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To investigate the origins of incongruence among mammalian mitochon-

drial protein-coding genes, we compiled a matrix that included 13 protein-

coding genes for 41 mammals from 14 different orders. This matrix was ex-

amined for congruence using different partitioning strategies. The incon-

gruence length difference test showed significant incongruence among the 

13 gene partitions used simultaneously, and the result was not affected by 

third codon or transversion weighting. In the pair-wise comparisons, signif-

icant incongruence was detected between NADH:ubiquinone oxidoreduc-

tase subunit 6 gene (ND6), cytochrome oxidase subunit II (COII), or cyto-

chrome oxidase subunit III (COIII) gene partitioned individually against 

the rest of the genes. Omission of any of the 14 mammalian orders alone or 

in combinations from the matrix did not result in a statistically significant 

improvement of congruence, suggesting that taxonomic sampling will not 

http://www.sciencedirect.com/science/article/pii/S1055790301909893
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improve congruence among the data sets. However, omission of the ND6, 

COII, and COIII significantly improved congruence in our data matrix. 

Possible origins of unusual phylogenetic properties of the three genes are 

discussed. ©2001 Academic Press 

Key Words: mitochondrial DNA; mammalian phylogeny; incongruence; 

weighting; protein-coding genes. 

 

INTRODUCTION 

 

A number of studies in evolutionary biology use phylogenetic information ob-

tained from mitochondrial DNA. Researchers expect mtDNA to be a generally 

reliable marker for addressing various questions in population genetics and sys-

tematics. However, regardless of the phylogenetic method and weighting 

schemes used, some mitochondrial genes can lead to highly unconventional evo-

lutionary conclusions, which disagree with whole mitochondrial genome data 

and thus may not accurately reflect history of the organisms in question (Naylor 

and Brown, 1998). Topological congruence between phylogenies produced by 

independent data partitions is thought to constitute a strong support for phyloge-

netic relationships (Miyamoto and Fitch, 1995) and hence the relationship be-

tween congruence among trees and data sets and possibly phylogenetic accuracy 

may be key in a cladistic analysis. In this report, we discuss how one large set of 

data matrices is affected by various partitioning and weighting strategies, and 

we believe our results offer new ways of analyzing characters and support our 

previous conclusions about the weighting and combining of multiple data sets. 

There are several available methods of measuring the agreement within and 

between data sets, e.g., measures of consistency, such as the consistency index 

(CI) and the retention index (RI) (Farris, 1989), and congruence, such as the 
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incongruence length difference (ILD) test. The ILD test is currently available in 

such computer programs as Xarn (Farris et al., 1994), Winclada (Nixon, 2000), 

and PAUP* (Swofford, 2000). The ILD test (also called partition homogeneity 

test in PAUP*) compares the number of steps required for minimum-length trees 

in separate and combined analyses. In this test, between-partition incongruence 

is measured by the additional steps required when the data are combined in a 

simultaneous analysis (Farris et al., 1994). The ILD test can be applied to any 

number of data partitions and can be applied under a wide variety of weighting 

methods. 

Here, we test whether various methods including weighting strategies can 

improve the congruence between mammalian mitochondrial sequence data by 

measuring the incongruence length difference using different ways of partition-

ing, both by genes and by taxonomic sampling of the matrix that consisted of 13 

protein-coding genes for 41 mammals from 14 different orders of placental 

mammals. If various partitioning and sampling strategies are removing hetero-

geneity from molecular data sets, then we hypothesize that these altered matrices 

should show improved values of congruence. If no differences are measured be-

tween the alternative sampling strategies, this then suggests that there has been 

no removal of the heterogeneity in these mammalian mitochondrial sequences 

and that no single gene or taxon is contributing to overall incongruence. By care-

ful dissection of partitions, one may be able to locate where incongruence resides 

in a large combined matrix (DeSalle and Brower, 1997; Remsen and DeSalle, 

1998; Thornton and DeSalle, 2000). 
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MATERIALS AND METHODS 

 

