
Optimization	of	fecal	sample	
processing	benefits	metagenomic	
studies	of	human	gut	microbiota

Joint	Graduate	Student	Seminar
Name:	Samuel	Tong
Supervisor:	Prof.	Zigui	Chen
Date:	5/12/2017



Background

Study	Design	&	Methods

Results

Conclusion

Today’s content



BACKGROUND



• ‘Dysbiosis of it is closely associated with some 

human diseases (e.g. diabetes & inflammatory 

bowel disease)

• Core microbial community in host could 

facilitate the immune networks to combat 

against many pathogenic species (e.g. 

Citrobacter rodentium & Shigella flexneri )

• Advancement of next-generation sequencing 

(NGS) technologies

Why study the gut microbiome?
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• 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

Why doing metagenomics?



How to … ???

Too diverse !

DNA	
extraction





STUDY DESIGN AND METHODS



Costea et	al.	2017

Human fecal samples processing
Three study phases:
I. To assess the variability introduced by different DNA 

extraction methods
– Comparison of DNA extraction derived technical 

variation to other possible biological and technical 
effects

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

III. To quantify the extraction accuracy by a mock 
community with known bacterial species
– Estimation of the recovery of relative species abundances in 

samples



Outline of Phase 1
9males,	1 female	(n=10)

A:	A1|A2|A3|A4	(n=4) B:	B1|B2|B3|B4	(n=4)

• Ship	with	dry	ice
• 11	countries	in	3	

continents
• >	4	extraction	of	each	

sample

Total	extraction	N	= (>) 8	x	21	=	189

One	single	NGS	facility	for	library	preparation,	NGS,	and	bioinformatics

Subject	1 Subject	2



Outline of Phase 2

1 original	laboratories	and	3 extra	null	laboratory	 Total	extraction	N	=	74

One	single	NGS	facility	for	library	preparation,	NGS,	and	bioinformatics

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

A:	A1|A2|A3	(n=3) B:	B1|B2|B3	(n=3)

• Q	=	6,	9,	15
• W	=	7
• H	=	1



Outline of Phase 3
Mock

One	single	NGS	facility	for	library	preparation,	NGS,	and	bioinformatics

Q

• Mock	=	Mock	
community	with	10	
known	cultured	
bacterial	species

Total	extraction	N	=	291 independent	laboratory

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

8	individuals	(n=8) A	(n=1) B	(n=1)

|
|
|
|
|
|
|
|
|
|

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

Mock	spike-in

• Q	=	6,	9,	15
• W	=	7
• H	=	1



RESULTS



Invitek_PSPStool

Mobio_PowerSoil

Omega_Bio_Tek_EZNAstool

Promega_Maxwell

Qiagen_QiIAampStoolMinikit

Bio101_G'Nome

MP-Biomedicals_FastDNAspinSoil

Roche_MagNAPureIII
No-Kit_GodonMethod

No-Kit_OtherMethod

Brief introduction of 21 methods
Use_of_crude_feaces
Treatment_before_lysis
Use_for_extraction

Chemical	lysing	agent_buffer
Mechanical_lysis
Shaking_aparatus

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 

1 2 3 4 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_QiIAampStoolMinikit
Method Bio101_G'Nome
Method MP-Biomedicals_FastDNAspinSoil
Method Roche_MagNAPureIII
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_0,1mm

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

Protectant_versus_lysis Tris_EDTA_NaCl_SDS

• Q	=	6,	9,	15
• W	=	7
• H	=	1

Yes
No



DNA extraction and Fragmentation
vMinimizing	small	fragmentation

• While	using	protocols	4,	10,12,19	lead	to	

high	yield	of	fragmented	DNA,	protocol	1

produces	nearly	no	observable	

fragmentation

vMaximizing	DNA	quantity

• Protocol	18 reproduced	100	times	more	

DNA	than	protocols	3	and	12,	respectively



Variability in microbial composition

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

• Between-protocol	variation	may	be	
greater	than	some	biological	effects



Species-specific abundance variation 

Gram
-positive

Gram
-negative



Effects of protocol manipulations on sample 
composition

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

• Among	22 protocol	descriptors	that	vary	
between	the	Qiagen-based	methods,	7 were	
significantly	associated	with	diversity	outcomes

Associations	are
coded	as	negative	(red)	or	positive	(blue)

• The	only	significant	negative	association	was	
with	the	InhibitEX tablet

v Qiagen-based kits,	#	5,	6,	8,	9,	11,	13,	15	and	20



Potential methods…
1 2 3 4 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_QiIAampStoolMinikit
Method Bio101_G'Nome
Method MP-Biomedicals_FastDNAspinSoil
Method Roche_MagNAPureIII
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_0,1mm

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

Protectant_versus_lysis Tris_EDTA_NaCl_SDS
Yes
No

• Q	=	6,	9,	15
• W	=	7
• H	=	1



Mock community extraction quality

Less	is	better



• 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

Conclusion
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