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Metacoder can be applied to any dataset that can be 
organized hierarchically such as:

 community taxonomic diversity data

 gene expression

 geographic data

 …
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hierarchical data



5

Geographical data
with metacoder



Datasets with hierarchical component: taxonomic data
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Bacteria

Proteobacteria

Gammaproteobacteria

Enterobacteriales

Enterobacteriaceae

Escherichia-Shigella

Escherichia coli

Datasets with hierarchical component: taxonomic data
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Exploring gut microbiota

Bacteria composition: barplot
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Exploring gut microbiota

Bacteria composition: sunburst, krona
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Exploring gut microbiota

Bacteria
composition
with metacoder
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Package metacoder
(extension of taxa package)

The taxa package is intended to:

 Provide a set of classes to store taxonomic data and 
any user-specific data associated with it

 Provide functions to convert commonly used formats 
to these classes

 Provide generally useful functionality, such as 
filtering and mapping functions

taxmap class object
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Package metacoder
(extension of taxa package)

From a taxmap object (taxa package)

 R6 class object to hold taxonomic and associated data

 parsing specific file formats used in metagenomics 
research (mother, qiime, phyloseq, greengenes, rdp, silva)

 subsetting complex hierarchical data sets using dplyr
data-manipulation philosophy

 plotting function enables quantitative representation 
of up to 4 arbitrary statistics simultaneously in a tree 
format by mapping statistics to the color and size of 
tree nodes and edges
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Package metacoder
(extension of taxa package)

How it works:

 parse_tax_data(): create tax_map object

 heat_tree(): to visualize tree
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Package metacoder
(extension of taxa package)

x <- c("Mammalia;Theria;Metatheria;Diplodontia;Macropodiformes",

"Mammalia;Theria;Eutheria;Primates;Haloplorrhini;Simiiformes")

obj <- parse_tax_data(x, class_sep = ";")

heat_tree(obj)

How it works: a simple case
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Package metacoder
(extension of taxa package)

x <- c("Mammalia;Theria;Metatheria;Diplodontia;Macropodiformes",

"Mammalia;Theria;Eutheria;Primates;Haloplorrhini;Simiiformes")

obj <- parse_tax_data(x, class_sep = ";")

heat_tree(obj)

How it works: a simple case
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Package metacoder
(extension of taxa package)

How it works: a simple case



17

Package metacoder
(extension of taxa package)

heat_tree(obj,

node_size_range = c(0.06, 0.06),

node_label = taxon_names,

edge_size_range = c(0.005, 0.005),

initial_layout = "reingold-tilford",

layout = "davidson-harel")

How it works: a simple case

layout = igraph parameters
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Package metacoder
(extension of taxa package)

How it works: a simple case

> obj

<Taxmap>

9 taxa: b. Mammalia, c. Theria ... i. Haloplorrhini, j. Simiiformes

9 edges: NA->b, b->c, c->d, c->e, d->f, e->g, f->h, g->i, i->j

1 data sets:

tax_data: a named vector of 'character' with 2 items

h. Mammalia;Theria;[truncated] ... j. Mammalia;Theria;[truncated]

0 functions:

- taxmap object
- 9 different taxa
- 9 edges
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Package metacoder
(extension of taxa package)

How it works: a simple case

> obj

<Taxmap>

9 taxa: b. Mammalia, c. Theria ... i. Haloplorrhini, j. Simiiformes

9 edges: NA->b, b->c, c->d, c->e, d->f, e->g, f->h, g->i, i->j

1 data sets:

tax_data: a named vector of 'character' with 2 items

h. Mammalia;Theria;[truncated] ... j. Mammalia;Theria;[truncated]

0 functions:

- taxmap object
- 9 different taxa
- 9 edges

> length(obj)

[1] 65
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Package metacoder
(extension of taxa package)

How it works: a simple case

> obj

<Taxmap>

9 taxa: b. Mammalia, c. Theria ... i. Haloplorrhini, j. Simiiformes

9 edges: NA->b, b->c, c->d, c->e, d->f, e->g, f->h, g->i, i->j

1 data sets:

tax_data: a named vector of 'character' with 2 items

h. Mammalia;Theria;[truncated] ... j. Mammalia;Theria;[truncated]

0 functions:

- taxmap object
- 9 different taxa
- 9 edges

> str(obj)

Classes 'Taxmap', 'Taxonomy', 'R6' <Taxmap>

Inherits from: <Taxonomy>

Public:

all_names: function (tables = TRUE, funcs = TRUE, others = TRUE, 

builtin_funcs = TRUE, 

arrange_obs: function (data, ..., target = NULL) 

arrange_taxa: function (...) 

branches: function (subset = NULL, value = "taxon_indexes") 

classifications: function (value = "taxon_names", sep = ";") 

clone: function (deep = FALSE) 

data: list

data_used: function (...) 