We constructed data matrices for 13 protein-coding genes for 41 mammals (34 

species) (Table 1). The complete mitochondrial genome for each of these taxa 

was obtained from the GenBank (NCBI) with the MacVector program (Eastman 

Kodak Co.). We downloaded the specific genes using the features table listed in 

each GenBank data file. We determined alignments with reference to the amino 

acid code, which was translated from the original sequence. All matrices were 

constructed twice independently and each was analyzed with all characters 

equally weighted and unordered. We used tree length and shape to assess 

whether there were editorial errors in the final matrices. We assumed that this 

would reduce editing errors, as independent results should be identical. We then 

combined all genes into a single matrix which included the 13 protein-coding 

genes for 41 mammals, 11,463 characters each, for about half a million base 

pairs of mitochondrial sequence. This matrix was examined for 14 different par-

titioning strategies including 1 test with 13 partitions corresponding to each gene 

and 13 tests with each gene partitioned against the rest of the genes. We also 

examined the matrix for omissions of some groups and separate taxa and for 

three separate weighting strategies including equal weighting, transversion 

weighting (i.e., recognition of two states, either purine or pyrimidine), and codon 

weighting (in which the third codon position was omitted). 
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TABLE 1 

Taxa sampled for complete mtDNA genomes including accession numbers, species, and 

common name. 

Order 

 

Genebank 

Accession # 

Species Common name 

Artiodactylaa AJ010957 

Hippopotamus amphibius 

Hippopotamus 

 AF034253 Sus scrofa Pig 

 AJ002189 Sus scrofa 2 Pig 

 AF010406 Ovis aries Sheep 

 V00654 Bos taurus Cattle 

Perrisodactylab X79547 Equus caballus Horse 

 X97337 Equus asinus Donkey 

 X97336 Rhinoceros unicornis Indian rhino 

 Y07726 Ceratotherium simum White rhino 

Cetaceac X61145 Balaenoptera physalus Fin whale 

 X72204 Balaenoptera musculus Blue whale 

Primatesd D38112 Homo sapiens Man 

 V00662 Homo sapiens 2 Man 

 J01415 Homo sapiens 3 Man 

 X93334 Homo sapiens 4 Man 

 D38115 Pongo pygmaeus Orangutan 

 X97707 Pongo pygmaeus abelii Orangutan 

 D38116 Pan panicus Pygmy chimp 

 D38113 Pan troglodytes Common chimp 

 X93335 Pan troglodytes 2 Common chimp 

 D38114 Gorilla gorilla Gorilla 

 X93347 Gorilla gorilla 2 Gorilla 

 Y18001 Papio hamadryas Baboon 

 X99256 Hylobates lar Gibbon 

Rodentiae AJ222767 Cavia porcellus Guinea pig 

 AJ001562 Glis glis Fat dormouse 
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 V00711 Mus musculus Mouse 

 X14848 Rattus norvegicus Rat 

Carnivoraf U96639 Canis familiaris Dog 

 X63726 Phoca vitulina Harbor seal 

 X72004 Halichoerus grypus Grey seal 

 U20753 Felis catus Cat 

Insectivorag   X88898 Erinaceus europeus Hedgehog 

Tubulidentatah Y18475 Orycteropus afer Aardvark 

Chiropterai AF061340 Artibeus jamaicensis Fruit-eating bat 

Lagomorphaj AJ001588 Oryctolagus cuniculus Rabbit 

Edentatak Y11832 Dasypus novemcinctus Armadillo 

Monotrematal X83427 Ornithorhynchus anatinus Platypus 

Marsupialiam Z29573 Didelphis virginiana Opossum 

 Y10524 Macropus robustus Wallaroo 

Proboscidean AJ224821 Loxodonta africana African elephant 

From top to bottom: aUrsing and Arnason (1998a), Lin et al. (1999), Ursing and Arnason 

(1998b), Hiendleder et al. (1998), Anderson et al. (1982), bXu and Arnason (1994), Xu et al. 

(1996a), Xu et al. (1996b), Xu and Arnason (1997), cArnason et al. (1991), Arnason and Gull-

berg (1993), dHorai et al. (1995), Anderson et al. (1981), Montoya et al. (1981), Arnason et al. 

(1996a), Xu and Arnason (1996a), Xu and Arnason (1996a), Horai et al. (1995), Horai et al. 

(1992), Arnason et al. (1996a), Xu and Arnason (1996b), Arnason et al. (1998), Arnason et al. 

