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Overview:

Crimson facilitates the extraction of sub-treesrfrgery large phylogenetic trees. Trees are
loaded into a shared database and sampled accotdirsghemes controlled by the user.

Comprehensive graphical dialogs allow users tolyeasanage and query trees in the database.
Queries can be stored in the database to be sh@thdother users and moved between

databases. A command line interface enables tsexsite their own functions and scripts to

manage the database, manipulate the trees andegjuamd automate any of the built-in

functions.

The application allow users to connect to OracleViglSQL databases. Once connected to a
database, the program will register the trees d@natcontained in the database as well as any
stored queries and data models. If no tables eristhe database, the application will
automatically create the necessary tables. Theaasethen use the graphical tree manager to
load new trees, add or remove data partitions,tel@risting trees, add notes, etc. In order to
facilitate the management of trees and data parifiCrimson stores information about the data
models used and can link data models to trees atadrtitions. A graphical query manager
allows users to manipulate existing queries andred queries. When users create queries they
have the option of publishing the queries to th&alase so that they are available in future
sessions and to other users. It is also possbéxport queries to text files so that they can be
shared between databases. Users are providedysaiphical means to run existing queries and
to easily set the parameters associated with theimg of queries. For example, a user can
specify that a query run multiple times to repetedmple from a tree using the same query
specifications. This might be useful to users wiamt to take repeated random samples from a
tree. The application also provides simple methimdextract a tree structure, an entire tree
(containing all data partitions), or a specific alggartition from the database. In order to
facilitate the viewing of trees, Crimson containsitines to easily display exported trees in the
3D tree viewer Walrus (see Walrus 3D Viewer, pabe 3

This application has been tested on Windows andX_systems and should run on any system
that contains Java 1.5 or later. Both Oracle an/bQL databases can be used, and future
versions will allow for connecting to other datagssuch as IBM DB2 and Microsoft SQL.

Extensive Java AP| documentation can be foundardocumentation” subfolder.
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Installing and Running Crimson:

In order to run Crimson, it is necessary to firstall java version 1.5 or later. If not already
installed, java can be downloaded from the Sun yesfasite.
http://www.java.com/en/download/manual.jsp

Installation:

Linux

Setup:

1. Unzip the package in the desired directory.
$ unzip crimson.zip

2. Change to the crimson directory.
$ cd crimson

3. Adjust the attributes for the application exadls.
$ chmod a+x crimson.sh

Running:
1. Change directories into the “crimson” directand run "./crimson.sh".

Windows 2000/XP/2003

Setup:
1. Unzip the package in the desired directory (\ipnat some other pkzip based application
will suffice).

Running:
1. From within the “crimson” folder double-clickégh'crimson.bat" application.

Macintosh

Setup:

1. Open /Applications/Utilities/Terminal

2. Using the terminal, follow the Linux instruct®n

Running:
1. Change directories into the “crimson” directand run "./crimson.sh".
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Command Line Arguments
The Crimson executable contains various optiorgiraents.

-dos: Sets ‘ISDOS'’ flag to true. Used to establish comdhmterface for launching
shell commands. This flag is automatically setdoynson.bat’.

-batch:  Sets ‘ISBATCH’ flag to true. Inhibits the loadimg the interactive interface.
This will also disable X11 and Walrus.

-nox: Sets ‘NOX’ flag to true. When true, will restrittte loading of various GUI
interfaces. This is necessary on some systemsithadt contain any
graphical display server (ex X11 on Linux systemBhis will also disable
Walrus.

-no3d:  Sets ‘NO3D’ flag to true. When true, will restritie loading Walrus.

Windows 2000/XP/2003
> crimson.bat [ -batch <filename> | -nox | -no3d |

Linux / Macintosh
$ crimson.sh [ -batch <filename> | -nox | -no3d ]

Batch Mode

Both crimson.sh (Linux/Mac) and crimson.bat (Winddwllow for the inclusion of one
command line argument which is a Crimson pythanthiat will be run. The command line
argument (ie python file) is loaded into the CLEktrtup using the ‘loadPython()’ script. When
the *-batch’ argument is present, Crimson will an#&tically quit after running the remaining
batch file; that is, it will not launch the inteta@ interface.

Batch mode examples:

An example batch file has been included with ttetaltation package. Itis called
‘exBatchScript.py’. This script will log into th@DSC Oracle server, create a query that will
randomly sample 1000 leaves from the tree ‘FULL-ERE. The query will run three times and
save the resulting trees to the NEXUS files calaahpTree1000_0, sampTreel000 1, and
sampTreel000_2. To run this batch file on a Wirglavachine:

crimson.bat —batch exBatchScript.py

Crimson allows users to store queries in the da@bahere are a number of queries stored in
the SDSC Oracle server. The following command miifi the query ‘tempDepth-400’, which is
stored on the SDSC Oracle server, on a Linux/Masimmachine. This command will save the
output of the query to a NEXUS file called ‘deptb®4nex’.

crimson.sh —batch exBatchScript-2.py
The tempDepth-400 query will sample from each ef3tsubtrees created by splicing the tree
‘FULL-TREE-O’ at a temporal depth of 400. The auttpvill contain 100 leaves with the
number of leaves sampled from each subtree weidiytéle respective number of leaves in
each subtree. The output will also contain th&t fil000 base pairs from partition “‘TRIAL-2".
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Walrus 3D Viewer

While the Walrus 3D Viewer is integrated into thmokcation, it requires the Java 3D library to
run. Users can also download the Java 3D instatidiles from
http://java.sun.com/products/java-media/3D/

If the Java 3D library is not installed, then Cransnust be launched with the *-no3d’ flag, to
disable the Walrus package. This flag must betimemand line first argument when running
Crimson.

