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 arelationship 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 taxon.

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 taxon 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 considered independently.

We want to limit our search to PEA and EMB plates (or Nutrient Agar only). After limiting by media
type, click “Submit.”
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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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1 lexperime sample_ihost  sex  stage  media color  gloss  form  elevationCFU

2 |EMORY_SIEMORY_Sadzuki female adult PEA offwhite matte circular  convex 4390

3 |EMORY_SIEMORY_ female adult  PEA  brown matte  circular raised 160000

4 |EMORY_S| EMORY_: male  adult PEA  white  shiny  circular convex 220

5 |[EMORY_SIEMORY_Simung  male  adult  PEA shiny  circular convex 250

6 |EMORY_SIEMORY_¢ female adult PEA matte circular  raised 133

7 |EMORY_SIEMORY_ female adult  PEA shiny  circular raised 100000

& |EMORY_SIEMORY Sipigeon male  adult  PEA shiny  circulr umbonate 190

o |EMORY_SIEMORY Stadzuki male  adult  EMB shiny  circuler raised 100000

10 |EMORY_SIEMORY_SIBEP male adult PEA shiny circular  raised 60

11 |[EMORY_SIEMORY_SIadzuki female adult PEA shiny circular  flat 140

12 |EMORY_SIEMORY Simung  male  adult  PEA shiny  circular  raised 4350

13 EMORY_SIEMORY Stadzuki male  adult  EMB shiny circular raised 20

14 |EMORY_SIEMORY_Sfpigeon  male adult  PEA shiny  circular flat 10

15 |[EMORY_SIEMORY_Simung  female adult  EMB shiny  circular raised 120

16 |[EMORY_SIEMORY Sipigeon male  adult  PEA matte  circular  raised 200

17 EMORY_SIEMORY Stadzuki female adult  EVE shiny  circular  raised 5

18 EMORY_SIEMORY Sipigeon male  adult  PEA shiny  circular  raised 3920

19 |[EMORY_SIEMORY_Sipigean male  adult  PEA shiny  circular raised 2

20 |[EMORY_SIEMORY_SIadzuki female adult PEA shiny circular  convex 100

21 |EMORY_SIEMORY Sipigeon  male  adult  EVE shiny  circular  raised 1220

22 EMORY_SIEMORY Simung  male  adult  PEA  orange shiny imeguler umbonate 2720

23 EMORY_SIEMORY Stadzuki male  adult  EMB  yellow mette circuler raised 1500

24 |EMORY_SIEMORY_SImung female adult PEA ‘white matte circular  umbonate 1

25 |[EMORY_SIEMORY_SIadzuki male adult PEA yellow matte circular  raised 830

26 EMORY_SIEMORY Sipigeon female adult  EMB  orange shiny  circular raised 20

27 EMORY_SIEMORY Stadzuki female adult  PEA  white  matte  circuler raised 7

28 EMORY_SIEMORY_Stadzuki male adult EMB red shiny circular  flat 2800

29 |EMORY_SIEMORY_SIBEP female adult EMB red shiny circular  raised 8

30 |[EMORY_SIEMORY Simung  female adult  PEA offwhite shiny  circular convex 112100

21|EMORY_SIEMORY Simung  female adult  EMB  brown shiny  circuler raised 400 1

32 EMORY_SIEMORY SIBEP  female adult  PEA  offwhite shiny  circular flat 1840

33 |EMORY_SIEMORY Simung  male  adult  PEA white  shiny  circular convex 250 =
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Double click and relabel tab as “raw




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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1 |experime sample_it host  sex stoge  media color  gloss  form  elevationCFU

2 |[EMORY_SIEMORY_Siadzuki female adult  PEA offwhite matte circular convex 4390

3 EMORY_SIEMORY_Sfmung female adult PEA brown matte circular  raised 160000

4 |[EMORY_SIEMORY_SIadzuki male adult PEA white shiny circular  convex 420

5 |EMORY_SIEMORY Simung  male  adult  PEA  white shiny circular convex 250

6 [EMORY_SIEMORY Simung  female adult  PEA white  matte circular raised 133

7 |EMORY_S{EMORY_Stmung  female adult  PEA white  shiny  circular raised 100000

8 |EMORY_SIEMORY_Sipigeon  male adult  PEA white  shiny  circular  umbonate 190

9 |EMORY_SIEMORY Stadzuki male  adult  EMB  red shiny circular raised 100000

10 |[EMORY_SIEMORY_Si BEP male  adult  PEA white  shiny  circular raised 60

11 |[EMORY_SIEMORY_Skadzuki female adult PEA offwhite shiny circular  flat 140

12 |EMORY_SIEMORY_Simung  male adult  PEA yellow shiny  circular raised 4350

13 [EMORY_SIEMORY_Sfadzuki male  adult  EMB  brown shiny  circular raised 2

14 |[EMORY_SIEMORY_Sipigeon male  adult  PEA offwhite shiny circular flat 10

15 |EMORY_SIEMORY_Stmung  female adult  EMB clear shiny  circular raised 120

16 |EMORY_SIEMORY_Sipigeon  male adult  PEA yellow matte circular raised 200

17 [EMORY_SIEMORY_Sfadzuki  female adult  EMB  red shiny circular raised 3

18 |[EMORY_SIEMORY_Sipigeon male  adult  PEA white  shiny  circular raised 3920

19 |EMORY_S{EMORY_Sfpigeon  male adult  PEA white  shiny  circular raised 2

20 |EMORY_SIEMORY_Skadzuki female  adult PEA white shiny circular  convex 100

21 [EMORY_SIEMORY_Sipigeon male  adult  EMB  red shiny circular raised 1220

22 [EMORY_SIEMORY_Simung  male  adult  PEA orange shiny irregular umbonate 2720

23 |[EMORY_SIEMORY_Skadzuki male adult EMB yellow  matte circular  raised 1500

24 |EMORY_SIEMORY_SEmung female  adult PEA white matte circular  umbonate 1

25 [EMORY_SIEMORY_Sfadzuki  male  adult  PEA  yellow matte circular raised 830

26 |[EMORY_SIEMORY_Sipigeon female adult  EMB orange shiny  circular raised 80

27 |EMORY_SIEMORY_Skadzuki female adult PEA white matte circular  raised 7

28 |EMORY_SIEMORY_Skadzuki male adult EMB red shiny circular  flat 2800

29 |EMORY_STEMORY_S1BEP female adult  EMB  red shiny circular raised 8

30 |[EMORY_SIEMORY_Simung  female adult  PEA offwhite shiny circular convex 112100

31[EMORY_SIEMORY Simung  female adult  EMB brown shiny  circular raised 400 1

32 |EMORY_SIEMORY_SIBEP female  adult PEA offwhite shiny circular  flat 1840

33 [EMORY_SIEMORY_Simung  male  adult  PEA  white shiny  circular convex 250 -
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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”.



