UniFrac: a New Phylogenetic
Method for Comparing Microbial
Communities
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Background - Basic Info

The vast majority of microbes cannot be
cultured with current methods

Only half (26) out of the 52 major bacterial
lineages have cultured representatives

Most of those culturable strains are only distantly
related to the dominant phylotypes
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iInformation about the biology of much of the
diversity of life is the environmental
distribution of sequences."



Current Methods - Statistical

Sgrenson and Jaccard indices of group
overlap
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Hierarchical clustering and ordination based
on the distribution of sequences



Current Methods - Statistical

Limitations

Don't account for different degrees of similarity
between sequences

If the 16S is within 998% identity, the sequences are
treated equally, even if looking at the entire sequence
shows a 310% sequence divergence.

Results In a substantial loss of information



Current Methods - Phylogenetic

Ptest
Fortest



Current Methods - Phylogenetic

Limitations

Only have been applied to detect significant
differences

Cannot compare multiple samples simultaneously
Do not account for branch lengths



What is UniFrac?

O51 ENOA EOAAOEIT 1 AO
A new, lineagebased phylogenetic distance
method

Measures the phylogenetic distance between sets
of taxa in a phylogenetic tree as the fraction of the
branch length of the tree that leads to
descendants from either one environment or the
other, but not both



What is UniFrac?

A true distance measurement
Can compare multiple samples simultaneously

Can be used with standard multivariate statistics
(e.g., UPGMA or PCA)

Web service @
nttp://bmf2.colorado.edu/unifrac/index.psp
Downloadable software module for Python
ouilt on an old version of PyCogent



http://bmf2.colorado.edu/unifrac/index.psp

Metric Characteristics

Captures the amount of evolution unique to
each state

Reflects changes in one environment that
would be harmful in the other(s)

It XORSs the branches in the set of
environments and compares the remaining
branch lengths
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Basic Idea
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Image from http://bmf2.colorado.edu/unifrac/help.psp "



Basic Concept

Similar environments can be translated into
each other with few changes in species

E.g., seawater from two bays in California, as we
talked about last week in the PHACCS paper

Divergent environments should each have a
few species that can't survive (or can't survive
well) in the other environment(s)

E. g., water from hot springs versus water from
the Arctic
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Questions To Be Answered

How does culturing affect similarities
between samples?

Do cultured samples really reflect the
environments they come from?

| OOET O0O6 4A00d #I1 1 PAOA
versus the environments they came from to see
how similar they are.
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Questions To Be Answered

How cosmopolitan are bacterial lineages?

Most lineages seem to be pretty worldwide

Is the same true for extremeophiles such as
Arctic/Antarctic bacteria?

Aside: we saw an example of this in the Salinibacter
ruber paper last weektwo very similar extremeophiles

were found in two widely dispersed environments: one
In California, one in Spain

I OOET 006 4A00d 4A00AA x
loving) bacteria could cross the equatorial sea
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Questions To Be Answered

Are marine ice, sediment, and seawater three
distinct, homogeneous habitats?

Generally treated separately in the literature
should they be?

Il OOET O06 4A00(¢g #1 1 DPAO/
and seawater to see how the various samples
clustered together.
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Uses of UniFrac

Tell whether two communities differ
significantly through Monte Carlo simulations

Authors did this by keeping the tree intact and
randomly assigning environmental labels

Produce a distance matrix to describe the

phylogenetic differences between microbial
communities
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Materials and Methods

Samples examined

Started with 23 smalsubunit rRNA sequence
libraries from 12 different marine studies

After data cleaning, removed 3 of those samples
due to lack of sequence information

Included cultured and uncultured samples from
seawater, sea ice, and marine sediment
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Sample Descriptions

FTABLE 1. Gene libiary information

Scdimcnt

Sampic” Refcicncec b of » ';wl”‘;';l;mn decpth Latitude. koagitudc F'emp (°C)
! scqucaces dcpth {m) :
Sediment
SRUI 38 79 155 0-1.1 76°58'N, 1534'E 20
STU2 25 33 6,400 40°06°N, 144°11'E
SNU3 4 36 709-940) 1-2 66°S, 143°E
SNC4 4 3 709-940 66°S, 143°E
SNUS b 101 7ol 0-0.4 66"32'S 143938'E
SNUG 3 146 7ol 1.5-25 66°32'S 143°38'E
SNU7J Seawateri 231 701 2021 00732'S 143938'E

<US J2-8R"N, 51-3:

WTC9 X S4709'N, 7°52'E

WTUILO > 40°N, 73°E 23 8-29
WTCl11 ' i 40°N. 72°E 238-29
WTUI2 244 42°N, 71°E 6
WPUI3 Sealcel!

