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1 Introduction

RiboSort is an R package for automated data preparation and exploratory anal-
ysis of microbial community profiles. It facilitates the sorting of many automatic
sequencer generated profiles at once, thus eliminating the tedious and time con-
suming operation of manually manipulating and sorting profiles.

This document illustrates a sample session using the RiboSort package. It
goes through loading data, running RiboSort to sort the data, and manipulating
results for preliminary statistical analysis. We assume a basic knowledge of R,
and thus advise familiarization with Appendix 1: Getting Started in R, if this
is your first encounter with the R programming environment.

To begin, start R, then load the RiboSort package:

> library(RiboSort)

2 Data Retrieval

RiboSort facilitates the direct input of data produced by two automatic se-
quencers, the Applied Biosystems (ABI) Gene Mapper and the Beckman Coulter
CEQ 8000 Genetic Analysis System. Data can also be read from other formats
if you reformat it manually into RiboSort’s defined standard profile (see sec-
tion 2.1). We welcome contributions for routines for importing data from other
formats.

2.1 Standard Profile

A standard profile defined for the RiboSort package contains two columns. The
first column lists fragments detected in the sample in increasing order. Their
associated relative abundances, represented by peak heights in the sequencer
output, are listed in a second column. An example of a standard profile is
illustrated in Figure 1.

2.2 Applied Biosystems 3130XL (GeneMapper)

The ABI 3130XL sequencer and its associated GeneMapper version 4.0 software
allow data to be exported in a wide variety of formats. Two of these formats are
compatible with RiboSort. The first contains a single community profile which
we denote ABIlsingle, and the second can contain multiple profiles, denoted
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Figure 1: RiboSort’s standard profile format.

ABImultiple. Instructions for retrieval of these formats using the GeneMapper
software are now described.

ABlsingle

e Once logged into the GeneMapper software, select File — Open project
from the top menu. Highlight the desired project and click on Open. Set
tablesettings to AFLP default.

e Proceed by highlighting the sample to be exported. Click on the Display
Plot icon in the top toolbar. In the plot window that opens, set plot
settings to sizing, and subsequently select File — FExport table. Save the
text file under its sample name in the desired location.

e An example of such a file is illustrated in Figure 2.
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pye/Sample Peak Sample File Name Size Height Area bata Foint
"B, 1" AKD9_FOB.Tsa 37.43 142 1380 1544
"B,2" AKS9_FOB.Tsa 104,34 145 2245 1703
"B,3" AKS9_FOB.Tsa 246,16 246 3616 3052
"B, 4" AKSI_FOB. Tsa 250.2 4903 5638 3087
"B,5" AKD9_FOB.Tsa 251.0 1817 16058 3094
"B,6" AKD9_FOB.Tsa 252,28 315 2857 3107
"B, 7" AKD9_FOB. fsa 254.45 151 1137 3129
"B,8" AKO9_FOB.fsa 256.41 134 1506 3149
"B,9" AKD9_FOB.fsa 258,17 194 1655 3167
"B, 10" AKS9_FOB.fsa 259,33 471 4119 3179
"B, 11" AKS9_FOB.fsa 260.02 399 2941 3186
"B,12"  AKS9_FOB.fsa 261.18 992 2568 3198
"8,13" AKS9_FOB.fsa 26244 1740 15468 3211

Figure 2: An ABIlsingle text file.

ABImultiple

e Once logged into the GeneMapper software, select File — Open from the
top menu. Highlight the desired project and click on Open. Set tableset-
tings to AFLP default.

e Open the Genotypes tab and take note of the maximum allele number
detected in the set of samples. From the top menu, select Tools — Gen-
eMapper Manager. Open the Report Settings tab and enter the project
name into the space provided. The maximum allele number should be
entered into the Number of Alleles box.

e In the Genotype tab of the Available Columns box, highlight the fields
to be included in your output (these are sample name, all sizes and all



heights) and click on the arrow pointing right toward the Selected Columns
box. Click on OK.

Back in the GeneMapper window, highlight the samples you wish to ex-
port, or if all samples are to be included in the output file, enter Fdit —
Select all.

On the top menu, enter Analysis — Report Manager. In the report man-
ager window that opens, there is a drop-down menu entitled Report Set-
tings. In this menu, select the project you just created.

