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1 . IntrOdUCtion (back to contents)

1.1 Explanation

We have written RASP (Reconstruct Ancestral State in Phylogenies) software to implements Dispersal-Vicariance
Analysis (S-DIVA), Lagrange (DEC model), Bayes-Lagrange, BayArea and Bayesian Binary MCMC (BBM)methods.
RASP is easy-to-install on the Windows, Mac, and Linux platforms, provides a user-friendly graphical interface, and
generates exportable graphical results.

In RASP, the module of S-DIVA analysis is modified from source code of DIVA 1.2 (Ronquist, 2001) and the MCMC
analysis in BBM is modified from source code of Mrbayes 3.1.2 (Ronquist & Huelsenbeck, 2003). DEC model of
geographic range evolution was described in Ree et al. (2005) and Ree & Smith (2008). DEC analysis is modified from

source code of C++ version of Lagrange developed by Smith (2010). BayArea method was described in Landis et al. (2013)
1.2 Citation
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2. InStalllng (back to contents)

For Windows users:

Supported Operating Systems: Windows 2000 and above (Recommend Win 10)

System Requirement:
If you are using Windows 2000, 2003 or XP, please make sure that Microsoft® .NET 3.5 Framework is installed on
your computer. This is usually installed through Windows updates but may be absent from older systems. The .NET
framework 3.5 packages are available for free or you could use the small Client Package for Win XPand should be

installed prior to using RASP.
The 4.0 version NEED R environment to do many analysis:
If you are beginner and have NO plan to learn anything about R, or you want to use an independent R environment for
RASP, you could use the ready-to-use version of RASP 4.0. But the 3" party package like BioGeoBEARS may not
up-to-date.
Usually, we recommend you use the clean version of RASP. You could download R higher than 3.3.3 from its homepage
(https://www.r-project.org) or you could simply open [Tools-> Install 3rd Party-> R for Windows]

To install BioGeoBEARS, you could follow the introduction on http://phylo.wikidot.com/biogeobears or simply open
[Tools-> Install 3rd Party-> BioGeoBEARS]
If you want to change the version of R using, open [Tools-> Install 3rd Party-> Path of Rscript.exe] to change the path of

Rscript.exe.

IMPORTANT NOTE FOR ALL PLATFORMS:

Please make sure that the decimal symbol of your system is ¢.’

For Mac users:

Supported Operating Systems: The last version of macOS

(My MacBook always up-to-date, and I do not test RASP on old version of macOS)

Some user may meet “ERROR! cannot write to Info.plist”. Move RASP.app to Applications folder could solve this
problem in most of time.

Favorites *
[£) Recents “«
@ AirDrop Photos.app popart.app PostgreSQL 9.6 Preview.app PyCharm CE.app

Pictures

/> Applications 1] > o
(] Desktop ' - -
B~ Documents R .

Python 3.7 QQ.app QuickTime

@ Develop Player.app

@ Downloads

Locations : : 9
) Remote Disc

Reminders.app RStudio.app Safari.app ShadowsocksX- Siri.app
NG.app

= B W



http://www.microsoft.com/en-us/download/details.aspx?id=22
http://www.microsoft.com/en-us/download/details.aspx?id=22
http://mnh.scu.edu.cn/soft/blog/RASP/DotNetFx20Client_Package_x86.exe
https://www.r-project.org/
http://phylo.wikidot.com/biogeobears

System Requirement:

RASP for Mac uses the Wine program in order for RASP to run.

RASP using the Wineskin wrapper, and Mac OS X’s user folders are mapped as following:

Desktop->Desktop

Documents->My Documents

Sometimes, visit “\” may crash RASP for security reason.

Most mac users have reported positive experiences when using RASP. However, we also have received feedback from
some Mac users that have experienced stability issues.

If you have problems, you could try to run RASP using virtualization or emulation software. Many options for doing
so are available including Parallels (commercial), Crossover (commercial), VM WareFusion (commercial) or
VirtualBox (free).

For Linux users:

I think Linux user do not need GUI @). You could revise the source code of RASP and compile it on Linux.
If you have problems, you could try to run RASP using virtualization or emulation software.



3.A general tour of RASP(back to contents)

3.1 Preparation

You need:
1. Trees data set
(A sample trees data file: “[RASP folder]\Sample\Rubiaceae\RASP\1000_trees.trees”)
-[How to]:_ How to obtain trees data set from BEAST (Drummond and Rambaut, 2006)
-[How to]: How to obtain trees data set from PAUP (Swofford, 2003)
-[How to]: How to obtain trees data set from other phylogenetic programs.

2. Condensed tree
(A sample condensed tree: “[RASP folder]\Sample\Rubiaceac\RASP\condensed.tre”)

-[How to]: How to make a condensed tree using BEAST.

-[How to]: How to make a condensed tree using PAUP.

-[How to]: How to obtain a condensed tree from other phylogenetic programs.
3. States (Distributions) file (not required).
(A sample distributions file: “[RASP folder]\Sample\Rubiaceae\R ASP\distribution.csv”)
-[How to]: How to input states (distributions) in RASP.
-[How to]: How to make a states (distributions) file.

Launch RASP

Note for Mac user: You could put “Sample” folder (and your own data) in Desktop or Documents folder for convenience.
1. Open [File > Load Trees> Load Trees (more format)] and navigate to your trees data set and select it.

[Example: Open “[RASP folder]\Sample\Rubiaceae\RASP\1000_trees.trees” in folder Sample]

Notel: In Lagrange, BayArea and BBM analysis, only one condensed tree is needed

Note2: If you have one tree only, you could load it and jump to step 3.

Note3: For a large dataset, one can try [File > Load Trees > Quick Load] to be faster, but only trees exported from Beast
and mrbayes were supported.

2. Open [File>Load Condensed tree>Load User-specified Tree], navigate to your tree file and select it.
[Example: Open “[RASP folder]\Sample\Rubiaceae\RASP\condensed.tre” in folder Sample]

Do not have a condensed tree: use [File>Load Condensed tree>Compute Condensed Tree] to build one.

Notel: The condensed (consensus) tree will be a majority rule consensus with compatible groups with less than 50%
support allowed. The tree consensus is computed using Consense (Felsenstein, 1993) from your trees file or from the subset
of trees from the file you have specified (i.e., see the Random Trees, and Discard Trees options below).

Note2: The consensus tree is added equal node length by RASP. It could be used for all analysis. However, we strongly
recommend user to use their won condensed tree with branch length.

3. If you have a states file (distributions file):Open [File > Load States (Distributions)], navigate to your file and select it.
[Example: Open “[RASP folder]\Sample\Rubiaceae\RASP\distribution.csv” in folder Sample]

You can also input and revise the states (distributions) in the entry fields in the “State” column in RASP.

If you have multiply states [RASP folder]\Sample\Mutiply states\states.csv]. The actived state will be highlighted as green.

You could change the active state by clicking the head of the column.



File  Graphic Reconstruction Comparison Tools Help

W RASP (Reconstruct Ancestral State in Phylogenies) 4.1.3 build 20190512 win32

| I

Select | ID Name | altasc | bio_1.bil.asc bio_10.bil.asc 4

h 1 ZR_21_02 "7 202
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r |4 ZR_21_06 17 202

I~ s ZR_21_03 "7 202

I~ |6 ZR_21_05 17 202

- |7 ZR_17_06 105 196

~ |8 ZR_17_02 105 196

I~ |9 ZR_17_05 105 196

r 10 ZR_17_04 105 196

r " ZR_17_08 105 196

r 12 ZR_17_01 105 196

r 13 ZR_17_03 105 196

(72:0.026441,73:0.026414):0.006699):0.008435):0.006348):0.005563,
((74:0.02524,75:0.025496):0.008522,76:0.028649).0.01025):0.005422,
(((77:0.025853,78:0.02701):0.006903,79:0.028486):0.006729,(80:0.027158,

9987;

Load Condensed Tree Successfully!
Loading Trees Dataset ...