(1996b), eD'Erchia et al. (1996), Reyes et al. (1998), Bibb et al. (1981), Gadaleta et al. (1989), 

fKim et al (1998), Arnason and Johnson (1992), Arnason et al. (1993), Lopez et al (1996), 

gKrettek et al. (1995), hArnason et al. (1999), iPumo et al. (1998), jGissi et al. (1998), kArnason 

et al. (1997), lJanke et al. (1996), mJanke et al. (1994), Janke et al. (1997), nHauf, J., Waddell, P. 

J., Chalwatzis, N., Joger, U., Zimmermann, F. K. (1999, unpublished) 

 

We assessed the genes as to whether they were congruent with one another using 

the ILD test, which is implemented in the program PAUP* 4.0a2b (Swofford, 

2000) and Winclada 0.9.9 (Nixon, 2000). The ILD partitions followed the gene 
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alignment sequence lengths and included constant and other phylogenetically 

uninformative positions. 

 

 

 

RESULTS AND DISCUSSION 

 

All 41 mammals (34 different taxa) and their respective GenBank accession 

numbers and abbreviations are listed in Table 1. The resulting combined matrix 

had the dimensions 41  11,463 and included 13 mitochondrial protein-coding 

genes for each of the 41 mammals. Heuristic search with equal weighting of 

characters yielded a single most parsimonious tree (Fig. 1A). However, contrary 

to our expectations (Allard et al., 1999a), transversion and codon weighting did 

not produce trees identical to the tree corresponding to equal weighting. Analysis 

with transversion weighting yielded one tree (Fig. 1B), whereas analysis with 

the third codon omitted gave rise to two shortest trees (Figs. 1C and 1D), which 

suggests that the third codon positions do contain a phylogenetic signal neces-

sary to get a resolved tree (Kallersjo et al., 1999).  
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Fig. 1. (A) The most parsimonious tree obtained by simultaneous analysis of 13 mitochondrial 

genes with equal weighting of characters; (B) the most parsimonious tree obtained by simulta-

neous analysis of 13 mitochondrial genes with transversion weighting of characters; (C) strict 

consensus of two most parsimonious trees resulting from simultaneous analysis of 13 mito-

chondrial genes with third codon position downweighted. Uninformative characters were ex-

cluded from analyses. Bootstrap scores are shown near the internal branches. Tree lengths, CI, 

and RI are listed in table 2.  Branch lengths are drawn to scale for figures A and B. 

 

Our most parsimonious tree, which corresponds to equal weighting of combined 

data (Fig. 1A), is fully consistent with the previously published tree (Allard et 

al., 1999a). Basic characteristics of all of the trees are listed in Table 2. We 

rooted the trees in accordance with the common recognition of Monotremata 

(platypus) as one of the most primitive mammals (Novacek, 1992). Neither of 

the trees completely supported previously published mammalian phylogenies 

that are based on morphological and fossil data (Novacek, 1992). 

 

TABLE 2 

Tree information for the most parsimonious solutions for the three weighting strategies of 

the combined matrix. 

 

Weighting strategy Number of 

trees 

Tree 

length 

Total charac-

ters 

Informative 

characters 

CI RI 

Equal weighting 1 50,258 11,463 6,642 0.27 0.51 

Transversions only 1 20,811 11,463 4,327 0.21 0.58 

Codon weighting 2 16,823 7,642 3,013 0.32 0.59 

Without COII, COIII, 

and ND6 

2 42,027 9,456 5,524 0.26 0.50 
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Note: The data were obtained using PAUP*, with 1000 random tree bisection-recon-

nections in the heuristic search option. Uninformative characters were excluded from analyses. 

A complete alignment is available from http://www.gwu.edu/~clade/faculty/al-

lard/data.html and EBI, accession number DS44554 

 

The incongruence length difference test of all the genes analyzed separately by 

PAUP* led to the conclusion of incongruence (Table 3), which may be caused 

by sheer numbers of taxa in the new matrix (41), which is about double the size 

of the matrix analyzed in Allard et al. (1999a). An alternative explanation for 

incongruence could be the influence of hypothetical highly homoplasious genes 

and/or taxa. To trace the source of incongruence in our data set, we analyzed 

individual genes partitioned against the rest of the combined matrix using both 

PAUP* and Winclada. As one can see in Table 3, the results obtained with the 

two programs are mostly consistent, and several genes show high levels of con-

gruence with the rest of the data. Although there is some variation between the 

results produced by PAUP* and Winclada, three genes, COII, COIII, and ND6, 

show incongruence with the rest of the combined data for both programs (Table 

3). To evaluate the utility of weighting strategies for improvement of congru-

ence, we applied either transversion or codon weighting to our data set and meas-

ured ILD between all the partitions (using only PAUP*). This approach gener-

ally improved congruence among the partitions, including the COII and COIII 

genes (Table 3), but did not have a noticeable effect on all genes analyzed sepa-

rately and on ND6 partitioned against the rest of the matrix (Table 3). 

