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Fusarium

• A	genus	of	Fungi	containing:
• Many	economically	important	
plant	pathogens
• Some	human	pathogens
• Soil/plant-associated	species



Fusarium	oxysporum
• Entire	species	=	broad	host	range

Over	70	reported	hosts,	primarily	vegetable	crops

• Individual	strains	=	narrow	host	range
Phenotypic	characterization	based	on	preferred	host:	“formae
speciales”	

• Characteristics:
• Ubiquitous	in	soils	across	the	globe
• Highly	diverse:

• Most	strains	are	non-pathogenic
• Non-pathogenic	strains	can	have	disease	

suppressive	effects
• Main	niche:	root	endophyte,	primary	

consumer	of	dead	plant	tissue
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• What	is	the	extent	of	diversity	in	soils?
• What	environments	are	more	diverse?
• What	influences	persistence	in	soil?
• How	can	we	manage	agricultural	

environments	to	decrease	persistence	of	
pathogenic	strains?

Fusarium	oxysporum

We	need	a	high-throughput	tool	to	assess	changes	in	relative	
abundance	of	Fusarium	oxysporum strains…



Introduction

• I	want	to	monitor	changes	
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analyses	of	fungi	cannot	
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diversity
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Target	EF-1a	with	PCR

Customize	data	analysis	for	this	locus
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Translation	Elongation	factor	1-alpha

100bp

72bp 62bp

231bp

138bp

54bp

1108bpExon	lengths:

Intron	lengths:

• Conserved,	single	copy	gene	in	eukaryotes

• Eukaryotes	have	two	elongation	factor	genes.	
• Elongation	factor	1	has	two	subunits:	alpha	and	beta-gamma

• Elongation	factor	1	alpha	regulates	entry	of	tRNAs into	an	
available	site	on	a	ribosome

• Elongation	factor	beta-gamma	facilitates	release	of	GDP	from	
the	alpha	subunit

DOI:	http://dx.doi.org/10.1016/j.tibs.2003.11.006
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History	of	EF-1a	use	in	phylogenetics

• Subsequent	to	O’Donnell	et	al.	(1998),	EF-1a	
became	widely	adopted	for	phylogenetic	
comparisons	in	Fusarium

• 2,725	sequences	in	my	custom	database:
• 1,651	from	Fusarium-ID	database
• 449	from	NCBI	Genbank
• 625	from	14	recent	publications

• Final	database	=	718	unique	EF-1a	sequences



Primers

Fus-R	(This	study)
Ra	(Edel-Hermann,	2015)

EF-2,	(O’Donnell,	1998)

Fus-F	(This	study)EF-1,	(O’Donnell,	1998)

• Fa/Ra	amplicon	sizes	(including	primers):
• Fusarium	oxysporum:	~572bp
• Fusarium	solani:	~612	bp

• Fus-F/Fus-R	amplicon	sizes	(including	primers):	
• Fusarium	oxysporum:	~450bp
• Fusarium	solani:	~495bp

Illumina	MiSeq 300bp	paired	end	sequencing:
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Takeaway	ideas

• Oligotyping can	extract	additional	
information	from	your	amplicons
• Analyzes	positional	entropy	in	aligned	
reads

• It	is	first	necessary	to	classify	reads
• dbcAmplicons
• Qiime
• Mothur

• Reads	corresponding	to	a	single	
species	or	genus	can	be	aligned	and	
oligotyped



• What	is	the	relationship	between	predictability	and	information?

Claude	Shannon



Shannon’s	entropy:	
Uncertainty	has	greater	information	value

• H(x)	=	total	entropy
• P(x)	– probability	of	“x”	
• Example:	A	fair	coin	(50%	heads,	50%	tails)
• f(x)	for	heads	(or	tails),	=	0.5

• Heads:	-0.5*log2(0.5)	=	-0.5*-1	=	0.5
• Tails:	-0.5*log2(0.5)	=	-0.5*-1	=	0.5

• H(x)	=	0.5	+	0.5	=	1

• Equal	probabilities	for	all	possibilities	have	the	highest	Shannon	entropy

𝐻 𝑥 =$−𝑃 𝑥𝑖 ∗ log	2(𝑃 𝑥𝑖 )	
0
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Claude	Shannon



