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1. Overview

Despite increasing popularity and improvements in terminal restriction fragment length
polymorphism (TRFLP) and other moleculdnrased microbial community finganinting

techniques, there are still some formidable barriers that plague the analysis of these datasets.
Many steps are required to process raw data into a format ready for analysis and interpretation.
These steps can be tinmdensive, erreprone, and &n introduce unwanted variability into the
analysis.

We developed-REX(T-RFLP analysi€Xpedited), a free, ab-based tool that wadesignedo
address current obstaciesT-RFLP analysis.

T-REX allows users to:

1 Label raw data with attributes relatexthe experimental design of the samples

1 Determine a baseline threshold for identification of true peaks over noise

1 Align T-RFs in all samples (bin-RFs)

1 Construct a twaway data matrix from labeled data and manipulate the matrix in a variety
of ways

1 Produce several measures of data matrix complexity, including the distribution of
variance between main and interactiffiees and sample heterogeneity

1 Analyze a data matrix with the Additive Main Effects and Multiplicative Interaction
Model (AMMI)

T-REXoffers users a consolidateitexible and rapid analysis of-RFLP data

2. T-REX at a glance

In this section, wériefly describehe general philosophy behifeREXand its basic functions.
These general ideas are presented in more detibsequersections of this document.

To useT-REX you need to open your web browser and navigatexaBioHPC.org Typically, a
T-REXsession startis theUpload Datapage bythe uploadng of two files: theraw data file

and thdabel file. Theraw data file containgabulatecelectropherograrpeak information as

exported fromGeneMappe® or PeakScannét . Thelabel file associatesach sampl@ the

data filewith a set of labelsvhich desribe the samplée.g., treatment to whidhe sample

belongs) T-REXis somewhat sensitive to themat of these files, so readction6 carefully for

detailed diretions.Once these two files are uploaded+BEX the information is stored
internally in the pr ogriaSQhdatabagemsaroject.(T-REXiIse s p e cC |
all about accessing and processing this peak and label information in a vaus¢éyubiways.

An important point is that, unless explicitly requesie®EX0 s 0 p edo rot eragerihe
uploadedpeak data from memory. Thus,you never have to reupload your datain the
middle of the analysis just because you want faureit with different parameter3-REXwill



handle this taslithin the current sessiarsing the same datou uploaded in the beginnir§.
you are aegistered user your project will be stored on our server indefinitely (or until you
choose to delete it) and yaull be able to come back to it any time. If you are working as a
guest user your project will be there for the duration of a session only (i.e., ibeideleted
after yai close your browser or leavantactive for more than an hour).

One of -REX® &inctions, which youmay want tanvoke right after uploading the data, is to
examine and fAweed t hr oddREXNeps yoteimimamakvanted nd s a mp
peaks either manually, via tlsample Summarypage éection 8), or automaticallysing the

Filter Noise function(section 10)In some cases, all peaks from a sample maglainated ,

in which casehewhole sucrsample will bemarked ag missing datasampleWhen

Ael i mi nat T-RE¥dbes aot grealykerase it from memory. Instedquist flags such
peals asinactive. If needed, gu can revert it back to tleetive stateusing the sam@&REX
functions you usrdfidea delyactiapenis (ie. dhe ones not marked
as inactive) are taken into account in thevdstream data analysM/hen the datarefirst
uploaded, all peaks are treated as active andii te you to weed through thenr,ymu can just
skip this gepif you are confident it isiot needed.

With the established set attive peaks T-REXperforms binning of fragment sizes. For
example, if a peak from sample A has the size 63.2 and another peak from sample B is 63.1,
chances are you would like to put them both into a bin of size &3kipe language of FREX,

the size bins are referred to as-RFs. Assignment of IRFs to peaks across all samples may be
a nontrivial problem, an@REXhas two algorithms implemented to deal with this igsee
section11 for details) The default is just to rounalf each fragment size to the nearestgete
which defines the bin. ik function isperformed automatically aftgou first upload the data.
Then, whenever the set of active peaks changes as a result of noise filtering or a manual change,
the binning process mutomatically repeated to make theRFs(bins) consistent with the

current set of active peaks. This automatRH updatecan beime-consuming and you may

want to turn it off when you plan on performing frequént e e d i noigediltering operations.
The buttorAlign T-RFs gives you acced® an option which disables automati®F updates.
Here you can alsohange the algorithm to be used for binnifigou are happy with the

default binning setup, you do not have to touch the Align-RFs button at all.

