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Introduction

Welcome! This is the manual for the PathoStat package. PathoStat is a Shiny App interactive
package that will let you explore metagenomic datsets, e.g., microbiome abundance tables, for
exploratory data analysis, differential abundance hypothesis testing, and more. PathoStat can
take metagenomic abundance data produced by any taxonomic profiling pipeline, however, to
get the most out of PathoStat we recommend using PathoScope2. PathoStat is not limited
to whole-metagenomic shotgun data but also can take metataxonomic data, i.e., 16S rRNA,
ITS, etc. Plots can be exported in vector-based file formats (svg, PDF) for sharing or further
editing. For detailed installation instructions check the introductory and advanced vignettes.

require(PathoStat)
vignette("PathoStatIntro")
vignette("PathoStatUserManual")
vignette("PathoStatAdvanced")

Installation and Run

While there are a few functions that can work from the console, PathoStat is designed to be
run interactively. From the R console simply type:

source("http://bioconductor.org/biocLite.R")
biocLite("PathoStat")

If all went well you should now be able to load PathoStat:
require(PathoStat)

runPathoStat ()

PathoStat functionality is grouped into eight tabs that comprise all analyses and visualizations.
Here, we will go over each of those eight tabs and their main features.

Relative Abundance

3.1

The relative abundance tab is further subdivided into five subtabs where you can explore
your data in the form of a stacked bar chart, a heatmap, summary, and searchable relative
abundance and count tables. You can download these data both in read counts or in relative
proportions.

Taxonomy level

Within the Taxonomy level RA subtab, you can hove over different stacked bars and get the
taxonomy membership and relative abundance. In addition you can sort the stacked bars
(samples) by different factors in your data and download a svg image for further editing.
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The image above shows the user interface of the stacked bar chart. On the left you can select
the appropriate taxonomy level to plot, and by clicking on the gear icon on the upper right

side of the chart, you can select the file format for your download.

3.2 Heatmap

This subtab shows

you read count abundance of selected taxonomic levels by sample. As with
the previous subtab, you can select what taxonomic level you wish to plot by simply using the

dropdown menu at the left of the user interface.

ene
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[t 3. = Shiny
5 Publish -
Relative Abundance  Diversity  Differential Exprossion  Confidence Region  PCA  PCoA  Time Sedes  Cere OTUs
Taxonomy level R Heatmap  Summary  RATable(%)  Count Table

The legend on the

right side of the plot shows the scale and the color gradient.
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3.3  Summary

The Summary table shows summary statistics that may come in handy for detecting trends in
the data and identifying outliers. As with the previous subtabs, Summary offers redundant
information that points to the distribution of the taxonomic composition of your samples.

® n 2. shiny
127.0.0.1:3386 2] Open in Browser % publish -
PathoStat  RelaveAbundance  Diversity  Differential Exprossion  Confidence Flegion ~ PGA PCoA  TimeSeres  Core OTUs
FE—— Taxonomylevol RA  Heatmap  Summary  RAATable()  Count Table
phylum - Sample 12 Somple_81_3 Sasple 021 Sample_02.2 Sample_02_3
Min. :0.0800 Min. :.00000 Min. :0.000000 Min.  :0.000008 Min.  :0.00000
15t Qu.:0.0800 15t Qu. 9. 80089 . 000008 1St Qu.:0.801279 1St Qu.:0.28008
& Download RA CSV Median :0.0800 Median :0.00000 Median :0.B83149  Medion :0.01599
Mean :0.1423 Mean  :B.14286 Mean  :0.142857 Mean  :0.14206
. 3rd Qu.:€,1563  3rd Qu.iB.@1554 3rd Qu.:0.135500  3rd Qu.:0.82399
Max. :8.6873  Max. 8. 96892 Max. 8.723302  Max. 19.93721
Sort By Sanple_83_2 Sample_83 3 Sanple_06_2 Sample_86_3
© None taenn 10,0000 ety
06516 0 eee
L 09376 ose
Batch 14285 1429
3rd Qu.:8.24546 3rd Qu.:0.2214
Max,  10.28501 o5 72
Sample_07_3 Somple_06_3
Min.  10.80000 Min.  :0.0000
1st Ou.:0.80008 15t Qu.:8.8008
Median 1001242 Median :.0000
Mean  :0.14286 Mean 10,1428
3rd Qu.:0.88685 3rd Qu.:@.2544
Max. 10.81389 Max. 18,4911
Sample_09_3 Somple_10_3
Min. 0. ee0ee eeele  Min. 1. eeeee
1st Qu.:0.80528 80080 1st Qu.:0.80008
Medion :0.81519 81637 Median :0.82932
Mean  :0.14266 14286 Mean  :0.14286
3rd Qu.:0.07294 88648 3rd Qu.:9.06550
Max,  :0.82637 81067 Max. :0.83068
Sample_12_3 Saple_13 Semple_13
Min. min. Min.
15t Qu.:0.0008  1st O 1st Qu.:e.
Median :0.0000 Median Median :0.0000
Mean  :0.1429  Mean B Mean  :0.1429
3rd Qu.:0.2025  3rd O 3rd Qu.:0.05818  3rd Qu.:0.1698
Max, :0.86580 Max, :B.6604