Load import.irees Successfully!
Load States Successfully!

(81:0.023269,82:0.02746):0.010246).0.008244):0.007901):0.006397).0.007784).0.041966):0.02

- O X
—Tree Option
Binary trees: | 1
Amount of trees: | 1
Discard trees: | 0
¥ Randomtrees 100
Current Condensed Tree:
|((((1:0.052865,((2:0.021 585,(3:0.0232¢
PLEASE CHECK THE STATUS
BEFORE ANALYSIS
CHECK STATUS




3.2 Check status

Tree Option Binary trees: The total number of binary trees in your trees data set.

Binary trees: 0 |  Amount of trees: The total number of trees in your trees data set.

Amount of trees: [ 0| Note: The Statistical Dispersal-Vicariance Analysis, Lagrange, Bayes-Lagrange
Discard trees: |'—o and BioGeoBEARS requires binary trees while Bayarea and Bayesian Binary

¥ Randomtrees | 100 MCMC Method accepts one polytomies tree. Lagrange, Bayes-Lagrange and

Bayarea require trees with branch length.
Current Condensed Tree:

I

Discard trees: The number of trees that will be discarded from the beginning of the
trees data set; equivalent to a burnin.

Random tree: Select random trees form trees dataset to run the Statistical Method.
Trees will be selected from between Discard Trees and Amount of trees. You can
save the randomly selected trees to a new file with [File>Export Trees ->Random
Trees] after analysis has been done.

Current Condensed tree: Show the condensed tree in text. You could view your
condensed tree in graphic form [Graphic > Tree View]

CHECK STATUS CHECK STATUS: Check the current status of RASP.

Note: We recommend users to click “CHECK STATUS” after any change of their trees or distributions. It will show useful
error and warning messages, and tell you which analysis could be done at the current status.



3.3 Reconstruction

We recommend user to Compare Six Models Using BioGeoBEARS (see 3.3.1) first, then apply your select
method on the Condensed Tree (see 3.3.2-3.3.4) or Trees & Condensed Tree (see 3.3.5-3.3.7)

3.3.1 Compare Six Models Using BioGeoBEARS

Note: Compare Six Models need R and BioGeoBEARS installed on your computer. You could install them following the
manual or you could use ready-to-use version of RASP. We use biogeography of the Hawaiian shrub Psychotria, as a sample
dataset. You could load the data from “[RASP folder]\Sample\Psychotria\”

Choose [Reconstruction > Model Test > Compare Six Models Using BioGeoBEARS] to show this:

BioGeoBEARS
Range constraints | Time-Stratified |
c D incude  >> | << | Exclude
» A P P -
Y n » CAL %
= ABCD
= ABD
EE K AC
ACD
AD
BC
BCD
BD
CD
Max areas: 433
Cores 13: Reset ‘ OK ‘ Cancel ‘

Include -> and Exclude-<: Include or exclude ranges from calculation. This can be accomplished by selecting ranges from
the Include list and clicking the arrow to move them to exclude. When you do this, only the selected ranges will be excluded.
You can also exclude all ranges that include a particular subset of areas using the range matrix. For example, unchecking the
box in the first row, second column will remove all ranges that include A and B; AB and ABC in the example above.

Max areas: The number of unit areas allowed in ancestral distributions.

Cores: You use more cores of CPU to speed up (Only in windows)

Note 1: In BioGeoBEARS, the value of max areas could no less than the maximum number of unit areas of
species. For instance, if one species distributed in ABC, then the max areas should >= 3.

Note 2: A command window of R will display after you click OK. Please do NOT close it.
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Range constraints Time-Stratified

A B|C|D Rootage: [5.2
> on [l [+ |1
ads | Remove |
0-1B 1 1 1 1
o-1C |1 |1 |1 |1 Time
1 S
Export | Import | save 8 Apply _ | [dispersal muttpliers ~]

Cores 13: Reset ‘ OK ‘ Cancel ‘

The table of the form designates what time slices or periods will be considered. This is important when
designating the above matrix if different connectivities/areas/distance are used for different times, and it
can also be important when estimating the rate matrix parameters if you want different estimates for
different time periods. You could add or remove the periods from the table using the “Add” or “Remove”
button. The left part of the form contains the rate matrix connectivity parameterization.

For instance, the left matrix says that for the period 1 to 2 (In time table, from 0.5 to 1.9) there is less
dispersal between areas D and A. And in the period from 0 to 1, all dispersalrates are equal to 1.

You could export/import the matrix to/from file.

[Example: Open “[RASP folder]\Sample\Psychotria\timeperiods.txt™]

11



3.3.2 Dispersal-Extinction-Cladogenesis (DEC)

Note: We use biogeography of the Hawaiian shrub Psychotria, as a sample dataset. You could load the data from “[RASP
folder]\Sample\Psychotria\”

Choose [Reconstruction >On Condensed Tree >Dispersal-Extinction-Cladogenesis (DEC)] to use DEC models of
geographic range evolution described in Ree et al. (2005) and Ree and Smith (2008). This module use source code of c++
version of Lagrange developed by Smith (2010) and is much more faster than the Python version of Lagrange.

DEC

Range constraints ] Dispersal constraints | Fossil & MRCA |

A|B|C|D Include >>| << | Exclude

TR T B
V|V AC

AD
¥ BC
BD

cD

4

o0 | D>

Max areas: 231 ™ Uselist

Threads: 13: Reset | OK | Cancel ‘

Include -> and Exclude-<: Include or exclude ranges from calculation. This can be accomplished by selecting ranges from
the Include list and clicking the arrow to move them to exclude. When you do this, only the selected ranges will be excluded.
You can also exclude all ranges that include a particular subset of areas using the range matrix. For example, unchecking the
box in the first row, second column will remove all ranges that include A and B; AB and ABC in the example above.
Maximum areas: The number of unit areas allowed in ancestral distributions.

DEC
Range constraints Dispersal constraints I Fossil & MRCA]
A B |C D =1 Rootage: |[5.2
» o2 Kl [+ [
018 [1 11 |1 |1 = | O |
o-1C (1 1 |1 |1 Time
01D 1 1 |1 |1 b0
124 1 1 1 |0 1,05
2B 1 (1 |1 0. 219
1-2¢ 1 |1 |1 0. 337
1-2D (0. (0. |0.. |1 4 51
23A (1 1 |o.. |o.. 5 10
238 (1 1 (0. 0.
2-3C |0.. 0. |1 0. B
23D |0... (0. |0... |1
34A (1 0. |0.. 0.
348 [0.. 1 |0.. |0..
34C 0. 0. |1 |0.. ~| Export | Import |
Thieass: [ 1= Reset | ok | cancel |

The right table of the form designates what time slices or periods will be considered. This is important when designating
the above matrix if different connectivities are used for different times, and it can also be important when estimating the
rate matrix parameters if you want different estimates for different time periods. You could add or remove the periods

12



from the table using the “Add” or “Remove” button. The left part of the form contains the rate matrix connectivity

parameterization.

For instance, the left matrix says that for the period 1 to 2 (In time table, from 0.5 to 1.9) there is less dispersal between

areas D and A. And in the period from 0 to 1, all dispersalrates are equal to 1.