Samples are often organizedaiconceptually equivalergroupsor replicatesreferred to as
environmentsin T-REX If your samples are replicated, you aefinetheenvironmentsin the
label filewhen uploading the dafaeesection6.b).You can als@asily change the defined
environments in theEnvironments pageafter the data are uploaded (section 12).

Once the set of active peaks and environment assignments are configured to your satisfaction
(note that in principle both these steps are optional), yoexjaort the datasng the Export

Labeled Datapage(section9) for use in other statistical software packagéssfunction

producesa tabdelimited file resembling the raw data file, but with |lakseisl other specified
information paired with each peak.

Alternatively, he currenset ofactive peakscan be used to constructlata matrix in thé®ata



Matrix/ AMMI page.Using builtin filtering mechanisms, you can select samples aR&3to
be included in this matrix. Theewly constructed data matrix can be exported or carriedfove
further analyseOne of suclanalysisthe Additive Main Effects and Multiplicative

Interaction Model (AMMI) , is built intoT-REXand activated witla mouse click. The resulting
tables, charts, and output files are than available for vieandglownload.

Ordination results extracted from the Data Matrix may depend on a variety of factors, such as
noise reduction threshold, environment (replicate) definitions,terifif criteria applied during
datamatrix constructionT-REXoffers a unique posslity of reattime analysis of these
dependencies. For example, if having performed an AMMI analysis you stisgieittenoise
filtering threshold was initially set échigh, you can always use tRéter Noise function with a
different parameter andeh rerun the analysis using thi@ata Matrix/ AMMI functionwithin

the same sessioihere is no need to reupload the data and start a new project from

scratch.

3. About TREX

T-REXwas developed by Robert Bukowski under the guidance of Steve Culmgim Géwich,
Hinsby CadilleQuiroz and Dan Buckley at Cornell University, Ithaca, NY.

T-REXwas writtenusing Microsoft ASP.NET and MS SQL Server platforms on Windows Server
2003. It is hosted at the Computational Biol&grvice Unit (CBSYat Cornell Uniersity.

T-REXcan be found at the web addrest$p://trex.biohpc.org/Theaccess to thprogramis free
and requires only a web brogrsand an internet access

In the future, the source code eREX will be available under theNU GPL License

Funding for T-REXs development was made possible by the National Science Foundation's
Biogeochemistry and BiocomplexilERT grant, and by the Microsoft Corporation.

4. Home Page

TheHomepage outlines the progr amostypicdfowofr es and
analysis (Figure 1). Tabs on the left of the page direct the user to different functions of the
program.
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You are logged in as steve. Active project(s): Hhal-E-G
Change Password
Select Data Welcome to T-REX

Software for the labeling, processing, and analysis of T-RFLP data

View and Edit Data [ [OVe"view
T-RFLP data analysis requires many steps that are often time-intensive, error-prone, and can introduce unwanted variability into the analysis. T-REX is a free, online tool
Sample Summary that was developed to address these obstacles

Export Labeled Data

Process Data

T-REX allows users to

= = ¢ Label raw data with attributes related the experimental design of the samples
Filter Noise ® Determine a baseline threshold for identification of true peaks over noise
Align T-RFs ¢ Align T-RFs in all samples (bin T-RFs)

¢ Construct a two-way data matrix from labeled data and manipulate the matrix in a variety of ways

¢ Produce several measures of data matrix complexity, including the distribution of variance between main and interaction effects and sample heterogeneit

¢ Analyze a data matrix with the Additive Main Effects and Multiplicative Interaction Model (AMMI) analysis (doubly-centered PCA)
Analyze Data

Data Matrix/AMMI T-REX has been designed and built with flexibility in mind. Each of the menu buttons on the left correspond to a certain action performed on the data. Since these actions

Results Summary are to a large extent @ndependent any of the buttpns can be used atany time, without the need to reload or upload the same data again. Although no particular
sequence of actions is imposed on the user, a typical flow of analysis is illustrated below

Figure 1. Screenshot of-REX Home Page.

5. Guests and Reqistered Users

You can work as a guest or, if you have an accountregistered user. Registered users can

have up to 25 unique projects saved on the server at any time. Saved projects can later be
concatenated, renamed, or deleted. Guests are allowed everything except storing their data on the
server.