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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14 EMORY_SIEMORY Sipigeon male  adult  PEA offwhite shiny  circular flat 10
15 EMORY_SIEMORY Simung  female adult  EMB clear  shiny  circular raised 120
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17 EMORY SIEMORY Siadzuki  female adult  EMB red shiny  circular raised 6
18 EMORY SIEMORY Sipigeon male  adult  PEA white  shiny  circular raised 3920
19 EMORY SIEMORY Sipigeon male  adult  PEA white  shiny  circular raised 2 -
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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.

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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1 |experime sample_ii host sex stage !madia color  gloss  form elevationtaxon  CFU
2 |[EMORY_SIEMORY_Siadzuki  female adult PEA offwhite matte circular convex PEAoffwh 4390
3 |[EMORY_SIEMORY_Simung female  adult PEA brown matte circular  raised PEAbrowr 160000
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17 |EMORY_SIEMORY_Sl adzuki female  adult EMB red shiny circular  raised EMBredsh 6
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19 |EMORY_SIEMORY_Sipigeon  male adult PEA white  shiny  circular raised  PEAwhite 2 -
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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.
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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 Iltem 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").
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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 (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)*2. Copy the
formula across the row and then down.
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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.

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

a. H=-Zplnp, where p is the proportion of individuals of each species (taxon) in a
community (i.e., n/N).
Create a new data array below the original using the same row labels (treatment
variables) and the same column labels (species).
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.
Note that Inp is undefined if p=0, so you can use an “IF” statement in Excel. For
example, =IF(C2>0,(C2/$EX2)*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

© 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
reshape2 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.

BC;=1—-—=

Y Si - S]

Where:

e i&jarethetwo samples,

e Siis the total number of specimens counted in sample i,

e Sjisthe total number of specimens counted in sample j,

e Cjis 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-Cx). Morista-Horn Index
of Similarity is

p, Xi Vi

w2, (B 52, (1

2
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Where

e Dji=number of taxa in sample 1
e Dj=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. Isthere 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
“colony-based sequence data”) and rename the tab “raw data.”
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26 EMORY_SIEMORY Sladzuki female adult  Bloodagawhite  shiny iegular flat Firmicute: Baci Bacillales Staphyloc Staphyloc NNNNNN hitps://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP13/116plate]
27 EMORY_SIEMORY Sladzuki male  adult  Blood agar Proteobac Gammapr Enterobac Enterobac Enterobac CCTGENAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCACTGACGAGTGGCGGACGGETGAGTAATGTCTGGGAAACT
23 EMORY_SIEMORY Sladzuki male  adult  PEA ffwhite matte  rregular raiced  Eiceicite:Raci Lactobacil Enterococ Enterococ NNNNNN hittps://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110plate]
20 EMORY_SIEMORY_ Sladzuki  female adult . Bacillales Staphyloc Staphyloc NNNNNN hittps://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP17/114 E 5 ]
30 EMORY_SIEMORY_SIBEP female adult  EMB Double Clle tab and i Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://wwyr.beanbeetles.org/new_website/search/EMORY_SP1g/116platel]
31 EMORY_SIEMORY Sladzuki  female adult  EMB roidi Sphingob: Sphingob: Sphingob: NNNNNN https://w: https://w https://wwi.beanbeetles.org/new_website/search/EMORY_$P18/110platel]
32 EMORY_SIEMORY Simung ~ male  adult  PEA rename as ccraw data” i Lactobacil Enterococ Enterococ NNNNNN https://w! https://w https://wwyr.beanbeetles.org/new_website/search/EMORY_SP17/110_A_6_|
33 EMORY_SIEMORY_S| adzuk PEA apr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP13/11dplatel
aw data 4 »
Ready  Scroll Lack B m - 1 + 100%

