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Abstract

The Common Hamster (Cricetus cricetus L.) has suffered from changes in agricultural practices. In some Western
European countries the populations have become so small and scattered that they are threatened with extinction.
We studied the genetic diversity of mitochondrial and major histoincompatibility complex (MHC) loci in the few
animals left in the South of the Netherlands and in three animals from the Alsace region in France, and compared
it to the diversity in Dutch animals in the past (samples taken from stuffed animals in museum collections dating
back to the period 1924—1956) and in a large present-day population from Czech Republic. For the mitochondrial
cytochrome b gene, SNP mapping demonstrated a total of nine alleles among 14 Czech samples, of which one
(possibly two) was present in the Dutch museum samples, and only one in the current Dutch animals. For the
MHC genes, DQA exon 2 and 3 showed no variation, while 14 different alleles were found at DRB exon 2. The
Czech population contained 13 different alleles in 15 animals sampled, and most animals were heterozygous (H,
= 0.80, He = 0.91). Therefore, the solitary living Hamster maintains, in nature, a large diversity at this MHC
locus. The Dutch museum samples contained eight different alleles in 20 samples, and they were slightly less
heterozygous (Hy = 0.60, He = 0.75). All but one of these alleles were also found in the Czech samples. In contrast,
the present Dutch and French animals (a total of 16 samples) contained only one of these alleles, and all animals
were genetically identical and homozygous. We conclude that the remaining animals have lost all diversity at this
MHC locus. This is probably the result of a severe bottleneck, which may have been quite severe, reducing diversity
in many loci. In addition, the remaining Dutch animals are partly derived from one family. These animals are now
part of a breeding program. Options for restocking the genetic diversity are discussed.

Introduction however, changes in agricultural practices and

disappearance of habitats have dramatically reduced

The Common Hamster (Cricetus cricetus L.), also
referred to as European Hamster or Black Bellied
Hamster, originates from the lowlands of central and
Eastern Europe and Siberia, living on steppes, agri-
cultural land and river banks. Its living area extends
until the Yenessey river and Altai mountains, and the
Chinese province of Sinkiang (Zhang 1997). In the
past, the species has thrived thanks to the expansion
of agriculture, and in Eastern Europe it was (and
sometimes still is) considered a pest. The last decades,

the populations of the common Hamster in Western
Europe, and currently the Hamster is threatened with
extinction in The Netherlands, Germany, Belgium and
France. Further information on its ecology may be
found in Stubbe and Stubbe (1998). The Hamster is
listed in Annex 2 of the Bern convention (http://www.
nature.coe.int/english/cadres/bern.htm), making it
obligatory to protect the species and its habitat. In
the Netherlands, a species protection plan has been
developed (Krekels 1999), consisting of a number
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of actions, including a program for protection and
restoration of habitat. It also includes a breeding
program, which has been set up because the popula-
tions of Hamsters may already be too small to be
self-sustainable. Estimates of the number of animals
left range from several hundreds to considerably less
than hundred scattered in small isolated populations
in the southeastern part of The Netherlands. The
number of animals caught and available for the
start of a breeding program was only a few dozens
(http://www.korenwolf.nl/frameset.html).

The aim of our study was to answer two questions
that are, from a genetic point of view, important in
such a breeding program: do the Dutch animals belong
to a separate subspecies, and did they experience a
severe loss of genetic diversity?

In 1899, Nehring suggested that the Hamsters in
the Western European countries (in the area to the
west of the river Rhine) form a different subspecies,
the “Western Hamster’ C. cricetus canescens Nehring.
He did this on the basis of a few morphological char-
acters (more colour spots, smaller body size, slightly
different cranial shape) of a very limited number of
animals caught along the river Maas in Belgium. The
matter has been under discussion for a century. Husson
(1959) supported the subspecies status. Niethammer
(1982) and Grulich (1987) rejected it. They argue
that the frequency of white spots gradually increases,
while body size decreases from East (Saxony) to West,
with animals from the region Rhine-Hessen taking an
intermediate position. Also the cranial shape changes
gradually. Therefore, the Belgian and Dutch animals
should be considered the end of a cline. The taxonomic
status of the species has implications for conservation
strategies, since the general idea is that one should not
mix subspecies in breeding programs until absolutely
necessary (Ryder 1986). Indeed, such was noted in
the protection plan for the Hamster in the Netherlands
(Krekels 1999).

