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1. Downloading and Installing p-gnome

The program is downloadable from http://sarkarlab.mbl.edu/CAOS. The program is
currently available in a Mac OS X installer (a UNIX version will also be made available
from the authors). P-Gnome is based on a Columbia University Patent Pending
Technology, CAOS. The program requires Perl. If the user does not have it installed
(all OS X versions since 10.3 have it pre-installed), it is easiest to install the Apple
Developer Tools, which comes with OS X or can be downloaded directly from Apple at
http://developer.apple.com/tools.

P-gnome runs from a command line interface. The program is installed in the /usr/bin
directory. The following is a screen shot of the CAOS homepage.
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In an ideal world, a full phylogenetic analysis would be done on every new sequence found. However, this is often a time
and computer-intensive task. The Characteristic Attribute Organization System (CAOQS) is an algorithm to discover
descriptive information about a priori organized discretized data (e.g., from a phylegenetic analysis). Derived frem some of
the fundamental tenets from evolutionary biclogy, rule sets can be generated from data sets that can be used for
effecicient and effective classification of novel data elements. Phylogenomenclature (P-Gnome) is an implementation of the
CADS approach designed to approximate a parsimeny-based tree analysis. It important to emphasize that CACS is NOT a
tree analysis, instead it is a classification scheme based on a phylogenetic analysis. Based on information (rules} discovered
from the phylogenetic analysis that unambiguously distinguish between each bifurcating node on a tree, CAOS is able to
classify novel sequences. Studies have indicated that CAOS-based classification has over a 95% accuracy rate of
classification, as determined by where sequences would be classified if a full phylogenetic analysis were to be done using the
novel and known sequences.

System Requirements

The installers and Perl scripts are optimized for 0OS X (10.4.x PPC or Intel}; however, they may be compiled for use on any
other *NIX platferm (including earlier versions of OS X}. Scurce code can be downloaded from:
http://phylogenomics.googlecode.com/svn/trunk/CAQS

Downloading and Installing CAOS (P-Gnome & P-EIf)

1. Downlead the appropriate package:
o If you do not have BLAST installed (or are not sure*) [click here -- pgnomeXfull.mpkg.tgz ~35.9M].
*you should consult your systems administrator to determine if you have BLAST installed.
o If you already have BLAST installed [click here -- pgnomeX.pkq.tgz ~180k].
o I you would like to download sample input files [click here -- pgnome examples.tgz ~ 4k].
= testSeqgsTre.nex -- this is an example NON-INTERLEAVED MacClade File, containing both a matrix and a
SINGLE tree
= testSeqs.txt -- this is a test set file, in FASTA format (the seqgs are the same as the input}
2. Uncompress the zip file.
After you have downloaded the package -- if your browser has not already uncompressed the file -- double-click it,
and this should automatically uncompress the package (.pkg or .mpkg file}.
3. Double click the package file.
This will install P-Gnome and P-EIf, the scripts for Phylogenomenclature.

Using CAOS
A manual consisting of download, installation, and usage instructions can be downloaded here: CAOS Manual.pdf

© 2008 INS, PIP, RD

There are three download options. If you do not have BLAST installed on your
computer or you are not sure, the option 1 should be clicked. If you do have BLAST
installed then option 2 should be clicked. Option 3 is for downloading sample files.



The downloaded file should look like this:

pgnomeX

The top file is the .tar file that needs to be expanded. The bottom file is the installer file.
Just double click on the bottom file. The following installer window should appear:

000 & Install Phylogenomenclature Full Install

Welcome to the Phylogenomenclature Full Install Installer

Welcome to the Mac OS X Installation Program. You will be
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By clicking the “Continue” button the installation process will begin. The next window
should be the following:
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Click on the disc where the program will be installed and the click on “Continue”. The
next screen will appear in the installer window:

w Install Phylogenomenclature Full Install

Easy Install on “homebrew”

© Introduction

© Select Destination Click Upgrade to perform a basic installation of
this software package on the volume "homebrew.”
© Installation Type

( Customize ) ( GoBack ) ( Upgrade )

Either an “Install” button or an “Upgrade” button will appear as in the above screenshot.
Click on “Install” or “Upgrade” and the program will be completely installed.



