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Abstract.-NEXUS is a file format designed to contain systematic data for use by computer pro- 
grams. The goals of the format are to allow future expansion, to include diverse kinds of infor- 
mation, to be independent of particular computer operating systems, and to be easily processed 
by a program. To this end, the format is modular, with a file consisting of separate blocks, each 
containing one particular kind of information, and consisting of standardized commands. Public 
blocks (those containing information utilized by several programs) house information about taxa, 
morphological and molecular characters, distances, genetic codes, assumptions, sets, trees, etc.; 
private blocks contain information of relevance to single programs. A detailed description of 
commands in public blocks is given. Guidelines are provided for reading and writing NEXUS 
files and for extending the format. [Computer program; file format; NEXUS; systematics.] 

NEXUS is a file format designed to 
house systematic data. Although it is cur- 
rently in use by several computer pro- 
grams, including MacClade 3.07 (Maddi- 
son and Maddison, 1997), PAUP 3.1.1 
(Swofford, 1993) and the forthcoming 
PAUP* 4, COMPONENT 2 (Page, 1993), 
SplitsTree (Huson and Wetzel, 1994), and 
Genetic Data Analysis (Lewis and Zaykin, 
1996), the file format and the principles un- 
derlying its design and governing future 
expansion have never been formally de- 
scribed. This document provides the de- 
scription of the file format. 

This paper serves several purposes. 
First, we seek to promote our goal of a 
common file format to be shared by phy- 
logenetic computer programs. Virtually 
every new computer program in system- 
atic biology has used a unique file format. 
Unique file formats are easier for the pro- 
grammer because they contain no infor- 
mation extraneous to the particular pro- 
gram, but they often transfer to users the 
task of reformatting their files for use with 
different programs. Second, we hope to 
convey the general principles of NEXUS 
files so that programmers and users may 
better understand them. Third, we de-
scribe the technical details of the file for- 
mat and give guidelines for extending it, 
so that those writing computer programs 

that read and write NEXUS files can abide 
by the standard. If our goal of a shared file 
format is to be reached, it is important that 
the standard be followed faithfully and 
that those inventing extensions to the for- 
mat do so in such a way as to maintain 
ease of shared use. 

Modularity is the primary design fea- 
ture of a NEXUS file. A NEXUS file is com- 
posed of a number of blocks, such as TAXA, 
CHARACTERS, blocks. Following and TREES 
is a NEXUS file containing a short DNA 
sequence for each of four taxa, as well as a 
single tree: 

#NEXUS 
BEGIN TAXA; 

DIMENSIONS N T A x = ~  ; 
TAXLABELSfish frog snake mouse ; 

END; 
BEGIN CHARACTERS ; 

DITYEENIOMSN C H A R = ~0; 
FORMAT ;D A T A T Y P E ~ D N A  
MATRJx 

fish ACATAGAGGGTACCT CTAAG 

frog ACTTA GAGGC TACCT CTACG 

snake ACTCACTGGG TACCT TTGCG 

mouse ACTCAGACGG TACCT TTGCG; 


END; 
BEGIN TREES ; 

TREE best= (fish, (frog, 
(snake, mouse) ) ) ; 

END; 

mailto:beetle@ag.arizona.edu
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Other blocks can be added to the file to 
house various kinds of data, including dis- 
crete and continuous morphological char- 
acters, distance data, frequency data, and 
information about protein-coding regions, 
genetic codes, assumptions about weights, 
trees, etc. Images can be included. This 
modular format allows a computer pro- 
gram reading the file to ignore safely the 
unfamiliar parts of the file, permits shar- 
ing of the file by various programs, and 
permits future expansion to encompass 
new information. 

HISTORYOF NEXUS FILE FORMAT 
The development of NEXUS began in 

1987 for joint use by MacClade 3 (Maddi-
son and Maddison, 1992) and PAUP 3 
(Swofford, 1989). MacClade is a program 
for editing systematic data and conducting 
phylogenetic analysis of character evolu- 
tion. PAUP is a program primarily for in- 
ference of phylogenies. During the long 
gestation period of the two programs, the 
file format evolved. Most of these changes 
took place before PAUP 3 was released, al- 
though some significant modifications 
were made in the early 1990s. 

Roderic Page adopted NEXUS for ver- 
sion 2 of COMPONENT (Page, 1993). 
COMPONENT is a program for compar- 
ing trees and includes commands for rec- 
onciling associated phylogenies (e.g., host 
and parasite trees). COMPONENT'S re-
quirements forced some rethinking of the 
format and were the major reason the 
TAXA block was invented. The general 
structure of a NEXUS command was im- 
proved to allow easy avoidance of foreign 
commands. 

A number of other projects have housed 
data using the NEXUS file format. Huson 
and Wetzel (1994) have adopted the NEX- 
US format for use in SplitsTree, a program 
that conducts a "split decomposition" 
analysis (Bandelt and Dress, 1992; Wetzel, 
1994). The NEXUS format is used in Ge- 
netic Data Analysis (Lewis and Zaykin, 
1996) and in portions of the TreeBASE sys- 
tem (Donoghue et al., 1996). 

The NEXUS format will continue to co- 
evolve with systematics computer pro-
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grams. Commands will be added to ac-
commodate additional kinds of data and 
assumptions; within this document, some 
commands are described that are not yet 
used by any existing computer program. 

GOALS 
In designing the NEXUS format, we had 

four goals. 

1. Expandabi1ity.-New elements can be 
added to the file format with minimum 
disruption. Programs that were not de- 
signed to read these new elements 
should still be able to acquire as much 
other information as possible from the 
file. This goal is achieved by commands 
of standardized structure organized 
into labeled blocks, allowing programs 
to recognize relevant elements and dis- 
regard irrelevant ones. 

2. 1nclusivity.-The 	 file format ideally en- 
compasses all information a systematist 
or phylogenetic biologist might wish to 
use, including character and distance 
data, assumptions, trees, etc. 

3. 	Portability.-The file format can be 
used by programs running on many 
different computer operating systems 
and hardware. The use of simple text 
files and the insensitivity to varied new- 
line text characters allow for broad port- 
ability. 

4. 	Processibi1ity.-Programs can easily 
read the information they desire and 
can easily detect and skip other infor- 
mation. A program should be able to 
tell when it detects an element in the file 
it does not understand whether or not 
that lack of knowledge will be fatal to 
its reading of the file. The uniform def- 
inition of words, punctuation, and 
whitespace and the use of a modular 
structure enhance processibility. 

BASIC ELEMENTSOF A NEXUS FILE 

NEXUS files consist of a string of stan- 
dard text characters. The text characters 
form words, whitespace, punctuation, and 
comments (definitions of these and other 
terms are given in the Appendix). Words 
in a NEXUS file are equivalent to words in 
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a sentence, whitespace is equivalent to 
blank spaces, and punctuation is equiva- 
lent to commas, periods, and the like. (To 
avoid confusion between the text charac- 
ters of which a text file is composed and 
the characters of an organism, we will al- 
ways use the adjective "text" when refer- 
ring to the former or, in the special case of 
a text character indicating the end of a line, 
"newline character.") For example, in the 
following line 

there are two words (BEGIN and TREES) 
separated by whitespace and followed by 
a punctuation mark and then by white- 
space (in this case a newline character, 
which is not evident but is present in the 
file). Punctuation marks and words are 
also called tokens. Comments can be add- 
ed by enclosing text with brackets: 

BEGIN TREES; [some trees follow] 

Comments can contain information that 
might be processed, including commands, 
but also can safely be skipped. 

The first token in a standard NEXUS file 
must be 

A program reading a NEXUS file seeks to 
process, in sequence, the tokens it encoun- 
ters. For the most part, whitespace, includ- 
ing newline characters, is ignored, with 
two exceptions: (1) whitespace indicates 
boundaries between words; (2) in inter- 
leaved matrices, newline characters indi- 
cate the boundary between data of differ- 
ent taxa (for nontransposed matrices) or 
characters (for transposed matrices) (see 
descriptions in the CHARACTERS and DIS- 
TANCES blocks). For example, a program 
reading the following file, 

#NEXUS 

BEGIN TREES; 

TREEbest= (fish, (frog, 
( snake, mouse) ) ) ; 

END; 

would first encounter the token #NEXUS, 
then the words BEGIN and TREES, then the 
semicolon, then the word TREE, and so on, 

until the last semicolon was found. In total, 
the program would read 23 tokens. 

The tokens in a NEXUS file are orga- 
nized into commands, which are in turn 
organized into blocks. Commands follow 
a simple format: the first token in the com- 
mand is the command name, which is fol- 
lowed by a series of tokens and white- 
space; the command is terminated by a 
semicolon. Thus, each command is of the 
form 

command-name token token . . . ; 
All elements of a NEXUS file are orga-
nized into such commands, except for 
comments (see Appendix) and the #NEX- 
US token at the start of the file. 

Blocks are a series of commands, begin- 
ning with a BEGIN command and ending 
with an END command. Typically a block 
holds a particular sort of infomation, such 
as the definition of taxa or the specification 
of assumptions. A block has the following 
basic form 

BEGINblock-name; 
command-name token . . . ; 
command-name token . . . ; 

In the above example, as in the rest of this 
article, predefined NEXUS words are 
shown in small caps, and words to be re- 
placed by relevant tokens are shown in 
italics. 

PUBLICBLOCKS 
Public blocks will be used by a number 

of current and future programs. All of the 
blocks defined in this document are con- 
sidered public. In contrast, private blocks 
might be designed to contain information 
that would be relevant only for a single 
program. The MACCLADE block and PAUP 
block are two examples of private blocks. 

The eight primary public blocks are 
TAXA, CHARACTERS, DISTANC-UNALIGNED, 
ES, SETS, ASSUMPTIONS, CODONS, TREES, 
and NOTES. The TAXA block defines taxa 
and gives them names. The block also es- 
tablishes the order (numbering) of the 
taxa. The CHARACTERS block contains in- 
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formation about discrete and continuous scribed in trees. Most programs will there- 
data, including that for morphological fore require blocks defining or describing 
structure and molecular sequences. Poly- one or more of these classes of objects. A 
morphism~ and frequency data can be ac- simple data file may contain TAXA and 
commodated. Names can be given to the CHARACTERSblocks, and a tree file may 
characters and their states. The UNALIGNED contain TAXA and TREES blocks. Additional 
block is similar to a CHARACTERS block, but 
it contains unaligned molecular sequence 
data. The SETS block contains descriptions 
of collections of objects. These objects in- 
clude characters (so that a collection of 
characters can be referred to and manip- 
ulated easily), taxa (perhaps to allow en- 
forcing monophyly of a group of taxa or 
to remove them quickly from the tree), 
trees (perhaps to select quickly a set of 
trees for study), states, and kinds of 
changes (perhaps to allow study of hydro- 
phobic to hydrophobic changes in a pro- 
tein). In addition, partitions of characters, 
taxa, and trees can be formed. The As- 
SUMPTIONS block contains assumptions 
about the data. These can include assign- 
ment of weights to various characters, 
specification of the nature of character 
changes (e.g., the costs of state-to-state 
changes for parsimony analysis), exclusion 
of particular characters, and designation of 
ancestral states. The CODONS block desig- 
nates the sites in nucleotide sequence data 
that are protein coding and the position 
within a codon of each site and assigns a 
genetic code to molecular sequence data. 
Custom genetic codes can also be defined 
within this block. The NOTES block allows 
attachment of additional information (text, 
pictures, etc.) to various objects (trees, 
taxa, characters, etc.) in the file. Full details 
of the commands available in each public 
block are provided in the Technical De- 
scription. 

The blocks encountered in a typical 
NEXUS file will vary, depending upon the 
purpose of the file. Three objects common- 
ly defined in NEXUS files are taxa, char- 
acters, and trees, defined in blocks of the 
same name. Taxa consist of the entities (bi- 
ological species, haplotypes, manuscripts, 
etc.) whose attributes might be recorded in 
characters and whose relationships are de- 

public blocks (e.g., ASSUMPTIONS, andSETS) 
private blocks (e.g., MACCLADE, PAUP) 
will often be present. 

READING NEXUS FILES AND WRITING 
Although the NEXUS format contains 

many elements, some of them complex, it 
is easier to use than it may at first appear, 
largely because of its consistent structure 
and modular approach. Here we give some 
suggestions for reading and writing NEX- 
US files. If a program adopts the NEXUS 
format, it not only gains compatibility with 
other computer programs, but the modular 
format allows easier future expansion of 
the program's own capabilities. 

Reading NEXUS Files 
Because NEXUS files are organized into 

tokens (words and punctuation), along 
with whitespace and comments, the most 
basic component of the code to read a file 
is a routine that returns the next punctua- 
tion or word in a file. This routine needs 
to recognize boundaries between NEXUS 
tokens and to distinguish words from 
punctuation. 

The first token after the #NEXUS word 
or after the semicolon that terminates a 
command is the name of a NEXUS com- 
mand. This command will indicate either 
the start or end of a block or of a command 
within a block. Routines need to be written 
to handle the commands and blocks of rel- 
evance to the program and to skip those 
irrelevant to the program. A routine to 
handle a command needs to recognize its 
first token, which indicates what sort of 
command it is, and subsequent tokens, 
which specify details of the command. If 
the first token indicates it is a command 
that is not relevant to the program, the 
program skips it by using its token-read- 
ing routine to move to the next semicolon. 
A routine to handle a block needs to rec- 
ognize the sort of block it is and then pro- 
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cess the commands one after another. If the 
block is not relevant to the program, it is 
ignored by skipping command after com- 
mand until the END or ENDBLOCKcom-
mand is reached. 

Programs that read NEXUS files do not 
have to be able to understand all aspects 
of the file format; in fact, no program at 
this time can understand more than about 
60% of the elements described in this doc- 
ument. It is thus critical for a program 
reading a NEXUS file to be able to deal 
well with elements that are foreign to the 
program. For example, if MacClade were 
to encounter a DISTANCES block, it must be 
able to skip successfully over this foreign 
block. Individual foreign commands with- 
in a block must also be gracefully ignored. 

