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GUniFrac-package Generalized UniFrac distance for comparing microbial communities.

Description
A generalized version of the commonly used UniFrac distance. The generalized UniFrac distance
contains an extra parameter controlling the weight on abundant lineages so the distance is not dom-
inated by highly abundant lineages. The unweighted and weighted UniFrac, and variance-adjusted
weighted UniFrac distances are also implemented. The package also implements a permutation-
based multivariate analysis of variance using MULTIPLE distance matrices.
Details
Package: GUniFrac
Type: Package
Version: 1.1
Date: 2018-02-14
License: GPL-3
LazyLoad: yes
Author(s)
Jun Chen <chen.jun2 @mayo.edu>
References
Jun Chen et al. (2012). Associating microbiome composition with environmental covariates using
generalized UniFrac distances. 28(16): 2106-2113.
Examples

data(throat.otu.tab)
data(throat.tree)
data(throat.meta)

groups <- throat.meta$SmokingStatus

# Rarefaction

otu.tab.rff <- Rarefy(throat.otu.tab)$otu.tab.rff

# Calculate the UniFracs

unifracs <- GUniFrac(otu.tab.rff, throat.tree, alpha=c(@, 0.5, 1))%unifracs
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dw <- unifracs[,
du <- unifracs[,
dv <- unifracs[,
do <- unifracs[,
d5 <- unifracs[,

, "d_1"] # Weighted UniFrac

, "d_UW"] # Unweighted UniFrac

, "d_VAW"] # Variance adjusted weighted UniFrac
, "d_0"] # GUniFrac with alpha 0

, "d_0.5"] # GUniFrac with alpha 0.5

# Permanova - Distance based multivariate analysis of variance
adonis(as.dist(d5) ~ groups)

# Combine d(@), d(@.5), d(1) for testing
PermanovaG(unifracs[, , c("d_0", "d_0.5", "d_1")]1 ~ groups)

adonis3

Permutational Multivariate Analysis of Variance Using Distance Ma-
trices (Freedman-Lane permutation)

Description

Analysis of variance using distance matrices — for partitioning distance matrices among sources of
variation and fitting linear models (e.g., factors, polynomial regression) to distance matrices; uses a
permutation test (Freedman-Lane permutation) with pseudo-F" ratios.

Usage
adonis3(formula, data, permutations = 999, method = "bray”,
strata = NULL, contr.unordered = "contr.sum”,
contr.ordered = "contr.poly”, parallel = getOption("mc.cores”), ...)
Arguments
formula Model formula. The LHS must be either a community data matrix or a dissimi-
larity matrix, e.g., from vegdist or dist. If the LHS is a data matrix, function
vegdist will be used to find the dissimilarities. The RHS defines the inde-
pendent variables. These can be continuous variables or factors, they can be
transformed within the formula, and they can have interactions as in a typical
formula.
data the data frame for the independent variables.
permutations a list of control values for the permutations as returned by the function how, or
the number of permutations required, or a permutation matrix where each row
gives the permuted indices.
method the name of any method used in vegdist to calculate pairwise distances if the
left hand side of the formula was a data frame or a matrix.
strata groups (strata) within which to constrain permutations.

contr.unordered, contr.ordered

contrasts used for the design matrix (default in R is dummy or treatment con-
trasts for unordered factors).
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parallel Number of parallel processes or a predefined socket cluster. With parallel =
1 uses ordinary, non-parallel processing. The parallel processing is done with
parallel package.

Other arguments passed to vegdist.

Details

adonis3 is the re-implementation of the famous adonis function in the vegan package based on
the Freedman-Lane permutation scheme. (Freedman & Lane (1983), Hu & Satten (2020)). adonis
is the function for the analysis and partitioning sums of squares using dissimilarities. The original
implementation in the vegan package is directly based on the algorithm of Anderson (2001) and
performs a sequential test of terms. Statistical significance is calculated based on permuting the
distance matrix. As shown in Chen & Zhang (2020+), such permutation will lead to power loss in
testing the effect of a covariate of interest while adjusting for other covariates (confounders). The
power loss is more evident when the confounders’ effects are strong, the correlation between the
covariate of interest and the confounders is high, and the sample size is small. When the sample
size is large than 100, the difference is usually small. The new implementation is revised on the
adonis function with the same interface.