You could export/import the matrix to/from file.
[Example: Open “[RASP folder]\Sample\Psychotria\timeperiods.txt]

DEC

P_hawaiien
P_mauiensis_E|
P_fauriei2
P_hathewayi_1
P_kaduana_PuuKul
P_mauiensis_Pepe
P_kaduana_Hawaiil
P_greenwelliae07
P_greenwelliae907
P_mariniana_Mauih
P_hawaiiensis_Mak
P_mariniana_Qahu
P_mariniana_Kokee
P_wawraeDL7428
P_grandiflora_Kal2
P_hobdyi_Kuia
P_hexandra_K1
P_hexandra_M
P_hexandra_0Qahu

al

Selecttwo taxon to define their MRCA  Remove I Add |

P. iiensis_Wai

P_mauiensis_Eke
P_fauriei2
P_hathewayi_1
P_kaduana_PuuKu

P_kaduana_Hawaiil
P_greenwelliae07
P_greenwelliae907
P_mariniana_Mauih
P_hawaiiensis_Mak
P_mariniana_Qahu
P_mariniana_Kokee
P_wawraeDL7428
P_grandiflora_Kal2
P_hobdyi_Kuia
P_hexandra_K1
P_hexandra_M
P_hexandra_Oahu

Range constraints | Dispersal constraints  Fossil & MRCA l

Taxon1

| Taxon2

| Range

Threads: | 15_ Reset |

ok | conce |

Select two species to define a clade and then specify the ancestral distribution of the clade. This is used when wanting
ancestral state results for only particular nodes (for instance, there are fossils on the node).
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3.3.3 Bayesian inference for discrete Areas (BayArea)

Choose [Reconstruction >On Condensed Tree >Bayesian inference for discrete Areas (BayArea)] to use

Bayes-Lagrange model

Note: Bayarea Analysis will deal with CONDENSED TREE ONLY

BayArea

Geographic data

Area @ Latitude Longitude
» 220 1505

B 215 158.0

Cc 208 156.5

D 195 155.5

Chain Length
Frequent of samples
Model Type

Guess Initial Rates
Geo Distance Power
Geo Distance Truncate

™ Save original results to

Other Options

5000000
1000

-gainPrior=1.0
-lossPrior=1.0

Load |

Save I Clear | OK |

-distancePowerPrior=1.0
-areaProposalTuner=0.2

Cancel

If you have a Geographic data file, click [Load] button, navigate to your file and select it.
[Example: Open “[RASP folder]\Sample\ Psychotria\RASP\coordinates.csv” in folder Sample]
You can also input and revise the coordinates in the entry fields in the Geographic data column.

The following settings are described in BayArea’s manual (Landis, 2013):

Chain length: Number of MCMC cycles.

Frequent of sample: The MCMC sample frequency to populate area states and probabilities.

Guess Initial Rates: Use heuristic to initialize MCMC area loss/gain rates (Landis, 2013).

Geo Distance Power: Constrains the distance power parameter to be positive when True. This may lead to more sensible

parameter inferences when range data are sparse and global.

Geo Distance Truncate: When True, the pairwise distance calculator approximates extremely improbable dispersal events

Tracer View

Bumdn:  [50000

14

as having a very small positive rate (effectively zero).
This introduces negligible error into the analysis, but
greatly speeds up computations when the number
of areas is large.

Save original result to: save BayArea output files to
another place. To visualize your MCMC results, we
recommend using the “.parameters.txt” file with
Tracer (http://tree.bio.ed.ac.uk/software/tracer/).

After the MCMC cycle is completed, a “tracer view”
will show. Before the calculation of the posterior, the
chain must first burn-in. A small Burn-in value will

give inaccurate results


http://tree.bio.ed.ac.uk/software/tracer/

3.3.4 DIVALIKE/DEC/BAYAREALIKE in BioGeoBEARS

Note: We use biogeography of the Hawaiian shrub Psychotria, as a sample dataset. You could load the data from “[RASP

folder]\Sample\Psychotria\”

Choose [Reconstruction > On Condensed Tree > DIVALIKE/DEC/BAYAREALIKE in BioGeoBEARS] to show this:

BioGeoBEARS

Range constraints | Time-Stratified |

»

o0 |@|>

A B
v

<O

Include == | =< Exclude

AB
ABC
ABCD
ABD
AC
ACD
AD
BC
BCD
BD
CcD

Max areas: 43:

oec 1

Cores 1 32 Reset |

OK ‘ Cancel ‘

Include -> and Exclude-<: Include or
exclude ranges from calculation. This
can be accomplished by selecting
ranges from the Include list and
clicking the arrow to move them to
exclude. When you do this, only the
selected ranges will be excluded. You
can also exclude all ranges that include
a particular subset of areas using the
range matrix. For example, unchecking
the box in the first row, second column
will remove all ranges that include A
and B; AB and ABC in the example
above.

Max areas: The number of unit areas
allowed in ancestral distributions.

Note: In BioGeoBEARS, the value of max areas could no less than the maximum number of unit areas of species. For
instance, if one species distributed in ABC, then the max areas should >= 3.
Note: Choose your favor model in the selection box at lower left.

Cores: You use more cores of CPU to speed up (Only in windows)

Note: A command window of R will display after you click OK. Please do NOT close it.

BioGeoBEARS
Range constraints Time-Stratified |
A c Root age: |5.2
» o1a Kl 1 1
Add | Remaove |
0-1B |1 1 1
0-1C |1 1 Time
0-1D |1 1 1 b0
1
Export | Import ‘ Save & Apply ||dispersalmu|tip|iers j
|DEC+] j Cores 13: Reset ‘ OK ‘ Cancel |

The table of the form designates what time slices or periods will be considered. This is important when designating the

above matrix if different connectivities/areas/distance are used for different times, and it can also be important when

estimating the rate matrix parameters if you want different estimates for different time periods. You could add or remove the

periods from the table using the “Add” or “Remove” button. The left part of the form contains the rate matrix connectivity

parameterization.
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For instance, the left matrix says that for the period 1 to 2 (In time table, from 0.5 to 1.9) there is less dispersal between
areas D and A. And in the period from 0 to 1, all dispersalrates are equal to 1.

You could export/import the matrix to/from file.

[Example: Open “[RASP folder]\Sample\Psychotria\timeperiods.txt”]

3.3.5 Statistical Dispersal-Vicariance Analysis (S-DIVA)

Note: S-DIVA Analysis will deal with BOTH CONDENSED TREE AND TREES DATESET
Choose [Reconstruction > On Trees >Statistical Dispersal Vicariance Analysis (S-DIVA)] to use default options to run

Analysis.
S-DIVA
Operation
Range constraints lFossils] Include > << Exclude
A|lB|C]|D 3B ]
P A VvV v ¥ ABC
ABCD
s~ | F ABD
c W AC
L] s
- PN s
BCD
BD
cD

Optimize

¥ Max areas at each node 4 32
[~ Allow Reconstruction (Slow) [~ Allow Extinction (Slow)
Max Reconstructions 100 I 2 =

[~ UseFinaltree [~ Max Reconstructions for final tree: [1000

Threads: 1 3: OK Cancel

[Options]

Include -> and Exclude-<: Include or exclude ranges from calculation. This can be accomplished by selecting ranges from
the Include list and clicking the arrow to move them to exclude. When you do this, only the selected ranges will be excluded.
You can also exclude all ranges that include a particular subset of areas using the range matrix. For example, unchecking the

box in the first row, second column will remove all ranges that include A and B; AB and ABC in the example above. Once

the desired boxes have been unchecked, [Operation> Refresh the Range List].