2. Preparing your matrix for p-gnome

P-gnome uses the NEXUS format. This format can be manipulated easily in MacClade
(Maddison and Maddison, 2002) or Mesquite (Maddison and Maddison, 2007). P-gnome
uses a specific format for the input matrix. The following steps will assist the user in
preparing a matrix for p-gnome.

1) First, perform an alignment of your DNA sequences with the output setting on
NEXUS format. Alternatively if there is no NEXUS format setting in your alignment
program then you can save the alignment in other formats and import them into
MacClade and then export them in NEXUS format.

2) The next step is to perform a phylogenetic analysis on the matrix in PAUP, PHYLIP
or any other program to generate a tree. Any approach (Neighbor Joining, Maximum
Likelihood, Bayesian analysis or maximum parsimony) can be used, as a “rough” tree is
all that is needed to proceed to the next step. Save the tree in NEXUS format.

3) The next step is to open or import the data file into MacClade or Mesquite (the
screenshots below are all from MacClade; however the commands are equivocal to those
in Mesquite). Within the application go to the tree window pulldown. The application
will ask for a treefile so give the NEXUS treefile saved in the previous step (Figure 1).

Figure 1

4) The tree saved in Step 2 will appear. With the move branch button in the tool palette,
group your individual sequences into clades according to pre-described species
boundaries or hypothetical species groupings. This can be accomplished by moving
terminals in the tree around to form monophyletic groups representing your pre
described species.
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Figure 2

5) Before proceeding to generate diagnostics, the nodes within species can be collapsed
using the “collapse clade” palette tool.
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The collapse clade operation leaves a tree with unresolved monophyletic groups that
represent the individuals in pre-described species boundaries. The branches that are
collapsed in this fashion eliminate some structure in the tree but structure within each
species is irrelevant to discovering diagnostics.
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Figure 4

6) Save the NEXUS file by going to the File pulldown and click on “Options for Saving
> NEXUS format”.
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Turn off the “interleave” option (p-gnome will not operate on interleaved matrices).
Also make sure that the file is saved with a translation table. Figure 6 shows the
MacClade menu options for saving that are necessary for p-gnome.



MEXUS Format Options

[Tl interfeave data matrix character; per block.

_ abbreviated character number headers

[l add space after every tenth character or taxon

| multiple character labels per line

|| use TAXA and CHARACTER blocks

# include transation table in TREES block

Save trees as: [ TREEs or UTREEs @) TREEs () UTREEs
Line delimitar: @ CR (O LF () CR+LF

|l use updated NEXUS elements (incompatible with v. < 3.04)

( Save Preferences [ Cancel | @
Figure 6

Your matrix should now be ready for processing in p-gnome.



3. Running p-gnome
1) Open a terminal on an Apple OS-X machine. Simply type in “p-gnome” and the
program will be accessed.

2) P-gnome will give three prompts. First the program will prompt for the input file.
When a valid input NEXUS file is typed in and the return key is hit, the second prompt
will appear.

3) This second prompt asks for a name for the folder that will contain the p-gnome output
files. When this name is typed and the return key is hit CAOS searches for diagnostics
and generates diagnostic rules.

Terminal — perl 80x24 ]

w

Entering interactive mode....
current directory: /Users/rob
-= type "ls’ to see all files, "lsnex’ to see .nex files

Enter MacClade File Name: caos.nex
Rule Output Directory: caos.r‘ulesD

Figure

5) P-gnome is finished generating rules when the prompt reads “P-Gnome Rule
Generation Complete.” p-gnome will generate diagnostic rules and place the results in a
folder (named as above) in the same folder as the home of the program.



