Microbial Community Analysis Using Colony Phenotype Database
Student Handout

Objectives

e Manipulate large datasets to conduct community-level ecological analyses
e Use community-level data to address questions about insect microbiomes
e Use Excel or RStudio programs to calculate community ecology variables

e Compare microbial community using community ecology variables

Introduction

Microbiomes are the communities of microbes (bacteria, viruses, fungi and archaea) living
symbiotically with all metazoans. In the past decade, both interest and research on microbiomes,
including their implications for human health, have increased dramatically (Christian et al. 2015,
Costello et al. 2012, McFall-Ngai et al. 2013, The Human Microbiome Consortium 2012, Young 2016).
Insects have been used as model species to study the importance of microbiomes, because of their
ease of use and the fact that microbial communities play diverse roles in insects (Engel and Moran
2013).

The data that are collected in any microbiome study consists of lists of the taxonomic units
identified and their abundance. The same types of data are evaluated in an ecological community
analysis, but now the communities are the collections of microbes that constitute different microbiomes.
The community variables, “species” richness and relative abundance, are the same and the statistical
methods used to compare communities, diversity and difference indices, also are the same. Perhaps the
simplest measure of community structure used by ecologists is “species” or taxon richness, a count of
the number of unique taxa in a sample. However, species richness does not consider the relative
abundance of species in a community. Imagine two communities with five different species. In one
community, all of the species have the same relative abundance. In the other community, one species
dominates comprising 95% of individuals in the community. The other four species are very rare. Based
on species richness as a measure of community structure, these two communities are the same,
although they are clearly very different. As a result, ecologists use other species diversity indices that
consider both the number of species and the relative abundance of species in a community. Two
common indices are the Simpson Index and the Shannon-Weaver Index. Communities with greater
numbers of species and higher evenness (i.e., similar relative abundance of species within a community)
are considered more diverse. Finally, measures of species richness and species diversity do not consider
the identity of species in a community. So, communities could have the same level of species diversity,
but have completely different species. Measure of community similarity, such as the Bray-Curtis Index,
compare the similarity (or dissimilarity) between two communities based on the identity of species in
the communities, as well as their relative abundances. For more information on indices of species
diversity and measures of community similarity, see Krebs (1999).



In this study, bean beetle gut microbiome data were collected by undergraduate students using
the protocols developed by Cole et al. (2018). Three types of data were collected: colony phenotypes
from cultured bacteria, 16s rRNA gene sequencing of specific bacterial colonies, and whole community
16s rRNA gene sequencing, but we will limit our analyses to the colony phenotype and colony-based 16s
data.

Microbial Community Analysis Using Colony Phenotype Database
Questions

Using data from the colony phenotype database and the analyses described below, answer the
following questions.

1. Based on the diversity indices that you calculated, which treatment had the highest (lowest)
diversity?

2. Does the answer depend on the measure of species (taxon) diversity that you use?

3. Isthere a relationship between number of samples and taxonomic diversity? If so, what might
explain this?

4. Which communities are most similar (different)?

Database description

This database contains data for the microbial community of bean beetles based on colony phenotypes
of individual bacterial colonies cultured from bean beetle homogenates plated on different media. The
bacteria cultured from each beetle are represented by multiple rows of data with each row
representing a different combination of phenotypic characters. A unique combination of phenotypic
characters is taken to represent a unique bacterial taxa.

Access the database at https://www.beanbeetles.org/microbiome/phenotype-database-search/.

The database allows you to limit your search by bean host species, sex, life cycle stage, media on which
bacteria were grown, and colony phenotype. EMB and PEA plates select for gram negative and gram
positive bacteria, respectively. So, a colony with a particular combination of phenotypic characters on
an EMB plate is a different bacterial taxa than a colony with the same combination of characters on a
PEA plate. The same is not true if we include blood agar or nutrient agar plates in our sample. Those
plates could be consider independently.

We want to limit our search to PEA and EMB plates (or Nutrient Agar only). After limiting by media
type, click “Submit.”


https://www.beanbeetles.org/microbiome/phenotype-database-search/
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Downloading Data

While we can view the data on the website, we want to download the data to manipulate. Click the
download link to download a csv file with the data. Then, re-save the file as an Excel file and rename
the tab “raw data.”
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Data manipulation

1.

The raw data have some missing values for phenotypic characters or values of zero for CFU
(colony forming units) (which represents missing data for CFU). These rows need to be deleted.
The easiest way to do this is with the Filter function in Excel. In the “raw data” worksheet, turn
on filtering by selecting Filter under Sort and Filter.
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Then, for each of the phenotypic characters, click the down arrow in the column heading and
unselect “Blank” at the bottom of the list and unselect “0” in the CFU column.
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Next, select all (CRTL-A or CMD-A) and copy and paste into a new worksheet and name that
sheet “phenotype”. The “phenotype” worksheet represents the cleaned raw data. If you will
be analyzing the data in R later, copy and paste a second time into another blank sheet and

name that sheet “community”.



2. With our new “phenotype” dataset, we need to define a bacterial “taxon” based on the
combination of media and the four phenotypic characters (color, gloss, form and elevation).
One way to do this is to create a “taxon” name by concatenating the media and the four
different phenotypic traits. You can do this using the CONCATENATE function in Excel
(=CONCATENATE(F2,G2,H2,12,12). After you create the “taxa” names, you might want to select
the column and then re-paste it in the same column by pasting values (using paste special) to
remove the formula.
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3. Now, we need to consolidate the data for each host species, each sex, or the combination of
the two by the bacterial taxa. The easiest way to do this is with the Pivot Table function in
Excel.

4. When clicked on a cell within the data, create a Pivot Table (Insert -> Pivot Table OR Data ->
Summarize with Pivot Table, depending on your version of Excel). Make sure that the data
source includes the top row, which has the column headings.
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Set the host and sample_id as the rows as these represent the treatment and individual
communities, respectively. The new “taxon” column should be the columns in the pivot table.
The Values should be a SUM of the CFU (colony-forming units, a measure of density), which will
be shown as “SUM of CFU” using the Options menu.
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You can add zeros to all of the empty cells in the Pivot Table using the Options menu.
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Remove the Grand totals for Columns using the Options menu or the Design tab depending of

your version of Excel.

