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Microbial Ecology of the Gastrointestinal Tract
Annual Review of Microbiology 31: 107–33. Savage, D. C. (1977). 



Peter J. Turnbaugh et al., Nature 2006
An obesity-associated gut microbiome with increased capacity for energy harvest

Do differences in our 
microbiota matter?
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Image#source:##
PhylogeneRc#straRgraphy#in#the#Guerrero#Negro#hypersaline#microbial#mat.#
Harris,#Caporaso#et#al.#(2012)#
InternaRonal#Society#for#Microbial#Ecology#Journal#

Microbes#rarely#live#or#
act#alone.#



Culturing#microbes#is#hard#

Bacillus#anthracis#in#culture#

Back#of#the#envelope#
calculaRon:#less#than#13%#
of#bacterial#species*#have#
a#representaRve#that#has#
been#grown#in#culture.#
#
Many#recent#advances##
are#based#on##
culture/independent##
approaches#for#studying#
microbial#communiRes.##

*#Defined#as#97%#OTUs#in#the#Greengenes#13_5#reference#database.#



CultureIindependent#invesRgaRon#of#
microbial#communiRes##

All#cellular#life#has#a#shared#
evoluRonary#history,#and#
some#genes#are#shared#by#all#
organisms.#
#
#
The#sequence#of#those#
genes#can#be#used#as#a#
gene3c#fingerprint#for#
different#organisms.##



Collect#samples#



Image#source#and#instrucRons:#
hMp://learn.geneRcs.utah.edu/content/labs/extracRon/howto/#

Extract#DNA#
(you#can#do#this#at#home!)#



Isolate#the#small#subunit#ribosomal#RNA#
gene#to#“fingerprint”#different#microbial#

organisms.#(PCR)#

Why#16S#rRNA?#



Sequence#the#rRNA#from#all#samples#on#a#“highI
throughput”#DNA#sequencer#

Pool#samples#
and#sequence#

Micah#Hamady,#et#al.,#Nature#Methods,#2008.#
ErrorIcorrecRng#barcodes#for#pyrosequencing#hundreds#of#samples#in#mulRplex.#

PerIsample#rRNA#
>GCACCTGAGGACAGGCATGAGGAA…'
>GCACCTGAGGACAGGGGAGGAGGA…'
>TCACATGAACCTAGGCAGGACGAA…'
>CTACCGGAGGACAGGCATGAGGAT…'
>TCACATGAACCTAGGCAGGAGGAA…'
>GCACCTGAGGACACGCAGGACGAC…'
>CTACCGGAGGACAGGCAGGAGGAA…'
>CTACCGGAGGACACACAGGAGGAA…'
>GAACCTTCACATAGGCAGGAGGAT…'
>TCACATGAACCTAGGGGCAAGGAA…'
>GCACCTGAGGACAGGCAGGAGGAA…'
'



Analyzing#Microbial#Diversity#



Sequences#are#clustered#into#OperaRonal#
Taxonomic#Units#(OTUs)#



Similar#sequences#are#grouped#
together ##

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

Sequence 1
Sequence 2 
Seqeunce 3 
Sequence 4
Sequence 5 
Sequence 6 



Similar#sequences#are#grouped#
together ##

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

Sequence 2 
Seqeunce 3 
Sequence 4
Sequence 5 
Sequence 6 

Sequence 1



Similar#sequences#are#grouped#
together ##

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

Seqeunce 3 
Sequence 4
Sequence 5 
Sequence 6 

Sequence 1 Sequence 2 



Similar#sequences#are#grouped#
together ##

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

 
Sequence 4
Sequence 5 
Sequence 6 

Sequence 1 Sequence 2 Seqeunce 3 



Similar#sequences#are#grouped#
together ##

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

 
Sequence 5 
Sequence 6 

Sequence 1 Sequence 2 Seqeunce 3 
Sequence 4



If#a#sequence#does#not#match#the#
database#it#is#assigned#to#a#new#cluster#

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

 
Sequence 6 

Sequence 1 Sequence 2 Seqeunce 3 
Sequence 4

New Cluster

Sequence 5 



This#conRnues#unRl#all#sequences#
are#assigned#

Reference 
Sequence 1

Reference 
Sequence 2

Reference 
Sequence 3

 

