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Why study the gut microbiome?

Microbial

« ‘'Dysbiosis of it is closely associated with some B ——
human diseases (e.g. diabetes & inflammatory Antibiotic
. resistance
bowel disease) genes

«  Core microbial community in host could

facilitate the immune networks to combat

Metagenomic
Co- analysis
evolution Microbial

of host and pathways
microbiota

against many pathogenic species (e.g.

Citrobacter rodentium & Shigella flexneri )

« Advancement of next-generation sequencing

(NGS) technologies Interaction
between Functional
EBYT ABRER host and dYSbiOSiS
T4 A Eo microbiota
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Why doing metagenomics?

* Application of metagenomics in the human gut microbiome
— Diversity
— Functional implications (e.g. genes and pathways of interest)

* New insights for disease examination and subsequent

treatment
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Too diverse !

How to ... 777

Stor DNA
a
extraction
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ANALYSIS

g@turehn 1 Received 8 July 2016; accepted 11 August 2017; published online 2 October
10technology  »017. doi:10.1038/nbt.3960

Towards standards for human fecal sample processing
IN metagenomic studies

Paul I Costeal @, Georg Zeller!, Shinichi Sunagawal>2© | Eric Pelletier>>, Adriana Alberti*®, Florence Levenez®,
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Matthew R Hayward!, Luis Pedro Coelho!®, Emma Allen-Vercoe’, Laurie Bertrand?, Michael Blaut?,
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Anne Druesne!l, Willem M de Vos!213@ | B Brett Finlay!4, Harry J Flint!>, Francisco Guarner!®,
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Ingeborg Klymiuk??, Philippe Langella®, Emmanuelle Le Chatelier®, Volker Mai?!, Chaysavanh Manichanh!6,
Jennifer C Martin!>, Clémentine Mery!?, Hidetoshi Morita22, Paul W O’Toole®, Céline Orvain?,

Kiran Raosaheb Patill, John Penders?3, Soren Persson?4, Nicolas Pons®, Milena Popoval?, Anne Salonen!3,
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Human fecal samples processing o

Three study phases: &
|.  To assess the variability introduced by different DNA i e v
extraction methods H
— Comparison of DNA extraction derived technical o

variation to other possible biological and technical

effects

Il. Comparative analysis of the ‘best-performing’
protocols

lll. To quantify the extraction accuracy by a mock
community with known bacterial species

— Estimation of the recovery of relative species abundances in

samples
ERBRPXKRBEZER im—rju
Faculty of Medicine fisilis
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Outline of Phase 1

* Homologized with 2hrs
* Aliquots for 200mg each
» -80°C within 4hrs

A: A1|A2|A3|A4(n 4) B: BlIBZIB3|B4(n—4)

e Ship with dry ice

* 11 countriesin 3
continents

* >4 extraction of each

laboratories (methods) for DNA extraction sample

l Total extraction (>)8x21=

One single NGS facility for library preparation, NGS, and bioinformatics
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Outline of Phase 2

Three ‘best performing’ protocols: H|Q|W o

original laboratories and extra null laboratory Total extraction

One single NGS facility for library preparation, NGS, and bioinformatics
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Outline of Phase 3

A (n=1) G | Mock = Mock
community with 10
known cultured

Individuals 1|2|3|4|5|6|7|8(n=8)

Three ‘best performing’ protocols (H, Q, W)

|
|
|
|
|
| bacterial species
|
|
|
|

independent laboratory

One single NGS facility for library preparation, NGS, and bioinformatics
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Brief introduction of 21 methods

Invitek_PSPStool

Mobio_PowerSoil

Omega_Bio_Tek EZNAstool
Promega_Maxwell
Qiagen_QilAampStoolMinikit
Biol01_G'Nome
MP-Biomedicals_FastDNAspinSoil

Roche_MagNAPurelll
No-Kit_GodonMethod

No-Kit_OtherMethod
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Use_of crude_feaces
Treatment_before_lysis
Use_for_extraction
Chemical lysing agent_buffer
Mechanical_lysis
Shaking aparatus
ﬁ Protectant_versus_lysis

