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SHORT NOTE
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Almost 50 % of all extant mammal species are rodents and much of the
taxonomic confusion in this group concerns the Muroidea. Immunological data,
DNA/DNA hybridization experiments, amino acid sequences, distribution of highly
amplified Lx fragments and mitochondrial DNA sequences disagree with the
morphology based systematics and suggest that the genus Acomys does not belong
to the Murinae llliger, 1814 (1,2,3,4,5,6,7,8,9). If the «acomyines'» (Acomys
Geoffroy, 1838, Uranomys Dollman, 1909 and Lophuromys Peters, 1874) .and the
Murinae are found to be separated by at least two nodes in the .cladograJI.1, the
similarity between the cranial and dental morphologies of these two clades could
be the result of convergent evolution. .

. To ~st recently published phylogenies based on different moJ~~lar, qata we
analyzed the nucleic acid sequences of portions of the mitochondrial cytochrome b
gene (cyt b). In order to evaluate the potential importance of biological sampling
on phylogenetic inference, we studied the relations among a number. of African
genera instead oLMus L., 1758 and Rattus Fisher, 1803 often used as the repre-
sentatives of the Murinae. We present parsimony analyses of cyt b fromsp~ies <?f.
six genera traditionally allocated to the Murinae (Mastomys natalensis. (Smith,
1847); Dasymys incomtus (Sundevall, 1846); Arvicanthis nairobae J.A. Allen, 1909;
Acomys spinosissimus Peters, 1852; A. wi/soni Thomas, 1892; Hybomys univittatus
(peters, 1876); a yet undescribed Hybomys species and Lophuromys flavopunctatus
Thomas, 1888), one species of the Gerbillinae Gray, 1825 (Tatera valida (Bocage,
1890)), species of two genera of Cricetomyinae Roberts, 1951 (Cricetomys,gam-
bianus Waterhouse, 1840 and Beamys hindei Thomas, 1909) and sequences. from the
literatute of species from three genera of the Sigmodontinae Wagner, 1843 (10).
Throughout this contribution we use the taxonomy of Musser and Carleton (11) in
which the Muroidea contain only the family Muridae llliger, 1814 subdivided into
17 subfamilies.

DNA was isolated from frozen or ethanol-preserved muscle tissue samples from
the collections of the Department of Biology of the University of Antwerp
(RUCA). The primers used to amplify a 402 base pairs (bp) long cyt b gene
segment were Ll3724 (5'-CGAAGCTTGATATGAAAAACCATCGTTG.3' and H14139
(5'-AAACTGCAGCCCCTCAGAATG ATATITGTCCTCA-3') (12). PCR-reactions were
performed in three vials containing 25 III of Tris buffer (10 mM, pH 9.0) containing



''''i

404 ERIK VERHEYEN, MARC COLYN AND WALTER VERHEYEN

50 mM KCI, 1.5 mM MgCI2, 0.2 mM of each dNTP, 0.4 ~M of each primer, 50-500 ng tem-
plate DNA, and Taq polymerase (0.65 units: 30 cycles, 94°C: 60s, 49°C : 60s and 72°C:
90s). The double-stranded PCR product was cleaned on a Millipore Ultrafree-MC
30,000 spin column to remove unincorporated nucleotides and cycle sequenced on an ALF-
DNA Sequencer according to the manufacturer's protocol, using 0.8 ~M primer, 2.5 units of
Tth polymerase and both primers (pharmacia). The mtDNA sequences were analysed using
the parsimony method (pAUP 3.1.1 : 13). Transversions (TV) were considered to be ten times
more important than transitions (TS) and cyt b sequences of the marsupial Didelphis
virginiana Kerr, 1792 and/or the Geomyidae Bonaparte, 1845 Cratogeomys Merriam, 1895,
Geomys Rafinesque, 1816 and Papageomys Merriam, 1895 (14, 15) were used as outgroup
sequences. Statistical support for the branching patterns was estimated using the bootstrap
method under the same TS/TV settings (100 replications) in PAUP.