O Type here to search
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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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36 Cut Calibri B 6 Wrap Text Genersl - % Normal Bad Good Eﬂﬂ Ex E 2 AutoSum - oy p
Paste B Cory - <9 go  Conditional Fomﬁtas Neutral @ T nsert IESEIE Format e Sort& Find &
- ¥ Format Painter ru-fe- gz = | B2 0 (24 Formatting = Table~ e et : - - - & Clear~ Filter - Select
Clipboard i) Font ] Alignment i) Number ] Styles Cells Editing ~
AL 4 3 experiment_id o
A B € D E F G H I ] K L M N o P Q R s T u v w X Y [~
1 | sample_i host sex stage  media color  gloss  form  elevation phylum  class order  family genus  sequenceseq file pdf file abl file
2| * SIEMORY_SIBEP male adult PEA white shiny circular  raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN hitps://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
3 |EMORY_SIEMORY_SIBEP female adult Blood aga white matte  irregular raised  Firmicute: Ba Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
4 |[EMORY_SIEMORY_Siadzuki  female adult EMB red shiny circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
5 [EMORY SIEMORY Simung  male  adult  Nutrientiwhite  shiny  circular raised  Proteobac Gammapr Enterobac Enterobac Enterobac CGGTAACAGGAAGCAGCTTGCTGCTTTGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGG
6 |EMORY_SIEMORY_SIBEP female adult Blood aga offwhite matte  circular  umbonate Firmicute: Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://wn https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel
7 [EMORY SIEMORY Siadzuki  female adult  PEA white  shiny  circular convex  Firmicute:Bac Bacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGGATAACTTCGGE.
8 |EMORY_SIEMORY Simung  male  adult  Nutrientiwhite  shiny  circular raised  ProteobacGammapr Enterobat Enterobac Enterobac NNNNNNNNNNNNNNNNNNNNNTGNNNTCGANCGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACH
9 |EMORY_SIEMORY_Siadzuki  female adult Blood aga offwhite matte  irregular flat Firmicute: Ba Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
10 [EMORY_SIEMORY Sladzuki  female adult  PEA offwhite shiny  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc ACTGCAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGETGAGTAACACGTGGGTAACCTAI
11 |[EMORY_SIEMORY_SI BEP male adult PEA yellow  shiny circular  raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN hitps://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/106platel]
12 |EMORY_SIEMORY Simung  male  adult  Blood aga pink shiny  circular  craterifor: Proteobac Gammapr Enterobac Enterobacteriaceae ANNNTGCAAGTCGAGCGGTANCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGNNNNNNAANGTCTGGGAA
13 EMORY_SIEMORY_Siadzuki  female adult PEA white matte  circular  raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
14 EMORY_SIEMORY_Siadzuki  female adult Blood aga white matte  irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
15 |[EMORY_SIEMORY_SI BEP female adult PEA white matte  irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN hitps://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
16 |EMORY_SIEMORY Siadzuki  male  adult  PEA offwhite shiny  circular raised  Firmicute:Bac Lactobacil Enterococ Enterococ TCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATTGGAAAGAGGAGTGGCGGACGGGTGAGTAACACGTGGGTAACC]
17 |[EMORY_SIEMORY_SI BEP female adult Blood aga white shiny circular  raised  Proteobac Gammapr Pseudom( Pseudom Pseudom(NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
18 |EMORY_SIEMORY Simung  female adult  PEA offwhite shiny  circular convex Firmicute:Ba Bacillales Staphyloc Staphyloc NNNNNNNNNNNNNNNNNNNNNNNCTGNNGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGA
19 |[EMORY_SIEMORY_SIBEP male adult PEA white shiny irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/106platel]
20 |[EMORY_SIEMORY_SI BEP male adult PEA offwhite shiny circular  convex  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN hitps://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/106platel]
21 EMORY_SIEMORY_Siadzuki  female adult Blood aga orange ac Enterobac Enterobac NNNNNN https://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
22 |[EMORY_SIEMORY_Si ad! ‘"rm' - PEA white Rl ht Clle on tab 5 Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
23 |[EMORY_SIEMORY_SI BEI e PEA white g 5 Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
24 |EMORY_SIEMORY_Simy IX Delete EMB white @ ac Enterobac Enterobat CAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGOCTGATGGAGGGGGATAACTA
25 |[EMORY_SIEMORY_S! ad! Rename and select MOVe or ac Enterobac Enterobac NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel
26 |[EMORY_SIEMORY_Si ad! Move or Copy... White 5 Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel
27 [EMORY_SIEMORY Siad! = 17, coge Blood agar CODY” ac Enterobat Enterobat CCTGONAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACT
28 EMORY_SIEMORY_Si ad! [ Protect Shect.. PEA offwhite M il Enterococ Enterococ NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
29 |[EMORY_SIEMORY_Si ad! - TS 5 Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP17/114 E_5_1
30 EMORY_SIEMORY_SI BE Tab Color " EMB yellow  shiny circular  raised  Firmicute: Bach Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
31 |[EMORY_SIEMORY_Si ad! Hide EMB shiny circular  raised  Bacteroid Bacteroid Sphingobi Sphingobi Sphingob: NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
32 |[EMORY_SIEMORY_SImt PEA offwhite matte  circular raised  Firmicute:Bacilli  Lactobacil Enterococ Enterococ NNNNNN http ps://w https://www.beanbeetles.org/new_website/search/EMORY_SP17/110 A _6_|
33 EMORY_SIEMORY_Siad Select All Sheets PEA white shiny irregular raised  Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN hitps://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel|
raw data - < »
Ready  Scroll Lack i) m - 1 +
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aste B I U- - &-4p- S5 [ Merge & Center - - 95 s &g §y Conditional Formatas| Neutral on | EE nsert Delete Format ort & Fin
- ¥ Format Painter 4 E $ 7" Fammatting = Table~ M S S o & Clear~ Filter - Select~
Clipboard i) Font ] Alignment i) Number ] Styles Cells Editing ~
Al = £ experiment_id
A B c D 3 F G H I 1 K L ™M N o P Q R s T u v w X Y [~
1 [experime] sample i host sex stage  media color  gloss  form  elevation phylum  class order  family genus  sequenceseq file pdf file abl file
2 |EMORY_SIEMORY_SIBEP male adult PEA white shiny circular  raised  Firmicute:Ba, Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
3 |EMORY_SIEMORY_SIBEP female adult Blood aga white matte  irregular raised  Firmicute: Bacil Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]

4 |[EMORY_SIEMORY_Siadzuki  female adult EMB red shiny circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
5 [EMORY SIEMORY Simung  male  adult  Nutrientiwhite  shiny  circular  raised  ProteobacGammapr Enterobac Enterobac Enterobac CGGTAACAGGAAGCAGCTTGCTGCTTTGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGG
6 |EMORY_SIEMORY_SIBEP female adult Blood aga offwhite matte  circular  umbonate Firmicute: Bacil Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
7 [EMORY SIEMORY Siadzuki  female adult  PEA white  shiny  circular convex  Firmicute:Ba Bacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGGATAACTTCGGGA
8 |EMORY_SIEMORY Simung  male  adult  Nutrientiwhite  shiny  circular raised  Proteobat Gammapr Enterobat Enterobac Enterobac NNNNNNNNNNNNNNNNNNNNNTGNNNTCGANCGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACY

9 |EMORY_SIEMORY_Siadzuki  female adult Blood aga offwhite matte  irregular flat Firmicute: Bacil Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
10 [EMORY_SIEMORY Sladzuki  female adult  PEA offwhite shiny  circular raised  Firmicute: Ba Bacillales Staphyloc Staphyloc ACTGCAGTCGAGOGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTAC]
11 |[EMORY_SIEMORY_SI BEP male adult PEA yellow  shiny circular  raised  Firmicute:Ba, Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/106platel]

