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In this study, gut microbiome data from bean beetles, Callosobruchus maculatus, are used to perform
community ecology analyses. Two microbiome community datasets are available, one based on colony phenotypes of
cultured bacteria, and a second based on 16S rRNA gene sequencing of cultured bacterial colonies. We provide step-
by-step instructions with computer screen shots that guide students through large dataset manipulations using MS
Excel and data analyses using Excel or RStudio software. Basic community ecology variables and indices may be
readily calculated to describe and compare microbiomes from this model organism.
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Introduction

Studies on microbiomes, the communities of
microbes (bacteria, viruses, fungi, and archaea) living
symbiotically with all metazoans, are becoming feasible
for undergraduate laboratory courses. Continued
improvements in DNA sequencing technologies and the
simultaneous decreases in the cost for whole community
sequencing of 16S rRNA genes have made it possible for
students to conduct original experiments and collect data
on microbial communities that would not have been
accessible only a few years ago. Microbial community
diversity can be based 16S rRNA sequence data or on more
traditional colony phenotype analyses. In this study, we
show how data our students collect may be used to perform
ecological community analyses on microbiome data.

Microbiome Biology and Bean Beetles

In the past decade, both interest in and research on
microbiomes, including their implications for human
health (Christian, Whitaker and Clay 2015, Costello et al.
2012, McFall-Ngai et al. 2013, The Human Microbiome
Consortium 2012, Young 2016), have increased
dramatically. The fact that this is a very new field of study
and the potential connections to individual human health
and public health make microbiomes a compelling area in
which students may conduct research.
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An added feature of microbiomes that makes
their study suitable for undergraduate students is the
existence of these communities in (and on) all metazoans,
including insects (Engel and Moran 2013). Furthermore,
model insect species are already being used in course-
based research with undergraduate students and are
suitable for microbial community studies. Insect-microbe
interactions have broad implications for human affairs and
many insect species are every easily maintained in
laboratory environments. The bean beetle, Callosobruchus
maculatus, is a model species that is particularly suitable
for course-based undergraduate research experiences
(CUREs) (Beck and Blumer 2007) and very little is known
about the microbiomes in this species.

The data that are collected in any microbiome
study consist 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.

In this study, microbiome data from bean beetles
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 for which we have



posted datasets at www.beanbeetles.org. The colony
phenotype data consist of tabulations of taxonomic units
defined by unique (but limited) combinations of easily
observable traits in bacteria cultured from individual
microbiome extracts from bean beetles. Students picked
one colony from the cultured bacteria they observed, a
portion of the 16S rRNA gene of that colony was amplified
using PCR and subsequently sequenced. The taxonomic
units in this colony-based sequence dataset were identified
by BLAST analysis of the 16S sequence. The lowest
reliable taxonomic unit is at the level of genus. These 16S
data are not truly community data since only one or two
taxa were identified per individual beetle, but the collection
of taxa from a given set of conditions constitutes an
approximation of the microbiome community under those
conditions.

Mini Workshop: Community Ecology of Microbiomes

Course Context: CUREs

The study of insect microbiome communities is
an ideal field in which course-based undergraduate
research may be conducted (Cole et al. 2018). An
instructor may choose to have students collect their own
microbiome data or download and analyze those data freely
available at www.beanbeetles.org. Similarly, an instructor
may choose to have students evaluate one or both datasets
(i.e., colony phenotypes and colony-based 16S sequences).
The datasets and their analyses are not contingent on each
other. In Notes for the Instructor, we describe how the data
analyses may be streamlined to best meet the needs of your
course and your student learning goals.
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Student Outline

Objectives
e Manipulate large datasets to conduct community-level ecological analyses
o 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 ef 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.

Based on the diversity indices that you calculated, which treatment had the highest (lowest) diversity?
Does the answer depend on the measure of species (taxon) diversity that you use?

Is there a relationship between number of samples and taxonomic diversity? If so, what might explain this?
Which communities are most similar (different)?

bl S

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.
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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.

We want to limit
“Submit.”

B8 Microbiome Phenotype Datab- X [l =

c @ ®

¥ Most Visited @ Getting Started

Select
“EMB
Agar”
and

“PEA
Agar”

—

H O Type here to search

Downloading Data

Those plates could be consider independently.

our search to PEA and EMB plates (or Nutrient Agar only). After limiting by media type, click

B 9% Qs noe =

@ https://www.beanbeetles.org/microbiome/pheno

~
Home Laboratory Methods Research Genome Laboratory Activities Publications.

Microbiome Phenotype Database Search

Use the form below to search the microbiome database for bean beetles based the phenotype of individual bacterial colonies cultured from bean beetle homogenates

plated on different media. Selecting checkboxes will limit your search to those samples. To view all data, just click the search button

Sample Phenotype
Bean Type Color
v v
Life Cycle Stage Gloss
v v
Sex Form
v v
Media Elevation
~ v
O Nutrient Agar

O Blood Agar (fastidious bacteria)
EMB Agar (selective for gram negative bacteria)
PEA Agar (selective for gram positive bacteria)

Reset Submit

A tEm T EN

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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Phenotype Database Search Results

Download search results

Show 10 || entries
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H O Type here to search )

phenotype H0dgAwfObk [Read-Only] - Excel c:]
Insert  Pagelayout  Formulas  Data  Review Q Tell me what you want to do... Beck, Christopher £, Share
p“ f"i:‘w : Calibri n A a = S5 Wrap Text Genenal - . [?% ,FD Normal Bad Good . wgm DEI'X FLE ):A‘:‘v"s“"’ N ?I F;d)&
g o0

2t FormatPainter | B T W v Ei- Merge&Center ~ | $ ~ % 5 | %8 3 F;:’n“a-;;n;_ ormat as| Neutrl o et Deete Fomat | ' ST

Clipboard ) Font 5 Alignment & Number 5 Styles Cells Editing ~
Q31 M fe ~

A 8 c D E F G H [ J K L ™M N o P Q R s T Y v w X Y HE|
1 |experime sample_ii host  sex stage  media color gloss  form  elevationCFU
2 |EMORY_SIEMORY Siadzuki  female adult  PEA offwhite matte circular convex 4390
3 |EMORY_SIEMORY_Simung  female adult  PEA brown matte circular raised 160000
4 [EMORY_SIEMORY_Sfadzuki 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_SIEMORY_Simung  female adult  PEA white  shiny  circular  raised 100000
8 |[EMORY_SIEMORY Sipigeon male  adult  PEA white  shiny  circular umbonate 190
9 |EMORY_SIEMORY Siadzuki male  adult  EMB red shiny  circular  raised 100000
10 [EMORY_SIEMORY_SIBEP male  adult  PEA white  shiny  circular raised 60
11|EMORY_SIEMORY_Siadzuki  female adult  PEA offwhite shiny circular flat 140
12 [EMORY_SIEMORY_Simung ~ male  adult  PEA yellow  shiny  circular raised 4350
13 [EMORY_SIEMORY_Siadzuki male  adult  EMB brown  shiny  circular raised 20
14 [EMORY_SIEMORY_Sipigeon male  adult  PEA offwhite shiny circular flat 10
15 EMORY_SIEMORY_Simung  female adult  EMB clear  shiny circular raised 120
16 [EMORY_SIEMORY_Sipigeon male  adult  PEA yellow matte circular raised 200
17 [EMORY_SIEMORY_Siadzuki  female adult  EMB red shiny  circular  raised 6
13 [EMORY_SIEMORY Sipigeon male  adult  PEA white  shiny circular raised 3920
19 [EMORY_SIEMORY_Sipigeon male  adult  PEA white  shiny circular raised 2
20 [EMORY_SIEMORY_Sfadzuki  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_Siadzuki male  adult EMB  vyellow matte circular raised 1500
24 |EMORY_SIEMORY_Simung  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_Siadzuki  female adult  PEA white  matte circular raised 7
28 |EMORY_SIEMORY_Siadzuki  male  adult  EMB red shiny  circular  flat 2800
29 |EMORY_SIEMORY_S1 BEP 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 =

raw data .
Double click and relabel tab as “raw

. 1237PM
O Type here to search AN oo B

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.

phenotype H0dgAwfObk [Read

Insert  Pagelayout  Formul Data  Review  View Il me what you want to do. 8 Share

Aj;;i::,y i Calibr - ¢ Wrap Text General - J'FE (% | Normal 8ad Good 2 g EAi %::‘fs“’“ - 4
P e 8747 Bhacos - §-% > 4 1 Cotiont e e [ (OIS,

Ciipboard 5 Font = Alignment = Number 5 styles Cells Editi 8] SortAtoZ S
- . - 2l senZtoa 5

Custom Sort.
Y Eiiter

A 3 c ) 3 F & H i ) [3 L ™ N ° 3 Q R s T u v w X v 2
1 lexperime sample_iihost  sex  stage  media color  gloss  form  elevationCFU
2 |EMORY_SIEMORY_Siadzuki female  adult PEA offwhite matte circular  convex 4390
3 |EMORY_SIEMORY Simung  female aduft  PEA  brown matte crculer 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 [EVORY_SIEMORY_Simung  female adult  PEA  white matte circular raised 133
7 |EMORY_SIEMORY Simung  female adult  PEA white  shiny  circular raised 100000
8 |[EMORY_SIEMORY_Sipigeon  male adult PEA white shiny circular umbonate 190
9 |EMORY_SIEMORY Sladzuki  male  adult  EMB  red  shiny  circular raised 100000
10 |[EMORY_SIEMORY_SI BEP male adult PEA white shiny circular  raised 60
11|EMORY_SIEMORY_Sadzuki  female adult  PEA offwhite shiny  circular flat 140
12 |EMORY_SIEMORY_Simung  male  adult  PEA yellow shiny  circular raised 4350
13 |[EMORY_SIEMORY_Siadzuki male adult EMB brown shiny circular  raised 20
14|EMORY_SIEMORY_Sipigeon male  adult  PEA offwhite shiny circular flat 10
15 |EMORY_SIEMORY_Simung  female adult  EMB clear  shiny  circular raised 120
16 EMORY_SIEMORY Sipigeon male  adult  PEA yellow matte circular raised 200
17|EMORY_SIEMORY Siadzuki  female aduft  EMB  red  shiny circular raised
18 |[EMORY_SIEMORY Sipigeon male  adult  PEA white  shiny  circular raised 3920
19 EMORY_SIEMORY Sipigeon male  adult  PEA white  shiny  circular raised 2
20 [EMORY_SIEMORY Siadzuki  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 imregular umbonate 2720
23 |EVORY_SIEMORY Siadzuki  male  adult  EMB  yellow matte circular raised 1500
24 |EMORY_SIEMORY_SImung female  adult PEA white matte circular  umbonate 1
25 |EMORY_SIEMORY_SI adzuki male adult PEA yellow  matte circular  raised 830
26 |EMORY_SIEMORY Sipigeon female adult  EMB  orange shiny circular raised 50
27 EMORY_SIEMORY_Si adzuki female  adult PEA white matte circular  raised 7
28 [EMORY_SIEMORY_Siadzuki 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
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 =

awdata | @ . .