Hame Pagelayoul  Fonmulas Dt

re L Fretets, thems, & Sets -

PreotTable Mame:  Active Field: w x p i 14 Clea I ] ?
Proat Table] Suam of CFU =t g - i (5] 5= - S
i Irsert  Insest Reftesh Change Dats Preal Table Options ?

pors - Frekd Settings Thcer Tamding s 1

PrutTable Actve Feeid Grouw Filte: Data PreutTabile Hame: PivolTablel -
=] - fe Layout & Format [Tofals & Filters| Display  Printing  Dats  ARmTest

Grand Totals
b show grand totsts tor rows
=] e grand tatab far columnd
Unselect check boxes for grand totals for
Sublota lftered page items
e co I umns L] Allow multiple fiters pes fiekd elds - X
2 |R * Marconvex B orting T
5 | = adTuk i TAST 5 E=) Use Custom Jists when sorting Breport o
6|  EMORY_SP17_114_1 3020 o
7| EMORY_SP17_114_10
8|  EMORY_SP17_114_11 =
4| EMORY_SP17_114 12
10| emory_sp7_t1a 13 ]
EMORY_SP17_114_14

12| EMoRY SP17 114 15 =
13| EMORY SP17.114 16
14 EMORY_SP17 114 17 s Bl
15| EMORY_5P17_114_18 [Cor ]| et || cotumms
16|  EMORY_SP17_114_19 — o =
17| EMORY_SP17_114_2 48
16|  EMORY_$P17_114_20 S £ VALUES
19| EMORY_5P17_114_21 S
= - ket hast - Sum of CFU p

20|  EMORY_SP17_114_22
21|  EMORY_SP17_114 23

v rw data | Sheet? | phenatype

Feady

O Type here to search

reduced data | pivat table

commun .. () [

Defes Layuut Update

To get the treatment data to repeat for each sample, in the Design tab, select “Report Layout”

and choose “Show in Tabular form” and “Repeat All Item Labels”.
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8. Copy and paste (as values) the pivot table to a new worksheet and remove any extra rows at
the top. Each of the columns in this new worksheet represents a unique bacterial taxa. The
exact phenotype doesn’t matter, so we are going to rename them species_1, species_2, .... Title
this worksheet tab “community data”.
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Calculating diversity indices

1. Species (taxon) richness — the number of unique species (taxa) in a sample
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a. Although you could manually count the number of cells with values greater than zero
for each treatment, using the COUNTIF formula in Excel is easier (e.g.,
=COUNTIF(range,”>0") where “range” the is range of cells in the spreadsheet containing
the data, such as “C2:EW2”").

phenatype analysis - Excel a) =
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BB Copy - Find &
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‘ ... | Sheet? | phenotype | reduced data | pivottable | community data | Sheetd ® 4 v

ﬂ O Type here to search

2. Simpson Index —the Simpson Index incorporates both species (taxon) richness and species
(taxon) evenness.

a. D=23(n/N)*2, where n=number of individuals of a particular species (taxon) and N=total
number of individuals in a sample. D increases as diversity decreases, which is
counterintuitive. A reciprocal or inverse index would be more intuitive and are easily
calculated.

b. Reciprocal Simpson = 1/D and scales so the maximum value is the species richness of a
community.

c. Inverse Simpson = 1-D and scales to a maximum value of 1.0.

d. Create a new data array below the original using the same row labels (treatment
variables) and the same column labels (species).
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e. To calculate the proportion squared for each taxa, use the grand totals for each
treatment. Using the Excel trick that $ before a column or row prevents Excel from
iterating when copying a formula makes this easy. For example, =(C2/SEX2)A2. Copy the
formula across the row and then down.

phenotype analysis
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f. Calculate the sum of the proportions squared (=SUM in Excel for each row, a different
microbial community) to calculate the Simpson Index.
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g. Calculate the reciprocal (e.g., =1/EX374) and inverse Simpson (e.g., =1-EX374) using
formulas in Excel.

3. Shannon-Weaver (Shannon-Weiner) Index — also incorporates species (taxon) richness and
species (taxon) evenness

a. H=-3plnp, where p is the proportion of individuals of each species (taxon) in a
community (i.e., n/N).

b. Create a new data array below the original using the same row labels (treatment
variables) and the same column labels (species).

c. Using the grand totals for each community, calculate the proportions (plnp). Using the
Excel trick that S before a column or row prevents Excel from iterating when copying a
formula makes this easy.

d. Note that Inp is undefined if p=0, so you can use an “IF” statement in Excel. For
example, =IF(C2>0,(C2/SEX2)*LN((C2/SEX2)),"")
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e. Calculate the negative sum of the proportions (plnp) (=-SUM in Excel for each row, a
different microbial community) to calculate the Shannon-Weaver Index.
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Data Manipulation in R

1. Open RStudio and create a new project using the New Project option under File and select for
the new project to be in an existing folder where your data are.

2. Install the following packages either using the Packages tab in RStudio or the command
install.packages(“name_of package”) in the console. Note that BiodiversityR requires QuartzX
on a Mac. If you are using a MacOS and don’t have QuartzX, install it first and restart your
computer before install these packages.

dplyr

reshape2

vegan

BiodiversityR

ggplot2

P oo oo
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3. Load the packages listed above by clicking the checkboxes for the appropriate packages in the
Packages tab or the command library(“name_of package”) in the console.
4. Import the dataset (“community” that you created above in the Excel section) into RStudio.
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5. Attach the imported dataset to the dataframe using the attach command in the console
(attach(phenotype))

6. Create a community matrix for each sample. Since each “taxon” is defined by the combination
of media type and the four phenotypic characters, we can use the dcast function in the
reshape? library, using the following command.

> comm_pheno=dcast(phenotype,sample_id~media+color+gloss+form+elevation,value.var =
"CFU",fun.aggregate = sum)

7. The first column in the resulting data table is the sample_id. The sample_id needs to become
the row name and then deleted, using the following commands.

> row.names(comm_pheno)<-(comm_phenoSsample_id)
> comm_pheno<-comm_phenol,-1]

8. Now, we need to create an environment matrix with the sample metadata. First, we create a
data table with the sample names and sample metadata, which are in the second through
fourth columns of the “phenotype” dataframe. Second, we remove all of the duplicate values
for the sample_id using the distinct function in the dplyr package. Third, we need the
sample_id to become the row name. (Note that this causes an error message and for some
reason if you delete the column with the row name, the row names disappear. In this case, we
do not need to delete the sample_id column because we can specify the factor of interest.)
Last, we need to set host and sex as factors.

> pheno_meta<-phenotype[,2:4]

> pheno_meta<-pheno_meta %>% distinct(sample_id, .keep_all = TRUE)
> row.names(pheno_meta)<-(pheno_metaSsample_id)

> pheno_metaShost<-as.factor(pheno_metaShost)

> pheno_metaSsex<-as.factor(pheno_metaSsex)

You can ignore the error message about setting row names on a tibble being deprecated.
Species accumulation curves

Species accumulation curves are often used to visualize whether all of the taxa in a community have
been sampled. As the number of samples increases, the total number of unique species sampled
should increase. However, the relationship between the number of samples and the number of unique
species should asymptote. If so, we can say that we have sampled the majority of species in the
community. However, if the slope of the relationship is steep, this suggests that the community is
incompletely sampled.

