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Summary. The efficiency of obtaining the correct
tree by the maximum likelihood method (Felsen-
stein 1981) for inferring trees from DNA sequence
data was compared with trees obtained by distance
methods. It was shown that the maximum likeli-
hood method is superior to distance methods in the
efficiency particularly when the evolutionary rate
differs among lineages.
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Recently, Saitou (1988) and Saitou and Imanishi
(1989) examined the efficiencies of the maximum
likelihood (ML) method, which does not assume
rate constancy (Felsenstein 1981), and of other
methods for inferring trees from DNA sequence data
by using computer simulation. Their results contain
some inappropriate points, and we reexamine these
points in this communication.

Saitou (1988) compared the relative efficiency of
the ML method with the efficiencies of the maxi-
mum parsimony method and of the distance meth-
od. Computer simulations based on Jukes and Can-
tor’s (1969) model (iransition rate « is equal to
transversion rate §) were done for a tree with four
OTUs with varying rate model. In this model, ex-
pected numbers of substitutions per site along each
of two nonneighboring branches are 1.0 and those
along other branches including the internal branch
are 0.1 (v, = 1.0 and v, = 0.1 in Fig. 1). The ML
method chose the correct tree with a frequency of

Offprint requests to: M, Hasegawa

only 43% whereas the distance method with Jukes—
Cantor distances produced a correct tree with a fre-
quency of 74% [Table 5 of Saitou (1988)]. However,
when we reexamined the efficiencies of the ML
method by using Felsenstein’s programs as shown
below, it turned out that the ML method gave a
higher performance in obtaining the correct tree than
the distance method (Table 1). This indicates that
Saitou’s (1988) ML program was not efficient for
this model tree.

Assuming the tree of Fig. 1 to be the model tree,
a computer simulation was done with v, = 1.0 and
v, = 0.1 by a procedure similar to Saitou’s (1988).
Sequences with 500 nucleotides were generated as-
suming that transition and transversion occur at the
same rate, and 100 replications were obtained. The
programs for the ML analysis used in this work are
two distinct versions of DNAML in Felsenstein’s
program package PHYLIP; the earlier one (version
2.3) assumes equal rates of occurrence between tran-
sition and transversion, whereas the later one (ver-
sion 3.1) assumes unequal rate. In the latter pro-
gram, the rate of transition was set to be twice that
of transversion by using an option. This contradicts
the method of simulation but was used in order to
examine the robustness of the likelihood method
against the violation of the assumption based on the
transition/transversion ratio.

The results are summarized in Table 1. Version
2.3 of DNAML chose the correct tree with a fre-
quency of 92%. Version 3.1, although the o/f ratio
assumed in the analysis contradicts the simulation,
chose the correct tree with a frequency of 82%, and
even better efliciency was available than that for the
distance method that assumed the same «/f ratio
with that in the simulation. Furthermore, we car-
ried out simulations for v, = 1.0 and v, = 0.2 and
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Fig. 1. A model tree used in simu-

vy lations. v, and v, refer to the branch
lengths; i.e., expected numbers of
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substitutions along respective
2 3 branches.
Table 1. Proportions (%) of trees in which the correct topology

was reconstructed

Method

Maxi- Maxi-

mum mum

likelihood likelihood

DNAML DNAML

version version Distance Maxi-

2.3 3.1 method mum

(model: (model: (model: parsimo-
Branch lengths a=f) a=28) a=f8 ny
v, =10,v,=0.1 92 82 70 0
v,=10,v,=0.2 96 91 38 0
v=05v=01 100 100 100 0

Simulations were replicated 100 times based on Jukes and Can-
tor’s model (the transition rate « is equal to the transversion rate

8

for v, = 0.5 and v, = 0.1. In the former case, the
model of @ = 8 chose the correct tree with a fre-
quency of 96% whereas the model of @ = 28 chose
it with a frequency of 91%, and in the latter case
both versions of DNAML chose the correct tree with
a frequency of 100% (the distance method also gave
100% efficiency), suggesting extensive robustness
of the ML method against violation of the assump-
tion based on the transition/transversion ratio.
Fukami-Kobayashi and Tateno (1990) studied the
robustness of the ML method by more extensive
simulations. It should be noted that, although the
maximum parsimony method is positively mislead-
ing for the cases examined here (Felsenstein 1978;
Hasegawa and Yano 1984), the ML method and also
the distance method can provide good efficiency in
these cases.