Ready

O Type here to search

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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phenotype_ H0dgAwiObk [Read-Only] - Excel ]
Inset  Pagelajout  Formulss  Data  Review  View  Q Tell mewhatyouwanttodo, Beck, Chiistopher 3, Share
Kot Calibri I -aa = 59 Wiap Text General JJ D Normal Bad Good gm ;FJ'X i 3 AutoSum - L7 p
b B - MegesCenter < § < % » % 9 Conditonal Formatss| Neutral  [Calcultion | [T - et Delte Format 1 Sons Fnds
- ormat Painter Formatting~ Table - ~ - ~ € Clear~ Filter ~ Select ~
Ciipboard " Font 0 Alignment " Number 5 Styles cells Editing ~
116 - fe | circular 3
A 8 c ) € F G H J K L M N o P Q R s T u v w X Y i
1 |experif v | sampl¢~| host [v|sex || stage || media|~] color [~|gloss [v|form [v]elevativ/cFu [+
2 |EMORY_SIEMORY_Siadzuki 4| SortAtoZ matte  circular  convex 4390
3 |EMORY_SIEMORY_Simung SotZtoA matte  circular  raised 160000
4 |EMORY_SIEMORY_Stadzuki cort by Color , |shiny circular  convex 420
5_|EMORY_SIEMORY_Simung - shiny circular  convex 250
6 |EMORY_SIEMORY_Simung matte circular raised 133
7 |EMORY_SIEMORY_Si mung shiny circular raised 100000
8 |EMORY_SIEMORY_Sipigeon  Tex Filters » shiny circular  umbonate 190
9 |EMORY_SIEMORY_Siadzuki = shiny circular raised 100000
10 |EMORY_SIEMORY_SiBEP sereh shiny  circular raised )
11 |EMORY_SIEMORY_Siadzuki g;‘:’ A Ishiny circular flat 140
12 | EMORY_S{EMORY_Si mung @ offwhite shiny circular raised 4350
13 |EMORY_SIEMORY_Siadzuki [ orange shiny circular raised 20
14 |EMORY_SIEMORY_Si pigeon ¥ pink shiny circular flat 10
15 | EMORY_SIEMORY_Simung E:’E‘:"" shiny 120
16|EMORY_SIEMORY_si pigeon [ white matte 200
17 EMORY_SIEMORY_S! adzuki @ yellow shiny circular  raised 6
18 |EMORY_SIEMORY_Si pigeon O Blanks) v shiny  circular raised 3920
19 | EMORY_SIEMORY_Si pigeon shiny circular raised 2
20 [EMORY_SIEMORY_S1adzuki Cancel | |shiny circular convex 100
21 |EMORY_SIEMORY_Si pigeon shiny circular raised 1220
22 |EMORY_SIEMORY Simung  male  adult  PEA  orange shiny imegular umbonate 2720
23 |EMORY_SIEMORY Siadzuki male  adult  EMB  yellow matte circular raised 1500
24|EMORY_SIEMORY Simung  female adult  PEA  white matte circular umbonate 1
25 |EMORY_SIEMORY Siadzuki male  adult  PEA  vyellow matte circular raised 830
26 [EMORY_SIEMORY Sipigeon female adult  EMB  orange shiny  circular raised 20
27 |EMORY_SIEMORY_Siadzuki female adult  PEA  white  matte circular raised 7
28 |EMORY_SIEMORY Siadzuki  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
31|EMORY_SIEMORY Simung  female adult  EMB  brown shiny circular raised 400
32 | EMORY_S{EMORY_S1BEP female adult  PEA  offwhite shiny circular flat 1840
33 |EMORY_SIEMORY Simung  male  adult  PEA  white shiny  circular convex 250 -

raw data ® « y

Ready

O Type here to search

phenotype H0dgAfObk [Read-Only] - Excel = X

Insert  Pagelayout  Formulas  Data Review  View  Q Tell me what you want to do.. Beck, Christopher £, Share
& Xew i i AN =S=E 9 Bwetw (o - Rorml B Bx 5] Zaesm Ay O
U B copy ~ RFil-
P Fomatpanter | & T U -~ MevssCom (319 211 3 ROt e = N | elevation P DT @ Gl e st
Ciipboard o Font & Alignment % Number 5 Styes cells Editing S
116 - £ | circular ~
A ] c ) 3 F G H ! J K L M N o P Q R s T Y v w X Y 2
1 |experif~| samplé~] host [v|sex [+]stage [~| media[~| color [~]gloss [~] form [~ elevat{~|cFu [~
2 |EMORY_SIEMORY_Siadzuki female adult  PEA  offwhitc 2| SortSmallestto Largest
3 [EMORY_SIEMORY Simung  female adult  PEA  brown Sort Largest to Smllest
4 |EMORY_SIEMORY_Stadzuki male  adult  PEA  white ot by Color )
5 [EMORY_SIEMORY Simung  male  adult  PEA  white ~
6 [EMORY_SIEMORY Simung  female adult  PEA  white
7 [EMORY_SIEMORY_Simung  female adult  PEA  white
8 [EMORY_SIEMORY Sipigeon male  adult  PEA  white Number Filters ,
9 |EMORY_SIEMORY Siadzuki male  adult  EMB  red s 5
10 | EMORY_SIEMORY_S1BEP male  adult  PEA  white
11 |EMORY_SIEMORY_Stadzuki  female adult  PEA offwhite E Al A
12 |EMORY_SIEMORY Simung  male  adult  PEA yellow @1
13 EMORY_SIEMORY Siadzuki male  adult  EMB  brown ©2
14 |[EMORY_SIEMORY_Sipigeon  male adult  PEA offwhite w3
15 EMORY_SIEMORY Simung  female adult  EMB clear L;:
16|EMORY_SIEMORY_Sipigeon male  adult  PEA  yellow e
17 |EMORY_SIEMORY_Siadzuki  female adult  EMB  red ©7
18 EMORY_SIEMORY Sipigeon male  adult  PEA  white ¥s v
19 |EMORY_SIEMORY Sipigeon male  adult  PEA white o
20 |EMORY_SIEMORY_Siadzuki female adult  PEA white Cancel
21 EMORY_SIEMORY Sipigeon male  adult  EMB  red .
22 |EMORY_SIEMORY Simung  male  adult  PEA  orange shiny iregular umbonate 2720
23 |EMORY_SIEMORY Siadzuki male  adult  EMB  vyellow matte circular raised 1500
24 |EMORY_SIEMORY_Simung  female adult  PEA  white  matte circular umbonate 1
25 |EMORY_SIEMORY Siadzuki male  adult  PEA  vyellow matte circular raised 830
26 [EMORY_SIEMORY Sipigeon female adult  EMB  orange shiny  circular raised 0
27 |EMORY_SIEMORY Siadzuki female adult ~ PEA  white  matte circular raised 7
28 |EMORY_SIEMORY Stadzuki  male  adult  EMB  red shiny circular flat 2800
29 |EMORY_S{EMORY_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
32 |EMORY_SIEMORY_Si BEP female adult  PEA  offwhite shiny  circular flat 1840
33 |EMORY_SIEMORY Simung  male  adult  PEA  white shiny  circular convex 250 -
raw data @ « »
Ready

O Type here to search

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
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concatenating the media and the four different phenotypic traits. You can do this using the CONCATENATE
function in Excel (=CONCATENATE(F2,G2,H2,12,J2). 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.
phenotype analysis - Excel | - X
Insert  Pagelayout  Formulas  Data  Review  View  Q Tell mewhat you want to do... Beck, Christopher 9, Share
X Cut - . > AutoSum ~ p
ER) Copy ~ F
te %VOP)/ N B u Merge & Center Conditional Format a: Cell sert Delete Format Sort & Find &
Format o : Formatting~ Table~ Styl & Clear~ Filter - Select ~
Clipboard & Font Alignment Number Styles Cells Editing ~
K2 - X « fo | =CONCATENATE(F2,G2,H2,12,)2) ~
A B c D E F G H | J K L M N o P Q R s T U+
1 |experime sample_ii host sex stige  media  color _ gloss  form _ elevationtaxon _CFU
2 |EMORY_SIEMORY_Siadzuki  female adult  |PEA loffwhite Imatte  |circular |convex |=CONCATENATE| GZ,HZ,IZ,JZ)'
3 [EMORY_SIEMORY_Simung  female adult  PEA brown matte circular raised
4 |[EMORY_SIEMORY Siadzuki male  adult  PEA white  shiny circular  convex 13 2
5 [EMORY_SIEMORY Simung  male  adult  PEA white  shiny circular  convex 250 Insert a new column fOI' taxon
6 [EMORY_SIEMORY Simung  female adult  PEA white  matte  circular raised 133 :
7 |EMORY_SIEMORY_SImung female adult PEA white shiny circular  raised 100000 then m the firSt blank Cell Of the
8 |EMORY_SIEMORY Sipigeon male  adult  PEA white  shiny circular umbonate 190 I . he f 1
9 |EMORY_SIEMORY_Siadzuki male  adult EMB  red shiny  circular raised 100000 column 1nsert the formula
10 |EMORY_SIEMORY_SIBEP male adult PEA white shiny circular  raised 60
11 EMORY_SIEMORY Siadzuki female adult  PEA offwhite shiny circular flat 140 =CONCATENATE(F2,G2,H2,12,
12 [EMORY_SIEMORY Simung ~ male  adult  PEA yellow shiny  circular raised 4350
13 EMORY_SIEMORY Sladzuki male  adult  EMB brown  shiny circular raised 20 JZ) Then, copy the formula
14 EMORY_SIEMORY_Sipigeon male  adult  PEA offwhite shiny circular flat 10
15 |EMORY_SIEMORY_Simung  female adult EMB  clear  shiny  circular raised 120 down for the rest of the column.
16 |[EMORY_SIEMORY_Sipigeon male  adult  PEA yellow matte  circular raised 200
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 -
rawdata | phenotype | reduced data | pivottable | communitydata | Sheets | @ < y

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.

phenotype analysis - Excel 3 X

Pagelayout  Formulas  Data  Review  View  Q Tell mewhatyou want to do... Beck, Christopher £, Share

R | o 2 i A N 4~ TT Equation ~
0 [ g 2 asr o WO s e IEEEE=
PivotTable Table  Pictures Online &\ Add-ins - [f§ Recommended -',. b g PivotChart 3D Line Column Win/ Slicer Timeline Hyperlink Text Header =
PivotTal Pictures @+ Charts v 4 = Map ~ Loss Box & Footer
Tables Illustrations Add-ins Charts | Tours Sparklines Filters Links Text Symbols -~

E1 - fe | stage ~

A B [ D E F G H | J K L M N o P Q R S T U~
1 |experime sample_i host sex stage |media color  gloss  form elevationtaxon  CFU
2 |EMORY_SIEMORY_SI adzuki female  adult PEA offwhite matte circular  convex PEAoffwh 4390
3 |EMORY_SIEMORY_SIi mung female  adult PEA brown matte circular  raised PEAbrowr 160000
4 |EMORY_SIEMORY_Si adzuki male adult PEA white shiny circular convex PEAwhite 420
5 |EMORY_SIEMORY_SImung male adult PEA white shiny circular convex PEAwhite 250
6 |EMORY_SIEMORY_SImung female  adult PEA white matte circular  raised PEAwhite 133
7 [EMORY_SIEMORY Simung  female adult  PEA white  shiny  circular raised  PEAwhite 100000
8 EMORY_SIEMORY_Sipigeon  male adult PEA white shiny circular  umbonate PEAwhite 190
9 |EMORY_SIEMORY_SI adzuki male adult EMB red shiny circular  raised EMBredsh 100000
10 |EMORY_SIEMORY_SI BEP male adult PEA white shiny circular  raised PEAwhite 60
11 |[EMORY_SIEMORY_SI adzuki female  adult PEA offwhite shiny circular  flat PEAoffwh 140
12 |[EMORY_SIEMORY_Simung  male adult  PEA yellow shiny  circular raised  PEAyellov 4350
13 |EMORY_SIEMORY_SI adzuki male adult EMB brown shiny circular  raised EMBbrow! 20
14 |EMORY_SIEMORY_Sipigeon  male adult PEA offwhite shiny circular  flat PEAoffwh 10
15 |[EMORY_SIEMORY_SImung female adult EMB clear shiny circular  raised EMBclears 120
16 |[EMORY_SIEMORY_Sipigeon  male adult  PEA yellow matte  circular raised  PEAyellov 200
17 |EMORY_SIEMORY_Si adzuki female  adult EMB red shiny circular  raised EMBredsh 6
18 |EMORY_SIEMORY_Sipigeon  male adult PEA white shiny circular  raised PEAwhite 3920
19 |EMORY_SIEMORY_Sipigeon  male adult  PEA white  shiny circular raised  PEAwhite%| 2 -

raw data | phenotype | reduced data | pivottable | communitydata | Sheets < »