For each treatment separately, create the data for the species accumulation curve using:

> Accum.labell<-specaccum(comm_pheno,method="exact’,permutations = 100,
conditioned=TRUE,gamma="jackl',w=NULL,
subset=pheno_metaSfactor_variable=="factor")
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factor_variable=="factor" refers to the factor being evaluated such as host in our dataset, and the “fact
or” is one state of that variable. For example, host=="mung” would do a species accumulation curve fo
r microbiome communities of beetles that emerged from mung beans. Note that two equals signs are
necessary

You need to run the command above for each treatment group separately. Change the label and factor
terms appropriately for additional analyses.

a. Plot the first species accumulation curve using:
> plot(Accum.labell,col="red")

b. Plot each additional species accumulation curve using:
> plot(Accum.label2, add=TRUE, col="blue")

If the second curve extends beyond the y-axis, replot the curves in the opposite order (i.e., plot curve 2
first and then curve 1).

Calculating diversity indices

You can calculate the diversity indices described above in the Excel exercise using functions in the
BiodiversityR package.

1. Species Richness
> diversityresult(comm_pheno,index="richness",method="each site")

2. Simpson
> diversityresult(comm_pheno,index="Simpson",method="each site")

This calculates the inverse Simpson described above.

> diversityresult(comm_pheno,index="inverseSimpson",method="each site")

This calculates the reciprocal Simpson described above (confusing that it is called in the invers
eSimpson).

3. Shannon
> diversityresult(comm_pheno,index="Shannon",method="each site")
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4. To calculate all of the biodiversity indices and merge them with the metadata for future
analysis. You can then use this dataset for analysis of differences between treatments with t-
tests, ANOVAs, or their non-parametric equivalents.

> pheno_diversity<-diversityvariables(comm_pheno,pheno_meta)

Because the diversityvariables function calculates a range of diversity indices, sometimes an
error occurs because a particular index cannot be calculated with the dataset (e.g., requires
taking log of zero). If this is the case, you can use the diversityresult function above and place
the results in a dataframe. Then, you can combine the dataframes with the metadata using the
cbind function.

> Simpson<-diversityresult(comm_pheno,index="Simpson",method="each site")
> Shannon<-diversityresult(comm_pheno,index="Shannon",method="each site")
> pheno_diversity<-cbind(pheno_meta,Simpson,Shannon)

Calculating community similarity (distance)

Sometimes we are interested in how similar (or different) two communities are based on what species
(taxa) are present and the relative abundance of those species (taxa) in the two communities. One of
the most common measures of distance is the Bray Curtis Dissimilarity. Similarity can be measured as
1-BC.

Where:

e i&jarethe two samples,

e S;is the total number of specimens counted in sample i,

e Sjisthe total number of specimens counted in sample j,

e Cjjis the sum of only the lesser counts for each taxa found in both sites.

Although Bray-Curtis Dissimilarity is often used in community ecology, it is not robust to incomplete
sampling of the community (all taxa are not sampled) or unbalanced sampling (all treatments are not
equally sampled). An alternative is the Morista-Horn Index of Dissimilarity (1-Cy). Morista-Horn Index
of Similarity is

X; Y;
D
CH =

22 () + 22 ()

2
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Where

e Dji=number of taxa in sample 1
e Dy=number of taxa in sample 2
e Dix=number of taxa in shared in both communities
e Xi=number of individuals of taxon i in sample 1
e Yi=number of individuals of taxon i in sample 2
e n=total number of individuals in sample 1
e m=total number of individuals in sample 2
So that Xi/n and Yi/m are proportion of individuals of taxon i in each of the samples (communities).

To produce a matrix of all of the pair-wise distances between samples using the Bray Curtis index of dis
tance, use the following command.

> vegdist(comm_pheno, method="bray", binary=FALSE, diag=FALSE, upper=FALSE)

To produce a matrix of all of the pair-wise distances between samples using the Morista-Horn index of
distance.

> vegdist(comm_pheno, method="horn", binary=FALSE, diag=FALSE, upper=FALSE)

How different (similar) are the communities?

Adonis is an approach to testing whether communities differ based on a treatment. It is the equivalent
of an analysis of variance, but comparing distance matrices. “community_adonis” stores the results of
the analysis, “comm_pheno” is the community matrix, “factor_variable” is the treatment (e.g., host),
and “pheno_meta” is the name of the dataset that has the treatment data for each community. In the
code below, we use Morista-Horn to estimate distance between communities.

> community_adonis<-adonis2(comm_pheno ~ factor_variable, data = pheno_meta, method="horn")
> community_adonis
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Microbial Community Analysis Using Colony-based Sequencing Database

Student Handout

Objectives

e Manipulate large datasets to conduct community-level ecological analyses
e Use community-level data to address questions about insect microbiomes
e Use Excel or RStudio programs to calculate community ecology variables

e Compare microbial community using community ecology variables

Introduction

Microbiomes are the communities of microbes (bacteria, viruses, fungi and archaea) living
symbiotically with all metazoans. In the past decade, both interest and research on microbiomes,
including their implications for human health, have increased dramatically (Christian et al. 2015,
Costello et al. 2012, McFall-Ngai et al. 2013, The Human Microbiome Consortium 2012, Young 2016).
Insects have been used as model species to study the importance of microbiomes, because of their
ease of use and the fact that microbial communities play diverse roles in insects (Engel and Moran
2013).

The data that are collected in any microbiome study consists of lists of the taxonomic units
identified and their abundance. The same types of data are evaluated in an ecological community
analysis, but now the communities are the collections of microbes that constitute different microbiomes.
The community variables, “species” richness and relative abundance, are the same and the statistical
methods used to compare communities, diversity and difference indices, also are the same. Perhaps the
simplest measure of community structure used by ecologists is “species” or taxon richness, a count of
the number of unique taxa in a sample. However, species richness does not consider the relative
abundance of species in a community. Imagine two communities with five different species. In one
community, all of the species have the same relative abundance. In the other community, one species
dominates comprising 95% of individuals in the community. The other four species are very rare. Based
on species richness as a measure of community structure, these two communities are the same,
although they are clearly very different. As a result, ecologists use other species diversity indices that
consider both the number of species and the relative abundance of species in a community. Two
common indices are the Simpson Index and the Shannon-Weaver Index. Communities with greater
numbers of species and higher evenness (i.e., similar relative abundance of species within a community)
are considered more diverse. Finally, measures of species richness and species diversity do not consider
the identity of species in a community. So, communities could have the same level of species diversity,
but have completely different species. Measure of community similarity, such as the Bray-Curtis Index,
compare the similarity (or dissimilarity) between two communities based on the identity of species in
the communities, as well as their relative abundances. For more information on indices of species
diversity and measures of community similarity, see Krebs (1999).
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In this study, bean beetle gut microbiome data were collected by undergraduate students using the
protocols developed by Cole et al. (2018). Three types of data were collected: colony phenotypes from
cultured bacteria, 16s rRNA gene sequencing of specific bacterial colonies, and whole community 16s
rRNA gene sequencing, but we will limit our analyses to the colony phenotype and colony-based 16s
data.

Questions

Using data from the colony-based sequencing database and the analyses described below, answer the
following questions.