Sequence 1 Sequence 2 Seqeunce 3 
Sequence 4

New Cluster

Sequence 5 

Sequence 6 



Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

A#representaRve#sequence#is#
chosen#from#each#cluster#and#an#

OUT#table#is#made#



BodySite' Date' Sex'

Sample1' gut# 01/10/1970# male#

Sample2' palm# 01/10/1970# male#

Sample3' gut# 01/25/1970# female#
#

Sample4' palm# 01/25/1970#
#

female#

Metadata#is#recorded#for#each#
sample#that#is#taken#



A#table#may#be#created#from#an#
exisRng#phylogeneRc#tree#



New#“de#novo”#OTUs#can#be#added#to#a#tree,#however#phylogeneRc#analyses#
should#not#be#performed#with#a#tree#that#does#not#contain#all#OTUs#



Comparing#microbial#communiRes#

Who#is#there?##
#
How#many#unique#“species”#are#there?##
#
How#similar#(or#different#are#pairs#of#
samples?##
#



How#do#we#compare#the#communiRes#
(Samples)?#

•  Taxonomy#Summary#

•  Alpha#Diversity#(within#sample#diversity)#

•  Beta#Diversity#(between#sample#diversity)##



Some#Terminology#
•  QualitaRve#metric#I#Presence#absence#of#an#organism#

•  QuanRtaRve#metric#I#Takes#into#account#the#abundances#of#
different#organisms#

•  NonIphylogeneRc#metric#I##Treats#all#OTUs#as#being#equally#
related#

#
•  PhylogeneRc#metric#I##Incorporates#evoluRonary#relaRonships#

between#the#OTUs#



Taxonomy#Summary#
#



Phylum#level#differences#by#
sample#



Order#level#differences#by#
sample#



Samples#can#be#combined#to#look#for#
category#differences#

(not#real#data!)#



Are#relaRve#abundances#of#OTUs#
staRsRcally#different#between#groups?#

•  KruskalIWallis#(nonIparametric)##
–  Groups#must#contain#>#5#samples#
–  Commonly#used#for#marker#gene#surveys#

•  Anova#(parametric)#
–  Equal#variance#
–  Normality#of#residuals#
–  Independence#
–  Usually#violated#by#marker#gene#surveys#

•  *Many#others*#



KruskalIWallis#test#for#OTU#differences#

OTU' Test'Stat' P9value' Bonferroni'
Corrected'
p9value'

Gut'mean'' Palm'
mean'

k__Bacteria;'
p__Firmicutes' 10.86# 0.001# 0.01# 1.12EI10# 23.751#
k__Bacteria;'
p__Bacteroidetes' 5.07# 0.005# 0.05# 0.003# 7.767#
k__Bacteria;'
p__Proteobacteria' 2# 0.078# 0.078# 1.151# 1.616#



Alpha#Diversity##
(within#sample#diversity)##



Sample'A'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Pseudomonas#flavescens#

Sample'B'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Escherichia#coli#

Observed#Species:#a#nonIphylogeneRc#
qualitaRve#metric##

Conclusion'
A#=#B#=#C#

Observed'species'
#Sample#A#3#
#Sample#B#3#
#Sample#C#3#

Sample'C'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Methanobrevibacter#smithii#



Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#



Sample'A'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Pseudomonas#flavescens#

Sample'B'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Escherichia#coli#

Alpha#diversity#
(Observed#Species)#

Conclusion'
A#=#B#=#C#

Observed'species'
#Sample#A#3#
#Sample#B#3#
#Sample#C#3#

Sample'C'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Methanobrevibacter#smithii#



Sample'A'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Pseudomonas#flavescens#

Sample'B'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Escherichia#coli#

Sample'C'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Methanobrevibacter#smithii#

PhylogeneRc#Diversity:#a#qualitaRve#
phylogeneRc#metric#



Alpha#diversity##



Alpha#diversity#



Alpha#diversity#



Sample'A'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Pseudomonas#flavescens#

Sample'B'
###Pseudomonas#aeruginosa#
###Pseudomonas#argenRnensis#
###Escherichia#coli#

