PEMS Software

Phylogenetic Estimation of Metagenomic sequence using batch-learning

Self-Organizing Map (BLSOM)

Users’ Guide



1. Outline

The software PEMS is intended for the phylogenetic estimation of user-input gene sequences in
multi-FASTA format using SOM (Self Organizing Map), a method for data mining analysis.

The SOM-based clustering of a large amount of gene data requires high-capacity and high-speed
computer systems. By using the results of SOM-based clustering by large-scale systems, such as the
Earth Simulator, this software performs the phylogenetic estimation of user-input gene sequences on a
PC.

2. Specifications

m Recommended PC configuration
CPU: Intel Core 2 Duo 2.8 GHz or better
Memory: 2 GB or more
HDD: Free space of 4 GB or more (excluding swap space)
Video: Resolution of 1280 x 1024 pixels or more, 16-bit or higher color

m OS
Microsoft Windows 7 or more
Microsoft .NET Framework 4.0 or better runtime environment

[Note]

This software prevents the response time of the user interface from slowing down by handling the high
computational load through multithreading. With a single-core CPU, the software’s screen redrawing
and button response significantly slow down. For the software, a dual-core or better CPU is

required.



3. Installation

m STEP 1. Installing PEMS
The software comprises an analysis application and SOM dataset.
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Decompress PEMS.zip (compressed file) using appropriate decompression software.
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In the decompressed folder, double-click setup.exe to start the installation process.

(Depending on the system configuration, the extension .exe may be hidden (only setup is visible).)
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Click [¥x~] ([Next]).

A2 A, 23 ) FOEIR

AL A =2 RO T ) PEMS FA A —ILET.

bl e | W b P ol | g i o e 5 e o W W ek NP 1 0 o ey D R o
WFDIOT. FELAZEANT LM EE]FEI 2L T30,

Do )LATE:
|G:¥ Proeram Files¥NIG¥PEMSY Z05(R)..

T A 75RE D).

PEMS ®IRFTDI —H -, FEEFATO2 Y- A R-LLET:

O FATOH-Y—(E)
& Zh2 =t — D M)

F Azl < BB FOUmALNT

To change the installation folder, specify a desired folder and then click [#k~] ([Next]). The installation
confirmation dialog appears.
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Click [%x~] ([Next]) to start the installation.
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m STEP 2: Installing SOM data

Decompress SOM.zip (compressed file) using appropriate decompression software.

Move the decompressed folder named SOM to the same directory as the directory where PEMS

execution program PEMS.exe is installed in STEP 1.
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Depending on the type of decompression software, a subfolder named SOM may be created in the SOM

folder.

Check that the SOM folder (subfolder) contains the following files and folders.
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m STEP 3: Uninstalling the software

To uninstall the software, go to [Control Panel] -> [Add/Remove Programs].

and click [Remove].
Note that the SOM dataset is not deleted.

folder containing it.

Then, select PEMS

If the dataset is unnecessary, manually delete the SOM



4. How to use the software

s STEP 1: Starting the PEMS application

Double-click the PEMS shortcut icon on the desktop to launch the PEMS application.

Alternatively, choose [Start] -> [All Programs] -> [PEMS] -> [PEMS] to launch the PEMS
application.
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m STEP 2: Specifying a multi-FASTA file

Click [Multi Fasta] to select an existing multi-FASTA file in the folder. Then, click [BA <] ((Open])
(for the multi-FASTA file format, see Supplemental information).
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When the file load is successfully completed, the number of genes contained in the multi-FASTA file is

indicated in the Gene Count box, as shown below. [Threshold] and [Start] are enabled.

Phylogenetic Estimation of Metagenomic sequence using SOM (PEM3) Ver 3.0.3 Z”:|E|
STEP 1: Load a Multi Fasta File - -
Giene Gount Dimenzion
| Multi Fasta | | Bacteriafa | | 4 | [ 156
Pattern File | Pattern txt | Tao Uppercaze
STEF
Threzhold ] [
STATUS
Elapzed Time S0M Filename Segment Length Cell Size
| | Lo | [o x[o |
Current Job Seement Mumber
| | | || |




m STEP 3: Performing automatic estimation

Click [Start] and specify the folder and file name for storing analysis results. Then, click [fR%F]

([Save)).