Sample code for reading a NEXUS file 
is presented on the NEXUS web site, at 
http: / / phylogeny.arizona.edu / nexus / 
nexus.htm1. 

Writing NEXUS Files 
Many programs using the NEXUS for- 

mat will be designed to read the format 
but not to write automatically files of NEX- 
US format. However, if a program gener- 
ates NEXUS format files, then these files 
should conform to the rules of the NEXUS 
format. For example, elements of the file 
need to be written as NEXUS words, punc- 
tuation, and whitespace: if the user types 
in the taxon name "Bembidion velox" then 
the program should write the blank space 
as an underscore (Bembidion-velox) to 
form a standard NEXUS token. In addi- 
tion, the program should not discard in- 
formation that had been in the file when 
read, such as unfamiliar blocks or com-
mands. In rewriting the file, the program 
should attempt to place the comments, 
blocks, and commands intact back into the 
file, preferably in the same order in which 
they were found. If the program cannot re- 
store foreign blocks, commands, or com- 
ments, then it should attempt to leave un- 
touched the original copy of the file. 

EXTENDINGTHE NEXUS FORMAT 
Extensions to the NEXUS format should 

be made with due consideration of the 
goals of the format. 

When extensions are designed, care 
should be taken not to restrict possible 
future uses. New blocks and new com- 
mands for housing a new class of in- 
formation should be designed with 
enough flexibility to contain not just 
the information needed for one version 
of one particular program but also ad- 
ditional information that might be 
needed by future versions or other 
programs. For example, the CODESET 
command in the CODONS block was 
designed to allow one to assign differ- 
ent genetic codes to different taxa in 
the matrix. No program currently ac- 
cepts files using this feature, but one 
can easily imagine some future pro- 
gram that analyzes evolution of the ge- 
netic code requiring this capability. Be- 
cause the CODESET command requires 
that genetic codes be given names, the 
design of a command (GENETICCODE) 
that-is used by current programs to 
create custom genetic codes was al-
tered to accommodate names, even 
though these names are not considered 
by existing programs. 
Information should be placed in public 
blocks whenever possible. In general, 
private blocks should be used to store 
information that probably will not be 
used by other programs; other infor- 
mation that may be more generally 
useful should be placed in public (e.g., 
CHARACTERS, TREES)ASSUMPTIONS, 
blocks. This recommendation applies 
to extensions to the format and use of 
the current format. 
Information contained within a public 
block should be as uniform as possible. 
For example, blocksCHARACTERS 
should contain information about or- 
ganismal characteristics, not about as- 
sumptions. Blocks containing data 
should contain just one class of data 
(e.g., do not invent a new type of block 
that contains allozyme frequency data, 
sequence data, and geographic data). 
A future program might want to deal 
with one of the sorts of information 
but not the other, and separating them 
into different blocks will allow the pro- 
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gram more easily to find what it 
needs. This rationale is behind the sep- 
aration of taxon definition and char- 
acter information into two separate 
blocks. 

4. 	All similar information should reside 
in one type of block. For example, all 
tree descriptions should be housed in 
a TREES block. 

5. New commands in public blocks can 
be added, but they must be clearly dis- 
tinguished from the existing ones. 
Some programs (e.g., PAUP) allow use 
of abbreviated command names. Ab- 
breviations for new command names 
should not duvlicate abbreviations for 
existing comm'and names. The formats 
of any new commands should follow 
as closely as possible those described 
in this document. New command or 
subcommand names that are no more 
than singular versions of previously 
existing plural names are not allowed 
as new command or subcommand 
names nor are plural versions of exist- 
ing singular names. Commands or 
subcommands that differ only in case 
are homonymous. 

6. All commands defined in this docu- 
ment are reserved command names, in 
the sense that thev cannot be used 
with another meaning. (However, sub- 
commands can be added to change the 
format of those commands.) In addi- 
tion, the following tokens are reserved 
for future use for names of blocks: IN- 
TERNATIONAL, NETWORK, NODES, CO- 

a block containing data, this new for- 
mat should be indicated by a subcom- 
mand in the block's FORMATcom-
mand. All of the information necessary 
to read the matrix should be contained 
in the DIMENSIONS command and the 
FORMATcommand and in any com-
mands referenced in the FORMAT com-
mand (e.g., the CHARSTATELABELS 
command if the FORMAT subcommand 
TOKENS is used with DATATYPE 
=STANDARD). 

9. New command comments should be 

invented with the same care as normal 

NEXUS commands. Except in the TREE 

command, command comments should 

not contain information that is critical 

to an analysis. 


10. All dark characters in a file must be (1) 
#NEXUS at the start of the file, (2) a 
comment, or (3)a command consisting 
of NEXUS tokens, terminated by a 
semicolon. 

11. Whenever possible, newline characters 
should have no special meaning in ad- 
dition to the standard meaning of 
whitespace. 

12. Additions 	 to the format should be 
made in consultation with the authors 
of this document. 

TECHNICAL OFDESCRIPTION 
NEXUS FORMAT 

This description is divided into several 
parts. First, general issues having to do 
with computer operating system, file com- 
ponents and structure, objects, and text 

CLASSIFICA-ORDINATES, ASSOCIATION, display are covered. Second, the public 
TION, and FORMAT.The following 
command names are reserved for fu- 
ture use: INCLUDEFILE (anywhere in 
the file), TITLE and ENTITLE (in any 
block), SOUND and VIDEO (in the 
NOTESblock), and GRAPH (in the TREES 
block). 

7. New commands should be designed to " 
follow the format of an existing com- 
mand whenever possible. For example, 
to name and describe some object, the 
format of an obiect definition com-
mand should be ksed. 

8. If a new MATRIX format is devised for 

blocks are described. 
Any particular implementation of the 

NEXUS format, even by authors of this ini- 
tial description, should not necessarily be 
considered as complying exactly with the 
NEXUS standard. 

NEXUS Files and Computer Operating 
Sys tems 

All NEXUS-compatible programs 
should be able to read standard text files. 
On the many computers that use the ASCII 
character set (American National Stan-
dards Institute, 1986), standard ASCII files 
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should be supported (files of text charac- 
ters composed of ASCII characters 0-127). 
Ability to read extended ASCII (text char- 
acters 128-255) files is optional. Programs 
on computers that use character sets other 
than ASCII should support the native 
character set. 

On operating systems that allow desig- 
nation of file types (e.g., MacOSm), NEX- 
US files should be designated as type 
TEXT. 

Programs that read NEXUS files should 
consider the variation in text characters 
that specify a new line. For example, a pro- 
gram should interpret a single carriage re- 
turn (ASCII 13), the newline character 
used on Macintosh computers, as indicat- 
ing a new line, even if the program runs 
under the UNIX operating system (which 
expects new lines to be indicated by a line- 
feed [ASCII 101). A NEXUS-compatible 
program reading a NEXUS file should 
treat all newline characters (as defined in 
the Appendix) as equivalent. 

Tokens, Words, Punctuation, and Whitespace 

Words, punctuation, and whitespace to- 
gether form a NEXUS file. Tokens are the 
words and punctuation of a NEXUS com- 
mand. Words are separated by either 
whitespace (blank spaces, tabs, etc.) or 
punctuation. The Appendix contains for- 
mal definitions of these terms. 

The following general rules apply to 
NEXUS tokens. Case is insignificant in 
NEXUS files except where explicitly stated 
otherwise (e.g., the EQUATE subcommand 
in the CHARACTERS block). Abbreviations 
of command, subcommand, and option 
words are not allowed (although some 
programs, such as PAUP, may be lenient in 
this regard). 

File Structure 

A NEXUS file has the following basic 
form, 

#NEXUS 

BEGIN block-name; 
command-name token . . . ; 
command-name token . . . ; 

END; 
BEGIN block-name; 
command-name token . . . ; 
command-name token . . . ; 

All currently defined commands in a 
NEXUS file are included within blocks. 
Any particular block may contain data, 
trees, assumptions, etc. Blocks cannot be 
nested. Blocks start with the BEGIN com-
mand and end with the END or ENDBLOCK 
commands. The BEGIN command consists 
of only two words: BEGINand a word des- 
ignating the type of block. Example block 
names include CHARACTERS, TAXA, and 
TREES. 

The order of blocks is predetermined for 
some pairs of blocks but not others. For 
example, most programs will require a 
CHARACTERSor DATA block to precede the 
ASSUMPTIONSblock so that the characters 
to which the ASSUMPTIONS block refers will 
be defined when the ASSUMPTIONS block is 
encountered. Information must be defined 
before it is needed (not after). 

Although the NEXUS standard does not 
impose constraints on the number of 
blocks, particular programs will. For ex- 
ample, MacClade 3.07 does not allow more 
than one TAXA block in a file. 

NEXUS Objects 

Many of the commands in a NEXUS file 
define objects or specify characteristics 
about them. Currently defined objects in- 
clude taxa, characters, states, trees, genetic 
codes, sets (of taxa, characters, states, 
classes of changes between states, trees), 
partitions (of taxa, trees, characters), 
weight sets, types, type sets, character ex- 
clusion sets, ancestral states, and codon 
position sets. 

All objects can be labeled (given names). 
Duplicate names should be avoided if this 
might cause ambiguity. For example, two 
taxa should not have the same name nor 
should a taxon and taxon-set nor a char- 
acter and a character-set. Names that differ 
only in case (e.g., Beetles and beetles) 
should also be avoided because they are 
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considered homonyms. Names are single 
NEXUS words; they cannot consist entirely 
of digits (e.g., a taxon called 123 is illegal). 

Taxa, characters, and trees possess an in- 
herent order, determined by their order of 
definition. This allows them to be referred 
to by name (if they have been given 
names) or by number. Thus, in the follow- 
ing matrix, 

MATRIX 

taxon-A 001020101 

taxon-B 101001022 

taxon-C 001010201; 


the second taxon could be referred to as 
taxon-B or as 2. Characters, taxa, and trees 
can be referred to by their name or num- 
ber; discrete states can be referred by name 
or state symbol. All objects other than taxa, 
characters, states, and trees must be re-
ferred to by name, not number. 

Although the manner of definition of an 
object varies among different types of ob- 
jects, several of the object definitions fol- 
low a particular format. Here are two ex- 
amples of object definition commands: 

CHARSET larval =1-15; 

WTSET myweights (VECTOR) =2 1 2 0 2; 


The objects that are defined in this way are 

Beetle" should appear in a printed tree as 
"Big Beetle." Two adjacent single quotes 
within quoted tokens should be converted 
to one single quote. 

Some programs will display text in var- 
ious styles (italics, bold, underlined) if the 
appropriate formatting information is in- 
cluded in the NEXUS file. This is done 
with a special set of comments: 

[\i]: subsequent text is to be 

displayed in italics 

[b]: subsequent text is to be 

displayed in bold 

[\u]: subsequent text is to be 

displayedunderlined 

[,p : subsequent text is to be 

displayed ina plain style 

(i.e., not italics, bold, or 


For example, [<]Homo sapiens[\p] Lin- 
neaus would tell a program to display the 
text as Homo sapiens Linnaeus; [<]Homo 
[\blsapiens[\pl Linneaus would tell a pro- 
gram to display the text as Homo sapiens 
Linnaeus. 

Descriptions of Public Blocks 
The following conventions are used in 

Syntax descriptions of public that 
GENETICCODE, CODESET, be ab-CODONPOSSET, items 
CHARSET,STATESET, TAXSET, breviated.CHANGESET, can be entered in 
TREESET,CHARPARTITION, case or lowercase. Italicized items (e.g., x )TAXPARTITION, 
TREEPARTITION, WTSET, TYPE- represent items to be substituted with the USERTYPE, 
SET, EXSET, ANCSTATES, relevant text characters. Items insideand TREE. 

Taxa can be defined in TAXA and DATA. Square brackets (e.g., [XI) are optional. If 
blocks and in C H A R ~ ~ ~ ~ ~ S ,  the contents within square brackets end in u ~ ~ ~ ~ G ~ E D ,  
and DISTANCES to-blocks (if the NEWTAXA 
ken is included in the DIMENSIONS 
mand). 

Display of Text 
In general, programs should present text 

to users as it appears in the NEXUS file. If 
the NEXUS file contains the token Beetle, 
then it should be displayed as Beetle, not 
BEETLE. If the program presents the text 
outside of a literal display of the NEXUS 
file itself, however, there are cases in which 
the program should first alter the text. For 
example, underscores should be converted 
to blanks for display purposes: "Big-

an ellipsis (. . $1, then the contents can be 
repeated one or more times. Items inside 
curly braces and separated by vertical bars 
(e.g., {XI Y I Z}) are mutually exclusive op- 
tions. Underlined options are the default 

TAXABlock 
TAxA block specifies information 

about taxa. 

BEGIN TAXA; 

DIMENSIONSNTAX=number-of-taxa; 
TAXLABELStaxon-name [ taxon-name 
. . . I ; 

END; 
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DIMENSIONS appear before TAX- must 
LABELS.Only one of each command is 
allowed per block. 

D I M E N ~ I ~ N ~ . - T ~ ~NTAX subcommand 
of the DIMENSIONS command indicates the 
number of taxa. The NEXUS standard 
does not impose limits on number of taxa; 
a limit may be imposed by particular com- 
puter programs. 

TAXLABELS.-This command defines 
taxa, specifies their names, and determines 
their order: 

TAXLABELS
Fungus Insect Mammal ; 

Taxon names are single NEXUS words. 
They must not correspond to another tax- 
on name or number; thus, 1is not a valid 
name for the second taxon listed. The stan- 
dard defines no limit to their length, al- 
though individual programs might impose 
restrictions. 

Taxa may also be defined in the CHAR- 
ACTERS, and DISTANCES UNALIGNED, blocks 
if the NEWTAXA token is included in the 
DIMENSIONS see descrip-command; the 
tions of those blocks for details. 

CHARACTERSBlock 


A CHARACTERS
block defines characters 
and includes character data. Taxa are usu- 
ally not defined in a CHARACTERS block; if 
they are not, the CHARACTERS block must 
be preceded by a block that defines taxon 
labels and ordering (e.g., TAXA). Details 
about different types of character data are 
given at the end of this section. 

