Multivariate analysis of functional metagenomes
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Detailed Methods

Metagenomes

Publicly available metagenomes were selected from the Edwards Lab metagenome database (http://edwards.sdsu.edu/mymgdb/) {Schmieder, Edwards, Unpublished}. All samples were annotated using the real-time K-mer based annotation system using a 10-amino acid word size and a requirement for at least two words per protein (http://edwards.sdsu.edu/rtmg). This approach, described elsewhere, {ref: Edwards, Overbeek, Disz, Olson} uses signature K-mers to identify the functions encoded in the metagenome sample. The K-mer based approach allows all of the samples to be annotated against the same core database, and for the annotations to be updated whenever required. The K-mer based annotation provides the number of sequences for each function, subsystem, and two level hierarchy in the subsystems ontology { PMID: 21421023 }. Counts were normalized by the total number of hits to account for the different sample sizes of each metagenomes and to yield percent composition by function. The functional hierarchies clustering-based subsystems and experimental subsystems were removed from the data, leaving 27 first level functional hierarchies or functional families. The metagenomes were classified as belonging to ten different environments: hypersaline; mat community (from Solar Salterns); hydrothermal springs; human associated; other terrestrial animal associated; freshwater; and marine. Because of the abundance of marine samples (for example, because of the Global Ocean Survey data), these samples were further sub-divided into four groups: open ocean, coastal water, deep water, and coral-reef associated samples. 
Supplemental Online Figures and Tables

Supplemental Table 1. The samples present in each of the clustered identified by the K-means analysis with K of six. This was chosen because the silhouette analysis suggested that six clusters were the most appropriate (Supplemental Fig. 2). There were 33 human, 9 terrestrial animal, 10 mat community, 42 open water, 20 reef water, 60 coastal water, 5 deep water, 7 fresh water, 15 hypersaline, 6 hot spring samples in total.

	Cluster
	Number of metagenomes
	Original metagenome classification

	1
	52
	31 human

5 terrestrial animals

6 mat community

Water samples: 

· 4 open

· 3 reef

· 2 coastal

· 1 fresh

	2
	1
	1 reef water sample

	3
	1
	1 reef water sample

	4
	3
	1 human

1 fresh water

1 reef water

	5
	149
	4 mat

4 terrestrial animals

1 human

Water samples: 

· 56 coastal

· 5 deep

· 15 hypersaline

· 6 spring

· 38 open

· 13 reef

· 7 fresh



	6
	6
	Water samples:

· 2 coastal

· 3 fresh

· 1 reef


Supplementary Table 2: Tree size and average deviance from a series of tree cross-validation experiments.

	Tree Size
	Average CV Deviance

	1
	152.014

	2
	122.432

	3
	102.636

	4
	99.642

	6
	92.762

	8
	92.970

	9
	92.812

	14
	95.848

	16
	98.342

	17
	98.622


Supplemttaty Table 3. The group that each metagenome was assigned to by the random forest analysis.

	Initial classification
	Classification from the random forest

	
	Mixed marine
	Deep

water
	Coastal

marine
	Open marine
	Spring

water
	Terrestrial

animals
	Human

associated
	Fresh water
	Hyper-saline

	Freshwater
	3
	
	
	
	1
	1
	
	
	

	Open marine
	6
	1
	1
	31
	
	
	
	
	2

	Spring water
	1
	
	
	
	5
	
	
	
	

	Coastal marine
	6
	1
	43
	8
	2
	
	
	
	

	Terrestrial animal
	
	
	
	
	
	5 cow 

2 mice
	3  mice 

1 fish
	
	

	Human associated
	1
	
	1
	
	
	
	32
	
	

	Mat community
	4
	1
	
	
	
	
	
	4
	

	Deep marine
	
	4
	1
	
	
	
	
	
	

	Reef water
	4
	1
	
	15
	
	
	
	
	

	hypersaline
	4
	
	
	
	1
	
	
	
	9

	Total
	29
	8
	47
	44
	8
	8
	36
	10
	11


Supplementary Table 4. The missclassification table generated by the canonical discrimant analysis. 

	
	coastal
	deep
	fresh
	human
	hypersaline
	mat
	open
	reef
	spring
	Terrestrial animal
	Class error

	coastal
	9.820
	0.000
	0.301
	0.391
	0.000
	0.226
	0.962
	0.009
	0.127
	0.160
	0.181

	deep
	0.990
	0.004
	0.000
	0.000
	0.000
	0.000
	0.004
	0.000
	0.000
	0.000
	0.995

	fresh
	0.816
	0.000
	0.433
	0.231
	0.000
	0.235
	0.081
	0.028
	0.160
	0.075
	0.783

	human
	0.000
	0.000
	0.207
	6.268
	0.000
	0.457
	0.014
	0.051
	0.000
	0.000
	0.104

	hypersaline
	1.231
	0.000
	0.000
	0.000
	1.485
	0.000
	0.283
	0.000
	0.000
	0.000
	0.504

	mat community
	0.382
	0.000
	0.000
	0.004
	0.000
	1.613
	0.000
	0.000
	0.000
	0.000
	0.193

	open
	4.377
	0.009
	0.033
	0.448
	0.169
	0.349
	2.410
	0.169
	0.014
	0.018
	0.698

	reef
	1.509
	0.009
	0.283
	0.429
	0.000
	0.226
	1.117
	0.235
	0.023
	0.377
	0.994

	spring
	0.047
	0.000
	0.000
	0.000
	0.000
	0.000
	0.113
	0.004
	0.834
	0.000
	0.165

	terrestrial
	0.287
	0.000
	0.108
	1.193
	0.000
	0.216
	0.000
	0.000
	0.000
	0.193
	0.903


Supplemental Figure 1. A diagram of the relationship between the seven statistical methods evaluated. 
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Supplemental Fig. 2. (a) The sums of squares and K-value used to identify the number of groups that the samples should be split into. No clear elbow was evident, therefore silhouette plots were use to examine the data. (b) A silhouette plot showing how it creates metagenomic groups in the data. The most favorable grouping number is where the average silhouette width is nearest to one. (c) The variation of average silhouette width and K. There is a peak at K=6 and an uptick at K=10.
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Supplemental Fig. 3 Mean decrease in (a) accuracy and (b) Gini determined by the random forest analysis for the variables.
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Supplemental Fig. 4. Linear discriminant analysis of the environmental samples.
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