We modified the source code of DIVA (Ronquist, 2011) to exclude impossible ranges.

Max areas at each node: The number of unit areas allowed in ancestral distributions.

Allow Extinction (Slow): Traditionally, there are four different biogeographic events under the event model in DIVA:

dispersal, extinction, vicariance and duplication (Ronquist, 1997). In original DIVA algorithm, there is no need for

calculating (Ronquist, 2001) the cost of extinction events. if some user-specified ranges are excluded, a null (or empty)

result may occur; namely if the only geographic ranges that are consistent with the rule have been eliminated. For example,

suppose that the total distribution is {A, B, C}, N = A and Nz = B. When geographic range AB is excluded, ABC should be

proposed as the ancestral range, but ABC violates the rule set of the DIVA algorithm. Therefore, we have made the

following modification in S-DIVA: Assume that the ancestral range of the node, i, is 4;, then the descendant nodes (terminal)
are Ny and Ng. Let | X] be the number of elements in X. Then the cost of an extinction event E; could be calculated as |4;| —

[N UNLNA;|. When no ranges are excluded, the algorithm of S-DIVA is as same as DIVA.

Allow Reconstruction: Unchecking this option changes the method used for calculating F(x,) from i/D, to 1/N. Also see Yu

et al. (2010) and Harris & Xiang (2009) in which the differences between these options are discussed.

Max Reconstructions: Total number of reconstructions will be kept for each tree in trees dataset.
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Random Reconstructions: Save random reconstructions. We strongly recommend kept this option checked or it will cost a
very long time and a large disk space to do the analysis.
Max Reconstructions for final tree: Total number of reconstructions will be kept for final tree.

Threads: How many threads will be used in analysis.

3.3.6 Statistical Dispersal-Extinction-Cladogenesis (S-DEC)

Choose [Reconstruction >On Trees >Statistical Dispersal-Extinction-Cladogenesis (S-DEC)] to use Bayes-Lagrange
model

Note: This Analysis will deal with BOTH CONDENSED TREE AND TREES DATESET

This method is previous called Bayes-LAGRANGE. Bayes-LAGRANGE approach it is possible to optimize on multiple
trees whereby topological uncertainty is taken into account. RASP get the likelihood values of all possible ancestral
distributions in Lagrange, and relied on a composite Akaike weight to summarize the biogeographic reconstructions across
trees (Beaulieu et al., 2013). The settings are as same as above. Bays-Lagrange is not really Bayesian, but more like
pseudo-Bayesian. I prefer to call it as S-DEC model.

Note: The setting of S-DEC is as same as 3.3.2. Dispersal-Extinction-Cladogenesis (DEC).

3.3.7 Statistical DIVALIKE/DEC/BAYAREALIKE in BioGeoBEARS

Note: We use biogeography of the Hawaiian shrub Psychotria, as a sample dataset. You could load the data from “[RASP
folder]\Sample\Psychotria”

In statistical method, the probability (p) of an ancestral range x at node n on the final tree is calculated as P(x,) =
O F(xp)e)/m. Where t is the selected tree, m is the total number of sampled trees, F(xa); is the occurrence of an
ancestral range x at node n for tree t.

Note: The setting of Statistical DIVALIKE/DEC/BAYAREALIKE in BioGeoBEARS is as same as 3.3.4

3.3.8 Bayesian Binary MCMC (BBM) Method For Ancestral State

Note: BBM Analysis will deal with CONDENSED TREE ONLY
Choose [Reconstruction > Traits Evolution >Bayesian Binary MCMC (BBM)] to use default options to run Analysis.

Bayesian Analysis
Area Markov Chain Monte Carlo analysis
Maximum number of areas 4 3: Number of cycles 50000
I Allow null distribution in analysis Number of chains 10 3:
Node list Frequent of samples 100
Node ID Member Select = Discard samples 100
20:1.00 12 v | Temperature 01
21:1.00 34 v
Model

22:1.00 1234 v —
23100 56 v State frequencies Fixed (JC) v
24100 |123456 | W |-Dirichlet distribution ~ [0.5 0.5
25:1.00 1234567 Among-Site rate variation |Equal - ]
26:1.00 8,9 v - istributi 0.00 Igr‘

. = |-Gamma distribution  |0.001 00

Al | clear | select |>=[90=] % ok |
[Area]
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Maximum number of areas: The number of unit areas allowed in ancestral distributions.
Allow null distribution in analysis: If the null distribution was allowed.

[Markov Chain Monte Carlo analysis]
Note: The MCMC analysis is built from source code of Mrbayes 3.1.2. We recommend reviewing these options in the
Command Reference for MrBayes (Ronquistand & Huelsenbeck, 2005)

BBM is primarily designed for reconstructing ancestral state of given nodes. It calculates the probabilities of ancestral
ranges using the probabilities of each unit area generated by MrBayes. In RASP, we use the source code of MrBayes 3.1.2
(Ronquist & Huelsenbeck, 2003) to build the module of Bayesian biogeographic inference. Like BayArea, binary character
states are used to code geographic range in BBM. Assume that D = {X;, X> ... X,,} is the set of all unit areas and that R = {Y;,
Y,...Y,"} is all possible combinations of unit areas; in other words, all possible ranges. The terms P;(X;) and Py(X;) represent
the average probability of presence (1) and absence (0) over all sampled generations generated by MrBayes, respectively, of

the ancestral species in area X;. The probability of an ancestral range in set R is calculated as:

re=([[ne) || [] Pocxo

X€EY; X;e(Dny;)¢

BBM does not consider the branch length and support value of the tree, and itaccepts trees with polytomies directly
giving the researcher more flexibility in analysis. Researchers also have the ability to collapsebranches that they do not wish
to utilize (i.e. branches with low support value) in BBM. In BBM, “null range” (an ancestral range contains none of the unit
areas) could be removed after the MrBayes analysis. The null range is useful in ancestral state reconstruction (e.g., flower
spots; flowers with red spots are A, with yellow spots are B, then without spots have the “null range”), but does not make
any sense in biogeographic analysis.
Number of cycles (Ngen in Mrbayes): This option sets the number of cycles for the MCMC algorithm.
Number of chains (Nchains in Mrbayes): How many chains are run for each analysis for the MCMC variant.
Frequent of samples (Samplefreqin Mrbayes): This specifies how often the chain is sampled.
Discard samples (burnin in Mrbayes): This option determines how many samples will be discarded before calculating the
partition frequencies.
Temperature (Temp in Mrbayes): The temperature parameter for heating the chains.

Node List: In Bayesian Binary MCMC Analysis, you can deselect nodes to exclude them from the analysis. Using the
Select > n% options, you can select all nodes supported by posterior probability (pp) greater than your specified value.

Note: In order to select nodes with greater than n% pp support,

[Model]

Note: There are four models in Bayesian Binary MCMC Analysis: JC, JC+G, F81, F81+G

State frequencies: Character state frequencies.

