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Introduction

PIST isan application for running the informative-sites test, a method for detecting
recombination from gene sequence data sets. What follows here is a brief account of
how to use the software provided. The full details of the procedure can be found in
the following paper:

Woraobey, M. (2001) A novel approach to detecting and measuring recombination:
new insights into evolution in viruses, bacteria, and mitochondria. Mal. Biol. Evol. 18,
1425-1434.

PIST isaPower Macintosh executabl e that takes as input a sequence alignment and
estimated maximum likelihood phylogenetic tree, as well as nucleotide substitution
model parameters specified in acommand line. It simulates replicate data sets along
the specified tree, under the specified model of sequence evolution. These clonally
evolved data sets can then be used to test whether the real data set, used to estimate
the tree and model parameters, shows evidence of non-clonal evolution. Sequence
alignments that carry a history of recombination will tend to be rich in conflicting
phylogenetic information compared with clonally generated data sets supporting the
same tree shape and model parameters, and will tend to have alarger value of
g—defined as the proportion of two-state parsimony informative sitesto all
polymorphic sites. PIST outputs g values (as well as the tree-length, and a breakdown
of various sorts of polymorphic sites) for each replicate simulated data set.

The method isintended for use with unambiguously-aligned, gap-stripped, third
codon position sites from non-over lapping reading frames of protein coding
nucleotide sequences.



Usage

To run PIST, first you need an alignment, as well as a phylogenetic tree and
parameter estimates derived from that alignment. | will outline the overall procedure
using as an example the dengue virus data set that is reported in the paper.

1. Get thealignment. Here, I've shown the NEXUS format alignment of 774
third positions from the 7 dengue virus sequences.
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DIMEMSIONS MTAX=Y MCHAR=774;
FORMAT MISSINMG=? GAP=- DATATYPE=DHA;

MATRIA
D15inga9@ GCCAAAGGTARGTCTGEGACGACCGAT TAGGGEGACAARAGTACARCGRGGGTCARCARTACACARAAT GTAGCACGGET
DiThailza GCCAGAGGTCGTCTGGACGACCGAT TAGGGARCARAG TACAACGAGGGTCARTARTACACAAARATGAAGCACGGET
DiFhilig4d GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACAAAGTACAACGAGAGT TAARCAARTACATAAARATGTAGCACGGET
O1ldamai?? GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACAARAGTACARCGARGGGTCARTAARTACACARAARTGTAGCACGGET
O1Brazi9@ GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACAARAGTACARCGARGGGTCARTARTACACARAATGTAGCACGGT
DiHauru7?4 GCCAGAGGTAGTCTGGACGACCGAT TAGGGGARACAAAG TACAACGAGGEGT TAACARTACATARARATG TAGCACGGET
D1FGuianas9 GCCAGAGGTAGTCTGGACGARACCGAT TAGGGGACAAAGTACAACGAGEET TAATAATACACARART G TAGCACGEET—
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2. Estimate the maximum likelihood tree and substitution model
parameter s using a program such as PAUP*, to produce an input file for PIST:
| dicmedrdphy =——— 0 H
T 7T -
015ingo9E GCCARAGGTAGTCTGGACGACCGAT TAGGGGACARAGTACAACGAGGGTCARCAATACACAARART GTRGCACGGTAGCAGAGTCGAA
D1Thailss GCCAGAGGTCGTCTGGACGACCGAT TAGGGAACAARAGTACAACGAGGEGETCARTAATACACAAART GARGCACGGTAGCCAAGTCAA
OiPhiliSd GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACARAGTACAACGAGAGT TARCAARTACATAARART GTAGCACGGTAGCAGAGTCAARA
01 Jdamai?? GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACARAGTACAACGAGGGTCAARTAATACACAAART GTRGCACGGTAGCAGAGTCAAY
D1BrazigE GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACAARAGTACAACGAGGG TCARTAATACACAAART GTRGCACGGTAACAGAGTCAARG
D1 Hauru?d GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACARAGTACAACGAGGET TAACAATACATAAARRT GTRGCACGGTAGCAGAGTCGAA
D1FGuiona3a GCCAGAGGTAGTCTGGACGACCGAT TAGGGGACAAAGTACAACGAGGEET TARTAATACACAAART GTRGCACGGTARCAGAGTCAAG
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Thisinput file should bein PHY LIP format, and it should include the estimated ML
tree with branch lengths. | often use an HKY + gamma substitution model, but more
general models (such as REV + gamma + invariant sites) can aso be used, asthey are
supported by the PIST software.