4. Interpreting p-gnome results
p-gnome generates the following files:

NN caos.rules o]
o EEmrs a

o Name A . Vodified
; D neworc = " blastDB.phr Today, 5:59 PM
=] __ blastDB.pin Today, 5:59 PM
| 558 homebrew " blastDB.psq Today, 5:59 PM
| @ cAOS_antiAttributesFile.txt Today, 6:00 PM
| m Desktop @ cAOs_attributesFile.txt Today, 6:00 PM
| <« CAOS_groupFile.txt Today, 6:00 PM
| —/}, Applications @ CAOS_input.txt Today, 5:59 PM
[T ] CAOS_summary.txt Today, 6:00 PM
| L] Pictures _ diagView_antiAttributes.faa Today, 6:00 PM
| __ diagView_attributes.faa Today, 6:00 PM

6 Music @ fasta.txt Today, 5:59 PM

Here is a brief description of each of the files generated by P-Gnome:

CAOS input.txt - data matrix and tree data in CAOS format

CAOS _attributesFile.txt - the attributes found through performed CAOS analysis
CAOS_groupFile.txt - grouping file for names of groups, and keeping track of
nodes during classification

fasta.txt - data sequences in FastA format

blastDB.phr - used by BLAST for classification

blastDB.psq - used by BLAST for classification

blastDB.pin - used by BLAST for classification

By opening the CAOS _groupFile.txt the user can view the groups that were created in
MacClade and the numbering system for the groups that will appear in the

CAOS attributesFile.txt file. For each node in the tree a rules group will be generated.
Only the groups that hold the specimen names that represent the pre-described species are
relevant to the diagnosis search. The first few lines of the groups file will look like the
following:

[

CAOS_groupFile.txt

% genes: ORG
$groupName{8}{0} = "OAG";
$nextlode {a}{8} = 1;

# genes: BU1,BH2,BU3,BU4,BUS, BHG, BU?, BUS, BU, BH18, VE4, VE2, VE1 , VES, 0B10, 0B2, 0B6, 0B3, 0B1, 0B4, 0BS, 0BS, 0B9, 0B7,LE11,LE18, LEY, LES, LE?, LEG, LES, LE4, LE3, LE2, LE1, BK1, BK2, BK6, BK?, BKS, BK9, BK18, BK11, BK3, BK4, BKS.

$arouphane{B}H(13 = Eu! BU12, BU3, B4, BUS, BUS, BU?, BliS, BI19, BI11 5, VE4, VE2, VE1, vE3, 010, 0B2, 0BG, 0B3, OB1 , 0B4, OBS, DBS, 0BS, 0B7, LE1 1, LE 10, LEY, LES, LE?, LE6, LES, LE4, LE3, LE2, LET, BK1, BK2, BKS, BK?, B8, BK, BK10, BK11, BK3, BK4, BKS";

$nexthode {03{1} =

# genes: BU1,BU2, B3, B4, BUS, BUG, BH7, BB, BH3, BU1 0, VE4, VE2, VE1 , VE3, 0818, 062, 086, 0E3, 0B1, 084, 085, 088, 089, 087, LE1 1, LE16, LEG, LES, LE7, LEG, LES, LE4, LE3, LE2, LE1
$arouphane{2}(a} = Bul 8112, 113, B4, BUS, BUS, BU?, BlIS, B9, B11 B, VE4, VE2, VE1, VE3, DB10, 0B2, 0BG, 0B3, OB1, 0B4, OBS, 0BS, 089, 0B7, LE 11, LE 18, LES, LES, LE7, LES, LES, LE4, LE3, LE2, LET "3
$nexthode {23{a} =

# genes: BK1,BK2,BK6,BK?,BKS,BK9,BK18,BK11,BK3,BK4, BKS
sgroupName{z}(|} = EKI BK2 BKE BK? BKS EKQ BK!a EK!I BK3,BK4,BKS";
$nexthode {2}{1} =