Among-site rate variation: This parameter specifies the prior for the gamma shape parameter for among-site rate variation.
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3.3.9 MultiState Reconstruction in BayesTraits

Bayestraits

NodelD | Member | Select | Fossil | [1) Muttistate ~]
q 4

29:0.711 69,10

30:0.56 78

31:045 69,1078

32:0.59 11,6,9107,8
33:0.69 2021

34:0.57 19,15

35:0.36 19,1518

36:0.80 20,21,19,15,18
37:0.32 20,21,19,15,18,22
38:0.82 2324

39:0.17 232417

40:0.10 20,21,19,15,18,22,...
41:0.35 20,21,19,15,18,22,...
42:0.71 12,13

43:0.56 20,21,19,15,18,22,...
A4:0 61 22

—MCMC & ML

Iterations |5050000
Sample |1 0000
Burnin |50000

MLTries 100

EURUREURURURUE YR URURE URURURUREURY

Run | Close |

RASP 4.0 support multistate model in BayesTraits using ML or MCMC. After the commands are ready, please click “Run”
to run BayesTraits. When analysis complete, a tree view window and state view will be shown. You could also analysis the
* log.txt file from [View->State View] in the main window:

@ States — a X
File  Generate
Iteration A mean=45.0508=25.8414 Font Size |9 33
Lh R,
. median=43.7690 s
Harmonic Mear o - Space |2 3

Tree No . o

085 ] Split |2n =
085 ] Yrange [100 =]
pr 078 ] - color |
qBC 0.75

qgﬁ g;g i ¥ Show Mean
gCB 060 1 ¥ Show Median
qCD v 055 ] [ cal. between:

Total:1000 g’ig . |o_|:|05|:|5 |99.2411

Mean:45.0508 o

Var667.7772 035 Refresh
Median:43.7690 DO
SD:25.8414 030 ]
Max:99.2411 02 ]
Min:0.0051 020 |
0.15

010 ]
005 g 0 0 DO O 0 o O e e
0.00 ]0.014.979.9314.899.834.809.784.739.704.669.634.589.554.569.474 439.384.3689.324.289.24

I~ |Root P

3.3.9 ER/SYM/ARD in APE

This method is implemented in ‘ace’ function in R package ‘APE’ (Paradis and Schliep 2018)
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3.4 Comparison
3.4.1 Trees vs. Trees

Using [RASP folder\Sample\ Simulation\ trees_dataset.trees| as example.

Choose [Comparion > Trees vs. Trees]

In the new opened window, choose [Analysis -> Calculate Matrix] to select a method to calculate tree distance matrix.
The triplet distance (Critchlow, et al. 1996) enumerates all subsets of leaves of size three and count how often the topologies
induced by the three leaves agree in the two trees. The triplet distance is intended for rooted trees, where the triplet topology
is the smallest informative subtree (Sand, et al. 2014).

The SPR distance (de Oliveira Martins, et al. 2008; De Oliveira Martins, et al. 2014) is also related to the minimum number
of recombination events that took place between two trees, and it designed for handling large topologies with a limited
number or type of recombination.

The Robinson-Foulds distance (Robinson and Foulds 1981) is the most widely used topology metrics, and it is based on the
split decompositions of the two topologies and is simply the number of edges that have no counterpart in the other topology.
The length of a path from one tip to another in a tree is the number of edges within the tree that must be crossed to navigate
from one tip to the other. The path difference metric (Steel & Penny, 1993) is the square root of the sum of squares of each
of these differences.

The KF distance (Kuhner and Felsenstein 1994) is the sum of squares of the differences between each branch’s length in the

true and deduced trees, which is sensitive to the correctness of branch lengths.

W Trees vs. Trees — O X
File | Analysis
D i Calculate Matrix  » I Triple Distance A |Cluster method
Cluster Trees > ‘ SPR Distance complete v
RF Distance Group by k
Normalized RF Distance 3 3:
Normalized Weighted RF Distance from |2 3:
Path Distance to [10 =
Weighted Path Distance Cliicut dstance
KF Distance IOZ—
Threads
2 53
v
< >

Waiting...

After the process completed, choose [Analysis -> Cluster Tree -> Test k] to test the best number of group (k value).
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o Trees Cluster - ] X

File  Analysis
ID [ count [oisTa.. | Cluster method

| complete - I
[ [Plot of k

Group by k
|-1 33
from [2 =
to |10 3:

" Distance
|0.2

150000

Threads

2 4

Sum of dstance

100000

2 4 6 8 10

Number of cluster K

Choose [Analysis -> Cluster Tree -> Hierarchical Cluster] to cluster the tree using the k value.

W Trees vs. Trees — a X
File  Analysis
ID | count [DisTA.. | A |Cluster method
dendro... Icomplete 'I
Group1 2 0.8565 -
Group2 96 0.3647 , Group by k
Group3 1 0 - 4 r
Groupd 1 0 . :
Alltrees 100 ™ from |2 53
[ i -
o [10 2]
T — ™ cutdistance
—= || B
l Threads
- P
—mm
L
O
—
v
Complete
[Left list]

ID: the group id of cluster

Count: the number of trees of each group

Distance: the average distance among the group of trees.

[Note: You could double click the group id to view the condensed tree of the selected group]

[Option]

Cluster method: choose the cluster method.

Group by k: setting the number of clusters

From ... to ... : The range of k when using [Analysis -> Cluster Tree -> Test k]
Cut distance: Change the distance larger the given value to 1
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Threads: How many threads will be used in analysis.

Having the distance matrix, the gene trees was then cluster into groups use hierarchical cluster analysis in R package (R
Core Team 2018). The end result may provide insight into the sources of the heterogeneity among gene histories, for
instance the genes are found to share the same history may have relationship with particular character. Additionally, this
method could also be used to provide a candidate species tree, by compare the number of genes in each cluster.

3.4.2 Trees and States

Choose [Comparion > Trees and States]

To test for phylogenetic signal for continuous states, RASP calculates Moran's I (Moran 1948, 1950), Abouheif's Ciean
(Abouheif 1999), Pagel's A (Pagel 1999) and Blomberg's K (Blomberg, et al. 2003) using the R package 'adephylo’ (Jombart,
et al. 2010). For discrete states, RASP fits models of trait evolution using a likelihood ratio test and calculates Pagel's A
using the R package ‘geiger’ (Pennell, et al. 2014). These methods could be applied for all characters on a single tree (using
the Tree vs. States tool) or on a single character with all input trees (using the State vs. Trees tool).

W Tree and States - O X
File  Analysis

ID | State | Tree | Moran's | | P-value (1) | Cmean | P-value (C) | Pagel's A | P-value (A) | K | P-value (K) | D count |

1 Contin...  (((((((1... -0.027657 0.207 0.093998  0.139 0722293  0.028488  1.256612  0.002002

2 Discrete  (((((((1... - - - - 1 0.003904 - -

3 Multist..  (((((((1... - - - - - - - - 17

For research who interested in the relationship between gene tree and geographical distribution, we propose a simple
method to measure the fit between a tree and geographical distribution. Assume the species is distributed in area M, and that
all possible subclades of the tree is N. Let Ax be the set of taxa distributed in area x (x € M), S; be the set of taxa of subclade

j ( €N), |[X]| be the number of elements in X, the total cost is: D.oynt = Lixem r_réihrll(leI + |Sj| — 2 x|A; N S;]). For a given
J

distribution or a given tree, smaller Dcoune values indicate a better fit between a tree and the geographic distribution.
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3.5 Results
3.5.1. Save and Load Results

After running an analysis, you can save the last Result from [File > Save > Result]. The result file could be load into RASP

from [File > Load Result]. To combine several results, see part 4.4.

3.5.2View results on tree

After running an analysis, you can access the Tree View window from [Graphic > Tree View] to see the graphic result.