Ready

O Type here to search
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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.

phenotype analysis - Bxcel

Pagelayout  Formulas  Data  Review Analyze  Design  Q Tell me what you want to do... Beck, Christopher £, Share

= L ] [ split iew Side by Side (|
Rule /| Formula Bar Q L-> = E E ]
D IDJ £ Q ] T Hide Synchrono olling !
Normal Page Break Page Custom ' [/] Gridlines [ Headings ~ Z°°m 100% Zoomto ~New Arrange Freeze 7 Switch | Macros
Preview Layout Views Selection Window Al Panes~ L Unhi Reset Win tion  Windows~ =~
‘Workbook Views Show Zoom Window Macros ~
A3 v fe || sumofcFu A
A B c D E F < )
3 [sum of cFu Icotumn Labels - PivotTable Fields S22
4 |Row Labels L2 inyci flat inycil i i i i
1 R Choose fields to add to report: &~
5 | Sadzuki 2208 5457 5 42400
6 EMORY_SP17_114_1 3020 Search 2
7 EMORY_SP17_114_10
8 |  EMORY_SP17_114 11 experiment_id <
9 EMORY_SP17_114_12 7| sample_id
10|  EMORY_SP17_114 13 /| host

11| EMORY_SP17_114_14 sex
12|  EMORY_SP17 114 15 Add “taXOIl” to COLUMNS, “hOSt” and stage -
13|  EMORY_SP17_114_16

e eorv spr7 114 17 “sample id” to ROWS, and “CFU”

15|  EMORY_SP17_114 18
16|  EMORY_SP17_114 19

17|  EMORY_SP17_114 2 Values‘

18|  EMORY_SP17_114 20 = ROWS 3 VALUES

19|  EMORY_SP17_114 21 host ~ 2] [sumofcru  ~
20|  EMORY_SP17_114 22 =

21 EMORY_SP17_114 23 -
» | rawdata | Sheet2 | phenotype | reduced data | pivottable | commun ..

Defer Layout Update

Ready

H O Type here to search

5. You can add zeros to all of the empty cells in the Pivot Table using the Options menu.

H - phenotype analysis - Excel

File Home  Inset  Pagelayout  Formulas  Data Design  Q Tell me what you want to do... Beck, Christopher £, Share

PivotTable Name: | Active Field: Group Selectio = rH [“\ [ Clear~ [ Fields, Items, & Sets ~ u 1 Q [+ E
e Erd
PivotTablel Sum of CFU Ingrou Y & R Sef L = S -
D D Insert  Insert Filte Refresh Change Data PivotTable Options ? X K-  Field
[fOptions - [ Field Settings pown  Up Group Fiel Slicer Timeline Connections | ~  Source~ | E3 M ftons Headers
PivotTable Active Field Group Filter Data PivotTable Name: | PivotTable1 lhow ~
c10 = A Layout & Format  Totals &Filters Display Printing  Data  AltText
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 B c D
3 |Sum of CFU Column Labels p— Report filter fields per column: |0 e e[ds v X
4 |Row Labels 2 inycircularflat EM Format
N report: &~
5 | =adzuki 2208 5457 5 [ For error values show:
6| EMORY_SP17.114 1 3020 For empty cells show: | ol [ o
7|  EMORY_sP17_114_10 F
8| EMORY_sP17_114 11 utofit column widths on updat B
9 EMORY SP17 114 12 reserve cell formatting on update
10|  emorv_sp17_114 13 I
11|  EMORY_SP17_114 14
12|  EMORY_SP17_114 15 -
13|  EMORY_SP17_114_16
14| EMORY_SP17_114_17 eas below:
15|  EMORY_SP17_114_18 cancel | [ 1 coLUMNS
16|  EMORY_SP17_114 19 ’ = .
17|  EMORY_SP17_114 2 s68
18|  EMORY_SP17_114 20 = Rows = VALUES
1 P: 4
9|  EMORY_SP17_114 21 o~ 1= [samefci
20|  EMORY_SP17_114 22 -
21|  EMORY_SP17_114 23 -
» | rawdata | Sheet2 | phenotype | reduced data | pivottable | commun .. @ < > e
Ready

o Type here to search )

6. Remove the Grand totals for Columns using the Options menu or the Design tab depending of your version of Excel.
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H ©- PivotTable Tools
File Home  Inset  Pagelayout Data  Review  View JUEVEN Design  Q Tell me what you want to do... Beck, Christopher £, Share
PivotTable Name: ' Active Field: Group Selection | [E=| = - 5 [@ Clear~ [iZ Fields, Items, & Sets ~ u 1 Q [+] El
PivotTablel Sum of CFU Ingroug IE FY [He [[1 R sef - Lz LE72 = :
BB opions - [ Fiddsetings 1 roupField | Sicer Timeme Canmestons |+ Soege | D3 PrTsbleOptons T o v
PivotTable Active Field Group Filter Data PivotTable Name: PivotTable1 fhow ~
c10 > fe Layout & Format | Totals & Filters | Display Printing  Data Al Text
Grand Totals
how grand totals for rows
how grand totals for columns
ilters
Subtotal filtered page items
3 |sumof | [ Allow multiple filters per field lelds v X
> pmefl Unselect check boxes for grand totals for |, o some
5 | = adzul 5 Use Custom Lists when sorting et ® -
s e columns. i 5
7 EMI —_ — —_ B
8 EMORY_SP17_114_11 =
9 EMORY_SP17_114_12
10|  EMORY_SP17_114 13 I
1 EMORY_SP17_114_14
12| EMORY_SP17_114 15 o
13| EMORY_SP17_114 16
14|  EMORY_SP17_114_17 ol
15 EMORY_SP17_114_18 Cancel 1l COLUMNS

16|  EMORY_SP17_114 19

taxon hd
17|  EMORY_SP17_114 2 568
18|  EMORY_SP17_114_20 s 55, WSS
19|  EMORY_SP17_114 21 o~ 1= [somorcr0—~
20|  EMORY_SP17_114 22 ~
21| EMORY_SP17_114 23 .
» raw data | Sheet2 | phenotype | reduced data | pivottable | commun .. @ < > Delmlie
Ready

o Type here to search

7. 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”.

H - E %

File

 Rowtiendas [ anded Fows

Subtotals Report  Blank  [/] Colymn Headers [ ] Banded Columns
5~ " Layout~ Rows -
Layol =0 fle Options PivotTable Styles ~

phenotype analysis - Excel

Home  Inset  Pagelayout  Formulas  Data  Review  View Analyze [EISIUEN  Q Tell me what you want to do... Beck, Christopher 9, Share

= | Show in Compact Form

A

Show in Outline Form

Show in Tabular Form
Repeat Al Item Labels G D E F -
3 sumofCFU s - PivotTable Fields X
Ei3] hos I -=:| DoNotRepeat item Labek . Choose fields to add to report: &~
5 | =adzuki 0 3020 0
6 | adzuki EMORY_SP17_114_10 0 0 0 Search ¥
7 EMORY_SP17_114 11 0 0 0
8 | EMORY_SP17_114 12 0 0 0 experiment_id =
9 EMORY_SP17_114 13 0 0 0 V] sample_id
10 EMORY_SP17_114 14 ol 0 0 /] host
1 EMORY_SP17_114 15 0 0 [ sex
12 EMORY_SP17_114_16 [} [ 0 stage =
13 EMORY_SP17_114 17 0 0 0
71 EMORY 5P17 114 18 o o o Drag fields between areas below:
15 EMORY_SP17_114 19 0 0 0 Y FLTERS 1l COLUMNS
16 EMORY_SP17_114 2 568 0 0 toon .
17 EMORY_SP17_114_20 0 0 0
18 EMORY_SP17_114 21 0 0 [ = ROWs = VALUES
19 EMORY_SP17_114 22 0 0 0 = 1= [somafciU =
20 EMORY_SP17_114 23 0 0 0 ~
21 EMORY_SP17_114 24 0 0 0 -
, raw data | Sheet2 | phenotype | reduced data | pivottable | commun .. @ < y Dl
Ready

o Type here to search

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 taxon. 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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phenotype analysis - Excel

Insert  Pagelayout  Formulas  Data  Review  View  Q Tell me what you want to do... Beck, Christopher £, Share

oy bt Calibri -l S Wrap Text General - By [ o= Bx @ 3 Autosum - Y p
ER Copy ~ z et < B H Fill + z <
pase _ Iu-|iE- Merge & Center = § - % 3 3 & Condiional Formatas Cell | Insert Delete Format _ sota Finda
- ormat Painter Formatting~ Table~ Stylesw  ~ - - & Clear Filter ~ Select
Ciipboard 5 Font 5 Alignment 5 Number 5 Stytes Cells Editing ~
= - £]o -
A B B D E F G H | ) K L M N o P Q R s T Ul
1 host  sample_iispecies_1 species_2.EMBbrow! EMBbrow! EMBbrow! <EMBClears EMBoffwt EMBO)
2 |adzuki  EMORY_S| o] 3020 0 0 0 0 0 0 0 0 0 0 ) 0 0 0 )
3 ladzuki  EMORY_SI 0 ) 0 " . s 0 0 [) 0 0 0 )
4 ladzuki  EMORY_SI 0 0 Rename COlumnS Species 1 s b 0 0 0 0 0 0 0
5 ladzuki  EMORY_SI 0 ) « . » - lo 0 0 ) 0 0 0 )
6 |adzuki  EMORY_Si 0 ) 0 0 0 ) 0 0 0 )
7 |adzuki  EMORY_SI 0 0 0 SpeCIes—z 4 ete. o 0 0 0 0 0 69120 0
8 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 0 0 )
9 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 )
10 |adzuki  EMORY_SI ) ) 0 0 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 )
11 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 0 ) ) 0 0 0 ) 0 0 0 )
12 |adz EMORY_Si 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 o 8000 0 0 )
13/adzuki  EMORY.SI 568 ) 0 0 ) ) 0 0 ) ) 0 0 ) ) 0 0 0 )
14 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 0 0 ) 0 2000 0 ) 0 0 0 )
15 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 [)
16 |adzuki  EMORY_SI ) ) 0 0 ) ) 0 0 ) ) 0 0 0 ) 0 0 0 )
17 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 )
18 |adzuki  EMORY_St 0 ) 0 0 0 ) 0 167 0 ) 0 0 0 ) 0 0 0 [)
19 |adzuki  EMORY_SI 0 0 0 0 0 ) 0 0 0 ) 0 0 0 ) 0 0 0 [) .
“« ... | sheetz | phenotype | reduced data | pivottable | community data ® <
Ready -2 S 1 M 11 1} +

H o Type here to search

Rename tab “community data”.

