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Abstract  The bank vole (Clethrionomys glareolus) and the 
northern red-backed vole (C. rutilus) are two closely related 
species where interspecific crosses result in fertile female but 
sterile male offspring. Mitochondrial DNA (mtDNA) fromC. rutilus 
has passed the species barrier and is found inC. glareolus from 
northern Fennoscandia. The present report shows that the 
genetic distance between the two species, calculated from 
enzyme data (Nei'sD), is 0.64. Isoelectric focusing of muscle 
proteins resolved around 55 bands, of which each species had 6 
or 7 bands not present in the other species. Sequence divergence 
of mtDNA from the two species is 13.9%. A comparison between 
protein and mtDNA distances in other species pairs reveals a 
high correlation between the two measures, indicating that 
differences in mtDNA between taxa are not random when 
compared to divergence in protein-coding nuclear genes. The 
relationship between genetic divergence in proteins and that in 
mtDNA betweenClethrionomys glareolus andC. rutilus is similar 
to that found in other species pairs. It is also shown that despite 
large differences on the protein level it is still, in some cases, 
possible for species pairs to produce fertile hybrid females. 

Key words   Clethrionomys  - mitochondrial DNA - genetic 
divergence 

This study was sponsored by the Swedish Natural Science 
Research Council, the Erik Philip-Sörensen Foundation, and the 
Nilsson-Ehle Foundation. 

References 

(1) Department of Genetics, Uppsala University, Box 7003, S-750 07 Uppsala, 
Sweden

 

Allendorf, F. W., Mitchell, N., Ryman, N., and Stähl, G. (1977). Isozyme loci in 
brown trout (Salmo trutta L.): Detection and interpretation from population 
data.Hereditas 86179.

 

Avise, J. C., and Aquadro, C. F. (1982). A comparative summary of genetic 
distances in the vertebrates.Evol. Biol. 15151.

 

Avise, J. C., Giblin-Davidson, C., Laerm, J., Paton, J. C., and Lansman, R. A. 
(1979). Mitochondrial DNA clones and matriarchal phylogeny within and among 
geographic populations of the pocket gopher,Geomys pinetis.Proc. Natl. Acad. 
Sci. USA 766694.

 

Find more options 

 
 

... Go

Within all content

Within this journal

Within this issue

Export this article 

Export this article as RIS | Text 
  

Referenced by 

7 newer articles 
 
1.

2.

3.

4.

5.

6.

7.

Content Types Subject Collections 

PDF (810.5 KB)   

JAAROLA, M. (1995) 
Colonization history of north 
European field voles 
(Microtus agrestis) revealed 
by mitochondrial DNA. 
Molecular Ecology 4(3) 
[CrossRef]  
TEGELSTROM, HÅKAN 
(1989) Genetic divergence in 
mitochondrial DNA between 
the Wood mouse (Apodemus 
sylvaticus) and the Yellow 
necked mouse (A. 
flavicollis). Hereditas 111(1) 
[CrossRef]  
JAAROLA, MAARIT (1999) 
Colonization history in 
Fennoscandian rodents. 
Biological Journal of the 
Linnean Society 68(1-2) 
[CrossRef]  
Ruedi, Manuel (1996) 
Genetic differentiation and 
zoogeography of Asian 
Suncus murinus (Mammalia: 
Soricidae). Biological Journal 
of the Linnean Society 57(4) 
[CrossRef]  
Taggart, Travis W. (2001) 
Palm-Pitviper (Bothriechis) 
Phylogeny, mtDNA, and 
Consilience. Cladistics 17(4) 
[CrossRef]  
DEFFONTAINE, V. (2005) 
Beyond the Mediterranean 
peninsulas: evidence of 
central European glacial 
refugia for a temperate 
forest mammal species, the 
bank vole (Clethrionomys 
glareolus). Molecular Ecology 
14(6) 
[CrossRef]  
Davison, Angus (2001) 
Mitochondrial 
phylogeography and 
population history of pine 
martens Martes martes 
compared with polecats 
Mustela putorius. Molecular 
Ecology 10(10) 
[CrossRef]  

Page 1 of 4SpringerLink - Journal Article

2010-04-15http://www.springerlink.com/content/q21757r975825288/



Avise, J. C., Shapira, J. F., Daniel, S. W., Aquadro, C. F., and Lansman, R. A. 
(1983). Mitochondrial DNA differentiation during the speciation process 
inPeromyscus.Mol. Biol. Evol. 138.

 

Baverstock, P. R., Adams, M., Maxson, L. R., and Yosida, T. H. (1983). Genetic 
differentiation among karyotypic forms of the black rat,Rattus rattus.Genetics 
105969.

 

Beck, M. L., and Kennedy, M. L. (1980). Genic variation in the southern red-
backed vole,Clethrionomys gapperi.J. Elisha Mitchell Sci. Soc. 9627.

 

Bonhomme, F., Catalan, J., Britton-Davidian, J., Chapman, V. M., Moriwaki, K., 
Nevo, E., and Thaler, L. (1984). Biochemical diversity and evolution in the 
genusMus. Biochem. Genet. 22275.