Sample'C'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Methanobrevibacter#smithii#

PD#=#0.35## PD#=#0.40## PD#=#0.95##<# <#

Sample#C#is#more#diverse#than#sample#B,#
which#is#more#diverse#than#sample#A#

Alpha#diversity#



Alpha#rarefacRon#

Sample#A#
alpha#div=20#

Sample#B#
alpha#div=100#

Sample#B#>#Sample#A#



Sample#A#
alpha#div=20#

Sample#B#
alpha#div=100#

Sample#B#>#Sample#A??#

Sample#A#
100#seqs#

Sample#B#
1,000#seqs#

Alpha#rarefacRon#



Alpha#rarefacRon#

Sample#A#
alpha#div=20#

Sample#B#
alpha#div=15#

Sample#A#
100#seqs#

Sample#B#
1,000#seqs#

randomly#select#
100#seqs#



Alpha#rarefacRon#

Sample#A#
alpha#div=20#

Sample#B#
alpha#div=15#

Sample#B#<#Sample#A#
with#same##seqs##

Sample#A#
100#seqs#

Sample#B#
1,000#seqs#

randomly#select#
100#seqs#



MulRple#alpha#rarefacRon#

Sample#A#
Alpha#div#=#100#
with#1,000#seqs##

Repeatedly#calculate#alpha#div#
at#decreasing#number#of#seqs#

adiv#

##seqs#

What#if#we#had#2,000#seqs?#

?#

100#

1,000# 2,000#



MulRple#alpha#rarefacRon#

adiv#

##seqs#
1,000#500#

80#

250#

40#

Higher#sequencing#effort#might#result#
in#higher#observed#diversity#

100#



MulRple#alpha#rarefacRon#

adiv#

##seqs#

100#

1,000#500#250#

95#

Higher#sequencing#effort#will#probably#
not#add#to#observed#diversity#



•  RarefacRon#results#in#a#loss#of#data#
•  Can#be#difficult#to#determine#opRmal#
rarefacRon#level#

•  RarefacRon#increases#error#
•  Not#always#the#best#opRon#
– Small#libraries/sample#size#



Are#skin#samples#more#diverse#than#
gut?#



Comparing#alpha#diversity#between#
categories#

•  TItest#
– Parametric#
•  Not#usually#appropriate#

– NonIparametric#
•  Mont#carlo#permutaRons#
•  More#commonly#used#



Beta#Diversity##
(between#sample#diversity)#



Alpha#Diversity#

Sample'A'
###Wolbachia#melophagi#
###Lactobacillus#delbruecki#
###Pseudomonas#flavescens#

Sample'B'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Escherichia#coli#

Sample'C'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Methanobrevibacter#smithii#

A'='B'='C'
Alpha'Diversity'
Conclusion''



Sample'A'
###Wolbachia#melophagi#
###Lactobacillus#delbruecki#
###Pseudomonas#flavescens#

Sample'B'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Escherichia#coli#

Sample'C'
###Pseudomonas#aeruginosa#
###Giardia#lamblia#
###Methanobrevibacter#smithii#



BrayICurRs#dissimilarity#

BC#=#dissimilarity#
Sample#
j#=#jth#sample#
k#=#kth#sample#
i#=#ith#observaRon#
X#=#Value#
#

NonIphylogeneRc,#quanRtaRve#method#



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator:#
|0#+#0|#=#0#



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator:#
|0#–#0|#=#0#
|1#–#7|#=#6##



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator#
|0#–#0|#=#0#
|1#–#7|#=#6#
|4#–#0|#=#4##



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator:#
|0#–#0|#=#0#
|1#–#7|#=#6#
|4#–#0|#=#4#
#
Denominator#
0#+#0#=#0#



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator:#
|0#–#0|#=#0#
|1#–#7|#=#6#
|4#–#0|#=#4#
#
Denominator:#
0#+#0#=#0#
1#+#7#=#8#



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator:#
|0#–#0|#=#0#
|1#–#7|#=#6#
|4#–#0|#=#4#
#
Denominator#
0#+#0#=#0#
1#+#7#=#8#
4#+#0#=#4##
#