Value

Function adonis3 returns an object of class "adonis” with following components:

aov.tab Typical AOV table showing sources of variation, degrees of freedom, sequential
sums of squares, mean squares, I statistics, partial R? and P values, based on
N permutations.

coefficients  matrix of coefficients of the linear model, with rows representing sources of
variation and columns representing species; each column represents a fit of a
species abundance to the linear model. These are what you get when you fit one
species to your predictors. These are NOT available if you supply the distance
matrix in the formula, rather than the site x species matrix

coef.sites matrix of coefficients of the linear model, with rows representing sources of
variation and columns representing sites; each column represents a fit of a sites
distances (from all other sites) to the linear model. These are what you get when
you fit distances of one site to your predictors.

f.perms an N by m matrix of the null F statistics for each source of variation based on N
permutations of the data. The permutations can be inspected with permustats
and its support functions.

model.matrix The model.matrix for the right hand side of the formula.

terms The terms component of the model.

Author(s)

Martin Henry H. Stevens (adonis) and Jun Chen (adonis3).
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References

Anderson, M.J. 2001. A new method for non-parametric multivariate analysis of variance. Austral
Ecology, 26: 32-46.

Freedman D. & Lane D. 1983. A nonstochastic interpretation of reported significance levels. Jour-
nal of Business and Economic Statistics, 1292-298.

Hu, Y. J. & Satten, G. A. 2020. Testing hypotheses about the microbiome using the linear decom-
position model (LDM). Bioinformatics.

Examples
data(throat.otu.tab)
data(throat.tree)
data(throat.meta)

groups <- throat.meta$SmokingStatus

# Rarefaction
otu.tab.rff <- Rarefy(throat.otu.tab)$otu.tab.rff

# Calculate the UniFrac distance
unifracs <- GUniFrac(otu.tab.rff, throat.tree, alpha=c(@, 0.5, 1))$unifracs

# Test the smoking effect based on unweighted UniFrac distance, adjusting sex

adonis3(as.dist(unifracs[, , 'd_UW']) ~ Sex + SmokingStatus, data = throat.meta)
dmanova Distance-based Multivariate Analysis of Variance (Analytical P-value
Calculation)
Description

Analysis of variance using distance matrices — for partitioning distance matrices among sources
of variation and fitting linear models (e.g., factors, polynomial regression) to distance matrices;
calculate the analytical p-value based on pseudo-F statistic without permutation.

Usage

dmanova(formula, data = NULL, positify = FALSE,
contr.unordered = "contr.sum”, contr.ordered = "contr.poly",
returnG = FALSE)
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Arguments
formula model formula. The LHS must be a dissimilarity matrix (either class matrix
or class dist, e.g., from vegdist or dist. The RHS defines the independent
variables. These can be continuous variables or factors, they can be transformed
within the formula, and they can have interactions as in a typical formula.
data the data frame for the independent variables.
positify a logical value indicating whether to make the Gower’s matrix positive definite

using the nearPD function in Matrix package. This is equivalent to modifying
the distance matrix so that it has an Euclidean embedding.

contr.unordered, contr.ordered
contrasts used for the design matrix (default in R is dummy or treatment con-
trasts for unordered factors).

returnG a logical value indicating whether the Gower’s matrix should be returned.

Details

dmanova is a permutation-free method for approximating the p-value from distance-based permuta-
tional multivariate analysis of variance (PERMANOVA). PERMANOVA is slow when the sample
size is large. In contrast, dmanova provides an analytical solution, which is several orders of magni-
tude faster for large sample sizes. The covariate of interest should be put as the last term in formula
while the variables to be adjusted are put before the covariate of interest.

Value

Function dmanova returns a list with the following components:

aov.tab typical AOV table showing sources of variation, degrees of freedom, sums of
squares, mean squares, F statistics, partial R? and P values.
df degree of freedom for the Chisquared distribution.
G The Gower’s matrix if returngG is true.
call the call made
Author(s)

Jun Chen and Xianyang Zhang

References
Chen, J. & Zhang, X. 2020+. D-MANOVA: fast distance-based multivariate analysis of variance
for large-scale microbiome association studies. Submitted.

See Also

adonis3
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Examples

data(throat.otu. tab)
data(throat.tree)
data(throat.meta)

groups <- throat.meta$SmokingStatus

# Rarefaction
otu.tab.rff <- Rarefy(throat.otu.tab)$otu.tab.rff

# Calculate the UniFrac distance
unifracs <- GUniFrac(otu.tab.rff, throat.tree, alpha=c(@, 0.5, 1))%unifracs

# Test the smoking effect based on unweighted UniFrac distance, adjusting sex
# 'Sex' should be put before 'SmokingStatus'

dmanova(as.dist(unifracs[, , 'd_UW']) ~ Sex + SmokingStatus, data = throat.meta)
GUniFrac Generalized UniFrac distances for comparing microbial communities.
Description

A generalized version of commonly used UniFrac distances. It is defined as:

A B
P, —P;
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where m is the number of branches, b; is the length of ith branch, p;!, p? are the branch proportion
for community A and B.