Syntax of the CHARACTERS block is as 
follows: 

of-taxa] NCHA~=number-of -


characters; 

[ FORMAT 


[DATATYPE=
{ STANDARD^ DNA I RNA I 
N U C L E O T I D E ~ N1 CONTINUOUS) I 

[RESPECTCASE] 

[MISSING=
symbolI 
[GAP=symbol] 
[SYMBOLS=symbol [symbol. . . I " II '  

[EQUATE=
" symbol=en try 

[symbol=entry... ] ' I 

[MATCHCHAR=
symbol] 

[ [NO]LABELS] 

[TRANSPOSE] 

[ INTERLEAVE] 

[ITEMS= ( [MINI[MAX][MEDIAN] 

[AVERAGE] [STDERROR]
[VARIANCE] 

[SAMPLESIZE]
[STATES])] 


[STATESFORMAT= I
{ STATESPRESENT 
INDIVIDUALS ]I COUNTI FREQUENCY) 

[ [NO]TOKENS] 
; 1 
[ELIMINATE
character-set;1 

[TAXLABELS
taxon -name [ taxon -name 

. . . I ; ]  
[CHARSTATELABELS 
character-number 

[ charac ter-name1 
[/state-name [state-name.. .I I 

[ , charac ter-number 
[ character-name1 
[/state-name [state-name.. .I] 
...I 


;1 

[CHARLABELS
charac ter-name 

[character-name.. . ] ;1 


[STATELABELS 

character-number 

[state-name [state-name. . . ] 1 


[ , charac ter-number 
[state-name [state-name. . . I ]  
. . . I  

;1 
MATRIX da ta-ma trix; 
END; 

DIMENSIONS, and ELIMINATE FORMAT, must 
all precede CHARSTATE-CHARLABELS, 
LABELS, and MATRIX. STATELABELS, DIMEN-
SIONS must precede ELIMINATE. Only one 
of each command is allowed per block. 

DIMENSIONS.-T~~ Com-DIMENSIONS 
mand specifies the number of characters. 
The number following NCHAR is the num- 
ber of characters in the data matrix. The 
NEXUS standard does not impose limits 
on the number of characters; a limit may 
be imposed by particular computer pro- 
grams. 

It is strongly advised that new taxa not 
be defined in a CHARACTERS block, for the 
reasons discussed in the description of the 
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DATA block. If new taxa are to be defined, are considered homonymous state sym-
this must be indicated by the NEWTAXA bols. This subcommand must appear be- 
subcommand, specifying that new taxa are 
to be defined (this allows the computer 
program to prepare for creation of new 
taxa). NEWTAXA, if present, must appear 
before the NTAX subcommand. 

The NTAX subcommand, indicating the 
number of taxa in the MATRIX command 

fore the SYMBOLS subcommand. This sub- 
command is not applicable to DATA-
TYPE=DNA, RNA, NUCLEOTIDE, PROTEIN, 
and CONTINUOUS. 
3. MISSING.This subcommand declares 

the symbol that designates missing data. 
The default is "?". For example, MISS- 

in the block, is optional, unless NEWTAXA I N G = ~defines an X to represent missing 
is specified, in which case it is required. 

FORMAT.-The FORMAT command speci- 
fies the format of the data MATRIX. This is 
a crucial command because misinterpre- 
tation of the format of the data matrix 
could lead to anything from incorrect re- 

data. Whitespace is illegal as a missing 
data symbol, as are the following symbols: 
( ) [ I { } / \ ,  < > "; : = * " I '  

4.GAP. This subcommand declares the 
symbol that designates a data gap (e.g., 
base absent in DNA sequence because of 

sults to spectacular crashes. The DATATYPE deletion or an inapplicable character in 
subcommand must appear first in the 
command. The RESPECTCASE subcommand 
must appear before the MISSING, GAP, 
SYMBOLS, subcommands.and MATCHCHAR 
The following are possible formatting sub- 
commands. 

1. DATATYPE = I STANDARD I RNAI DNA I 
NUCLEOTIDEI P R O T ~ N T I N U O U S )  . This 
subcommand specifies the class of data. If 
present, it must be the first subcommand 
in the FORMAT command. Standard data 
consist of any general sort of discrete char- 
acter data, and this class is typically used 
for morphological data, restriction site 

morphological data). There is no default 
gap symbol; a gap symbol must be defined 
by the GAP subcommand before any gaps 
can be entered into the matrix. For exam- 
ple, GAP=- defines a hyphen to represent 
a gap. Whitespace is illegal as a gap sym- 
bol, as are the following symbols: ( ) [ ] 
{ I / \ , ;  : =  

* ! " .< > "  
5. SYMBOLS.This subcommand specifies 

the symbols and their order for character 
states used in the file (including in the MA- 
TRIX command). For example, SYMBOLS="O 
1 2 3 4 5 6 7" designates numbers 0 
through 7 as acceptable symbols in a ma- 

data, and so on. DNA, RNA, NUCLEOTIDE, trix. The SYMBOLS subcommand is not al- 
and PROTEIN designate molecular sequence lowed DATATYPE=CONTINUOUS.for The 
data. Meristic morphometric data and oth- default symbols list differs from one 
er information with continuous values can DATATYPEto another, as described under 
be housed in matrices of DATATYPE=CON- state symbol in the Appendix. Whitespace 
TINUOUS. These DATATYPES is needed between elements: SYM- are described not 
in detail, with examples, at the end of the B O L S = " ~ ~ ~ "  1is equivalent to SYMBOLS="O 
description of the CHARACTERS 2".block. 
2. RESPECTCASE.By default, information For STANDARD aDATATYPES, SYMBOLS 

in a MATRIX may be entered in uppercase, subcommand will replace the default sym- 
lowercase, or a mixture of uppercase and bols list of "0 1". For DNA, RNA, NUCLE- 
lowercase. If RESPECTCASE OTIDE, and PROTEIN a SYMBOLS is requested, DATATYPES, 
case is considered significant in SYMBOLS, subcommand will not replace the default 
MISSING,GAP, and MATCHCHAR subcom-
mands and in subsequent references to 
states. For example, if RESPECTCASE is in- 
voked, then SYMBOLS="A a B b" designates 
four states whose symbols are A, a, B, and 
b, which can then each be used in the 
MATRIX command and elsewhere. If 
RESPECTCASEis not invoked, then A and a 

symbols list but will add character-state 
symbols to the SYMBOLS list. The NEXUS 
standard does not define the position of 
these additional symbols within the SYM- 
BOLS list. (These additional symbols will be 
inserted at the beginning of the SYMBOLS 
list in PAUP and at the end in MacClade. 
MacClade will accept additional symbols 
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for PROTEIN but not DNA, RNA, and Nu-
CLEOTIDE matrices.) 
6.EQUATE.This subcommand allows one 

to define svmbols to revresent one matrix 
entry. or' example, ~ Q U A T E=ME =(012)" 
means that each occurrence of E in the MA- 
TRIX command will be interpreted as 
meaning states 0, 1, and 2. The equate 
symbols cannot be ( ) [ ] { ) / \ , ; : = * 
, ,, .< > " or any of the currently defined 
MISSING,GAP, MATCHCHAR, or state SYM- 
BOLS. Case is significant in equate symbols. 
That is, MISSING=? "E=(012)EQUATE= 
e=?" means that E will be interpreted as 
0, 1, and 2 and e will be interpreted as 
missing data. 
7.MATCHCHAR.
This subcommand defines 

a matching character symbol. If this sub- 
command is included, then a matching; 
character symbol in the MATRIX indicat& 
that the states are equivalent to the states 
possessed by the first taxon listed in the 
matrix for that character. In the following 
matrix, the sequence for taxon 2 is 
GACTTTC: 

BEGIN DATA ; 
DIMENSION 7;NCHAR= 

FORMATDATATYPE=DNAMATCHCHAR=. ; 

MATRIX 


taxon-1 GACCTTA 
taxon-2 . . .T..C 
taxon-3 . . T .C . . ; 

END; 

Whitespace is illegal as a matching char- 
acter symbol, as are the following symbols: 
( ) [ I { } / \ ,  ; : = 

* ' " .  < > "  
8. [NOI LABELS.This subcommand de-

clares whether taxon or character labels are 
to appear on the left side of the matrix. By 

MATRIX 
charac te r -1  1 0  11  0 1 
character-2 0 11 10 0 
character-3 0 11 1 1 0 : 

10. INTERLEAVE. This subcommand in- 
dicates that the MATRIX is in interleaved 
format, i.e., it is broken up into sections. If 
the data are not transposed, then each sec- 
tion contains the information for some of 
the characters for all taxa. For example, the 
first section might contain data for char- 
acters 1-50 for all taxa, the second section 
contains data for characters 51-100, etc. 
Taxa in each section must occur in the 
same order. This format is especially useful 
for molecular sequence data, where the 
number of characters can be large. A small 
interleaved matrix follows: 

MATRIX 
taxon-1 A C  C T C  G G C  
taxon-2 A C C T C G G C 
taxon-3 A C G T C  G C T  
taxon-4 A C  G T C G C T  

taxon-1 T T A A C G A 

taxon-2 T T A A C C A  

taxon-3 C T C A C C A 

taxon-4 T T C A C C A 

I 

The interleaved sections need not all be of 
the same length. In an interleaved matrix, 
newline characters are significant: they in- 
dicate that the next character information 
encountered applies to a different taxon 
(for nontransposed matrices). 

11. ITEMS.Each entry in the matrix gives 
information about a character's condition 
in a taxon. The ITEMS subcommand indi- 
cates what items of information are listed 

default, they should appear. If NOLABELS at each entry of the matrix. With discrete 
is used, then no labels appear, but then all 
currently defined taxa must be included in 
the MATRIX in the order in which they 
were originally defined. 

9. TRANSPOSE.This subcommand indi-
cates that the MATRIX is in transposed for- 
mat, with each row of the matrix repre- 
senting the information from one character 
and each column representing the infor- 
mation from one taxon. The following is an 
example of a TRANSPOSE^ MATRIX: 

character data, the entry typically consists 
of the states observed in the taxon (either 
the single state observed or several states 
if the taxon is polymorphic or of uncertain 
state). This can be specified by the state- 
ment ITEMS=STATES, but because it is the 
default and the only option allowed by 
most current programs for discrete data, 
an ITEMS statement is usually unnecessary. 
For continuous data, however, the wealth 
of alternatives (average, median, variance, 
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minimum, maximum, sample size) often 
requires an explicit ITEMS statement to in- 
dicate what information is represented in 
each data matrix entry. Some ITEMS (such 
as VARIANCE) be appropriate towould 
only some DATATYPES; such as other ITEMS 
SAMPLESIZE would be appro- and STATES 
priate to most or all DATATYPES. moreIf 
than one item is indicated, parentheses 
must be used to surround the list of items, 
e.g., ITEMS= (AVERAGE oth-VARIANCE); 
erwise the parentheses are unnecessary, 
e.g., ITEMS'AVERAGE.More information 
about ITEMS options can be found in the 
discussion of the different DATATYPES un-
der MATRIX; information specifically about 
the STATES option is given under STATES- 

taxon-1 

also be used for continuous data, for which 
the default is STATESFORMAT=INDIVIDUALS. 

13. [ N O ]TOKENS.This subcommand 
specifies whether data matrix entries are 
single symbols or whether they can be to- 
kens. If TOKENS, then the data values must 
be full NEXUS tokens, separated by white- 
space or punctuation as appropriate, as in 
the following example: 

BEGINCHARACTERS; 
DIMENSIONS NCHAR=3; 
CHARSTATELABELS1h a i r  / absent  
p re sen t ,  2 c o l o r / r e d b l u e ,  
3  s i z e / s m a l l  b ig ;  

FORMAT ;TOKENS 
& ~ T R I X  


FORMAT. 
12. STATESFORMAT.The entry in a matrix 

usually lists (for discrete data) or may list 
(for continuous data) the states observed in 
the taxon. STATESFORMATThe subcom-
mand specifies what information is con- 
veyed in that list of STATES. In most current 
programs for discrete data, when a taxon 
is polymorphic the entry of the matrix lists 
only what distinct states were observed, 
without any indication of the number or 
frequency of individuals sampled with 
each of the states. Thus, if all individuals 
sampled within the taxon have state A, the 
matrix entry would be A, whereas if some 
have state A and others have state B, the 
entry would be (AB), which corresponds 

absent  red  b i g  
taxon-2 absent  b lue  small  
taxon-3 p re sen t  b lue  small ;  

END; 

TOKENSis the default (and the only al- 
lowed option) for DATATYPE =CONTINUOUS; 
NOTOKENSis the default for all other 
DATATYPES.TOKENSis not allowed for 
DATATYPESDNA, RNA, and NUCLEOTIDE. 
If TOKENS is invoked, the standard three- 
letter amino acid abbreviations can be used 
with DATATYPE and defined =PROTEIN 
state names can be used for DATATYPE= 
STANDARD. 

ELIMINATE.-T~~Scommand allows spec- 
ification of a list of characters that are to 
be excluded from consideration. Programs 

to the option STATESFORMAT=STATES- ELIMINATE^ char-are expected to ignore 
PRESENT.Because it is the default for dis- acters completely during reading. In 
crete data, this statement is typically un- avoiding allocation of memory to store 
necessary with current programs. The character information, the programs can 
other STATESFORMAT save a considerable amount of computer options can be illus- 
trated with an example, in which two in- memory. (This subcommand is similar to 
dividuals of a taxon were observed to have ZAP in version 3.1.1 of PAUI?) For example, 
state A and three were observed to have 
state B. When STATESFORMAT =INDIVIDU-
ALS, the state of each of the individuals (or 
other appropriate sampling subunit) is list- 
ed exhaustively, (A A B B B); when STATES- 
FORMAT=COUNT,the number of individu- 
als with each observed state is indicated, 

tells the program to skip over characters 4 
through 100 in reading the matrix. Char- 
acter-set names are not allowed in the 
character list. This command does not af- 
fect character numbers. 

e.g., (A:2 B:3); when STATESFORMAT=FRE- TAXLABELS.-This command allows 
QUENCY,the frequencies of various ob- specification of the names of the taxa. It 
served states are indicated, e.g., (A:0.40 B: serves to define taxa and is only allowed 
0.60). The STATESFORMAT command may in a CHARACTERS to-block if the NEWTAXA 
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ment. 