1

INCIS ; 5 68°S, T8E
”{.\rl“ KA '«'-r\l. ”“i:
IRC17 S0°N. (°E
INUIS ( . 70°8, 15°E
INCI19 . 7 70°8, 15°E

117 - - -

o o L

“The fisst chamacter in the sample name designates the cavitonment type (S, maine sediment W, watcr: and 1 ke ). The sccoad chamcter indicates the gecogmphic
location (R, Auctic N, Antuctic T, sempemate: and P. topical). The third chamacter iadicates whether the scquences were derved fiom cultuicd soklites (C) o

cavironmcntal cloacs (U).
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Data Analysis (Development Detalls)

Written in Python on a Mac running OS X,
iIncluding a UPGMA and a PCA implementation
Pulled down sequences from Genbank

Aligned sequences using the Arlools and
manual curation

A GUI tool for sequence database handling and data
analysis
Continued to use Arb to fill in a tree via
parsimony
Used the UniFrac tools to perform significance
tests, UGPMA clustering, and PCA

1.ARB: a software environment for sequence,ddii@leic Acids Res. 2004; 32(4): X363

1371. http://www.ncbi.nlm.nih.gov/pubmed/14985472 19



Jackknifing

Examine how the number and evenness of
sequences affect UPGMA clustering

Ran several simulations using 100 reduced
trees

Each environment was randomly assigned a
specific number of sequences defined at the start
of each experiment

Sequences (and environments) were added or
removed as appropriate for each iteration
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P-Value Table

List of samples that ar
not significantly
different at a cutoff of
P-OAI OA J o
Kind of hard to see the
clusters here

TABLE 2. UniFiac P values®

Samplc Compatcd samplc(s) (P valuc)

SRUI ..o . SNU3 (0.118), STU2 (0.111)

STUZ2 ... SNU3 (0.201), SRUI (0.111), SNUS (0.066),
SNUG6 (0.107)

SNUG (0.802), SNU7 (0.070y, SRUI (D.118),
STU2 (0.201)

WTCII (0.105), SNUS |

SNC4 (0.053), STU2 (0.066)

SNU7 (0.394), SNU3 (0.802), STU2 (0.107)

SNUG (0.394), SNU3 (0.070)

SNUI - cins abins

SNCA: s asa
SNUS..ccoviiecivciiiann
Iy | B TR A
ST ciiiiciniisnsinia catins
WERUB icidiinsrissinsii
WTE i iciiianias:

N
Uy

WTCII (0.639), INU20O (0.076). INCI19 (D.155),
INUIS (0.097)

WO o alminsa

WTCI11 vrererenn o SNCH (0.105), WTC9 (0.639), INCI19 (0.055)

WEEIRZow S aiyas

WEL S cinciimsimacigi

WA Vs

INCAS: ocsisiiian

ERUFIG cciciisinsirivimaii

LRE L2 o i

INUIS............. LGWTCO (0.097), INU20 (0.055), INCI9 (0.233).
IRCIT (0.257)

WTCII {(0.055), WTC9 (0.155), INUIS (0.233)

WTCY (0.076), INUIS (0.055)

MWPUIL4 (0.238)
WPUIL3 (0.238)

INUIS (0.257)

INCIR iainange
INUPAR csiviaiaas s

on compatisons o 1000 madomecd tces

0.05. All otkcs

“UniFince P valucs were bascd

Results muc listed oaly if the P valuc (Isted in paicathescs) =

pairwisc compaiisoas iadicated that the communitics were significantly diffcicat.
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P-Value Clusters

WPU14
/
WPU13

:ﬁ WTCO WTC11
INC19
| WRUS

Image generated by Graphviz using the FDP algorithm. Edge
lengths NOT proportional to the real distance between the samples. 22




UPGMA Tree

SRU1(79) ® TABLE 3. UPGMA jackknifing 1csults
Nid STU2 (33] e % of umbk with nodc®
\ Nod
" SNU3 (36) ® ) 7 20 31 m =
" ©
NG SNU6 “46] NI 3 14 3l 27 12 NA
7, SNU7 (231} @ N2 ] 1 29 33 48 63
N3 | 8 7 11 NA NA
i N4 14 16 11 NA NA NA
NIZ ‘ NS ! 0 0 1 27 37
WTC11(21) o NG 27 36 57 67 53 63
INC19 (87) © N7 k) 3 6 44 52 66
| N1l N15 ' NS 22 17 17 39 il 37
a NI INU18 (20) N9 52 58 64 NA NA NA
niol Y N1z IRU]6(62) ¢ NI10 8 16 79 06 94 100
IRC17 (109) ¢ N1l 6 12 40 46 NA NA
N16 1 £ (£ NI12 I3 3l NA NA NA NA
j | \
= | ey N13 16 38 41 38 64 79
= N14 34 50 29 3 12 6
b ANV WELE NI15 6o 77 NA NA NA NA
i N16 I8 40 27 28 B 21
I WRUS (87) = Ni7 2 35 13 16 37 50
— WRU10(75) = N8 97 NA NA NA NA NA
WRU]z (544) “For cach sode in the UPGMA tice (Fig 2) (10ws), the numbcis show the
\NPU13 (]7} - perecntages of tiils (a 100) that the sode occuired in whea cach caviilonment
N18 WPU14 (40) - wis 1cpicscated by only 17, 20, 31 36, 40, o1 58 scqucaccs (columas) The nodc
namcs cornrespond to the node kibek in Figure 2. NA. not availab e,
L. UroviA cluster of manne sampics. C nuUmMbet Of sC-

quences that represent cach enviionment is indicated next to the
sample name, as well as the symbol with which the sample is 1epre-
sented in Fig, 3.
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PC1 divides ice/cultured from other uncultured PC3 divides seawater from sediment and ice
PC2 divides open sea from sediment/coastal PC4--) 61 11 O OOOAS 3 éﬁi A