Generalized UniFrac distance contains an extra parameter « controlling the weight on abundant
lineages so the distance is not dominated by highly abundant lineages. o = 0.5 is overall very
robust.

The unweighted and weighted UniFrac, and variance-adjusted weighted UniFrac distances are also
implemented.

Usage
GUniFrac(otu.tab, tree, alpha = c(@, 0.5, 1))

Arguments
otu.tab OTU count table, row - n sample, column - ¢ OTU
tree Rooted phylogenetic tree of R class “phylo”

alpha Parameter controlling weight on abundant lineages
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Value

Return a LIST containing

unifracs A three dimensional array containing all the UniFrac distance matrices

Note

The function only accepts rooted tree. To root a tree, you may consider using midpoint from the
package phangorn.

Author(s)

Jun Chen <chen.jun2 @mayo.edu>

References

Jun Chen et al. (2012). Associating microbiome composition with environmental covariates using
generalized UniFrac distances. 28(16): 2106-2113.

See Also

Rarefy, PermanovaG

Examples

data(throat.otu. tab)
data(throat.tree)
data(throat.meta)

groups <- throat.meta$SmokingStatus

# Rarefaction
otu.tab.rff <- Rarefy(throat.otu.tab)$otu.tab.rff

# Calculate the UniFracs
unifracs <- GUniFrac(otu.tab.rff, throat.tree, alpha=c(@, 0.5, 1))$unifracs

dw <- unifracs[, , "d_1"] # Weighted UniFrac

du <- unifracs[, , "d_UW"] # Unweighted UniFrac

dv <- unifracs[, , "d_VAW"] # Variance adjusted weighted UniFrac
do <- unifracs[, , "d_0"] # GUniFrac with alpha 0

d5 <- unifracs[, , "d_0.5"] # GUniFrac with alpha 0.5

# Permanova - Distance based multivariate analysis of variance
adonis3(as.dist(d5) ~ groups)
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PermanovaG Permutational multivariate analysis of variance using multiple dis-
tance matrices

Description

In practice, we do not know a priori which type of change happens in the microbiome. Each distance
measure is most powerful in detecting only a certain scenario. When multiple distance matrices
are available, separate tests using each distance matrix will lead to loss of power due to multiple
testing correction. Combing the distance matrices in a single test will improve power. PermanovaG
combines multiple distance matrices by taking the minimum of the P values for individual distance
matrices. Significance is assessed by permutation.

Usage
PermanovaG(formula, data = NULL, ...)
Arguments
formula FORMULA Left side of the formula (Y ~ X) is a three dimensional ARRAY
containing the supplied distance matrices as produced by GUniFrac function.
Or it could be a list of distance matrices.
data DATA.FRAME containing the covariates
Parameter passing to adonis function
Value

Return a LIST containing:

p.tab DATA .FRAME (columns - p.values for individual distance matrices and the om-
nibus test (Note: sequential P values, put the variable of interest in the end), rows
- covariates)

aov.tab.list LIST of adonis AOV tables for individual distance matrices

Author(s)

Jun Chen <chen.jun2 @mayo.edu>

References

Jun Chen et al. (2012). Associating microbiome composition with environmental covariates using
generalized UniFrac distances. 28(16): 2106-2113.

See Also

Rarefy, GUniFrac
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Examples

data(throat.otu.tab)
data(throat.tree)
data(throat.meta)

groups <- throat.meta$SmokingStatus

# Rarefaction
otu.tab.rff <- Rarefy(throat.otu.tab)$otu.tab.rff

# Calculate the UniFracs
unifracs <- GUniFrac(otu.tab.rff, throat.tree, alpha=c(@, 0.5, 1))%unifracs

# Combine unweighted and weighted UniFrac for testing
PermanovaG(unifracs[, , c("d_1", "d_UW")] ~ groups)
# Combine d(@), d(@.5), d(1) for testing

PermanovaG2 Permutational multivariate analysis of variance using multiple dis-
tance (Freedman-Lane permutation) matrices

Description

In practice, we do not know a priori which type of change happens in the microbiome. Each distance
measure is most powerful in detecting only a certain scenario. When multiple distance matrices
are available, separate tests using each distance matrix will lead to loss of power due to multiple
testing correction. Combing the distance matrices in a single test will improve power. PermanovaG
combines multiple distance matrices by taking the minimum of the P values for individual distance
matrices. Significance is assessed by permutation.