Example without 3D library on a Windows machine:
crimson.bat —no3d

Example without 3D library on a Linux/Macintosh rhate:
crimson.sh —no3d

Miscellaneous Notes

When processing large trees, Java must be runSdRror 1024 MB of memory. This is set to
1024 by default in crimson.bat and crimson.sh.cii@ange this value, adjust the argument:
-Xmx1024m

When using MySQL, it is recommended that servemsiben "strict” mode:
--sgl-mode='STRICT_ALL_TABLES'
Users also need to set the ‘max_allowed_packetMgBQL server and client
to allow for loading of large trees:
-max_allowed_packet=64M
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Command Line Interface:

The Command Line Interface (CLI) is based on th#hqy scripting language and will accept
most valid Python commands. The CLI can be usddad, modify, view, and save data. The
CLI also provides access to the internal data 8iras containing the tree, partition, model, and
query data. Thus, using Python commands, usersreate their own scripts to automate tasks
and expand upon built-in data operations. Theofiseripts and user-defined data operations are
discussed further in the section Scripting Languagege 23).

When the program starts it automatically loads ftleecalled ‘startup.py’, containing various

scripts to facilitate the use of common built-imétions. The user can modify this file to include
their own scripts or to load addition files at tt@r

w4 C:\WINDOWS\system32\cmd. exe

C:\Documents and Settings\Gromit\Desktop\working\lab\crimson\gui>ECHO OFF
CRIMSON v2.0 beta

By Stephen Fisher, Susan Davidson, and Junhyeng Kim.

Copyright 2006, University of Pennsylvania. All rights reserved.

Loading startup scripts. ..
Using mysql database.
Database opened.

>0
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Graphical User Interface:

The Graphical User Interface (GUI) can be usedetfopm many of the built-in operations. The
GUI has a main window which contains various merudylessages” window and a “History”
window. The ‘Messages’ window will display all &ta, warning, and error messages. The user
can disable this window via the Edit menu, in whiase all output will be displayed in the CLI.
The verbosity of the feedback (status, warning, amdr) can be set with the “setVerbose()”
command.

The ‘History’ window contains the CLI equivalentrfall commands initiated via the GUI.
Thus, the History window will contain a log of &lUI derived commands. The user can copy
and paste the commands in the History window dirénto the CLI or into a file to be loaded
into the CLI. Future versions of the GUI will imcle the ability to directly load or save
command histories, and convert sequences of comsrfama the history into macros accessible
through the CLI.

£ CRIMSON E|E|B|

File Edit Tree Model Query Help
Messages:
o~
W
¢ >
LHi;b:ury:
o~
W
< >
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File:
- Set Database Type
- Open Database...
- Close Database

- Test Database Connection
- Quit

Edit:
- Copy History
- Clear History
- Select All History
- Enable Message Window
- Clear Messages

Tree:
- Load...
- Append...
- Export Tree...
- Stats Tree...
- View Tree...
- 3D View Tree...
- Refresh Tree List
- Manage

- Delete

Model:

Query:

Help:

- New...

- Refresh Model List
-View

- Manage

- Delete

- New...

- Load From DB

- Load All From DB
- Publish To DB...
- Import...

- Export...

- View

- Manage

- Delete

- Script Commands
- API documentation

- About
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Usage Examples:

1. Open database When Crimson is first started an 'Open Databaséglis presented. The
application will remember the username, server, oid database values across sessions.
However, the password is only stored for the daratif the session. Users can use the File
Menu to close an existing database and open andét@base at any time. When a database is
opened, Crimson tests for the existence of varamication specific tables (“TREES,”
“PARTITIONS,” “PART_DATA,” “MODELS,” and “QUERIES”) and if they don't already
exist, it will create them. See the section Schéuage 27) for more information about the
actual tables created and used by Crimson.

& Open Database

Llsername Crimsan

Passweord: hAEhkEhhEhE

MYSOL Server | localhost

Fort ]

Database Crirmson

ik ] ’ Cancel
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2. Test database connectionTest the connection to the database by selectatrile -> Test
Database Connection' menu item. If the test isesgful, then a message similar to the
following will be printed in the message window.

The database date is 2005-04-01 15:30:00.0
Database connection test succeeded.

uery

[E

e Database. .. A0 '
i 5-08-10
Close Database Alt+C

@
12

| succeaded.