Calculating diversity indices

1.
a

Species (taxon) richness — the number of unique species (taxa) in a sample

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”).

phenotype analysis - Excel = X
Pagelayout  Formulas Data Review  View  Q Tell me what youwant to do... Beck, Christopher &, Share
& Cut o 3 AutoSum ~ p
aste & Copy - I u - Conditional Formatas Ce nsert Delete Format ol ort & Find &
Format Painter R T S & Clear~ Filter -~ Select ~
Clipboard [ Font Alignment Number Styles Cells Editing ~
COUNTIF X « f | =COUNTIF(CZ:EW2,">0") ~
EK EL EM EN EO EP EQ ER ES ET EU EV EW EX EY EZ FA FB FC D FE[~
1 |PEAwhite PEAwhite PEAyellov PEAyellov PEAyellov PEAyellov PEAyellov PEAyellov PEAyellov PEAyellov PEAyellov PEAyellov PEAyelloy Abundanc Richness
2 0 0 0 0 0 0 0 0 0 0 0 0 0l  7718|=COUNTIF(C2:EW2,">0")
3 700 0 0 0 0 400 0 0 0 0 0 0 0 4000 | COUNTIF(range, criteria)
4| 247 0 0 0 0 0 0 0 0 0 0 0 0 34247 3
5 0 0 0 0 0 0 0 0 0 0 0 0 0 361 1
6 | 0 0 0 0 0 0 0 0 0 0 0 0 0 52 2
7 81 0 0 0 0 0 0 0 0 0 0 0 0 117417 4
8 | 0 0 0 0 0 0 0 0 0 0 0 0 0 4147 2
9 0 0 0 0 0 0 0 0 0 0 0 0 0 100 1
10| 0 0 0 0 0 0 0 0 0 0 0 0 0 2040 2
1] 0 0 0 0 0 0 0 0 0 0 8220 0 0 16391 5
12 0 0 0 0 0 0 0 0 0 0 0 0 0 13014 3
13| 0 0 0 0 0 0 0 0 0 0 0 0 0 2222 4
14 0 0 0 0 0 0 0 0 0 0 0 0 0 2774 4
15| 0 0 0 0 0 0 0 0 0 0 0 0 0 276720 6
16 0 0 0 0 0 0 0 0 0 0 0 0 0 30615 3
17| 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
18 0 0 0 0 0 0 0 0 0 0 0 0 0 349 3
19 0 0 0 0 920 0 0 0 0 0 0 0 0 1494 3 -
« Sheet2 | phenotype | reduced data | pivottable | community data | Sheetd | (@ < »
Edit
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2. Simpson Index — the Simpson Index incorporates both species (taxon) richness and species (taxon) evenness.

a. D =ZX(m/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.

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

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).

e

phenotype analysis - Excel = - X
Insert  Pagelayout  Formulas Q Tell me what you want to do... Beck, Christopher £, Share
< X Cut 5 oll= — o, = E T Ex E=2h 3 AutoSum + A,
Calibri i AN == - BwepTet General . = 7 0y | cm B D. v
ptBEgmpy- " = c d | Formatas el IEEIrt Da?e« Format | 21" SZrt&Fd&
=R B I U~ - O~ - E== &3 Merge&Center ~  $ ~ 9% » %3 £ Conditional Formatas Cel nsert Delete Formaf of in
- ¥ Format Painter 4 g ® 2% Formatting~ Tablev Stylesv| v - - & Clear~ Filter+ Select -
Clipboard ) Font = Alignment & Number " Styles Cells Editing ~
R383 M fe &
A B C D E F G H | J K L M N o P Q R S -
373| host sample_id species_1 species_2 species_3 species_4 species_5 species_6 species_7 species_8 species_9 species_1 species_1 species_1 species_1 species_1-species_1 species_1 species_1 sg

374/adzuki  EMORY_SP17_114_1
375/adzuki  EMORY_SP17_114_10
376/adzuki  EMORY_SP17_114 11
377|adzuki  EMORY_SP17_114 12
378adzuki  EMORY_SP17_114 13
379/adzuki  EMORY_SP17_114 14
380|adzuki  EMORY_SP17_114 15
381|adzuki  EMORY_SP17_114 16
382 adzuki  EMORY_SP17_114 17
383(adzuki  EMORY_SP17_114 18 !
384/adzuki  EMORY_SP17_114 19
385/adzuki  EMORY_SP17_114 2
386/adzuki  EMORY_SP17_114 20
387|adzuki  EMORY_SP17_114 21
388 adzuki  EMORY_SP17_114 22
389|adzuki  EMORY_SP17_114 23
390|adzuki  EMORY_SP17_114 24

391|adzuki  EMORY_SP17_114 25 -
< . | Sheet2 phenotype reduced data pivot table ‘ community data | Sheet4 ‘ ® < »
Ready H m - 1 + 100%

O = N . " . G 452 PM
ype here to searc - 9/6/2019

e. To calculate the proportion squared for each taxon, 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/$EX2)"2. Copy the formula across the row and then down.
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phenotype analysis - Excel

=

Insert  Pagelayout  Formulas  Data  Review  View  Q Tell mewhat you wantto do.. Beck, Christopher £, Share
& Cut rap Te . 3 AutoSum ~ p
B ¢ - Fill
i BIuU 0 . \ditional Formatas Cell | Insert Delete Format Sort & Find &
Format Painter Formatting - Table = Style £ Clear~ Filter - Select~
Clipboard [ Font Alignment Number Styles Cells Editing
COUNTIF  ~ X v K =(C2/$EX2)"2
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373/ host cies_1 species_2 species_3 species_4 species_5 species_6 species_7 species_8 species_9 species_1 species_1 species_1 species_1 species_1 species_1 species_1 species_1 species_1 speci¢
374|adzuki x [) [} 0 [) [} 0 [) 0 0 [} 0 [) [} 0 [) [}
375/adzuki  EMORY_SI [) 0 0 0 0 0 0 0 0 [} 0 0 0 0 [} 0 0 0
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377)adzuki  EMORY_SI 0 _ A . . 0 0 0 0 0 0 0
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391/adzuki  EMORY_SI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
< w. | Sheet2 phenotype ‘ reduced data pivot table ‘ community data | Sheet4 ‘ ® < »
Edit

H O Type here to search

f.
community) to calculate the Simpson Index.

phenotype analysis - Excel

Calculate the sum of the proportions squared (=SUM in Excel for each row, a different microbial

B

Insert  Pagelayout  Formulas  Data  Review  View @ Tell mewhat youwantto do... Beck, Christopher ), Share
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Edit
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g. Calculate the reciprocal (e.g.,
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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 $
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,
=[F(C2>0,(C2/$EX2)*LN((C2/$EX2)),"")

phenotype analysis - Excel | - b3
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745 species_1 species_2 species_3 species_4 species_S species_6 species_7 species_8 species_9 species_1 species_1 species_1 species_1 species_l species_1 species_1 species_1 species_1 species_1 species_2 species_2 species_2 species_2 species_2 species_2 speci
7A6[Z/SEXZ,’LN(w(Z/SEXZ:;,””)

747 F(logical [value_if_true], [value_if_false])
748
749
= \ =[F(C2>0,(C2/SEX2)*LN((C2/SEX2)),"").
752
= C2 is the cell with the abundance of
b “species_1” and EX2 is the cell with the o
757| -0.34868 -
= grand total for a sample. The $ prevents
E the column identifier from changing. '
7ol Copy the formula across the row and then
;:2 -0.3232 -0.36074 down -0.3232 -0.36074
767 * -0.34794
768
;:3 -0.36078
m -0.27799 -0.07942
72 -0.03309
nd
775
776,
rawdata | reduced data (ommumty». pivottable | community data | Sheet4 @ < v :

Edit  Scroll Lock

Q 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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phenotype analysis - Excel B - X

Insert  Pagelayout  Formulas  Data  Review  View  Q Tell me whatyou wantto do... Beck, Christopher 9 Share
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730 0 0.556736 1.796183 0.443264

731 0 0.520232 1.922219 0.479768

732 0 0.960208 1.041441 0.039792

733 0 0.462359 2.16282 0.537641

734 0 0.670422 1.491598 0.329578

735 0 0.992311 1.007743 0.007689

736 0 0.349532 2.860967 0.650468

737 0 0.948049 1.054798 0.051951

738 0 0.473982 2.109783 0.526018

739 0 0.967606 1.033478 0.032394

740 0 0.849503 1.177159 0.150497

741 0 0.36 2.777778 0.64

742 0 0.999977 1.000023  2.3E-05

743

744

745 species ].'Sharmun

746 |-sum[c7.ns.g\.rv74e)

747 T SUM(mumber, [number2], )

748 0.264862]

749 0

750 0.163024

! ossaza1 =-SUM(C746:EW746). C746 is the fi

= Dzt M ‘E . 1s the first

753 0 . . .

75 cell in the row and EW746 is the cell with

755 1.320713

756 0.673989 :

= e the last proportion for a sample.

758 0.769639

759 1.054121

760 0.613149

761 0

762 0.884482 .

rawdata | reduced data | community | pivottable | community data | Sheet < v

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.

a. dplyr

reshape2

vegan

BiodiversityR

ggplot2

o a0 o
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O R:/BeckLab/cbeck/MyfFiles/bean beetle microbiome/ABLE 2019 mini - RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help
© -k - ~ Addins ~
Console  Terminal

R version 3.5.2 (2018-12-20) -- "Eggshell Igloo™

copyright (c) 2018 The R Foundation for statistical Computing
Platform: 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 'Ticence()' for distribution details.

R is a collaborative project with many contriburore
Type ‘contributors()’ for more information anc 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 t Repository (CRAN)
Type 'q()' to quit R.

Packages (separate multiple with space or comma):

h

2/ Configuring Repositories

> ]

Install to

C:/Users/cb cuments/R/win-library/3.5 [Default]

Type the name of
the package here
and click Install.

Install

H o Type here to search

Mini Workshop:

Environment

History

Connections

o # Import Dataset ~ = &

"} Global Environment ~

Files  Plots
O Install
N
User Libr:
abind

acepack
aplpack
arm

askpass

assertthat
backports

basebdenc
BH

Biobase
BiocGenerics
BiocManager

RincParallel

Packages
@® update

Help  Viewer

ultidimensional Arrays
ACE and AVAS for Selecting Multiple Regression
Transformations

Another Plot Package: ‘Bagplots’, 'lconplots’,
‘Summaryplots, Slider Functions and Others

Data Analysis Using Regression and
Multilevel/Hierarchical Models

Safe Password Entry for R, Git, and SSH

Easy Pre and Post Assertions

Reimplementations of Functions Introduced Since
R-3.00

Tools for base4 encoding

Boost C++ Header Files

Biobase: Base functions for Bioconductor

$4 generic functions for Bioconductor

Access the Bioconductor Project Package
Repository

Rincanductnr facilities for narallel sualiatinn

Community Ecology of Microbiomes

- X

K ABLE 2019 mini ~

=0
List ~

=0

Version

14-5
141

1.10-1

11

113

912AM

9/10/2019

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

command 1ibrary(“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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0 R:/BeckLab/cbeck/MyFiles/bean beetle microbiome/ABLE 2019 mini - RStudio - X
File Edit Code View Plots Session Build Debug Profile Tools Help
O - 0pl&- ~ Addins ~ ) ABLE 2019 mini ~
Console ~ Terminal 5 Environment History Connections. ==
2 #* Import Dataset ~ / List ~
Globa
R version 3.5.2 (2018-12-20) -- "Eggshell Igloo” 3 From Toxt (base) &

Copyright (C) 2018 The R Foundation for statistical cComputing From Text (read)..
platform: x86_64-w6d-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...

e "contributors()’ for more information and

‘citation()’ on how to cite R or R packages in publications.