12 |EMORY_SIEMORY Simung  male  adult  Blood aga pink shiny  circular  craterifor: Proteobac Gammapr Enterobac Enterobacteriaceae ANNNTGCAAGTCGAGCGGTANCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGNNNNNNAANGTCTGGGAA
13 EMORY_SIEMORY_Siadzuki  female adult PEA white matte  circular  raised  Firmicute: Ba Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
14 EMORY_SIEMORY_Siadzuki  female adult Blood aga white matte  irregular flat Firmicute: Ba Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
15 |[EMORY_SIEMORY_SI BEP female adult PEA white matte  irregular raised  Firmicute: Bacil Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
16 |EMORY_SIEMORY Siadzuki  male  adult  PEA offwhite shiny  circular raised  Firmicute: Ba Lactobacil Enterococ Enterococ TCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATTGGAAAGAGGAGTGGCGGACGGGTGAGTAACACGTGGGTAACC]
17 |[EMORY_SIEMORY_SI BEP female adult Blood aga white shiny circular  raised  Proteobac Gammapr Pseudom( Pseudom Pseudom(NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]

18 |EMORY_SIEMORY Simung _ female adult  PEA offwhite shiny  circular convex  Firmicute: Baci Bacillales Staphyloc Staphyloc NNNNNNNNNNNNNNNNNNNNNNNCTGNNGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGA(
19 /EM Move or Copy ? x PEA white shiny irregular raised  Firmicute:Ba. Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/106platel]
20 |Ef PEA offwhite shiny circular  convex  Firmicute:Bay Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/106platel]
21 |e x’“:::ij“m Eheaty Blood aga orange  shiny  circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN hittps://w1 https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116plate1]
22 |Ef ’mmyrnmd sequence datantix ~ PEA white shiny irregular raised  Firmicute:Ba. Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
23 El PEA white - = - - s NNNNNN https://wr https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel|
24 | BeTore sheet « 9 a¢ CAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGEGTGAGTAATGTCTGGEAAACTGCCTGATEGAGGGGGATAACTA
25 [%_ ood aga white s Select MOVC to end and lac NNNNNN https://wn https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel]
26 EI Blood aga white 5| © NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platel]
27 e Blood agar Check “Create a Copy” at CCTGCNAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACT
28 |El PEA ite oc NNNNNN https://w' https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
29 El © NNNNNN https://w! https://w https://www.beanbeetles.org/new_website/search/EMORY_SP17/114 E 5 1
30 |Ef iCreate a copy, EMB yellow  shiny circular  raised  Firmicute: Bacil Bacillales Staphyloc Staphyloc NNNNNN https://w1 https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/116platell
31 |E G EMB shiny circular  raised  Bacteroid Bacteroid Sphingobi Sphingobi Sphingob: NNNNNN https://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/110platel]
32 El PEA offwhite matte circular  raised Firmicute: Bacil Lactobacil Enterococ Enterococ NNNNNN https://wt https://w https://www.beanbeetles.org/new_website/search/EMORY_SP17/110_A_6_|
33 EMORY_SIEMORY_Siadzuki  female adult PEA white shiny irregular raised  Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN hitps://w https://w https://www.beanbeetles.org/new_website/search/EMORY_SP18/114platel|
raw data @ < D
Ready  Scroll Lack i) m - 1 +