E Test Database Connection

©) ouit

£ I ' ¥

History:
openbDatabase ("crimson™, "F*EFEx*x" "laoglheost”, 0, "crimson™)

[

estConnection ()

W

¥

Frogress;

i A
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3. Load tree. Choose the 'Tree -> Load...' menu item to loa@e. tiA file selection dialog will
be presented. Choose the 'F81x100' file from Hta directory.

L Select NEXUS File

Laok in: :.?-=' data V| T 'v"||E|
- 5 &= Felxi00
Fa1x1000
g"ﬁ' RECET [ Fa 1100 _data
PR FB1%100_struct
(2 = Fa132000
Desktop
My
Docurments
My
Computer
‘% File narme: | F81x100 ' | Dpen
by Metwark )
Flaces Files of type: !All Files v‘ [ Cancel ]

You will now be presented with a dialog to namettiee and partition. Changes the tree name
to 'F81test' and the partition name to 'test_pibte that every partition must have a unique
name.

i Load Tree

Tree name: | FB1test |

FPartition name: |teat_p1| |

Ok ] ’ Cancel ]

If loaded successfully you should see the followimghe Messages window.

Building tree.

Updated TREES table.

Updated PARTITIONS table.

Finished loading CHARACTERS data.
Finished loading CRIMSON data.
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4. Append partition. Choose Tree -> Append...' to append a partitichédree. A Tree
Selector dialog will open and from this dialog, oke the tree to append, 'F81TEST" in this
example. Next you will be presented with a NEXW& ¢hoose. Select the file 'F81x100_data’
from the data directory. After choosing the fyeu will again be presented with a dialog to
specify the name of the partition. Change the neiEEST_P2'. Note that every partition must
have a unigue name.

2 Tree Selector

Select lterm:
FE1TEST

Select l l Cancel
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5. Manage tree.Open the Tree Manager dialog to view informatioaialihe tree (select the
"Tree -> Manage' menu item). From this dialog gan see that the tree 'F81TEST' has 2
partitions, 100 leaves, and that it's a binary trest is not ultrametric. In the partitions panel,
each partition is listed with its sequence lengtti emodel association. From this dialog, trees
and partitions can be loaded or deleted. You oamw and edit the notes associated with each
tree or partition. You can also change the modgbeiated with each partition.

£ Tree Manar _ _ g@‘@
| (o '.;y E’ Statistics | hewick [;i $ @’ " 'il @ |

Tree ID Partitions Mum Leaves Binary Ultrametric | Partitions {length, modal):
TIMY 1 3 yes ¥ES [TEST_P2 1000 bp)
FE1X100 1 100 Ves no TEST_P1 {1000 bp)
BDEO00 0 5895 no no
COMB_100K 0 100002 yes no
WAR_1M i} 1000000 VEs YES
PaUP_50 0 100000 no ¥Es
MTEST 1 100 ves no
TINY-ABC 3 3 ves ¥es
TINY2 1 5 ves ¥es
BOS000_MEX 1 5000 no 25 |
I T S R

B v 0

|
6. Managing models.Open the Model Manager dialog to add, view, editl delete models
(select the 'Model -> Manage' menu item). Theeadhe “New” toolbar button (white square

with a yellow start in the lower corner). Enter 6l 1” as the name of the model in the “New
Model” dialog.

i New Model g

Model ID: | Model 1| |

Ok l ’ Cancel ]

Press “Ok” and you will be presented with the Mdaditor where you can edit the Notes and
Details for the new model. While the Notes fieddimited to 4000 characters, there isn't a limit
on the Detalils field. Any information can be u$ede to distinguish or document models.
When finished editing the new model press the “Salvanges” button in the lower left corner of
the dialog.
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Z Model Editor

Model: MODEL 1

Motes (4000 char limit):

THIZ IS OUE FIEST MODEL.

Details:

Here are the model details.

Z Model Manager E”E g| |

L4 | (O

tModel Mame Motes
MODEL 1 THIS IS OUR FIRST MODEL,

MNotes: ITHIS IS QLR FIRST MODEL,
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7. Associating models with partitions.From the Tree Manager, select the tree 'F81TESiIS. T
will cause the two partitions (“F81TEST_P1” and IHEST P2”) to be displayed in the
Partitions panel. At this point no model is asated with either partition. Select the first
partition, “F8B1TEST_P1” and from the pull-down meatithe bottom of the Partitions panel,
select the model “Model 1.”

£ Tree [ EGETE

@ w0 d R T Q ? @

Tree Mame Partitions Murm Species Max Depth Tot Seq Length 'i Fartitions (length, model):
BLAHZ ] 199 0.353207 ] | | TEST_PZ (1000 bph
TIMNYZ2 1 g 2.170056 4731 | TEST_P1 {1000 bp)
TINY 1 =] 2.170055 4731 |
MTEST 2 199 0.353207 20 |
100 0 203 4,950929 u] |
MTEST _MOIMN 1 199 0.353207 10 |
1000 ] 2003 51.600557 u] |
C1M ] 200003 S036.037658 u] |
R ] 100001 0.099995 u] |
BOE000 ] 11790 2.661029 u] |
TREE_S0 ] 200000 0561902 u] |
BOS000_MEX 1 10000 2.170059 4731 !