Max, 18,6741
Sanple_15_2

Min.  :0.00000
15t Qu.:0.02639
Median :0.06527

Mean  :0,14286
3rd Qu.:0.15475
Max.  :0.57245

1st Qu.:0.02075
Median :0.08105

Mean  10.14286
3rd Qu.:9.21669
Max.  :0.44406

3.4 RA Table (%)

This subtab presents a searchable and sortable table of taxa abundance by sample. At
user-selected taxonomy levels, you get information about the taxonomy ID (taxid) of the
organism as per NCBI's taxonomy database and their relative abundance. All columns are
sortable, and at the top right corner of the table you can use the search case to check for

specific taxa.

n Shiny
Open in Browser % publish -
PathoStat ~ RelatveAbundance  Diversty  Differential Expression  ConfidenceRegion  PCA  PCoA  TimeSeres  Core OTUs
asanerny Uakal Taxonomylevel RA  Heatmap  Summary  RATable(%)  Count Taple
s . Shaw 10 [ entries Search:
phylum taxid  Somple 011 Sample 012  Sample 013  Sample 021  Sample 022  Sample 023 Sample 03 1
& Download RA CSV
Firmicutes 515618 1269 30.84 309 7015 7234 9372 2876
& Download Count CSV
Verucomicrobia 349741 0.00 0.00 0.00 000 063 0.00 3370
Sart By
O None Actinobacteria 367928 0.00 000 000 000 000 000 1082
Condition
Euryarchaeota 420247 0.00 0.00 0.00 0.00 0.00 0.00 16.07
Batch
athers NA 022 043 002 019 025 160 402
Bacteoidetes 435580 67.09 68.73 96.69 2696 2647 285 663
Protecbacterla 536056  0.00 0.00 0.00 069 031 183 0.00
Previous 1 Next

Showing 1107 of 7 entries
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3.5

Count table

This table is similar to the previous one but it shows abundance data as raw read counts
instead of proportions. This is useful when you want to test for differential abundance of taxa
between conditions. Statistical models such as those implemented in EdgeR and DESeq2
explicitly require count data to ensure specificity.

eve Iuibrary/Framewerks/A.dramework/Versions/3.3/Resaurcos/libraryiPathaStatishiny/PathaStat - Shiny

PathoStat Relative Abundance

Search:
taxid = Sample 011 Sample 012  Sample 013 Sample 021 Sample 022  Sample 023 Sample 031

19047 58672 Ba74 141663 133928 165268 441

others. A 332

Diversity

The second tab in PathoStat is the Diversity tab. Here, users can obtain estimates of alpha
and beta diversity, as well as explore a clustering dendrogram decorated with the abundance
of certain taxonomic groups by sample. Also, the Biplot subtab illustrates the relationships
between user-selected variables using multidimensional scaling. Finally, the Co-Occurrence
subtab shows the relationships among taxa at user-defined distances allowing the exploration
of potential biological associations.

Alpha Diversity

Alpha diversity considers presence and absence of taxonomit units as well as their homogeneity
or evenness. In this subtab, you obtain estimates for alpha diversity using the Shannon,
Simpson, and Inverse Simpson metrics as a function of a factor.
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4.2 Beta Diversity

The beta diversity subtab provides the user with a heatmap of sample to sample variation
using the Bray-Curtis distance metric. The color key indicates a normalized score (the row
z-score) and the dendrogram is constructed using hierarchical clustering.

= Shiny

eve
h1p://127.0.0.13386 1) Open in Browser | () 5 bk
PathoStat  Relative Abundance  Diversity  Diterential Expression  Confidence Region PCA  PCoA  Time Sedes  Core OTUs

AphaDiversity  BetaDiversity = Exploratory Tee  BiPiot  Go-Occurrence

Weigthed Unifrac (Default: Bray-Curtis)

Eotor Hey.

