0.910
118685 GO03 Unkn 24.20348 0.121
104212 G04 Unkn 19.27805 3.674
108148 G05 Unkn 24.50339 0.098
w ater G06 Unkn MilliQ 35.66736 0.000
505016 GO07 Unkn 35.65833 0.000
103051 G08 Unkn 27.24958 0.015
104614 G09 Unkn 19.42097 3.327
108290 G10 Unkn 29.70401 0.003
512561 G11 Unkn 24.04204 0.135
303017 G12 Unkn 20.00377 2.222
507636 HO03 Unkn 21.52387 0.854
508423 HO4 Unkn 25.33993 0.066
301009 HO4 Unkn 21.97896




Steps involved:

Step 1

Design your experiment:

Include controls

Include a set of controls on each 96-well plate

Plate 1

Plate 2

7 8 9 10 11 12
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2 3 4
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Between-run repeat (process any
specimen in duplicate per run to measure
reproducibility across runs)

Within-run repeat (process any specimen
in duplicate on each of the plates to measure
reproducibility)

Water used during PCR (to determine if
any contamination was introduced during
PCR reactions)

Water spiked with known bacterial DNA
(to control for contaminants introduced
during PCR reactions)

Bacterial mock community DNA (mix of
bacterial DNA serves as sequencing control)



Steps involved:

Step 1

Design your experiment:
Include controls

Include a set of controls on each 96-well plate

Microbial Composition (16S Counts)
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Staphylococcus aureus

® Enterococcus faecalis

B Lactobacillus fermentum
Salmonella enterica

m Escherichia coli

B Peudomonas aeruginosa



Steps involved:

Step 1

Design your experiment:

Include controls

Include a set of controls on each 96-well plate

Platel
T 8 9 10 11 12
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Between-run repeat (process any
specimen in duplicate per run to measure
reproducibility across runs)

Within-run repeat (process any specimen
in duplicate on each of the plates to measure
reproducibility)

Water used during PCR (to determine if
any contamination was introduced during
PCR reactions)

Water spiked with known bacterial DNA
(to control for contaminants introduced
during PCR reactions)

Bacterial mock community DNA (mix of
bacterial DNA serves as sequencing control)

Sample storage medium or elution buffer
(to determine if contaminants was
introduced during sample collection)

Sample storage medium or elution buffer
spiked (to control for contaminants
introduced during sample collection)

Extraction control (to determine the
extraction efficiency)



Steps involved:

Step 1

Design your experiment:
Include controls

Include a set of controls on each 96-well plate

Microbial Composition (16S Counts)

: § %3 § §

100%

3

:
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3

3

" Bacillus sublilis
E Listeria monocytogenes

Staphylococcus aureus

® Enterococcus faecalis

B Lactobacillus fermentum
Salmonella enterica

m Escherichia coli

B Peudomonas aeruginosa



Steps involved:

Step 1
Design your experiment:
DNA extraction protocol

Use an optimised DNA extraction protocol for your sample type

Different DNA extraction protocols will produce differences in microbiota communities:

OPEN 8 ACCESS Freelv available online @PLOS | ONE
J ...... Lt -
( RESEARCH ARTICLE
< ?f.?n'c?r'in mSYSfemS Applied and Environmental Science
MICROBIOLOGY

@ CrossMark
\'J € ek for updates
Ge O

C

Impact of Sample Type and DNA
L Isolation Procedure on Genomic
Inference of Microbiome Composition

C Berith E. Knudsen,® “”Lasse Bergmark,** Patrick Munk,® Oksana Lukjancenko,?
Anders Priemé,P Frank M. Aarestrup,® 7' Siinje J. Pamp?
National Food Institute, Technical University of Denmark, Kgs. Lyngby, Denmark? Department of Biology,
University of Copenhagen, Copenhagen, Denmark?




Steps involved:

Step 1
Design your experiment:
DNA extraction protocol

Use an optimised DNA extraction protocol for your sample type

Another example is the effect of mechanical lysis methods:

Increased bead beating had a dramatic influence on Compared to the time series samples, the effect of
the observed community composition bead beating was larger than the effect of
sampling 5 months apart.