2 |19a 00895 2000 I

— ez ls

After selecting the model, the model name will beluded in the description of the partition,
following the length of the partition. The modelncnow be used to help distinguish this
partition when building a query.

£ Tree L EGETET

@ o 3 R 2 B Q ? @

Tree Mame Partitions Mum Species Max Depth Tot Seq Length || Par
BLAHZ2 0 199 0.353207 1] |
TINYZ 1 9 2, 170056 4731 Il TEST P1 (1000 bp, MODEL 13
TIMY 1 9 2.170056 4731 |
MNTEST 2 199 0:333207 20 |
c1a0 0 203 4,930929 0 |
MNTEST_MOIM 1 199 0.333207 10 |
C1000 0 2003 51.600357 0 |
C1M 1] 200003 2036.037658 1] |
1M 1] 100001 0.099993 1] |
BDaO00 1] 11790 2.661029 1] |
TREE_S0 0 200000 0.561902 0 |
BDS000_MEX 1 10000 2.170039 4731 |

2 199 |0.0895 2000 |

[ooe
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8. Query tree. From the Tree Manager, select the tree 'F81TESiIS Will cause the disabled
toolbar buttons to be enabled. Then select thertoolbar button (looks like an magnification
glass). Choose 'Ok’ to accept the default quemyen&81TEST_q' from the Query ID dialog.

Query ID: | FB1TEST g

Ok

I

Cancel ]

From the Query Editor, choose 'Random Selectiomfthe species selection method list. Enter
'50' for the 'Number of Leaves' (you must firstiap@ the selection method to 'Random
Selection’). Next, change the sequence selectathod to 'Random Base Pair Selection' and
enter '100' as the 'Number of Positions'. Theacs¢he partition 'F81TEST_P2'. Finally, press
the 'Save and Run' button (it's the green check mext to the close button).

& Query Editor

Query: ‘ FE1TEST

[~ Tree Selection

Tree:

Seed: ‘

| [ Leaf Selection

Selection Methaod:

Selection Method:

FBITEST A

Mum Partitions:

| Random Selection N

Mumber of Leaves:

‘Randum Base Pair Selection v

Murnber of Positions (bpfcodan:

2

Mum Leaves:

] 508

Termporal Depth:

] 1003

Positions (bp/fcodan’:

| 100

Max Ternporal Depth:

!

Lewvel:

Total Sequence Length ¢bp)

| 2000

0089511 Yiew Distribution ‘
Mak Leval: Leaves (ID [Level, Temp DepthTh:
|13 Yigw Distribution

|

Partitions:

TEST_P2 {1000 bp)
TEST_P1 (1000 by, MODEL

LEX
(] (B ] [E] |V || Q]

| [~ Seguence Selection
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Enter 'TEST_output' as the output file from theriRuery' dialog and then press the 'Run'’
button to run the query.

If run successfully, you should see the following/our Message window.

Processing newick: ..........cccc.uu.e.
Query finished.

When editing a query, it's possible to select paditions based on their associated models. To
do this, use the buttons on the lower right coofehe Query Editor. When pressed, you will be
asked to select a model. Depending on the butted,partitions associated with the specific
model, will either be selected or unselected.
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9. Manage queries.Open the Query Manager dialog (select the 'QueiManage’ menu item).
From here you can view or edit queries, create qusvies, delete queries, and publish (ie save)
gueries to the database. Unless a query is 'aadljsit will be deleted when the application is
closed. Thus in order to preserve a query, it railber be exported to a text file or published to
the database. To do this, select the query arss phhe 'Publish’ toolbar button (it looks like a
computer monitor with a small globe next to ither'Saved’ column denotes whether a query
has been published (ie saved) to the database n&Veea query is modified it must be re-
published in order to save the modifications todhtabase.

10. View trees. The Walrus display engine was integrated into Coim$n order to facilite
viewing trees. This section assumes the usemistalled the necessary Java 3D drivers, as
described in the Installation section of this manuithe Java 3D drivers are not installed, then
Walrus will not run.

In order to view trees in Walrus, a text file mhstcreated that contains the Walrus specific
description of the tree. This text file is createmin a NEXUS file using the jython function
“nex2wal()".

>>> nex2wal(“F81TEST”, “F81TEST.wal")

In this example, the NEXUS file “F81TEST” is us@dcreate a Walrus formatted input file
called “F81TEST.wal”, and then the output was digpt in Walrus. An optional argument can
be given that will keep the output from being digggd in Walrus after the conversion is
completed.

>>> nex2wal(“F81TEST”, “F81TEST.wal”, 0)
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Alternatively the user can use the “View Tree” battn the Tree Manager dialog. This will
automatically export the tree to a Nexus file, camhe file to a Walrus format and then display
the file.

The same option can be accessed via the Menu lmgictypTree -> View Tree...' to access a
Tree Selector dialog where the user can pick gt be displayed. The tree will again be
exported to a Nexus file and then imported into \y&l
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Query Options:

There are many different ways to query a tree.ohthe options are available from the Query
Editor panel and CLI. Here we describe the difié@ptions.