4.3  Exploratory Tree

This subtab shows a dendrogram (tree) among all the samples in your dataset. In the figure
below, the tree is decorated with the most abundant taxon and their relative abundance
by condition. This tree can reveal not only similarity among samples but also what taxon

dominates each sample.
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4.4  Biplot

Another useful feature of PathoStat is the biplot. Here, the user can explore potential
associations among taxa, and among taxa and factors in the dataset, e.g., condition, treatment,
etc. The menu on the left side of the panel lets you select the variables to explore as well as
the method to estimate the distance among variables.

soe i i - Shiny
et/ /127.0.0.1:3386 1) Open in Browser (% 4 publish -
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4.5 Co-Occurrence

One recurrent question in metagenomics is whether two or more taxa tend to co-occur among
a set of samples. In general, one might suspect that if two or more taxa co-occur then there
might be a functional relationship among them. In the Co-Occurrence subtab, the user selects
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relevant taxonomic levels to be compared and the maximum distance that will connect two
taxa together. The result is a network graph where edges are proportional to the strength of
co-occurrence.

ece ILibrary/Frameworks/R framawork/Versions/3.3/Resources Worary[PathoStatishiny/PathoStat - Shiny
401 Open n Browses

PathoStat

MphaDiersity  BetaDiwessty  Exploatory Tree  BiPiot  Co-Occurrence

Calor . .
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None - ® .
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Masx Dist:
o
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3 Differential Expression

The third tab in PathoStat allows you to test for differential abundance of taxa between
conditions. This test is analogous to differential expression of genes in transcriptomic
experiments and uses similar statistical models.

5.1 Expression Plots

In the Expression Plot subtab, you first select the taxonomy level of choice for the comparison
and then you select the primary and secondary covariates. The results are shown as BoxPlots
colored by covariate.
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5.2 Summary, Table and LIMMA

The Summary subtab shows text summary of the data used for the BoxPlots in the Expression
Plots subtab. The next two subtabs summarize the results as a table of raw values and as a
Fold Change table, respectively.

ene [Librany, i i i - Shiny
hatp://127.0.0.1:3386 | 4] Open in Browser | (& “E Publish ~
TReatTss anel Expression Plots  Summary | Table  LIMMA
o rank - K] 6 7 1 14 18 20 22 27 30 3 1 5 9 12 15
126 150 170 1588 1584 1377 147 1412 1474 1354 186 174 143 162 1719 1584
Primary Covariate
126 1226 170 184 135 125 147 143 141 139 186 174 143 182 141 1260
Diet -
125 150 170 184 135 125 147 143 141 139 186 174 143 182 14 122
Secendary Covariate 857 150 170 184 135 126 147 143 141 133 186 174 143 162 141 122
SubjectiD = 126 1887 170 1832 18892 1793 1815 143 17.08 1642 186 174 1851 182 1629 1668

No. of Sample(s] Per Pri 125 150 1836 184 135 125 1588 143 141 139 1707 174 1282 1801 14 122

Covariate 125 150 1672 164 135 125 147 143 141 139 1650 174 143 1531 141 122

1 g 668 150 170 184 135 125 147 143 141 139 186 1120 143 182 141 122
Mo. of Sample(s) Per Secondary 125 150 170 184 135 125 147 143 14 139 1688 174 143 182 141 122
Covariate 125 1095 1360 1273 135 125 1413 143 141 1452 1525 174 1380 478 1186 122
3 8 125 150 1729 164 135 125 1569 143 141 139 166 174 143 1779 141 122

1 1 7 1 1 147 1.4 A1 1 1 1.74 1.4 1.41 1.
T e 25 1283 170 84 a5 125 a1 39 86 3 182 2
(Default: Sort By Primary Covariate 125 14.60 1.70 1.64 1.35 125 1.47 1.43 141 139 1.66 1.74 1.43 162 141 122
Fi

il 125 150 1.70 1.64 1.35 125 1.47 1.43 141 139 1.66 1.74 1.43 162 141 122
Color By Secondary Covariate

125 150 170 164 135 125 147 143 1382 139 166 1040 143 162 14 122
(Default: Golor By Primary Covariate)

125 180 170 184 135 125 147 143 141 138 186 174 143 182 14 122

No. of top Differentially Expressed
Taxons 1o display 126 180 170 184 135 125 147 1373 141 139 186 174 143 162 141 122
10 q 125 150 1453 1680 1342 1387 1351 143 141 1694 1532 174 1104 162 1647 1384
125 1.50 1.70 1.64 135 126 147 143 1.41 139 1.66 174 143 162 141 122

125 1.50 1.70 184 1427 126 147 143 1399 139 188 1424 1.43 162 141 1375
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6 Confidence Region

Many times researchers are interested in the accuracy of taxon abundance estimates. In this
subtab, we provide a way to compare within-sample taxa in terms of their abundance estimate
and 95% confidence interval.

ane MLibrary/ i i = Shiny
it /127.0.0.1:3386 | 4 Open in Browser | (& “%- Publish =
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On the left-side menu, you can select both the sample and the taxa to be used in the
comparison. The results are plotted as a jitter plot that indicates the 95% confidence interval
between the selected taxa.