 

 

 

 

http://www.gwu.edu/~clade/faculty/allard/data.html
http://www.gwu.edu/~clade/faculty/allard/data.html
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TABLE 3 

Incongruence length differences (ILDs) for 14 distinct partitioning strategies of the com-

bined matrix of mitochondrial protein-coding genes. 

 

Partitioning PAUP* 

ILD 

Winclada 

ILD 

Transversions 

only, PAUP* 

ILD 

Codon 

Weighting, 

PAUP* ILD 

ND1          against the rest 0.20 0.1700 0.92 0.26 

ND2          against the rest 0.11 0.5248 0.59 0.90 

COI           against the rest 0.08 0.2673 0.02 0.44 

COII          against the rest 0.01 0.0495 0.31 0.26 

ATP8         against the rest 0.42 0.0730 0.58 0.34 

ATP6         against the rest 0.56 0.2178 0.97 0.73 

COIII         against the rest 0.03 0.0297 0.23 0.09 

ND3           against the rest 0.92 0.8614 0.51 0.88 

ND4L        against the rest 0.39 0.3762 0.25 0.55 

ND4           against the rest  0.08 0.7030 0.39 0.15 

ND5           against the rest 0.49 0.5248 0.18 0.17 

ND6           against the rest 0.01 0.0099 0.04 0.01 

CytB          against the rest 0.27 0.7624 0.28 0.05 

13 genes separately 0.01 - 0.01 0.01 

Note: The data were obtained using partition homogeneity (ILD) test implemented in 

the program PAUP* (settings: 100 heuristic search replicates, 6 branch swappings per each tree 

bisection, no reconnection limit, saving of multiple trees allowed), and Winclada (settings: 100 

replications, 2 mult reps/replication, 2 trees to hold/mult rep, 10 trees to hold, amb-poly=(de-

fault)). The current implementation of Winclada can only test two partitions at a time. ILD values 

less than 0.05 indicate incongruence between given partitions. For the incongruent partitions, we 

also performed the tests with transversion or codon weighting to evaluate the utility of such 

approaches for the improvement of congruence. 
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To further localize incongruence among the mitochondrial protein-coding genes, 

we performed all possible pairwise analyses for COII, COIII, and ND6 using 

PAUP* (Table 4). Interestingly, COII and COIII each are incongruent with 5 of 

the remaining 12 genes, and ND6 is incongruent with all of them. Thus, being 

incongruent with many other genes, these 3 genes could be a hypothetical source 

of incongruence among the 13 mammalian protein-coding genes, although, in 

terms of percentage of informative characters, CI, RI, and number of trees, the 

topologies derived from these genes analyzed individually were not consistently 

different from those of the other 10 genes (data not shown). 

 

TABLE 4 

Incongruence results for pairwise gene comparisons of the three incongruent genes 

against the rest 

 COII COIII  ND6 

ND1 0.05 0.03 0.01 

ND2 0.02 0.02 0.02 

COI 0.59 0.89 0.01 

COII - 0.11 0.01 

ATP6 0.49 0.03 0.01 

ATP8 0.10 0.08 0.01 

COIII  0.12 - 0.01 

ND3 0.37 0.72 0.01 

ND4L 0.02 0.10 0.01 

ND4 0.19 0.02 0.01 

ND5 0.01 0.16 0.01 

ND6 0.01 0.01 - 

CytB 0.58 0.27 0.01 
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Note. Program settings for PAUP* were as follows: 100 replications, TBR, 2 random swappings 

per replication, 10 trees to hold, no reconnection limit. ILD values less than 0.05 indicate incon-

gruence between gene partitions. Bonferroni correction for type I error problems of multiple 

testing is 0.05/78 (P value/the number of possible pairwise comparisons) 5 6.41 3 1024. This is 

compared to the probability that 22 of the pairwise comparisons were obtained by chance alone 

1.44 3 10241 (obtained by the multiplication of all significant P values in Table 4). These results 

are significant even after a Bonferroni correction is applied (M. E. Siddall pers. comm.). 