On the top menu, select Edit — Flip Table. Then select File — FExport. . .
and save the output text file under its project name in the desired location.
An example of such a file is illustrated in Figure 3.
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1 ? 3 4 5 6 7 B8
Sample Name AKBD AKkB1 AKBZ  AkBI AKB4  AKBS  AKEG AKGB
Size 1 237.74
Size 2 239.57
Size 3 243.03
Size 4 244,43
Size § 245,58 24558 246,16
Size b 247.31 246.74 246.85 247.27
Size 7 248.47 248.47 24B.58 247.89 247.97 248,44
Size 8 250.2 249,95 250,272 250.3
Size 9 250.89 250.89 251.1  250.89 251.1 251.0
Size 10 252.09 252,37 252.36 252.29 252.78
Size 11 253.66 253.56 253.57 253.64 254,16 254.45 253.67
Size 12 256.7  256.41 256.42 256.66 256,51 256.41 256.53
Size 1 257,58 257.49 257.53 258.05 257.59 258.17

Figure 3: An ABImultiple text file.

e One final step is required to make this output compatible with RiboSort.
Open the text file, say projectname.txt, in Excel. Select File — Save as. ..
and save the file as a comma separated file, projectname.csv. This file is
now ready to be used in the RiboSort package. An example of such a file
is illustrated in Figure 4.

A | 8 [ ¢ [ o | E | F | & | H | 1 |
e ! 1 2 3 4 8 B 7 g
_2 |Sample Name samp! sarmp?  sampd  sampd sampS  (sampB sampd sampB
3 |Size1 237.74
4 |Size 2 239.57
5 |Size 3 243.03
B |Size d 244.42
7 |Size s 24556 245.58 246.16
B [Size R 24731 24674 24685 24727
8 [Size? 24847 24847 24848 24789 24797 243.44
10 |Size 8 2802 24995 2802 2603
11 |Size 3 28089 25089 2511 25089 2811 251
12 |Size 10 252.09 25237 28236 25229 25228
13 |Size 1 25366 253.56) 25357 25364 25416 25445 25367

Figure 4: An ABImultiple comma separated file.

Note: Ensure that no empty profiles are exported to the text file created by
GeneMapper. An empty profile containing no sequencer detections will make
the text file incompatible with RiboSort and will produce an error if submitted.



2.3 Beckman Coulter CEQ 8000 Genetic Analysis System

The CEQ 8000 control and analysis software allows data to be exported in a
wide variety of formats. To retrieve analysis results in a RiboSort compatible
format, follow the guidelines given below.

e Open the Genetic Analysis System software and from the top menu in the
sequencer program, select File — Fxport Results.

e Choose the sample to be exported and proceed, leaving all default settings
in place. On the Elements page, ensure that the Header and Results Data
options are not ticked. This action will create a RiboSort compatible text
file.

e An example of such a file is illustrated in Figure 5.
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[FRAGMENT LIST]

std peak#  DyeName MigTime Stdsize EstSize Height Area width  mobility ef
D4 19.29 0 §9.87 4886 8646 1.41 0.00021383
w 2 ol 19.59 60 64.48 4318 3451 0. 66 0.00021057 8z
3 04 20.03 Q 7129 674 1055 1.49 0.00020590
4 ol 20,05 0 71,50 523 751 0.68 0.00020576
§ o4 20,15 0 73,11 Ba9 1385 1.48 0. 00020469
* 6 ol 20,16 70 73.1% 4613 3863 0.67 0. 00020464 7t
7 o4 20,20 0 73,76 372 529 1.48 0.00020426
D4 20029 0 75.22 420 605 1.47 0.00020330
“ G ol 20,76 80 82.41 4194 3118 0. 60 0.00015865 ot
“ 10 ol 21.34 90 0l.24 4018 2868 0.59 0.0001532% 10
w 11 ol 21.96 100 100.66 4539 3236 0.59 0.00018782 1c
# 12 x 23.17 120 118,87 4824 3218 0,57 0, 00017803 11
* 13 x 24.40 140 137.21 4862 3769 0.64 0. 00016908 8¢
* 14 ol 25.75  1&0 157.27 4822 3440 0,57 0.00016018 1c
15 o4 26.98 0 175,31 2363 1699 0.61 0.00015286

Figure 5: An extract from a Beckman text file.