PCA and PCoA

7.1

The next two tabs in PathoStat calculate multidimensional scaling using Principal Components
and Principal Coordinates Analysis. These tools can help you odentify overall trends in the
data. For instance, you can explore whether your samples are related by some biological
condition of interest or by technical batch, in which case you would need to denoise the data
first using methods such as surrogate variable analysis.

ene [Library/Frameworks/R framework/Versions/3.3] slibraryjPathoStat/shinyjPathoStat - Shiny
4:1/127.0.0.1:3386 | 411 Open in Browser 5 publish =

PathoStat  Relative Abundance iversity  Differential Expression  Confidence Region ~ PGA  PCoA ime Seres  Gore OTUs

Principal Component (x-axis)

Principal Companent (y-axis) ) °

Calor By Batch (Default: Color By
Condition) [

PCc2

Explained Variation

An important aspect of PCA analysis is to understand to what extend the resulting vectors
can explain the observed multidimensional variation. In this subtab, you can get an idea
of that by exploring the different columns in terms of Proportion of Variance, Cumulative
Variance and percent variation, among others.

12
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en e [Library/ i it i - Shiny
hitp://127.0.0.1:3386 | 5] Open in Browser | (& 4 Publish -
PathoStat  Relative Abundance  Diversity  Differential Expression  Confidence Region ~ PCA  PCoA  TimeSeries  Core OTUs
Princied Conranet fe aia) PCA  Summary  Table  Explained Variation
1 # Prapartion Percent Percent
Cumulative Percent Variation Variation Condition Variation Batch
Principal Component (y-axs) Variance  Proportion of Explained by Either by  Signifi ined by Signi
(%) Variance (%) Condition or Batch Condition (p-value) Batch (p-value)
2 8
1451 14.51 9030 0.10 0.93 90.20 0.00
Coler By Bateh (Default: Color By 10,66 2517 91.80 0.10 0.69 91.70 0.00
Condition}
9.15 34.32 19.40 11.20 0.27 8.20 0.99
7.67 41.99 75.90 1.00 0.66 74.90 0.00
643 48.41 70.00 4.00 029 66.00 0.00
556 5397 72.40 420 024 68.20 0.00
533 50.30 7050 140 0.63 69.10 0.00
482 64.13 66.80 360 0.36 63.20 0.01
433 68.46 43.70 17.30 0.07 26.40 0.52
405 72.50 6140 11.10 0.08 50.20 0.03
382 76.32 3110 6.80 039 24.30 07
320 79.51 42.40 1350 0.12 29.00 047
282 82.33 37.30 3.00 062 34.20 0.41
280 85.14 2280 7.50 0.40 15.30 0.83

8 Time Series

The Time Series tab allows you to understand variation in relative abundance as a function of
time. Strictly speaking, you could use any discrete numerical variable from your dataset for
visualization. In the example below, we use SubjectID (not a numerical variable though) and
agglomerate the data by Phylum.

ene LLibraryy - Shiny.
b 1/127.0.0.1:3386 | 23] Open in Beowser | (& % Publish -

PathoStat  RelativeAbundance  Diversty  Differsntial Expression  Confidenceflegion  PCA  PCoA  TimeSeries  Core OTUs

Visualization

Visualization column

SubjectiD -

of minimal
Agglomerate taxa
phylum -

Taxa of interest

8 Bacteroidetes
Protecbacteria

@ Firmicutes

B Vermucomicrobia

Actinobacteria
Euryarchagota
athers

& Download Piot

13
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9 Core OTUs

Many times we would like to understand what is particular and what is general about a set of
metagenomic samples. Analogous to pangenome analysis in comparative genomics, the Core
OTU tab allows you to identify shared taxa or core taxa among samples.

Open in Brumser

PathoStat
Detection threshold
a

Samplos datected

Taxonamy Level

phylum

Show

ILiBeaeyFrameworics/R.Aramawosk/Virsions/3,3/Resources/library/PathoSia shiny/Pathastat - Shiny

w0 [ entries

suparkingdom

kingdom

Core OTUs

Samples: 6 (18.2% prevalence)

Soarch:
phylum s order family  genus  spocies
i wdor ity o i it

F

Bactoroidetes

You first set up a detection threshold, meaning a minimum abundance proportion a OTU
must have in order to be considered in the analysis, and the number of samples selected from
your dataset. You can also select the taxonomic level of interest at which you would like to

perform the analysis.

14
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