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

warning message:
File monitoring failed for project at BeckLab/check/MyFiles/bean beetle microbiome/ABLE 2019 mini”
Error 2 (The system cannot find the file specified) Files Plots Packages Help Viewer =0
Features disabled: R source file indexing, Diagnostics wnstal | @ upaate | ([ Packrat

>
Name Description Version

User Library

abind Combine Multidimensional Arrays 14-5

acepack ACE and AVAS for Selecting Multiple Regression Transformations ~ 1.4.1

aplpack Another Plot Package: ‘Bagplots' lconplots’, ‘Summaryplots, 132
Slider Functions and Others

arm Data Analysis Using Regression and Multilevel/Hierarchical 1.10-1
Models

askpass Safe Password Entry for R, Git, and SSH 11

assertthat Easy Pre and Post Assertions 021

backports Reimplementations of Functions Introduced Since R-3.0.0 113

basebdenc Tools for base64 encoding

BH Boost C++ Header Files

Biobase Biobase: Base functions for Bioconductor

BiocGenerics $4 generic functions for Bioconductor

BiocManager Access the Bioconductor Project Package Repository

BiocParallel Bioconductor facilities for parallel evaluation

BiocVersion Set the appropriate version of Bioconductor packages

BiodiversityR Package for Community Ecology and Suitability Analysis

Biostrings Efficient manipulation of biological strings

bitops Bitwise Operations

broom Convert Statistical Analysis Objects into Tidy Tibbles

callr Call Rfrom R

car Companion to Applied Regression

carData Companion to Applied Regression Data Sets

cellranger Translate Spreadsheet Cell Ranges to Rows and Columns

checkmate Fast and Versatile Argument Checks

H O Type here to search

@ Ry/BeckLab/cbeck/MyFiles/bean beetle microbiome/ABLE 2019 mini - Rtudio - X
File Edit Code View Plots Session Build Debug Profile Tools Help
O - Ol - Addins ~ R/ ABLE 2019 mini ~
Console  Terminal (51 Environment History  Connections =0
|mport Excel Data st ~

R version File/Url:
copyright
platform:| |R/BeckLab/c yFiles/! E2019 analysis.xlsx Browse..

R is free| DataPreview:

vou are i
You are ¥ [cxpenment o samplc a = media color loss devation o
R is a (C" EMORY_SP18 EMORY_SP18_116_5_2  adzuki female adult PEA offwhite matte circular convex 4390 A
TR eion | evoryse17 EMORY_SP17.106.27 | mung femate adutt PEA brown matte irculr raised 160000
emoRysp17 EMORLSPI7 1163 agzub nole sa bea wite <hiny arctor 20
Type *dem
“help.stal |EMORYSP17 EMORY_SP17.110.41  mung male adult PEA white shiny circular convex
Type a0, | evorr_ser7 EMORLSP17.10633  mung female st bea white matte revtor raised Browse to select file
emoRysP17 EMORLSPI7 1066 mung femote scu bea white <hiny aretor rased 1
uarning ml- | evory sers EMORI_SP16.110.6.10  pigeon mate adut vEA white shiny rcular umbonate from your computer
Error 2 (] | EMORY_SP17 EMORY.SP17.116.9  adzuki male adult EMB red shiny circular raised 1 =0
Features | | quonysre v s, 062,10 o5 e o e e i T [ =
emorysv1s EMORISP18_110.1.5  adzuk femate st bea oftwhie <hiny aretar it o
EMORY_SP17 EMORY_SP17.11023  mung male adult PEA yellow shiny circular raised 4350 2
EMORY_SP18 EMORY_SP18_114.37  adzuki male adult EMB brown shiny circular raised 20
emorysv1s EMORISP1B 11074 pigeon nole sa bea oftwhie <hiny aretor it o
EMORY_SP17 EMORY_SP17_106_20 mung female adult EMB clear shiny circular raised 120
EMORY_SP18 EMORY_SP18_110_6_5  pigeon male adult PEA yellow matte circular raised 200
emoRy 5715 EMORYSP18 106,75 agzub femote scu s e e arctor rased s
EMORY_SP18 EMORY_SP18_110_7_2  pigeon male adult PEA ‘white shiny circular raised 3920
EMORY_SP18 EMORY_SP18_116_6_7  pigeon male adult PEA ‘white shiny circular raised 2
emoRysv1s EMORISP1B 110111 agzuk femate scut bea white <hiny aretor 100
EMORY_SP18 EMORY_SP18_114 3.8  pigeon male adult EMB red shiny circular raised 1220 ]
EMORY SP17 EMORY SP17 110 24 mung irreqular umbonate 2720 hd

Previewing first 50 entries. Set Name tO
Import Options:
“phenOtype” and use s < read_excel("phenotype analysis.xlsx"
e [ ° Sheet dropdown to select  feivsis)

Range: NA:

Neme: [ phenotype ax Rows:

appropriate worksheet
from Excel file. mpart ) (Conee

7 Reading Excel files using readx!

1 cellanger Translate Spreadsheet Cell Ranges to Rows and Columns 110
checkmate Fast and Versatile Argument Checks 191
Ul mer fme Dmsinlnmins Cnme. A Lime Itk 110 v

H Q Type here to search

5. Attach the imported dataset to the dataframe using the attach command in the console (attach (phenotype))
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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?2 library, using the following

command.
> comm_pheno=dcast(phenotype,sample_id~media+color+gloss+form+elevation,valu
e.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_pheno$sample_id)
> comm_pheno<-comm_pheno[,-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<-phenotypel[,2:4]

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

row.names (pheno_meta)<-(pheno_meta$sample_id)

pheno_meta$host<-as.factor(pheno_meta$host)
pheno_meta$sex<-as.factor(pheno_meta$sex)

vV V VYV

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_meta$factor_variable=="factor")

factor_variable=="factor"refers to the factor being evaluated such as host in our dataset, and the
“factor” is one state of that variable. For example, host=="mung”would do a species accumulation curve for 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")
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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="1inverseSimpson",method="each site")

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

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

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.

2C:;
BC:i=1——2

Y Si - S]
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Where:

i & j are the two samples,

Si is the total number of specimens counted in sample i,

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

Cij 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-Cu). Morista-Horn Index of Similarity is

X Y
. 2

w3+ 22 ()

2

Where:

e  Di=number of taxa in sample |
e  Do=number of taxa in sample 2
e  Di>=number of taxa in shared in both communities
e  X;=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 7 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 distance, 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
Questions

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

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

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

Based on the diversity indices that you calculated, which treatment had the highest (lowest) diversity?
Does the answer depend on the measure of species (taxon) diversity that you use?

Is there a relationship between number of samples and taxonomic diversity? If so, what might explain this?
Which communities are most similar (different)?

Nk =

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.

T Inbox (23) - chrisbeck020508@ X | 12 Google Calendar - Week of Se; X [l eI RWEEORISMAII LSNP +

&« C ® ® @ https://www.beanbeetles.org/microbiome/colony-database-search, B8 - % Q pvalue calculator >

£¥ Most Visited @ Getting Started
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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, save the file as an Excel file (name the file “colony-based sequence data”) and

rename the tab “raw data.”

22
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Insert  Page Layout

Formulas

Data  Review

View

colony-based sequence data - Excel

Q Tell me what you want to do...

ca]

Beck,

X

Christopher £, Share

: ?;i:;y ) Calibri HERRI o 9. SewepTet General - N g‘a Normal Good ;ED ;E:X FE] Z:‘I‘;‘:‘S“’“ N ?1 F&
<o 00

1 e rormatpaimer | B 1 47 o-A- MegeConter = § + % 2|8 44 Condona Formates Neutrs! et Delte FOIMAL | p rogre  Sont® P8

Clipboard ] Font w Alignment 5 Number [ Styles Editing -~
Al v fe experiment_id &

A 8 c D E F G H | J K L ™M N o 3 Q R s v w X Y i[4]
1 [experime] sample_ic host  sex stage  media color  gloss  form elevation phylum class  order  family genus  sequenceseq file pdf_file abi_file
2 |EMORY_SIEMORY_SIBEP male  adult  PEA white  shiny  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: rg/new_\ / IORY_SP18/114platel
3 |EMORY_SIEMORY_SiBEP female adult Blood aga white matte  irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https:, rg/new _\ IORY_SP18/110platel,
4 |EMORY_SIEMORY_Siadzuki  female adult EMB red shiny  circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN htps://w! https://w https: rg/new_\ ORY_SP18/116platel
5 [EMORY_SIEMORY Simung  male  adult  NutrientZwhite  shiny  circular raised  ProteobacGammapr Enterobac Enterobac Enterobac CGGTAACAGGAAGCAGCTTGCTGCTTTGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGG
6 |EMORY_SIEMORY_SiBEP female adult  Bloodaga offwhite matte  circular umbonateFirmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https:, g/new IORY_SP18/110platel
7 |EMORY_SIEMORY_Stadzuki  female adult  PEA white  shiny  circular convex Firmicute:Bacilli  Bacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGGATAACTTCGGGA
8 |EMORY_SIEMORY_Simung  male  adult  Nutrient/white  shiny  circular raised  ProteobacGammapr Enterobac Enterobac Enterobac NNNNNNNNNNNNNNNNNNNNNTGNNNTCGANCGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACH
9 |EMORY_SIEMORY_Siadzuki  female adult  Blood aga offwhite matte irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: rg/new_\ / IORY_SP18/116platel
10 [EMORY_SIEMORY_Siadzuki  female adult  PEA offwhite shiny  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc ACTGCAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTAC
11 |EMORY_SIEMORY_SI BEP male adult PEA yellow  shiny circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https:, rg/new_\ ORY_SP18/106platel]
12 [EMORY_SIEMORY_Simung  male  adult  Blood aga pink shiny  circular  craterifon 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: /new_\ IORY_SP18/114platel
14 |EMORY_SIEMORY_Siadzuki  female adult Blood aga white ~ matte irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://wr https://w https: rg/new_\ ORY_SP18/110platel
15 |EMORY_SIEMORY_SIBEP female adult  PEA white  matte irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: rg/new / IORY_SP18/116platel
16 [EMORY_SIEMORY_Siadzuki  male  adult  PEA offwhite shiny  circular raised  Firmicute:Bacilli  Lactobacil Enterococ Enterococ TCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATTGGAAAGAGGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCT
17 |EMORY_SIEMORY_Si BEP female adult Blood aga white shiny circular raised  ProteobacGammapr Pseudom¢Pseudom¢Pseudom¢NNNNNN https://w! https://w https: rg/new _\ IORY_SP18/116platel,
18 |EMORY_SIEMORY_Simung  female adult PEA offwhite shiny  circular convex Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNNNNNNNNNNNNNNNNNNNCTGNNGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGAC
19 [EMORY_SIEMORY_SIBEP male  adult  PEA white  shiny  irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: rg/new_\ / IORY_SP18/106platel
20 |EMORY_SI EMORY_SiBEP male  adult  PEA offwhite shiny  circular convex Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: /new_\ IORY_SP18/106platel
21 |EMORY_SIEMORY_Siadzuki  female adult Blood aga orange  shiny circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://wr https://w https: rg/new_\ ORY_SP18/116platel
22 [EMORY_SIEMORY_Siadzuki  male  adult  PEA white  shiny irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w: https://w https: rg/new_\ / IORY_SP18/114platel
23 |EMORY_SIEMORY_SiBEP male  adult  PEA white  shiny irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: g/new / IORY_SP18/110platel
24 |EMORY_SIEMORY Simung ~ male  adult ~ EMB  white  shiny  circular raised  ProteobacGammapr Enterobac Enterobac Enterobac CAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGA TAACTA
25 |[EMORY_SIEMORY_Siadzuki  male adult Blood aga white shiny circular raised  ProteobacGammapr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https:, rg/new_\ ORY_SP18/114platel]
26 |EMORY_SIEMORY Siadzuki  female adult  Bloodagawhite  shiny irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: rg/new_\ / IORY_SP18/116platel
27 |EMORY_SIEMORY Siadzuki ~ male  adult  Blood agar Proteobac Gammapr Enterobac Enterobac Enterobac CCTGCNAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACT
28 |EMORY_SIEMORY_Stadzuki  male adult PEA offwhite matte irregular raised  Firmicute:Bacilli  Lactobacil Enterococ Enterococ NNNNNN https://wt https://w https: rg/new_\ ORY_SP18/110platel
29 |EMORY_SIEMORY_Siadzuki  female  adult Bacillales Staphyloc Staphyloc NNNNNN htps://w! https://w htps: rg/new / IORY_SP17/114_E_5_1
30 [EMORY_SIEMORY_SIBEP female  adult . Bacilli Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https: g/new / IORY_SP18/116platel
31 |EMORY_SIEMORY_Siadzuki  female  adult Double Clle tab and Bacteroi i i i https://wr https://w https: rg/new_\ IORY_SP18/110plate1l
32 EMORY_SIEMORY_SI mung male adult Bacilli  Lactobacil Enterococ Enterococ NNNNNN https://wt https://w https:, rg/new_\ ORY_SP17/110_A_6_|
33 [EMOR! Gammapr Enterobac Enterobac Enterobac NNNNNN htps://w! https://w https: rg/new_\ / IORY_SP18/114plate1 .
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Data Reduction
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”).