Shannon’s	entropy:
Uncertainty	has	greater	information	value

• H(x)	=	total	entropy
• P(x)	– probability	of	“x”	
• Example:	An	unfair	coin	(20%	heads,	80%	tails)

• Heads:	-0.2*log2(0.2)	=	0.46
• Tails:	-0.8*log2(0.8)	=	0.25

• H(x)	=	0.46	+	0.25	=	0.71

• Unequal	probabilities	have	lower	Shannon	entropy

𝐻 𝑥 =$−𝑃 𝑥𝑖 ∗ log	2(𝑃 𝑥𝑖 )	
0

123

Claude	Shannon



Shannon’s	entropy:
Uncertainty	has	greater	information	value

• What	about	DNA?
• Distribution	1:

• -0.25*log2(0.25)	=	0.5
• -0.25*log2(0.25)	=	0.5
• -0.25*log2(0.25)	=	0.5
• -0.25*log2(0.25)	=	0.5

• H(x)	=	2

𝐻 𝑥 =$−𝑃 𝑥𝑖 ∗ log	2(𝑃 𝑥𝑖 )	
0

123

Distribution	2	Distribution	1• Distribution	2:	
• -0.875*log2(0.875)	=	0.17
• -0.125*log2(0.125)	=	0.38

• H(x)	=	0.55

• Distribution	3	(not	shown):	
• -0.998*log2(0.998)	=	0.003
• -0.002*log2(0.002)	=	0.017

• H(x)	=	0.02



Shannon’s	entropy	for	every	position	in	an	alignment



The	Entropy	to	Oligotype continuum

1. Determine	entropy	for	every	position
2. Compare	nucleotides	at	entropic	

positions	for	every	read
1. CTA	=	66%
2. CGG	=	20%
3. AGA	=	13%
4. AGG	=	0.5%
5. CGA	=	0.5%

3. Set	minimum	abundance	threshold
4. Estimate	relative	abundances	of	

oligotypes
5. Reconstruct	sequences	for	each	

oligotype

C	or	A T	or	G G	or	A

Min.	abundance	threshold
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Species	queries:
Sequences	from	sample	A:

vsearch:	obtains	read	counts	per	species	by	%	identity

muscle:

oligotyping:	sequence	type	relative	abundance

entropy-analysis:

• Bin	sequences	by	barcode:
• Join	paired-end	reads	(pear)
• Split	reads	by	barcode	(fastx_toolkit)
• Convert	fastq to	fasta format	
(fastx_toolkit)

• Count	reads	for	each	species
• Query	samples	with	species-specific	
vsearch parameters

• Gather	subspecies	diversity
• Extract	sequences	from	a	given	
species	(e.g.	F.	oxysporum)

• Align	extracted	sequences	(muscle)
• Trim	primer/barcode	regions	
manually	(MEGA7)

• Conduct	entropy	analysis	(oligotype)
• Generate	oligotypes (oligotype)

=	5

=	4

=	3

=	1

Count	reads	for	each	Fusarium species:

Align/analyze	entropy	for	all	reads	of	a	species:

Pipeline	overview



• I	didn’t	write	any	
programs	used	in	
this	pipeline.



Estimating	relative	abundance:
Oligotyping

• Mock	communities:
• 4	EF-1a	sequence	types
• Fusarium	oxysporum only

• Expected	abundance	
calculated	based	on	DNA	
concentration
• Averages	taken	from	two	
technical	reps
• Sequences	are	identical	
to	the	input

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Mock	community	2.1

FolCA3

Foa40

FoLHM2

GL1499/GL1059/FoNB3 

expecte observed 0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Mock	community	2.2

Foa	40
FoL	CA3
HM2
GL1499,	GL1059,	FoNB3

expected observed
0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

90% 

100% 

Pe
rc
en

t	a
bu

nd
an

ce

Mock	community	1.2	

FolCA3

Foa40

FoLHM2

GL1499/GL1059/FoNB3 

expected observed



Where	you	can	learn	more

• Eren lab	website:
• http://merenlab.org/software/oligotyping/

• Frontiers	in	Microbiology	Research	topic:	
New	insights	into	microbial	ecology	through	
subtle	nucleotide	variation
• http://journal.frontiersin.org/researchtopic/2427
/new-insights-into-microbial-ecology-through-
subtle-nucleotide-variation