3. Run PIST. A dialogue box will appear that looks like this:

| =——————Pist PPCVI1.0

| Argument:

-+ @ Console @ Console
% *gi (3 File

(3 File

Click on the “File” radio button (bottom left) and choose the PHY LIP format input
file you have prepared. Then click on the other “File” button (bottom right) to give a
name to your output file. Finally, specify the parametersto control PIST in the
command line:

Pist PFCv1.0

Argument: |-mhky -n1000 -a0.569704 -g8 -f0.35 0.2

.p% {2 Console ) Console
#® dicme.3rd.phy "% @ dicme.3rd.out

The full command lineis not visible, but it looks like this:
-mhky -n1000 -a0.569704 -g8 -f0.35 0.21 0.27 0.17 -t6.07344 -p100

See Appendix 1 — Parametersto control PIST, below, for a description of the
parameters, or type “-h” in the command line to get alist of the parameters.



After pressing “OK”, and allowing the program to run, a box will appear:

Pist PPC v1.0.0ut 8
FProgram for the Informative Sites Test - pist
Version 1.8
fod Copyright, 2881 Andrew Ramboaut and Michasl Horobey
Depar-tment of Zoology, Uniwersity of Oxford
South Parks Road, Oxford 0x1 3PS5, U.K.
Oataset hos 7 taxa, 774 boses
Mull distribution simulated with 1688 replicates
Dizcrete gamma rate heterogensity:
shape = 8.569784, 2 categories
Mode L=HEY
transition/transversion rotio = 6.87344 (kappo=1@.99)
frequencies = AIB.3S Ci8.21 GI8.27 TiB.17
@i | | 186
[ i ieeneninieannnns 1
Ilnput tree has length 257, with 284 polymorphic sites and 126 informative =sites
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Time taken: 18.2333 seconds | |
-
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This shows that the observed value of g (0.618) was greater than all but two of the
1000 clonal replicates, indicating a history of recombination.

Finally, to view the results for each replicate data set, open the output file
(dlcme.3rd.out) in, say, Excel:

O

A | B | C | D I E I
1 |SimMo Treelength  Polyrnorphics InformSites  PropinfSites
gl 1 2358 192 a7 0.5052032
3 Z 220 180 107 0.594 444
4 3 254 206 112 0.543689
5 4 259 211 104 049229
=] ] 270 214 111 0.5312692
T =) 270 213 119 0.353483
(=] T 271 209 Q5 045933
= g 2&0 208 120 0575923
10 ] 245 200 97 0.485
11 10 251 191 95 0.497382
12 11 255 209 =N 0.435407
13 12 259 211 107 0307109
14 13 =) 207 114 0.550725

(Just thefirst 14 are shown here.)




Appendix 1 - Parametersto control PIST

Options and parameters to PIST are supplied on the command line. The genera
format is aminus sign followed by a code letter. If required, the values of any
parameters come after the code, separated from both code and each other with either a
commaor aspace. Some options act like switches and require no parameters. The
case of the optionsisignored. Most of the code for PIST is borrowed from Seg-Gen
(Andrew Rambaut, http://evolve.zoo.ox.ac.uk/software/) and the reader is referred to
the Seg-Gen manual for further details of the Monte Carlo simulation of nucleotide
sequences.

Model [default = HKY]

This option sets the model of nucleotide substitution with a choice of either F84, HKY
(also known as HKY85) or REV (markov genera reversable model). Thefirst two
models are quite similar but not identical. They both require atransition transversion
ratio and relative base frequencies as parameters. Other models such as K2P, F81 and
JC69 are special cases of HKY and can be obtained by setting the nucleotide
frequencies equal (for K2P) or the transition transversion ratio to 1.0 (for F81) or both
(for JC69). The usageis:

-m <MODEL>

Where <MODEL > is athree letter code: HKY ,F84 or REV.

Number of Acceptable Simulated Replicate Datasets [default = 1000]

This option specifies how many simulated acceptable datasets should be simulated.
-n<NUMBER_OF DATASETS>

Where <NUMBER_OF DATASETS> isan integer number that corresponds to the
number of datasets desired.

Tree Length Acceptance I nterval (%) [default = 0.5]
-p <ACCEPTANCE_INTERVAL>

Where <ACCEPTANCE_INTERVAL> is an integer number from O to 100 that
corresponds to % deviation in the tree length of each ssmulated data set set compared
with the input data set. The default setting is 0.5, so only data sets that have atree
length very similar to the input tree are kept. If <ACCEPTANCE_INTERVAL> s
set to 100, then all data sets are kept.

Average Tree Length for Randomised Data [default = none]
-| <RANDOMIZED_TREE_LENGTH>



This option alows the user to input the randomized tree length value (f,) used to
caculate the ISl (informative-sites index; refer to the paper for more information)
which is expected to be about O for clonal dataand 1 for data at linkage equilibrium. |
use the program SITESHUFFLER to get thisvalue. It takes a nexus format alignment
as input, then randomly permutes the characters at each position to remove linkage
between sites. | produce ten such data sets, then perform a heuristic parsimony search
on each using the default settings in PAUP*, and take the averageto get t . ThelSl is
then calculated as follows (see paper):

S = (q-G.)/t
1-G)/t - @-a)/t

(SITESHUFFLER isincluded as a PowerMac executable with PIST:

SiteShuffler PPC

Argument: |10

.p% i) Console i} Console
# dicme.3rd.nex "'% @ SiteShuffler PP...