3 Data Loading

To load data for use with the RiboSort package, copy any data files to be sorted
into your current working directory (see Appendix 1 for explanation of the
working directory). The RiboSort package contains a number of R functions.
The behaviour of these functions can be altered by changing optional arguments.
The most important function in this package is RiboSort itself. This is the
function to which you submit your data. In order to submit more than one file
at a time to the RiboSort function, a data vector containing the list of filenames
needs to be created. We now demonstrate how to create a data vector called
mydata in R.

ni

> mydata = c("samplel.txt", "sample2.txt", "sample3.txt", "'sample4.txt")

There is a limit of 1000 characters allowed for filenames within the parentheses
of a data vector. When there are many files to be processed and the character
limit in mydata is reached, successive files can be stored in additional datasets
mydata2, mydata3, etc. All datasets can then be combined into a total data
vector as shown in the example below.

> mydatal = c("samplel.txt", "sample2.txt", ..., "sample74.txt")

> mydata2 = c("sample75.txt", "sample76.txt", ..., "samplel49.txt")
> mydata3 = c("samplel50.txt", "samplel51.txt")

> allmydata = c(mydatal, mydata2, mydata3)



In this example the data vector that should be submitted to the RiboSort
function is allmydata. Note that with the exception of ABImultiple files, which
are comma separated (.csv), all other data files will be text files (.¢xt). It is also
important to note that all files listed in a data vector must be of the same format
(either Standard, ABIsingle, ABImultiple or Beckman).

4 The RiboSort Function

Depending on the size and number of data files, and the speed of your computer,
running RiboSort may be slow. There are seven arguments to the function
RiboSort. Each of these arguments works as a interactive tool, allowing the
user to personalize the method of classification carried out. See the help file
?RiboSort for more information. To run the examples in the help file, all the
demonstration datafiles (including thirteen .tzt files and one .csv file) provided
in the RiboSort package must be copied to your current working directory.

The complete RiboSort function is shown below, with each of the seven
arguments set to their default values.

> x = RiboSort(data, dataformat "standard", dye "B", output =
+ zerorows = FALSE, repeats = 1, mergerepeats = "none")

We now proceed to describe the purpose of each argument and the available
options for them.

data A data vector listing the filenames of each profile to be sorted. Recall
that each file listed must be stored in the current working directory to be
detectable by R.

dataformat The format of profiles listed in data. This must be one of "stan-
dard", "abisingle", "abimultiple" or "beckman".

dye An indicator code identifying the dye that corresponds to the primer used.
The argument dye only comes into effect when dataformat is "abisin-
gle" or "beckman". The ABIsingle files generally just have a single letter
dye indicator, eg. "B", "R", "Y", etc., whereas Beckman sequencer files
usually have dye indicators of the form "D1", "D4", etc.

output Specifies whether the R object produced by RiboSort will contain abun-
dances (as given in the original profiles) or the relative proportions of
abundance in each profile. output must be one of "abundances" or "pro-
portions". Statistical analysis is usually performed on the relative pro-
portions of abundance, thus the default is "proportions".

zerorows A logical argument (can only take values TRUE or FALSE) indicating
whether zerorows are to be kept in the output or not. A zerorow refers to
a ribotype not detected in any of the profiles supplied. When FALSE, the
default, zerorows are deleted from the output. When TRUE, the zerorows
remain in the output.

repeats The number of repeat profiles taken from each sample. If repeats is
greater than 1, profiles listed in data must be in an order, such that all
repeats from a particular sample are listed adjacent to one another. For

"proportions",



example, if there were two repeats and five samples, Samplrepeatl would
be listed first followed by Samplrepeat2, Samp2repeatl, Samp2repeat2,
etc.

The number of repeats must be constant for all samples. If this is not the
case, submit repeats = 1 to obtain a sorted output of all profiles, and
proceed to manually merge repeat profiles.

mergerepeats The method of merging a number of repeat profiles from the
same sample into a single composite profile for that sample. mergerepeats
must be one of "none", "presentinall", "presentintwo" or "presenti-
none".