Leaf Selection Methods:
Select All: Selects the entire tree.

Random Selection: Randomly selects the specified number of leaves tiee tree.
Inner nodes will be included as needed to buildstitgree specified by the leaves selected.

Select by Temp Depth (dist): The tree is sliced at the user specified tempaptid
(threshold) and all resulting subtrees, below thieghold, are sampled. The user specifies the
total number of leaves to be sampled and this numslzkvided by the number of subtrees to
determine how many leaves are randomly sampled &ach subtree. If the number of leaves to
be sampled does not divide evenly among the sudhttieen random subtrees will be sampled an
additional time. If a subtree contains fewer leatlean requested, then the additional leaves
requested will not be returned. For example,ef¢hare 3 subtrees and the user requests 10
leaves, each subtree will be sampled three timdsame of the subtrees sampled a fourth time.
If one of the subtrees only contains two leavesnttine resulting tree would only contain 9
leaves. If the subtree with only two leaves waredomly selected to be sampled a fourth time,
then the resulting tree would only contain 8 leaves

Select by Temp Depth (weighted):The tree is sliced at the user specified temporal
depth (threshold) and all resulting subtrees, belmthreshold, are computed. The leaves of all
the subtrees are pooled and then collectively saahgtcording to the number of leaves
requested by the user. Thus subtrees with movedesre more likely to be sampled and it's
possible for some subtrees to not be sampled.at all

Select by Level (dist): This is the same as “Select by Temp Depth” buthiheshold is
based on the level (number of ancestors to thg,rnostead of the temporal depth.

Select by Level (weighted):This is the same as “Select by Temp Depth” but the
threshold is based on the level (number of ancestothe root), instead of the temporal depth.

Manual Selection: The user manually chooses which leaves, basedededhIDs, to
included in the output tree.

Sequence Selection Methods:
These methods are applied to which ever partitibasiser specifies.
Select All: Selects all base pairs.

Random Codon Selection:Randomly selects the specified number of codohthel
number of base pairs is not evenly divisible bth&n the last codon, if selected, will be
incomplete.

Random Base Pair SelectionRandomly selects the specified number of base.pairs
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Manual Codon Selection: The user manually specifies the codons to include
codons are indexed from 1 (the first codon) toh¢ (st codon). Ranges can be used to specify
a set of codons that are adjacent to one anoffmrexample, “1:4:12-16:56” would include
codons 1, 4, 12, 13, 14, 15, 16, and 56.

Manual Base Pair Selection:The user manually specifies the base pairs to dieclurhe
base pairs are indexed from 1 (the first bp) tdHe (ast bp). Ranges can be used to specify a set
of base pairs that are adjacent to one anotharexXample, “1:4:12-16:56" would include base
pairs 1, 4, 12, 13, 14, 15, 16, and 56.

Select None:No base pairs will be returned. The resulting Nefide will only contain
tree structure information.
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Scripting Language:

The command line interface is a Java implementaifdPython called Jython. It contains most
standard Python commands and allows the user &saadl built-in Java objects. In order to
facilitate the integration of the java API with tli&|, we created two jython files that load basic
functions and globals into the CLI. Users are s€lito review the ‘header.py’ and ‘startup.py’
files to better understand how the java API is Exhthto the CLI and how to access the java
API. Below are the main routines that are useessible from these files.

Header.py:

This file loads the basic crimson objects and gmb&lsers are advised to include this
file in any Jython files they might create.

console: This is a reference to the actual CLI object. Usars use this object to send
commands to the console (ex ‘console.exec(“prirx’ -

runtime: This is a reference to the runtime object for thgligation session.

Startup.py:
This file contains the built-in Jython functions.
General Functions:
quit(): Quits the application.

execute(cmd):Executes the command ‘cmd'. If Windows OS thehpséipend ‘cmd /c’,
otherwise it will prepend 'sh -c' which is necegdar Linux.

loadPython(script): Load the python script into the command line.
viewAPI(): Launch HTML viewer to view Java API documentation.
resetGlobals(): Reset user-definable global variables to their wlefalues.
about(): Prints version information.

time(): Prints the current time.

help([command]): Prints help for user-defined functions: *help()imgrlist of
commands. ‘help(<UDF>)’ print extended documentafor 'UDF'.

helpList(): For help on a specific built-in functions type |h@nhame>)" at the console.

Crimson Functions:

setVerbose(val):.Changes the feedback verbosity of the applicalitbe. amount of
detailed feedback is as follows: 2 = lots, 1 = ravmings, 0 = no feedback. This
value will persist across instances of the appbcat

setTmpDir([val]): Changes the default directory used for temporatgldader files
(CrimsonUtils. TMP_DIR).

getTmpDir(): Returns the default directory used for tempordesfi
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setUsername(val)Changes the default username used to connectdbata. This is
also updated every time a valid database conneistiorade.

setDatabase(val)Changes the default database used. This is atfategevery time a
valid database connection is made.

getTree(id): Returns the tree object from the treePool.

getPartition(id): Returns the partition object from the partitionRPool
getModel(id): Returns the model object from the modelPool.
getQuery(id): Returns the query object from the queryPool.
importQuery(filename): This will load a query from the specified pytholefi

exportQuery(id, path): This will save the query to a python file that dsnreload into
jython. If the file already exists, it will be oweritten.