O Type here to search

2. Inthe “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 “SA$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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A5 A £ || EMORY_SP17 o
A B c D E F G H I 1 K L M N o P Q R s T u v w X v 3[4
1 |experime sample_ii hast sex stage  media  phylum class order  family  genus
2 |EMORY_SIEMORY_S| BEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
3 |EMORY_SIEMORY_S! BEP female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
4 |EMORY_SIEMORY_Siadzuki  female adult  EMB Proteobac Gammapr Enterobac Enterobac Enterobacter
5 |[EMORY_SIEMORY_Simung ~ male  adult  Nutrient#Proteobac Gammapr Enterobac Enterobac Enterobacter
6 |EMORY_SIEMORY_S! BEP female adult  Blood aga Firmicute:Bacilli  Bacillales staphyloc Staphylococcus
7 |EMORY_SIEMORY_Sfadzuki  female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
8 |EMORY_SIEMORY_Simung ~ male  adult  Nutrient £Proteobac Gammapr Enterobac Enterobac Enterobacter
9 |EMORY_SIEMORY_Sfadzuki  female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
10 [EMORY_SIEMORY_Siadzuki  female adult  PEA Firmicute: Bacillales Staphyloc Staphylococcus
11 |EMORY_S| EMORY_S| BEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
12 |EMORY_SIEMORY_Simung ~ male  adult  Blood aga Proteobac Gammapr Enterobac Enterobacteriaceae
13 |[EMORY_SIEMORY Siadzuki  female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
14 |[EMORY_SIEMORY Siadzuki  female adult  Blood aga Firmicute Bacillales Staphyloc Staphylococcus
15 |EMORY_S|EMORY_SIBEP female adult  PEA Firmicute: Ba Bacillales Staphyloc Staphylococcus
16 [EMORY_SIEMORY Siadzuki  male  adult  PEA Firmicute:Bacilli  Lactobacil Enterococ Enterococeus
17 |EMORY_S|EMORY_SIBEP female adult  Blood aga Proteobac Gammapr PseudomPseudom(Pseudomonas
18 [EMORY_SIEMORY Simung  female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
19 |[EMORY_S|EMORY_SIBEP male  adult  PEA Firmicute: Ba Bacillales Staphyloc Staphylococcus
20 [EMORY_S|EMORY_SIBEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
21 |EMORY_SIEMORY Siadzuki  female adult  Blood aga Proteobac Gammapr Enterobat Enterobat Enterobacter
22 [EMORY_SIEMORY Siadzuki male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
23 |EMORY_SIEMORY_SIBER male  adult  PEA Firmicute: Ba Bacillales Staphyloc Staphylococcus
24 [EMORY_SIEMORY Simung  male  adult  EMB Proteobac Gammapr Enterobac Enterobac Enterobacter
25 |EMORY_SIEMORY Siadzuki male  adult  Blood aga ProteobacGammapr Enterobac Enterobac Enterobacter
26 |[EMORY_SIEMORY Siadzuki  female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
27 |EMORY_SIEMORY Siadzuki male  adult  Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter
28 [EMORY_SIEMORY Siadzuki  male  adult  PEA Firmicute:Bacilli  Lactobacil Enterococ Enterococcus
29 [EMORY_SIEMORY Siadzuki  female adult Firmicute Bacillales Staphyloc Staphylococcus
30 [EMORY_SIEMORY_SIBEP female adult  EMB Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
31 [EMORY_SIEMORY Siadzuki  female adult  EMB Bacteroid:Bacteroidi Sphingob: Sphingob Sphingobacterium
32 [EMORY_SIEMORY Simung  male  adult  PEA Firmicute:Bacilli  Lactobacil Enterococ Enterococcus
33 [EMORY_SIEMORY_Sladzuki  female adult  PEA Protecbac Gammapr Enterobac Enterobac Enterobacter -
raw data | reduced raw data @ ] v
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B1 4 3 sample_id Create PivotTable ? X
Choose the data that you want to analyze
(@) Select a table or range.
Table/Range: | ‘reduced raw data’ 15}%5“5)(5353
(O Use an external data source
A BRI c | o | £ | F [ 6 | W | 1| s | K| L Make sure that the -
2 |EMORY_SIEMORY_SiBEP male  adult  PEA Firmicute Bacillales Staphyloc Staphylocaccus e
3 |EMORY_SIEMORY_SIBEP female adult  Blood aga Firmicute Bacillales Staphyloc Staphylocaccus Use this workbook's Data Model .
2| EMORY siEmon saczull Jremale sdult JeMs  |Protesbal GammaprEnterobadEnterspadEntarcbarter ratse e 1ot e st o b e cell range includes
5 |EMORY SIEMORY Simung  male  adult  Nutrient £ Protecbac Gammapr Enterobac Enterobac Enterobacter ® NewWorksheet
6 |EMORY_SIEMORY_SIBEP female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus O Existing Worksheet $A$ 1
7 |EMORY_SIEMORY Siadzuki  female adult  PEA Firmicute: Ba Bacillales Staphyloc Staphylocaccus S
8 |[EMORY_SIEMORY Simung  male  adult  Nutrient £ Proteobac Gammapr Enterobac Enterobac Enterobacter -
9 |EMORY SIEMORY Siadzuki  female adult  Blood aga Firmicute: Ba Bacillales Staphyloc Staphylococeus Choosewhetheryou want fo snalyze mulfple tobles
N N N [[] Add this data to the Data Model
10 |EMORY_SIEMORY Sladzuki  female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
11 |EMORY_SIEMORY_SIBEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus Cancel
12 |EMORY_SIEMORY Simung  male  adult  Blood aga Proteobac Gammapr Enterobac Enterobacteriaceae
13 |EMORY_SIEMORY Sladzuki  female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
14 |EMORY_SIEMORY Sladzuki  female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylocaccus
15 |EMORY_SIEMORY_SIBEP female adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
16 EMORY_SIEMORY_S|adzuki male adult PEA Firmicute: Ba Lactobacil Enterococ Enterococcus
17 |[EMORY_SIEMORY_SIBEP female adult Blood aga Proteobac Gammapr Pseudom¢Pseudom¢Pseudomonas
18 |[EMORY_SIEMORY Simung  female adult  PEA Firmicute:Ba Bacillales Staphyloc Staphylocaccus
19 |EMORY_SIEMORY_SIBEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
20 |EMORY_SIEMORY_SIBEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
21 |[EMORY_SIEMORY_S|adzuki female adult Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter
22 |EMORY_SIEMORY Sladzuki male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
23 |EMORY_SIEMORY_SIBEP male  adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
24 |EMORY_SIEMORY_Simung male adult EMB Proteobac Gammapr Enterobac Enterobac Enterobacter

25 |EMORY_SIEMORY Siadzuki male  adult  Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter
26 |EMORY_SIEMORY Siadzuki  female adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
27 |EMORY_SIEMORY Siadzuki male  adult  Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter

28 |EMORY_SIEMORY Sladzuki  male  adult  PEA Firmicute:Bacilli  Lactobacil Enterococ Enterococeus

29 |EMORY_SIEMORY Siadzuki  female  adult Firmicute:Bacilli  Bacillales Staphyloc Staphylocaccus

30 |EMORY_SIEMORY_SIBEP female adult  EMB Firmicute: Ba Bacillales Staphyloc Staphylocaccus

31 |EMORY_SIEMORY Siadzuki  female adult  EMB Bacteroid: Bacteroidi Sphingob: Sphingob: Sphingobacterium

32 |EMORY_SIEMORY Simung  male  adult  PEA Firmicute:Bacilli  Lactobacil Enterococ Enterococeus

33 |EMORY_SIEMORY Siadzuki  female adult  PEA Proteobac Gammapr Enterobac Enterobac Enterobacter

34 |EMORY_SIEMORY Sladzuki  female  adult Proteobac Gammapr Enterobac Enterobacteriaceae =

raw data | reduced raw data [©]
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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.

colany-based sequence data - Excel | -

Home  Insert  Page Layout rmul a i 0 ign @ Tell me what you want to do... Beck, Christopher £} Share
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5 |adzuki 1 1 5 55 20 1 4 1
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30 .
3 COLUMNS, and sample id to VALUES
32 -
33 -
| rawdata | Sheet2 | reducedrawdata | @ i v Defer Layout Update
Ready  Scroll Lack B m - 1 + 100%

O Type here to search - 3 £ A tm T ENG

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.)