Protein_precipitant

DNA's_precipitation
DNA's_wash
DNA's_dry
Suspension_solution



Specific combinations of the use of protocol descriptors
— 21 methods in total

Method

Use_of Kit

Method

Invitek_ PSPStool

Method

Mobio_PowerSoil

Method

Omega_Bio_Tek EZNAstool

Method

Promega_Maxwell

Method

Qiagen_QilAampStoolMinikit

Method

Bio101_G'Nome

Method

MP-Biomedicals_FastDNAspinSoil

Method

Roche_MagNAPurelll

Method

No-Kit_ GodonMethod

Method

No-Kit_OtherMethod

Treatment_before_lysis

pretreatment_before_lysis

Chemical lysing agent_buffer

SDS

Lysis_Incubation

shaking

Lysis Incubation

mechanical _lysis

Lysis_Incubation

glass_beads_ 0,1mm

Lysis_Incubation

glass_beads_0,5mm

Lysis_Incubation

glass_beads >1mm

Lysis_Incubation

zirconia_beads_0,1mm

Lysis_Incubation

zirconia_beads_0,5mm

Lysis_Incubation

silica_beads_0,1Tmm

Shaking_aparatus

MM200_MM400

Shaking_aparatus

Bead_Beater

Shaking_aparatus

Vortex

Shaking_aparatus

Bath_dry_ waving

Shaking_aparatus

break_during_shking

Shaking_aparatus

Guanidine_thiocyanate

Shaking_aparatus

InhibitEX_Tablet

Protectant_versus_lysis

Tris EDTA_NaCl_SDS
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DNA extraction and Fragmentation

a 100

0 (R “*Minimizing small fragmentation
2 "] ° . 8 : :
: g Jl e . * While using protocols 4, 10,12,19 lead to
: Lol |3 .- _3_! ______ re high yield of fragmented DNA, protocol 1
a P ® { J ' ®

8 ssg_|e
. oof"ssell , oi--'"" produces nearly no observable
- s |8 i fragmentation
Gt g e g
: : - .e “*Maximizing DNA quantity
R T N
5 : I . * Protocol 18 reproduced 100 times more

24 |8
1 2[s]ifs 6 7 s 5%}::01'21'3 14 15 16 17 181020 21 DNA than protocols 3 and 12, respectively
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ranked abundance

(

Spearman distance

Euclidean distance (log,, abundance)

Variability in microbial composition
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[CIC1C] same protocol ] Combined var.
] same preparation

=

[ ¢
“=NWANONPOO=-NWHAPIITDONOO©O
P T A w T i i T S i

Bl =

“=NWHANON®O
PR T

—anmwl\wmo—Nm¢m®r\wmov—

GH

DE] Same individual
DD Same stool
E]E] Homogenized
I same storage

Protocol

[ Effect>H

[l Biological var.
[ Technical var.

Between-individual variation
Within-individual timepoint variation
Between-protocol variation
Within-specimen and preservation variation

Within-specimen variation
Preservation variation

Library preparation variation
Within-protocol variation

[ Effect= G
[ Effect=D
[ Effect<D

—ANITNONONO~ANMOITLONDODO

GH CriON2ONX22T

ABCDEF

DDDDDDDD Same individual Protocol

CCCCECECIC same stool M Effect>H
] Yes MICICICICICICIC] Homogenized [ Biological var. I Effect = G
D No DDDDDDDD Same storage [ Technical var. =

DDDDDDDD Same protocol D Combined var. D Effect =D

DDDDDDDD Same preparation D Effect<D

| ; Between-individual variation
Within-individual timepoint variation

zetween-protocol variation—=
Within-specimen and preservation variation
Within-specimen variation

Preservation variation

Library preparation variation
Within-protocol variation

* Library preparation and within-
protocol variation have the smallest
effects

Between-protocol variation may be
greater than some biological effects



Species-specific abundance variation

Sample B

(7]
)
3
2l
()

Ruminococcus sp. 5_1_39BFAA -l |
Faecalibacterium prausnitzii -
Coprococcus eutactus - B
Butyrate—producing bacterium -
Bifidobacterium longum -I

Ruminococcus sp. SR1/5 -
Dorea longicatena -
Coprococcus comes -
Streptococcus thermophilus -
Eubacterium biforme -
Ruminococcus torques -
Eubacterium hallii -
Dorea formicigenerans |
Streptococcus salivarius - \
Ruminococcus obeum - |}
Eubacterium ventriosum -
Coprococcus catus -l |l
Butyrate—producing bacterium SS3/4 -
Streptococcus australis -
Eggerthella lenta -
Streptococcus parasanguinis -
Streptococcus vestibularis -. .
Clostridium leptum -
Actinomyces odontolyticus --
Streptococcus infantis -
Gemella sanguinis -

Species

Bacteroides dorei/vulgatus -
Bacteroides uniformis -
Bacteroides plebeius -
Bacteroides finegoldii -

Bacteroides caccae -
Parabacteroides merdae -
Bacteroides clarus -
Parabacteroides distasonis -
Odoribacter splanchnicus -
Bacteroides thetaiotaomicron -
Bacteroides xylanisolvens -
Bacteroides fragilis -
Parasutterella excrementihominis -