CHAXSTATELABELS.-T~~Scommand al- 
lows specification of both the names of the 
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need to be. If no name is to be applied to 
a character, a single underscore can be 
used for its name. Character names are 
single NEXUS words. They must not cor- 

characters and the names of the states. respond to another character name or 
This command was developed as an alter- number; thus, 1is not a valid name for the 
native to the older commands CHARLABELS second character listed. 
and STATELABELS. For example, 

CHARSTATELABELS 
1 eye-color/redblue green, 

3 head-shape/round square, 

5 pronotum~size/smallmedium 

large 


A forward slash ( 1 ) separates the char- 
acter name and the state names, with a 
comma separating the information for dif- 
ferent characters. If no state names are to 
be specified, the slash may be omitted; if 
no character names are to be specified, the 
slash must be included, but no token needs 
to be included between the character num- 
ber and the slash. If state x is the last state 
to be named, then subsequent states need 
not be named, but states 1through x must 
be. If no name is to be applied to a state, 
enter a single underscore for its name. 
Character and state names are single NEX- 
US words. Character names must not cor- 
res~ond to another character name or 
nuAber; thus, 1is not a valid name for the 
second character listed. There is no restric- 
tion on the length of a character or state 
name im~osed bv the NEXUS standard; 
however, particular programs may limit 
the length. State names cannot be applied 
if DATATYPE =CONTINUOUS. 

CHARLABELS.-Thiscommand allows 
specification of names of characters: 

CHARLABELS 
flangemicrosculpture 
body-length 
hind-angles #-spines 
spine-size - - head-size 
pubescent- intervals head-color 
clypeal-margin; 

Character labels are listed consecutively. If 
character x is the last character to be 
named, then subsequent characters need 
not be named, but characters 1 through x 

There is no restriction on the length of a 
character name imposed by the NEXUS 
standard; however, particular programs 
may limit the length. The command 
should be used only for nontransposed 
matrices (in transposed matrices, the char- 
acter labels are defined in the MATRIX com-
mand). 

We recommend that programs abandon 
this command in place of the more flexible 
CHARSTATELABELScommand when writ- 
ing NEXUS files, although programs 
should continue to read CHARLABELS be-
cause many existing NEXUS files use 
CHARLABELS. 

STATELABELS.-T~~Scommand a l l 0 ~ ~  
specification of the names of states: 

STATELABELS 
1 absent present, 

2 isodiametric transverse, 

3 '4.5-6.2m'6.3-7.0mm1 '7.7- 

1l.Om' '>I2 .0rnm1, 


4 rounded subangulate angulate, 

10 0 ' 1 - 4  '6-9' ' 7 - 9  ' 8 - 9  7 8 9, 

11blackrufousmetallic flavous, 

12 straight concave, 

I 

(The single quotes that surround some of 
the state labels in this example are needed 
to properly define the boundaries of the 
words; see the definition of word in the Ap- 
pendix.) State labels need not be specified 
for all characters. A comma must separate 
state labels for each character. State labels 
are listed consecutively within a character. 
If state x is the last state to be named, then 
subsequent states need not be named, but 
states 1 through x must be. If no name is 
to be applied to a state, enter a single un- 
derscore for its name. State names are sin- 
gle NEXUS words. The standard defines 
no limit to their length, although individ- 
ual programs might impose restrictions. 
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This command is not valid for DATA-
TYPE=CONTINUOUS. 

We recommend that programs abandon 
this command in place of the more flexible 
CHARSTATELABELScommand when writ- 
ing NEXUS files, although programs 
should continue to read STATELABELS be-
cause many existing NEXUS files use 
STATELABELS. 

MATRIX.-^^ its standard format, the 
MATRIXcommand contains a sequence of 
taxon names and state information for that 
taxon. The MATRIX itself is of the form 

MATRIX 

taxon -name en t r y  en t r y .  . .en t r y  
taxon -name en t r y  en t r y .  . . en t r y  

taxon-name entry  en t r y . .  .entry;  

Each entry in the matrix is the information 
about a particular character for a particu- 
lar taxon. For example, it might be the as- 
signment of state 0 to taxon 1for character 
1. Thus, the entry would consist of one 
state symbol, 0. If the taxon were poly- 
morphic, the entry would consiste of mul- 
tiple state symbols, e.g., (0 l), indicating 
the taxon has both states 0 and 1. More 
details about the nature of each entry of 
the matrix are given under ITEMS and un- 
der each DATATYPE. 

Each entry needs to be enclosed in pa- 
rentheses or braces whenever more than 
one state symbol is given, e.g. (01) with 
standard data and the default NOTOKENS 

STANDARD,each entry of the matrix con- 
sists of a single state-set. Under the de- 
faults (ITEMS=STATES and STATESFORMAT' 
STATESPRESENT),each entry of the matrix 
consists of a single state-set; if there are 
multiple states, then the entry must be en- 
closed in parentheses (indicating polymor- 
phism) or braces (indicating uncertainty in 
state). For example, in the following ma- 
trix, 

taxon-1 is polymorphic for the first char- 
acter and has either state - or state + for 
the second character. If STATESFORMAT= 
COUNT or FREQUENCY, eachthen entry 
must be enclosed in parentheses because 
more than one token is required to convey 
information for even one state: 

option, or if the information is conveyed by 
more than one NEXUS token, e.g., (0:100) 
or (2.3 4.5 6.7). Otherwise, the parentheses 
or braces are optional. No whitespace is 
needed between entries in the matrix un- 
less the TOKENS subcommand of the FOR- 
MAT command is invoked or implied and 
parentheses or braces do not surround an 
entry. 

Taxa need not be in the same order as 
in the TAXA block, and the matrix need not 
contain all taxa. For interleaved matrices, 
all sections must have the same taxa in the 
same order. 

Examples of matrices of different 
DATATYPESare described below. 

1. STANDARD DATATYPE'data. For 

2. DNA, RNA, NUCLEOTIDE, and PRO- 
TEIN data. For DATATYPE=DNA,RNA, 
NUCLEOTIDE, each entry of the or PROTEIN, 
matrix consists of one or more state sym- 
bols describing the state(s) at one site in a 
molecular sequence. If STATESFOR-
MAT'STATESPRESENTand if an entry rep- 
resents a single state, then it is represented 
as a single state symbol (or if DATA-
TYPE=PROTEIN as a three-let- and TOKENS, 
ter amino acid name). If an entry repre- 
sents multiple states, then it must be 
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enclosed in parentheses (indicating poly- 
morphism) or braces (indicating uncertain- 
ty in state). Following is a matrix of 
DATATYPE=DNA: 

BEGINCHARACTERS; 
DIMENSIONSNCHAR=1 2  ; 
FORMAT =DNA ;DATATYPE 
MATRIX 

taxon- 1 ACCATGGTACGT 
taxon-2 TCCATGCTACCC 
taxon-3 TCCATGGAACCC; 

END; 

If the ITEMS include the raw measure-
ments (states), e.g., to list a sample of mea- 
surements from individuals, then the other 
items must precede the listing of states. 
There is no restriction on the number of 
elements in the listing of states. This ex- 
ample has only one continuous character: 

3. CONTINUOUSdata. For DATATYPE= 
CoNnNuous, each entry in the matrix must 
be enclosed by parentheses if more than one 
item is specified in the ITEMS subcommand. 
Parentheses must also be used whenever 
multiple tokens are needed for an entry in 
the matrix. If an entry consists of a single 
token (e.g., 0.231), it may be written without 
parentheses but must then be separated 
from other entries by whitespace. 

A matrix entry can include average, min- 
imum, maximum, variance, standard error, 
sample size, and a listing of states ob- 
served in the taxon, as specified in the 
ITEMSsubcommand. The sample size, if in- 
cluded, must be in the form of an integer; 
the other numbers can be either in English 
decimal (e.g., 0.00452) or in exponential 
form (e.g., 4.52E-3). 

The information listed for each taxon for 
a continuous character is specified in the 
ITEMSsubcommand of the FORMAT com-
mand. For example, if the matrix contains 
only information about the minimum and 
maximum value for each taxon, the ITEMS 
subcommand would be 

and a small matrix might look something 
like this: 

in which the first value is the sample av- 
erage and the subsequent values comprise 
the sample of observed states. 

Possible ITEMS to be included are MIN 
(minimum), MAX (maximum), AVERAGE 
(sample average), VARIANCE (sample vari- 
ance), STDERROR (standard error), MEDIAN 
(sample median), SAMPLESIZE, and STATES. 
The manner of presentations of states can 
be indicated using the STATESFORMAT com-
mand. The default ITEMS for continuous 
data is AVERAGE. 

UNALIGNEDBlock 

The UNALIGNED block includes data that 
are not aligned. Its primary intent is to 
house unaligned DNA, RNA, NUCLEOTIDE, 
and PROTEIN sequence data. Taxa are usu- 
ally not defined in an UNALIGNED block; if 
not, this block must be preceded by a block 
that defines taxon labels and ordering (e.g., 
TAXA). 

Syntax of the UNALIGNED block is as fol- 
lows: 

BEGINUNALIGNED; 
[DIMENSIONSNEWTAXANT~x=number-

of - taxa ;  1 
[FORMAT 

[DATATYPE= I DNA I RNA I{ STANDARD 
NUCLEOTIDEI PROTEIN)] 

[ RESPECTCASE] 
[MISSING=symbol ] 
[SYMBOLSsymbol [ symbol . . . ] " ]= I' 

[ EQUATE= =en t r y  I '  symbol 
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[ [NO]LABELS]; 1 

[TAXLABELS
taxon -name [ taxon -name 
. . . I ; I  

MATRIX da ta-ma trix; 
END; 

Commands must appear in the order list- 
ed. Only one of each command is allowed 
per block. 

The DIMENSIONS command should only 
be included if new taxa are being defined 
in this block, which is discouraged (see 
discussion under DATA block). The format 
for the DIMENSIONS command is as in the 
CHARACTERSblock, except NCHAR is not 
allowed. 

Subcommands of the FORMAT command 
are described in the CHARACTERS block. 

The TAXLABELS command serves to de- 
fine taxa and is only allowed if the 
NEWTAXAtoken is included in the DIMEN- 
SIONS statement. It follows the same form 
as described in the TAXA block. 

[ INTERLEAVE] 

;1 
[TAXLABELS
taxon-name [ taxon-name 
. . . I ; ]  

MATRIXdis tance-ma trix ; 
END; 

Commands must appear in the order list- 
ed. Only one of each command is allowed 
per block. 

Dl~E~sro~s.-TheNTAX subcommand 
of this command is needed to process the 
matrix when some defined taxa are omit- 
ted from the distance matrix. The NCHAR 
subcommand is optional and can be used 
to indicate the number of characters for 
those analyses that need to know how 
many characters (if any) were used to cal- 
culate the distances. NCHAR is not re-

Here is an example of an UNALIGNED quired for successful reading of the matrix. 
block: 

BEGINUNALIGNED; 
FORMATDATATYPE= DNA; 
MATRIX 


taxon-1 
taxon-2 
taxon-3 
taxon-4 
taxon-5 

END; 

ACTAGGACTAGATCAAGTT, 

ACCAGGACTAGCGGATCAAG, 

ACCAGGACTAGATCAAG, 

AGCCAGGACTAGTTC, 

ATCAGGACTAGATCAAGTTC; 


A comma must be placed at the end of 
each sequence (except the last, which re- 
quires a semicolon). Each sequence can oc- 
cupy more than one line. 

DISTANCESBlock 
This block contains distance matrices. 

As for the CHARACTERS and UNALIGNED 
block, taxa can be defined in a DISTANCES 
block if NEWTAXAprecedes the NTAXA 
subcommand in DIMENSIONSthe com-
mand. It is advised that new taxa not be 
defined in a DISTANCES block, for the rea- 
sons discussed in the description of the 
DATAblock. NEWTAXA, if present, must be 
appear before the NTAX subcommand. 

FORM^.-This command specifies the 
formatting of the MATRIX. The [NO]LABELS 
and MISSING subcommands are as de-
scribed in the CHARACTERS block. 

1. TRIANGLE= I BOTH].{LOWERI UPPER 
This subcommand specifies whether only 
the lower left half of the matrix is present, 
or only the upper right, or both halves. Be- 
low is one example of an upper triangular 

Taxa are usually not defined in a DISTANC- matrix and one of a matrix with both 
ES block; if they are not, this block must be 
preceded by a block that defines taxon la- 
bels and ordering (e.g., TAXA). 

The syntax of the block is as follows: 

BEGINDISTANCES
; 


[DIMENSIONS 1
[NEWTAXA 

NT~x=number-of-taxa 

NC~AR=n~mber-of
-characters;I 


halves included. 
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2. DIAGONAL.If DIAGONAL is turned off, 
the diagonal elements are not included: 

M~~~rx.-Thiscommand contains the 
distance data. 

DATABlock 
This block is equivalent to a CHARAC- 

TERS block in which the NEWTAXA sub-
command is included in the DIMENSIONS 
command. That is, the DATA block is a 
CHARACTERSblock that includes not only 
the definition of characters but also the def- 
inition of taxa. 

