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Microbial	diversity	in	our	environment	

Hentschel	et	al.,	PLOS	Comp	Biol,	Oct	2015	



The	body‘s	microbiomes	



The	body‘s	microbiomes	



Fecal	Transplant	At	Home	–	DIY	Instructions		

http://thepowerofpoop.com	



Composition	and	health	effects	
of	predominant	human	fecal	bacteria	

Gibson	and	Roberfroid,	J		Nutr	1994	



Colorectal	cancer-associated	microbiomes	

Tjalsma	et	al.,	Nat	Rev	Micro	2012	

1.  16S	ribosomal	RNA	amplicons	(V1–V3)	from	six	Dutch	individuals	
2.  Metagenome	from	nine	Spanish,	American	and	Vietnamese	individuals	
3.  16S	rRNA	amplicons	(V3–V5)	from	95	Spanish,	American,	Vietnamese	individuals	
4.  Metatranscriptome	from	nine	American	individuals	



Impact	of	diet	and	individual	variation	
upon	faecal	microbiota	composition	

Walker	et	al.,	ISME	J	2011	

M 	maintenance	
NSP	non-starch	polysaccharide	
RS 	resistant	starch	
WL 	weight	loss	



Phyla	
Class	
Order	
Species	

29	
46	
100	

1268	

90	
249	
405	

99322	

Genomes									16S	

Finshed	Genomes	in	IMG	
Vs.	

Greengenes	16S	rRNA	database	

Note:	only	including	1	strain	per	species	

*97%	clustering	

*	

What‘s	in	the	databases?	

©	Mads	Albertsen	



Culturability	of	the	microbiome	

Walker	et	al.,	ISME	J	2011	



Microbial	culturability	

Amann	et	al.,	Microbiol	Rev	1995	

Aquatic	and	terrestrial	ecosystems	 Microbiomes,	activated	sludge	

Uncultivable	 Uncultivable	



Genomes?	

Cultivation!	



Culturomics	

…We	studied	stool	samples	from	two	young	lean	Africans	from	a	rural	environment	
in	Senegal	and	one	obese	French	individual,	using	212	different	conditions,	including	
amoebal	co-culture…		

	 	 	 	Lagier	et	al.,	Clin.	Microbiol.	Infect.	2012	



Genomes?	

Single	cells!	



Microbial	dark	matter	
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Genomes?	

Metagenomics!	



Genomes	from	metagenomes?	

Assembly		

Scaffolds	Metagenome	reads	

Sequencing	

Original	sample	

Some	magic	
computer	program	



Genomes	from	metagenomes?	

Assembly		

Scaffolds	Metagenome	reads	

Sequencing	

Original	sample	

Similarity	to	known	sequences	
(taxonomic	markers)	

Sequence	composi:on	
sta:s:cs	



Assembly		

Scaffolds	Metagenome	reads	 Abundance	

Sequencing	

Original	sample	

Mapping	 3x	
1x	
1x	

Binning	by	coverage	

©	Mads	Albertsen	
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Binning	by	coverage	

©	Mads	Albertsen	
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Binning	by	coverage	

©	Mads	Albertsen	



Sample	1	 Sample	2	
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Binning	by	coverage	

©	Mads	Albertsen	



Differential	coverage	binning	

Albertsen	et	al.,	Nature	Biotechnology	2013	



Upcoming	software	for	genome-centric	metagenomics	
(incomplete;	some	unpublished)	

Differential	coverage	binning:	
–  mmgenome	(Mads	Albertsen/Per	Nielsen)	

Multi-coverage	binning:	
–  GroopM	(Michael	Imelfort/Gene	Tyson)	
–  CONCOCT	(Johannes	Alneberg/Christopher	Quince)	

Automatic	evaluation,	taxonomic+completeness	prediction	
–  CheckM	(Donovan	Parks/Gene	Tyson)	



?	
SOFTWARE	EVALUATION	

CHALLENGE	



http://cami-challenge.org	

Unpublished	
genome	
sequences	

Assemblers	

Taxonomy	
predictors	

Binning	tools	

Evaluation:	
•  Independent	
• Realistic	
• Reproducible	
• Continuous	



Public	databases?	