The extension .txt is automatically appended to the file name; the file is saved with the same name

regardless of whether or not the file extension .txt is manually added.
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To create a new folder for storing analysis result data in this save dialog, click the folder icon circled in

red above to create a folder with an appropriate name.

Before clicking [Start] to start computation for automatic estimation, you can click [Threshold] to

change the threshold from its default (40) to any other value.

the section “Overview of analysis.”

Clicking [Start] starts computation for automatic estimation.

For the meaning of this parameter, see

Set a suitable value for the purpose of analysis.

When the entire computation is

complete, related information is displayed in the STATUS area as shown below.
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Click [Category View] to display the results of automatic estimation in the Category View window.



Gatezory View

S0 Category phylum |

= gi|49474231 |ref|NG_ 005956 1| Bartonella henselae str. Houston—1, complete genome
= Prokarvotes : G643
=8 " Iphaprotecbacteria - 816
Bartorella : 977
= ei[?804 261 &|ref|NG_0075031| Carboxydather mus hydrogenoformans £-2001, complete eenome
=) Prokaryotes : 792
= Firmicutes : 985
Carboxydother mus - 991
= gi|5 7365352 [ref| NG 002976 3| Staphylococcus epidermidis RPG24, complete genome
= Prokarvotes - 953
= Firmicutes : 975
Staphylococous - 934
= i|5645911 2|ref|MCG_00651 21| Miomarina loihiensis L2TR, complete genome
=) Prokaryotes : 957
= Gammaproteobacteria : 993
Idiomarina : 477

In this window, the name of each user-specified gene is at the top of the tree, and the results of
phylogenetic estimation for the gene are displayed in the form of a top-down subtree.

Each subtree includes an estimated category name and the aggregate frequency of the category
estimated by SOM (in percent).

The results displayed in the tree are saved in a text file. Click [Result] to view the contents of the file
on a text editor.

It is important to assess estimation results from various perspectives by referring to analysis result

data files in the folder, as well as information displayed in the tree.
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m STEP 4: Performing estimation for individual segments

In the tree, click an entry to be analyzed in more detail. Clicking a branch displays the name of the

SOM map used for the estimation in the upper right box.
At the kingdom or phylum level, the same SOM map applies to different gene branches for
phylogenetic estimation. At the genus level, different SOM maps are often used for different genes.

B(=1[ES

e 48a1 ref|MC 005956 1| Bartonella henselag str. Houston-1. complete eenome
= Prokaryotes : 6423

Bartonella : 977
(=) gi| 7804261 6|ref|NC_007503 1| Garboxydother mus hydrogenoformans Z2-2301, complete eenome
= Prokaryotes : 792
= Firmicutes : 985
Carboxydothermus : 891
= eilaTREE3E2 ref |[NC_002976 3] Staphylococcus epidermidiz RPE24, complete eename
= Prokaryotes : 9623
= Firmicutes : 975
Staphvlococous - 985
= eilaE4E911 2|ref|NC_006512 1] Idiamarina laihiznziz L2TR, complete eenome
= Prokaryotes : 957
=} Gammaproteobacteria : 993
Idiomarina : 477

With a branch selected, click [Load] to load the dataset for the SOM map displayed in the upper right
box and perform computation for phylogenetic classification. Upon computation completion, [Search]
is enabled.

Clicking [Search] displays the window below.

Search

Gene Mo, Gene Mame Length Seements
[ £|  [eil49474831 fref|NG N05D56 1] Bartanells henselae str. Houston=1, o | 1931047 | | 367
Seement Fram To Rarking Range
[ & [ J[em [ 1 =
| | | | | | | | | |
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Click [SOM Map] in this window to display the classification map based on SOM cells that was used

for the phylogenetic estimation in a two-dimensional color grid.
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The window can be resized by dragging its lower right corner.

If the SOM cell size is too large to display the entire map even by resizing the window, change the value

in the Width box to decrease the number of pixels per cell.