In versions 3.0-3.07 of MacClade and 
3.0-3.1.1 of PAUP, data were generally 
saved in a DATA block, not in TAXA and 
CHARACTERSblocks. However, as the NEX- 
US format developed, it became apparent 
that a number of programs would be writ- 
ten that would not use any of the infor- 
mation in the DATA block except the taxon 
ordering and labels. For example, a pro- 
gram might be interested only in trees and 
need only the taxon labels and TREES block 

If TRIANGLE 	 (this is the case for COMPONENT). Forc- is not BOTH and DIAGONAL 
is turned off, then there will be one row ing such a program to know enough about 

commandthat contains only the name of a taxon. 	 the many formats of the MATRIX 
of the DATA block to extract information This row is required. If TRIANGLE=BOTH, 

then the diagonal must be included. 	 about taxon labels is excessive when the 
information can be stored in a separate, 3. INTERLEAVE. AS in the CHARACTERS 

block, this subcommand indicates sections 
in the matrix, although interleaved matri- 
ces take a slightly different form for dis- 
tance matrices: 

As in the CHARACTERS block, newline char- 
acters in interleaved matrices are signifi- 
cant, in that they indicate a switch to a new 
taxon. 

TAXLABELS.-This command allows 
specification of the names and ordering of 
the taxa. It serves to define taxa and is al- 
lowed only if the NEWTAXA token is in- 
cluded in the DIMENSIONS statement. 

easy-to-read TAXA block. Another program 
might only be interested in a distance ma- 
trix, making a file with DNA sequence 
data and distance data much easier to pro- 
cess if the taxon labels were not buried in 
a DATA block of DNA data. 

The DATA block and the ability to define 
new taxa in CHARACTERS, andUNALIGNED, 
DISTANCESblocks have been retained in 
the NEXUS format because there are cir- 
cumstances in which it will be much easier 
to manually edit and maintain files with 
taxa definitions and data housed in the 
same matrix. One disadvantage of the 
placement of taxon labels into a separate 
block is the increased chance that manual 
editing of the file will lead to conflicts be- 
tween the taxon labels defined in the TAXA 
block and those used in other blocks (see 
TAXAblock). 

We strongly recommend against use of 
a DATA block or definition of taxa in a 
CHARACTERS, orUNALIGNED, DISTANCES 
block because this will prevent some pro- 
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grams from extracting taxon information 
from the file. 

The following DATA block serves to de- 
fine and order five taxa and contains de- 
scriptions of sequence data for the taxa: 

BEGIN DHTH; 
DIMENSIONS 0;NTHX=5 NCHAR=~ 
FORMATDATHTY =- ;PE=DNA GAP 
MATRIX 

taxon-1 A-CTAGGACTA---GATCAA 

taxon-2 A-CCAGGACTAGCGGATCAA 

taxon-3 A-CCAGGACTA---GATCAA 

taxon-4 AGCCAGGACTA---GTTCAA 

taxon-5 ATC-AGGACTA---GATCAA; 


END; 

COD ON^ Block 
The CODONS block contains information 

about the genetic code, the regions of DNA 
and RNA sequences that are protein cod- 
ing, and the location of triplets coding for 
amino acids in nucleotide sequences. 

[ CODONPOSSET[ * ] name [ ( {STANDARDI 
VECTOR)) ]= 
N: character-set, 

1: character-set, 
2 : character-set, 
3 : character-set; ] 

[ GENETICCODEcode-name 
[ ( G CODE ORDER=^^^ I other] 
[NUCORDER=TCA~~Other] 
[ [NO ] TOKENS ]-
[EXTENSIONS=symbols-list 1 ) 1' I  ' I  

=genetic code description] ;] 
[ CODESET[ * ] codese t -name 
{ ( CHARACTERSI UNALIGNEDI TAXA)) = 
code-name:character-set or 

taxon-set 

[,code-name:character-set or 
taxon-set.. . ];1 

END; 

GENETICCODEmust precede any CODE- 
SET that refers to it. There are several pre- 
defined genetic codes: 

UNIVERSAL [universal] 
UNIVERSAL.EXT [universal, 

extended] 
MTDNA.DROS [DrosophilamtDNA] 

MTDNA. DROS .EXT [Drosophila 
mtDNA,extendedl 


MTDNA.M m  [Mammalian mtDNA] 
MTDNA.MAM.ExT [MammalianmtDNA, 


extended] 

MTDNA. YEAST [Yeast mtDNA] 


For a summary of the genetic codes, see 
Osawa et al. (1992). Extended codes are 
those in which "extra" amino acids have 
been added to avoid disjunct amino acids 
(see the EXTENSIONS subcommand under 
GENETICCODE). 

C ~ D ~ N P O ~ S E T . - T ~ ~ Scommand stores 
information about protein-coding regions 
and the codon positions of nucleotide ba- 
ses in protein-coding regions and follows 
the format of a standard object definition 
command. 

Those characters designated as 1, 2, or 3 
are coding bases specified as being of 
positions 1, 2, and 3, respectively. Those 
characters designated as N are considered 
non-protein-coding. Those characters des- 
ignated as ? are of unknown nature. Any 
unspecified bases are considered of un-
known nature (equivalent to ?). If no 
CODONPOSSET is allstatement present, 
bases are presumed of unknown nature. 

For example, the following command 

designates bases 1-10 as noncoding and 
positions the remaining bases in the order 
123123123. . . . 

GENETICCODE.-GENETICCODEstores in- 
formation about a user-defined genetic 
code. Multiple GENETICCODES may be de- 
fined in the block. This is a standard object 
definition command except that the default 
genetic code is not indicated by an asterisk 
after GENETICCODE. 

The genetic code description is a listing 
of amino acids. By default, the first amino 
acid listed is that coded for by the triplet 
TTT, and the last amino acid listed is that 
coded for by GGG. In between, the order 
of triplets follows a pattern controlled by 
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the subcommands NUCORDER and 
CODEORDER.By default, the amino acids 
are listed in the following order: TTT, TCT, 
TAT, TGT, TTC, TCC, TAC, TGC, and so 
on. The universal genetic code can thus be 
written 

GENETICCODEUNTITLED= 
F S Y C  
F S Y C  
L S * *  
L S * W  

L P H R  

L P H R  

L P Q R  

L P Q R  


I T N S  

I T N S  

I T K R  

M T K R  


V A D G  

V A D G  

V A E G  

V A E G  


This assigns TTT to phenylalanine, TCT to 
serine, TAT to tyrosine, TGT to cysteine, 
and so on. 

The following subcommands are includ- 
ed. 

1. CODEORDER.The default CODEORDER is 
231, indicating that the second codon nu- 
cleotide changes most quickly (i.e., codons 
represented by adjacent amino acids in the 
listing always differ at second positions), 
the third nucleotide changes next most 
quickly, and the first nucleotide changes 
most slowly in the list (such that the co- 
dons representing the first 16 listed amino 
acids all have the same first nucleotide). 

2. NUCORDER.The default NUCORDER is 
TCAG, indicating that the codons with T at 
a given position are listed first, C next, etc. 
For example, if CODEORDER is 123 and the 
NUCORDERis ACGT, then the amino acids 
would be listed in order to correspond to 
codons in the order AAA CAA GAA TAA 
ACA CCA GCA TCA, etc. 

3. [NO] TOKENS. If TOKENS,then amino 
acids a r e  to be listed by their standard 

three-letter abbreviations for amino acids 
(e.g., Leu, Glu). A termination codon is 
designated by Ter or Stp. If NOTOKENS (the 
default), then the IUPAC symbols are used 
in the listing. A termination codon is des- 
ignated by an asterisk. 

4. EXTENSIONS.This command lists the 
symbols for "extra" amino acids that are 
added to avoid disjunct amino acids. For 
example, serines in the universal code are 
coded for by two distinct groups of co-
dons; one cannot change between these 
groups without going through a different 
amino acid. Serine is therefore disjunct. In 
the UNIVERSAL code, serine is kept disjunct, 
with all serines symbolized by S. In the 
UNIVERSAL.EXTcode, however, one serine 
group is identified by the extra amino acid 
symbol 1and the other group is identified 
by 2. To indicate this, the EXTENSIONS sub-
command would read EXTENSIONS="S s", 
indicating that "extra" amino acids 1 and 
2 are both serines. In the genetic code de- 
scription, the symbols 1and 2 would then 
both stand for serine. For example, the uni- 
versal extended genetic code could be rep- 
resented by 

GENETICCODE* universal 
(NUCORDER=TCAG CODEORDER= 2 1 3  


EXTENSIONS= S S ' ) =
'I 

F 1 Y  C L P  H R I  T N 2  V A D G  

F 1 Y  C L P  H R I  T N 2  V A D G  

L l *  * L P  Q R I  T K R V A E G  

L l *  W L P  Q R M  T K R V A E G ;  


(Note that the hasCODEORDER been 
changed in this example.) 

CODESET.-This object definition assigns 
genetic codes to various characters and 
taxa. All nucleotide sites are designated as 
coding, and all amino acid sites have a ge- 
netic code assigned to them. If the CHAR- 
ACTERS format is used, then character-sets 
are to be used in the description, and the 
genetic code is thus applied to the char- 
acters listed. For example, 

CODESEToddcodeset =cus tomcode : 
4-99; 

designates the genetic code "custom code" 
as applying to characters 4-99 for all taxa. 

If UNALIGNED, then genetic code is pre- 
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sumed to apply to all sites in an UNA- 
LIGNED block. Such a CODESET command 
might look like this: 

For UNALIGNED, the only character-set that 
can be used is ALL. 

If the TAXA format is used, then taxon- 
sets are used in the description. Thus, dif- 
ferent genetic codes can be assigned to dif- 
ferent taxa for all characters. Current pro- 
grams do not accept any character-set 
other than ALL nor any taxon-set other 
than ALL. 

SETSBlock 
This block stores sets of objects (char- 

acters, states, taxa, etc.). The general struc- 
ture of the SETS block is as follows. 

BEGIN SETS; 
[CX~RSET Icharset-name [ ( {STANDARD 
VECTOR)) ] =character-set; ] 

[STATESETs ta teset-name 

[ ( {STANDARDI VECTOR)) ] = 

s ta te-set; 1 


[CHANGESETchangeset-name= 
s ta te-set<->s ta te-set 
[state-set<->state-set.. . ] 
;1 

[ T ~ S E Ttaxset-name [ ( {STANDARDI 
VECTOR}) ]=taxon-set; ] 

[TREESETtreese t -name 

[ ( {STANDARDI VECTOR}) ] = 

tree-set;I 


[CHARPARTITIONparti tion-name 
[ ( [ {  [NO]TOKENS}I 

=subset-name: tree-set 

[ , subset -name :tree-set . . .] 
; 1 

END; 

(See object definition command in the Ap- 
pendix for information about STANDARD 
versus VECTOR formats.) 

An example SETS block is 

BEGIN SETS; 

CHARSET larval=l-3 5-8; 

STATESETeyeless=O; 

STATESETeyed= 1 2 3; 
CHANGESETeyeloss=eyed -> 

eyeless; 

TAXSET outgroup= 1-4 ; 
TREESETA£r~ZVicariance=3 5 9-12; 
CHARPARTITION
bodyparts=head: 1-4 

7, body:5 6, legs:8-10; 
END; 

CHARSET.-T~~Scommand specifies and 
names a set of characters; this name can 
then be used in subsequent CHARSET def-
initions or wherever a character-set is re- 
quired. The VECTOR format consists of 0's 
and 1's: a 1 indicates that the character is 
to be included in the CHARSET; whitespace 
is not necessary between 0's and 1's. The 
name of a CHARSET cannot be equivalent 
to a character name or character number. 

The character-set CONSTANT is prede- 
fined for all DATATYPES; it specifies all in- 
variant characters. The character-set RE- 
MAINDER is predefined for all DATATYPES; 
it specifies all characters not previously 
referenced in the command. The character- 
set GAPPEDis predefined for all DATA- 

) 1 ) 1 TYPES;it specifies all characters with a gap [ {STANDARDTOR 
=subset-name:character-set 
[ ,  subset-name:character-set 
. . . I 


;1 

[T~XPARTITJONparti ti on-name 


=subset-name:taxon-set 
[ ,  subset-name: taxon-set. . . ] 
;1 

[TREEPARTITIONparti tion-name 

[ ( [ { [NoI TOKENS) I 

[ {STANDARDITOR} ]) ] 


for at least one taxon. 
There are four additional predefined 

character-sets for characters of DATA-
TYPE=DNA, RNA, and NUCLEOTIDE: 

1. Posl. All characters defined by cur- 
rent CODONPOSSET as first positions. 

2. Pos2. All characters defined by cur- 
rent CODONPOSSET as second positions. 

3. Pos3. All characters defined by cur-
rent CODONPOSSET as third positions. 

4. NONCODING.All characters defined 
by current CODONPOSSET as non-protein- 
coding sites. 
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STATE command allows one to SET.-This 
name a set of states; it is not currently sup- 
ported by any program. It is not available 
for DATATYPE=CONTINUOUS. 

For STANDARD format, the state-set is de- 
scribed by a list of state symbols, except 
that it should not be enclosed in parenthe- 
ses or braces. Any current state-set sym- 
bols are valid in the state-set description. 
The following STATESET 

defines the set composed of states 2, 3, 4, 
and 5. 

The VECTOR format consists of 0's and 
1's: a 1 indicates that the state is to be in- 
cluded in the STATESET; whitespace is not 
necessary between 0's and 1's. For example, 
the state-set 

designates theset to be the set containing 
first and fourth states. 

CHANGESET.-This command allows 
naming of a set of state changes; it is not 
currently supported by any program. It is 

cluded are described in a taxon-set. For ex- 
ample, the following command 

defines the TAXSET "beetles" to include all 
taxa from the taxon Omma to the last de- 
fined taxon. 

The VECTOR format consists of 0's and 
1's: a 1indicates that the taxon is to be in- 
cluded in the TAXSET; whitespace is not 
necessary between 0's and 1's. 

TREESET.-This command defines a set 
of trees. A TREESET name can be used in 
subsequent TREESET definitions or wher-
ever a tree-set is required. It is not cur-
rently supported by any program. It fol- 
lows the same general format as a TAXSET 
command. 

CHARPARTITION, TREEPAR-TAXPARTITION, 
C TI ON.--These commands define parti-
tions of characters, taxa, and trees, respec- 
tively. The partition divides the objects 
into several (mutually exclusive) subsets. 
They all follow the same format. 

There are several formatting options. 
The VECTOR format consists of a list of par- not available for DATATYPE =CONTINUOUS. 