If you would like toregister, please email your request to chsu@tc.terthe with a short
explanation of the nature of your research.

6. UploadData

The first step in using-REXis to upload and label the data. This prodeggpens
simultaneously and requires two files:

f Raw data file. Thisis thetabulatedile that is exported frorendMa pper E, Pe ak
Scannek , or similar sizecalling software that contains the peak information for a set of
samples.

1 Label file. This contains a set of labels/attributes that describe each sample and often
correspond to factors in the experimental design.

A user should identify the raw data file and the label file by selecting the 'Browse' button to
locate the saved fite A new project is created when a user uploads and labels data. Registered
users should specify a unique name for this project as it wéltdved on the server, and can later



be modified. Alternatively, a registered user can upload new raw data to a specified existing
project. The name of the active project and the registered user is displayed in the blue box under
theT-REXheader icon. Oreuploaded, the data will be labeled, i.e., each peak in the raw data

file will have the coresponding labels attacheak illustrated in Figure 2.

Overview of Labeling Procedure

Raw Data File Labeled Data File

Afsa| 50 [1020] 321 Afsa| 50 [1020] 321
Label File Afsa| 78 | 561 6542 Afsa|l 78 | 561 6542
Afsa| 89 [6516 (2151 Afsa| 89 |6516 (2151
Aulsa Afea| 120 | 851 | 542 Afsa| 120 | 851 | 542
B.fsa| 52 | 516 |8534 B.fsa| 52 | 516 |8534
B.fsa B.fsa| 64 |1654 |2683 B.fsa| 64 |1654 |2683
B.fsa| 120 (6683 [9762 B.fsa| 120 (6683 [9762
C.lsa C.fsa| 52 |6545 2684 C.fsa| 52 |6545 2684
Cfsa| 78 | 856 | 328 Cfsa| 78 | 856 | 328
CAsa| 120 | 778 | 943 Cfsa| 120 | 778 | 943
C.fsa| 131 [3852 |6455 Cfsa| 131 3852 |6455

Figure 2. lllustration of labeling procedure in T-REX.

6.a File Formats

T-REXrequires specific datiile formats. Theaw data and label filanustbe in tabdelimited
format. TheRaw Data FilemustNOT contain a header line and should look similar to this:

B,1 Afsa 51.22 3647 732241364
B,2 Afsa 57.04 109 714 1430
B,3 Afsa 62.18 113 847 1486
B,1 B.fsa 51.09 3246 667421350
B,2 B.fsa 55.26 77 570 1396
B,3 B.fsa 65.86 84 1371 1512
B,1 C.fsa 50.91 3852 771181349
B,2 C.fsa 58.25 54 390 1429
B,3 C.sa 61.01 127 1235 1459

The columns should correspond to those of a typical GenentappaPerk Scanndt exported
file, with columns representing (from left to right): Dye/Sample Peak, Sample File Name, Size,



Height, AreaandData PointEntries in the first column may contain quotation marks and
spaces, for exampl e, ,B30 owouflBd, b e3oequbuwtalneunstt
characters, as these characters are used as column separators. If the number of entries in a line is
not equal to 6, such a line will be ignored (not uploaded).

TheLabel File shouldcontain a header linend the ifst entryMUST be calledrileName The
file should be similar to this:

FileName Date Site Depth Replicate

A.fsa 1 C 1 1
B.fsa 1 C 1 2
C.fsa 1 C 3 1

Column headings in the label file can be up to 20 charactenmnasithot contain spaceblp to

10 attributes (columns) are allowed in the label file, and should represent some aspect of the
experimental design. Column headimgplicateandEnvironment have special meaning: if
present, these headings will be used to organize samples inps grioeplicategsee below)

If the header line is not included in the Label File, generic column headings labell, label2, etc.
will be assigned. Thedeeadings can be changed later usirSample Summarypage All file
names irthe label file must banique.Exampleraw data and label files are available for
download on th&Jpload Datapage.

