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ABSTRACT

Molecular sequence data, comparative cytogenetics, and fluorescence in sifu hybridization
(FISH) were employed to study evolutionary relationships within the duiker antelope (tribe
Cephalophini). The results of the different data sets are highly concordant. Mitochondrial
DNA sequences (the full cytochrome b gene and a 767 bp portion of the 12S rRNA) were
analyzed from all 19 recognized species. Complete species representation and good
cytochrome b resolution allowed for the retrieval of four adaptive lineages, the conservative
dwarfs (Cephalophus monticola, C. maxwellii) which were the most basal clade, the
savanna specialist (Sylvicapra grimumia) which groups apart from all the forest duiker, the
giant duiker group (C. silvicultor, C. spadix, C. dorsalis, C. jentinki), and the red duiker
lineage (C. leucogaster, C. rufilatus, C. nigrifrons, C. natalensis, C. harveyi, C. callipygus,
C. weynsi, C. ogilbyi, C. rubidus, C. niger). The placement of the endangered C. zebra
and the enigmatic C. adersi remains obscure.
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Conventional chromosome banding showed a 2n=60 complement in C. spadix extending
previous observations that speciation in duiker antelope does not involve euchromatic
rearrangements or variation in diploid number. At a finer level, fluorescence in situ
hybridization with species specific satellite fragments derived from the chromosomal DNA of
C. maxwellii and C. monticola, resulted in intense fluorescence to the centromeric regions of
the autosomes of all species (S. grimmia, C. dorsalis, C. maxwellii, C. monticola, C.
natalensis, C. silvicultor, C. spadix). However, variation in hybridization to the X and Y
chromosomes allowed for some distinction among taxa. These results are consistent with
the delimitation of the four adaptive groups suggested by molecular analysis and the
published morphological data which, when taken together, question and in some instances
support several of the nomenclatural divisions in current use in duiker taxonomy. These
include the recognition of Philantomba as genus name for C. monticola and C. maxwellii, an
arrangement that would secure Cephalophus monophyly, and that C. harveyi be relegated to
a subspecies of C. natalensis.

Keywords Duiker, Cephalophini, systematics, phylogeny, mitochondrial DNA,
cytochrome b, 12S rRNA, biogeography, comparative cytogenetics, fluorescence in situ
hybridization.
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739 steps. Nonparametric bootstrap values obtained after 1 000 iterations are
shown above branches while the number of unambiguous characters that occur
along branches are shown below them. Bootstrap values for nodes that
received less than 50% support are not indicated.

Figure 3  The optimal maximum likelihood topology inferred from the
cytochrome b data. The tree was constructed in Paup 4.0b2a (Swofford 1999)
under the HKY (Hasegawa ef al. 1985) model of sequence evolution with rate
heterogeneity (gamma shape parameter=0.168), empirical ti/tv ratio (13:1), and
nucleotide frequencies calculated from the data. Bootstrap support, obtained

from 100 iterations, is shown.

Figure 4 Neighbor joining tree constructed in Paup 4.0b2a (Swofford 1999)
from 1 140 bp of the cytochrome b gene. The HKY (Hasegawa et al. 1985)
correction was applied to the distance matrix, with equal rates of evolution
assumed for all lineages. The branch lengths are drawn proportionally to the
amount of change occurring along them, and nonparametric bootstrap support

is indicated.
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Figure § The cytochrome b parametric bootstrap topology obtained from 1 000
simulated data sets created by the Siminator computer program (Huelsenbeck
etal. 1996). The most parsimonious tree (Fig. 2) was used as the model tree,
with the gamma shape parameter (0.168) and kappa value (27.167) estimated
via maximum likelihood. The simulated data sets were developed under the
HKY (Hasegawa et al. 1985) model of evolution.

Figure 6 Strict consensus tree of 14 equally most parsimonious trees obtained
from 767 bp of the 12S rRNA gene under a 2:1 ti/tv ratio, Nonparametric
bootstrap values for nodes are presented above branches and the number of
unambiguous changes that plot along them are indicated below the branches.

No changes are shown on branches within polytomies.

Figure 7 Neighbor joining tree constructed from 767 bp of the small ribosomal
subunit in Paup 4.0b2a (Swofford 1999). The HKY correction (Hasegawa et
al. 1985) was applied to the distance matrix. Branches are drawn
proportionally to the amount of change occurring on them, and nonparametric
bootstrap support for nodes is indicated.

Figure 8 Maximum likelihood topology obtained from the 12S rRNA gene. The
tree was constructed in Paup 4.0b2a (Swofford 1999) under the HKY
(Hasegawa et al. 1985) model of sequence evolution with equal rates, the
empirical ti/tv ratio (7:1), and nucleotide frequencies calculated from the data.

Bootstrap support was obtained using 100 iterations.
Figure 9 G-banded female karyotype of C. spadix (2n1=60) from Tanzania.

Figure 10 C-banded metaphase cellof a C. spadix female. Arrowheads indicate
the X chromosomes.
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Figure 11 Digestion profiles of 5 duiker species. The unique satellite fragments
that were selected as FISH probes are indicated by the arrows. (A) 1.4 kb
fragment (lane 2) released in C. monticola by Pstl digestion, (B) 2.8 kb
satellite fragment isolated from C. maxwellii (lane 3) after digestion with
Pvull, (C) two 2.8 kb fragments (lanes 2 and 3) isolated from C. monticola
and C. maxwellii after digestion with EcoRI.

Figure 12 FISH results showing hybridization patterns of the four probes
isolated from C. monticola and C. maxwellii. Identical hybridization patterns
were found using all four painting probes (see text). As a representative, the
EcoRI-Max probe results are illustrated here. The X and Y chromosomes,
where present and identifiable, are indicated by arrows. (A) C. maxwellii and
C. monticola (shown) had identical FISH patterns; (B) FISH patterns
characteristic of S. grimmia and C. natalensis (shown); (C) FISH patterns
characteristicof C. silvicultor, C. spadix and C. dorsalis (shown); (D) absence
of signal following FISH to the metaphase chromosomes of cattle (outgroup).
Only a partial spread for B. raurus is presented.

Figure 13 Southern blot of Cfol digested DNAs of seven duiker species and an
outgroup species after probing with the C. maxwellii EcoRI fragment. Lane
1=§. grimmia; lane 2=C. maxwellii; lane 3=C. monticola; lane 4=C.
natalensis; lane 5=C. dorsalis; lane 6=C. silvicultor; lane 7=C. spadix; lane
8=B. raurus.

Figure 14  Cloned EcoRI-Max fragments released after digestion by EcoRI.
Clones with an insert size spanning approximately 0.6 kb to 0.8 kb were
selected for sequencing (lanes A7, B4, B5, B8). The Pharmacia kilobase

DNA marker (lanes A1 and B1) was used as the size standard.

Figure 15 Partial sequence of four cloned EcoRI-Max fragments.
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Figure 16 Results of the unordered parsimony analyses based on the combined
molecularand cytogenetic data sets. (A) The bootstrap consensus tree (1 000
replicates) obtained when all duiker taxa are included. Nodes that received less
than 50% support were collapsed. (B) The single most parsimonious tree
obtained when only taxa for which cytogenetic data were available are
included. The tree was produced with the heuristic search option in Paup
4.0b2a (Swofford 1999) with 100 random replacements. Bootstrap support
obtained from 1 000 iterations is shown above the branches.
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