The description of the CHANGESET con-
sists of pairs of state-sets joined by an op- 
erator. State-sets that consist of more than 
one token must be contained in parenthe- 
ses. There are two allowed operators: -> 
and <-> (<- is not allowed). These oper- 
ators can best be explained by example. 

The first CHANGESETrepresents any 
change from 1to 4, 1 to 6, 2 to 4, 2 to 6, 3 
to 4, or 3 to 6, and the second set repre- 
sents changes from 1 to 4 and 4 to 1.The 
CHANGESET"transversions" defines the set 
of all changes between purines and pyrim- 
idines as transversions. 

TAXSET.-This command defines a set of 
taxa. A TAXSET name can be used in sub- 
sequent TAXSET definitions or wherever a 
taxon-set is required. The name of a 
TAXSETcannot be equivalent to a taxon 
name or taxon number. The taxa to be in- 

tition names. By default, the name of each 
subset is a NEXUS word (this is the To- 
KENS option). The NOTOKENS option is 
only available in the VECTOR format; this 
allows use of single symbols for the subset 
names. Each value in a definition in VEC- 
TOR format must be separated by white- 
svace if the names are tokens but not if 
tAey are NOTOKENS. The following two ex- 
amples are equivalent: 

The following two examples are equiva- 
lent: 

TAXPARTITION
myparti tion= 

Chiricahua: 1-3, 

Huachuca: 4-6, Galiuro: 7 8; 
TAXPARTITION =myparti tion (VECTOR) 

Chiricahua Chiricahua 

Chiricahua Huachuca Huachuca 

Huachuca Galiuro Galiuro; 
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A~SUMPTION~ EXSETnolarval=1 - 9  ;Block 
The ASSUMPTIONS block houses assump- ANcSTATES mixed=0 : 5-8 l1 

tions about the data or gives general direc- 1: 2 4 9 - 1 5 ;  

tions as to how to treat them (e .~ . ,  which END;  

characters are to be excluded fro& consid- 
eration). The commands currently placed 
in this block were primarily designed for 
parsimony analysis. More commands, em- 
bodying assumptions useful in distance, 
maximum likelihood, and other sorts of 
analyses, will be developed in the future. 
For example, matrices specifying relative 
rates of character state change, useful for 
both distance and likelihood analyses, will 
eventually be included here. 

The general structure of the assump- 
tions block is 

[OPTIONS [DEFTYPE= t y p e - n a m e ]  
[POLYTCOUNT={MINSTEPSI MAXSTEPS) ] 
[GAPMODE= {MISSING I NEWSTATE)] ;] 

[USERTYPE t y p e - n a m e  [ ( { STEPMATRIXI 
CSTREE}) ] = U S E R T Y P E - d e s c r i p t i o n ;  ] 

[TYPESET[ * ] t y p e s e t - n a m e  
[ ( {STANDARD ) ] =TYPESET-I VECTOR) 
d e f i n i t i o n ;  ] 

[WTSET [ * I  w t s e t - n a m e  I[ ( {STANDARD 
VECTOR) {TOKENS I NOTOKENS) ) ] = 
WTSET-definit i on ;  ] 

[EXSET [ * ] exset - n a m e  [ ( {STANDARD1 
VECTOR))  ] =character-se t ;  ] 


[ANCSTATES[ * ] ancs ta  t e s - n a m e  

[ ( {STANDARDI VECTOR){TOKENSI NO 


USERTYPESmust be defined before they are 
referred to in any TYPESET. 

In earlier versions of MacClade and 
PAUP, TAXSET and CHARSET also appeared 
in the ASSUMPTIONS block. These now ap- 
pear in the SETS block. There are a number 
of other commands in the ASSUMPTIONS 
block that also have SET in their name (e.g., 
WTSET, EXSET), but these commands as- 
sign values to objects, they do not define 
sets of objects, and therefore they do not 
belong in the SETS block. (Commands such 
as WTSET and EXSET are so named for his- 
torical reasons; although they might ide- 
ally be renamed CHARACTERWEIGHTS and 
EXCLUDED~HARACTERS,doing so would 
cause existing programs to be incompati- 
ble with the file format.) We recommend 
that programs also accept TAXSETand 
CHARSETcommands in the ASSUMPTIONS 
block so that older files can be read. In ad- 
dition, the GAPMODE subcommand of the 
OPTIONScommand of this block was orig- 
inally housed in an OPTIONS command in 
the DATA block. Because this subcommand 
dictates how data are to be treated rather 
than providing details about the data 
themselves, it was moved into the As- 
SUMPTIONS block. 

TOKENS}) ] = A N c ~ T A T E s - ~ ~ ~ ~ ~ ~  OPTIONS.-This command houses at i on ;  ] 
number of disparate subcommands. They 
are all of the form subcommand=option. 

block follows: An example ASSUMPTIONS 1. DEFTYPE.This subcommand specifies 
the default character type for parsimony 
analyses. Whenever a character's type is 
not explicitly stated, its type is taken to be 
the default type. Default DEFTYPEis 
UNORD(see the Appendix, character trans- 
formation type, for a definition of UNORD). 

2. POLYTCOUNT.Setting POLYTCOUNT to 
MINSTEPSspecifies that trees with polyto- 
mies are to be counted (in parsimony anal- 
yses) in such a way that the number of 
steps for each character is the minimum 
number of steps for that character over any 
resolution of the polytomy. A tree length 
that is the sum of these minimum numbers 
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of steps may be below the tree length of state symbols will be in sequence, but they 
the most-parsimonious dichotomous reso- need not be. The following matrices assign 
lution. Setting POLYTCOUNT values identically: to MAXSTEPS 
specifies that trees with polytomies are to 
be counted in such a way that occurrence 
of derived states on elements of a polyto- 
my are to be counted as independent der- 
ivations. Such a tree length may be above 
the tree length of any fully dichotomous 
resolution. The NEXUS format does not 
specify a default value for POLYTCOUNT; 
the default value may differ from program 
to program. 

3. GAPMODE.This subcommand specifies 
how gaps are to be treated. GAP-
MODE=MISSINGspecifies that gaps are to 
be treated in the same way as missing 
data; GAPMODE specifies that =NEWSTATE 
gaps are to be treated as an additional 
state (for DNA / RNA / NUCLEOTIDEdata, as 
a fifth base). 

USERTYPE.-This command defines a 
character transformation type, as used in 
parsimony analysis to designate the cost of 
changes between states. There are several 
predefined character types (see character 
transformation type in the Appendix); 
USERTYPEallows additional character 
types to be created. 

USERTYPEis an object definition com- 
mand with the exception that an asterisk 
cannot be used to indicate the default type 
(default type is stated in the OPTIONS com-
mand of the ASSUMPTIONS block). The stan- 
dard defines no limit to the length of the 
type name, although individual programs 
might impose restrictions. 

STEPMATRIXformat is 

USERTYPEmyMatrix ( STEPMATRIX)=n 
S S S S  

. k k k  
k .k k  

k k . k  

k k k . ;  


where n is the number of rows and col- 
umns in the step matrix, the s's are state 
symbols, and the k's are the cost for going 
between states. The n can take any value 
22. Diagonal elements may be listed as pe- 
riods. If a change is to be prohibited, then 
one enters an "i" for infinity. Typically, the 

The number of steps may be either in- 
tegers or real numbers. The range of pos- 
sible values will differ from program to 
program. Versions 3.0-3.04 of MacClade 
use the format name REALMATRIX rather 
than STEPMATRIX the matrix contains if 
real numbers. Future programs should 
treat REALMATRIX a synonym ofas 
STEPMATRIX. 

CSTREE format is very similar to the 
TREEformat in a TREES block. That is, char- 
acter state trees are described in the paren- 
thesis notation following the rules given 
for TREES of taxa. Instead of taxon labels, 
character state symbols are used. Thus, 

USERTYPE cs tree-name ( C S T R E E )= 
[ ( 1ist-of-subtrees)1 
[state-symbol]1 ; 

where each subtree has the same format as 
the overall tree and the subtrees are sepa- 
rated by commas. Two examples are 
shown in Figure 1. 

TYPESET.-This command specifies the 
type assigned to each character as used in 
parsimony analysis. This is a standard ob- 
ject definition command. Any characters 
not listed in the character-set have the de- 
fault character type. See "object definition 
command" in the Appendix for informa- 
tion about STANDARD for-versus VECTOR 
mats. The type names to be used are either 
the predefined ones or those defined in a 
USERTYPEcommand. Each value in a defi- 
nition in VECTOR format must be separated 
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first second 


USERTYPE first (CSTREE)=(((2,3))1)0; 

USERTYPE second (CSTREE)=( ((4,6)3,5)2)1; 


FIGURE1. TWO character state trees and the NEX-
US commands that define them. The first tree has an 
unnamed state. 

by whitespace. The following are equiva- 
lent type sets: 

TYPESETmytypes=O~~:
1 4 6 , UNORD: 

2 3 5; 


TYPESETmytypes (VECTOR) 
=ORD UNORD 

UNORDORD UNORD ORD; 


WTSET.-This command specifies the 
weights of each character. This is a stan- 
dard object definition command. Any 
characters not listed in the character-set 
have weight 1.The weights may be either 
integers or real numbers. The minimum 
and maximum weight value will differ 
from program to program. Each value in a 
definition in VECTOR format must be sep- 
arated by whitespace unless the No-
TOKENSoption is invoked, in which case no 
whitespace is needed and all weights must 
be integers in the range 0-9. The following 
are equivalent weight sets: 

WTSET mywts=3: 1 4 6 ,  1: 2 3 5 ;  

WTSET mywts (VECTOR) 
=3 1 1 3 1 3 ;  


In earlier versions of MacClade, the for- 
matting subcommand REAL was used to 
indicate that real-valued weights were in- 
cluded in the WTSET. This subcommand is 
no longer in use; programs are expected to 
detect the presence of integral or real-value 
weights while reading the WTSET com- 
mand. 

EXSET.-This command specifies which 
characters are to be excluded from consid- 
eration. This is a standard object definition 

command. Any characters not listed in the 
character-set are included. The VECTOR for-
mat consists of 0's and 1's: a 1 indicates 
that the character is to be excluded; white- 
space is not necessary between 0's and 1's. 
The following commands are equivalent 
and serve to exclude characters 5, 6, 7, 8, 
and 12. 

ANCSTATES.-This command allows 
specification of ancestral states. This is a 
standard object definition command. Any 
valid state symbol can be used in the de- 
scription for discrete data, and any valid 
value can be used for continuous data. To- 
KENS is the default for DATATYPE= 
CONTINUOUS; is the default for NOTOKENS 
all other DATATYPES. is not al-TOKENS 
lowed for DATATYPES DNA, RNA, and Nu- 
CLEOTIDE. is invoked, the stan- If TOKENS 
dard three-letter amino acid abbreviations 
can be used with DATATYPE=PROTEIN and 
defined state names can be used for DATA- 
TYPE=~TANDARD. is al-NOTOKENS not 
lowed for DATATYPE =CONTINUOUS. 

The following commands are equivalent: 

ANCSTATES :1-3 5-7 12,ancestor=O 

1:48-10, 2:11; 

ANCSTATES =ancestor (VECTOR) 

000100011120; 


TREESBlock 
This block stores information about 

trees. The syntax for the TREES block is 

BEGINTREES; 

[TRANSLATE
arbi trary- token-used- 
in-tree-description valid- 
taxon -name [ , arbi trary- token -
used-in- tree-description 
valid- taxon-name. . . ] ; ] 
[TREE[ * ] tree-name= tree- 
specification;1 

END; 

A TRANSLATE command, if present, must 
precede any TREE command. 

TRANSLATE.-T~~tree description re- 
quires references to the taxa defined in a 
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TAXA,DATA, CHARACTERS, orUNALIGNED, 
DISTANCESblock. These references can be 
made using the label assigned to them in 
the TAXA or DATA blocks, their numbers, 
or a token specified in the TRANSLATE com-
mand. The TRANSLATE statement maps ar- 
bitrary labels in the tree specification to 
valid taxon names. If the arbitrary labels 
are integers, they are mapped onto the val- 
id taxon names as dictated by the TRANS- 
LATE command without any consideration 
of the order of the taxa in the matrix. Thus, 
if an integer is encountered in the tree de- 
scription, a program first checks to see if 
it matches one of the arbitrary labels de- 
fined in the TRANSLATE command; only if 
no matching label is found will the integer 
be presumed to refer to the taxon in that 
position in the matrix (e.g., if the label in 
the description is 15, but this is not a label 
defined in the TRANSLATE acommand, 
program should take this to refer to the 
15th taxon). 

In the following example, 

BEGIN TAXA; 
TAXLABELSScarabaeus Drosophi la 
Aranaeus; 

END; 

BEGIN TREES; 
TRANSLATEbeetle Scarabaeus, fly 
Drosophila, spider Aranaeus; 


TREEtreel=( (1,2) , 3 )  ; 
TREEtree2= ( (beetle, fly) , 

spider); 
TREEtree3= ( (Scarabaeus, 
Drosophila),Aranaeus); 


END; 

the TRANSLATE command specifies that the 
label "beetle" can be used in the tree de- 
scription to refer to Scarabaeus, "fly" to 
Drosophila, and "spider" to Aranaeus. This 
means that Scarabaeus can be referred to in 
a tree description as 1, Scarabaeus, or beetle. 
Thus, the three trees are identical. 

TREE.-This command describes a tree. 
Tree descriptions are standard object def- 
inition commands. They use the familiar 
parenthesis notation, with node names, 
branch lengths, and comments following 

the established Newick tree standard (see 
Felsenstein, 1993). 