BrayICurRs#dissimilarity#

Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2#

To#calculate#distance#
from#Sample#1#to#
Sample#2#

Numerator:#
|0#–#0|#=#0#
|1#–#7|#=#6#
|4#–#0|#=#4#
#
Denominator#
0#+#0#=#0#
1#+#7#=#8#
4#+#0#=#4##
#
BC#=#10/12#



Unweighted#Unifrac#
A#phylogeneRc#qualitaRve#metric#

Uniqe:#the#sum#of#the#branch#lengths#that#only#lead#
to#an#observaRons#found#in#one#of#samples#being#
compared#
#
Observed:#the#sum#of#the#branch#lengths#that#lead#
to#an#observaRon#in#either#sample#



Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2# Sample#2#to#Sample#
3#Distance#
#

##
#



Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2# Sample#2#to#Sample#
3#Distance#
#
Unique#=#0.2#+#0.3#+#
0.3#+#0.2#+#0.2#+#0.2

##
#



Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2# Sample#2#to#Sample#
3#Distance#
#
Unique#=#0.2#+#0.3#+#
0.3#+#0.2#+#0.2#+#0.2#
#
Observed#=#0.2#+#0.3#
+#0.2#+#0.3#+#0.3#+#
0.2#+#0.2#+#0.2#

##
#



Sample'1' Sample'2' Sample'3' Sample'4'

OTU#1# 0# 0# 4# 6#

OTU#2## 1# 7# 0# 1#

OTU#3# 4# 0# 4# 2# Sample#2#to#Sample#
3#Distance#
#
Unique#=#0.2#+#0.3#+#
0.3#+#0.2#+#0.2#+#0.2#
#
Observed#=#0.2#+#0.3#
+#0.2#+#0.3#+#0.3#+#
0.2#+#0.2#+#0.2#

##
UAB#=#1.4/1.9#
#



Unweighted#Unifrac:#a#phylogeneRc#measure#of#
the#dissimilarity#of#microbial#communiRes#

Slide#Credit:#Greg#Caporaso#

OTU 1

OTU 2

OTU 3

OTU 4

OTU 5

OTU 6

OTU 7

OTU 8

OTU 9

OTU 10

OTU 1

OTU 2

OTU 3

OTU 4

OTU 5

OTU 6

OTU 7

OTU 8

OTU 9

OTU 10

OTU 1

OTU 2

OTU 3

OTU 4

OTU 5

OTU 6

OTU 7

OTU 8

OTU 9

OTU 10

U = 0.0 U = 0.5 U = 1.0



Result#of#beta#diversity#is#a#distance#
matrix##

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#





Pairwise#distances#between#samples#are#
the#basis#of#most#microbiome#surveys#

Bacterial#Community#VariaRon#in#Human#Body#Habitats#Across#Space#and#Time.#
Costello#et#al.#Science#(2009)##



Polar#OrdinaRon#

D#=##is#distance#between#the#
endpoints#
#
D1#is#distance#between#the#
current#sample#and#endpoint#1#
#
D2#is#distance#between#sample#
and#endpoint#2.#



Step#1.#IdenRfy#the#largest#distance#in#the#distance#
matrix.#

#
Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#



#
Step#2.#Define#a#line#with#the#two#samples#
contribuRng#to#that#distance#as#follows:#

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#

Sample#2# Sample#5#

0.92#



Step#3.#Compute#the#locaRon#of#each#other#sample#
on#that#axis#as#follows:#

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#

Sample#2# Sample#5#

0.92#

0.922 + 0.352−0.92

2×0.92
= 0.86

Sample#1:#



Step#3.#Compute#the#locaRon#of#each#other#sample#
on#that#axis#as#follows:#

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#

Sample#2# Sample#5#

0.92#

Sample#1:#

0.086#

0.922 + 0.352−0.92

2×0.92
= 0.086



Step#3.#Compute#the#locaRon#of#each#other#sample#
on#that#axis#as#follows:#

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#

Sample#2# Sample#5#

0.92#

Sample#2:#

0.086#

0.922 + 0.862−0.882

2×0.92
= 0.44

0.44#



Step#3.#Compute#the#locaRon#of#each#other#sample#
on#that#axis#as#follows:#

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#

Sample#2# Sample#5#

0.92#

Repeat#for#all#samples#



Step#4.#Find#the#next#largest#distance#that#could#be#
used#to#define#an#uncorrelated#axis.#This#step#can#
be#laborIintensive#to#do#by#hand#I#usually#you#
would#compute#all#of#the#axes,#along#with#

correlaRon#scores.#



Step#5.#Compute#the#locaRon#of#each#other#sample#
on#that#axis#as#follows:#

Sample'1' Sample'2' Sample'3' Sample'4' Sample'5' Sample'6'

