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The program baseml is for analyzing nucleotide sequences. The program codeml is formed by 
merging two old programs: codonml, which implements the codon substitution model of Goldman 
and Yang (1994) for protein-coding DNA sequences, and aaml, which implements models for 
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brown.nuc and brown.trees: the 895-bp mtDNA data of Brown et al. (1982), used in Yang et 
al.
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set of four species (human, chimpanzee, gorilla, and 

http://taxonomy.zoology.gla.ac.uk/rod/rod.html
http://taxonomy.zoology.gla.ac.uk/rod/rod.html
http://evolve.zoo.ox.ac.uk/software/TreeEdit/main.html
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* fix_blength = 0   * 0: ignore, -1: random, 1: initial, 2: fixed 
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special case of the (discrete) gamma model with D = f (alpha = 0), and the model of 
independent rates for sites is a special case of the auto-discrete-gamma model with U = 0 (rho = 
0).  

nparK
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The output for nhomo = 3, 4, 5 is under the heading “base frequency parameters (4 sets) for 
branches, and frequencies at nodes”.  Two sets of frequencies are listed for each node.  The first 
set are the parameters (used in the substitution rate matrix for the branch leading to the node), 
and the second set are the expected base frequencies at the node, calculated from the model 
(Yang & Roberts 1995; page 456 column top).  If the node is the root, the same set of frequencies 
are printed twice. 

Note that the use of the variable fix_kappa here with nhomo = 3, 4 or 5 is unusual.  fix_kappa = 
1 means one common N is assumed and estimated for all branches, while fix_kappa = 0 means 
one N is estimated for each branch.   

nhomo = 2 uses one transition/transversion rate ratio (N) for each branch in the tree for the K80, 
F84, and HKY85 models (Yang 1994b; Yang and Yoder 1999).  

getSE tells whether we want estimates of the standard errors of estimated parameters. These are 
crude estimates, calculated by the curvature method, i.e., by inverting the matrix of second 
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icode:  This specifies the genetic code to be used for ancestral reconstruction of protein-coding 
DNA sequences.  This is implemented to compare results of ancestral reconstruction with codon-
based analysis.  For example the F3u4 codon model of Goldman and Yang (1994) is very similar to 
the nucleotide model HKY85 with different substitution rates and base frequencies for the three 
codon positions.  The latter is implemented by using use options GC in the sequence data file and 
model = 4 and Mgene = 4.  To use the option icode, you have to choose RateAncestor = 1. 

readpattf:  This forces the program to read site pattern frequencies instead of sequence data.  
See the section on “Rarely used features”. 

fix_blength:  This tells the program what to do if the ,waffe usin
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5 1000000 1 * <# seqs>  <# nucleotide sites>  <# replicates> 
-1          * <tree length, use -1 if tree has absolute branch lengths> 
(((A :0.1, B :0.2) :0.12, C :0.3) :0.123, D :0.4, E :0.5) ; 
 

-1        model: 0:JC69, 1:K80, 2:F8 :03:F8 :04:HKY85, 5:T9:0.6:TN93, 7:REVTm
( )Tj
ET
EMC 
/P <</M5ID 2 >>BDC 
BT
/TT1 1 Tf
7.02 0 0 7.02 602 705252029 Tm
(-1        kappa or rpli parameters in modelTm
( )Tj
ET
EMC 
/P <</M6ID 2 >>BDC 
BT
/TT1 1 Tf
7.02 0 0 7.02 684 713042029 s 10-1         alphaites>epligories for discrete gammaates> )Tj
ET
EMC 
/P <</M7ID 3 >>BDC 
BT
/TT1 1 Tf
0 Tc 7.02 0 0 7.02 674 708821966 Tm
( )Tj
ET
EMC 
/P <</M8ID 4 >>BDC 
BT
/TT1 1 Tf
-0.0018 Tc 7.02 0 0 7.02 164 698621966 ) 6 T 7..37..4      bah, frequencies m
( )Tj
ET
EMC 
/P <</M9ID 2 >>BDC 
BT
/TT1 1 Tf
7.02 0 0 7.02 662 708458031 T T   C   A   Gtes> 
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The element qij (i 



 F84HKY85
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nonsynonymous substitutions, with their rate ratio held constant among sites.  You are 
recommended to use the Nssites models instead, which assume homogeneous synonymous rates 
but variable nonsynonymous rates. 

Models for combined analyses of partitioned data 

For nucleotides (baseml) 

Several models are described by Yang (1996a) and implemented in programs baseml and codeml 
(codonml and aaml) for analyzing heter
[( mo)-458-tsrate 
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Sequence file  Control file  Parameters across genes 

No G  Mgene = 0  everything equal 
Option G  Mgene = 0  the same (N, Z)�and S, but different cs (proportional 

branch lengths) 
Option G  Mgene = 2  the same (N,Z, butw 34E>69t 
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as N and D).  The second algorithm is also more efficient if the data contain many sequences so 
that the tree has many branch lengths.  
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may be different from site to site and the different sites may have different transition probabilities.   
See, for example, Huelsenbeck (1995) and Yang (1996c), for more details.   

Tips: 

1. For analyzing multiple simulated data sets, you can copy the tree with branch lengths from 
Mcbase.dat or Mcaa.dat into the tree file to be used by baseml or codeml.  You can then use the 
variable fix_blength to let baseml or codeml use the branch lengths in the tree as initial values for 
the maximum likelihood iteration.  This should speed up the iteration since the true parameter 
values should be good initial values.  

2. A good test of the simulation as well as the analysis program is to use a small tree to simulate a 



… in the tree file.  (4) The programs do not do ancestral reconstruction anymore and will reset 
RateAncestor = 0.  (5) Some of the calculations in the program requires the sequence length, 
which I set to the sum of the site pattern frequencies.  If your site pattern frequencies are not 
counts of sites, calculations involving sequence length will not be correct.  Such calculations include 
the SEs for MLEs, the numbers of sites S and N in codonml, for example. 
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the critical value is 2.71 at the 5% significance level and 5.41 at the 1% level.  Or better still, you 
can calculate the P value using the 
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