W S-DIVA Analysis Result - O X
File  View
List Ilnformah'on | Time | Tree | Diagram | Supplement X spacing [1 =] Y Spacing[1 =]
Optimal reconstruction: A Optmal reconstruction: A
node 20: C 100.00 AD 0.00ACD
node 21: B 100.00AD 0.00 ACD
node 22: BC 100.00 AD 0.00 ACI
node 23: C 100.00AD 0.00ACD e
node 24: BC 50.00 C 50.00 ACD (C) P hawaitensis Watk
node 25: B 50.00 BC 50.00AC 0 )
node 26:A100.00 AD 0.00 AC 0. (C) P mauiensis Eke
node 27: AC 33.33ABC 33.33AE
node 28: CD 100.00AD 0.00AC v (B) P fauriei2
*+ Multi-Areas
(B) P hathewayi 1
Legned | Color |
LEGEND 2 (C) P kaduana PuuKuk
=
_ (C) P mauiensis PepeA
A (B) P kaduana Hawanl
AB (A) P greenwelliae07
I (A) P greenwelliae907
ABC
[ (C) P marinizna MauiN
ABCD (D) P hawanensis Mak
ABD (B) P marmiana Ozhu
FAND . Taleaa v

<

>

[Note: S-DIVA, Lagrange and Bayes-Lagrange only have “Multi-Areas” mode, for they could not give the probabilities of

each single area]

Option

Quick Set |Large Size vl

Pies

Hide areas less than |5 32 % Keep atleast |1 3:
¥ Node pies, size: |16 = Hide<|o = %

5 =] W Circles,size: |8 — Color
Font |

¥ Tip pies, size:

Labels

¥ Tip distribution ™ Tip names

I™ Node distribution ™ Null distribution
¥ Display node frequency (%)

Horizontal@ Vertical |10 =
¥ Display node ID

Horizontal [-8 =] Vertical [-8 =]

Hide < |1

- % Font |
Font I
Tree

Taxon separation: |32 3: Elrandﬂength:|32 3: v Display tree

Line width: 1 =

Border separation: |10

Others
I” Transparent background

oK |

Zoom(file): |4 32 ¥ Show scale

Cancel

[Options]

Open [View > Option] in Tree View window to show the options.
Transparent BG: Save PNG file with a transparent background.
Quick Options: Size of the displayed tree and its annotations.
Hide areas lower than: Hide areas which probability of lower
than a specific number.

Keep at least: How many areas displayed at a node at least.
Display Lines: Show lines of tree or not.

Display area distribution: Show distribution areas. These will
display as colored letters next to the pie charts.

Display area pies, radii: Show pie charts of distribution area and
set the radii of pie charts (5-1000).

Taxon separation: Set the separation of taxa (10-1000).

Branch length: Set the length of branches (10-1000px). All
branches in the cladogram become proportionately larger or
smaller.

Border separation: Set the width of the white space in the tree
view window (10-1000). Note that it is possible to make this too
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small for the width of the tree.
Line width: Set the width of the line (1-10)

List |Inf0rmati0n I Time I

[List] page Optimal reconstruction: A

result of *: Select a node to display alternative ancestral distributions (pie chart and |node 20: C 100.00 AD 0.00 ACD

bar chart) at the selected node on thetree. node 21: B 100.00AD 0.00 ACD
. . . . L ) i node 22: BC 100.00AD 0.00ACI
Muti Areas, Single Area: two different kind of distribution range pie. TheSingle |node 23- C 100.00AD 0.00 ACD

Area only supports result of BBM and BayAreamethod. It shows the probabilities of |nede 24:BC 50.00 C 50.00 ACD
node 25: B 50.00 BC 50.00AC 0
node 26:A100.00 AD 0.00AC 0.
node 27:AC 33.33ABC 33.33AE
node 28: CD 100.00AD 0.00AC v

* Multi-Areas

presence of each single area.

[Information] page

Applying the DIVA model (Ronquist, 1997) to S-DIVA results can be challenging because the former does not accept trees
with polytomies. Therefore, we have expanded the DIVA event model to a generalized event model, DEV (Dispersal,
Extinction and Vicariance), which accepts polytomies. (When the tree does not contain polytomies, DEV model is the same
with DIVA model). Traditionally, there are four different biogeographic events under the event model in DIVA: dispersal,
extinction, vicariance and duplication (Ronquist, 2001). In the DEV model, we define only three biogeographic events:
dispersal, extinction, and vicariance. We assume that both dispersal and duplication result from biological processes
inducing or leading to range expansion. This differs from vicariance, in which abiotic processes subdivide an ancestral
geographic range, and from local extinction, which results in range contraction.

To apply the DEV model to biogeographic reconstructions, we consider only the most likely state (MLS) of nodes. Assume
that the MLS of the ancestral node, i, is 4;, then the descendant nodes (terminal) are N;, N> ... N;, where j is the total number

N=UN
of descendant nodes. We define *“ U’Fl k

N=(.N , ,

, rLl k. Let |X] be the number of elements in X. The variables D;, E; and
V; are the dispersal, extinction and vicariant events of the node i respectively. One can show that:

. Ea]-l) ,

ACN,)

A|>

i

Di: i:

1
-I-
=1 Jf 0

A

i

1
T
.I.
X
]

N,E4|-i*N C4

+a_(

The DEV event model assumes that the MLS at each node are the true state.

[Note: the DEV model may misinterpret the actual processes assumed by DEC, BayArea and BBM, as these methods do not
minimize the number of events using the parsimony process. |

Dispersal: Highlight the nodes that have Dispersal event.

Vicariance: Highlight the nodes that have Vicariance event.

Extinction: Highlight the nodes that have Extinction event.

[Time] page

Reverse: Convert the branch length from before to nowadays.

Time of root node: Set the time of the root of the tree.

Calculate: Re-Calculate the time of each node using the time of the root and calculate the time-event curve.

In the biogeographical analyse, researchers often interested in the relationship between the nodes and biogeographical
events on dated phylogenetic tree. However, it might be very difficult to do the analysis on a large and complex tree,
especially when the molecular dating is not very accurate. The extent of influence of geographical event on phylogenetic
tree is hard to define, and the qualitative and quantitative analyses are not easy to make. In RASP, we develop a time-events
curve to analysis the dated phylogenetic tree. The events on the node were treated using a modified Gaussian distribution.
Let n be the total number of tree, T is the time of node i. One can show that, u is the unit time of the events:
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D(t) = D;le : E(t) = E;le 2
i=1 i=1
Loy ey

V(t) = Vile = Sit) = e
i=1 i=1

M(t) = D(t) + E(t) + V(v)

In these four functions, D(t), E(t),V(t) and M(t) implie the duplication, extinction, vicariance event and the total number of
biogeographic events through the time respectively. S(t) implies the number of nodes through the time. Noting that the unit
time of event has a great influence on the shape of time-events curve. One could find an appropriate value according to the

duration of geological events.

W S-DIVA Analysis Result - O X
File View
List |Information Time | Tree Diagram ISupplementI XSpacing|1 3: Yspacing|1 33

|N0( Length Time L IAII vI I~ ShowPoint ¥ Show Line ¥ Show legend

4.23342516... | 0.9665...
21 3.96889170... |1.2311..

i S Dispersal =——
22 352479937 |1.6752..

1 Vicariance =
23 |3assorreo. [1850. | | g,
24 |334808781. |18519. | = p—
25 |3.01335021.. |2.1866..
26 |4.06774695.. |1.1322..| || 3
27 |271100083.. |2.4889..
28 320500016 |19040..| |,

29 |247227117... |2.7277.. |
30 |2.21485600... |2.9851... |
31 |175474752.. |3.4452..
32 |1.02183056... |4.1781..
33 |271980072.. |2.4801.. ||| 0

5 4 3 2 1 0

34 |0.28731198.. |4.9126..
35 12.83512602.. |2.3648.. § ¥ | I'Dis. = Dispersal; Vic. = Vicariance: Ext. = Extinction n
Time of the root node: |5.2 TIME Dis. Vic. Ext. Standard

000  1193081E-00  4.996274E-08  7.600645E-17
V' Reverse -Calculate 0.004283468

001  1517465E-00  6210264E-08  1.050338E-16

0.004870627 y

The graphic could be saved from [File->Export Graphic->Export Diagram]

[Mouse control]
[Double click on a node]: Select the node.
[Double click on blank space]: Cancel node select.