Below is a checklist of the required formats for both file types:

Raw Data File
V Tab-delimited text file
V No column headings
V Six columns total
V Entries "Dye,Peak(e.g., "B,5") must not contain tabs

Label Data File

Tab-delimited text file

Column headings included with the first entry calldéName

Column headings contain no spaces and no more than 20 characters
Column headingReplicateandEnvironment have speeal meanings

All sample names are unique

<K<K

6.b. Defining Replicates

T-REXperforms several functions that take advantage of information provided by replicated data
(i.e., samples that are conceptually identical, or belong to the same environment/treatment).
Replicated samples are organized into groups catledionments All samples belonging to a
givenenvironment aretreated aseplicates of one another. TRREX each environment has a



unigue identified a positive integer. At any given time, each sanmelengs to only one
environment and the corresponding environment identifier is displayed Entheolumn on
Sample Summarypage.In the casevhere data are not replicatezhch environmentill contain
only one sampk& that is every sample will be assegha unique environment (integer)

Defining Replicates during data upload

By default when uploading the dat&REXwill automatically assign samples to environments
based on all labels, i.e., two samples will be considered belonging to the samensentri

they have the same sets of labels. This default behavior can be changed if the Label File contains
a header line and one of the two special colufEnsironment or Replicate The first option is

likely most useful for experiments with simple expeental designs. Using the word

Environment as a column header in the label file will designate all samples with the same value
in thisEnvironment as replicates. The second approach is potentially more flexible for complex
expeimental designs. With theawd Replicateas a column header in the label file, the program
will designate replicates as samples whose attributes in the label file are all iderteptthe

value in theReplicate column. If bothEnvironment andReplicateare found in label filethe

program will assign replicates by tBavironment attribute. If neither th&nvironment nor
Replicatecolumn is provided in the labels file (or if this file doest have a header line at all),

the default behavior is expected.

Defining Replicates inthe Sample Summary Page

Since replication can occur at multiple scales (e.g., analytical, field), manual manipulation was
made possible to allow the user more flexibility in the analysis eRBLP dataset. Replicates
canbe defined at any time by manlyakntering in numbers (positive integers) in By

column in theSample Summarypage. All samples with the same numbers will be treated as
replicates. When all numbers are assigned, clicking the 'Submit' button on tofcaf/tbelumn

will change any pevious designations to the newly defined replicates.

Defining Replicates using the Environments page
Replicates can be defined automatically based on label comparison udimyiteaments
page. By checking checkboxes, the user can define a set lsfudbeh determine an

environment. Two samples will be considered replicates (i.e., belonging to the same
environment) if they have identical sets of checked label values.

6.c. Missing Data

Missing data occurs when one or more samples are omitted feoam#tysis. Missing data can

result from multiple scenarios. First, a researcher could throw a sample out after the visual
inspection of the electropherogram showed that the run was of too poor quality to be meaningful.
Genemappét software can also omibpr-quality samples from the exported Genemakper

file. (In this scenario, the sample will not be present in the raw data file.) Missing data can also



arise fromnoise filtering procedurehich caneliminatewhole samples from dowastream
analyses.

T-REXis able to appropriately deal with all possible cases of missing data. In scenarios when
there is a discrepancy regarding samples between the raw data file and label file the program will
enter and record these noratched samples, but mark them as misdatg. More specifically, if

the label file contains a file name that is not represented in the raw data file, the corresponding
sample will be entered into the system and marked as missing data. Likewise, if the raw data file
contains file names not ingHabel file, the samples corresponding to these missing names will

be marked as missing data and zeroes will be added as labels. In an extreme case when a label
file is not supplied, all samples in the raw data file will be marked as missing data. &lsers h

the option of manually supplying the labels and removing the missing data mark from the
Sample Summarypage.

Missing data are stored in the active project, but do not affect any procedures or manipulations of

data. They are marked in red and can leeved in théSample Summarypage by clicking
6Show Detail so.

7. My Projects

This function is available only to registered us@msce a project is created, it can be renamed,
merged, or deleted in tihy Projects page. Users can also come back teeiging prgects

and load them usinipis page for further manipulationlerging two or more projects is possible
only if the label names are consistent across all projects being combined.

8. Sample Summary Page

The Sample Summarypage is synonymous to theme page of a particular project (Figure 3).

All samples are consolidated to show the total number of peaks, total peak height and peak area,
as well as the properties relating to the experimental factors assigned in the labeling procedure.
Theidentifier of theenvironment a given sample belongs to is shawthe Env column. The

Sample Summarypage also shows users the effect of the noise eliminatamedureon the

number of active peaks.