 

Brown, W. M., George, M., Jr., and Wilson, A. C. (1979). Rapid evolution of 
animal mitochondrial DNA.Proc. Natl. Acad. Sci. USA 761967.

 

Brown, W. M., Prager, E. M., Wang, A., and Wilson, A. C. (1982). Mitochondrial 
DNA sequences of primates: Tempo and mode of evolution.J. Mol. Evol. 18225.

 

Bruce, E. J., and Ayala, F. J. (1979). Phylogenetic relationships between man 
and the apes: Electrophoretic evidence.Evolution 331040.

 

Canham, R. P., and Cameron, D. G. (1972). Variation in the serum proteins of 
the red-backed miceClethrionomys rutilus andC. gapperi and its taxonomic 
significance.Can. J. Zool. 50217.

 

Catzeflis, F. M., Sheldon, F. H., Ahlquist, J. E., and Sibley, C. G. (1987). DNA-
DNA hybridization evidence of the rapid rate of muroid rodent evolution.Mol. 
Biol. Evol. 4242.

 

Clayton, J. W., and Tretiak, D. N. (1972). Amine-citrate buffers for pH control in 
starch gel electrophoresis.J. Fish. Res. Bd. Can. 291169.

 

Coyne, J. A. (1985). The genetic basis of Haldane's rule.Nature 314736.

 

Fedyk, A., and Gebczynski, M. (1980). Genetic changes in seasonal 
generations of the bank vole.Acta. Theriol. 25475.

 

Ferris, S. D., Brown, W. M., Davidson, W. S., and Wilson, A. C. (1981). 
Extensive polymorphism in the mitochondrial DNA of apes.Proc. Natl. Acad. 
Sci. USA 786319.

 

Ferris, S. D., Sage, R. D., Prager, E. M., Ritte, U., and Wilson, A. C. (1983). 
Mitochondrial DNA evolution in mice.Genetics 105681.

 

Gamperl, R. (1982). Chromosomal evolution in the 
genusClethrionomys.Genetica 57193.

 

Gebczynski, M., Nielsen, J. T., and Simonsen, V. (1986). An electrophoretic 
comparison between three sympatric species of rodents from Jutland, 
Denmark.Hereditas 10455.

 

Gill, A. E. (1980). Partial reproductive isolation of subspecies of the California 
vole,Microtus californicus.Genetica 52/53105.

 

Grant, P. R. (1974). Reproductive compatibility of voles from separate 
continents (Mammalia:Clethrionomys).J. Zool. Lond. 174245.

 

Grey, A. P. (1972).Mammalian Hybrids. A Check-List with Bibliography, 
Technical Communication No. 10 (Revised) of the Commonwealth Bureau of 
Animal Breeding and Genetics, Edinburgh, Commonwealth Agricultural 
Bureaux, Farnham Royal, England.

 

Guillemette, J. G., and Lewis, P. N. L. (1983). Detection of subnanogram 
quantities of DNA and RNA on native and denaturing polyacrylamide and 
agarose gels by silver staining.Electrophoresis 492.

 

Haldane, J. B. S. (1922). Sex ratio and unisexual sterility in hybrid animals.J. 
Genet. 12101.

 

Hall, S. J. G. (1979). Haemoglobin polymorphism in the bank 
vole,Clethrionomys glareolus, in Britain.J. Zool. Land. 187153.

 

Hall, S. J. G., and Semeonoff, R. (1985). Plasma esterase polymorphism in the 
bank vole,Clethrionomys glareolus, in Britain,J. Zool. Lond. 207213.

 

Ads by Google

PNA: Peptide 

Nucleic Acid  

 

Custom PNA 

synthesis, Fmoc 

monomer, telomere 

FISH, miRNA 

inhibitors  

 
panagene.com

Page 2 of 4SpringerLink - Journal Article

2010-04-15http://www.springerlink.com/content/q21757r975825288/



Harris, H., and Hopkinson, D. A. (1976).Handbook of Enzyme Electrophoresis 
in Human Genetics North-Holland, Amsterdam.

 

Hasegawa, M., Kishino, H., and Yano, T. (1985). Dating of the human-ape 
splitting by a molecular clock of mitochondrial DNA.J. Mol. Evol. 22160.

 

Honacki, J. H., Kinman, K. E., and Koeppl, J. W. (1982).Mammal Species of the 
World. A Taxonomic and Geographic Reference Allen Press and Association of 
Systematics Collections, Lawrence, Kans.

 

Imai, H. T., Maruyama, T., and Crozier, R. H. (1983). Rates of mammalian 
karyotype evolution by the karyotype method.Am. Nat. 121477.

 

Kuryshev, S. V., and Khvorostyanskaya, L. P. (1984). Annual change in 
demographic and genetic parameters in populations of northern and grey-
backed voles.Soviet J. Ecol. March (translated fromEkologiya 4:46, 1983).

 

Lansman, R. A., Shade, R. O., Shapira, J. F., and Avise, J. C. (1981). The use 
of restriction endonucleases to measure mitochondrial DNA sequence 
relatedness in natural populations. III. Techniques and potential applications.J. 
Mol. Evol. 17214.