1. Which taxa are most prevalent in the bacterial communities in bean beetles?

2. Do the most prevalent taxa vary based on host bean type?

3. Based on the diversity indices that you calculated, which treatment had the highest (lowest)
diversity?

4. Does the answer depend on the measure of species (taxon) diversity that you use?

5. Is there a relationship between number of samples and taxonomic diversity? If so, what might
explain this?

6. Which communities are most similar (different)?

7. Do your answers to the questions above depend on the taxonomic level of analysis?

Database description

This database contains data for the microbial community of bean beetles based on 16s rRNA
sequencing of individual bacterial colonies cultured from bean beetle homogenates plated on different
media. Since only a small number of colonies are sequenced from each plate, the data do not
represent the entire microbial community for a particular sample. However, qualitative comparisons
can be made based on bean host species, sex of beetle, and other variables.

Access the database at https://www.beanbeetles.org/microbiome/colony-database-search/.

The database allows you to limit your search by bean host type, sex, life cycle stage, media on which
bacteria were grown, colony phenotype, and bacterial taxonomy. Since we are interested in making
comparisons between bacterial communities based on host species and sex, we want to download the
entire database. Clicking “Submit” without limiting the search will allow you to view all of the data.
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While we can view the data on the website, we want to download the data to manipulate. Click the
download link to download a csv file with the data. Then, save the file as an Excel file (name the file
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Data Reduction

1. Make a copy of the raw data in a new sheet using the sheet copy function in Excel (right click on
the tab and select “Move or copy” and rename the tab (“reduced raw data”).
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3 | EMORY_SIEMORY_SIBER ferale  adult  Bloodagawhite  matte  irregular raised  FirmicuteBacilli  Bacillales Staphyloc Staphyloc NNNRNN hitpsfue hipsie hitps:, r’,l’w-ww beanbeethis.orgfnew_welbsite/search/EMORY_SP18f110plate1

4 EMORY_SIEMORY_Sladzukl  fermale adult  EME rad shiny  cireular  flat Protecbac Gammapr Enterobac Enterobac Enterobac NNNNNN hitps://ve hitps/fw hitps:/ org/new_ JEMORY_SP18/116platel
5 EMORY_SIEMORY_ Simung  male  adult  outrientiwhite  shiny  orcular  raised  ProteobacGammapr Enterabic Enferabar Enterobar CHGTAACAGBAAGCABCTTGCTHC MTTGC T GACGAGTHGCORACGHGTRAGTAATGTCTOGGAAACTELC TRATGRAG

& EMORY_SIEMORY_SIBER female  adult Alood aga offwhite matte  circular  umbonate Firmicute:Bacilll  Daciilales Staphyloc Staphyloc NNNNNN https:y/fus hitps:/fw http: b org/new h/EMORY_SP16/110platel
7 EMORY_SIEMORY Stadeuki  female  adult  PEA white  shiny  circular  conves  Fiemicute:Bacilll  gacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGOGEAC CACGTGH ACCTATARGACTGGGATAAC TTOGGGS
& | EMORY_SIEMORY_SI mung male adult MNutrient fwhite  shiny circular  raised  Protechs:Gammapr Enterobac Enterobac Enterobac GANCGGTAACAGGAAGCAGCTTGCTGCTTOGCTGACGAGTGEOGGACT
§ EMORY SIEMORY Stadruki  female  adult Blood aga offwhite matte  iregular flar Eirmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https:/fuwe hitpsy/fw hitps/) beanbestles.argfnew .f hyfe _SP1Ef116platel;
10 EMORY_SIEMORY_Siadzukl  female adult PEA offwhite shiny ciroular  raised Firmicute: Bacilli Bacillales Staphyloc Staphyloc ACTGCAGTCGAGCGARCAGATAAGGAGCTTGCTCCTTIGACGTTAGCGGCGGACGGETGAGTAACACGTGOGTAACCTAC
11| Emary _SIEMORY_SIBEP male adult PEA yellow  shiny cireular  raised  Fiemicute-Bacilli  Bacillales Staphyloc Staphyloc NNNKNN https:/fus hrtpsyfw hetps:f . o new_ ! hf sP1Ef106platel
12 EMORY_SIEMORY_Si mung male adult Biood aga pink shiny chroular pr Enterobac i ANNNTGCAAGTCGAGCGGTANCACAGAGAGCTTGCTCTOGGGTGACGAGOGGCGGACGGNNNNNNAANGTCTGGGAL
13 EMORY MORY Stadiuki  female  adult PEA white  matte  circular  raised  Flomicute:Bacilli Bacillales Staphyloc Staphyloc NNNNNN httpsfue hitpsyfu hitpsyf b Largfnew s f hy _sP1511aplatel
14 EMORY_SIEMORY_Siadtuki  female adult  Bloodagawhite  matte  irregular flat Firmicute:Bacilli  Bacillales Staphyloe Staphylos NNNNNN https://we https:/fw https: .fhn-ww org/naw_ MORY_SP16/110plate]]
15 :EM[]H\" SIEMOAY S1BER female  adult PEA white  matte  iregular raised  Firmicute-Bacilli  Bacillales Staphyloc Staphyloc NNNNNN httpsy/fue htpsy/fw hitp: | es.omgfnew_website/ hyfe P18/ 116plate]
16 EMORY_SIEMORY_Siadzuki  male dult PEA offwhite shiny circular  raised Firmicute: Bacilll Lactobacii Enterococ I:nlero(ocTCGA&CG(HCI‘ITEC'{CCCG&GTGCITEC&ETEMT" GGACK ACACGTGGGTAACCT
17 IEMUH"_H"MUH'_NHEI’ famale  adult Hlood aga white  shiny circular  rakked  Protechac Gammapr Peaudomi Braudom Preudome NNNNNN httpe:/fun hitpe:/fue httpe:/), b ot arpfnaw_web hfe ' 5P15f116platel
18 EMORY_S{ EMORY_Si mung female  adult PEA offwhite shiny circular  convex  Firmicute: Bacilli Dacillales Staphyloc Staphyloc TGNNGTCGAGCGAACAGA TTGCTCCTTTGACGTTAGCGGCGGAL
" i male adult PEA white shiny irragular raised  Firmicute: Baciili Racillales Staphyloc Staphyloc NNNNNN https:/fus https:/fw hitpe:/ b .orgfnew_wets i _SP1R/106plate]
20 EMORY_SIEMORY_S1BER mele  adull  PEA offwhite shiny  cicular  conves  Firmicute:Bacilli  Bacillales Staphyloe Staphyloc NNNNNN hitps:/fve hitps:/iv hitps:/fveow. beanbeeties.org/new f hEMORY_SP1E/! 1
21 EMORY SIEMORY Siadrukl  female  adult  Rlood aga crangs ac Enterabac Entarabac NNNNNN hitps:/fus httpe:/jw httpe:/ b Lorgfnew_web hyE _SPIR116plate]
22 EMORY_SIEMORY Sled, = s PEA white nght CI |Ck on tab 5 Staphyloc Staphyloc NNNNNN https:/fue hitps:/fve hitps:/ org/new_website/ h/EMORY_SP18/114platel
23 EMORY_51EMORY_SIBE vEA white % Staphyloc Staphyloc NNNNNN httpe:/fun hitpsi/fw hitps:/ b ac.0rg/new_wab hyE _5P15/110plat01
24 [EMORY_S{EMORY_S4 rm [ (0] white o Enterobac Enterobes CAAGCAGCTTGCTGCTTCGCTGACGAGTGOCGOAL AACTGCC ACTA

and select “IMOVE OF  [enmaranscentarons nunsnn nipsiti npestiw nipe orginew hEMORY. SPigf1itplarel]