Here, | have specified 10 randomized replicates, starting with the original alignment,
d1lcme.3rd.nex. The output can then be analyzed in a program such as PAUP*.
Typically, the average tree length after randomization is somewhat greater than
before.)

Codon-Specific Rate Heterogeneity [default = none]

Using this option the user may specify the relative rates for each codon position. This
allows codon-specific rate heterogeneity to be smulated. The default is no site-
specific rate heterogeneity.

-c <CODON_POSITION_RATES>



Where <CODON_POSITION_RATES> isthree decimal numbers that specify the
relative rates of substitution at each codon position, separated by commas or spaces.
This option is not used for the informative-sites test.

Gamma Rate Heterogeneity [default = none]
Using this option the user may specify a shape for the gamma rate heterogeneity
called alpha.

-a<ALPHA>

Where <ALPHA> isarea number >0 that specifies the shape of the gamma
distribution to use with gamma rate heterogeneity. If thisis used with the -g option,
below, then a discrete model is used, otherwise a continuous one. Thisisacrucial
parameter since, in effect, the informative-sites test attempts to distinguish between
“real” rate heterogeneity, and artifactual rate heterogeneity.

Discrete Gamma Rate Heterogeneity [default = continuous]

Using this option the user may specify the number of categories for the discrete
gamma rate heterogeneity model. The default is no site-specific rate heterogeneity (or
the continuous model if only the -a option is specified).

-g <NUM_CATEGORIES>

Where <NUM_CATEGORIES> is an integer number between 2 and 32 that specifies
the number of categories to use with the discrete gamma rate heterogeneity model.

Proportion of Invariable Sites [default = 0.0]

Using this option the user may specify the proportion of sites that should be
invariable. These sites will be chosen randomly with this expected frequency. The
default isno invariable sites. Invariable sites are sites that cannot change as opposed
to sites which don't exhibit any changes due to chance (and perhaps alow rate).

-l <PROPORTION_INVARIABLE>

Where <PROPORTION_INVARIABLE> isan real number >= 0.0 and <1.0 that
specifies the proportion of invariable sites.

Transition Transversion Ratio default = 2.0
This option allows the user to set avalue for the transition transversion ratio (TS/TV).
Thisisonly valid when either the HKY or F84 model has been selected.

-t <TRANSITION_TRANSVERSION_RATIO>

Where <TRANSITION_TRANSVERSION_RATIO> isadecima number greater
than zero.



General Reversible Rate Matrix [default = al 1.0]
This option allows the user to set 6 values for the general reversible model’ s rate
matrix. Thisisonly valid when either the REV model has been selected.

-r <RATE_MATRIX_VALUES>

Where <RATE_MATRIX_VALUES> are size decimal numbers for the rates of
transitionfromAtoC,AtoG,AtoT,CtoG,Cto T and Gto T respectively,
separated by spaces or commas. The matrix is symmetrical so the reverse transitions
equal the ones set (e.g. C to A equals A to C) and therefore only six values need be
set. These values will be scaled such that the last value (G to T) is 1.0 and the others
are set relative to this.

Relative Nucleotide Frequencies [default = all equal]

This option is used to specify the relative frequencies of the four nucleotides. By
default, PIST will assume these to be equal. If the given values don't sum to 1.0 then
they will be scaled so that they do.

-f <NUCLEOTIDE_FREQUENCIES>

Where <NUCLEOTIDE_FREQUENCIES> are four decimal numbers for the
frequenciesof A, C, G and T respectively, separated by spaces or commas.

Write Sequencesto File 'pist.seq’
This option allows the user to obtain the simulated sequences for each replicate.

-W

Output File Format [default = PHYLIP]
This option selects the format of the output file. The default is PHYLIP format.

_op
PHYLIP format.
-or

Relaxed PHYLIP format: PHY LIP format expects exactly 10 characters for the name
(padded with spacesif the name is actually less than 10). With this option the output
file can have up to 64 characters in the name, followed by a single space before the
sequence. The longer taxon names are read from the tree. Some programs can read
this and it keeps long taxon names.

-0n



NEXUS format: This createsaNEXUS file which will load into PAUP. It generates
one DATA block per dataset. It also includes the simulation settings as comments
which will be ignored by PAUP.

Minimum I nformation
This option prevents any output except the final trees and any error messages.

-
Help
This option prints a help message describing the options and then quits.

-h