Individual samples can be viewed, edited, and even remowexitifre analysis in th&ample
Details page, accessible by selecting an individual samiideis the Sample Summarypage.
Once viewing an individual sample, the user will ageconstructed graphic of the
electropherogram as well as tabulatedividual peak propertiedJsers areble to manipulate
labels, deactivatmdividual peaks of that sample, or mark the entire sample as missing data
within the projecin this page

1C
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You are logged in as steve. Active project(s): Hha1-E-G
Change Password
Select Data SAMPLES SUMMARY
Upload Data .
My Projects Learn about this page
View and Edit Data [ Show Details ] [ EditLabel Names ]
Sample Summary
Export Labeled Data Total number of samples: 202 Missing data samples: 22
Process Data Env File . __|Original|Active(Total (Total |Total
[ Filter Noise ] [l (_Submit |[Name Dye BlockiTreatmentiDepth|Time/p .o IPeaks|T-RFs|Height/Area
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Admin 499 6 (2 H1E25fsa B |4 AG 1 51 51 51 11787 191154
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Figure 3. Screenshot of-REX Samples Summary page.

Below are specific definiins related to th8ample Summarypage:

T

ID is a unique identifier of a sample, generated when raw data are uploaded to the
program, creating a new project. Clicking on ID will allow you to view and edit details of
that individual sample.

Env is an integenumber denoting thenvironment (group of replicates) a given sample

belongs to. If a set of samples have the same environment value, they will be treated as

replicates. Thisiéld can be edited manually leytering values and clicking the 'Submit'
buttonin the column header.

Original Peaks designate the total number of peaks originally present in the uploaded
raw data file.

Active Peaksis the number of peaks which have not been filtered out as noise or
manually marked as inactive.

Total T-RFsis the nunber of FRFs present in the sample. If different fréwtive

Peaks the FRFs are not up to date aAtign T-RFs procedure should be run. In such a
case, a star ("*") is added to the number inTibial T-RFsfield.

Total Height andTotal Area arethe cumlative peak height and areas, respectively,
summed over all active peaks.

Additional details related to the samples can be viewed by clicking on 'Show Details' button:

T

Removed Peakss the total number of peak®m the raw data filéhat have beemade
inactive manually or as a result of noise elimination function
o Noiseindicateshow many peaks were deactivatedheFilter Noise procedure.
o Manually indicates how many peaks were deactivateshually by the user.

11



Sample that have had no peaks deaddddi.e., Original Peaks equalActive Peak9 are shown
in green Samples with some of tipeaks inactivare shown irbrown. Samples marked as
missing data (i.e., all peaks made inac}igee shown ined. Missing data samples can be
displayed or hiddensing the 'Show/Hide Details' toggle button.

9. Export Labeled Data

TheExport Labeled Data page was designed for users who want to take advant3gRE0 s
rapid labeling and/or data processing procedures, but analyze their data with another software
program. After data are uploadand labeled, users can export the labeled data directly, or can
manipulatehe data before exporting. Ti®ample Summarypage indicates the current status of

a project and will reflect the exact details of the data thatbeikxported.

Labeled data is exported as a simple text file with columns separated by a specified separator
(tab-delimited by default)Using the checkboxes provided on &xport Labeled Data page,

the user controls which of the data columns shouldperéed. These nyainclude the peaknd
labelsinformation uploaded initiallps well as additional information generated HyHX, such

as FRF (or bin size) a given peak belongs to, peak status (active/inactive), or the unique Sample

ID. Once exportedbg | i cki ng on the OExportoé butviaam, t he
http link.

10. Filter Noise

Determining "true peaks" (i.e., distinguishing peaks from background fluctuations in
fluorescence) is often a major challenge4RHLP data analys, as the baseline threshold can
dramatically affect the community fingerprint and downstream analyses. A common procedure is
to apply a researchéetermined baseline threshold across all samples teedtditrue peaks

from noise(Abdo et al., 2006; Blackwood et al., 2003; Dunbar et al., 2060dyever, this

threshold is often suégtively determined and may not be the most appropriate approach. Since
the number of spurious peaks in a sample may increase when the amount of PCR product
analyzed increases, the amount of noise relative to signal in a sample may be a methodological
artifact. When DNA concentrations vary from sample to sample, determining true peaks from
noise based on variabilityithin each sampléAbdo etal., 2006) rather than a value across all
samples isisuallymore appropriate.