1.

uk
raw data

rename as “raw data”

<«
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S Calibri A == ¥ - EwapTet General - [ | Normal Bad Good = Ex @ 3 Autosum Ay p
e R ; - 2T | contioa e = =1l e e | P v e
¢ u-E- | S-A- - - ® 8 CheckCell
~ ¥ Format Painter SR 7 A Merge& Center (18159 21 [ 18 58 Formatting - Table - Neutre =] - - Filter - Select -
Clipboard & Font ] Alignment i Number ] Styles. Cells Editing ~
A1 > fe || experiment_id ~
A 8 c D 3 F G H ! J K L M N o 3 Q R s T u v w X 4 i[4]
1 [experime] sample_ichost  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:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://wt https://w https://wi g/new ORY_SP18/114platel]
3 |EMORY_SIEMORY_SiBEP female  adult Blood aga white  matte irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https:, rg/new_\ ORY_SP18/110platel
4 |EMORY_SIEMORY_Siadzuki  female adult  EMB  red shiny  circular flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https://w: rg/new_\ ORY_SP18/116platel]
5 |EMORY_SIEMORY_Simung ~ male  adult  Nutrient/white  shiny  circular raised ProteobacGammapr Enterobac Enterobac Enterobac CGGTAACAGGAAGCAGCTTGCTGCTTTGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGE
6 |EMORY_SIEMORY_SBEP female  adult Blood aga offwhite matte  circular umbonate Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https:, rg/new_websi IORY_SP18/110platel
7 |EMORY_SIEMORY_SI adzuki female  adult PEA white shiny circular convex  Firmicute:Bacilli Bacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGGATAACTTCGGG!
8 |EMORY_SIEMORY Simung  male  adult  Nutrient/white  shiny  circular raised  ProteobacGammapr Enterobac Enterobac Enterobac GANCGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGAC
9 |EMORY_SIEMORY_Siadzuki  female adult Blood aga offwhite matte irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w' https://w https://wy org/new_\ ORY_SP18/116platel]
10 EMORY_SIEMORY_St adzuki female  adult PEA offwhite shiny circular  raised Firmicute: Bacilli Bacillales Staphyloc Staphyloc ACTGCAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTAC
11|EMORY_SIEMORY_S1BEP male  adult  PEA yellow shiny  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://wi rg/new_\ ORY_SP18/106platel]
12|EMORY_SIEMORY_Simung ~ male  adult  Bloodagapink  shiny  circular craterifori Proteobac Gammapr Enterobac Enterobacteriaceae ANNNTGCAAGTCGAGCGGTANCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGNNNNNNAANGTCTGGGAA
13 |EMORY_SIEMORY_Siadzuki  female adult PEA white  matte  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://wt https://w https:) rg/new_\ ORY_SP18/114platel
14|EMORY_SIEMORY_Stadzuki  female adult  Bloodagawhite  matte irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://w: rg/new_\ ORY_SP18/110platel]
15 |EMORY_S{EMORY_S1BEP female adult  PEA white  matte irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://wi rg/new_\ IORY_SP18/116platel
16 |EMORY_SIEMORY_Stadzuki ~male  adult  PEA offwhite shiny circular raised i Lactobacil TCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATIGGAAAGAGGAGTGGCGGACGGGTGAGTAACACGTGGGTAACCT
17 |EMORY_SIEMORY_SiBEP female  adult Blood aga white  shiny  circular raised  ProteobacGammapr Pseudom¢Pseudom¢Pseudom(NNNNNN https://w https://w https://w: rg/new_\ ORY_SP18/116platel
18|EMORY_SIEMORY_Simung  female adult  PEA offwhite shiny  circular convex Firmicute:Bacilli  Bacillales Staphyloc Staphyloc TGNNGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGA(
19 |EMORY_S{EMORY_SiBEP male  adult  PEA white  shiny irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://wi org/new_\ ORY_SP18/106platel]
20 |EMORY_SI EMORY_SiBEP male adult PEA offwhite shiny circular  convex  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https://w: rg/new_\ IORY_SP18/106platel
21 |EMORY_SIEMORY_Siadzuki  female adult  Bloodagaorange shiny  circular flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https://w: rg/new_\ ORY_SP18/116platel]
22|EMORY_SIEMORY Stad; ~~ ~ * “ PEA white  shiny irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://wt https://w https://wi new_\ ORY_SP18/114platel]
23 |EMORY_SIEMORY_Si BE( ) PEA white _shin ircegular raiced Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w rg/new_websi ORY_SP18/110platel]
24 |EMORY_SIEMORY_Simy X Delete EMB  white . .  Enterobac Enterobac CAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTA
25 |EMORY_SIEMORY_Siad;  Rename 8lood 2 nght Cth on tab  Enterobac Enterobac NNNNNN hittps://w! https://w https://w: rg/new_\ IORY_SP18/114platel
26 |EMORY_SIEMORY_Siad:| Move or Copyo ﬂ Staphyloc Staphyloc NNNNNN https://w! https://w https: org/new_websi ORY_SP18/116platel]
27 |EMORY_SIEMORY_Si ad; Q—J View Code Blood agar nd 1 t ((M r c Enterobac Enterobac CCTGCNAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACT
28 |EMORY_SIEMORY Stadk o oo\ PEA offwn| @ S€lEC ove O il Enterococ Enterococ NNNNNN https://w! https://w https://w rg/new_\ IORY_SP18/110platel
29 |EMORY_SIEMORY_Siad: = Staphyloc Staphyloc NNNNNN https://w! https://w https://w\ new, IORY_SP17/114_E 5
30 |EMORY_SIEMORY_SiBg| 120 Color ’ EMB  yello CO 2 staphyloc Staphyloc NNNNNN https://w https://w https://w rg/new_\ ORY_SP18/116platel
31|EMORY_SIEMORY_Stad:  Hide B py . bz sphingobs Sphingob: NNNNNN hittps://w! https://w https://w: rg/new_\ ORY_SP18/110platel]
32 |EMORY_SIEMORY_Simy PEA offwhi | Enterococ Enterococ NNNNNN https://w! https://w https://w new_\ ORY_SP17/110_A 6 _
33 |EMORY_SIEMORY_Siad; Celect All Sheete PEA white  shiny irregular raised  Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w1 https://w https:/ rg/new_websil IORY_SP18/114platel
raw data |———try < y
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J B | D E | F G Ho 1 J kK | v M N o P | Q R s | T u v | ow X Y HES
1 [experimel sample i host  sex stage  media color  gloss  form  elevation phylum class  order  family genus  sequenceseq_file pdf_file abi_file
2 ‘EMGRV»SIEMORV_SI BEP male adult PEA white shiny circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://wt https://w https:// rg/new_\ IORY_SP18/114platel
3 |EMORY_SIEMORY_SiBEP female adult  Bloodagawhite  matte irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://s i X IORY_SP18/110platel
4 |EMORY_SIEMORY Siadzuki  female adult  EMB  red shiny circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w https://w https://ww org/new_websi IORY_SP18/116platel
5 |EMORY_SIEMORY_Simung male adult Nutrient £white shiny circular  raised Proteobac Gammapr Enterobac Enterobac Enterobac CGGTAACAGGAAGCAGCTTGCTGCTTTGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGG
6 |EMORY_SIEMORY_SiBEP female adult  Blood aga offwhite matte circular umbonate Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! https://w https://s i X IORY_SP18/110platel
7 |EMORY_SIEMORY_Siadzuki  female adult  PEA white  shiny  circular convex Firmicute:Bacilli  Bacillales Staphyloc Staphyloc GAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTACCTATAAGACTGGGATAACTTCGGGA
8 |EMORY_SIEMORY_Simung male adult Nutrient £white shiny circular  raised Proteobac Gammapr Enterobac Enterobac Enterobac TCGANCGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACH
9 |EMORY_SIEMORY_Siadzuki  female adult  Blood aga offwhite matte irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w https://w https:// i X IORY_SP18/116platel
10|EMORY_SIEMORY_Stadzuki  female adult  PEA offwhite shiny  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc ACTGCAGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTAC
11 |EMORY_SIEMORY_SIBEP male adult PEA yellow shiny  circular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w1 https://w https://s rg/new_\ ORY_SP18/106plate1]
12|EMORY_SIEMORY_Stmung ~ male  adult  Bloodagapink  shiny  circular craterifort ProteobacGammapr Enterobac Enterobacteriaceae ANNNTGCAAGTCGAGCGGTANCACAGAGAGCTTGCTCTCGGGTGACGAGCGGCGGACGGNNNNNNAANGTCTGGGAA
13|EMORY_SIEMORY_Stadzuki  female adult  PEA white  matte circular raised  Firmicute:Bacilli Bacillales Staphyloc Staphyloc NNNNNN https://w: https://w https://ww) org/new_websi IORY_SP18/114plate1
14 EMORY_SIEMORY_Sfadzuki  female adult Blood aga white matte  irregular flat Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w' http: ps://\ org/new_\ IORY_SP18/110platel
15 |EMORY_SIEMORY_SIBEP female adult  PEA white  matte iregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w: https://w https:// rg/n IORY_SP18/116platel
16|EMORY_SIEMORY_Stadzuki male  adult  PEA offwhite shiny circular raised  Firmi Lactobacil TCGAACGCTTCTTTCCTCCCGAGTGCTTGCACTCAATT GGAC CACGTGGGTAACCT
17 |EMORY_SIEMORY_SI BEP female adult Blood aga white shiny circular  raised  ProteobacGammapr Pseudom¢ Pseudom¢Pseudom¢NNNNNN https://w! https://w https://1 org/new_\ IORY_SP18/116platel
18|EMORY_SIEMORY_Simung __ female _adult  PEA offwhite shiny  circular convex Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNNNNNNNNNNNNNNNNNNNCTGNNGTCGAGCGAACAGATAAGGAGCTTGCTCCTTTGACGTTAGCGGCGGA
19 [EM Move or Copy 7 x| PEA white  shiny irregular raised  Firmicute:Bacilli Bacillales Staphyloc Staphyloc NNNNNN https://w: https://w https://ww) new_websi IORY_SP18/106platel
20 |Ef PEA offwhite shiny circular  convex  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! http: ps://1 org/new_\ IORY_SP18/106platel
21 e n"::::f"‘“ ciEs Blood aga orange  shiny  circular  flat Proteobac Gammapr Enterobac Enterobac Enterobac NNNNNN https://w! http: ps://1 rg/new_\ ORY_SP18/116plate1]
22|EM o0 PEA white  shiny irregular raised  Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w: https://w https:// new_\ IORY_SP18/114platel
23 | | olony-based sequence dataxisx M| pea white NNNNNN https://wr https://w https:// org/new_\ ORY_SP18/110platel
246 %::’::(:"‘ S el ect GGM ove to end” and CAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACTGCCTGATGGAGGGGGATAACTA
25 et NNNNNN https://w: https://w https:// new_websi IORY_SP18/114platel
26 |El Blood aga white “ . INNNNNN https://wr https://w https:// org/new_\ IORY_SP18/116platel
27 e 8lood agar Check Create a Copy |CCTGCNAGTCGAACGGTAACAGGAAGCAGCTTGCTGCTTCGCTGACGAGTGGCGGACGGGTGAGTAATGTCTGGGAAACT
28 et NNNNNN https://w: https://w https:// new_\ IORY_SP18/110platel
29 Ef [NNNNNN https://w http: ps://1 org/new_\ IORY_SP17/114 E_5_1
30 |EM MiCreate a copy’ EMB  yellow shiny circular raised Firmicute:Bacilli  Bacillales Staphyloc Staphyloc NNNNNN https://w! http: ps:// rg/new IORY_SP18/116platel
31 e EmMB shiny circular raised https://w: https://w https:// new_\ IORY_SP18/110platel
32 | Coneel PEA  offwhite matte  circular raised Lactobacil https://w! http ps:// org/new ORY_SP17/110_A_6_
33 |[EMORY_SIEMORY_Sfadzuki female adult  PEA white  shiny irregular raised  ProteobacGammapr Enterobac Enterobac Enterobac NNNNNN https://w! https://w https:// rg/new. IORY_SP18/114platel,
| raw data ® fil y
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2. 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 “$A$1”), which has
the column headings. Click OK to create the pivot table in a new worksheet and label the tab “pivot table”.