Database Functions:
setDBType(type):Sets the type of database (‘Oracle’ or ‘MySQL’).

openDatabase(username, password, server, port, dai@se):Connects to the specified
database. If username, database, or server atg,e¢hgn the default values will
be used. If portis O, then its default will bedsWhen a valid connection is
made, the default values for username, databasersand port will be updated.

closeDatabase():Closes the connection to the database.
testConnection(): Performs a simple SQL query to test the databaseemion.

execUpdate(sql)This will execute SQL commands that update theldeta (i.e.
CREATE, DROP, INSERT, DELETE, etc). This will retut if it completes or O
on error. COMMIT will automatically be run afterelexecution of the sql
statement.

execSQL(sql):This will execute SQL queries of the database. €arsbe used, for
example, to run Oracle 'SELECT' statements.

loadTree(filename , treelD [, partitionID]): This will load the NEXUS file ‘filename'.

appendTree(filename, treelD, partitionID): This will process the NEXUS file
filename' and prepare the file to be appendeddatabase tables <treelD>_P and
<tree_id> T.

removeTmpFiles(treelD): This will remove any files stored in
CrimsonUtils. TMP_DIR.

exportTree(treelD): This will save the tree and all partition data aEaXUS file.
exportStruct(treelD): This will save the tree structure as a NEXUS file.

exportPartition(treelD, partitionID): This will save the selected partition to a NEXUS
file.
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deleteTree(id [, delQueries]):.Deleted the tree from the database, including amijtion
data. If any queries reference the tree and 'd=i@sl is true, then the queries
will also be deleted. If 'delQueries' is falseféldt value) and related queries are
found, then the tree will not be deleted.

deletePartition(id): Deletes the partition from the database
loadAllTrees(): This will load all of the trees in the current dzdae.
loadAllIModels(): This will load all of the models in the current alaase.

deleteModel(id): Moves a model from the database into the Oraclgcltedin. The
model can thus be restored or permanently deletedr( the recycle bin is
purged).

loadAllQueries(): This will load all of the queries in the currentalaase. If a query
already exists with the same id, then the new qitewill be changed so as to not
conflict with the existing query.

loadQuery(id): This will load the specified query from database.

publishQuery(id): This will add the specified query to the datab&stedoesn't already
exist in the database. If it already exists themill update the database entry.

runQuery(id [, output, incSequence, repeat])This will run the specified query, saving
the output in the specified NEXUS file. Repeathis humber of times the query
will be run. If repeat is more than 1, than thedsealue in the query will be
ignored. If only the query ID is given, then a dgawill be presented to get the
remaining information.

deleteQuery(id, fromDatabase):This will remove the specified query from the the
queryPool. If fromDatabase’ is true (= 1), thewilt also remove the query from
the database.

deleteQueryFromDatabase(id)This will remove the specified query from the datsd
and the queryPool.

GUI Functions:

menu(): States the application's GUI. By default, thisuis when startup.py is loaded.
treeManager(): Displays the tree manager.

modelManager(): Displays the model manager.

newModel(): This will create a new model object. The modekobjill then be
opened in a ModelEditor panel.

editModel(id): This will open the model object in a ModelEditonpa
viewModel([id]): This will display the model's parameter values.
gueryManager(): Displays the query manager.

newQuery(treelD): This will create a new query object that is setdd the specified
tree. The query object will then be opened in @@kditor panel.

editQuery(id): This will open the query object in a QueryEditonph
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viewQuery([id]): This will display the query's parameter values.

User Functions:
tree2wal(id): This will display a tree in the Walrus 3D viewer.

nex2wal([inFile [, outFile [, view [, min]]]]): This will convert a nexus file to a walrus
format for viewing in Walrus. If the input or outpfile names are empty, then a
graphical dialog will be presented to query ther fisethe file names. If 'view' is
true, then after converting the file, it will besglayed in a new Walrus viewer, if
not present then it is assumed to be true. If"'mitrue, then the output file will
not contain any extra display info, such as spd@essor branch lengths. This
will produce a significantly smaller file that witinly allow for the display of the
tree structure.

runWalrus([file]): This will display the file using the Walrus 3D view
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When a connection is made to a database, Crimsankslior the existence of the necessary
tables. If the tables do not exist then Crimsolhaxeate the tables. Most of the tables should be
self-explanatory (TREES contains tree data, dtfjwever, the PARTITIONS table only

contains the header info for the partitions, wkile PART_DATA table contains all partition

data.
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NEXUS File Format

Crimson uses the NEXUS file format to facilitate #xchange of data with external programs.
For our purposes here, Crimson use two public GGKREES’ and ‘DATA’) and one private
block ((CRIMSON?’). Any other blocks in the NEXU3d will be ignored. While Crimson will
output NEXUS files containing multiple data padits, the current version is not able to import
NEXUS files with more than one data partition. d@elis a simple example of a valid NEXUS
input file with a tree structure and one data particontaining sequence and structure data.
Also included below is an example of a multipletpiaan NEXUS output file.