. Staphylos Staphyloc NNNNNN hittps:/ifvwe htpsi/iw hup» waw beanbeeties.org/new_website/search/EMORY_SP18/118platel

25 EMORY_S1EMORY_Siad:
26 | EMORY_SIEMORY_Stad. Rie e oy

27 |EMORY_SIEMORY Stad = . (oa, Blood agar Copy” ac Enterabac Enterabac CCTGCNAGTCGARLGGTAACAGGAAGLAGCTTECTGLTTCGCTGACGAGTEGLGEAC o1
28 | EMORY_SIEMORY Stad. . PEA oftwhite kil Enterococ Enterocos NNNNNN bitps:/iwe hitps:/fw hitps:/fuww beanbeetles.orglnew_website/search/EMORY_SP18/110p10tel
28 [EMORY_$1EMORY_51 ad: T AT BarTTaTes Staphyloc Staphyloc NNNKNN hitps:)//wr hitpsi/fw hitps:/ b orgfnew_web: h SPAT/114 E 5 1
30 EMORY_SIEMORY_S1BE| : EMB  yellow shiny  circular  raised  Firmicute:Bacilll  Bacillales Staphyloc Staphylos NNNNNN hitps:/fue hitpst/iw hitps:, .n’.fwww orglnew_ of _5P18/116plate]
31 | EMORY_SIEMORY_Siad: EME shiny  ciroular  raised d: Bacteroid Sphingobi NNNNNN hitps:/fwe hitpsi/fw hitp: beetl m’ﬂw_ b hyi _5P18/110platel
32 |EMORY_STEMORY_S1my PEA offwhite matte  circular  raised  Fiomicute:Bacilli  Lactobacil Enterococ Enterococ NNNNNN hittps:/fue hitps:/fw hitps .n’,n’ww beanbeeties.org/new_website/search/EMORY_SP17/110_4 6_|
33 EMORY_SIEMORY_S1ad. PEA white  shiny iregular raised  ProtecbacGammapr Enterobac Entercbac Enterobac NNNNNN https:/fwe hitps:/fw hitps:/ rgfnew_websitef hy _SP16/1l4platel .
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medla  color  gloss  form  elevation phylum  class  order  family  genus  sequenceseq_file  pdf_file ab_file
PEA white  shiny  circular  raised  Firmicute:dacllll  Bacillales Staphyloc Staphyloc NNNNNN hitps://we hitps:/fw hitps:// beetles.org/new fEMORY_SP18/114platel
Blood aga white  matte  iregular raised  FlemicutesBacilli B w5 Staphyloc Staphyloc NNNNNN hitps:/fwe hitps:/fw nllp-,:f)’www.h wrglmee_weebsite/search/EMORY_SP18/110plate]
(2] red shiny circular  flat Pretecbac Gammapr Enterobac Enterobac Entarobac NNNNNN hitps:/fve hitps:/fw hitps:/, b rE/naw_ JEMORY_SP16/116platel
Nutrient fwhite  shing  crcular  raised  Proteobac Gammape Enterobac Enterobac Enterobar CGGTAACAGBAAGCAGCTTGCTGC TTTGCTGACGAGTOGLHGAC ATGTE STGCCTHATGRAGGY
dlocd ags offwhite matte  circular  umbonate Firmicute:Bacilli Bacillales Staphyloc Staphyloc NNNNNN hitps:/fwe hitps:/fw hitpt rg/naw_ h/EMORY_SP16/110platel
PEA white  shiny  crcular  conves  FiemicuteBaclll  Bacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGO0GACOGETGABTAACACGTGOGTAACCTACCTATAAGACTOGGATAACTICHGG,
MNutrient fwhite  shiny circular  raised  Protechs:Gammapr Enterobac Enterobac Enterobac NNTCGANCGOTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGEOGGACH
Blood aga offwhite matte  irregular flat firmicute-Bacilli  Bacillales Staphyloc Staphyloc NNNNNN hitps:/fue hitps:/fw hitpsy/ -beanbeetles.orgfnew f hfemony_SP1a/116plate1,
PEA offwhite shiny ciroular  raised Firmicute: Bacilli Bacillales Staphyloc Staphyloc ACTGCAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGOGTAACCTAC
PEA yellow  shiny cireular  raised  Firmicute-Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https:fwe hitpsyfw htps:f -beanbeetles.org/new /! hfEMORY_SP18/106plate1
Biood aga pink shiny circular  craterifon Protechac Gammapr Enterobac Enterobacteriaceae ANNNTGCAAGTCGAGCGGTANCACAGAGAGCTTGCTCTCGGGTGACGAGOGGLGGACGGNNNNNNAANGTCTGGGAA
PEA white  matte  circular  raised  Flrmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNKRNN hitps:/fue httpsyfw hitpsyy b Largfnew s f hfe SP1G114plate]
Blood aga white  matte  irregular flat Firmicute: Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https:/fue https:/fue hetps: o, org/new ) MORY_SP18/110plate]
PEA white  matte  irregular ralsed  Firmicute-Bacili  Bacillales Staphyloc Staphyloc NNNKNNN https:/fue httpsyfw hitps// orgfnew f hfEMORY SP18/116plate]
PEA offwhite shiny circular  raised Flrmicute: Bacilli Lactobacil Enterococ Enterococ TCGAACGCTTCTTICCTOCCGAGTGCTTGCACTCAATTG A GGAC ACACGTGGGTAACCT
Hlood aga white  chiny circular  raked  Protechac Gammapr Paudomireudom Praudome NNNNNN https: e hitpe:/fue hitpe:), .| org/new hfEMORY_5P15/116p1a%81
PEA offwhite shiny circular  convex  Firmicute: Bacilli Bacillales Staphyloc Staphyloc TGNNGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGAL
PEA white shiny irragular raised Firmicute: Racilli Racillales Staphyloc Staphyloc NNNNNN https:/fwe https/fw hitp b Orgfnew f 1 SP1E/106plate]
PEA offwhite shiny  circular  convex  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN hitps:/fve hitps:/fw https:/fwww. beanbeetles.org/new_website/ hEMORY_SP1E/106platel
Blood aga orange  shiny circular  flat Protechac Gammapr Enterobac Enterabac Enterabat NNNNNN hitps:/fus httpe:/fw hitpe:// b .org/new b h SP1R/116plate1
PEA white  shiny -nq..l,- raised  Firmicule:Docilli Decillales Jlnpﬁjlm Staphyloc NNNNNN https:/fwe hitps:/fw hitps:/f besnbeetles.org/new_website/ HEMORY_SP18/114platel
PEA white - - — NNNNNN https:/fwe httpe:/fw hitp b LOrgfnew_ hyi _SP1E/110platel
3 T3 ”» Jo< CAAGCAGCTTGCTGCTTCGCTGACGAGTGGOGOACGGGTGAGT) AACTGCC ACTA
—aenre o Select “Move to end” and NN oS e, Wrtpecf{oi Nt b i n shiaf11Apiates
Blood aga white sl Jox NNNMNN hittps:/fve htps:/iw hitps:/fwww. beanbeetles. org/new_website/search/EMORY_SP18/116platel
Glood agar Check “Create a Copy” a0 CCTGCNAGTCRAALGGTAACAGGARGCAGCTTGCTGCTTCGCTGACGAGTGECGEACGGATAAGTANTGTCTGGGEANACT
i ite jor NNNNNN hittps:/fue hitps:/fve hitps:/ivewer. b\..ml.ll.l.!lu. orgfnew_website/search/EMORY_SP18/110platel
MNNNNN hitps:/fwe hitps)/fw hitps, es.org/new | h SP17/114 E 5 1
yellow  thiny  choular ralsed  Finmicute:Bacilli | Bacillales Stophyloe Staphyloc NNNNNN hitps://we hitps:/fw hittps:/fvrww.beanbeeties.ong/new,_website/search/EMORY_SP18/116platel
EME shiny circular  raised  Bacterold: Bacteroidi Sphingobi Sphingobi Sphingobi NNNNNN https:/fwe hitps:/fw https:/ les.org/new. EMORY_SP15/110platel
PEA offwhite matte  ciroular  raised  Firmicute:Bacilli  Lactobacil Enterococ Enterococ NNNNNN https:/fws hitps:iw htps:/ | bL.le-.L les.orgfnew_website/search/EMORY_SP17/110_4 6 _!
FEA white  shiny  imegular ralsed  ProtecbacGammapr Enterobac Enterobac Enterabac NNNNNN hitps:)//fw hitps:/fw hitps:/ rgfnew_wed hyE _SP16/114platel _
' '