T-REXuses the approach outlined by Abdo e{2006)to find true peaks and eliminate

background noise. True peaks are identified as those whose height (or area) exceeds the standard
deviation (assuming zero mean) computed over all psaksr a samplend multiplied bya

factor (to bespecifed in the box provided The procedure is then reiterated with the peaks which
were not identified as true ones. The iterations continue until no new true peaks are found.

12



The filtering of peaks can be based on standard deviations of peak heightasrchneay be

applied to all samples or just selected samples in the active project. Users should select an
appropriatgfluor-specific)standard deviation multiplier based on the original electropherograms
and results of the filtering procedure. The progediows for rapid manipulation of the

multiplier and subsequent reviewing of results in$laenples Summarypage if a user wants to
determine an appropriate multiplier empirically. At any time the filtering procedure can be

cleared and the data revertedtth e i r or i gi nal state with the 06CI

11. Align TFRFs

The size (in base pairs) of everRF is determined by referencing th&kF with an internal size
standard. However-RFs can be improperly sized due to differences in fragmematag,
purine content, and fluorophor@saplan and Kitts, 2003; Marsh, 2009hese analytical errors
in determining fragment length-|F drift) areoften corrected for by aligning peaks manually
(Blackwood et al., 2003nligning them automaticalipunbar et al., 200 Smith et al., 2005)
or simply ignoring them and treating thexm analytical error.

T-REXperforms alignment of the current setaative peaks The peaks flagged as inactive are

always ignored by the alignment procedure. By default, the alignmeéohéautomatically

whenever a set of active peaks is established or whenever it changes. It happens first after the
data is uploaded, at which point all peaks are considered active. Then, each time a peak (or set of
peaks) is manually put in inactive ®tair filtered out as noise, the peak alignment is

automatically repeated from scratch. If the default alignment settings are acceptable, the user is
not required to take any special action. OtherwiseAtiym T-RFs page can be used to switch to

a different alignment algorithm and/or to turn off the automatic alignment (see below).

T-REXoffers two approaches fonautomated alignment of peakkich can be configured via
theAlign T-RFs page.The default approach rounds everiRFF up/down to the neardsteger

sizein base pairsThe second optiomodels the approach taken by the software progr&ign
(Smith et al., 2005)Briefly, thepeakcorresponding to the smallest fragment size is identified
across all sampleand tagged. Peaks within thize range givehy the(userspecified)

clustering threshold are then identified and grouped into-&F. The next smallestagment
sizepeak across all samples not falling into the firRH'is identified and tagged. Peaks within
the specified clustering threshold are identified and grouped with the se€d fis process
continues unkall peaks are grouped inGRFs. The process leads to averaginghsd positions

of the peaks belonging to a given TRF, resulting in an avardfe position. In this sense, a&T

RF can be thought of as a "peak size averagedsamples”. Since each peak is assigned to one
T-RF (whose average position is very close to
use the terms "peak" and-RF" as synonyms. However, it is important to understand that this
association aabe made only after the peaks have been aligned aneRRe fave been found.
Besides the averageRF position, each TRF is also assignedTaRF ID i an integer which

(unlike the average position) uniquely identifies thiBH among the others. Bothetlaverage -T

RF position (denoted simply a$-RF) and thelTRF ID are shown in th&ample Details section

of theSample Summarypage. Most likely, the-RF ID is of no particular concern to the user. It
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is used mostly by-REXitself to properly keep trackf 3-RFs.

It should be noted that both alignment approaches allow for more than one peak from the same
sample to be assigned to the sariRFI(in the case of thEAlign-stylealgorithm,this default
behavior may be changed pgakpehpbotrircludedgneadne b o x

TRFO). This creates an ambiguity | ater on du

immediatelyclear which peak should be considetedepresent tle sample for this RF. T-REX
resolves this ambiguity simply lassuming that smaller peaks in-&F are most likely noise
andselecting the largest (by height or area) peak as a represemtdoveng multiple peaks
from the same sample to be grouped in offig=Tprovides additional assurance (besides noise
filtering) that noise peaks will ntie included irthe Data Matrix.