 

Another potential source of incongruence in sequence data is individual mam-

malian taxa, whose genes to a greater or lesser extent might contain homopla-

sious characters or may have evolved under an unusual genetic process (e.g., 

concerted evolution or horizontal gene transfer). Therefore, deletion of such taxa 

from the combined matrix could improve congruence among mammalian mito-

chondrial genes, provided such highly homoplasious species do exist (Lecointre 

et al., 1998). As one can see in Fig. 2, no one mammalian order or species is 

apparently responsible for the overall incongruence among mitochondrial pro-

tein-coding genes. Although deletion of such clades as the eutherian orders Pri-

mates and Carnivora can slightly increase ILD values (Fig. 2), this increase is 

not statistically significant (P < 0.05). 
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DELETED PAUP* ILD 
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AARDVARK 0.01 
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0.01 

0.01 
RAT 
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0.01 

GUINEA PIG 

RABBIT 0.01 

BAT 0.01 

HEDGEHOG 0.01 

OPOSSUM 
0.01 
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Fig. 2. Incongruence length differences (ILDs) for the combined matrix with some of the taxa or 

clades deleted. Blocks define taxa that were omitted from a test. The data were obtained using 

partition homogeneity test implemented in the program PAUP*, with 100 heuristic search repli-

cates, 6 branch swappings per each tree bisection, no reconnection limit, saving of multiple trees 

allowed. ILD values less than 0.05 indicate incongruence between gene partitions. In each test, 

all 13 genes were partitioned separately (i.e. there were 13 gene partitions). 

 

Since sampling of taxa does not seem to dramatically affect congruence, it was 

of interest to test whether removal of such genes as ND6, COII, and COIII from 

the data set could affect the phylogenetic tree and improve congruence. We per-

formed three ILD tests (using PAUP*) corresponding to deletion of each of the 

three genes independently and one ILD test with all three genes deleted simulta-

neously (the rest of the genes were analyzed separately in each case, with 12 and 

10 partitions, respectively, for the independent and simultaneous deletions). 

Twelve genes analyzed separately without COII yielded an ILD value of 0.02, 

12 genes without COIII yielded a value of 0.01, and 12 genes without ND6 still 

yielded a value of 0.01. As one can see, no single gene seems to be responsible 

for all of the incongruence in mitochondrial protein-coding genes, since there is 

not a significant increase in ILD values following deletion of individual genes 

compared to the value of 0.01 for all 13 partitions. However, deletion of all 3 

genes yields an appreciable improvement of congruence (from 0.01 to 0.18), 

suggesting that the remaining 10 genes (ATP8, ATP6, ND1, ND2, ND3, ND4, 

ND4L, ND5, COI, and CytB) are congruent among the 41 mammals (34 species) 

analyzed here. Interestingly, the 3 anomalous genes have such a dramatic effect 

on congruence notwithstanding that the sum of nucleotide lengths of the genes 

constitutes only 17% of the total 11,463 nucleotides of the original 13 genes. If 

only informative characters are considered, the share of the 3 genes is also 17%. 
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This observation and the fact that the third codon omission (equivalent to dele-

tion of 33% of total characters and 55% of informative characters: Table 2) did 

not improve congruence among mammalian mitochondrial genes further con-

firm that the incongruence comes from specific gene sequences rather than from 

common partitions within genes. This prompted us to search for the origins of 

this anomalous phylogenetic signal of ND6, COII, and COIII. 

It is known that the COII subunit of mitochondrial respiratory complex IV 

exhibits one of the most heterogeneous rates of amino acid substitution among 

placental mammals (Adkins et al., 1996). There are isolated reports in the liter-

ature concerning the special phylogenetic properties of COII and COIII (Adkins 

et al., 1996; Baker and DeSalle, 1997). Adkins and colleagues (1996) collected 

a large data set of COII sequences from several mammalian orders and, using 

phylogenetic hypotheses based on data independent of COII gene, demonstrated 

that an increased number of amino acid replacements are concentrated in this 

gene among higher primates. Baker and DeSalle (1997), while studying phylog-

eny of Hawaiian Drosophilids using mtDNA sequences, found that four of the 

genes including COII and COIII are significantly incongruent with the rest of 

the eight genes that they used. 