In the “reduced raw data” sheet, delete any columns that we don’t need, such as the colony

phenotype (color, gloss, form, elevation) and sequence data columns. The “reduced raw data”
sheet is the data source if you choose to analyze these data in RStudio. Additional data
manipulation and formatting (below) is required if you choose to analyze these data in Excel.

Data manipulation

1. We need to consolidate the data for each host species, each sex, or the combination of the two
by the bacterial taxa. The easiest way to do this is with the Pivot Table function in Excel.

2.

When clicked on a cell within the data, create a Pivot Table (Insert -> Pivot Table OR Data ->

Summarize with Pivot Table). Make sure that the data source includes the top row (the cell
range should include “SAS$1”), which has the column headings. Click OK to create the pivot
table in a new worksheet and label the tab “pivot table”
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1 leaperime wample_u host sex stage  media  phylum  class  order  family  genus
2 [EMORAY_S1EMORY_S1BEP male adult PLA Firmicute:Bacilli  Bacillales Staphylec Staphylococtus
3 EMORY_SiEMORY_SIBEP female  adult Blood aga Fiemicute: Bacilli Bacillales Staphyloc Staphyloroceus
4 |[EMORY _SIEMORAY_Siadzuki  female  adult EMD Preteobac Gammapr Enterobac Enterobac Enterobacter
5 [Emony_slemony_Simung  male  adult Mutrient £ Proteobac Gammapr Enterobac Enterobac Enterobacter
6 |EMORY_SIEMORY_SIBEP female  adult Blood ags Firmicute:Bacilli  Bacillales Staphyloc Staphylococtus
7 EMORY_SIEMORY_Stadeukl  female  adult vEa FirmicutesBaciill  Bacillales Staphyloc Staphylococcus
8 |[EMORY_SIEMORAY Simung  male adult Mutrient £ Protechac Gammapr Enterobar Enterobar Enterobacter
9 EMORY SIEMORY Sladmuki  female adult  8lood aga Firmicute-Bacilli  Bacillales Staphyloc Staphylocoecus
10 EMORY_SIEMORY_Sladruki  female adult  PEA Firmicute:Bacllli  Baclllales Staphyloc Staphyloceeeus
11 EMORY_S1EMORY_SIBER male  adult PEA Firmicute-Bacilll  Bacillales Staphyloc Staphylococcus
12 EMORY_SIEMORY Simung  male  adult  Bioodaga Enterabac E
13 EMORY_SIEMORY Siadeuki  female  adult rEa Firmicute-Bacilli  Bacillales Staphyloc Staphylococcus
14 EMORY_SIEMORY_Siadrukl  female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococeus
15 | EMORY_SIEMORY S1BEP female  adult wEA Firmicute- Ba Bacillales Staphyloc Staphylococcus
16 EMORY_SIEMORY_SIadtuki  male adult PEA Flrmicute: Bacilll Lactobaci] Enterococ Enterococcus
17 EMORY_SIEMORY 5189 female  adult  @loodaga bat G pr Praudomi P
18 EMORY_SiEMORY_SImung female adult PEA Firmigute: Bacilli Bacillales Staphyloc Staphylotoccus
19 EMORY_S1EMORY_S1BER male  adult vEA Firmicute:Bacllll  Racillalas Staphyloc Staphylococcue
20 |EMORY_SIEMORY_SIBEP male #dult PLA Firmicute: Bacilli Bacillales Staphyloc Stephylotoccus
21 EMORY SIEMORY Siadiuki  femala  adult  @lood aga Protechac Gammapr Entarabac Enterabac Entercbacter
22 [EMORY_SIEMORY Sadiuki  male adult PLA Firmicute: Bacilli Bacillales Staphyloc Staphytotoccus
23 EMORY_S1EMORY 51850 male  adult vEA FirmicutesBacilli  Racillales Staphyloc Staphylococeue
24 EMORY SIEMORY Simung  male  sdult  IMD Proteobas Gammapr Enterobac Enteraber Entersbacter
25 EMORY_SIEMORY Sisdzuki  male  adult  ®lood aga Proteshac Gammapr Enferabac Enterabac Enterobacter
26 [EMORY_SIEMORY Sladiuki  female  adult Blood aga Firmicute: Bacilli Bacillales Staphyloc Staphylotoccus
27 [EMORY_SIEMORY_Sladauki  male adult Blood aga Protecbac Gammapr Enterobat Entercbac Entercbacter
28 .EMOR\"__SHMO!]\-'_SIMNQI male adult PEA Firmicute: Bacilli Lactobacil Enterococ Enferotoccus
20 [EMORY_SIEMORY_Sladauki  female  adult Firmicute-Bacllli  Bacillales Staphylot Staphylococus
30 EMORY_SIEMORY_SiBER female  adult EMB Firmicute= Bacilli Bacillales Staphyloc Staphylococcus
31 |[EMORY_SIEMORY_Sladiukl  female adult EMa Bacteroid- Bacteroid Sphingobi Sph bi Sphi
312 .!MON\"‘}‘!MUN?WSImUng male adult PEA Fiemicute: Bacilli Lactobacil Enterococ Enterotoccus
33 EMORY_SIEMORY Sladauki  female aduli  PEA b pr Enteratac Entercbac -
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2 |EMORY_SiEMORY_SiBEP miabe adult PEA Firmicute: Bacilli Bacillales Staphyloc Staphylococous. M a e S u re t at t e
3 |EMORY_SIEMORY_S1BER adult  @lood aga Firmicute:dacilll  Bacillales Staphyloc Staphylococcus us .
4 [EMORY_SiEMORY_Si adaukl adult EMA Protecbac Gammapr Enterobac Enterabac Enterobacter | Choose » £ ol CeII range InCI udes
5 |EMORY_SIEMORY_Simung adult  Nutrient/ Protecbat Gammapr Enterobac Enterobac & ®H
6 | EMOIRY_$1 EMORY_SIBEP female  adult Blood aga Firmicute: Bacilli  Bacillales Staphyloc Staphylococos () Existing Worksheet $A$1
7 |[EMORY_SIEMORY Siadaukl  female adult  PEA Firmicute:@acilll  @acillales Staphyloc Staphylococcus Locatione =
& |EMORY_SIEMORY_Simung rabe adult Nutrient £ Protecba Gammapr Enterobac Enterobac Enterobacter