Sample'1' 0# 0.35# 0.83# 0.83# 0.9# 0.9#

Sample'2' 0.35# 0# 0.86# 0.85# 0.92# 0.91#

Sample'3'' 0.83# 0.7# 0# 0.25# 0.88# 0.87#

Sample'4' 0.83# 0.1# 0.4# 0# 0.88# 0.88#

Sample'5' 0.9# 0.92# 0.88# 0.88# 0# 0.5#

Sample'6'' 0.9# 0.91# 0.87# 0.88# 0.5# 0#

Sample#4# Sample#5#

0.88#

Repeat#for#all#samples#

0.37#0.36#0.035# 0.74#



Step#6.#Plot#pairs#of#points:#



Step#7.#Color#by#metadata#category#:#

Red#=#Tongue#
Blue#=#Skin##
Gut#=#Yellow#
#



•  Anosim#
–  PermutaRon#
–  Compares#within#and#between#distances#
–  R#staRsRc#I1#to#1.#0#indicates#random#grouping#
–  PIvalues#can#be#unreliable#with#a#large#sample#size#
–  Rank#based#

•  Permanova#
– Works#with#any#distances#(as#opposed#to#manova)##
–  PermutaRons#

•  TItest#
–  Not#likely#appropriate#for#a#



VariaRon#in#sampling#depth#also#needs#
to#be#controlled#for#beta#diversity!#



VariaRon#in#sampling#depth#is#an#
important#consideraRon#

Human#skin,#colored#
by#individual,#at#500#
sequence/sample#

Image/analysis#credit:#JusRn#Kuczynski#
#
Data#reference:#
Forensic#idenRficaRon#using#skin#bacterial#communiRes.#Fierer#N,#Lauber#CL,#Zhou#N,#McDonald#D,#Costello#EK,#Knight#R.#
Proc#Natl#Acad#Sci#U#S#A.#2010#Apr#6;107(14):6477I81.#



Human#skin,#colored#by#
sampling#depth,#at#
either#50#(blue)#or#500#
(red)#sequences/sample#

Image/analysis#credit:#JusRn#Kuczynski#
#
Data#reference:#
Forensic#idenRficaRon#using#skin#bacterial#communiRes.#Fierer#N,#Lauber#CL,#Zhou#N,#McDonald#D,#Costello#EK,#Knight#R.#
Proc#Natl#Acad#Sci#U#S#A.#2010#Apr#6;107(14):6477I81.#

VariaRon#in#sampling#depth#is#an#
important#consideraRon#



hMp://readiab.org###



How#deep#is#deep#enough?#

It#depends#on#the#quesRon…#
– Differences#between#community#types:#not#many#
sequences.#

– Rare#biosphere:#more#(but#be#careful#about#
sequencing#noise!)#



PC1 (8.6%)

PC2 (8.4%)

PC3 (6.2%)

PC1 (13%)

PC2 (11%)

PC3 (8.1%)

PC1 (24%)

PC2 (17%)

PC3 (9.7%)

100#sequences/sample# 10#sequences/sample# 1#sequence/sample#

Direct#sequencing#of#the#human#microbiome#readily#reveals#community#differences.#
J#Kuczynski#et#al.#Genome#Biology#(2011).#

How#deep#is#deep#enough?#
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FracRon#of#Greengenes#simulated#reads#classified##by#taxonomic#
level#using#the#RDP#Classifier#(80%#confidence)#

Acknowledgement:#Tony#Walters#

Accuracy#of#classified#reads#
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100#

Full#Amplicon#
515F/806R#(150#base#read)#
515F/806R#(100#base#read)#
96%#accurate!#
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