# genes: BA1,BU2, B3, BUd, BUS, BUG, BH7, BUS, B3, BI1O, YE4, VE2, V1, VES, 0810, 0B2, 0B, 0B3, 0B1, 084, 0BS, 0B8, 0B, 0B7
$qroupNane{3}(a} = Eul B2, BUI3, B4, BS, BUS, BU7, BIIS, B9, Bil1 8, VE4, VEZ, VE1, VES, 0810, 0B2, 0BS, D83, 0B1 , 0B4, 0B, 0B, 089, 0B7";
$nexthode {3}{a} =

# genes: LE11,LE10,LES, LES, LE?,LEG, LES, LE4, LE3, LE2, LE
$aroupName{3} 13 = LEII LE1o,LEs, L8, LE7, LEs, LES, LE4 LE3,LE2,LE
$nextNode {33{1} =

# genes: BA1,BU2,BU3, B4, BUS, BUB, BH?, BLIB, BLI9, BU1D, VEA, VE2, VEI, VE3
Sarouphane{4}(8} = "BU1, BU2, BU3, B4, BUS, Buls, B, BlIS, B119, Bll1 0, E4, VE2, VET, VE3";
$nextiode {4}{0} = 5;

# genes: 0B18,082, 085, 083, 0B1, 084, 0BS, 083, 089, 0B7
$arouphane{4} (1} = Daia 462, 0B85, 083, OB1, 084, OB, 088, 0B9, 067"
$nextiode {43{1} =

# genes: BM1,BU2,BU3, BH4, BUS, BUS, BU7, BUS, BHO, BU1G
$arouphane{S}Ha} = au| Bu12, B3, B4, BUIS, BUS, BU7, BUS, BUO, BU1 9"
$nextNode {S+{8} =

# genes: VE4,VE2,VE1,VE3
$groupNane{S+{1} = vE4 YE2,VE1,YE3"
$nextNode {S}{1} =




By opening CAOS_attributesFile.txt the diagnostics can be viewed. The screenshot
below shows how this file should look.

CAOS_attributesFile.txt

Last Saved: 12

File Path
CAOS_attributesF
-

3 © 186 C 0.841667

3 8 122C 0.841667 SYMP
3 B8 138 K 0.841667

3 8 14 A 0.125600 SYMP
3 a 146 A 8.841667

3 ©® 149 A 0.208333

3 8 172 C 9.841667

3 B8 18 T 0.841667

3 8 28 N 0.841667

3 B 208G 0.841667

3 B8 216N 0.841667

3 B 235 R 0.841667

3 B8 246N 0.841667

3 a 249 G 8.841667

3 B8 274 C 0.791667 SYMP
3 B8 319 T 0.416667

3 B8 325N 09.883333

3 B8 362A 0.841667

3 B 486 T 0.841667

3 B 488 C 0.841667

3 B8 448 N 0.841667

3 B8 443 C 0.841667

3 a 457 C 8.841667

3 B8 467 G 0.841667

3 B8 47?7 G 0.841667

3 B8 438 C 0.841667

3 B8 S88 G 08.541667

3 B 52606 0.841667

3 ©® S33 A 0.841667

3 @ 537G ©.883333 SYMP
3 B8 545G 0.841667

3 a 578 C 8.841667

3 ©® 599 C 0.841667

3 B 680 A 0.841667 SYMP
3 B8 684 T 0.841667 SYMP
3 B8 6206 0.841667 SYMP
3 B 628C 0.841667

3 B8 8 N 0.841667

3 8 71 C 9.841667

3 8 98 T 0.166667 SYMP
3 1 111 N 8.696969

3 1 512 G @.181818

3 1 515 T ©.896969

3 1 516 G ©.990969

3 1 542 N ©.990969

3 1 584 N ©.090969

3 1 595 N ©.890969

33 @8 515 T 1.000000 SYMP
33 B8 S16 G 1.000600 SYMP
33 8 S42 N 1.000600 SYMP
332 B8 S84 N 1.000000 SYMP
33 1 S95 N 1.000060 SYMP
33 8 111N 1.000000 SYMP
4 8 138 K 08.871429

4 B8 20 N 0.871429

4 B 208G 0.871429

4 B8 216 N 0.871429 T

v
€ V L& <> !