We analysed 357 bp of the mitochondrial cyt b fragment. In total 172 sites were
variable and 152 sites were parsimony informative. A high number of amino acid
replacements were observed of which 33 of the 119 sites were informative for par-
simony analysis. Pairwise comparisons among the cyt b sequences indicated that
TS/TV ratios are low, suggesting that the studied taxa have diverged long ago or
have undergone unusual rapid mutation rates in comparison with other mam-
mals (16, 17). ~inally, the overall base compositions within the muroids showed a
strong anti-G bias at third positions in cyt b. (A : 41 %, T : 21 %, C : 36 % and
G : 2 %). Because of the degenerate nature of the amino acid code, many third
codon positions and some first positions are less constrained and evolve .at a 'higher
rate (16). In accordance with observations on the cyt b sequences of arctic car-
nivores many third codon positions were found to be completely consistent with the
obtained phylogeny; therefore we did not delete these characters (17).

P~.rsimony analysis yielded a single most parsimonious tree whose branching
pattern was subsequently evaluated using the bootstrap method. The clades agreed
with the subfamily grouping of most of the species studied (Fig. I): Analyses that
did not take the observed TSfTV ratio into account never resulted .in trees in agree-
ment with the (morphology based) classification of the studied species. The
Cricetomyinae is' the only subfamily in our dataset that was not supported by
enough characters to yield a bootstrap value higher than 50 %. Tatera valida, the
only representative of the Gerbillinae in our data set, did not cluster with any of
the other subfamilies.

Our cyt b phylogeny does not exclude the' possibility that the « acomyines »and
the Murinae .are a monophyl~tic group and the Acomys-Lophuromys clade may be ..
a sister-clade to the' African murines as has been suggested by immunological
data (9). In addition, cyt b sequences of Uran'omys ruddi Dollman, 1909 (not shown)
confirm the existence of an Acomys-Lophuromys-Uranomys clade (4,9, .18, 19)..Our
data did not ailow us to evaluate whether or not the « acomyines» ate closely
related to the genus Tatera as suggested by recent DNA hybridiza.tion and amino
acid sequence data (5, 6, 9).

Our study illustrates the limitations of partial cyt b sequences for phylogenetic
studies .within and among muroid subfamilies. The only phylogenetic statement at
the « subfamily level» that is supported by our data is the inclusion of the
Sigmodontinae within the Muridae. Although our cyt b phylogeny is consistent
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Fig,-I. - Cladogramprodm:edby par~imo~:analyses.of a partial mitochondrial cyt b gene
(357 aligned sites)of representativesof twelve murid genera(seetext). Numbers at nodesare
bootstrap values obtained after 1,00rep'li~tes (C.!. = 0.28).The Cricetomyinae is not.suppor-
ted by enough charactersto ~eld a boo~~tnlpvalue> 50 %.

with the subfari1ily groupings within the ,muroids, more sequence information will
be requited fo 1 establish the relationships between the _Murinae and the
« acomyines ». or to determine the phylogenetic relations among muroid sub-
families. Consequently, a portion of the 16S rRNA mitochondrial gene is presently
being sequenced on more taxa of various African subfamilies of the Muridae to be
added to our data-base. Confirmation from our cyt b sequences of Otomys lacustris
Allen and Loveridge, 1933 (subfamily Otomyinae Thomas, 1897; data not shown)
that this genus belongs to the Murinae ,---,.aswas recently suggested by iII1ID;unologi-

cal data (9} - illustrates the n~ed.toinclu?e taxa of all subfamilies in such .aqalyses.

. We thank P. ?elepQrte fo~ hi~comm_el}tson an earlier draft of this manuscript.-a,~d
K. Breugelmansand J-M. Timmerman!. fo( the technical assistance.This researchwas sup-,
ported by pr~grani 2.90004.90.of'the 'Fund tor Collective Fundamental Research.

, - (received on 27 October 1995)

REFERENCES

1. SARICH,V.M. (1985)- Rodent macromolecular systematics.In. : « EvolutiQnW:yrel~-
tionshipsamongrodents». Eds. W.P. Luckett and J.-L. Hartenberger, Plenum Press, New
York : 423-452.



406 ERIK VERHEYEN, MARC COLYN AND WALTER VERHEYEN

2. WILSON,A.C., H. OCHMANANDE.M. PRAGER(1987) - Molecular time scale for evolu.
tion. Trends Genet., 3 : 241-247.

3. FRAGUEDAKIS-TsoLlS,S.E., D.P. CHONDROPOULOSand N.P. NIKOLETOPOULOS(1993) ,.
On the phylogeny of the genus Acomys (Mammalia: Rodentia). Z. Saugetierkd., 58 : 240-
243. "

4. CHEVRET,P., C. DENYs., J.-J. JEAGER,J. MICHAUXand F.M. CATZEFLIS(1993) -
Molecular evidence that the spiny mouse (Acomys) is more closely related"to gerbils (Ger-
billinae) than to true mice (Murinae). Proc. Nat/. Acad. Sci. USA, 90 : 3433-3436.