o g | ChoGie whethed you want 1o sRslyTe multiple tables
& |[EMORY_SIEMORY_Siadruki  female adult Blood aga Firmicute: Bacilll  Bacillales Staphyloc Staphylococous [0 Adi s ata bo the Data blode)
10 EMORY_SIEMORY Stadiuki  female  adult PEA Firmicute:Bacilll  Bacillales Staphyloc Staphylococous
11 | EMORY_SIEMORY_S1 BER male  adult  PEA Firmicute:Bacilll  Bacillales Staphyloc Staphylocoecus [ ] comem
12 |[EMORY_S1EMORY S mung male adult Blocd aga pr Enterabad b
13 EMORY_SIEMORY_Siadzuiel  female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococous
12 EMORY_SIEMORY Stadouki  female  adult Blood aga Firmicute-Bacilll  Bacillales Staphylac Staphylacaceus
15 | EMORY_SI EMORY_S{ BER female adult  PEA Firmicute:Bacilll  Bacillales Staphyloc Staphylococous
16 .EMUHY SIEMORY S adauki male adult PEA il Lactobacil
17 | EMORY_S1 EMORY_S1 BER female adult  Blood aga Protechat Gammapr Pseudomi Pseudomi Pseudomonas
L IEMUHI_HHMUH" _Simung famale  adult BEA Firmicute:Bacilli  Racillales Staphyloc Staphylococout
13 | EMORY_SIEMORY_SiBEP male  adult  PEA Firmicute: Bacilll  Bacillales Staphyloc Staphylococous
20| EMORY_S1EMORY_S1RER male adult HEA Firmicute: Bacilll  Bacillales Staphyloc Staphylococous
21 |[EMORY_SIEMORY_Sladiuki  female  adult  Blood ags Protecber Gammapr Enterobac Enterobac Enterobacter
22 IEMUR\!’_ SUEMORY Siadruki  male adult PEA FirmicutedBacilll  Bacillales Staphyloc Staphylococcus
23 [EMORY_SIEMORY_SIBEP ke adult PEA Firmicute: Bacilli  Baciflales Staphyloc Staphylocootus
24 EMORY STEMORY S mung rmale adult FMA Protechac Gammapr Enterobac Enterabac Enterobacter
25 EMORY_SIEMORY Stadeuki  male  adult  Blood ags Protecbe; Gammapr Enterobar Enterobar Enterobacter
% IEMUHI_ SIEMORY Sladiukl  famale  adulr Rlood aga FirmicuteBacilll  Bacillales Staphyloc Staphylococous
27 EMORY SIEMORY Stadeauki  male  adult  Blood aga Proteoba Gammapr Enterobas Enterobas Enterobacter
I8 |EMORY_SIEMORY Sladaukl  male  adult  PEa i Lactobacil
25 |EMORY_SIEMORY_Stadzuki  fermale  adult Firmicute: Bacilll  Bacillales Staphyloc Staphylococous
30 EMORY_S51EMORY_51 BEF female  adult EMB Firmicute: Bacilll  Bacillales Staphyloc Staphylocooous
31 EMORY_SIEMORY Sladauki  female  adult  EMB Bacteroidh Bacteroidi Sphingob: Sphingob: Sphingobacterium
32 |EMORY_SIEMORY_S1 mung male adult PEA i Lactabacil
33 [EMORY_SIEMORY_Stodeuki  female  odult  PEA Proteoba Bammapr Enterobat Enterobat Enterobacter
34 EMORY_SIEMORY Sladaukl  female adult Protecbac Gammapr Enterobac Enterobacieriaceas -
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3. Set the treatment(s) that you are interested (for example, host species) in as the rows and the
bacterial taxonomic level you are interested in as the columns. The Values should be a COUNT
of the sample_id, as each row in the dataset represents a single sample.

H - 3 PreotTaile Tog colony-based sequence data - Excel m o
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4. You can add zeros to all of the empty cells in the Pivot Table using the Options menu and
remove the Grand totals for Columns using the Options menu or the Design tab depending of
your version of Excel. (You want to keep the Grand totals for rows to calculate diversity indices.)
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5. You can remove the “blanks” column using the Column labels dropdown (located at upper left
of the sheet) and unselecting “blank”.
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6. If you selected more than one treatment for the rows, you can get the treatment data to repeat
for each sample. In the Design tab, select “Report Layout” and choose “Show in Tabular form”
and “Repeat All Item Labels”.
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7. Copy and paste (as values) the pivot table to a new worksheet and remove any extra rows at
the top. The top row should now have the taxa names. Name this tab “analysis”. Conduct the
community ecology analyses that follow in Excel on the “analysis” sheet.
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Calculating diversity indices

1. Species (taxon) richness — the number of unique species (taxa) in a sample
a. Although you could manually count the number of cells with values greater than zero
for each treatment, using the COUNTIF formula in Excel is easier (e.g.,
=COUNTIF(range,”>0")). Where “range” is the cell range in the datasheet, for example
“C2:M2”, a single row or treatment.
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2. Simpson Index —the Simpson Index incorporates both species (taxon) richness and species

(taxon) evenness.

a. D=3(n/N)*2, where n=number of individuals of a particular species (taxon) and N=total
number of individuals in a sample. D increases as diversity decreases, which is
counterintuitive. A reciprocal or inverse index would be more intuitive and are easily
calculated.

b. Reciprocal Simpson = 1/D and scales so the maximum value is the species richness of a
community.

c. Inverse Simpson = 1-D and scales to a maximum value of 1.0.

d. Create a new data array below the original using the same row labels (treatment
variables) and the same column labels (bacterial taxa).
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e. To calculate the proportion squared for each taxa, use the grand totals for each
treatment. Using the Excel trick that $ before a column or row prevents Excel from
iterating when copying a formula makes this easy. For example, =(C2/SP2)*2. Copy the
formula across the row and then down.