The "none" option indicates that profiles are not to be merged. To merge
repeat profiles taken from the same sample into a single composite profile,
there are three methods. The first of these, "presentinall", specifies that
the composite profile only contains ribotypes detected in all of the repeat
profiles. Thus, ribotypes present in less than all of the repeat profiles, are
not included in the final composite profile.

The second method, "presentintwo", specifies that the composite profile
only contain ribotypes detected in at least two of the repeat profiles. Fi-
nally, the "presentinone" method indicates that all ribotypes detected,
even those only present in one repeat profile, are included in the composite
profile. This is the default option.

Following the execution of any of the three merging methods, the com-
posite profile produced for a sample will be named according to the first
repeat profile listed in data for that sample.

Composite profile abundances are determined by averaging the relative
proportions present in repeat profiles.

When repeats is greater than 1 and mergerepeats="none", no profile
merging will occur and all profiles submitted will be present in the output.

5 Managing and Saving Output

Each time the RiboSort function is run, four Excel files are created and stored
in the current working directory. Ribotypes Output.zls contains assigned and
aligned detections while Abundances Output.xls contain their respective abun-
dances. Proportions Output.zls is a simple manipulation of Abundances Out-
put.zls that displays the relative proportions of abundance in each profile. In-
formation File.xls details changes made to the data by the RiboSort function.
Note that Excel files of these four names cannot be open while RiboSort is
running.

To simplify interpretation of the contents, these four files require some slight
editing. Instructions to carry out the recommended adjustments are now de-
scribed.

To edit Ribotypes Output.xls, Abundances Output.zls or Proportions Qutput.zls:

e Open the file in Excel. Select Column A by clicking on the letter A in the
top left-hand corner of the spreadsheet.



e From the top menu, enter Data — Text-to-columns — tick Delimited —
Next — tick Tab & Space — Next — Finish.

e Once files have been adjusted in this manner, they are referred to as edited
output files. Save all edited output files as Excel spreadsheets. To avoid
overwriting output files with a later execution of RiboSort, it is advised
at this time to rename your files appropriately.

e The first column in each of the edited files contains a list of integers cov-
ering the range of ribotypes detected in the sample set. Depending on
which of the three files you are dealing with, the remaining columns dis-
play ribotype sequencer detections, abundances or abundance proportions
for each sample.

To edit Information File.xls:
e Open the file in Excel.

e Use the text-to-columns function (as above) to first separate Column A
from the rest of the data (tick Other after Delimited and enter a colon in
the space provided).

e Proceed to use the text-to-columns function again, this time on Column
B to separate the remainder of the data (tick Space after Delimited).

Examples of the four edited files are shown in Figures 6, 7, 8 and 9.

A [ B [ ¢c[Dp[ETJTF]
|1 |Samples beck! beck? beck? beckd becks
2
z Number of original sequencer detections 118 121 78 41 104
| 4 |Nurber of mergings during Pre-Assignment Stage 2 4 1 0 1
| & |Number of mergings during Assignment Stage 1 0 0 1 0
| B |Number of detections agsigned to intervals (n+1) or {r-1) when they lie in interval n 1 0 0 0 0
7
| 8 |Percentage detections involved in mergings during the Pre-Assignment Stage 3 7 3 0 2
| 9 |Percentage detections invalved in mergings during the Assignment Stage 2 0 0 5 0
|10 |Percentage detections assigned to interval (n-1) or (n+ 1) when they lie ininterval n 1 0 0 0 0
| 11| Total percentage of data adjusted by RiboSort ] 7 3 5 2
12

Figure 6: An edited Information File.xls.

6 Using RiboSort Results

A RiboSort object (that is the object created in R by running the RiboSort func-
tion) is a matrix with columns representing samples and rows representing ribo-
types (putative species). Although an Excel file containing this matrix is created
by the RiboSort function (Abundances Output.zls if output="abundances" or
Proportions Output.zls if output="proportions"), the function also stores the
matrix as an R object to facilitate further analysis in the R environment.

