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32Short-tailed opossums (genus Monodelphis) represent one of the most speciose clades of New World mar-
33supials, with 26 currently recognized species that range from eastern Panama to northern Argentina.
34Here we present the first phylogenetic analyses of the genus based on dense taxonomic sampling and
35multiple genes. From most sampled species we obtained >4800 bp of DNA sequence from one mitochon-
36drial gene (CYTB), two autosomal exons (IRBP exon 1, BRCA1 exon 11), one autosomal intron (SLC38
37intron 7), and one X-linked intron (OGT intron 14). Maximum-parsimony, maximum-likelihood and
38Bayesian analyses of these data strongly support the monophyly of Monodelphis and recover six major
39clades within the genus. Additionally, our analyses support previous suggestions that several nominal
40taxa are synonyms of other species (M. ‘‘sorex’’ of M. dimidiata, M. ‘‘theresa’’ of M. scalops, M. ‘‘rubida’’
41and M. ‘‘umbristriata’’ of M. americana, and M. ‘‘maraxina’’ of M. glirina). By contrast, four unnamed lin-
42eages recovered by our analyses may represent new species. Reconstructions of ancestral states of two
43discrete characters—dorsal pelage color pattern and habitat—suggest that the most recent common
44ancestor of Monodelphis was uniformly colored (with unpatterned dorsal pelage) and inhabited moist for-
45est. Whereas some dorsal pelage patterns appear to have evolved homoplastically in Monodelphis, dorsal
46stripes may have had a unique historical origin in this genus.
47� 2014 Published by Elsevier Inc.
48

49

50

51 1. Introduction

52 Short-tailed opossums (Monodelphis) comprise one of the most
53 species-rich clades of living New World marsupials. Included spe-
54 cies are small terrestrial predators that occur in a wide variety of
55 habitats (lowland rain forest, dry forest, montane forest, and
56 savanna) from eastern Panama to northern Argentina (Pine and
57 Handley, 2008; Solari, 2007; Voss and Jansa, 2009). Formerly an
58 obscure and neglected taxon, Monodelphis is now widely known
59 as an important model organism for biomedical research due to
60 the domestication and whole-genome sequencing of M. domestica,
61 the grey short-tailed opossum (Keyte and Smith, 2008; Ley, 1987;
62 Mikkelsen et al., 2007; Saunders et al., 1989). Among other

63multidisciplinary applications, M. domestica has recently been used
64for studies of neural development (Dooley et al., 2012) gene
65expression (Das et al., 2012; Sears et al., 2012), and therapeutic
66oncology (Nair and VandeBerg, 2012). Unfortunately, the ever-
67increasing popularity of M. domestica as a model organism has
68not been accompanied by systematic understanding of the genus
69as a whole. Monodelphis has never been revised taxonomically,
70phylogenetic relationships of its member species are incompletely
71resolved and often weakly supported by existing molecular data,
72the taxonomic status of several nominal species has been disputed,
73and other taxa remain undescribed.
74The last published taxonomic summary of the genus (Pine and
75Handley, 2008) recognized 20 species. Subsequently, one species
76was synonymized with another (Vilela et al., 2010), two nominal
77taxa previously treated as junior synonyms were recognized as
78valid species (Pavan et al., 2012; Solari, 2007), and four species
79were described as new (Pavan et al., 2012; Solari, 2007; Solari
80et al., 2012; Voss et al., 2012). Altogether, these changes raised

http://dx.doi.org/10.1016/j.ympev.2014.05.029
1055-7903/� 2014 Published by Elsevier Inc.

⇑ Corresponding author at: Division of Vertebrate Zoology (Mammalogy), Amer-
ican Museum of Natural History, Central Park West at 79th St., New York, NY 10024,
USA.

E-mail addresses: sepavan@yahoo.com (S.E. Pavan), jansa003@umn.edu
(S.A. Jansa), voss@amnh.org (R.S. Voss).

Molecular Phylogenetics and Evolution xxx (2014) xxx–xxx

Contents lists available at ScienceDirect

Molecular Phylogenetics and Evolution

journal homepage: www.elsevier .com/ locate /ympev

YMPEV 4925 No. of Pages 16, Model 5G

6 June 2014

Please cite this article in press as: Pavan, S.E., et al. Molecular phylogeny of short-tailed opossums (Didelphidae: Monodelphis): Taxonomic implications
and tests of evolutionary hypotheses. Mol. Phylogenet. Evol. (2014), http://dx.doi.org/10.1016/j.ympev.2014.05.029

http://dx.doi.org/10.1016/j.ympev.2014.05.029
mailto:sepavan@yahoo.com
mailto:jansa003@umn.edu
mailto:voss@amnh.org
http://dx.doi.org/10.1016/j.ympev.2014.05.029
http://www.sciencedirect.com/science/journal/10557903
http://www.elsevier.com/locate/ympev
http://dx.doi.org/10.1016/j.ympev.2014.05.029