When the number of pixels per cell is increased for detailed observation, use the scroll bars at the right

and bottom of the map to move to a desired area.

Click [List] in the SOM window to display a list of category
names and their corresponding colors.

Click [Blink] with All selected in the Mode area to
display all segments contained in all user-input genes in
reverse colors on the SOM map.

Click [Blink] with Gene selected in the Mode area to
display all segments contained in a gene specified by the
Gene No. box in the Search window in reverse colors
on the SOM map.

Click [Blink] with 1 selected in the Mode area to display
only a segment specified by the Segment box in the
Search window that is contained in a gene specified by
the Gene No. box in the same window. This segmentis
indicated with cross marks in the reverse color on the
SOM map.
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Acidobacteria
Actinobacteria
Alphaprotecbacteria
Aquificaes
Bacteroidetes
Betaproteobacteria
Cenibacterium
Chlamydiae

Chlorobi

Chloroflexi
Crenarchasota
Cwanobacteria
Deferribacteres
Deinococcuz—Thermus
Deltaprotechacteria
Dictyozlomi
Epsilonprotecbacteria
Eurvarchaesota
Fibrobacteres
Firmicutes
Fusobacteria
Gammaproteobacteria
Manoarchasota
Mitrospiras
Planctomyocetes
Spirochastes
Thermotozas
Werrucomicrobia




In all modes, relevant cells are displayed in reverse colors while pressing and holding the mouse
button. Releasing the mouse button returns them to their original colors.

Click [Save] to access the color selection dialog for specifying the color of user-input genes. Select
an appropriate color and click [OK].
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When the file save dialog appears, enter an appropriate file name and then click [Save]. In this way, the
SOM map image and the list image are saved at the same time.

By clicking on a cell on the SOM map, the address and color of the clicked SOM cell as well as the
category name of the gene segment assigned to the SOM cell are displayed in the upper right area.
SOM cells with no gene segment assigned are displayed in white.
SOM cells with gene segments in different categories assigned are displayed in black.

SOM cells with gene segments in a single category assigned are displayed in the color corresponding to
the category.

Set the number of a desired gene to the Gene No. box in the Search window. Set the number of a

desired segment in the specified gene to the Segment box.
The distance between the pattern frequency vector of the specified gene segment and each weight
vector in the SOM is computed to search for SOM cells with high similarity. The Ranking Range box

specifies the number of similarity ranks from the top to be included in SOM cell search.

After the completion of parameter setting, click [Search] to perform the search process.
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BSearch

S0

Search
Gene Mo. Gene Mame Length Seements
[ 1 $|  |eil40474831 ref|MC 0059681 | Bartonella henselas str. Houston-1, o | 1931047 | | 267
Segment Fram To Ranking Range
LR [ ) [ew ] [ s
Result
[ Sequence ] [ MNGEL ]
Ranking Cell X Cell ¥ Distance fverage Std. Dew.
[ s [ | [ 1w | | 7omsa0s | [ 4o073wss | | 176985
Cell Infamation Meighbors Infomation
9.384 4| phaprotesbact eria 23 & |phaprot eobacteria

9.669 4| phaprotecbacteria
8.088 4| phaprotecbacteria

Meighbors Ranee 1 -

The Result area displays search results.

Changing the value in the Ranking box changes the displayed information to that of SOM cells at
different similarity ranks.

The Cell Information field displays the results of clustering stored in the subject SOM cell.

The Neighbors Information field displays the sum of frequencies of each category stored in the
subject SOM cell and its neighboring SOM cells in ascending order.