There are six columns in the attributes output file. The first and second columns indicate
the group coordinates that are established in the group file (see above). The third column
indicates the base pair position of the residue that is a potential diagnostic and the fourth
column indicates the level of confidence in the diagnostic.

Only diagnostics with values of 1.00 are considered pure diagnostics. For the table below
we have extracted the group coordinates that correspond to prescribed potential species
units and have placed the attributes output for each of these groups below them.

# genes: BK1,BK2,BK6,BK7,BK8,BK9,BK10,BK11,BK3,BK4,BK5



$groupName{2}{1} = "BK1,BK2,BK6,BK7,BK8,BK9,BK10,BK11,BK3,BK4,BK5";

$SnextNode {2}{1} = 45;
2 1 552 N 0.090909 SYMP
2 1 595 G 0.181818 SYMP

# genes: LE11,LE10,LE9,LES8,LE7,LE6,LE5,LE4,LE3,LE2,LE]

$groupName{3}{1} = "LEl11,LE10,LE9,LE8,LE7,LE6,LE5,LE4,LE3,LE2,LEL";
$nextNode {3}{1} = 33;

3 1 111 N 0.090909

3 1 512 G 0.181818

3 1 515 T 0.090909

3 1 516 G 0.090909

3 1 542 N 0.090909

3 1 584 N 0.090909

3 1 595 N 0.090909

# genes: OB10,0B2,0B6,0B3,0B1,0B4,0B5,0B8,0B9,0B7

$groupName{4}{1} = "OB10,0B2,0B6,0B3,0B1,0B4,0B5,0B8,0B9,0B7";
$SnextNode {4}{1l} = 22;

4 1 106 C 0.100000
4 1 122 C 0.100000
4 1 146 A 0.100000
4 1 149 A 0.500000
4 1 172 C 0.100000
4 1 186 T 0.100000
4 1 235 R 0.100000
4 1 246 N 0.100000
4 1 249 G 0.100000
4 1 362 A 0.100000
4 1 406 T 0.100000
4 1 443 C 0.100000
4 1 457 C 0.100000
4 1 467 G 0.100000
4 1 4717 G 0.100000
4 1 48 C 0.100000
4 1 526 G 0.100000
4 1 533 A 0.100000
4 1 537 G 0.200000
4 1 545 G 0.100000
4 1 570 C 0.100000
4 1 600 A 0.100000
4 1 604 T 0.100000
4 1 620 G 0.100000
4 1 628 C 0.100000
4 1 71 C 0.100000

# genes: BW1,BW2,BW3,BW4,BW5,BW6,BW7,BW8,BW9,BW10

$groupName{5}{0} = "BWl,BwW2,BW3,BW4,BW5,BW6,BW7,BW8,BW9,BW10";
$nextNode {5}{0} = 6;

5 0 20 N 0.100000

5 0 208 G 0.100000

5 0 216 N 0.100000

5 0 319 T 1.000000

5 0 325 N 0.200000

5 0 70 N 0.100000

# genes: YE4,YE2,YE1l,YE3

$groupName{5}{1} = "YE4,YE2,YEl,YE3";
$SnextNode {5}{1} = 17;
5 1 130 K 0.250000

5 1 14 A 0.250000 SYMP



5 1 274 T 0.250000 SYMP
5 1 319 (o] 1.000000 SYMP
5 1 408 C 0.250000
5 1 440 N 0.250000
5 1 500 A 0.250000 SYMP
5 1 599 C 0.250000
5 1 90 T 0.250000 SYMP

In the above table there are two such positions — one in the BW entity (in red) and one in
the YE entity (in blue). Note however that the YE diagnostic at position 319 has a SYMP
in the sixth column. This last column indicates whether or not the diagnostic is
symplesiomorphic (ie present in other more basal entities in the analysis) and in this case
indicates that the C in position 319 in the YE entitiy is not diagnostic for that entity.