T-REXallows users to manipulate datasets with multiple fliisichever the alignment method
used, itis always applied separately wittgnoyps of (active)peaks with differenfiuor colors.

For exampleif samples iraproject contairpeaks associated wiboth blue and gredituors, the
blue peaks will be aligned separately from the green ones. Therefore;R&ahill always

contain peaks of only one cojoegardless of thT-R F 0 s . Inspartzc@aronemay end up with
two different TRFs, both corresponding to the same size in base pairs, but to different colors.
These two IRFs will be treated as distinct by thewnstreanData Matrix construction and

AMMI analysis routines.

Since theautomatic TRF update (realignment) is somewhat tiom®suming, it can be turned off

when frequent changes of peak status are expected, for example, if the user plans on interactive
adjustment of the noise filtering factors. TAlggn T-RFs page gives yoaccess to an option

which disables automaticHF updates. In such a case, after the peak operations are completed,
peak alignment must be restored manRBB$| yowy
button on th&lign T-RFs page. Otherwise,@arning will appear on the information bar on top

of the page informing the user that th&Fs are absent or outdated (i.e., not consistent with the
current state of active peaks). The button mentioned above has to be used whenever any settings
have beerhanged on thAlign T-RFspage.

12. Environments

The Environments page allows users to rapidly classify samples into environments based on the
given labels. This approach is especially useful when replication in an experiment occurred at
multiple scals (e.g., analytical, field) and a user wants to compare results dratezse

different ways of defining replication. Users can assign and/or reassign replicated samples into
environments bysing the checkboxée define the set of labels that determameenvironment

(check as many as you want). Samples will be considered replicates (i.e., belonging to the same
environment) if they have identical sets of checked label valuese all the appropriate boxes

i .
r

C |

are checked, cl i cki nliuttonWwikreddfiDeeehviranreentt aceordingtyn me nt

Un-checking all the boxes and clicking on the button will group all samples together in one
environment.
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Users can view the currently defined environments by downloadingdetahited file provided
via an hinl link on Environments pageor by viewing theEnv column in theSamples
Summary page.

13. Data Matrix

Because of the complexity associated wHRHALP and other microbial community datasets,
multivariate statistical analyses are typically performethese data to summarize the complex
relationships of the microbial communities with their environments. RRKLP data exported
from Genemapper E, Pe a kcalhgsoftware is tiypjcallpim a tabulated | ar s
or listed format, where one colunecontains all the records for each variable (i.e., one column for

all T-RF sizes, one column for all peak heights, etc.). However, theseftataeed to be

formatted into a twavay data matrixywhere rows are indexed by théRFs and columni by

sampes (orvice versa Such a tweway formatis required by many multivariafecused

statistical software packages. Assuming the researcher employed randomization on the lab bench
to minimize bias throughout the entire analysis, the process of data mastruction can be
time-intensive and errgprone.

TheData Matrix/ AMMI page allows users to first construct a way data matrix andecond

run the AMMI model on this data matrix. Data matrix constructimolves six stepsThe first
steprequires tha all peaks be assignedparticular FTRFs (aligned). Unlesspecified otherwise

by the user, this assignment is performed automatically, so typically no action is required here. If
the page detects that thdRFs are not up to date, it will ask the ugeuse theAlign T-RFs

function before proceedingn the second stepthe user is given a chance tedefine the

assignment of samples to environments, if the current assignment is not satisbactoyy

reasonThe third step allows users to specifyhich type of data (presence/absence, peak height,
or peak area) to use for data matrix construction, and if these data should be averaged across
replicates and/or relativizeth the event that a sample has more than one peak belonging to a
given FRF, onl the peak with the largest value of height or area (depending on what was chosen
as the data type) is included in the Data Maifrhe fourth step allows users to seleathich
sampleshould be included in the data mataixd subsequent analysissers hae the option of
selecting alsamplespr justthose with specific dye colors and/or specific lab@lise can also

omit samples with poor peak representatotoo small total peak height and/or ar€Elae fifth
stepallowsrare FRFsto be omitted fromhe Data Matrix This step represents a final quality

control process to be pled on the data matrix. Clickihg@nCr eat e Dat aixthMat r i x 6
stepwill take the user to another page where a data matrix idefmited format is ready, as

well as ouput on basic data matrix properties, such as total samplesRRd fresent,

maximum and minimum, and average number (richnessR¥slacross samples, and sample
heterogeneity (Figure 4). At this point the user is able to export this data matrix [jeisanéh
another software package, or conwAMMuUe with th
Anal ysi s0 4bagoswe section 1