…

…
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Package metacoder
(extension of taxa package)

How it works: a simple case

> obj

<Taxmap>

9 taxa: b. Mammalia, c. Theria ... i. Haloplorrhini, j. Simiiformes

9 edges: NA->b, b->c, c->d, c->e, d->f, e->g, f->h, g->i, i->j

1 data sets:

tax_data: a named vector of 'character' with 2 items

h. Mammalia;Theria;[truncated] ... j. Mammalia;Theria;[truncated]

0 functions:

> obj$data$tax_data

h 

"Mammalia;Theria;Metatheria;Diplodontia;Macropodiformes" 

j 

"Mammalia;Theria;Eutheria;Primates;Haloplorrhini;Simiiformes" 

- taxmap object
- 9 different
taxa
- 9 edges
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Package metacoder
(extension of taxa package)

How it works: a simple case

> obj

<Taxmap>

9 taxa: b. Mammalia, c. Theria ... i. Haloplorrhini, j. Simiiformes

9 edges: NA->b, b->c, c->d, c->e, d->f, e->g, f->h, g->i, i->j

1 data sets:

tax_data: a named vector of 'character' with 2 items

h. Mammalia;Theria;[truncated] ... j. Mammalia;Theria;[truncated]

0 functions:

> obj$edge_list

from to

1 <NA>  b

2    b  c

3    c  d

4    c  e

5    d  f

6    e  g

7    f  h

8    g  i

9    i  j

- taxmap object
- 9 different
taxa
- 9 edges
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Package metacoder
(extension of taxa package)

How it works: a simple case + tuning

heat_tree(obj,

node_size_range = c(0.06, 0.06),

node_label = taxon_names,

node_label_color = "red",

edge_size_range = c(0.005, 0.005),

node_color = "white",

edge_color = "gray",

initial_layout = "reingold-tilford",

layout = "davidson-harel")

(~ 70 parameters)
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Package metacoder
(extension of taxa package)

How it works: a real case

The Human Microbiome Project (subset):

 50 samples from human

 1000 OTU (clusters) identified

 Samples information:
• Sex: male, female
• Body site: Saliva, Skin, Stool, Throat, Nose
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Package metacoder
(extension of taxa package)

Creating taxmap object: abundance matrix
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Package metacoder
(extension of taxa package)

Creating taxmap object: abundance matrix

Taxonomy

r__Root;p__Proteobacteria;c__Gammaproteobacteria;o__Pasteurellales;f__Pasteurellaceae;g__Haemophilus
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Package metacoder
(extension of taxa package)

Creating taxmap object: sample data
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Package metacoder
(extension of taxa package)

Creating taxmap object:

hmp_data <- parse_tax_data(hmp_otus,

# the column that contains taxonomic information

class_cols = "lineage", 

# The character used to separate taxa in the classification

class_sep = ";", 

# Regex identifying where the data for each taxon is

class_regex = "^(.+)__(.+)$", 

# A key describing each regex capture group

class_key = c(tax_rank = "info", 

tax_name = "taxon_name"))
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Package metacoder
(extension of taxa package)

Creating taxmap object:
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Package metacoder
(extension of taxa package)

Visualizing taxmap object:

heat_tree(hmp_data)
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Package metacoder
(extension of taxa package)

Visualizing taxmap object:

heat_tree(hmp_data,

node_label = taxon_names,

node_size = n_obs,

node_color = n_obs)
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Package metacoder
(extension of taxa package)

Visualizing taxmap object:

heat_tree(hmp_data,

node_label = taxon_names,

node_size = n_obs,

node_color = n_obs,

layout = "fr",

output_file = "plot_example.pdf")

save the plot using ggsave
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Package metacoder
(extension of taxa package)

Manipulating taxmap object: dplyr-like functions

filtering: 
filter_taxa
filter_obs

subsetting:
select_obs

adding columns:
mutate_obs

sampling:
sample_n_taxa
sample_n_obs
sample_frac_taxa
sample_frac_obs

sorting:
arrange_taxa
arrange_obs
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Package metacoder
(extension of taxa package)

Visualizing taxmap object:

hmp_data %>% 

filter_taxa(taxon_names %in% c("Proteobacteria", "Actinobacteria", "Firmicutes"),

subtaxa = TRUE) %>% 

heat_tree(node_label = taxon_names,

node_size = n_obs,

node_color = n_obs,

layout = "fr")
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Package metacoder
(extension of taxa package)

Transforming taxmap object:

obj$data$tax_data <- calc_obs_props(obj, "tax_data")

Relative abundance:

obj$data$tax_abund <- calc_taxon_abund(obj, "tax_data",

cols = hmp_samples$sample_id)

Summing per-taxon counts:
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Package metacoder
(extension of taxa package)

> obj

<Taxmap>

174 taxa: ab. Root, ac. Proteobacteria ... gr. Blautia, gs. Clostridium

174 edges: NA->ab, ab->ac, ab->ad, ab->ae, ab->af ... dk->gp, cm->gq, cf->gr, cw->gs

3 data sets:

tax_data:

# A tibble: 1,000 x 53

taxon_id otu_id lineage `700035949` `700097855` `700100489` `700111314` `700033744`

<chr>    <chr>  <chr>         <int>       <int>       <int>       <int>       <int>

1 dm       OTU_9~ r__Roo~           0           2           1           0           0

2 dn OTU_9~ r__Roo~           0           0           0           0           0

3 do       OTU_9~ r__Roo~           0           1           0           0           0

# ... with 997 more rows, and 45 more variables: `700109581` <int>,

#   `700111044` <int>, `700101365` <int>, `700100431` <int>, `700016050` <int>,

#   `700032425` <int>, `700024855` <int>, `700103488` <int>, `700096869` <int>,

#   `700107379` <int>, ...

class_data:

# A tibble: 5,922 x 5

taxon_id input_index tax_rank tax_name regex_match

<chr>          <int> <chr>    <chr>               <chr>                 

1 ab                 1 r        Root r__Root

2 ac 1 p        Proteobacteria p__Proteobacteria

3 aj 1 c        Gammaproteobacteria c__Gammaproteobacteria

# ... with 5,919 more rows

tax_abund:

# A tibble: 174 x 51

taxon_id `700035949` `700097855` `700100489` `700111314` `700033744` `700109581`

<chr>          <dbl>       <dbl>       <dbl>       <dbl>       <dbl>       <dbl>

1 ab               955        4330         887         598        6303        3379

2 ac 193         144          17         132        1388          30

3 ad                 5          43           6          21          20          15

# ... with 171 more rows, and 44 more variables: `700111044` <dbl>,

#   `700101365` <dbl>, `700100431` <dbl>, `700016050` <dbl>, `700032425` <dbl>,

#   `700024855` <dbl>, `700103488` <dbl>, `700096869` <dbl>, `700107379` <dbl>,

#   `700096422` <dbl>, ...

0 functions:
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Package metacoder
(extension of taxa package)

Statistics on taxmap object: compare_groups() function

It applies a function to compare data, usually abundance, from 
pairs of treatments/groups

By default: Wilcoxon Rank Sum test on the differences in median abundance for 
the samples
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Package metacoder
(extension of taxa package)

Statistics on taxmap object: compare_groups() function

hmp_data$data$diff_table <- compare_groups(hmp_data,

data = "tax_prop",

cols = hmp_samples$sample_id,

groups = hmp_samples$body_site)

Differences in abundance between microbiome communities in 
different parts of the human body

create new data in hmp_data diff_table

(by default wilcox.test)
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Package metacoder
(extension of taxa package)

Statistics on taxmap object: compare_groups() function

hmp_data <- mutate_obs(hmp_data, "diff_table",

wilcox_p_value = p.adjust(wilcox_p_value, method = "fdr"),

log2_median_ratio = ifelse(wilcox_p_value < 0.05 | is.na(wilcox_p_value), 

log2_median_ratio, 0))

1740 tests correction "fdr"
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Package metacoder
(extension of taxa package)

heat_tree_matrix(hmp_data,

data = "diff_table",

node_size = n_obs,

node_label = taxon_names,

node_color = log2_median_ratio

node_color_range = diverging_palette(), 

node_color_trans = "linear", 

node_color_interval = c(-3, 3), 

edge_color_interval = c(-3, 3), 

node_size_axis_label = "Number of OTUs",

node_color_axis_label = "Log2 ratio median proportions",

layout = "davidson-harel",

initial_layout = "reingold-tilford")

Visualizing comparison: heat_tree_matrix() function
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Package metacoder
(extension of taxa package)

Visualizing comparison: heat_tree_matrix() function
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Package metacoder
(extension of taxa package)

Metacoder and Tara oceans dataset
(20 200 OTU)

10Gb RAM
few min …

3 statistics
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Package metacoder
(extension of taxa package)

Metacoder gene expression

Displaying the results of gene expression studies by associating 
differential expression with gene ontology (GO) annotations
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Package metacoder
(extension of taxa package)

Metacoder gene expression

Cellular 
component
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Package metacoder
(extension of taxa package)

Creating object from public database (NCBI, …):

id     lookup_tax_data  taxmap
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Package metacoder
(extension of taxa package)

Metacoder and geographical data 

Results of the 2016 
Democratic primary 
election in US

Hierarchy:
- Region
- Division

- State
- County



47

Package metacoder
(extension of taxa package)

To conclude:

Pros:
Can handle any hierarchical dataset
Provides a large panel of functions for manipulating data (based on dplyr)
Creates customizable graph (based on ggplot), ~ 70 parameters
Allows to add any type of data linked with hierarchical dataset
Compare_groups() function

Cons:
Requires time at the beginning (taxa package environment)
taxmap object complexity
Many parameters (~ 70 for heat_tree)
Can be slow for large datasets
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QUESTIONS ?



Article:
https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1005404

Website:
https://grunwaldlab.github.io/metacoder_documentation/index.html

Taxa package article:
https://f1000research.com/articles/7-272/v2
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