81 the total number of recognized species to 25, but Pine et al. (2013)
82 recently recognized a total of 26 species. Unfortunately, many deci-
83 sions about the validity of nominal taxa currently ranked as species
84 remain untested by analyses of genetic data.
85 Although the monophyly of Monodelphis has been indepen-
86 dently supported by numerous studies based on morphological,
87 chromosomal, and/or molecular data (e.g., Caramaschi et al.,
88 2011; Carvalho et al., 2011; Flores, 2009; Hershkovitz, 1992;
89 Jansa and Voss, 2000; Kirsch and Palma, 1995; Lim et al., 2010;
90 Patton and Costa, 2003; Patton et al., 1996; Pavan et al., 2012;
91 Pine et al., 2013; Solari, 2007; Steiner and Catzeflis, 2004; Vilela
92 et al., 2010; Voss and Jansa, 2003; Voss and Jansa, 2009), such stud-
93 ies have included only a few (<50%) of the currently recognized
94 species in the genus. By contrast, the most taxonomically inclusive
95 phylogenetic analysis of Monodelphis (Solari, 2010), which was
96 based on partial cytochrome-b sequences from 18 species, failed
97 to support generic monophyly. This important study was also the
98 first to recover statistically robust support for species-group rela-
99 tionships within the genus, but key basal relationships were not

100 strongly supported. As pointed out by Solari (2010), sequence data
101 from additional loci, including slowly evolving nuclear genes, cou-
102 pled with a broader taxonomic sample are needed to further test
103 the monophyly of Monodelphis and the relationships among its
104 species.
105 Monodelphis exhibits striking variation in several phenotypic
106 characters, notably pelage coloration (Matschie, 1916; Patton
107 et al., 2000; Pine, 1976; Voss and Jansa, 2009), behavior (diurnality
108 and noturnality; Emmons and Feer, 1997; Streilein, 1982a), and
109 reproductive strategies (semelparity and iteroparity; Pine et al.,
110 1985; Streilein, 1982b). Of these, only pelage coloration is cur-
111 rently amenable to comparative analysis because behavioral and
112 reproductive traits are unknown for many species. Additionally,
113 pelage coloration has long been of interest to taxonomists because
114 several distinct patterns are easily recognized (Fig. 1), and because
115 these have been used to assign species to species groups (Gilmore,
116 1941; Matschie, 1916; Miranda-Ribeiro, 1936; Pine, 1976). How-
117 ever, whereas some authors have considered pelage color pattern
118 as indicators of group membership (Gilmore, 1941), others have
119 hypothesized that convergence might be involved (Pine, 1976;

120Solari, 2010). Indeed, convergence in pelage traits as a result of
121adaptation to similar habitats has been demonstrated for other
122mammals (Dice, 1941; Hoekstra, 2005), and the same might be
123true for Monodelphis.
124Herein, we report the results of our analyses of DNA sequence
125data from one mitochondrial and four nuclear markers, which we
126obtained from most of the nominal taxa currently recognized as
127valid species of Monodelphis in the literature cited above. Our
128objectives in this report are (1) to test the monophyly of the genus;
129(2) to test the genetic integrity of currently recognized species,
130especially those with noteworthy geographic variation and contro-
131versial synonyms; (3) to resolve interspecific relationships within
132the genus; and (4) to explore the evolution of pelage-color pheno-
133types in relation to habitat. Biogeographic inferences and phyloge-
134ographic analyses, both of which require extensive information
135about spatial distributions that cannot be effectively summarized
136here, will be the subject of subsequent publications.

1372. Materials and methods

1382.1. Taxon sampling and phylogenetic assumptions

139We obtained DNA sequence data from representative material
140of all currently recognized species of Monodelphis except M. ronaldi
141(known only from the holotype; Solari, 2004) and M. unistriata
142(known from just two specimens, both >100 years old; Pine et al.,
1432013). Additionally, we obtained sequence data from unnamed
144forms of Monodelphis that Pine and Handley (2008) referred to as
145‘‘species A’’ (from the Venezuelan llanos) and ‘‘species E’’ (from
146southeastern Brazil). All of the other three alphabetically desig-
147nated forms discussed by Pine and Handley (2008)—including
148‘‘species B’’ (subsequently named as M. sanctaerosae by Voss
149et al., 2012), ‘‘species C’’ (described as M. gardneri by Solari et al.,
1502012), and ‘‘species D’’ (synonymized with M. touan by Pavan
151et al., 2012)—are also represented by sequence data in this study.
152We assessed genetic variation within currently recognized spe-
153cies by including sequence data from as many geographic popula-
154tions as possible, making a particular effort to obtain multiple

Fig. 1. Species of Monodelphis with alternative dorsal pelage color patterns: (A) M. domestica (uniform coloration); (B) M. touan (reddish sides); (C) M. emiliae (reddish head-
and-rump); (D) M. americana (dorsal stripes). Photo credits (clockwise from top left: T. Semedo, S. Pavan, D. Pavan, T. Semedo.
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