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A	brief	history	of	microbial	genomics	
•  c.	1960’s	onwards	[1]	
•  Est.	1%	species	culturable	[2]		

•  c.	1990’s	onwards	[3]	
•  Lack	of	truly	universal	primers,	amplifica6on	
biases	[2]	

•  Low	species/strain	resolu6on	

•  c.	2000’s	onwards	
•  Species	ambiguity	
•  Smaller	databases		

[1]	Shine	and	Dalgarno,	1975,	[2]		Amann	et	al.,	1995,	[3]	Weisberg	et	al.,	1991,	[4]	
Kuleshov	et	al.,	2016	

•  Enables	the	detec6on	of	species	at	lower	
abundances	[4]	



Too	many	tools,	too	few	comparisons	

IMMSA	(2017):	
At	least	71	tools	available	for	profiling	microbial	communi6es	using	WGS		
microbialstandards.org/index.php/bioinforma6c-resources	
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11	selected	tools	



Precision	=	false	posi6ve	rate	=	TP/(TP+FP)	
Recall	=	sensi6vity	=	TP/(TP+FN)	

F1	score	=	2(precision*recall)/(precision+recall)	
AUPR	=	area	under	the	precision	recall	curve		

Performance	profiles	across	35	datasets	
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Precision-recall	curves		
BioPool bmi_reads ds.7 ds.buccal ds.cityparks

ds.gut ds.hous1 ds.hous2 ds.nycsm ds.soil

eval_carma eval_RAIphy ven_454_SRR072233ven_illum_SRR17290 HC1

HC2 LC1 LC2 LC3 LC4

LC5 LC6 LC7 LC8 MGRG_10ng

MGRG_1ng MGRG_5ng MGRG_Half MGRG_Normal simHC

simLC simMC SRR033547 SRR033548 SRR033549

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00
0.25
0.50
0.75
1.00

0.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.00
Precision

Re
ca

ll

algorithm
BlastMeganFilteredLiberal
COMMUNITY
Kraken
ClarkM1Default
KrakenFiltered
LMAT
OneCodexAbundanceFiltered
ClarkM4Spaced
BlastMeganFiltered
Gottcha
DiamondMegan
NBC
Metaphlan
PhyloSift
MetaFlow
PhyloSift90pct

Supplementary Figure 3 

BioPool bmi_reads ds.7 ds.buccal ds.cityparks ds.gut

ds.hous1 ds.hous2 ds.nycsm ds.soil eval_carma eval_RAIphy

even_454_SRR072233 even_illum_SRR172902 HC1 HC2 LC1 LC2

LC3 LC4 LC5 LC6 LC7 LC8

MGRG_10ng MGRG_1ng MGRG_5ng MGRG_Half MGRG_Normal simHC

simLC simMC SRR033547 SRR033548 SRR033549

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00

0.25

0.50

0.75

1.00

0.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.000.00 0.25 0.50 0.75 1.00
Precision

Re
ca

ll

algorithm
BlastMegan filtered

BlastMegan filtered liberal

BlastMegan filtered+LMAT

Blast Ensemble

CLARK

CLARK+GOTTCHA

CLARK-S

Community

Diamond Ensemble

DiamondMegan filtered

DiamondMegan filtered + Kraken filte

GOTTCHA

Kraken

Kraken filtered

LMAT

MetaFlow

MetaPhlAn

NBC

PhyloSift

PhyloSift filtered

Precision-recall curves for tools on individual samples. 



Read-level	classifica6on	

•  Classifica6on	precision	increased	for	k-mer-based	tools	when	
calculated	at	the	read-level	compared	to	the	organismal	level		

Rachid	Ounit	



Simulated	vs.	biological	datasets	
A

B

simulated datasets (n=24)

biological datasets (n=11)

Supplementary Figure 1
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The F1 score, precision, recall, and area under the precision-recall curve for 

taxonomic classifications at the species level for a) 21 simulated datasets, b) 14 

biological datasets, and c) all datasets with an abundance threshold of 0.01%, where 

tools are sorted by mean F1 score. 



False	posi6ves	by	dataset	property	

#	FP	~	Nbin(β0	+	β1(	#	reads)	+	β2(#	taxa)	+	β3(read	length)		+	β4(simulated	0/1))		



Accuracy	by	taxa	

Common	false	posi7ves	
•  Phyla:	Proteobacteria,	

Firmicutes,	Ac6nobacteria	
•  Genera:	Lactobacillus,	

Staphylococcus,	
Streptococcus	

	

	

Common	false	nega7ves	
•  Genera:	Bacillus,	

Bifidobacteria,	Shigella	
	

	



Nega6ve	controls	

•  Human	DNA	spiked	into	extrac6on	kit	for	sequencing	
contaminants	
–  Escherichia	(coli)	and	Acinetobacter	

•  Nullomers	(combined	17-mers	that	did	not	match	to	
any	known	reference	sequence)	
–  Size	and	database	biases	for	NBC	(Sorangium	cellulosum,	
Escherichia	coli,	Bacillus	cereus),	LMAT	(human)		



Anthrax	on	the	subway?	(No.)	



How	to	solve	a	problem	like	Bacillus:		
abundance	filtering	



How	to	solve	a	problem	like	Bacillus:	
pairing	tools	
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How	to	solve	a	problem	like	Bacillus:	
ensemble	methods	
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Precision/recall	trade-offs	
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Deep	sequenced	subway	sample	
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#	of	species	detected	by	all	tools	=	1		
Elizabeth	Hénaff	



Tool	overlap	at	100M	reads	
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Some	species	detected	by	>=	10	tools	

•  Widespread:	Pseudomonas	stutzeri,	Micrococcus	luteus,	
Escherichia	coli,		CuAbacterium	acnes,	…	

•  Soil:	Comamonas	testosteroni,	Bacillus	pumilus	
•  Wastewater:	Rhodococcus	hoagii	
•  Cheese:	Glutamicibacter	arilaitensis	
•  Pathogens:	Bacillus	anthracis	



Constraints	



In	summary	



Nanopore	sequencing	

Currents	to	k-mers	

Goyal	et	al.,	2014	

Pores	to	currents	



The	long	and	the	short	of	it	



Bacterial	epigenomics:	N6-methyladenine	

•  Eukaryotes	
-  Rare	in	most	
-  Roles:	

-  Fer6lity	(C.	elegans),	nucleosome	posi6oning	(green	algae),	unknown	(vertebrates)	

•  Prokaryotes	
-  Most	common	base	modifica6on	
-  Roles:	

-  Defense	against	foreign	DNA,	replica6on	repair,	pathogenicity	

0.00009%	m6A	

	
10-20%	m6A	

	



Bacterial	epigenomics	



Bacterial	epigenomics	



Benchmarking	bioRxiv	

•  hvps://wp-private.ncbi.nlm.nih.gov/nist-immsa/IMMSA/	



mCaller	bioRxiv	
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