If DATA and/or CRIMSON data is included in the NE$Uile, then it must be included for
every species. The DATA and CRIMSON entries mldtave the same length (ie the same
number of columns). Every species ID must be umapd all inner node IDs must begin with
“ 7. To facilitate parsing of the NEXUS file spagenot tabs, should be used to separate the
species IDs from the DATA and CRIMSON data.

The CHARACTER block can be used in place of the BAjlock, however the matrix
formatting must be the same; that is, the CHARACTH K must include the “NEWTAXA”
subcommand with relevant data formatting.

The current NEXUS parser does not properly handlene and multi-line comments. Lines that
begin with ‘#’ or ‘[ are treated as comments.

Crimson will properly quote tree and partition ID&t contain characters considered special by
NEXUS. However, Crimson does not quote speciesabasn exporting to a NEXUS file. Thus
species IDs must not contain special charactefs asi¢* and * .

For more information about the structure of NEXU&sf please see D.R. Maddison, D.L.
Swofford, W.P. Maddisorystematic Biology/ol. 46, No. 4 (Dec., 1997), 590-621.

http://links.jstor.org/sici?sici=1063-
5157%28199712%2946%3A4%3C590%3ANAEFFF%3E2.0.C0%3B2-
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----- Example NEXUS file with single partition (ihaling internal sequences) -----
#NEXUS

BEGIN TREES;

TREE treel = ((S1:0.151029, S2:0.039464)12:0.07816 4, S3:0.040122,
S4:0.151029)IR:0.004586;
END;

BEGIN DATA,;
DIMENSIONS NTAX=6 NCHAR=10;
FORMAT DATATYPE=RNA GAP=-;

MATRIX
IR --ACACUGGA
12 --ACACUGGA
S1 --AAAUUGAA
S2 --UCGGUGAA
S3 --CAUUUGGG
S4 --ACAAGGUA

END;

BEGIN CRIMSON,;
MATRIX

IR (O
()]
ST ((O)](¢
sz .)0).)
SEEEN(0)))))
sS4 (O

END;



Example NEXUS file with multiple partition®6t including internal sequences)

#NEXUS

BEGI

N TREES;

TREE treel = ((S1:0.151029, S2:0.039464)12:0.07816

S4:0.151029)IR:0.004586;

END;

BEGI

END;

BEGIN CRIMSON,;

END;

N DATA;

DIMENSIONS NTAX=4 NCHAR=10;
FORMAT DATATYPE=RNA GAP=- INTERLEAVE;

MATRIX
[FOO_P1]
s1
S2
S3
s4

[FOO_P2]
s1
S2
S3
sS4

MATRIX
[FOO_P1]
s1
S2
S3
s4

[FOO_P2]
s1
S2
S3
s4

BEGIN SETS;
CharPartition partition =
‘FOO_P1:1-5

‘FOO_P2:6-10

:END;

--AAA
--UCG
--CAU
--ACA

UUGAA
GUGAA
UUGGG
AGGUA

~(((
=)0
(0
((

M
)))-)
D))
O
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4, S3:0.040122,
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Walrus 3D Viewer

Walrus is a Java application that was developguduide for 3D viewing of large graphs, such
as trees. Crimson includes a jython script (“nexfPus.py”) to export a tree as a walrus input
file.

In order to view trees in Walrus, a text file mhstcreated that contains the Walrus specific
description of the tree. This text file is createxin a tree using the jython function
“tree2wal()”.

>>> tree2wal(“F81X1007)

In this example, the tree “F81X100” is used to tzemWalrus formatted input file, and then the
output was displayed in Walrus. Since no file navas given, a default name of

“ tmpOutput.wal” was used for the Walrus file geated. Optional arguments can be given to

(1) specify the output file, (2) specify whethee thutput will be display (as opposed to just the

creation of the output file, and (3) specify whetbelor coding is included in the output file (this
significantly increases the size of the outpubfile

It is also possible to view a previously createdM&formatted tree file.
>>> runWalrus(“F81X100.wal”)

When viewing a tree in Walrus, it is possible tepliay the ID and branch length values for each
species, as well as color code the branches dfé¢bébased on branch length. See the Walrus
documentation for more information about accestiege options.

Because of extra information needed to displayisgdD®s, branch lengths, and color
information, Walrus output files can be signifidgriarger than the initial tree files. Thus, for
large trees, it is possible to create a Walrustite doesn’t have any of the extra information.
These files will allow for the viewing of the traeWalrus but without the ability to view the
individual species IDs and such. To create a mahivalrus file:

>>> nex2wal(“F81X100”, “F81X100.wal”, 1, 1)

The GUI can be used to automatically export aitrteeea Walrus file and then display the file in
Walrus. See Section 10 of Usage Examples (pagtd 8)formation about accessing Walrus
from the GUI.