 

Marshall, J. T., and Sage, R. D. (1981). Taxonomy of the house mouse.Symp. 
Zool. Soc. Lond. 4715.

 

Matthey, R. (1953). Les chromosomes des Muridae. Révision critique et 
matériaux nouveaux pour servir á l'histoire de l'évolution chromosomique chez 
ces rongeurs.Rev. Suisse Zool. 60225.

 

Mihok, S., Fuller, W. A., Canham, R. P., and McPhee, E. C. (1982). Genetic 
changes at the transferrin locus in the red-backed vole (Clethrionomys 
gapperi).Evolution 37332.

 

Nadler, C. F., Rausch, V. R., Lyapunova, E. A., Hoffmann, R. S., and 
Vorontsov, N. N. (1976). Chromosomal banding patterns of the Holarctic 
rodents,Clethrionomys rutilus andMicrotus oeconomus.Z. Säugetierkunde 
41137.

 

Nei, M. (1975).Molecular Population Genetics and Evolution, North-Holland.

 

Nei, M., and Li, W.-H. (1979). Mathematical model for studying genetic variation 
in terms of restriction endonucleases.Proc. Natl. Acad. Sci. USA 765269.

 

Nevo, E. (1985). Ecological and populational correlates of allozyme 
polymorphisms in mammals.Acta. Zool. Fenn. 17025.

 

Rauschert, K. (1963). Sexuelle Affinität Zwischen Arten and Unterarten von 
Rötelmäusen (Clethrionomys).Biol. Zentralbl. 82653.

 

Ridgway, G. J., Sherburne, S. W., and Lewis, R. D. (1970). Polymorphism in 
the esterases of Atlantic herring.Trans. Am. Fish. Soc. 99147.

 

Sneath, P. H. A., and Sokal, R. R. (1973).Numerical Taxonomy W. H. Freeman, 
San Francisco.

 

Spannhof, L. (1959). Histochemische Untersuchungen zur Sterilität bei 
männlichen Säugerbastarden (Artkreuzung der RötelmäuseClethrionomys 
glareolus × Cl. rutilus).Verhandl. Dt. Zool. Ges. Zoll. Anz. Suppl. 2399.

 

Szymura, J. M., Spolsky, C., and Uzzell, T. (1985). Concordant change in 
mitochondrial and nuclear genes in a hybrid zone beween two frog species 
(genusBombina).Experientia 411469.

 

Tegelström, H. (1986). Mitochondrial DNA in natural populations: An improved 
routine for the screening of genetic variation based on sensitive silver 
staining.Electrophoresis 7226.

 

Tegelström, H. (1987). Transfer of mitochondrial DNA from the Northern red-
backed vole (Clethrionomys rutilus) to the bank vole (C. glareolus).J. Mol. Evol. 
24218.

 

Tegelström, H., Wyöni, P.-I., and Ryttman, H. (1982). Thin layer isoelectric 
focusing as a tool for higher category systematics.Ann. Zool. Fenn. 19203.

 

Thaler, L., Bonhomme, F., and Britton-Davidian, J. (1981). Processes of 
speciation and semi-speciation in the house mouse.Symp. Zool. Soc. Lond. 
4727.

 

Page 3 of 4SpringerLink - Journal Article

2010-04-15http://www.springerlink.com/content/q21757r975825288/



Vanlerberghe, F., Dod, B., Boursot, P., Bellis, M., and Bonhomme, F. (1986). 
Absence of Y-chromosome introgression across the hybrid zone betweenMus 
musculus andMus musculus domesticus.Genet. Res. Cambr. 48191.

 

Vesterberg, O. (1972). Isoelectric focusing of proteins in polyacrylamide 
gels.Biochim. Biophys. Acta 25711.

 

West, J. D., Frels, W. I., Papaioannou, V. E., Karr, J. P., and Chapman, V. W. 
(1977). Development of interspecific hybrids of Mus.J. Embryol. Exp. Morphol. 
41233.

 

Yonekawa, H., Tagashira, S., and Moriwaki, M. (1983). Mitochondrial DNA and 
mouse evolution.Iden 3729 (in Japanese).

 

Zimmerman, K. (1965). Art-Hybriden bei Rötelmäusen.Z. Säugetierkunde 
30315.

 

Frequently asked questions | General information on journals and books | Send us your feedback | Impressum | 
Contact  

© Springer. Part of Springer Science+Business Media  

Privacy, Disclaimer, Terms and Conditions, © Copyright Information  

MetaPress Privacy Policy   

Remote Address: 130.240.165.77 • Server: mpweb04 
HTTP User Agent: Mozilla/4.0 (compatible; MSIE 7.0; Windows NT 5.1; .NET CLR 1.1.4322; .NET CLR 2.0.50727; .NET CLR 3.0.4506.2152; .NET CLR 
3.5.30729; InfoPath.1) 
 

Page 4 of 4SpringerLink - Journal Article

2010-04-15http://www.springerlink.com/content/q21757r975825288/