A tree description consists of nested de- 
scriptions of clades. Thus, ((A, B),(C, D)) 
indicates that the tree includes two clades 
(or subtrees), (A, B) and (C, D), each of 
which consists of two terminal taxa. For- 
mally, a description of a clade consists of 
a label for the node that is its most recent 
common ancestor (if that node has a label) 
preceded by a list of descriptions of the 
clade's subclades (if the clade has sub- 
clades) and followed by the length of the 
branch below the node (optional) and any 
extra information about the node. Thus, a 
clade is described as follows: 

[ ( l i s t  o f  s u b c l a d e s ) ]  [ l a b e l  o f  
node] [ :1  ength o f  branch be1 ow 
node] [other  node informa tionl 

The list of subclades is enclosed in paren- 
theses, and the subclades are separated by 
commas: 

(descr ipt ion o f  f i r s t  subclade [ ,  
. . . , desc r ip t i on  o f  l a s t  sub-
cl  adel ) 

Because the descriptions of subclades 
would include lists of their subclades, the 
familar nested parenthesis notation re-
sults. (An alternative way to describe this 
notation is to say that the parentheses and 
label describe a node, and within the pa- 
rentheses are all the nodes immediately 
descendant from it.) Terminal nodes, of 
course, do not have subclade lists. Thus, 
the description of a terminal node consists 
only of its label and any additional infor- 
mation such as the length of the branch be- 
low the node. 

The label of the node is a NEXUS token 
that is a taxon's defined name, a taxon's 
number, a taxon's label from the transla- 
tion table, or a clade's defined name. The 
label is optional for internal nodes that are 
not observed taxa; it is not optional for ter- 
minal nodes. Internal nodes that have no 
label are represented implicitly by the pa- 
rentheses containing the list of subclades. 
If the name of a TAXSET is used, it is in- 
terpreted as a list of the terminal taxa de- 
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fined to be in the TAXSET (with commas 
implicitly inserted between the taxa). 

The length of the branch below the node 
is a number, positive or negative. 

Rooted and unrooted trees can be spec- 
ified using the [&R] and [&U] comments 
at the start of the tree description. For ex- 
ample, 

is a rooted tree, whereas 

is an unrooted tree. The NEXUS standard 
does not specify whether rooted or un-
rooted is default. 

An example tree with branch lengths is 

If a file (and its data matrix) has four 
defined taxa, Crocodile, Bluebird, Archae-
opteryx, and Rattlesnake, the following 
tree, 

TREEtree4= ( ( (Bluebird) 
Archaeopteryx,Crocodile) 
Archosauria,Rattlesnake); 

would indicate that the taxon Archaeopteryx 
is ancestral to Bluebird and that Crocodile 
is their sister. Archosauria, because it does 
not refer to a taxon that has been defined 
in a TAXA or DATA block, is interpreted as 
the name of the clade including Archaeop-
teryx, Bluebird, and Crocodile. 

Any additional information about a 
clade, its ancestral node, or the branch be- 
low it is to be placed in NEXUS comment 
commands associated with the node. Al- 
though different programs may choose 
their own conventions for how to embed 
information in comments, the comments 
that begin with &N are reserved for future 
NEXUS comment commands. 

The NEXUS standard places no restric- 
tions on the number of taxa contained in 
each tree. 

The observance of the Newick tree stan- 
dard for the TREE command causes some 
elements of this command to differ from 
that of more standard NEXUS commands. 
For example, the use of [&U] and [&R] to 

designate unrooted and rooted trees is not 
the natural way of specifying this infor- 
mation in a NEXUS command because this 
critical information should not be relegat- 
ed to a command comment. However, in 
the interests of compatibility with other 
computer programs that read Newick for- 
mat trees but do not support other aspects 
of the NEXUS format, the NEXUS stan- 
dard follows the Newick format rather 
than creating a new tree format. In future 
versions of NEXUS, a more flexible GRAPH 
command will be present, allowing clearer 
designation of root position and expres- 
sion of other aspects not currently avail- 
able in Newick trees (including reticula- 
tions). 

NOTESBlock 
The NOTES block stores notes about var- 

ious objects in a NEXUS file, including 
taxa, characters, states, and trees: 

BEGIN NOTES; 
[TEXT [TAXON= taxon-se t ]  [CHARACTER= 
c h a r a c t e r - s e t ]  [ S T A T E = S ~ ~ ~ ~ - s e t ]  
[TREE= { INLINEtree-se t ]  SOURCE= I 

FILE I RESOURCE}
TEXT=text -or-
s o u r c e - d e s c r i p t o r ; ]  

[PICTURE [TAXON= t a x o n - s e t ]  [CHAR&CTER= 
c h a r a c t e r - s e t ]  [ S T A T E = S ~ ~t e - s e t ]  

[ T ~ ~ ~ = t r e e - s e t ] 
[FORMAT= { P I C T  I 

T I F F  I EPS I J P E G  I G I F }  ] [ENCODE= 

{NONEI UUENCODEI BINHEX) ] SOURCE= 

{INLINEI FILE I RESOURCE)PICTURE= 

p i c t u r e - o r - s o u r c e - 

descriptor;  1 


END; 

There are no restrictions on the order of 
commands. 

If the written description of the taxon- 
set, character-set, state-set, or tree-set con- 
tains more than one token, it must be en- 
closed in parentheses, as in the following 
example: 

TEXT TAXON= ( 1-3 ) TEXT= ' these taxa 
from the far north' ; 

If both a taxon-set and a character-set 
are specified, then the text or picture ap- 
plies to those characters for those particu- 
lar taxa. If both a character-set and a state- 
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set are specified, then the text or picture 
applies to those states for those particular 
characters. 

TEXT.-This command allows text to be 
attached to various objects. 

The SOURCE subcommand indicates the 
location of the text. The INLINE option in- 
dicates that the text is present at the end 
of the TEXT command; the FILE option in- 
dicates that it is in a separate file (the name 
of which is then specified in the TEXT sub-
command); the RESOURCE option indicates 
that it is in the resource fork of the current 
file, in a resource of type TEXT (the numer- 
ical ID of which is then specified in the 
TEXTsubcommand). 

For example, in the following 

TEXT TAXON= 5 CHARACTER= '2 TEXT= 4 
specimens obse rved ' ;  

TEXTT A X O N = P ~ ~TEXT= ' This genus 
l i v e s  i n  A f r i c a ' ;  

TEXT CHARACTER=^ TEXT= ' Perhaps t h i s  
cha rac t e r  shou ldbe  d e l e t e d ' ;  

TEXTCHARACTER=1 STATE= '0 TEXT= This 
s t a t e  i s  hard t o  d e t e c t '  ; 

the first command assigns the note "4 
specimens observed" to the data entry for 
taxon 5, character 2; the second command 
assigns the note "Perhaps this character 
should be deleted" to character 2; the third 
command assigns the note "This genus 
lives in Africa" to the taxon Pan; and the 
last command assigns the note "This state 
is hard to detect" to state 0 of character 1. 

The text or source descriptor must be a 
single NEXUS word. If the text contains 
NEXUS whitespace or punctuation, it 
needs to be surrounded by single quotes, 
with any contained single quotes convert- 
ed to a pair of single quotes. 

PICTURE.- This command allows a pic- 
ture to be attached to an object. 

The FORMAT subcommand allows spec- 
ification of the graphics format of the im- 
age. 

The SOURCE subcommand indicates the 
location of the picture. The INLINE option 
indicates that the picture is present at the 
end of the PICTURE command; the FILE op- 
tion indicates that it is in a separate file 
(the name of which is then specified in the 

PICTURE op-subcommand); the RESOURCE 
tion indicates that it is in the resource fork 
of the current file, in a resource of type 
PICT (the numerical ID of which is then 
specified in the PICTURE command). The 
RESOURCEoption is designed for Apple 
Macintosh@ text files. 

For example, the following command 

PICTURE 5 CHARACTER=TAXON= 2 

FORMAT=GIF i l e 
SOURCE=£ 

P I C T U R E = W ~ ~ ~ . 
thorax .  g i f  ; 

assigns the image in the GIEformatted file 
wide.thorax.gif to the data entry for taxon 
5, character 2. 

The picture or source descriptor must be 
a single NEXUS word. If the picture con- 
tains NEXUS whitespace or punctuation, it 
needs to be surrounded by single quotes, 
with any contained single quotes convert- 
ed to a pair of single quotes. 

Most graphics formats do not describe 
pictures using standard text characters. For 
this reason many images cannot be includ- 
ed INLINE in a NEXUS command unless 
they are converted into text characters. The 
E N ~ O D Esubcommand specifies the conver- 
sion mechanism used for inline images; an 
example is shown in Figure 2. 

FUTUREOF THE NEXUS FORMAT 
The NEXUS format will evolve as re- 

quired by the evolution of computer pro- 
grams. A number of new elements are be- 
ing developed. For example, the USERTYPE 
command in the ASSUMPTIONS block, cur- 
rently containing assumptions relevant for 
parsimony analyses, will likely be replaced 
by a more general command that will in- 
clude cost matrices, character state trees, 
probabilistic rate matrices, etc., useful for 
parsimony, maximum likelihood, and dis- 
tance methods. There will be new set op- 
erators added, a GRAPH format for describ- 
ing reticulate phylogenies, and the ability 
to name and refer to separate blocks of 
characters, among other features. The most 
recent version of the file format, including 
additions and proposed additions to the 
format, is available on the World Wide Web 
at http: / / phylogeny.arizona.edu / nexus / 
nexus.htm1. This site should be checked by 
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PICTURE TAXON=I FORMAT=GIF ENCODE=UUENCODE SOURCE=INLINE 

PICTURE= 


'begin 644 tree.GIF 

MlTE&.#EA3@!*'("'/P "'"P""' 3@!*"'" X2/J<OM#Z.<M-J+,PJ\ 

M!-, I(3. * ' 'J<M)9BLD2NFC;MA*#C:"0$#~7-K;&z;~:L5,@ ) 9/J8*N>$YD] +F 
M,3JM6FV."W9;I<6"2B.1=.5YBD2A4YN-@WMO*[QA%9.U9OS="\:D-,97*"CW 

M9U+B5HOH\P@9*3E)66EYB9FIN<G9Z?FI2O<I&KF822JC=XF:T<.J\5HA&HM! 

MAP)~:~$[([%+X9MVBPGL]T'L?.%[C)L,>RJ;^MP[*FTLN6S=l8FMC5;)S4OX 

M75U\70V>O6JWB? [TV? [U/@ [JZ$P?GP) ?"ZC?FGG?KIGG@+\&,BMH\""RA.D( 

M,FSH[N$T;Q(GP.C""5!%:"SE-C+#2'\D*)"R//HSNOAE0)4<62)T:1"F2YD* 

M:4*T21%G.)T[>4;T*4YB'O0AAPM-04-"OV]N('O#$#""' !5W)I=' 'lE;B!B 

E>2! "249#;VYV97)T97(@,BXS+C(@;V8@36%R(#8L(#$Y.3,'.R'@ 


end ' ; 

FIGURE2. A PICTURE command with a UUencoded Compuservea Graphics Interchange Format (GIF) image. 
Although it may not appear so, all of the text from "begin" to "end" is a single NEXUS word. 

those who are considering adopting or ex- 
tending the NEXUS format. 
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Block.-A block is a sequence of NEXUS commands, 
starting with a BEGIN command and ending with the 
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next END command. (In MacClade, PAUP, and COM- plies (e.g., [&&PAUP command]). The comments 
PONENT, the ENDBLOCK command has been used as "&&MC" and "&&PAUP" are reserved for MacClade 
a synonym of the END command.) and PAUP, respectively. 

Character number-This is the number of a character, In general, the command contained in such a com- 
as defined by its position in a CHARLABELS mand comment should not affect the nature or inter- command 
or MATRIX in a CHARACTERS pretation of the NEXUS file elements contained out- or DATA block. For ex- 
ample, the third character listed in a CHARACTERSside of comments. For example, one should not add a 
block is character number 3. command comment to a WTSET that will tell some 

Character-set.-This is a set of characters, described 
in a list (see below). A character-set can be given a 
formal name using the CHARSET command (see SETS 
block description). 

Character transformation type.-A character type is a 
specification of the costs and rules imposed on specific 
state-to-state changes in a parsimony analysis. There 
are several predefined types: UNORD (unordered), 
ORD (linearly ordered reversible), IRREV, IRREV.UP, 
and IRREV.DN (all linearly ordered irreversible), and 
DOLLO, DOLLO.UP, and DOLLO.DN (variants of Dollo; 
Swofford, 1989; Maddison and Maddison, 1992). In 
addition, MacClade has the predefined type STRAT 
(Fisher's stratigraphic type [Fisher, 1992; Maddison 
and Maddison 19921). UNORD specifies a cost matrix 
in which all state-to-state changes cost one step; this 
is the assumption embodied by Fitch parsimony 
(Fitch, 1971; Hartigan, 1973). ORD specifies a cost of 
change between two states to be the absolute value of 
the difference in their state numbers (e.g., a change 
from state 3 to state 7 costs four steps); this is the 
assumption in Wagner parsimony (Farris, 1970; Swof- 
ford and Maddison 1987). IRREV and IRREV.UP are 
equivalent and specify the same cost of change as ORD 
except that all changes that would involve a decrease 
in state number are disallowed. IRREV.DN is identical 
to IRREV except that the changes that are disallowed 
are those that involve an increase in state number. 
DOLLO and DOLLO.UP are equivalent and specify the 
same cost of change as ORD except that each increase 
in state number can occur only once. DOLLO.DN is 
identical to DOLLO except that the changes that can 
only occur once are decreases in state number. 

Command.-A command is a collection of tokens 
terminated by a semicolon. Commands cannot contain 
semicolons, except as terminators, unless the semico- 
lons are contained within a comment or within a 
quoted token consisting of more than one text char- 
acter. If a delimiter between command sections is 
needed, it should be a comma (for examples, see 
STATELABELS block and WTSET in in the CHARACTERS 
the ASSUMPTIONS block). 