Saitou and Imanishi (1989) studied the relative
efficiencies of the Fitch~-Margoliash, minimum-evo-
lution, and neighbor-joining (NJ) methods in ad-
dition to the ML and maximum parsimony methods
for the four model trees with six OTUSs. They used
Felsenstein’s DNAML program (version 3.1) for the
ML method. For the constant rate models, they con-
cluded that the ML method is slightly less efficient
than the NJ and minimum-evolution methods [Ta-

Table 2. Proportions (%) of trees in which the correct topology
was reconstructed

Maximum likelihood

method
DNAML DNAML Neighbor-
version version joining
23 3.1 method®
(model: (model: (model:
a=f  a=20) a=p)
A
8a = 0.05
300 bp 52 38 40
600 bp 88 80 82
8a = 0.50
300 bp 48 48 46
600 bp 78 70 82
B
8a = 0.05
300 bp 80 62 70
600 bp 90 88 86
8a = 0.50
300 bp 66 56 60
600 bp 80 76 70
C
a=0.01
300 bp 84 78 72
600 bp 96 98 92
a=0.05
300 bp 92 92 68
600 bp 100 100 96
D
a=0.01
300 bp 86 80 74
600 bp 96 96 92
a=0.05
300 bp 96 96 78
600 bp 100 100 100

Simulation data are from Saitou and Imanishi (1989). Constant
rate of nucleotide substitution is assumed for A and B, whereas
there is a large variation in the rate for C and D. a is a unit
branch length. Simulations were replicated 50 times based on
Jukes and Cantor’s model

* From Saitou and Imanishi (1989)

ble 1 of Saitou and Imanishi (1989)). However, as
they acknowledged and as was also mentioned above,
in the DNAML of version 3.1 we cannot assume
equal rates between transition and transversion, and
they assumed that the rate of transition is twice that
of transversion while the simulation was performed
based on Jukes and Cantor’s model. Because the
distance analysis was performed based on the as-
sumption of an equal transition/transversion rate,
their way of evaluation was biased against the ML
method. Therefore, we reexamined their simulation
data by using the earlier version (2.3) of DNAML
and assuming an equal transition/transversion rate
{Table 2).



In the case of rate constancy among branches,
although the ML method with an inappropriate
model of o = 28 is slightly less efficient than the NJ
method with « = 8, the former with « = 8 is more
efficient than the latter except in the case of A with
8a = 0.50, 600 bp. This suggests that the ML method
is somewhat sensitive to the transition/transversion
ratio under this model. In the case of variable rate
among branches, the ML method is more efficient
even with the model of & = 28 than the NJ method
with « = 8 (Saitou and Imanishi 1989). The ML
method that does not assume rate constancy is better
when the evolutionary rate varies widely among lin-
eages (cases C and D), whereas it is as efficient as
the NJ method when the evolutionary rate is con-
stant (cases A and B).

Although the NJ method was shown to be slightly
inferior to the ML method in obtaining the correct
tree topology, it is more efficient than other existing
tree-making methods (Saitou and Nei 1987; Sourdis
and Nei 1988; Saitou and Imanishi 1989). In any
case, those simulation studies were based on simple
assumptions, and further study may be necessary to
evaluate the efficiencies of different tree-making
methods. Because of the simplicity of the NJ meth-
od algorithm, it seems to be a useful method that
is complementary to the ML method.
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