Walrus was created by Young Hyun. For more infdroma
Email: youngh@caida.org
WWW: http://www.caida.org/tools/visualization/watru

Note that most VNC servers do not have the aliditgtisplay 3D images. Thus Walrus may not
work with VNC.
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Below is an example of Walrus displaying a treenvti®O leafs. The species IDs and branch
lengths are shown for three species that weretselec
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Below is an example of Walrus displaying a treehviti00,000 leafs (200,000 total nodes).
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Loading Very Large Data Partitions:

The Crimson application is able to load very laimges (for example, trees with over 2,000,000
species) into Oracle and MySQL databases. Howetaga, partitions for trees this large often
contain 20 to 60 GB of data. While the applicat®oapable of loading these large data
partitions, it is much more efficient to use natitdities to load these large data partitions into
the database.

The instructions below describe how to load larg&gbartitions into Oracle and MySQL using
native utilities. These instructions are for acdsethusers who are familiar with maintaining
Oracle or MySQL databases. Users should be famvith the database schema prior to using
these data loading methods (see SCHEMA, page 27).

Oracle:

1. Load tree structure. Using a NEXUS file that only contains the newicletr
structure, load the tree into the database. THicmate the necessary entry in the
TREES table and allow us to append the partitida tiathe tree.

2. Format data file. Oracle contains a native utility called “sqlldrathvery efficiently
loads large data sets into an Oracle databaseisd sqlldr, we must split the NEXUS
file into specific data files. Crimson containpyghon utility called ‘split_nex.py’
that will appropriately format the data.

% split_nex.py SIM_8000.nex S8000

This will split the NEXUS file called ‘SIM_8000.né&into three files: S8000.tax,
S8000.chr, and S8000.crm. These files will contasmspecies labels (*.tax),
character data (*.chr), and structure data (*.crm).

3. Create control file. Sqlldr uses a control file to configure the loadofdhe data.
This file is a simple text file that contains infieation about which data files to use
and how to load them into the PART_DATA table. éample control file is
included below, which has been formatted to lo@dSB000 data partition. Note that
the PARTITION_ID has been set to ‘S8000_PART'. sTisi user definable.



MySQL:
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----- Example SQLLDR control file -----

OPTIONS ( DIRECT=TRUE)

UNRECOVERABLE

LOAD DATA

INFILE 'S8000.tax'
BADFILE 'S8000.bad'
DISCARDFILE 'S8000.dsc'

APPEND

INTO TABLE PART_DATA
FIELDS TERMINATED BY "\n'
TRAILING NULLCOLS

(
PARTITION_ID CONSTANT 'S8000_PART

, SPECIES_ID CHAR

,MODEL_ID CHAR

, NOTES CHAR

, SEQUENCE  LOBFILE(CONSTANT 'S8000.chr) T ERMINATED BY \n'
, STRUCTURE LOBFILE(CONSTANT 'S8000.crm’) T ERMINATED BY \n'

)

Run sqlldr. After the data files have been processed and thieatdile created,
sqlldr is ready to be run. The following sqlldraexple, assumes the control file is
called ‘sqlldr.ctl’, the Oracle user login is ‘myargd’, the Oracle user password is
‘mypasswd’, and the Oracle server is ‘mydbhosttcérding to the control file, the
data from the S8000.chr and S8000.crm files willdaeled into the PART_DATA
table.

$ sqlldr userid=myuserid/mypasswd@mydbhost consqlldr.ctl log=sqlldr.log

Update PARTITIONS table. Once the data has been loaded, it is necessankto
the data in the PART_DATA table with the tree ie TfREES table. To do this, we
will add a row to the PARTITIONS table. This camdone from the Crimson
command line interface, using the ‘execUpdate(phowand.
>>> execUpdate("INSERT INTO PARTITIONS (ID, TREE ,IDENGTH)
VALUES ('S8000_PART:", 'S8000', 1883)")

This command will insert a row into the PARTITION&tabase that connects the
data in PART_DATA identified by the ID ‘S8000_PARWith a tree in the TREES
table identified by the ID ‘S8000’. In this exarapghe data partition sequences
contain 1883 base pairs. Note that the tree muist i@ the TREES table prior to
running this command.

A utility has not been included to process datsfior fast loading into MySQL
databases. If loading large data files into MyS@ie, Oracle instructions above would
apply, although the data file would have to becttrred appropriately for the MySQL
‘LOAD DATA’ command. The ‘LOAD DATA’ command wouldbe used in place of the
Oracle sqlldr command.
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System Requirements:

Pentium (x586) or later processor, or equivalent
at least 512MB of RAM (1024 MB recommended)
at least 20 MB of hard drive space

Java version 1.5 or later

Oracle 10.X (or later) or MySQL 5.0 (or later)
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Known Issues:

Need more secure handling of database passwords.

Create GUI dialog for setting of application paraens.

Create MySQL data preprocessor for loading lardasgds.

Update NEXUS output to use CHARACTERS/TAXA blockstead of DATA block.
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