A

Betaproteobacteria -{| 865 | 344|334 | 314 = 26 245 | 226 B

' i
Actinobacteria -| 5.6 7 10.4 10 13.8 | 17.6: ||E21Z | ’ Bead beating
20s at 4m/s
Chloroflexi 4 8.5 10 12:30 F12:3)| {453 14 13.2 ® 20satém/s
® 80satdm/s

Alphaproteobacteria | 5.9 7.4 7.8 8.1 97 104 | 117 ® 40s atém/s

@ ' o 80s at 6m/s
160s at 6m/s
@ 400s at em/s

Bacteroidetes -| 189 | 164 128 137 117 99 | 86 a.'_g‘

ool

Firmicutes+4 29 | 34 39 44 54 58 | 53 =,
Deltaproteobacteria -| 35 29 26 238 2.6 2.6 2.4 s Sampling date

& [a

Acidobacteria-| 19 | 19 = 17 18 = 2 19 | 2 e 12-10-17
A 12-10-31
Gammaproteobacteria | 27 | 27 25 24 23 2 1.9 B 12-11-14
; ; + 12-12-12
Nitrospirae -{| 1 18l | 24 22 2 1.8 | 16 ® 13-01-16
% 13-03-25

Chlorobi -| 238 2.7 2.2 23 24 1.8 1.6

20s| 20s 80s 40s 80s 160s| 400s T T T
4m/s| 6m/s 4m/s 6m/s 6m/s 6m/s| 6m/s PC1 [42.8%]

Albertsen et al., (2015), PLoS ONE 10(7): e0132783



Steps involved:

Step 1

Design your experiment:
DNA extraction protocol

Use an optimised DNA extraction protocol for your sample type

DNA concentrations also seem to influence sequencing reproducibility:

A

Proportion in control

Proportion in control

044 4 c0s ng/ul(B_1)
 <0.05 ng/yl (B_6)
m <0.05 ng/pl(B_11)
037 5 .05 ngfpuie_z7)
W <0.05 ng/yl (B_49)
0.2
0.17
0.0
T T T T T
0.0 0.1 0.2 03 0.4
Proportionin sample
0.4 4.41 ng/pl(B_11)
6.14 ng/pl (B_1)
u 17.20 ng/pl (B_6)
0.3
0.2
0.1
[ ] a
o
0.0 b
T T T T T
0.0 0.1 0.2 0.3 0.4

Proportionin sample

B

Proportion in control

Proportionin control

0441 = 20 ng/ul(B_43)
3.13 ng/pl (B_27)
03 4.67 ngful(B_11)
= 6.00 ng/pl(B_6 ) i )
e Low DNAyield High DNA yield
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Steps involved:

Step 1
Design your experiment:
DNA extraction protocol

Batch extractions based on your sequencing plates layout

Plate 1 sequencing layout Plate 1 extraction layout
2 3 4 /‘ 6 7 8 9 10 N ‘

-

1 2 3 4 5 6 7 8 9 10 11 12
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OO 00®
@@@O@@Q@@@

Plate 1 sequencing layout
” _, ” , 5 6 7 8 “ 1 2 3 4 5 6 “




Steps involved:

Step 1

Design your experiment:
based on your research question

Think about your study design

Case-control set 1

Plate 1

Plate 1
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Steps involved:

Step 2
PCR amplification

Selection of primers also influence microbial profiles sequenced

DON 10.1186/540168-01 5-0087-4 ii Mfcrﬂbfome
i

RESEARCH Open Access

16S rRNA gene-based profiling of the human @
infant gut microbiota is strongly influenced by
sample processing and PCR primer choice

Alan W. Walker'?, Jennifer C. Martin', Paul Scott”, Julian Parkhil®, Harry J. Flint' and Karen P. Scott "

Abstract

Background: Chamcerisation of the bacterial composition of the gut microbilota Is increasingly camied out with a
view 1o establish the role of different bacterial species in causation or prevention of disease. It ks thus essential that
the methods wsed to determine the microbilal composition are robust. Here, several widely used molecular

techinigues weme companed 1o establish the optimal methods to assess the bacterial composition in faecal samples
from babies, befone weanindg.

used. Bifidobacteria were the most abundant bacteria detected at & weeks in fagces from two initially breastfed
babies using flucrescent insitu hwbridisation (FISH), in agreement with data from previous culture-based studies.
Using the 165 mNA gene sequencing approach, however, we found that the detection of bifido bacteria in
particular crucially depended on the aptimisation of the DNA extraction method, and the cholce of primers
used to amplify the W1-V3 regions of 165 rRNA genes prior to subsequent sequence analysis. Biticobactana weoro
only well represented among amplified 165 rRNA gene sequences when mec hanical disruption (bead-beating)
procedures for DNA extraction wemre emploved together with optimised “universal® PCR primers. These primers
incorporate degenerate bases at positions where mismatches to bifidobacteria and other bacterial taxa ocour.




