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v IRTUALLY ALL COMPARATIVE STUDIES OF BIOLOGICAL 

variation among species depend on a phylogenetic frame- 
work for interpretation (1). However, with few exceptions 

we have not directly observed any phylogeny. This fact means that, 
for the most part, phylogenetic methods have not been tested 
directly. 

One method of testing phylogenetic methods indirectly is to 
simulate the evolution of a gene or set of genes on a computer and 
then test the ability of various methods to reproduce the simulated 
history. Such simulations are useful for understanding the conse- 
quences of various assumptions, but do not indicate which assurnp- 
tions are biologically plausible. Worse, the assumptions of an 
algorithm used to simulate phylogeny can be matched exactly by the 
assumptions of a particular method of phylogenetic analysis, which 
may give a false impression that the particular method is "the best" 
for reconstructing phylogeny. 

Another approach to testing phylogenetic methods is to examine 
real groups whose histories have been controlled by humans: 
domesticated and laboratory organisms. Although complete histo- 
ries rarely exist, incomplete breeding records are available for some 
crop plants (2) and laboratory animals (3). In particular, inbred 
strains of laboratory mice have provided a useful system for com- 
paring known phylogenies to inferred phylogenies (3). In this issue, 
Atchley and Fitch (4) continue these studies by examining a 
phylogeny of 24 inbred strains inferred from genetic data on 144 
separate loci. Because a portion of the phylogeny is known from 
breeding records, they are able to examine the concordance between 
the trees inferred from various sets of genes and the known 
relationships among lineages. 

In the nuclear genome of sexually reproducing organisms, the 
history of alleles at a single locus does not necessarily fit exactly with 
the phylogeny of species ( 5 ) .  Within any lineage, several alleles may 
exist at a given locus at any point in time. If a polymorphic lineage 
becomes divided (speciation), each of the daughter lineages may also 
be polymorphic. Subsequent differential fixation of alleles may not 
be correlated with the historical relationships of the lineages. The 
phylogenetic tree of alleles at this locus (the gene tree) would then 
differ from the phylogenetic tree of the taxa (the species tree). 

The potential incongruence between gene trees and species trees 
suggests that inference of species trees should be based on analysis of 
multiple, independent loci. Deviations between gene trees and 
species trees should be uncorrelated among independent loci, so in 
analyses of several loci the historical signal should be apparent over 
the background noise of random fixations of polymorphisms. Atch- 
ley and Fitch demonstrate this principle for the mouse phylogeny: 
analyses of all 144 loci reproduce the known genealogical relation- 
ships. However, they also found that some subsets of loci were far 
more effective for reconstructing the phylogeny than were others. 
Analysis of the 70 protein-encoding loci alone also reproduced the 
correct relationships, but the relationships suggested by both the 41 
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variance with historical records. 
Why are some sets of loci less effective for reconstructing species 

trees? In the case of the immune-system genes, many of the loci are 
tightly linked. Atchley and Fitch note that this effectively reduces the 
number of independent loci. This not only reduces sample size, but 
may multiply the stochastic effects of single gene trees. For instance, 
the nine major histocompatibility loci that map to the same region 
of chromosome 12 are treated as nine independent characters. 
However, fixation of any one of these loci is likely to be closely tied 
to fixation at the other linked loci. Therefore, correlated fixation 
events (which are not randomly distributed among the lineages) can 
overwhelm the historical signal, thus producing a tree at variance 
with the recorded genealogy. The message is that analyses of 
multiple loci need to involve independent loci to overcome the 
stochastic effects of gene trees. 

The endogenous viral loci may present a second problem. Al- 
though these viral loci are thought to be relatively stable, their 
retroviral origins suggest a simple mechanism for convergence 
among unrelated lineages ( 6 ) .  Therefore, although the alleles at viral 
loci may be homologous (similar because of common ancestry), the 
relevant common ancestors may be viruses rather than mice (that is, 
the genes may be xenologous rather than orthologous). 

Although inbred mouse strains have provided a fruitful means for 
assessing phylogenetic methods, the system has some limitations. 
Evolution among the inbred lines occurred relatively slowly, and 
largely through fixation of alleles polymorphic in their ancestors 
rather than through fixation of new mutations. Although experi- 
mental replication of a given genealogical pattern is possible, the 
decades necessary to do so preclude its feasibility. Ancestral popu- 
lations of mice cannot be maintained without further change, so 
comparisons of inferred to ancestral genotypes are not possible. 
Much of the history of the lineages is unrecorded, thereby limiting 
the comparisons between inferred and actual phylogenies. Finally, 
the crossing of inbred strains to produce new lines results in a 
genealogy that is fundamentally at odds with the bifurcating phy- 
logeny model. To date, the methods necessary to infer such reticu- 
lations have not been developed, and the "correct" bifurcating tree 
is not always obvious for a system that includes reticulations. 
Nonetheless, the mice offer advantages over those systems that are 
more prone to manipulation, such as viruses (7). For instance, the 
complexities offered by major histocompatibility complex loci and 
integrated viruses are not feasibly studied in simpler systems, and 
represent examples of biological complexities that are rarely intro- 
duced into simulation studies. The current Atchley and Fitch study 
thus stands as one of the few empirical tests in an exciting field with 
ever-broadening applications. 
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