15



Home
Change Password

Select Data
Upload Data
My Projects

View and Edit Data
Sample Summary
Export Labeled Data

You are logged in as steve. Active project(s): Hha1-E-G

Basic Data Matrix Properties (explain)

Samples present

Process Data

Align T-RFs

Analyze Data

Data Matrix/AMMI
Results Summary

Admin

T-RFs present

Number of column blocks (environments)

bers of in ive envirs

Missing data represented by
Minimum number of T-RFs
Maximum number of T-RFs
Average T-RF richness

Sample Heterogeneity

DATA ANALYSIS: run AMMI

Data Matrix created successfully !

164 out of 202

335 out of 335

36
5544455556543535556555634555655545445535
k|

20 in sample 499_89 (H10F20.fsa)

112 in sample 499_16 (H1F27 fsa)

48.21

5.95

Percent of empty cells in data matrix 0.14

Project Admin

The tab-delimited data matrix is ready for download here

If you wish. you can now click on the button below to run AMMI analysis of the data matrix just created using MATMODEL 3.0

Documentation
Glossary of Terms

[ View AMMI analysis ] [ Back to Data Matrix ]

Last updated:

Figure 4. Screenshot of IREX Create Data Matrix/ Run AMMI page.

13.a Basic Data Matrix Properties

Below are the caldations forsomeof the Data Mitrix properties:

1 Average TRF richness is the average number-&Hs in a the dataset; averagHF
richness = sum of total number 6RFs in each sample/ number of samples

1 Sample Heterogeneity[{total number of IRFs ina dataset) / (averageRIF richness in
the environments)y 1. Sample or environment heterogeneity is also known as beta
diversity, as defined by Whitak€t972) McCune and Grad@002)state as a rule of
thumb for ecological datasets, beta diversities less thanrathes low and greater than 5
are very highCulman et al(2008)found thafT-RFLPdatasets with highdia diversities
( Ghold likely employ NMS analyses, while datasets with low beta divergitits
should use theoretical criteria to selection an appropriate ordination analysis.

1 Percent of Empty Cells in Data Matrix(total number of cells in dataatrix - sum of
every sample richness/ (total number of cells in data matrix)

14. AMMI Analysis

The Additive Main Effects and Multiplicative Interaction Model (AMMI), also known as deubly
centered PCA, has been demonstrated to be an empirically robusiearetically advantageous
ordination analysis for-RFLP datgCulman et al., 2008)'he model uses analysis of vaica
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(ANOVA) to first partition the variation into main effects and interactions, and then applies PCA
to the interactions to create interaction principal components axes (IPEBREXinterfaces
with MATMODEL 3.0 (Gauch, 2007)o run the AMMI analysis

Selecting 'Run AMMI Analysis' after the data matrix has been constructed will take the user to
another page where four output tables summarize the ANOVA results and a numigpuof

files areavailable to download (Figures 5 and 6). Explametiof the tables and their calculations
arepresentedbelow.

Figure 5. Screenshot of tables 1 and 2 produced with output from the AMMI analysis i+
REX

Table lreports the results of the analysis of variance (ANOVA) on thenaypdata matrix,
wheredf = degrees of freedom, SS = sum of squares, and MS = mean square. All subsequent
tables are based on calculations from this ANOVA table.

Table 2reports the interaction sums of squares (SS). If the data are replicated, the interaction
total will be deomposed into interaction pattern (or signal) and interaction noise. If data are not
replicated an N/A will be displayed in the cells. With replicated data, Table 2 gives an estimate of
the degree to whictine interactions (differential responses éRFs b the samplesire

meaningful signaVs. idiosyncratic noise. Higher percentages of interaction pattern reflect greater
similarity among replicates (samples in the same environnieistpossible to get a negative

value for the interaction pattern. Tluscurs when the predicted interaction noise exceeds the
interaction total, and indicates that the interaction term is probably mostly noise.

Table 2 Calculations: The interaction noise SS was estimated by multiplying the interaction

degrees of freedom fidby the mean squared error (MSE). The interaction signal SS was
estimated by subtracting the interaction noise SS from the interaction (total) SS.
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