[Save/Loadresults]

Open [File -> Save Result] to save the text result.

Open [File -> Save Info] to save the text in Diagram page.

Open [File -> Save Current Tree] to save the tree in Phylip format.

Open [File ->Export Graphic ->*] to save your tree/legend/ dtagram as graphic file.
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Note: One could export graphic to vectorial drawing (.svg/wmf file, open with Adobe Illustrator) or picture (.png
file).
Open [File > Load Result] and navigate to your saved text result and select it.

3.5.3Node view

When “Estimate for nodes” in S-DIVA

analysis is enabled, you could view the node B8 (3nc. of ermingls 34380
results of nodes. You could also view the

results of nodes in BBM method. The

left figureshows a result for estimating a

particular node. This can be accessed

from [Graphic > Node View].

Hide areas lower than: Hide areas ACE:31.47%
ACDE:B'UE%CE'ISS‘%%

which probability of lower than a CDE:13.57% *:13.38%

specific number. . . - -

Note: Hidden probabilities are lumped

together and reported as * (see far right

bar in the figure to the left). In this FEETTETTEEs v Hideamslowsrthan 3 [3  Keeparteast |1 s

example, ranges with probabilities less than 5% are hidden.

Keep at least: Fewest number of areas displayed (trumps the Hide areas lower than setting).
[Save results]

Open [File -> Save Result] to save the text result.

3.5.4 Tracer View
View likelihood value of BayArea MCMC cycle and re-calculate the result with the new burn-in value.

This can be accessed from [Graphic > Tracer View]

Tracer View

i

Burn-in: 50000
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4. HOW to .. « (back to contents)

All sample files referenced in this manual are in the sample folder.

4.1 How to make Trees data set.

4.1.1 How to obtain trees data set from BEAST. (Back to Top)

Launch BEAULi v*.exe

Select File > Import Alignment and navigate to your NEXUS input file.

(From our sample files, we would selectsamplel.nex in the Sample folder)

(Note: If BEAULi can’t load the NEXUS file then load the file into PAUP and export it use “format=NEXUS”
option.)

Select MCMC panel, set the number of generations the MCMC algorithm will run for.

(We set length of chain = 1000000 to do a quick run)

Click Generate BEAST file... and save your file.

(We saved it as samlpel.xml in sample folder)

Launch BEAST v*.exe

Enter a Random number seed like 12345

Choose your BEAST XML input file.

(From our sample files, we would select samplel.nex in the Sample folder)

Run it!

After the program is finished, you will find a .trees file in the same folder of your.xml file.
(In our example, Samplel.treesis our trees data set.)

4.1.2 How to obtain trees data set from PAUP. (Back to Top)

4.1.3

Use Lset or Pset command set for ML or MP analysis with option “Collapse= NO;”
Define outgroups and root the trees with “roottrees OUTROOT=MONOPHYL;”
Save all of your trees using “format=NEXUS” option.

How to obtain trees data set from other phylogenetic programs. (Back to Top)

If you are using Mrbayes, it is helpful to define outgroups and specify rooting before you run memec. If you did not

define outgroups and specify rooting before the MrBayes run, you can root all trees using PAUP or other available

software. You can load the MrBayes output file (*7un.t) as your trees data set once the trees have been rooted.

For other phylogenetic programs, there are two methods for making a trees data set:
Method 1:

Save the trees as Nexus format from whatever phylogenetic program you are using.

Method 2:

Save the trees as PHYLIP format.
Load the trees into PAUP then export the trees use “format=NEXUS” option.
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4.1.4 The bare essentials for the tree file. (Back to Top)

Our sample trees file includes considerable amounts of phylogenetic program

output, but here is what a trees file must contain. An example, which can be
accepted by RASP, is shown to the left.

Your taxa should have unique labels or names (upper arrow).
Translate your unique taxon names into integers (1- ~) (middle arrow).
These integers are required for the ID field in the RASP program.
Your file should contain one or more phylogenetic trees in set notation
(lower arrow). Many tree generating programs such as PAUP*,
Mrbayes, etc. include a lot of extra information within each tree such
as branch lengths, likelihood values, and so on. This extra information
does not hinder RASP, but it is also not essential.

Note: Some programs used to root trees, place the outgroup at the beginning

on the tree strong (like the outgroup 3 in the example), others do the

opposite, placing the outgroup at the end of the strong. RASP can accept

both types of rooting.

4.2 How to make a Condensed tree.

4.2.1 How to make a condensed tree by Tree Annotator. (Back to Top)

Launch TreeAnnotator*.exe

Set Burnin and Posterior Probability

Choose your trees data set as Input Tree File

(In our example, we chose sample\samplel.trees)
Choose Output File

Begin taxa;
Taxlabels
Taxon_1 ™
Taxon_2
Taxon_3
Taxon_4
Taxon_5
Taxon_6
Taxon_7
Taxon_8
Taxon_9
Taxon_10

;
end;

Begin trees;
Translate

1 Taxon_1,
2 Taxon_2,
3 Taxon_3,
4 Taxon_4,
5 Taxon_5,
6 Taxon_e,
7 Taxon_7,
8 Taxon_8,
9 Taxon_9,
10 Taxon_10

P

tree 1=(3,((8,1),(6,((12,(4.9)),5),(10,7)))));
tree 2= (3,({{((5,(6,2]),7).14,9)),10).(1,8))); A -
tree 3 = (3,({((2,6),(((4,9).5),(7,10))1,8) 1));
tree 4= (3,(5,(((((8,1,(941),10),7),(2,6))));
tree 5 = (3,((((4,(10,(((1,8),6),2))),9,7).5));

end;

(We saved it as Samplel_Final_Tree.tre in sample folder. Samplel_Final_Tree.tre is our condensed tree.)

4.2.2 How to make a condensed treeusing PAUP. (Back to Top)
® Define outgroups androot the trees with “roottrees OUTROOT=MONOPHYL;”

Export a tree using “savetrees format=NEXUS” commands.

4.2.3 How to obtain a condensed tree from other phylogenetic programs. (Back to Top)
If you are using Mrbayes, you should make the condensed tree using Tree Annotatoror or PAUP*.

To make a condensed tree using other phylogenetic programs, there are three methods for making a condensed tree:

Method 1:

®  Save the tree as Nexus format from whatever phylogenetic program you are using.
Method 2:

®  Save the tree as PHYLIP format.

® [ oad the tree into PAUP then export the tree use “format=NEXUS” option.

Method 3:

® Make a text tree file by yourself as the following format:

tree tree1=(((((6,((2,4),((9,8),3))),1),(7,11)),10),5);
or

(((((6,((2:H:((9:8),30)),D),(7.11)),10),5);

Important: Trees with polytomies could only be used in Bayesian Binary MCMC and MP analysis!
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4.2.4The bare essentials of the condensed tree. (Back to Top)
Condensed tree files may contain various types of commands and information relevant to the program that created
them (e.g., #NEXUS, Begin trees;, etc.) An RASP condensed tree must contain a line of text that looks like:
Tree treel=(((((6,((2,4),((9,8),3))),1),(7,11)),10),5);
Or simply:
((((6,((2,9),((9-8),3))),1),(7,11)),10),5);

Taxon names must be replaced with integers as shown. The unique integer representing each taxon should be the same

as in the trees file. Other types of information in the condensed tree file may not hinder RASP but are not required.