30



H -

File Home Insert Page Layout Analyze Design Q@ Tell me what you want to do... Beck, Christopher £} Share

PivotTable Name:  Active Field: FY [‘l [%‘ 3l [iF i L 1 :I—J\ E‘? E E‘E‘ El
PivotTablel Count of sample_ et .
Diill  Drill Insert Insert  Fi Refresh Chang| pivotTable Options ? X [Recommended | Field  +/~  Field
(7 options Field Settings  pown  Up Slicer Timeline Conn: - Soul PivotTables List Buttons Headers
PivotTable Active Field Group Filter Data | PivetTable Name: PivotTablei| [leols Show ~
A3 e 5 Count of sample_id layout & Format  Totals & Filters  Display  Printing ~ Data  Alt Text
Layout
[ Merge and center cells with labels
When in compact form indent row labels: | 1 < character(s)
Display fields in report filter area: Down, Then Over |+
A 8 € D 3 K L -
1 Report filter fields per column: |0 : PivotTable Fields - X
2 Format
- Choose fields to add to report: &~
3 |Count of sample id [Column Labels | - [ For error values show:
4 [Row Labels | Aci Bacillus i i ia 1 Enter o empty cells show: |0 {domonas Ralstonia Sphi Search ¥
5 |adzuki 1 1 o 5 4 1
6 |BEP 0 1] 1 1 utofit column widths on update a 0 experiment_id o
7 mung 0 0 0 0 resenve cell formatting on update a 0 V] sample_id
8 |pigeon 0 0 [} 1 5 0 ¥] host
9 |Grand Total 1 1 1 7 17 1 =
10 stage
o media
12 phylum
class
iE ot
) family
B | genus
16
b MORE TABLES... B
18
o Drag fields between areas below:
20 T FILTERS 1l COLUMNS
21
enus -
22 g
23
24
25
%
27 ROWS X VALUES
28 host ~ | |[ Count of sam...~
29
30
3
32
33 =

Defer Layout Update

| rawdsta | Sheet2 | reducedrawdsta | @

Ready  Scroll Lack

O Type here to search g

CICE

File

Home Insert Formulas.

Page Layout Data - Beck, Christopher £} Share

PivotTable Name: | Active Field: = u = [l E
PivotTablel Count of sample_ g FY [‘23 [%‘ F ELL Lj") rf’lc L L E’ Q =
= = Diill  Drill Field I Insert Insert  Fi Refresh Chang| pivotTable Options ? X [Recommended | Field +/- Field
[ Options 6 Field Settings oy Up Group Field Slicer Timeline Conn: - Sour PivotTables List Buttons Headers
PivotTable Active Field Group Filter Data | PivotTable Name: PivotTablel flools Show P
A3 - f< || countof sample_id Layout & Format | Totals &Filtels| Display  Printing  Data  AftText
Grand Totals
how grand totals for rows
[ show grand totals for columns
Filters
A B c D E Subtotal filtered page «
1 [ Atiow multiple fitters per fi Unselect checkbox for Show -x
2 Sorting
3 |Count of sample id |Column Labels | - se Custom Lists when sorting grand totals for columns” oA
4 [Row Labels - | Aci Bacillus i i ia € 1 Enter 2
5 \adzuki 1 1 ] 5 T T
6 |BEP 0 [ 1 1 4 0 experiment id =
7 |mung 0 ] [] 0 4 0 | sample_id
& |pigeon 0 [ ] 1 5 0 =
o sex
10 stage
b media
1 phylum
class
i
s family
= v| genus
1%
7 MORE TABLES.. <
18
1 Drag fields between arezs below:
& T ALTERS 1l COLUMNS
2 genus hd
22
23
24
25
26
27 ROWS = VALUES
28 host ~ | |[ Count of sam...~
20
30
31
32
33 -
| rawdata | Sheet2 | reducedrawdata | @ 1 v bl
Ready  Scroll Lack B m - 1 + 100%

O Type here to search

31



5. You can remove the “blanks” column using the Column labels dropdown (located at upper left

of the sheet) and unselecting “blank”.

H -

colony-based sequence data - Excel
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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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Select destination and press ENTER or choose Paste ] m - 1 + 100%

O Type here to search
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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Sheet2 | analysis | reduced raw data < »

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.
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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.

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 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(B2>0,(B2/$P2)*LN((B2/$P2)),"")



colony-based sequence data

Insert. Page Layout Formulas Data Review ! istopher . Share

- :

X cut = . i = B > AutoSum

R Copy ~ Fill
P | T C Conditional Format as @ Insert Delete Format Sort & Find &

- Formiat Painter Formatting - Table & Clear~ Filter - Select~

Clipboard 1] Font Alignment Number Styles Cells Editing ~
COUNTIF ~ ~ x K& | =IF(B2>0,(B2/$P2)*LN((B2/$P2)),"") =

A B C D E F G H I 1 K L M N o P Q R 5 T u v w X Y -
1 host Acinetobacte Bacillus  Burkholde Corynebar Enterobac Enterococ Escherichi Klebsiella Paenibaci PseudomiRalstonia Sphingob: Staphyloc Stenotrop Grand Tot Richness
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8 | host Acinetobacte Bacillus  Burkholde Corynebal Enterobac Enterococ Escherichi Klebsiella Paenibaci Pseudom(Ralstonia Sphingob: Staphyloc Stenotrop Simpson  Reciprocal Inverse
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13
14 | host Acinetobacte Bacillus  Burkholde Corynebal Enterobac Enterococ Escherichi Klebsiella Paenibaci PseudomcRalstonia Sphingob: Staphyloc Stenotrop Shannon
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13
20 .

— % "nn B2
2 =IF(B2>0,(B2/$P2)*LN((B2/$P2)),""). B2 is
22
> the cell with the abundance of the first
25 : .
= taxon and P2 is the cell with the grand
27
= total for a treatment. The $ prevents the
29
2 . . .
= column identifier from changing. Copy
32
3 the formula across the row and then S
| rawdata | Sheetz | analysis < >

down. = o

O Type here to search

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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colony-based sequence data v2 - Excel | -