The clue to these facts seems to be in functional roles that these subunits play 

in their respective electron transport complexes. Cytochrome oxidase (Complex 

IV) generates a transmembrane proton gradient by transferring electrons from 

cytochrome c, a water-soluble hemoprotein, to the active site, which contains a 

heme iron and a copper, and they are used to reduce O2 into two water molecules 

(Grigorieff, 1999). The protons needed for this reaction are taken from the mi-

tochondrial matrix side through two channels. Mammalian cytochrome oxidase 

contains 13 subunits. The 3 major subunits are encoded in mtDNA and form a 

functional core of the enzyme; this core is surrounded by 10 nuclear-encoded 
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small subunits. COI contains a low-spin heme (cytochrome a), the bimetallic 

cytochrome a3/CuB active site (Grigorieff, 1999) participating in the redox re-

action. This key functional importance could be the reason that COI is highly 

conserved among vertebrates and presumably has accumulated less homopla-

sious changes than the other two mitochondria-encoded subunits. In contrast, the 

COII subunit contains only one of the Complex IV copper centers and the COIII 

subunit does not contain any redox centers. Moreover, the function of the COIII 

subunit has not been established yet, except for its binding to phospholipids 

(Grigorieff, 1999). A mutagenesis study (Haltia et al., 1991) suggests that the 

COIII subunit does not participate in electron transfer reactions, but may play a 

role during biosynthesis of the multisubunit enzyme. Thus, the accessory or sec-

ondary role of the COII and COIII subunits could explain their lower degree of 

evolutionary conservation, which results in very low levels of congruence with 

the rest of the mitochondrially encoded proteins including COI. 

As for NADH:ubiquinone oxidoreductase (Complex I), it is the largest and 

least understood of the mitochondrial enzymes. It is reasonable to hypothesize 

that the functional importance of ND2, ND4, and ND5 predicated a higher de-

gree of conservation of their amino acid sequences and thereby a significant con-

gruence with other mitochondrial protein-coding genes combined and presumed 

lower levels of accumulated homoplasy (Grigorieff, 1999). In contrast, the loca-

tion and function of the other mitochondria-encoded sub-units, including ND6, 

is not known; however, there are some indications that the ND6 subunit mainly 

participates in the Complex I assembly (Bai and Attardi, 1998). Again, this an-

cillary role of ND6, as opposed to the primary functional importance of ND2, 

ND4, ND5, could be one of the reasons that the ND6 sequence is less conserved 

and more homoplasious. Interestingly, ND6 is also the only mitochondrial pro-

tein-coding gene encoded on the complementary strand with respect to the other 



20 

 

12 genes in higher vertebrates and it is the only gene that is incongruent with all 

other protein-coding genes (Table 4). 

These data allow for the hypothesis that mitochondrially encoded subunits 

performing complementary or secondary functions in their respective enzymes, 

i.e., COII, COIII, and ND6, were less conserved and/or evolved with a different 

bias and are thus incongruent with the rest of the mitochondrial protein-coding 

genes. In contrast, subunits located in an active site of their enzyme complex and 

playing a key chemical role, e.g., COI, ND2, ND4, ND5, ATP6, and ATP8 

(Grandier-Vazeille et al., 1994), are generally congruent with the rest of the ma-

trix with or without weighting (Table 3). 

We also investigated the phylogenies resulting from the deletion of ND6, 

COII, and COIII altogether. Heuristic searches yielded two different trees (a 

strict consensus of these is presented in Fig. 3). One of the trees had topology 

identical to that of the original tree containing all the genes equally weighted 

(Fig. 1A and data not shown). In the second tree (data not shown), Edentata, 

Proboscidea, and Tubulidentata were grouped basal to the Artiodactyla, Cetacea, 

Perrisodactyla, and Carnivora clade, with the rest of the taxa having the same 

positions. The increased number of most parsimonious trees suggests that the 

deletion of the three incongruent genes diminished resolution and thus phyloge-

netic signal (Cunningham, 1997a).  
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Fig. 3. Strict consensus of two most parsimonious trees obtained by simultaneous analysis of 10 

mitochondrial genes (with COII, COIII, and ND6 excluded) with equal weighting of characters. 

Uninformative characters were excluded from analyses. Bootstrap scores are shown near the 

internal branches. Tree length, CI, and RI are listed in Table 2. 