Search

S0M

Search
Gere Mo, Gene Mame Leneth Seements
|2 S| |il78042616]ref|NG 0075031| Garboxydothermus hydrogenoformans| | 2401520 | | 481
Seement Fram To Rarkine Range
T 2| [ tseoot | [ mwoooo | [ 1 &
Rezult

[ Sequence ] [ MNCEI ]

Fanking Cell ¥ Cell Y Diztance fiverage Std. Dev.
L s | wme || s | | mesn | | owmesess || 122897
Cell Ifomation Meighborz Infomation

248 Firmicutes ~ [iE] Gammaprotecbacteria
R Gammaprotechacteria = 1 Firmicutes

LA2E Gammaproteobacteria

ik Gammaprotechacteria

L(EE Gammaproteobacteria

Gammaprotechacteria

Rt Gammaproteobacteria

L33 Gammaprotechacteria

LAB2 Gammaproteobacteria =
778 Gammaprotechacteria

. 338 Gammaprotecbacteria v Neighbors Range 1 =

[ R R e R
o
i
==
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Changing the value in the Neighbors Range box can change the range of neighboring SOM cells.
If this value is 1, the sum of frequencies of each category stored in nine SOM cells in total (the subject

SOM cell and its neighboring cells) is displayed.
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During search operation, [Sequence], etc. in the Result area is disabled.

Click [Sequence] to display the sequence of the selected gene segment in a separate window. The
first line indicates the gene annotation, the second line the segment start and end points, and the third
and subsequent lines the sequence.

SEqUENCE @

fgil?EM?E'lElaeﬂNG_DD?EEIS.‘I | Garboxydothermus hydrogenoformans Z-2901, complete genome ~
26001 -30000
CoACAATTCCTATTTCCATCTACT TG TCC T TT TATAAT TAATGT T TTTTAATTGTTT T TAGTT TCCGAACATCC

BACCTTCCAATTTCTAACTTOCAGT AG GUETACCGOOCGARTTTTTCTAATAA ITTCCCGEGEEARGT
AAAATAATATGGCOGCAGCCGETGCA TAAGCGAARATCAATACCTA AGCACTTCOCACTGGETAAT
TTCCGEGAGGEETETEGEE ITTAGTTTAATTATATCGCCTATTTGAATTTCACGOGEATCARCCATTATCCAT
CTCOCTTTCCTOCCGEETAATETAGACCCGTOGGGGATATGGAATTTCAATACCTTCGGCGETCAAAAGTTTCT
TTAATGEE CTAAGCTCCCACTCGATATTCCAC TETTCCATGEGCTTTACCT TGGCAATTACCCGARARA
CCATTTCCGAGGETCOGAAATTAACAATCCOCAARAACCTTGGGGCCTTCATAGATAAGTTCTCCGETA ¥

ATTTGCTGGECAARCCCTTTCTARARCCCGETTTACCTTTTCCGACGATCTTCTTCGTACGCTAGCCCTAGGET
CCACTAAAGCCOGCTGAGETCOCOGEG GTTGETEACCATCGTTATACTGCCG TTGGGGATGATATGAAG
CTCACCGETAARATCCCGGAGTTTGETAACTCTAAGCCCTAATTC T TDGACAATGCCGGEAGGET TTGOCCGEAT
GETAACGTAATCCCCCACCGCAAACTGETCTTCCATTAAAATAAAAAAACCGCTTATCACATCTTTARCC AR
GTTCTGEGCGECCAAAGCTTACGGECTARARCC TARAATACCAGCTOCEGET TARAARGGES GGCARARRCCGEET
& CAAAGACCTGGGCAATAATAGTAAGAAATGOGETAATGTAAATAAAGTAACTCCAGAGACTT & A5
ATGGETACGCAGGETTTCAACCCGETTTTCCTTAAGGCTTAACTTTTTGCCGTAGGGEAACGAATAABACGGETTGA
TAAAGEAGTGGCCAAGCTTAAGTAGTACCACCGAGC TTACCAGAATAATCAAAAGAATTAAGGATTTATCGA
GAA ATCCCAGTTTAAGTTTAAARGECCAARATTCATCAGTATCCCTCCGGCARTTAATCTATTACAATA
TTATATTTAATCTTTTCCAAAAAAACAAATGGETACCGGAAGGGACGGTTCTTACAGTGACCA COGTTAT
TAAAGACAAAAMAATTECCGAGCEAACAGCTOECTGECAGAACCETCCCTTARATACCCAGTTTGECECEGEEGE
GTCETTEATGTGGGCAAGGATATCATCGGCAACTTTGACGEGETCEGC TOCCC AGGGCTATTCTTOOGCOGET
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STEP 5: Exiting the application

To exit the PEMS application, click the Close button (red cross) at the top right corner of the main

window.