CICE

File Home

%

PivotTable Recommended Table  Picture®
ot Tables

AS v

A 8 c
1 |experime sample_it host
2 |EMORY_SIEMORY_Si BEP
3 |EMORY_SIEMORY_SiBEP
4 |EMORY_SIEMORY_Si adzuki
5 |EMORY_SIEMORY_Simung
6 |[EMORY_SIEMORY_SI BEP
7 |EMORY_SIEMORY_SI adzuki
8 |EMORY_SIEMORY_Simung
9 |EMORY_SIEMORY_Si adzuki
10 |EMORY_SiEMORY_Stadzuki
11 |EMORY_SIEMORY_SiBEP
12 |EMORY_SIEMORY_Simung
13 |EMORY_SIEMORY_Stadzuki
14 |EMORY_SIEMORY_Sfadzuki
15 |EMORY_SIEMORY_S{BEP
16 |EMORY_SIEMORY_Stadzuki
17 |EMORY_SIEMORY_SI BEP
18 |EMORY_SIEMORY_Simung
19 [EMORY_SIEMORY_SI BEP
20|EMORY_S{EMORY_SiBEP
21|EMORY_S{EMORY_Si adzuki
22 |EMORY_S{EMORY_Si adzuki
23 |EMORY_S{EMORY_Si BEP
24|EMORY_S1EMORY_Simung
25 |EMORY_S{EMORY_Si adzuki
26| EMORY_S{EMORY_Si adzuki
27 |[EMORY_SIEMORY_Si adzuki
28 |[EMORY_SIEMORY_Si adzuki
29 |[EMORY_SIEMORY_SI adzuki
30|EMORY_S{EMORY_SiBEP
31|EMORY_S{EMORY_Si adzuki
32 |EMORY_S{EMORY_Simung
33 |EMORY_S{EMORY_Si adzuki
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stage  media phylum class  order  family  genus
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  EMB  ProteobacGammapr Enterobac Enterobac Enterobacter
adult Nutrient £ Proteobac Gammapr Enterobac Enterobac Enterobacter
adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  Nutrient / Proteobac Gammapr Enterobac Enterobac Enterobacter
adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  Blood aga Proteobac Gammapr Enterobac Enterobacteriaceae
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  Blood aga Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli Bacillales Staphyloc Staphylococcus
adult PEA Firmicute: Bacilli Lactobacil Enterococ Enterococcus
adult Blood aga Proteobac Gammapr Pseudom¢ Pseudom¢Pseudomonas
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli Bacillales Staphyloc Staphylococcus
adult  Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  PEA Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult EMB  ProteobacGammapr Enterobac Enterobac Enterobacter
adult  Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter
adult  Blood aga Firmicute:Bacilli Bacillales Staphyloc Staphylococcus
adult Blood aga Proteobac Gammapr Enterobac Enterobac Enterobacter
adult PEA Firmicute: Bacilli Lactobacil Enterococ Enterococcus
adult Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  EMB  Firmicute:Bacilli  Bacillales Staphyloc Staphylococcus
adult  EVB phingob: Sphingob: u
adult  PEA Firmicute:Bacilli  Lactobacil Enterococ Enterococcus
adult  PEA Proteobac Gammapr Enterobac Enterobac Enterobacter .
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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.
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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 =ZX(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.

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

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).

e
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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/$P2)"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.

colony-based sequence data - Excel
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g. Calculate the reciprocal (e.g., =1/P9) and inverse Simpson (e.g., =1-P9) using formulas in Excel.
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3. Shannon-Weaver (Shannon-Weiner) Index — also incorporates species (taxon) richness and species (taxon) evenness

a.
b.

=-Xplnp, where p is the proportion of individuals of each bacterial 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 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.

Note that Inp is undefined if p=0, so you can use an “IF” statement in Excel. For example,
=[F(B2>0,(B2/$P2)*LN((B2/$P2)),"")
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8 | host Burkholde C¢ Klebsiella Paenibaci Pseudom¢Ralstonia Sphingobs Staphyloc Stenotrop Simpson  Reciprocal Inverse
9 adzuki 4.21656E-05 4.22E-05 0 0.001054 0.127551 0.016866 0 4.22E-05 0 0.000675 4.22E-05 4.22E-05 0.17271 4.22E-05 0.319109 3.1337209 0.680891
10 BEP [ 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 0.10124 0 0.322314 3.1025641 0.677686
13
14 | host Acinetobacte Bacillus  Burkholde Corynebar Enterobac Enterococ Escherichi Klebsiella Paenibaci PseudomcRalstonia Sphingob: Staphyloc Stenotrop Shannon
15|adzukl .2>0v(BZ/S’ZJ‘LN((BZ/S’Z;},"") -0.36772 -0.26509 -0.03271 -0.09482 -0.03271 -0.03271 -0.36491 -0.03271 1.400077
16 BEP IF(logical_t{ value_if_true], [value_if false]) }3 -0.36313 -0.05133 -0.05133 -0.14159 -0.31832 -0.08673 1.115101
17 |mung -0.30856 -0.23837 -0.04833 -0.04833 -0.13434 -0.33989 1.11783
18 |pigeon -0.1405 -0.36565 -0.33673 -0.36436 1.207243
19
2 * nn :
5 =IF(B2>0,(B2/$P2)*LN((B2/$P2)),""). B2 is
22
23 he cell with the abund f the fi
2 the cell with the abundance of the first
25
26
z taxon and P2 is the cell with the grand
28
2 total for a treatment. The $ prevents the
30
= . . .
2 column identifier from changing. Copy
33 =
wian | e L] the formula across the row and then g g
] © voererc oo down. )
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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.

(=] s colony-based sequence data v2 - Excel el = =] X
File [C Inset  Pagelayout  Formulas  Data  Review  View  Q Tell me whatyou want to do... Beck, Christopher £, Share
B X Cut - e - 3 AutoSum ~ p
E@ ¢ - g B
Paste 0 E u e e onditional Form: sert Delet " ort & Find &
- Form: inter Format & Clear~ Fi Select ~
Clipboard o Font Alignment Number Styles. Cells Editing ~
COUNTIF  ~ X v kK =-SUM(B15:015) -
A B i D E F G H I J K L M N o P Q R S T u \ w X Y -
1 | host Burkholde C Enterococ Escherichi Klebsiella Paenibaci PseudomcRalstonia Sphingob:Staphyloc Stenotrop Grand Tot Richness
2 |adzuki 1 1 0 5 55 20 0 1 0 4 1 1 64 1 154' 11
3 |BEP 0 0 1 1 27 1 1 0 0 4 0 0 50 2 57' 8
4 mung [ 0 0 [ 56 10 o 1 1 4 0 o 22 0 94' 6
5 |pigeon 0 0 0 1 9 0 0 0 0 5 0 0 7 0 2" 4
6
7
8 | host Enterococ Escherichi Klebsiella Paenibaci PseudomcRalstonia Sphingob: Staphyloc Stenotrop Simpson  Reciprocal Inverse
9 |adzuki 4.21656E-05 4.22E-05 0 0.001054 0.127551 0.016866 0 4.22E-05 0 0.000675 4.226-05 4.22E-05 0.17271 4.22E-05 0.319109 3.1337209 0.680891
10 |BEP [ 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 0.354912 0.011317 0 0.000113 0.000113 0.001811 0 0 0.054776 0 0.423042 2.3638309 0.576958
12 |pigeon [ 0 0 0.002066 0.167355 [ 0 0 0 0.051653 0 0 0.10124 0 0.322314 3.1025641 0.677686
13
14 | host Enterococ Escherichi Klebsiella Paenibaci Pseudomc¢Ralstonia
15|adzukl | -0.03270748 -0.03271 -0.11128 -0.36772 -0.26509 -0.03271 -0.09482 -0.03271 -0.03271 -0.36491 -0.03271I=-SUN(BLS 015)
16 BEP -0.05133 -0.05133 -0.36313 -0.05133 -0.05133 -0.14159 -0.31832 -0.08673 1 SUM( 1, [number2],
17 |mung -0.30856 -0.23837 -0.04833 -0.04833 -0.13434 -0.33989 1.1178:
18 pigeon -0.1405 -0.36565 -0.33673 -0.36436 1.207243
19
20
21
22 . .
= =-SUM(B15:015). B15 is the first cell in
24
25 . .
= the row and O15 is the cell with the last
27
28 1 f
- proportion tfor a treatment.
30
31
32
33 -
raw data Sheet2 analysis reduced raw data < »

Edit  Scroll Lock

Q Type here to search

Data Manipulation in R

H @ &

8 A @ T ENG

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.

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. dplyr
reshape2
vegan
BiodiversityR
ggplot2

o a0 o
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0 R:/BeckLab/cbeck/MyFiles/bean beetle microbiome/ABLE 2019 mini - RStudio
File Edit Code View Plots Session Build Debug Profile Tools Help

Q - X 2 - ~ Addins ~
Console ~ Terminal (5 Envionment History Connections
> # Import Dataset ~ | &
. . . % Global Environment ~
R version 3.5.2 (2018-12-20) -- "eggshell Igloo

copyright (c) 2018 The R Foundation for statistical Computing
Platform: 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 ‘'Tlicense()' or 'licence()' for distribution details.