36



calony-based sequence data - Excel m o

feck, Chentopher O} Share

Inen  Pagelayout  Formulss  Data  Heaew Ve Tell e what you want i da
X, Cu R X Autstum - ™y
# Clanr P :.::h
COUNTIF * v =(B/5P2)*2
A 3 e {+] E F G H ] J K L M N o P Q R £ T u v w 4 v
; :dl:;lkl .m|m-lm|.u,;-zu.uul-.n : Mulkmlllllh!l\lm'.l.s i 56}-”.1'!0(;:. Esc s 1| I’.ln'mb.l(ol P “’ 1 A i '1 laphs & ll' 'Lr:‘l'mlllmh\;l
e R e S SN S S S S S S W S .
; pigeon o o o 1 9 o o o o 5 o o T L n 4
; host Arinetobacte Bacillus - Burkholde Corynebas Enterobar Enterococ Escl hi Kl \ia Pasnibaci I phyl p
9 |adzuki —|E'.'|"‘ L "'}- 422605 0 0.001053 0127551 0.016866 0 a2k 0 0000675 4.27E-05 4.22E0-05 017271 4.22E-05
10 BEP
11 |mung \
12 pigeon
) =(B2/$P2)"2. B2 is the cell with the
; abundance of the first taxon and P2 is the
18 -
® cell with the grand total for a treatment.
n The $ prevents the column identifier from
J changing. Copy the formula across the
# row and then down.
30
ki
2
33

raw clats | Sheet? | analysis | reduted raw dits #

Scroll Logk

H O Type heve 1o search

f. Calculate the sum of the proportions squared (=SUM in Excel) to calculate the Simpson
Index.
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g. Calculate the reciprocal (e.g., =1/P9) and inverse Simpson (e.g., =1-P9) using formulas in
Excel.

3. Shannon-Weaver (Shannon-Weiner) Index — also incorporates species (taxon) richness and
species (taxon) evenness

a. H=-2plnp, where p is the proportion of individuals of each bacterial taxon in a
community (i.e., n/N).

b. Create a new data array below the original using the same row labels (treatment
variables) and the same column labels (species).

c. Using the grand totals for each treatment, calculate the proportions (plnp). Using the
Excel trick that $ before a column or row prevents Excel from iterating when copying a
formula makes this easy.

d. Note that Inp is undefined if p=0, so you can use an “IF” statement in Excel. For
example, =IF(B2>0,(B2/SP2)*LN((B2/5P2)),"")
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e. Calculate the negative sum of the proportions (plnp) (=-SUM in Excel for each row, a
different microbial community) to calculate the Shannon-Weaver Index.
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Data Manipulation in R

1.
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Open RStudio and create a new project using the New Project option under File and select for
the new project to be in an existing folder where your data are.

Install the following packages either using the Packages tab in RStudio or the command
install.packages(“name_of package”) in the console. Note that BiodiversityR requires QuartzX
on a Mac. If you are using a MacOS and don’t have QuartzX, install it first and restart your
computer before install these packages.

a.

N

dplyr
reshape2
vegan
BiodiversityR
ggplot2
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5. Attach the imported dataset (“colony”) to the dataframe using the attach command in the
console (attach(colony))

6. Create a community matrix (named “community” in this example) for a particular treatment.
This example assumes that you are doing the analysis at the genus level. This can be changed
to other taxonomic levels using the appropriate variable name

>community<-table(host,genus)

7. If you want to look at two factors at the same time, creating the community matrix is a little
more complicated. The first command calculates the count of each genus by each sex and host
combination and drops any missing values. The second command creates a community matrix.

> community_2 <- colony %>% count(sex,host,genus) %>% drop_na()
> comm?2<-dcast(community_2, sex+host~genus, value.var = "n", fun.aggregate = sum)

“genus” in both command lines may be whatever taxon level you wish to evaluate in the dataset.
For example, it could be changed to “family” or “order”.

Calculating diversity indices
Note: “community” is the name of the community matrix

1. Species Richness
> diversityresult(community,index="richness",method="each site")
2. Simpson

> diversityresult(community,index="Simpson",method="each site")

This calculates the inverse Simpson described above

> diversityresult(community,index="inverseSimpson",method="each site")

This calculates the reciprocal Simpson described above. (confusing that it is called in the
inverseSimpson)

3. Shannon
> diversityresult(community,index="Shannon",method="each site")

Calculating community similarity (distance)

43



Sometimes we are interested in how similar (or different) two communities are based on what species
(taxa) are present and the relative abundance of those species (taxa) in the two communities. One of
the most common measures of distance is the Bray Curtis Dissimilarity. Similarity can be measured as
1-BC.

BC, =1 — 2t
v Si+Sj

Where:

e i&jarethe two samples,

e Sjisthe total number of specimens counted in sample i,

e Sjisthe total number of specimens counted in sample j,

e Cj is the sum of only the lesser counts for each taxa found in both sites.

Although Bray-Curtis Dissimilarity is often used in community ecology, it is not robust to incomplete
sampling of the community (all taxa are not sampled) or unbalanced sampling (all treatments are not
equally sampled). An alternative is the Morista-Horn Index of Dissimilarity (1-Cy). Morista-Horn Index
of Similarity is

X; Y;
25 5
CH =

2 () + 22 )

2

Where

e Dji=number of taxa in sample 1
e Dy=number of taxa in sample 2
e Diy=number of taxa in shared in both communities
e Xi=number of individuals of taxon i in sample 1
e Yi=number of individuals of taxon i in sample 2
e n=total number of individuals in sample 1
e m=total number of individuals in sample 2
So that Xi/n and Yi/m are proportion of individuals of taxon i in each of the samples (communities).

To produce a matrix of all of the pair-wise distances between samples using the Bray Curtis index of dis
tance, use the following command.

> vegdist(community, method="bray", binary=FALSE, diag=FALSE, upper=FALSE)
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To produce a matrix of all of the pair-wise distances between samples using the Morista-Horn index of
distance.

> vegdist(community, method="horn", binary=FALSE, diag=FALSE, upper=FALSE)
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