Command comment.-A comment containing a com- 
mand is a command comment. Comments containing 
commands are indicated by a special symbol (\ or &) 
as the first text character within the comment. Com- 
ments whose first text character is \house commands 
relating to display of tokens (see Display of Text). 
Comments whose first text character is & are of the 
form [&word . . .], where word is an unquoted NEXUS 
word. The word contains the command (e.g., [&U] in- 
dicating unrooted trees in the TREE command). If the 
word begins with & (so that the comment itself is of 
the form "[&&. . .I", then the rest of the word indi- 
cates to which processing programs the command ap- 

program to set the weights to be the reciprocal of the 
weights listed because this information would be ig- 
nored by most programs, leading to different inter- 
pretations of the same file by different programs. Ex- 
amples of the information that could be housed in 
these command comments are the status of a tree 
search or the positions of windows on screen. 

There is one exception to this rule, in the TREE com-
mand. For this command, comments are allowed that 
can actually change the interpretation of the tree. The 
[&U] and [&R] commands are of this nature (see the 
TREES block), and similar commands might be in- 
vented in the future. This exception is allowed in the 
TREE command because adding information to a tree 
description outside of comments would cause the file 
to be noncompliant with the Newick tree standard, 
and support of this broader standard is more desir- 
able than strict adherence to the NEXUS standard. 

Comment.-Any comments in the data file are de- 
limited by brackets: 

[please ignore me1 


Comments are ignored by all programs, with few ex- 
ceptions. These exceptions can occur if the first text 
character inside the comment is any of !, &, %, / , \, 
or @. Comments that begin with an exclamation point 
are output comments; those beginning with any of 
these other symbols are command comments. 

Comments may contain any combination of dark 
character and whitespace (which need not be orga- 
nized into NEXUS tokens). They can extend over mul- 
tiple lines (i.e., they can contain newline characters). 
Quotes are ignored within these comments. All text 
characters are treated equally within such comments, 
with the exception of open and close brackets. A close 
bracket will terminate a comment. Comments can be 
nested: 

[this is a comment [nested~nsldell 


If a program encounters an open bracket within a 
comment, it will expect two close brackets to close 
both the main comment and the nested comment. 

Comments do not break tokens. Thus, AS-
S L I M P [ C ~ ~ ~ ~ ~ ~ ] T I O N Sis processed as ASSUMPTIONS. 

Left and right brackets are not treated as symbols 
that delimit a comment if they are found within a 
quoted token. 

Dark characters.-All text characters that are not 
whitespace are dark characters. 

Data block.-A data block is any of the following 
blocks: CHARACTERS, DISTANCES,UNALIGNED, DATA. 

Entry.-An element in a data matrix consisting of 
the information for one character for one taxon or an 
element in a distance matrix consisting of the infor- 
mation for one taxon-by-taxon comparison is a matrix 
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entry. It may consist of a single symbol, e.g., A, if the 
data are discrete and the taxon shows a single char- 
acter state. However, it may include a large amount of 
information, such as the average value from the taxon, 
the variance, and the sample size for continuous data. 

List.-The description of a set of objects (taxa, char- 
acters, trees) is a list. Elements in the list are separated 
by whitespace. If a series of contiguous elements are 
to be listed, a hyphen can be used in place of the 
intermediate values. If all elements are to be listed, 
then the word ALL can be used in place of listing the 
numbers. The word REMAINDER designates all ele- 
ments not previously referred to in a command. On 
each of the following lines is a legal list: 

A period represents the number of the last element; 
thus, if there are 320 characters in the matrix, the char- 
acter-set described by "56-." means characters 56 
through 320 inclusive. 

If, immediately following a contiguous range of 
numbers, one places a backslash followed by an in- 
teger n, this indicates that only every nth element, be- 
ginning at the first element in the range, is to be in- 
cluded in the set. For example, the character-set 2-12\3 
is equivalent to 2 5 8 11, and ALLU means every sec- 
ond character, beginning with character 1. This is es- 
pecially useful for protein-coding nucleotide sequence 
data for which one might wish to specify, say, every 
third position. 

Names of elements can also be used in the list. For 
example, if character 3 has been given the name "eye 
color" and character 5 is "leg length then 

'eye color'-leg length 


specifies characters 3, 4, and 5. 
For unaligned data, the only valid list of characters 

is ALL. 
If sets of elements have been formally defined by a 

CHARSET,TAXSET,or TREESET command in the SETS 
block, then the names of those sets can also be used 
in a subsequent list. For example, if the CHARSET "lar-
val" has been defined in the SETS block, a subsequent 
character-set could be "2-5 larval," which would mean 
characters 2-5 plus all those contained within the 
CHARSET"larval." 

Nezuline characteu.-A newline character consists of 
any of the following: (1) single text character for car- 
riage return (ASCII 13), (2) linefeed (ASCII lo), (3) 
carriage return followed immediately by a linefeed, or 
(4) other text characters used on the current operating 
system to designate a new line in a text file. Options 
1-3 are valid for all programs that are reading ASCII 
text files, no matter what operating system they are 
running under. 

Object.-An object is any of the many entities de- 
fined in a NEXUS file that are or could be given a 
name. The only type of objects that need not be given 
a name are characters and states; for all others, names 
are given when they are defined. Objects include taxa, 

characters, trees, genetic codes, taxon-sets, etc. The 
NEXUS standard allows for creation of new kinds of 
objects. 

Object definition command.-A number of commands 
consist of definitions of objects; these definitions fol- 
low a standard format: 

c a t e g o r y  [*I o b j e c t - n a m e  [ ( f o r m a t ) I = 
d e s c r i p t i o n ;  

where the kind of object is given by category and the 
name of the object is given by the token object name, 
optionally followed by tokens, enclosed in parenthe- 
ses, describing the format of the following description, 
an equal sign, and then the description. The standard 
defines no limit to the length of the name, although 
individual programs might impose restrictions. If the 
object is to be considered the default object of its cat- 
egory, then this can be indicated by an asterisk be- 
tween the category and object name. (This convention 
is not used for categories in which there are prede- 
fined objects, e.g., USERTYPE and GENETICCODE.) If 
more than one object is so designated, then the last 
one encountered is taken to be the default. 

The following is an example of an object definition 
command: 

This is equivalent to 

WTSET* mywelghts (VECTOR) 1 2  1 2 ;  =2 

A number of object definitions can be written in 
standard or vector formats. STANDARD format is a list- 
ing of values (weights, types, and so on), each fol- 
lowed by a character-set or taxon-set including those 
characters or taxa that are to be of that value, or if no 
such value is needed (e.g., EXSETS), then the format is 
just a list of taxa or characters. 

In the following, 

WTSETmywelghts (STANDARD)=2 :13 5 ; 

the weight value 2 is assigned to characters 1, 3, and 
5. Different value assignments are separated by com- 
mas: 

WTSETmywelghts ( S T A ~ D A R D ):1 3 5, 0 :4;=2 


This assigns to the first five characters weights of 2, 
1, 2, 0, and 2. 

VECTORdefinitions consist of a string of values: 

WTSETmywelghts (VECTOR) 1 2 0 2 ;=2 

The first value in a vector format is assigned to the 
first object (character, taxon, etc.), as appropriate, the 
second value to the second object, etc. Unless specific 
exceptions are made (i.e., for the commands EXSET, 
CHARSET,STATESET, TREESET)TAXSET, or unless the 
NOTOKENSformatting option is used, a VEc~oRed ob- 
ject definition requires whitespace between the values. 

Output comments.-If the first character within the 
brackets is an exclamation mark, then the words that 
follow are considered output comments. These may 
optionally be displayed, in some fashion, to the user 
of the program. For example, 

[ ! thls is an output comment] 
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PAUP deals with these by rewriting them to the out- X = {ACGT} [unknown] 
put; MacClade displays them in the About datafile or 
About Trees windows if they are within the TAXA, 
CHARACTERS,DATA, or TREES blocks, respectively (if 
they are not in these blocks, MacClade ignores them). 

Punctuation.-Any of the following text characters 
are considered punctuation at some times: ( ) [ ] { } 
/ \ , ; : = * ' " ' + - < > The following punctuation 
marks have special properties: [ ] do not break a 
word; + and - are allowed as state symbols, but none 
of the rest are allowed; - is considered punctuation 
except were it is the minus sign in a negative num- 
ber. 

State range.-A description of the range of values for 
a continuously valued character is the state range. If 
there is a single state, the state range is a single real 
value, e.g., 0.86. If there are multiple values, the state 
range is indicated by placing a tilde between the 
boundary values, e.g., 0.86-1.12. 

State-set.-A description of the set of states of a dis- 
crete character is the state-set. If there is a single state 
in the set, the state-set is the state symbol, e.g., 0. In 
some areas of the file, if there is more than one state 
in the set, then the state-set consists of the state sym- 
bols inside of parentheses or braces, e.g., (012) or 
(0-3) or (013]. Parentheses indicate that the taxon is 
polymorphic, whereas braces indicate that the states 
of the taxon are uncertain. For example, (012) indicates 
0 and 1 and 2, whereas (012) indicates 0 or 1 or 2. A 
tilde indicates all intermediate states are included, ac- 
cording to the ordering of the states as determined in 
the list of state symbols (see state symbol). For molec- 
ular sequence data, there are some symbols that are 
defined to represent state-sets with multiple states. For 
example, R is the state-set that is equivalent to the 
state-set {AG} (see state symbol). 

State symbol.-A state symbol is any valid symbol 
representing the state of a discrete character. The pre- 
defined state symbols for standard data matrices are 
0 and 1, those for DNA data are A, C, G, and T, and 
so on. Whitespace and the following text characters 
are disallowed as state symbols: ( ) [ ] { ] / \ , ; : = * ' " \ < > -

DATATYPE=STANDARDsets the default acceptable 
symbols to 0 and 1 (these symbols may be altered 
using the SYMBOLS subcommand, as described in the 
specification of the FORMAT command of the CHAR- 
ACCERS block). 

If DATATYPE is set to DNA, the SYMBOLS list is set 
to ACGT, and the following equate macros (see 
EQUATESsubcommand), corresponding to the IUPAC 
(IUB) ambiguity codes, are defined: 

R = {AG} [puRlnel 
Y = {CT} [pYrlmldlne] 
M = {AC} [aMinol 
K = {GTI [Ketol 
S = {CGI [Strong] 
W = {AT} [Weak] 
H = {ACT} [not GI 
B = {CGTI [not A] 
V = {ACG} [not TI 
D = {AGT} [not Cl 
N = {ACGT} [unkNown] 

Lowercase symbols have the same meaning as their 
uppercase equivalents. 

If DATATYPE=RNA, list is set to ACGU the SYMBOLS 
and the same set of equate macros are defined, except 
that U is substituted for T. 

If DATATYPE=NUCLEOTIDE, list is set the SYMBOLS 
to ACGT, with U treated as synonymous with T. 

If DATATYPE=~ROTEIN, the symbols list is set to AC- 
DEFGHIKLMNPQRSTVWY", corresponding to the 
standard IUB single-letter amino acid codes: 

A = ala [alanlnel 

C = cys [cysteinel 

D = asp [aspartic acid] 

E = glu [glutamic acid] 

F = phe [phenylalanlnel 

G = gly [glycinel 

H = hls [histidlne] 

I = lle [isoleucinel 

K = lys [lysine] 

L = leu [leuclnel 

M = met [methioninel 

N = asn [asparaginel 

P = pro [proline] 

Q = gln [glutaminel 

R = arg [arglnlne] 

S = ser [serinel 

T = thr [threonlnel 

V = val [valine] 

W = trp [tryptophan] 

Y = tyr [tyroslnel 

* = stop [chain termlnationl 

In addition, two equate macros are defined: 

B = {DN} [asx= asp or asnl 

Z = {EQ} [glx= glu or glnl 


Lowercase symbols have the same meaning as their 
uppercase equivalents. 

Symbol.-A single dark character is a symbol. 
Taxon number-The taxon number is the number of 

a taxon, as defined by its position in a TAXLABELS 
command, its position in a MATRIX in a CHARACTERS, 
UNALIGNED, block (in which NEWTAXA or DISTANCE 
is invoked in the DIMENSIONS command), or its posi- 
tion in a MATRIX in a DATA block. For example, the 
third taxon listed in TAXLABELS is taxon number 3. 

Taxon-set.-A set of taxa, described in a list, is a 
taxon-set. A taxon-set can be given a formal name us- 
ing the TAXSET command (see SETS block description). 

Token.-A token is a NEXUS word or punctuation. 
Tree number-The number of a tree, as defined by 

its position in a TREES block, is a tree number. 
Tree-set.-A tree-set is a set of TREES, described in 

a list. A tree-set can be given a formal name using the 
TREESETcommand (see SETS block description). 

Whitespace.-Whitespace consists of any of the fol- 
lowing text characters: tab (ASCII 9), newline charac- 
ter (as defined in this glossary), blank (ASCII 32), and 
ASCII 0-6. 

Word.-Except for special cases involving quotes or 
comments, a NEXUS word is any string of text char- 
acters that is bounded by whitespace or punctuation 
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and that does not contain whitespace or punctuation. 
If the first character of a word is a single quote, then 
the word ends with the next single quote (unless that 
single quote is in a pair of consecutive single quotes; 
if so, then the word ends at the first unpaired single 
quote). Any character, including punctuation and 
whitespace, may be contained within a quoted word. 
A word cannot consist of only whitespace and punc- 
tuation. On each of the following lines is a single legal 
word: 

Bembldlon 

B.-zephyrurn 


' John ' ' s sparrow ieas tern i ' 


Underscores are considered equivalent to blank 
spaces, except that underscores are dark characters 

and blank spaces are whitespace. Thus, a program 
encountering B.-zephyrum and 'B. zephyrum' should 
judge them to be identical. 

Any doubled single quotes within a quoted word 
should be converted to single quotes within the pro- 
gram. Thus, 'John"s would be treated internally with- 
in a program as John's. Of course, if the rogram 
writes out such a word to a NEXUS file, tfe quote 
should be redoubled, and quotes should be written 
around the word: 'Joh"s. 

A string of dark characters is broken into several 
words by whitespace and any punctuation other than 
brackets, unless the string is surrounded by quotes. 
Thus, [\i]Bembidion-velox[\p]-Linnaeusconsists of 
one word, as does '- - A single word', whereas 
two()words consists of four tokens: the word "two," 
two punctuation characters, and the word "words." 