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

Install from: 2/ Configuring Repositories
Type 'demo()’ for some demos, 'help()' for on- — Files Plots Packages
“help.start()' for an HTML browser interface g |Repository (CRAN) hd A
Type 'q()" to quit R. Ol Instal pdate
Packages (separate multiple with space or comma): Naj
” il User Library
Instal ibrary: abind
k
Ci/Users, Documents/R/win-library/3.5 [Default] - acepac
aplpack

Type the name of "

Install Cancel askpass

the package here ssrthat
. backports
and click Install.

basebdenc
BH

Biobase

BiocGenerics
BiocManager

RincParallel

Help  Viewer
Packrat
tion

Combine Multidimensional Arrays

ACE and AVAS for Selecting Multiple Regression
Transformations

Another Plot Package: ‘Bagplots’, ‘lconplots,
‘Summaryplots’, Slider Functions and Others
Data Analysis Using Regression and
Multilevel/Hierarchical Models

Safe Password Entry for R, Git, and SSH

Easy Pre and Post Assertions
Reimplementations of Functions Introduced Since
R-3.00

Tools for base64 encoding

Boost C++ Header Files

Biobase: Base functions for Bioconductor

S4 generic functions for Bioconductor

Access the Bioconductor Project Package
Repository

Rincanductor facilities for narallel sualiation

- X

K| ABLE 2019 mini ~

=0
List ~

=0

Version

14-5
141

1.10-1

11
0.2.1
113

0.1-3
1.69.0-1
2420
0.28.0
1304

1164

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

command 1ibrary(“name_of_package”) in the console.

4. TImport the dataset “reduced raw data” (dataset without the extra metadata that you created in the Excel section) into

RStudio.
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© R/BeckLab/cbeck/MyFiles/bean beetle microbiome/ABLE 2019 mini - RStudio

File Edit Code View Plots Session Build Debug Profile Tools Help

o . oy~ - Addins -

Console  Terminal S
R version 3.5.2 (2018-12-20) -- "Eggshell Igloo”

Copyright (C) 2018 The R Foundation for statistical Computing

platform: 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 contributors.
e 'contributors()' for more information and
‘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.
q()' to quit R.

Type

warning message:

File monitoring failed for project at "R:/BeckLab/cbeck/MyFiles/bean beetle microbiome/ABLE 2019 mini
Error 2 (The system cannot find the file specified)

Features disabled: R source file indexing, Diagnostics

H QO Type here to search

X

K1 ABLE 2019 mini ~

Environment  History  Connections =0
> # Import Dataset - | & List -
7 Globa From Text (
From Text (read:
From Excel.. Environment
From SPSS..
From SAS..
From Stata...
Files Plots Pacages Help Viewer =0
O instal @ Update i Packrat
Name Description Version
User Library 2
abind Combine Multidimensional Arrays 145
acepack ACE and AVAS for Selecting Multiple Regression Transformations  1.4.1
aplpack Another Plot Package: ‘Bagplots’, ‘Iconplots’, ‘Summaryplots’, 132
Slider Functions and Others
am Data Analysis Using Regression and Multilevel/Hierarchical 110-1
Models
askpass Safe Password Entry for R, Git, and SSH 11
assertthat Easy Pre and Post Assertions
backports Reimplementations of Functions Introduced Since R-3.0.0
basebdenc Tools for base4 encoding
BH Boost C++ Header Files
Biobase Biobase: Base functions for Bioconductor

BiocManager

$4 generic functions for

Access the Bioconductor Project Package Repository

BiocParallel Bioconductor facilities for parallel evaluation
BiocVersion Set the appropriate version of Bioconductor packages
BiodiversityR Package for Community Ecology and Sutability Analysis
Biostrings Efficient manipulation of biological strings

bitops Bitwise Operations

broom Convert Statistical Analysis Objects into Tidy Tibbles
callr Call Rfrom R

cr Companion to Applied Regression

carData Companion to Applied Regression Data Sets

cellranger Translate Spreadsheet Cell Ranges to Rows and Columns
checkmate Fast and Versatile Argument Checks

O Ry/BeckLab/check/MyFiles/bean beetle microbiome/ABLE 2019 mini - RStudio - X
File Edit Code View Plots Session Build Debug Profile Tools Help
O -%pla- - Addins ~ &1 ABLE 2019 mini ~
phenatype (7]  Envionment History Connections
Import Excel Data st -
ot
1 Em( Filerur
2 Emq | Ri/Beckl beetle /ABLE ini/colony-based sequence data.xlsx Browse...
3 EMC Data Preview:
4 EMC | experiment id sample id host sex media phylum dass family genus
5 EM( character) (character) character) (character) (character) character) character)
6 EM( | EMORYSPIS EMORY_SP18_114 4 PCR 145 BEP male PEA Firmicutes Bacill Bacillales Staphylococcaceae  Staphylococeus A
7 EMC | EMORY_SPIS EMORY_SP18_110.2 PCR 69 BEP female Blood agar Firmicutes Badill Bacillales Staphylococcaceae _ Staphylococcus
8 EMC | EMORY_SPIS EMORY_SP18_116_6_PCR 275 adzuki female EMB 2
9 EMC | EMORY_SPIT EMORY_SP17_110_20 mung male adutt Nutrient Agar e BI'OWSC to Select ﬁle
10 EM( | EMORYSP1S EMORY_SP18_110.5 PCR 202 BEP female adult Blood agar Firmicutes Bacill Bacillales
11 EM( | EMORY_SP17 EMORY_SP17_114_24 adzuki female adut PEA Firmicutes Badill Badillales st from your Computer
12 EM( | EMORY_SP17 EMORY_SP17_110_12 mung male adutt Nutrient Agar &
13 EM( | EMORYSP13 EMORY_SP18_116.4 PCR 173 adzuki female adutt Blood agar Firmicutes Badill Badillales Staphylococcaceae  Staphylococeus =0
14 EM( | EMORYSP17 EMORY_SP17_114_11 adzuki female adult PEA Firmicutes Bacill Bacillales Staphylococcaceae  Staphylococeus
15 EM( | EMORY_SP18 EMORY_SP18_1061 PCR7  BEP male adult PEA Firmicutes Badill Bacillales Staphylococcaceae  Staphylococcus
~
16 EM( | EMORY_SP17 EMORY_SP17_110_1 mung male adutt Blood agar
17 EM( | EMORYSP13 EMORY_SP18_114 6 PCR 265 adzuki female adutt PEA Firmicutes Badill Badillales Staphylococcaceae  Staphylococeus
18 EM( | EMORYSP1S EMORY_SP18_110.2 PCR 87  adzuki female adult Blood agar Firmicutes Bacill Bacillales Staphylococcaceae  Staphylococeus
19 EM( | EMORY_SP18 EMORY_SP18_116_5_PCR_199 BEP female adult PEA Firmicutes Badill Bacillales Staphylococcaceae  Staphylococcus
owing Tto 1 | EMORY_SP17 EMORY_SP17_116.8 adzuki male adutt PEA Firmicutes Badill L
sh Tt x SP17_116.
EMORY_SP13 EMORY_SP18 1163 PCR 125 BEP female adutt Blood agar
Console  Te
EMORY_SP17 EMORY_SP17_106_11 mung female adult PEA Firmicutes Bacill Bacillales Staphylococcaceae  Staphylococeus
EMORY_SP13 EMORY_SP18_106_4_PCR_165 BEP male adult PEA Firmicutes Badill Bacillales Staphylococcaceae  Staphylococcus
EVE"?“;';‘ EMORY_SP15 EMORY_SP13_106_5_PCR_237 BEP male adult PEA Firmicutes Bacilli Bacillales Staphylococcaceae  Staphylococcus
opyrigl
platform:| | EMORYSPIS EMORY_SP18_116.3 PCR_115 _ adzuki female adutt Blood agar Enterobacter !
R is free |EMORYSP18 EMORY SP18 114 4 PCR 145 adzuki male adult PEA Firmicutes Bacilli Bacillales Staphylococcaceae  Staphylococcus v
You are wi | Previewing first SO entries.
Type 'Tici -
import Options: ode Preview:
Import Opt Code P
R is a co| readx]
Type 'Com | Name: [ colony] « 39 b e e "
Type ¢ [ ased_sequence_data <- read_excel ("colony-based sequence data.xlsx",
citation Set Name to “colony Lo cquced raw dara’
Type *den Sheet: | reduced raw data plony_based_sequence_data)
help.stal | Range and use Sheet dropdown
Type 'q0)
workspac| to select appropriate
7 Reading Excel files using read! Import Concel
>
Worksheet fr()[n Excel 1] cellranger Iranslate Spreadsheet Cell Ranges to Rows and Columns 110
checkmate Fast and Versatile Argument Checks 19.1
i Uirloner éme Piinlmion Cseam e i It mckae 11n v

H O Type here to search
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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(Chost,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="1inverseSimpson",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)

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.

2¢;
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Where:

i & j are the two samples,

Si is the total number of specimens counted in sample i,

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

Cijj 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-Cu). Morista-Horn Index of Similarity is

012 Xi ¥i
Co = 22i=1 nm

2 (%) 4 52, (B

Where:

e  Di=number of taxa in sample |
e  Do=number of taxa in sample 2
e  Di>=number of taxa in shared in both communities
e X;=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 7 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 distance, use
the following command.

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

This is a computer-based activity so students will
need individual computers with internet access. This study
could be conducted by students working in pairs at one
computer, but there is more to be gained by having students
work individually while collaborating. Basic data
manipulation requires Microsoft Excel. Data analyses may
be conducted using Excel or the freely available RStudio
program. Configuring computers prior to conducting the
data manipulation and analyses is strongly suggested since
it will minimize student frustration.

RStudio is an open access statistical analysis
interface that requires the installation of the open access R
program. R and RStudio may be downloaded from:

https://cran.r-project.org/
https://www.rstudio.com/products/rstudio/download/

Notes for the Instructor

We advise instructors to conduct the entire data
manipulation and analysis that you want students to
conduct prior to meeting with a class. That will ensure you
are familiar with potential problems students may have
when conducting this study. The screen shots included in
the Student Handout are from a WindowsOS computer so
the screens that you and your students see will depend on
the computer operating system and the version of Excel
that you use. Microsoft Excel (or a similar spreadsheet
program) is required to manipulate data prior to conducting
the community ecology analyses. Once data are
configured and organized, the data may be analyzed using
either Excel or RStudio. RStudio will permit a more
comprehensive analysis, but Excel will permit students to
calculate the basic variables and indices necessary for
community comparisons, as well as understand the
underlying formulas used for calculating the indices.

The data manipulation required prior to data
analysis could be performed by the instructor as a way to
save time and have students just focus on the community
ecology comparisons. This streamlining of the data
manipulation may be appropriate depending on the specific
learning goals for your course.

The basic community ecology variables: species
(taxon) richness, Simpson Index (as well as the reciprocal
and inverse Simpson), and Shannon-Weaver Index may be
calculated using either Excel or RStudio. Calculating an
index of community distance (or dissimilarity), such as the
Bray Curtis Dissimilarity Index or the Morista-Horn Index
of Dissimilarity, as well as plotting species accumulation
curves, will be much more tractable using RStudio.

Publication of Association for Laboratory Education, Volume 41, 2020

Choosing the dataset(s) that students evaluate,
colony phenotype or colony-based sequence is a matter of
preference and the time you want students to spend on
these analyses. The two datasets are not simply different
methods of defining taxa in a community analysis but also
represent different ways of defining a community.
Analyzing both types of data to address similar questions
could lead to a very productive discussion with students on
the limitations of each database and the analysis of the data
within them. Each database could be used independently of
the other and there is no necessity for one database analysis
to precede the other. If students worked on one database,
the approximate time required to perform the data
manipulation and the analysis using either Excel or
RStudio is one and one-half hours. Completing all the
activities presented here would require two 3-hour
laboratory periods.
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