Phylogenetic Estimation of Metagenomic sequence uging S0M (PEMS) Ver 303 |T||E|r5_<|
STEF 1 : Load a Multi Fagta File - -
Gene Gount Dimension
Multi Fasta | | Bacteriafa [ [ 4 | [ 1
Pattern File | Patterntxt | To Uppercage
STEP 2 : Phylogenetic Estimation
| Threshaold | [ Start ] [ Gategory Wisw
ETATUS
Elapzed Time S0M Filename Segment Length Cell Size
| ooosss || phy um/aut_phylum | [ Booo | [7e8 | [ 282 |
Current Job Seetment Mumber
| Gompleted Galuculation | | we0 || 1m0 |

When attempting to close the main window during computation, the dialog below appears. Click [OK]
and wait for the computation process to end.

MainFrom: SaveAll r5__<|

' Calculating Mow.
= Pleaze wait far a while...

To change the background color of the window, open the PEMS.ini file in the installation folder
and edit the RGB value on the sixth line in hexadecimal (e.g. FE907E).
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5. Overview of analysis

The process of phylogenetic estimation by the software is outlined below.

1. The sequence of each user-specified gene is divided into segments with a given length, and the
pattern frequency vector of each segment is computed.

2. A SOM cell with a weight vector that is the most similar to the pattern frequency vector of each
segment is identified.

3. The frequencies of categories in this SOM cell and its neighboring SOM cells are computed.

4. The estimated category frequencies are sorted in descending order.

5. If SOM data is available under an estimated category, the process proceeds to the lower level, and
the steps above are performed.

Nucleotide patterns used for computation in Step 1 above are described in the Pattern.txt file in
the folder where the SOM dataset is located. This file is related to the result of SOM data analysis
and must not be edited/revised.

The segmentation length for SOM clustering is automatically specified. If the entire length of a
user-specified gene for analysis is shorter than the specified segment length but is larger than the
default threshold value, the analysis is carried out through frequency vector normalization. This
threshold value can be changed by editing the value on the fifth line in the PEMS.ini file in the
installation folder.

Genes longer than the specified segment length are divided into segments with a given length for
frequency analysis. Odd segments at the end of divided gene sequences are also analyzed through
frequency vector normalization if their length is larger than the threshold value.

When any nucleotide pattern other than specified patterns is present in a gene segment, it is

excluded from counting; only the frequency vectors of specified patterns are normalized.

In Steps 2 to 4 above, phylogenetic estimation is performed for each segment in each gene, and the
results are saved into files corresponding to SOM data used for the estimation.

For example, when a save file is named myResult.txt, the result of phylogenetic estimation based
on the SOM analysis file for out kingdom at the kingdom level is saved into the
myResult_kingdom.txt file; the result of phylogenetic estimation based on the SOM analysis file

for Actinobacteria at the genus level is saved into the myResult_Actinobacteria.txt file.
An example of contents written to the files is given below.

#0i|78042616]|ref[NC_007503.1| Carboxydothermus hydrogenoformans Z-2901, complete genome
[1155001-1160000] 216 Prevotella 21 Flavobacteriales 6 Pedobacter 4
[1520001-1525000] 22 39 Flavobacteriales 21

The line starting with # indicates the gene annotation, and the next and subsequent lines indicate the
result of computation for each segment.

18



In the example above, [1155001-1160000] at the beginning shows the segment start and end points.
The next set of figures, 2 16, shows the X and Y coordinates of the SOM cell with a weight vector that is
the most similar to the pattern frequency vector of the segment (the shortest inter-vector distance).

The frequencies of categories in this SOM cell and its neighboring eight SOM cells are summed and
sorted in descending order. The results are indicated next to the SOM cell coordinates.

The result of simply summing up the category frequencies of segments in a gene is saved with a file
name with _Category Name_All inserted, like myResult_Actinobacteria_All.txt.

Multiple categories may or may not take first place in the frequency ranking at the same time.

In this document, a single top category is called true top category.