The RiboSort package has two functions samplesMDS and speciesMDS that
produce multi-dimensional scalling (MDS) plots of samples and species respec-
tively. These functions enable simple and quick production of multi-dimensional



A | s | ¢ | b | E | F | &
|1 [Samples: | beckl beck2 beck3 beckd becks
|2 | 58 0 0 0 0 578
3 | 59 0 0 0 0 0
4 &0 0 604 59.87 0 0
5 | 61 0 0 0 0 0
| B | &2 0 0 0 0 0
7 | 63 0 62.79 0 0 0
| 8 | &4 0 £64.08 0 0 £63.52
9 | 65 0 0 0 0 0
10| &6 65.56 £65.84 0 0 0
11| &7 0 0 0 0 0
12 &8 0 £68.25 0 0 0
Figure 7: An edited Ribotypes Output.xls file.
A B | c ] D | E | F E
|1 |Samples: beckl beck2 beck3 beckd beckd
2 | 58 0 0 0 0 1699
| 3 | 59 0 0 0 0 0
EX &0 0 6959 4886 0 0
| 5 | 61 0 0 0 0 0
| 6 | 62 0 0 0 0 0
7 | &3 0 1618 0 0 0
| 8 | 64 0 1002 0 0 782
EN 65 0 0 0 0 0
10| &6 343 1872 0 0 0
11| 67 0 0 0 0 0
12| &8 0 2834 0 0 0
Figure 8: An edited Abundances Output.zls file.
A | B | ¢ | b | E | F [ &
| 1 |Samples: |beckl beck? beck3 beckd becks
| 2 | 58 0 0 0 0 000383
| 3 | 59 0 0 0 0 0
4 60 0 001583 00107 0 0
| 5 | 61 0 0 0 0 0
| 6 | 62 0 0 0 0 0
| 7 63 0 0.00368 0 0 0
| 8 | 64 0 000228 0 0 000176
ER 65 0 0 0 0 0
| 10 ] 66/ 000135 0.00425 0 0 0
11 67 0 0 0 0 0
| 12| 68 0 0.00644 0 0 0

Figure 9: An edited Proportions Output.zls file.



scaling plots. They each take four arguments that work as a interactive tools,
allowing the user to personalize the plots. A choice of dissimilarities is available,
as well as the option to specify the desired type of multi-dimensional scaling.
See the help file ?sampleMDS for more information.

Note that at least three samples are required to produce a two-dimensional
plot. The complete functions are demonstrated below, with each argument set
to its default value.

> samplesMDS(x, dissimilarity = "euclidean", type = "non-metric",
+ labels = TRUE)
> speciesMDS(x, dissimilarity = "euclidean", type = "non-metric",
+ labels = TRUE)

We now proceed to describe the purpose of each argument and their associated
options.

x A numeric matrix, dataframe or a RiboSort object, ie. an object created by
the RiboSort function.

dissimilarity The distance measure to be used computing dissimilarities be-

tween samples or species. This must be one of "euclidean", "maximum",

non
3

substring can be given.

"manhattan", "canberra", "binary" or "minkowski". Any unambiguous

type The type of Multi-dimensional Scaling to be used. This must be one of
"classical", "sammon" or "non-metric", the default.

labels An logical argument indicating whether or not labels are to be included
on the MDS plot. When FALSE, labels are omitted.

When deciding upon a dissimilarity measure, the following description (available
in the help file ?dist) of options may aid your choice. Available dissimilarity
measures are (written for two vectors x and y):

euclidean Usual square distance between the two vectors.
maximum Maximum distance between two components of x and y.
manhattan Absolute distance between the two vectors.

canberra sum(|z; —y;|/|z; +y:|). Terms with zero numerator and denominator
are omitted from the sum and treated as if the values were missing.

binary The vectors are regarded as binary bits, so non-zero elements are ’on’
and zero elements are "off’. The distance is the proportion of bits in which
only one is on amongst those in which at least one is on.

minkowski The p norm, the pth root of the sum of the pth powers of the
differences of the components.

When choosing which type of multi-dimensional scaling to use, the following
elaboration on the options available may aid your choice.

classical Classical multi-dimensional scaling of a data matrix. Also known
as principal coordinates analysis.



sammon Sammon’s non-linear mapping, also known as metric least squares multi-
dimensional scaling.

non-metric Kruskal’s form of non-metric multidimensional scaling.

Example:

Let x be a RiboSort object. This example shows how an MDS plot for four
samples, generated by the Beckman Coulter sequencer, is produced. The plot,
illustrated in Figure 10, is created using non-metric multi-dimensional scaling
on a dissimilarity matrix of euclidean distances.