Usage
PermanovaG2(formula, data = NULL, ...)
Arguments
formula FORMULA Left side of the formula (Y ~ X) is a three dimensional ARRAY

containing the supplied distance matrices as produced by GUniFrac function.
Or it could be a list of distance matrices.

data DATA.FRAME containing the covariates

Parameter passing to adonis function

Value
Return a LIST containing:

p.tab DATA .FRAME (columns - p.values for individual distance matrices and the om-
nibus test (Note: sequential P values, put the variable of interest in the end), rows
- covariates)
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aov.tab.list LIST of adonis AOV tables for individual distance matrices

Author(s)

Jun Chen <chen.jun2 @mayo.edu>

References
Jun Chen et al. (2012). Associating microbiome composition with environmental covariates using
generalized UniFrac distances. 28(16): 2106-2113.

See Also

Rarefy, GUniFrac, adonis3

Examples

data(throat.otu. tab)
data(throat.tree)
data(throat.meta)

groups <- throat.meta$SmokingStatus

# Rarefaction
otu.tab.rff <- Rarefy(throat.otu.tab)$otu.tab.rff

# Calculate the UniFracs
unifracs <- GUniFrac(otu.tab.rff, throat.tree, alpha=c(@, 0.5, 1))$unifracs

# Combine unweighted and weighted UniFrac for testing
PermanovaG2(unifracs[, , c("d_1", "d_UW")] ~ groups)

Rarefy Rarefy the OTU table to an equal sequencing depth

Description

GUniFrac is also sensitive to different sequencing depth. To compare microbiomes on an equal
basis, rarefaction might be used.

Usage

Rarefy(otu.tab, depth = min(rowSums(otu.tab)))

Arguments
otu.tab OTU count table, row - n sample, column - ¢ OTU
depth Required sequencing depth; If not specified, the lowest sequencing depth is

used.
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Value
Return a LIST containing:

otu.tab.rff Rarefied OTU table

discard IDs of samples that does not reach the specified sequencing depth

Author(s)

Jun Chen <chen.jun2 @mayo.edu>

References

Jun Chen et al. (2012). Associating microbiome composition with environmental covariates using
generalized UniFrac distances. 28(16): 2106-2113.

See Also

GUniFrac, PermanovaG

Examples

data(throat.otu. tab)
# Rarefaction
otu.tab.rff <- Rarefy(throat.otu.tab, 1024)%$otu.tab.rff

throat.meta Meta data of the throat microbiome samples.

Description

It is part of a microbiome data set for studying the effect of smoking on the upper respiratory tract
microbiome. The original data set contains samples from both throat and nose microbiomes, and
from both body sides. This data set comes from the throat microbiome of left body side. It contains
60 subjects consisting of 32 nonsmokers and 28 smokers.

Usage

data(throat.meta)

Format

The format is: chr "throat.meta"

Source

Charlson ES, Chen J, Custers-Allen R, Bittinger K, Li H, et al. (2010) Disordered Microbial Com-
munities in the Upper Respiratory Tract of Cigarette Smokers. PLoS ONE 5(12): e15216.
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Examples

data(throat.meta)
## maybe str(throat.meta) ; plot(throat.meta) ...

throat.otu. tab OTU count table from 16S sequencing of the throat microbiome sam-
ples.

Description

It is part of a microbiome data set for studying the effect of smoking on the upper respiratory tract
microbiome. The original data set contains samples from both throat and nose microbiomes, and
from both body sides. This data set comes from the throat microbiome of left body side. It contains
60 subjects consisting of 32 nonsmokers and 28 smokers.

Usage

data(throat.otu.tab)

Format

The format is: chr "throat.otu.tab"

Details

The OTU table is produced by the QIIME software. Singleton OTUs have been discarded.

Source

Charlson ES, Chen J, Custers-Allen R, Bittinger K, Li H, et al. (2010) Disordered Microbial Com-
munities in the Upper Respiratory Tract of Cigarette Smokers. PLoS ONE 5(12): e15216.

Examples

data(throat.otu. tab)
## maybe str(throat.otu.tab) ; plot(throat.otu.tab) ...
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throat.tree UPGMA tree of the OTUs from 16S sequencing of the throat micro-
biome samples.

Description
The OTU tree is constructed using UPGMA on the K80 distance matrice of the OTUs. It is a rooted
tree of class "phylo".

Usage

data(throat.tree)

Format

The format is: chr "throat.tree"

Details
The OTUs are produced by the QIIME software. Singleton OTUs have been discarded.

Source

Charlson ES, Chen J, Custers-Allen R, Bittinger K, Li H, et al. (2010) Disordered Microbial Com-
munities in the Upper Respiratory Tract of Cigarette Smokers. PLoS ONE 5(12): e15216.

Examples

data(throat.tree)
## maybe str(throat.tree) ; plot(throat.tree) ...
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