4.3 How to make Distributions file

4.3.1 How to make a Distributions file (Back to Top) 3 . B c D
Name the distributions A, B, C, etc. and specify multiple-area distributions 1 1 Species_01 4
like BD or ACE. Only letters from A to Ocan be used (Ronquist, 1997, | = 2 Species_Oz A
B 3 Species 03 4
2001). 4 4 Species_04 AB
® Launch RASP 5 5 Species (05 B
® Select File > Load Trees and navigate to your trees data set
. . . . . . 1, Species_01, A -
®  Select File > Save Distribution and save it as a .csv file 2, Species 02,4
. R . , opecles_ (3,
® Open the your saved .csv file in a text editor or Excel é gpec:}es_gé, gB
S . . . , Species_05,
® Input the distributions after the species name like this: B, Species 06,B
T, Species_07,B
8, Species_08, BC
9, Specles_09, 4 =

Note: RASP can tolerate differences in taxon names between the trees file and the distribution file (i.e., Species 01 in your

trees file compared to SpeciesO1 or Any name in the taxon or B column). RASP above 3.x also support load and save
distributions in PHYLIP format, it looks like that:

19 4

P_hawaiiensis_Waikamoil1l 0010
P_mauiensis_Eke 0010

P_fauriei2 0100

P_hathewayi_1 0100
P_kaduana_PuuKukuiAS 0010

P_mauiensis_PepeAS 0010
P_kaduana_Hawaiiloa 0100
P_greenwelliae@7 1000

4.3.2 How to input distributions in RASP. (Back to Top)
Name the distributions A, B, C, etc. and specify multiple-area distributions like BD or ACE. Letters from A to O must
be used (Ronquist, 1997, 2001).

Launch RASP

Select File > Load Trees and navigate to your trees data set

Type your distributions directly into the State column.

Remember to save the distributions you have entered to a file for use in future analyses. Save the distributions as
a .csv file using File > Save State.
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4.4 How to combine results

W RASP (Reconstruct Ancestral State in Phylogenies) 4.2 build 20190723 macos - O X
File  Graphic Reconstruction Comparison
Select | ID Name Continuoustates| Discrete Multistate a] [ Tree Cplion

7 r |14 T14 2 a ABC| Binary trees: Iimo
r |15 |T15 23 b Amount of trees: [ 100
~ |16 T16 23 b Discard trees: ﬁ
L | L L h ¥V Random trees ﬂ
r 18 T18 22 b A
r 19 T19 > b AB Current Condensed Tree:
|20 T20 21 b A |(((((((11:0.1375104718050722,((6:0‘09
SR 22 : ; e s
r |22 T22 23 b A
r |23 |12 21 b A
I |24 T24 2 b AB

RASP Results generated from the same dataset with the same method could be combined. You could run a method (like

Bayarea) several times to get several results, and then combine them to a single result.

Open [Tools > Combine Results] to combine and save different result.

o Combine results

O X

Add

Remove

Z:\Develop\RASPDEVELOP\Archive\RASP_Win_2019\Sample\Psychotria\Results\S-DEC txt
Z:\Develop\RASPDEVELOP\Archive\RASP_Win_2019\Sample\Psychotria\Results\S-DIVA.tt
Z\Develop\RASPDEVELOP\Archive\RASP_Win_2019\Sample\Psychotria\Results\DEC bt
Z:\Develop\RASPDEVELOP\Archive\RASP_Win_2019\Sample\Psychotria\Results\BBM.txt
Z:\Develop\RASPDEVELOP\Archive\RASP_Win_2019\Sample\Psychotria\Results\BAYAREA txt

Combine I

4.5 How to remove OQutgroups

Distributions of outgroups may pose limitations to historical biogeographic analysis for two reasons. First, an outgroup may

represent multiple species that are widely distributed. In this case, it is expected that the ancestor of the outgroup originated

in only one geographic area, but has since spread to many. Another difficulty is outgroup selection. It may sometimes be

essential to select an outgroup for phylogenetic reconstruction that has a large or unknown phylogenetic distance from the

ingroup. While this may be suitable for phylogeny, the geographic distributions of more closely related groups may be

essential for reconstructing ancestral ranges, particularly at deep nodes. We recommend to remove all of the outgroups

before biogeographic analysis.

Remove outgroups in RASP is very easy. After the trees data set and condensed tree is loaded, select all of the outgroups in

the main window. Select [Tools > Remove Outgroups] to save a new trees data set and condensed tree without outgroups.

Then you cloud close the current data [File > Close Current Data] and reload the new data into RASP.
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File

Graphic

Reconstruction

Comparison

Tools

Help

ID

Taxon

State

Select

P_hawaiiensis...

P_mauiensis_...
P_fauriei2
P_hathewayi_1

P_kaduana_P...

P_mauiensis_...

SNl ;e W N =

P kadiana H

Cc
c
B
B
c
c
R

TIIT'Tﬂ'TT
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— Tree Option
Binary trees:

Amount of trees:

Discard trees:

¥ Random trees

| 100

Current Condensed Tree:

I((((((((1 :0.9656850499,2:0.965685049!




S.

10.

11.

Explanation of messages ack to contents)

Allowing reconstructions will need a larger amount of free space on disk and will take a longer time to run. Are
you sure to use it?
User will get this message when the number of taxa is more than 64 and reconstructions are allowed such that

F (X )t _ ' . Allow reconstruction will need a large amount of free space on disk and may take a long time to run.
n Dt

For example, processing 100 trees with 84 taxon (max areas of each node =4) needs about 5G free space on disk and
will take about 2 hours. You may click “yes” to enable “Allow reconstructions” or click “No” to disable it.

Cannot format the tree!

The RASP program accepts phylogenetic trees (a trees dataset and a condensed tree) generated by the programs
BEAST (Drummond and Rambaut, 2006), PAUP* (Swofford, 2003) and MrBayes (Huelsenbeck& Ronquist, 2003).
Other tree file formats may cause this error. The error may also occur if you are using an accepted format but have
syntax errors in your file (e.g., a misplaced semicolon, a missing "end" command, etc.). Opening the file using PAUP*
may help you determine if there is a syntax error, and, if so, what it is.

Cannot process the computed file!

There is something wrong with the temp file. Please delete the folder “Temp” and restart the RASP.

Cannot process the trees!

There is something wrong with the temp file. Please restart RASP.

Distributions must be labeled using the letters A to Z only!

Remember that distributions must be labeled using the letters A to Z only and should include no more than 26 unit
areas. RASP does not highlight rows containing unrecognized characters.

Burn-in error!

The value of the Burn-in must greater than or equal to zero but smaller than the amount the trees.

Need at least one tree!

You need at least one tree in the trees file to run RASP!

Your group of organisms should include no more than 512 taxa!

Your group of organisms should include no more than 512 taxa and the distributions should include no more than 15
unit areas in S-DIVA method. You may try to use BayArea method.

Please change your system's number format to English! (ex. 3.14 not 3,14)

The decimal symbol of your system caused this problem. Please go to “control panel->Regional and Language Options”
and change your "Current format" to English. It is a bug and I will try to fix it in the next release of RASP.
Distributions should be Continuous letters! Please alter area ...

The distributions in Bayesian method must be continuous letters. For instance: Right, ABCDE; Wrong, ACDEF

Your group of organisms should include no more than 512 taxa!

Your group of organisms should include no more than 512 taxa in All method.
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