> mydata = c("beckl.txt", "beck2.txt", "beck3.txt", "beck4.txt")
> x = RiboSort(data = mydata, dataformat = "beckman", dye = "D4")

> samplesMDS(x, dissimilarity = "euclidean", type = "non-metric",
+ labels = TRUE)
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Figure 10: An MDS plot of four samples.

Note that arguments left unspecified are evaluated at their default values.
The following two lines of code are therefore equivalent.

> x = RiboSort(data = mydata, dataformat = "beckman", dye = "D4")
> x RiboSort(data = mydata, dataformat = "beckman", dye = "D4",
+ output = "proportions", zerorows = FALSE, repeats = 1, mergerepeats = "none")

For a more interactive and less limited approach to producing multi-dimensional
scaling graphs, see the help files for the following functions: cmdscale, sammon,
isoMDS.
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7 Appendix 1: Getting Started in R

7.1 Installation of R Software
e Go to http://cran.r-project.org/.

e In the Download and Install R box, select the operating system appropri-
ate to your workstation. If your operating system is Windows, proceed
to follow the remaining instructions outlined below. Linux and MacOS X
users should at this point, choose the latest version of R to download.

e Enter the base subdirectory. To download the latest version of R, click on
R-...-win32.exe. Save this application and upon completion of the down-
load, open it. This activates the R for Windows Setup Wizard. Follow
the Wizard instructions. On the select components page, leave default
settings in place. Tick the box to create a shortcut on your desktop.

7.2 Intalling the RiboSort Package
e Go to http://cran.r-project.org/.

e Enter Packages under the Software heading on the left hand side. Scroll
down to Available Packages and Bundles. Browse the list and enter the
RiboSort link.

e Download the appropriate file for your operating system. If working in
Windows, right-click on the .zip file and select Save Target as... Save
the file in the library subdirectory of R (usually located at C:/Program
Files/R/R-2.4.1/library).

e Now start R from the desktop icon. On the top menu, enter Packages —
Install packages from local zip files... The package is now installed and
ready for use in R.

7.3 Brief explanation of How R works

The R environment is an integrated suite of software facilities for data manip-
ulation, calculation and graphical display. R is an interpreted language, not
a compiled one, meaning that all commands submitted are directly executed
without the requirement of building a complete program like in most computer
languages.

When R is opened on your computer, the R console will appear. This issues a
prompt when it expects input commands. The default prompt is >. Commands
can be input directly into the console. Generally, multiple commands are written
in a script file and then submitted simultaneously to the console. To open a
script file, go to the top menu and select File — Open Script. Frequently,
an entire program is saved in a script file. To submit code in a script file to
the R console, simply highlight the desired code and right-click Run line or
selection. Errors in code are communicated via error messages in the console.
These messages appear in blue font, making them easily distinguishable from
successfully executed code which appears in red.
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Help is available through R via the top menu. The Manuals (in PDF) option
provides seven manuals that comprehensively document R’s functionality. In
particular, An Introduction to R introduces the language and explains how to
use R for statistical analysis and graphics. All R objects (including functions,
datasets, packages, etc.) have associated documentation files. These can be
accessed via the R console by typing a question mark followed by the name of
the object. For example, submit ?sum to your R console. Note the vast index
of documented objects that appears on the left hand side.

7.4 The Working Directory

All files that are to be imported (used) by R must be stored in the current
working directory. Files created by R are also stored in this directory. It is
recommended to use different working directories for different projects you are
working on. There are two ways to set up a working directory:

Method 1 Right-click on the R shortcut displayed on your desktop and enter
Properties. The Start In field contains the path to the current working
directory. To change working directory, simply change the path so that it
refers to the desired folder. All files to be used by R must be stored in this
folder, and any output files created by R will also be stored in this folder.

Method 2 Establish the current working directory by submitting the following
code. To do this type getwd() in the R console and press enter.

> getwd()

To change the working directory submit the code below inserting the path
to the folder you wish to use as your working directory within the inverted
commas. Forward slashes as opposed to backslashes must be used in the
path name.

> setwd("C:/uscallan/myRiboSortfolder")

To confirm the change of directory, resubmit getwd().
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