 

The decrease in resolution following attempts to improve congruence by 

weighting or sampling of characters calls into question the validity of such meth-

ods for the improvement of phylogenetic accuracy. This decrease in resolution 

suggests that the anomalous genes ND6, COII, and COIII along with homopla-

sious characters do contain some information necessary for unambiguous place-

ment of taxa on a tree and that phylogenetic signal contained in these informative 

characters can overcome homoplasy carried in other parts of the genes. Thus, it 

might be tempting for some investigators to try to find stretches of DNA se-

quence that are informative and/or stretches that are homoplasious within genes 

and to try to improve congruence and reduce noise by editing, for example, by 

optimizing characters in a complete data set. This situation in reality may be 

more complicated if, for example, none of the sequences are completely homo-

plasious or completely informative and one needs to deal with individual char-

acters. This makes such phylogenetic editing a daunting task. 

A much simpler approach, however, can yield satisfactory results. As one 

can see here, equal treatment of all data can produce an unambiguous highly 

resolved phylogeny, identical to a tree produced with congruent data obtained 

by omitting evidence. Therefore, improvement of congruence in and of itself is 

not sufficient for improvement of phylogenetic accuracy, but rather increases in 

congruence can often lead to a drop in resolution. Since it is difficult to distin-

guish characters a priori in terms of their information content and homoplasy 

one by one, the best approach in phylogenetic reconstruction would be to analyze 
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all available characters as equally weighted. On the other hand, Cunningham 

(1997a), using six-parameter weighting in an iterative procedure, could show in 

some instances simultaneous improvement in congruence and resolution. How-

ever, Cunningham (1997a) used a much smaller data matrix, and his conclusions 

may hold true only for small matrices. In our case, weighting strategies did not 

significantly affect incongruence of the mitochondrial protein-coding genes, 

probably due to the sheer size of the matrix, which contains almost half a million 

characters. Therefore, if one seeks to improve resolution in a large data set by 

weighting, he or she may not be able to achieve improvement of congruence in 

the first place (Edwards et al., 1997). As Allard et al. (1999a) and Cunningham 

(1997b) have shown, combination and analysis of incongruent data often will 

still produce strongly supported phylogeny, despite high levels of homoplasy in 

the data. Apparently, the signal contained in informative characters usually over-

comes phylogenetic noise made by homoplasious characters [see Kallersjo et al., 

(1999) and Wenzel and Siddall (1999) for a simulation of this phenomenon]. 

The special properties of the mammalian mitochondrial genome, e.g., mater-

nal inheritance and the presence of orthologous single-copy genes, make the mi-

tochondrial DNA a powerful tool for phylogenetic studies in higher vertebrates. 

We show here that conventional methods of reducing homoplasy such as 

weighting may not work well for large data sets. Since weighting strategies in 

this case may not yield greater congruence, but instead decrease resolution 

and/or increase the number of most parsimonious trees, different approaches 

(e.g., taxonomic or gene sampling) should be considered for the analysis of con-

gruence in a large DNA sequence data set. Although homoplasious characters 

have accumulated to some extent in almost every gene, some mitochondrial 

genes (e.g., ND6, COII, and COIII), may have accumulated higher levels of ho-
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moplasy due to the accessory nature of their function and may significantly af-

fect congruence if introduced into a data set. As shown here, ND6, COII, and 

COIII, though highly incongruent with the rest of the molecular data, neverthe-

less carry the phylogenetic signal necessary for reconstruction of a highly re-

solved topology and therefore should be included in the analysis of a combined 

data set. It is known that morphological and fossil data are often incongruent 

with DNA sequence data with regard to cladistic analysis (Miyamoto, 1996). 

However, taken separately, neither type of data seems to be a source of stable 

phylogeny. For example, analysis of morphological data may effectively resolve 

one part of phylogeny, but yield a poor resolution or contradictory results in an-

other part (O’Leary, 1999), where molecular data seem to perform better and 

vice versa in other clades. It would therefore be of interest in the future to try to 

reduce these major sources of phylogenetic information to a common denomi-

nator and analyze them in a combined data set (Allard et al., 1999b). This strat-

egy based on equal treatment of all characters and combined analysis of all avail-

able, albeit incongruent, data in our opinion will yield a better-resolved topology 

and ultimately should resolve many controversies concerning mammalian phy-

logeny. 
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