1 1 1 1 1 1 1 1 1 1 1 1 1 1
123456738 91011@314151
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Effects of protocol manipulations on sample
composition

Thaving befor ysis * Among 22 protocol descriptors that vary

Pretreatment before lysis A

== Kt buffer chemicalysing | between the Qiagen-based methods, 7 were
significantly associated with diversity outcomes

Before
lysis

Lysozyme A

Chemical
lysis

SDS A
Triton X-100
— Shaking | ** Qiagen-based kits, #5, 6, 8,9, 11, 13, 15 and 20
Mechanical lysis 4
Glass beads 0.5-1 mm A

Glass beads > 1 mm -

lysis

‘Bl

Mechanical

* Mechanical lysis, zirconia beads and shaking
were positively associated with diversity

Zirconia beads 0.1 mm -
Zirconia beads 0.5 mm -
Silica beads 0.1 mm -
MM200 MM400 -

Bead beater -

Vortex

Shaking
aparatus

* The only significant negative association was

Break during shaking 1

__ Fastprop with the InhibitEX tablet
‘é Kit buffer wash after lysis A
8 InhibitEX tablet -
’5-9 Tris EDTA NaCl SDS 4

Association sample A sample B ASSOCIatIOF\S are

H '

2 0 A coded as negative (red) or positive (blue)



Potential methods...

112]13]|14(5|6]|7]|8]|9]10|11]|12[13]|14]|15|16|/17|18]|19]| 20 | 21

| |

Method Use_of Kit
Method Invitek _PSPStool
Method <___ Mobio PowerSoil
Method Omega_Bio_Tek_ EZNAstool
Method Promega_ Maxwell
Method Qiagen_QilAampStoolMinikit
—
Method Bio101_G'Nome
Method MP-Biomedicals_FastDNAspinSoil
Method Roche_MagNAPurelll
Method No-Kit_GodonMethod
Method No-Kit_OtherMethod

Treatment_before_lysis

pretreatment_before_lysis

Chemical lysing agent_buffer

SDS

L Lvsis_Incubation

Lysis_Incubation

hakin

Lysis_Incubation

glass_beads_0,1mm

Lysis_Incubation

glass_beads_0,5mm

Lysis_Incubation

glass_beads_>1mm

e Lysis_lncubation—_|

zitconia.beads..O. lmm

Lysis_Incubation

zirconia_beads_0,5mm

Lysis_Incubation

silica_beads_0,1mm

Shaking_aparatus

MM200_MM400

Shaking_aparatus

Bead_Beater

Shaking_aparatus

Vortex

Shaking_aparatus

Bath_dry waving

Shaking_aparatus

break_during_shking

Shaking_aparatus

Guanidine_thiocyanate

Shaking_aparatus

InhibitEX_Tablet

Yes

Protectant_versus_lysis

Tris EDTA_NaCl_SDS
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Mock community extraction quality

A 100.0 -
...... FACS abundance | | Estimation MAE © Mock only
10.0 - oD 035 . I Spike-in
L U BW 039 3
_g ] : BQ 0.42 - % 100
E o) O B H 157 g g
S H
© £ 2.0- E % &
N5 S v @§
: a : T
©
£ 5 2.0- @ .? or #
£ =
2 2 o
£
Y| 1001
(O]
........... 3 .
? > @ 6 0 & @ > 0
: )
& & & &S 4\\0 NI APC Y 100.0 1
# & 0 & o O & @ ) IS MR
O SN AR\ RN & o @ N & & S FE S
o @Q y'*@ > @ 4© &Q O -§5$9®§ o &$6$ ¢ & &
N\ 2 O 0 N N v ¥ © e
Q}\(b 6\‘\6 0\6\ C)\O 00 \)& Q%Q (bo’@ ((\@\'b- \O(Q\Q ((\0 Q \S\é 0\\\\) rboo 60‘\. Q{O\ ©\’b ‘\0((\
& o0 > ® RS R O ¢
GQ 0 \:b' \$\ \(\\ S Q & S <O o Q ‘O(b
) © o o & @ o
Q‘ & ° ¢ Q \V BN &0 RS

EBPUKRKEBEBER o
Faculty of Medicine Less is better

The Chinese University of Hong Kong



Conclusion

* A Bead-beating step significantly influences the composition

« Combined protocol Q (6,9,15) seemed to be the best overall
and is predicted to suit most applications

— With a median absolute quantification error of £ 0.5x
— Potential benchmark for new DNA extraction methods

* Protocol #3 (Mobio PowerSoil) was expected to improve its
performance by introducing a bead beating step.

 Remarks: Potential impact of kit contamination on samples with
low biomass
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