To validate this diagnostic we show the MacClade text editor screen shot for this position
in the caos.nex matrix. Note that position 319 is fixed for T in the BW entity and
different in all others.
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5. Running p-elf

1. Input files for p-elf are FASTA files. The files can have gaps or gaps can be removed
before running p-elf.

2. Open a terminal window on a MacIntosh-OSX and type in “p-elf”. The program
should start to run. The first prompt is for the rules folder (generated by p-gnome) that
will be used as the rules to do the identifications. The screen should look like the
following.

»OC Terminal — perl — 80x24
Phylogenomenclature

12.06.2007 18:22:47

P-ELf 3.2b (20071206)

Entering interactive mode....

1|

current directory: /Users/rob

-= type "ls’ to see directories
Enter Rule Directory: D

3. The next two prompts ask for the file with the sequences that need to be classified or
identified and the name that will be given to the file with the output from the
classification step. The finished file input should look like the following screen.

‘ — — — 1 - - Wl _nn s . e
® 00 Terminal — perl — 80x24 [
Phyl ogenomenclature E'
12.96.2007 18:25:38

P-ELf 3.2b (20071206)

Entering interactive mode....
current directory: /Users/rob
-= type "ls’ to see directories
Enter Rule Directory: caos.rules

-= type "ls’ to see all files, "lsfa’ to see .fa files
Enter FastA (Classification File: ab.test

-= hit enter to use ab.test.class.txt as name
Enter output CLASSIFICATION-TEXT file name: ab.cluss[]




6. Interpreting p-elf output

The p-elf program uses the rule set to identify the query sequences and returns the named
file with the classifications in it. The file should look like this:

ab.class (& ]
st S
¢ le P2
-
CAOS classification for: B19G
-> "BW1,BWZ, BU3, BW4, BUS, BUG, BU?7, BHS, BU9, BW18, YE4, VE2, VE1 , YE3, 0B18, 0B2, 0B6, 0B3, 0B1, 0B4, 0BS, 0B, 0B3, 0B7, LE11,LE18, LES, LES, LE?, LE6, LES, LE4, LE3, LE2,LE1"
CAOS classification for: B4WILD
— "BW1,BW2, BUZ, BU4, BUS, BUE, BU7, BHS, BUI, BU18"
CAOS classification for: L?
—-——=> "BW1,BW2,BW3,BH4, BUS, BUG, BW?,BWUS, BWI, BU1G, YE4, VE2, VYE1, YE3, OB18, 0B2, 0BG, OB3, OB1, OB4, OBS, OBS, OB9, OB?,LE11,LE1Q,LE9,LES,LE?,LEG, LES,LE4,LE3,LE2,LE1"
CADS classification for: 03
lemmntd "BW1,BW2,BW3,BW4, BUS, BUG, BW?,BWS, BWI, BU1G, YE4, VE2, YET, YES, OB18, 0B2, 0BG, OB3, 0B1, OB4, OBS, 0BS, OB9, OB?"
CROS :elassification for: YIS
—— “BW1,BU2, B3, BU4, BUS, BUE, BU?, BUS, BUI, BI1 8, YE4, YEZ, VE1, YES, 0B10, 0B2, 0BG, OB3, OB1 , 0B4, OBS, OBS, 0B, 0B7"
.- S |

Note that in this file five query sequences were classified using a rule set with only one of
the five entities in the study having a pure diagnostic. p-elf returns classifications for
these five queries that show the potential groups that the query can be classified to. In
this case only one query can be classified down to a single entity — BW. All other queries
are not classifiable to the pre-described entities for their origin. These results are
consistent with the presence of a single pure diagnostic in the BW entity.