Insert  Pagelayout  Formuls  Data  Review  View @ Tell mewhat youwantt Beck, Christopher ). Share
% Cut Ca Wrap Text Normal Bad Goo 2 AutoSum - p
Paste B Cory - Merge & Center Conditional Format as | checkcell | Insert Delete Format o Sort& Find &
- Formiat Painter N Formatting - Table & Clear~ Filter - Select~
Clipboard i) Font Alignment Number Styles Cells Editing ~
COUNTIF = X « f || =sum(B15:015) ~
A 8 c D 3 F G H | 1 K L M N 0 P a R s T u v w x ¥ -
1 |host  AcinetobacteBacillus  Burkholde Corynebai Enterobat Enterococ Escherichi Klebsiella Paenibaci PseudomRalstonia Sphingob: Staphyloc Stenotrop Grand Tot Richness
2 |adzuki 1 1 0 5 55 20 0 1 0 4 1 1 654 1 1547 1
3 |eep 0 0 1 1 27 1 1 0 0 4 0 0 50 2 87’ 8
4 |mung 0 0 0 0 56 10 0 1 1 4 0 0 2 0 9a” 6
5 |pigeon 0 0 0 1 9 0 0 0 0 5 0 0 7 0 n" a
3
7
8 host  AcinetobacteBacillus  Burkholde Coryneba Enterobac Enterococ Escherichi Klebsiella Paenibaci Pseudom(Ralstonia Sphingob:Staphyloc StenotropSimpson  Reciprocal Inverse
9 |adzuki  4.21656E-05 422605 0 0.001054 0.127551 0.016866 0 4.22605 0 0.000675 4.22E05 4.22E05 0.17271 4.22E-05 0.319109 3.1337209 0.580891
10 BEP 0 0 0.000132 0.000132 0.096314 0.000132 0.000132 0 0 0.002114 0 0 0.330295 0.000528 0.429779 2.3267753 0.570221
11 mung 0 0 0 0 0.354912 0.011317 0 0.000113 0.000113 0.001811 0 0 0.054776 0 0.423042 2.3638309 0.576958
12 pigeon 0 0 0 0.002066 0.167355 0 0 0 0 0.051653 0 0 010124 0 0322314 3.1025641 0.577686
3
14 host  AcinetabacteBacillus _Burkholde Coryneba Enterobac Enterococ Escherichi Klebsiella Paenibaci Pseudom¢Ralstonia Sphingobi Staphyloc Stenatrop Shannon
15|adzuki [ -0.03270748 -0.03271 0.11128 0.36772_-0.26509 -0.03271 “0.09482_-0.03271_-0.03271_-0.36491_-0.03271|=SUMB15:015)
16 BEP 005123 0.05123 0.36313 0.05123 -0.05123 -0.14159 031832 -0.08673 1 SUMInUmiaaginumber2], ..)
17 | mung -0.30856 -0.23837 -0.04823 -0.04823 -0.13434 -0.33989 111783
12 pigeon -0.1405 -0.36565 -0.33673 -0.36426 1.207243
19
20
21
22 . .
= = -SUM(B15:015). B15 is the first cell in
24 . .
= the row and O15 is the cell with the last
27 :
= proportion for a treatment.
29
30
31
32
33 =
raw data | Sheetz | analysis | reduced raw data < »

Edit  Scroll Lock

O Type here to search

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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O R:/BecklLab/cbeck/MyFiles/bean beetle microbiome/ABLE 2018 mini - RStudic
File Edit Code View Plots Session Build Debug Profile Tools Help
O - OFy| = - ~ Addins -

Console  Terminal

R version 3.5.2 (2018-12-20) -- "Eggshell Igloo”
copyright (c) 2018 The R Foundation for statistical computing
pPlatform: x86_64-w64-mingw32/x64 (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type "license()’ or "licence()' for distribution details.

R is a collaborative project with many contriburess
Type 'contributors()’ for more information ang Install Packages
‘citation()’ on how to cite R or R packages ir

Install from:
Type 'demo()’ for some demos, 'help()’ for on- -
"help.start()" for an HTML browser interface ¢ Repository (CRAN)
Type 'q()' to quit R.

Packages (separate multiple with space or commal:

?' Configuring Repositories

Install to

C:/Users/ch ocuments/R/win-library/3.5 [Default]

and click Install.

Type the name of
the package here

H 0 Type here to search

3. Load the packages listed above by clicking the checkboxes for the appropriate packages in the

Install

Cancel

Environment History  Connections
= # Import Dataset - = &

Global Environment =

Files Plots Packages Help Viewer

Install | @ Update
N

User Libr:
abind ultidimensional Arrays

acepack ACE and AVAS for Selecting Multiple Regression
Transformations

aplpack Ancther Plot Package: ‘Bagplets’, lconplats’,
‘Summaryplots', Slider Functions and Others

arm Data Analysis Using Regression and
Multilevel/Hierarchical Models

askpass Safe Password Entry for R, Git, and S5H

assertthat Easy Pre and Post Assertions

backports Reimplementations of Functions Introduced Since
R-2.00

basebdenc Tools for basef4 encoding

BH Boost Ce+ Header Files

Biobase Biobase: Base functions for Bieconductor

BiocGenerics $4 generic functions for Biaconductor

BiocManager Access the Bioconductor Project Package
Repository

RincParallel Rinrandurtar farilities for narallel eualuatinn

Packages tab or the command library(“name_of_package”) in the console.
4. Import the dataset “reduced raw data” (dataset without the extra metadata that you created in

the Excel section) into RStudio.

- *x

K ABLE 2019 mini ~

List -

Version

1.4-5
141
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) R/BeckLab/check/MyFiles/bean beetle microbiome/ABLE 2019 mini - RStudia - x
File Edit Code View Plots Session Build Debug Profile Tools Help

© ol ~ Addins - £ ABLE 2019 mini -

Console  Terminal (51 Environment History  Conmections =0

> # Import Dataset + 3 uist -
B - 7% Globa From Text (base).
R version 3.5.2 (2018-12-20) -- "Eggshell Igloo rom ase]
copyright (c) 2018 The R Foundation for statistical computing From Text (read).

platfor

XB6_64-w64-mingw32/x64 (64-bit)

From Excel,
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions. From SPSS.
Type 'license()’ or 'licence()’ for distribution details. From SAS.

R is a collaborative project with many contributors. From Stata
Type contributors()’ for more information an
"citation()" on how to cite R or R packages in publications.