Re-Annotation!	



BLAST	search	at	NCBI	

Query:	chlamydial	protease	like	activity	factor	(CPAF)	
													[Waddlia	chondrophila	WSU	86-1044]	
	
Search:	BLASTP	against	NCBI	RefSeq	database	

chlamydial	protease-like	activity	factor	(CPAF)	[Waddlia	chondrophila	WSU	86-1044]	

putative	chlamydial	protease-like	activity	factor	[Parachlamydia	acanthamoebae	str.	Hall‘s	coccus]	>ref|YP_004651	

protease-like	activity	factor	[Protochlamydia	amoebophila	UWE25]	

hypothetical	protein	CAB712	[Chlamydophila	abortus	S26/3]	

hypothetical	protein	CAB1_0732[Chlamydophila	abortus	LLG]	

Description	





NCBI	RefSeq	re-annotation	initiatives:	
reference	genomes	

Automatic	
annotation	

Researchers	
(„Experts“)	

DNA	sequences	

Manually	
refined	

annotation	
NCBI	RefSeq	



NCBI	RefSeq	re-annotation	initiatives:	
other	genomes	

Automatic	
annotation	

DNA	sequences	

NCBI	RefSeq	

Reference	
genomes	

Annotations	



Understanding	genomes?	

Phenotype	prediction!	



Why?	

Classically 
1.  Interesting phenotype 

2.  Cultures/enrichments 

3.  Sequencing 

Emerging 
1.  Interesting habitat 

2.  Sequencing 

3.  Metagenomes 



State-of-the-art	(1)	

nxrB 

Nitrite 
oxidizer 

nxrB 

Nitrite 
oxidizer 



State-of-the-art	(2)	

Machine	learning	
Example	data	 								→		model			→	prediction	(new	data)	

	
	
	
	
Software:	PICA	

-  Techniques:		
	Association	rule	mining,	Support	vector	machines	

-  Phenotypes:	eggNOG	2	data	

Dog 

Cats 

→ 
Cat model 

→	
YES! NO!	

Am I a cat? 

Roman	Feldbauer	



	Does	it	work	in	2015?	

l  Today:	more	genomes,	more	COGs	(eggNOG	4)	
l  Improvement	of	SVM	plugin	
	

eggNOG 4 � 

 
 
 
 
Accuracy ✔ 
 
 
Also: 
CPU ✔ 
Memory ✔ 
 



	Does	it	work	on	incomplete	genomes?	

	
	
	
	
	

~70% completeness often sufficient ✔ 



	Modeling	metabolic	traits	

Methanotroph TRAIT Nitrifier 

pmoA	
mmoX	
mxaF 

MARKERS amoA	
nxrB 

(+)	33	
(-)	86 

GENOMES	in		
training	set 

(+)	35	
(-)	340 

97.2	±	4.6	% Prediction		
ACCURACY 

97.7	±	4.7	% 

1.	pmoA	
4.	mmoX	

5.	uncharacterized	protein	
17.	mxaF 

Proteins	of	highest	PREDICTIVE	
POWER	

(novel	feature	ranking	
mechanism) 

1.	DUF2024	
(structural	similarities	to	

nitrogen	regulatory	protein	P-II	
and	nitrogen	fixation	protein	

NifU) 

	
Expected	markers	✔		 	+	 		new	associations	✔ 
	



	Modeling	complex	traits	

Intracellular	lifestyle	
l  Genome	reduction?	
l  (+)	76,	(-)	56	genomes	

l  Accuracy	96.7	±	4.1	%	

l  Top	50	features:	
48	negative	predictors	



	Modeling	complex	traits	

	Predicted	
intracellular	
bacteria		
in	eggNOG4	
	

	



Outlook	

l  Genome-centric	metagenomics	

l  Independent	method	evaluation	in	metagenomics	

l  Genome	re-annotation	in	public	databases	

l  Computational	prediction	of	simple	and	complex	traits 
l  Automatic	analysis	of	metagenomes		
l  Continuous	annotation	of	genomes/bins	from	public	databases	