Steps involved:

Step 2
PCR amplification

We perform a 2-step PCR to amplify the V4 region of the 16S rRNA gene

Short PCR (10 cycles)

We use 4ul of template for stool samples and 7ul of
template for nasopharyngeal and breast milk samples

515F: GTGCCAGCHGCYGCGGT
806R: GGACTACNNGGGTWTCTAAT

Long PCR

Primers are modified primers from:
Caporaso et al., PNAS., 2011;
108:4516-4522

We use 4ul of amplicon from the short PCR for stool samples (and 7ul for nasopharyngeal
and breast milk samples) as template in the long PCR

515Fmod4_std_12-16N
5" AATGATACGGCGACCACCGAGATCTACAC
Sequence adapter

<€— 3 TAATCTWTGGGNNCATCAGG(12-16)NNNNNNNNNNNNT
16s primer Random nucleotides

TNNNNNNNNNNNN(12-16)GTGCCAGCHGCYGCGGT3 ——>
Random nucleotides 16S primer

806Rmod1_std_12-16N_BC001

TTAGTCAGAGCATAGAGCATAGAGCATACGGCAGAAGACGAAC 5’
Barcode Sequence adapter




Steps involved:

Step 3
Cleaning of amplicon products

The Agencourt AMPure XP PCR Purification System

Agencourt AMPure XP utilizes an optimized buffer to selectively bind DNA fragments
100 bp and larger to paramagnetic beads.

Excess primers, nucleotides, salts, and enzymes can be removed using a simple washing
procedure.

The result is a more purified PCR product.

Figure 1 Workflow for PCR Purification

{, Agencourt
AMPure XP Binding Separation Ethanol Wash Elution Buffer  Transfer
V.94 of s s &
: Bp. om & £93048 o8 93043
a0 < v ‘
rf.(;.ﬁ 7 = 7o 0"
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Steps involved:

Step 4
Gel electrophoresis and quantification
of cleaned amplicon product

This step is used to assess which samples and what volumes will be pooled

Plate 1

L Al AZ A3 A4 AS AG A7 AS AB AlO All A12 L Cl CZ C3 C4
Bl BZ B3 B4 BS BG B7 BS BS 10 11 12 Dl DZ D?- Dd

CS C C7 CS CB clO cll ch L
DS Ds D7 DS D9 DlO Dll DlZ

TN B B BB E B B G e @ @ G e
s Eg. Fu Bl

Ge Gy Gy Gu Gy L
L Hy Hy 'Hy 'Hs 'Hg 'H, 'Hg Hy My Hy H

1 12

- - - - - o= - -— e e - - -— -— -
Plate 2
L Al A2 A3 A4 AS AS A7 A8 A9 A10 All A12 L Cl CZ C3 C4 CS C C7 CS CS ClO Cll ClZ L
Bl B2 BS B4 BS B6 B7 BS BS BlO Bll BlZ Dl D2 D3 D4 DS Dri D7 DS DS DlU D11 D12

- S e - e LR e e e e

LE B E; E, Es Es E; Eg Es Ew En_En LG G G G Gs Gs Gy Gg Gy Gy G Gy L
F, F F5 F, F5 Fg F; Fg Fyp Fip Fu Fpp Hy H, Hy Hy Hs Hs H; Hg Hy Hyp Hy Hp

- - emes e ----..'..._

position gel score
P1 AO1 positive
P1_A02 faint
P1 A03 positive
P1_A04 positive
P1 AO5 positive
P1_A06 positive
P1_A07 positive
P1 _A08 positive
P1_A09 positive
P1_Al10 positive
P1 Al1l positive
P1_A12 positive
P1_BO1 positive
P1 B02 positive
P1 BO3 positive
P1_B04 positive
P1 BO5 positive
P1_BO6 positive
P1_BO7 positive
P1 B08 positive
P1 B09 faint
P1_B10 positive
P1 B11 negative
P1 B12 positive




Steps involved:

Step 4
Gel electrophoresis and quantification
of cleaned amplicon product

This step is used to assess which samples and what volumes will be pooled

Plate 1 1 2 3 4 5 6 7 8 9 10 11 12
Al 223 o943 532 245 677 407 618 400 47| 176] 249 187
B| a10] 277] 232 433 275 602 451 308 496 208 554 169
c| 431] 181 214 833 701 548 435 267 637 28] 340 172
p| 368 306 433 639 327 531 701 195 737 656 235 245
E| s578] 1.34] 293 484 258 400 402 334 799 476] 258 477 1
Fl 136 230 371] 440 182 3755 96s5] 487 7.01] 323 249 152 DOUble StrandEd DNA 1S
G| 425| 150 248 190 220 588| 3128 270 660 578] 165 133 e :
H 118| 235| 6367 172 393 7.11] 423 18 352 182 255 157 quantlﬁed USlng the
. ™
Plate 2 1 2 3 4 5 6 7 8 9 10 11 12 QuantlFluor dSDNA SyStem
Al 127l 102] 168 151 123] 978 570 402 247] 225 185 237
B| 181 243 236 182 150 255/120021] 764 406] 620 245 146
c| 118 136] 240[ 593 431] 296 366 945 215 230 332 195 . l f h
p| 183 116 157 641] 1495 528 4900 1121 298] 237 161 2158 Equlmo ar amounts oI eacC
E| o099 142| 193 183 377 227] 278] 1745] 272] 9.26] 193] 253 . .
F| 346] 1.70] 177] 481] 501 191.47] 10.34] 4.92] 669.00] 645 152 3.86 ampllcon are pOOlEd to achieve
G| 370 211 268 584 207 301] 784 315 295 164] 147 189 .
H 717| 148] 168 139 564 179 2091] 238 168 188 159 236 appropr‘]ate numbel"s Of
= | ]
Plate 3 1 2 3 4 5 6| 7 8| 9 10 11 12 Ir___r Sequences per Sample
Al 251 0855 o080 o095 o081 637/ o057 o088 o070 113 7570 247 |
B| 063 o059 054 094 073 107 073 o084 073 069 192 145 W
c| 440 o71] oso| o077 o081 o064 197 132] o084 108 194] 245 e
p| o075 114] o074 o070] o088 073 110 124] 140 119 220 172 At thlS Stage any SampleS
| 295 100 o061] 308 319 o074 111] 306 112 115] 279 220
F| o097 o055 o058 064 073 3.48| 26.25| 2.73 1.37| 1.49] 157 134 113 1 Q
c| o096] o064 o096 064 09 067 337 109 090 191] 173[ 224 falhng the preVIOUS C StepS
H| 23s| 110] o068 o060 057] o076 200 121 232 192] 113 173 :
are either excluded from the
Plate 4 1 2 3 4 5 6 7 8 9 10 11 12
T I T ST T T pool or flagged for
B| 340 313 154 125 137] 272 386 230 613 226 277 278
c| 138 17| a237] 137 183 161] 175 301 220 230 277 252 dOWHStream assessment
p| 190 434 120 437 203 133 157 236] 151 276] 318 196
E| 290 220 166] 140 180 208 283 292 193] 175 332 220
Fl| 165 143 184] 197 266] 4562 2816] 260 289 219 399 215
G| 134 192 166 188 172 169 205 184 329 235 206 209
H| 158 196] 143 132 183 143 368 220 214 223 252 221




Steps involved:

Step 5
Agarose gel extraction of pooled
product

This step is used to extract the pooled amplicon library of interest for sequencing
(removal of primer dimers and non-specific binding)

TrackIt™ 1 Kb Plus
DNA Ladder




Steps involved:

Step 6
Cleaning of extracted amplicon library
and final QC steps

 The amplicon product is cleaned using the QIAquick Gel Extraction Kit (Qiagen) to
remove agarose gel and impurities.

* Quantification of the cleaned extracted library is then performed using the Qubit
dsDNA Broad-Range assay kit

* The fragment size is confirmed using the Bio-analyser High Sensitivity DNA Assay

 The KAPA Library Quantification Kit for Illumina® platforms is then used for final
quantification prior to denaturation and dilution of the final library.

80 2
&

"2

T T T T T T T T T T
40 50 60 70 80 90 100 110 120 130 [s]

Region table for sample 6 : 6. Shantelle 100x

From To [bp] Corr. % of Average Size Size distribution in  Conc. Molarity Co
[bp] Area Total [bp] CV [%] [pg/ul] [pmol/I] lor
200 1,800 498.8 89 493 25.2 581.26 1,853.7 -



Steps involved:

Step 7
Sequencing of the final library

1. Denature final pool of DNA library using 0.2N NaOH

2. Dilute quantified final pool of DNA to the desired concentration using
Hybridization Buffer (Illumina): Final concentration = 4pM

3. PhiX control is denatured and diluted (to a final concentration of 4pM)
Control libraries generated from the PhiX virus.
Characteristics of the PhiX genome provide several benefits:
Small—PhiX is a small genome, which enables quick alignment and estimation of error rates.
Diverse—The PhiX genome contains approximately 45% GC and 55% AT.
Well-Defined—PhiX has a well-defined genome sequence. lllumina cluster generation
algorithms are optimized around a balanced representation of A, T, G, and C nucleotides.

4. Combine sample library and PhiX control:

For most libraries PhiX is added at 1%. However, for low diversity libraries >5%
is required.
We spike PhiX controls at 15%

5. Prepare flow cell and kit for the sequencing run



Steps involved:

Step 8
Bio-informatics steps

Quality checks
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Summary of 16S rRNA library prep steps involved:

Step 1

Design your experiment:
Controls
DNA extraction protocol
Based on your research question

Step 2
PCR amplification

Step 3
Cleaning of amplicon products

Step 4
Gel electrophoresis and quantification of cleaned amplicon product

Step 5
Agarose gel extraction of pooled product

Step 6
Cleaning of extracted amplicon library and final QC steps

Step 7
Sequencing of the final library

Step 8
Bio-informatics steps