5. GRAUER,D (1994) - Molecular evidence concerning the phylogenetic integrity of the
Murinae. Isr. J. Zool., 40 : 255-264.

6. FURANO,A.V., B.E. HAYWARD,P. CHaVRJ!T,F.M. CATZEFLISand K. USDIN(1994).-
Amplification of the ancient murine LX family of long interspersed repeated DNA during
the murine radiation. J. Mo/. Evo/., 38 : 18-27. . I

7. PASCALE,E., E. VALLE and A.V. FURANO (1990) - Amplification of an ancestral mam- ;
malian L1 family of long interspersed repeated DNA occurred just before the murine
radiation. Proc. Natl. Acad. Sci. USA, 87 : 9481-9485. .

8. HANNI c., V. LAUDET,V. BARRIEL,and F.M. CATZEFLIS(1995) - Evolutionary rela-
tionships of Acomys and other murids (Rodentia, Mammalia) based, upon !X>mplete
12rRNA mitochondrial gene sequences. Isr. J. Zoo/., 41 : 131-136.

9. WATIS,C.H.S and P.R. BAVERSTOCK(1995) - Evolution in Murinae (Rodentia) assessed
by microcomplement fIXation of albumin. Aust. J. Zoo/., 43 : 105-117.

10. SMITII,M.F., and J.L. PATTON(1991) - Variation in the mitochondrial cytochrome b
sequence in natural populations of South American akodontine rodents (Muridae :
Sigmodontinae). Mol. Bioi. Evo/., 8 : 85-103.

11. MUSSER,G.G and M.D. CARLETON(1992) - Family Muridae. In : « Mammal Species of
the World: A Taxonomic and Geographic Reference». Eds. Don E. Wilson and Dee Ann
M. Reeder: 501-755.

12. KOCHER, T.D., W.K. THOMAS,A. MEYER, S.V. EDWARDS, S. PXABo, F.x. VILLABLANq .
and A.C. WILSON(1989) - Dynamics of mitochondrial DNA evolution in animals: '

Amplification and sequencing with conserved primers. Proc. Nat/. Acad. Sci. USA, 86 :
6196-6190. .

13. SWOFFORD,D.L (1993) - PAUP: Phylogenetic Analysis Using Parsimony, Version 3.1.1..j
Computer program distributed by the Illinois Natura! History Survey,' C.hampaign, "::
Illinois. " " I,

14. JANKE A., G. FEWMAIER-FuCHS,W.K. 'THOMAS,A. VON liAEsELER'and s. .PliJK) ~

(1994) - The marsupial mitochondrial genome and the evolution of pla'7n~l.manunals.'j
Genetics, 137 : 243-256. " .' ":;

15. DEWALT, T.S., P.D. SUDMAN,M.S. HAFNER and S.K. DA:VIS(1993) ~Phyloge~etic r~la" l'
tionships of pocket gophers (Cratogeomys and Pappageomys) ba;sed upop DNA ';'
cytochrome b sequences. Mo/. Phyl. Evol. 2 : 193-194. . . . ~

16. IRWIND.M., T.D. KOCHERand A.C. WILSON(1991) - Evolution of $e cYtochrome b :

gene of mammals.J. Mol. Evol. 32.: 128-134. . . .;"
17. VRANA,P.B., M.C. MILINKOVITCH,J.R.POWELL andW.C. WHEEiER0994>- ---;-~ilWe.r ::

level relationships of the artoid carnivora based on sequence data and « total evidence».
Mol. Phyl. Evol. 3 : 47-58.

18. CHEVRET,P. and C. HANNI (1994) - Systematics of the spiny mouse (Acomys :
Muroidea) : Molecular and biochemical evidence. Isr. J. Zool., 40 : 247-254.

19. DENYS,C., J. MICHAUX,F. PETTER,J.P. AGULLAR,and J.-J. JAEGER(1991) - Molar
morphology as a clue to the phylogenetic relationship of Acomys to the Murinae. Isr. J.
Zool., 38 : 253-262.

.-,