Type "demo()’ for some demos, 'help()’ for on-Tine help, or
‘help.start()’ for an HTML browser interface to help.
Type 'q0)" to quit R.

warning message:

File monitoring failed for project at seckLab/cbeck/wyFiles/bean beetle microbiome/ABLE 2019 mini”

Error 2 (The system cannot Tind the file specified) Files Plots Packages Help Viewer =0
Features disabled: R source File indexing, oiagnostics st | @ upciate | G Pockrat

Name Description version

User Library

abind Combine Multidimensional Arrays 145
acepack ACE and AVAS for Selecting Multiple Regression Transformations 141
aplpack Another Plot Package: Bagplots’, ‘Iconplots’, ‘Summaryplots, 132
Slider Functions and Others
am Data Analysis Using Regression and Muttilevel/Hierarchical 1101
Models
askpass Safe Password Entry for R, Git, and SSH 1"
assertthat Easy Pre and Post Assertions 024
backports Reimplementations of Functions Introduced Since R-3.0.0 113
basebdenc Tools for base6d encoding 013
BH Boost Cs+ Header Files 169.0-1
Biobase Biobase: Base functions for Bioconductor 2420
BiocGenerics 54 generic functions for Bioconductor 0280
BiocManager Access the Bioconductor Project Package Repository 1304
BiocParallel Bioconductor facilities for parallel evaluation 1166
BiocVersion Set the appropriate version of Bioconductor packages 320
BiodiversityR Package for Community Ecology and Suitability Analysis 2111
Biostrings Efficient manipulation of biological strings 2502
bitops Bitwise Operations 106
broom Convert Statistical Analysis Objects into Ticly Tibbles 052
calle CallRfromR
= Campanion to Applied Regression
carData Companion to Applied Regression Data Sets 302
cellranger Translate Spreadsheet Cell Ranges to Rows and Columns 110
checkmate Fast and Versatile Argument Checks 191

H QO Type here to search

€) Re/BeckLab/ check/MyfFiles/bean beetle microbiome/ABLE 2019 mini - RStudio - X
File Edit Cede View Plots Session Build Debug Profile Tools Help
o .oyl ~ Addins - &) ABLE 2019 mini +
phenotype [  Envionment History ~Connections =l
Impart Excel Data (8o
| gl
4 ewe File/UE
2 Emq | Re/Becklab/check/MyFiles/t beetle mis /ABLE 2019 mini/celony-based sequence dataxlsx Browse.
3 EMC Data Preview:
4 Emd
experiment id sample_id host stage phylum dlass family
5 EMC character) (character) character) (character) character) (character)
6 EM{ | EMORYSPIZ EMORY_SP15_114 4 PCR_143 BEP male aduit PEA Firmicutes Bacill Badillales Staphylococcaceae  Staphylococeus A
7 EMC | EMORY_SP13 EMORY_SP18_110_2 PCR 63 BEP female adult Blood agar Firmicutes Bacill Badillales Staphylococcacese _ Staphylococcus
8 EM( | EMORYSP1S EMORY_SP18_116_6_PCR_275  adzuki female adult EMB Entero]
9 EMC | EMORY_SPI7 EMORY_SP17_110_20 mung male adult Nutrient Agar Enterol BrOWSe to Select file
10 EM{ | EMORYLSPIZ EMORY_SP18_110_5 PCR 202 BEP female aduit Elood agar Firmicutes Bacill Badillales Staph
11 EMC | EMORY_SPIT EMORY_SP17_114 24 adzuki female adult PEA Firmicutes Bacill Badillales Staph frO n your COInputer
12 EMC | EMORY_SPIT EMORY_SP17_110_12 mung male adult Nutrient Agar Ent
13 EM{ | EMORYLSPIS EMORY_SP18_116.4 PCR173 adzuki female adutt Blood agar Firmicutes Bacill Bacillales Staphylococcateae  Staphylococeus =0
14 EM{ | EMORLSPIT EMORY_SP17_114_11 adzuki female aduit PEA Firmicutes Bacill Badillales Staphylococcaceae  Staphylococeus
15 EMC | EMORY_SP13 EMORY_SP18_106_1_ PCRT  BEP male adult PEA Firmicutes Bacill Badillales Staphylococcacese  Staphylococcus
16 EMC | EMORY_SP1T EMORY_SP17_110_1 mung male adult Blood agar
17 EM{ | EMORYLSPIS EMORY_SP18_114.6 PCR265  adzuki female adutt PEA Firmicutes Bacill Bacillales Staphylococcateae  Staphylococeus
18 EM{ | EMORLSPIZ EMORY_SP18_110.2 PCR &7  adzuki female aduit Elood agar Firmicutes Bacill Badillales Staphylococcaceae  Staphylococeus
19 EM( | EMORY_SP13 EMORY_SP18_116 5 PCR_199 BEP female adult PEA Firmicutes Bacill Badillales Staphylococcacese  Staphylococcus
Showing Tto] | EMORY_SP17 EMORY_SP17_116.8 adzuki male adult PEA Firmicutes Bacill L
EMORY_SP13. EMORY_SP18_116_3 PCR_125 BEP female adutt Blood agar
Console  Te
EMORY_SP1T EMORY_SP17_106_11 mung female aduit PEA Firmicutes Bacill Badillales Staphylococcaceae  Staphylococeus
EMORY_SP13. EMORY_SP15_106 4_PCR_165 BEP male adult PEA Firmicutes Bacill Badillales Staphylococcacese  Staphylococcus
’é Ver?‘gg EMORY_SP13 EMORY_SP18_106_5_PCR_237 BEP male adult PEA Firmicutes Bacilli Bacillales Staphylocaccaceae  Staphylococcus
opyrig
platform:| | EMORYSPI& EMORY_SP18_116_3 PCR_115  adzuki female adutt Blood agar !
R is free |EMORYSPIE EMORY SP18 114 4 PCR 145 adzuki male aduit PEA Firmicutes Bacill Badillales Staphylococcaceae  Staphylococeus ©
You are w| | Previewing first 0 entries.
Type lici -
Import Options: Code Preview:
R is a co 1
e ‘con [ e
T{ﬁ.’tmm Name: | colony] % Rows: “ ” sequence_data <- read_excel("colony-based sequence data.x1sx",
Set Name to “colony edued Tau data®)
. Sheet: | reduced raw data - pased_sequence_data)
Type “demi
help,Stal | ange o and use Sheet dropdown
Type "q0)
[workspaci 1 pp p
2 Reading Excel files using readxl to select appropriate gt Cancel
Worksheet from Excel cellranger Iranslate Spreadshieet Cell Kanges to Kows and Columns T
checkmate Fast and Versatile Argument Checks 191

H O Type here to search o W]
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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()
> comm2<-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)
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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.

2C: .
BC:i=1— —2—

Y Si - S]

Where:

e i&jarethetwo samples,

e Sjis the 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-Cx). Morista-Horn Index
of Similarity is

25 o
CH =

2 () + 22 )

2

Where

e Di=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 Xij=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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