The result of summing up only the frequencies of true top categories of segments in a gene is saved with

a file name with _Category Name_Alllst inserted, like myResult_Actinobacteria_All1st.txt.

The result of extracting the category with the highest frequency among the summed frequencies of true
top categories at the same level in each gene is saved with a file name myResult_Top.txt. The
same information as this file is displayed in a tree view by clicking [Display].

The counting result of the number that have been estimated for each category in each

Kingdom/Phylum/Genus is saved with a file name myResult_Hist.txt.

In automatic computation with [Save All], the rate of the frequency of a top category in each segment is
computed.

For example, suppose that there is the following segment described in myResult_phylum.txt.

#4i|49474831|ref[NC_005956.1| Bartonella henselae str. Houston-1, complete genome
[165001-170000] 82 196 Alphaproteobacteria 25 Bacteroidetes 8 Chlorobi 2

The rate of the frequency of Alphaproteobacteria, top category, is:

(25/(25 + 8 + 2)) * 100 = 71.4 %.

If the rate of the frequency is higher than the value specified in the Threshold box, this segment is
used for phylogenetic estimation for Alphaproteobacteria at the next lower level.

Segments in the same gene that have different top categories are classified into different categories for
phylogenetic estimation at the lower level.

Unlike the case above, if multiple categories take first place in the frequency ranking upon classification
of segments for phylogenetic estimation at the lower level, each of such segments is classified into

multiple categories for phylogenetic estimation.

19



6. Supplemental information

m Multi-FASTA file format

The annotation of each gene is prefixed with a > character.
The gene annotation line starts with a > character and is written in one row. Except for these rules, the
file is free-format.

A gene annotation line is followed by a line describing the sequence of the gene.

If the sequence extends over multiple rows, there is no restriction on the number of characters per row.
However, computation efficiency can be improved by breaking the line at appropriate points, instead of
writing the sequence in an extremely long line. The sequence length is not restricted, but its upper limit
depends on the memory size of the PC to be used.

If the specifications above are met, there is no restriction on the number of genes contained in a file.
However, an excessively large file size consumes much processing time and memory. Therefore, it is
recommended to divide genes into multiple files appropriately and to adjust the number of genes

contained in one file.

The file extension should be .fa or .fas.

[Example]

>gil49474831|ref[NC_005956.1| Bartonella henselae str. Houston-1, complete genome
GTGAAGAGAGAAAAAAAATCCTTTCATTTACACATGCTTTCTGATGCAACGGGAGAAACATTAATATCTG
TTGGAAGAGCTGTAGCATCACAATACACGATGAGTCAGGCAACAGAACATATCTATCCGATGATTCGTAA
CAAAACACAGTTGCAGAGAGCTCTTGATGAGATACAACAAGAGCCTGGGATAGTTCTTTACACAATCATT
GACAAAAAAATTAAAATTCTTCTTAGAAAAAGATGTGAAAAAATAGAAATTCCCTGTATT
>gi|78042616|ref[NC_007503.1| Carboxydothermus hydrogenoformans Z-2901, complete genome
AACCTGAAAAAAGTGTGAAAAAAATTTTGTGGATTTGTGGATAAAACAAGGTTTTTGCTAATTTTTGCTA
ATAAAAAAAATTTATAAAGAGATTCGTGAAAGCAAAGATTGTGGATAACGAAAAACTCAAGAAAAATTTC
TTGACGGGTCTTATCCCATCTTCTATAATTTAGGTGTATCTATAGGGGATATAGGCTTTTTTAGATAGAT
TAGGAGGTGTGAAAATGAAAAGAACCTACCAACCAAAAAACCGGCGGCG
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m Collaboration with the Dendrogram analysis software

When the Dendrogram analysis software (AHCD) has been installed in the default directory
C:\Program Files\NIG\Dendrogram\AHCD.exe,
[Dendrogram] appears at the start of PEMS, as shown below.

Click [Dendrogram] to launch the Dendrogram application. The name of the file analyzed with
PEMS is passed to the Dendrogram and added to the file dialog.

Phylogenetic Estimation of Metagenomic sequence using SOM (PEMS) Ver.2.0.3 =] & |
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