Unfortunately, the delineation of subspecies is
not very straightforward, but molecular information
may be helpful. Molecular studies of inter- and
intra-specific evolution of animals often include the
mitochondrial genome (Passbgl and Arctander 1998)
because of its compact size (15000-17000 nucle-
otides), relatively conserved gene order, absence
of recombination, uni-parental inheritance, and few
insertion/deletion/duplication events. The individual
genes in the mitochondrial genome evolve at different
rates, and the relatively rapidly evolving cytochrome
b is the marker of choice in the study of “moder-

ately diverged” interspecific relationships (Passbgl and
Arctander 1998). It has been studied in a number of
rodent species and subspecies (Kocher et al. 1989;
Wayne et al. 1990; Wayne and Jenks 1991; Conroy
and Cook 2000; Ditchfield 2000; Freeland et al. 2000;
Suzuki et al. 2000), including Mesocricetus auratus
(Golden Hamster). Here, we will determine allelic
diversity in the Common Hamster by SNP mapping.
If alleles are found exclusively in specific popula-
tions, and if within-taxon variation is low relative to
among-taxon variation, then the argument for separate
subspecies becomes stronger (Wallis 1994). In this
way, clarification of taxonomy may contribute to
prioritisation of conservation efforts (Haig 1998).

The same morphological signs (white spots on the
belly of some animals, Kayser and Stubbe 2000) that
were sometime used as evidence for a sub-species
status, may also be taken as to indicate that the
remaining Hamsters are the result of inbreeding. A
study using microsatellite markers also indicates that
the remaining Dutch Hamsters have a high level of
homozygosity (Neumann et al., in prep.). Inbreeding
decreases the genetic variation and the chances of
survival of the population in the long term through loss
of genetic adaptability and vitality (Booy et al. 2000).
One genetic system of which it is generally believed
that a high level of genetic diversity is beneficial, is
the MHC. The genes in the MHC are thought to be of
important adaptive significance, particularly for resist-
ance to parasites and pathogens, and perhaps for mate
choice and kin recognition (Klein 1986; Hill et al.
1991; Potts and Wakeland 1993; Brown and Eklund
1994; Hedrick 1994; Edwards and Potts 1996; Potts
and Penn 1998). Most natural mammal populations
studied possess abundant MHC diversity: high level of
heterozygosity, many alleles, much sequence variation
among alleles (Klein 1986; Potts and Wakeland 1990;
Hedrick 1994; Hughes 1991). Although vital species
and populations are known with little or no variation in
MHC genes, these are usually solitary living species or
populations that recently went through a “bottleneck”.
The Hamster lives solitary, and whether it naturally
has a high level of MHC diversity will have to be
assessed in a large population.

There are two classes of MHC molecules. McGuire
et al. 1985 suggested that Hamster species have
little or no variation between class I genes (which
present intracellular peptides on the outside of the
cell to T-lymphocytes). The class II genes DQA
and DRB (which present extracellular proteins to
T-lymphocytes) are frequently used to analyse the



genetic diversity within and among populations, e.g.
in moose (Mikko and Andersson 1995; Ellegren et al.
1996) and buffalo (Wenink et al. 1998). Pfau et al.
(2001) found extensive polymorphism in DQA in the
rodent Sigmodon hispidus. We chose to use DQA and
DRB to compare the diversity in present-day Hamsters
with unthreatened populations.

In this study, the animals of the remaining Dutch
common Hamster population (including animals now
part of a breeding program) as well as a few samples
from the threatened French population in Alsace were
included as representatives of the putative subspecies
West of the Rhine. They were compared to a large
population from the Czech Republic, where the animal
is still abundant. Using museum specimens, we also
studied a sample of the population in The Netherlands
in the period 1924-1956, before the major decrease of
population size.

Materials and methods

Samples

DNA was isolated from three French hair samples
using the 5% Chelex 100 protocol (Walsh et al. 1991).
All other DNA samples were a gift from Alterra,
Wageningen, The Netherlands (13 current Dutch
samples, 20 museum animals), and Martin-Luther
University, Halle, Germany (15 Czech animals in
the surroundings of Brno, Czech Republic, Neumann
et al, in preparation). The current Dutch animals
originated from one area near Heer, and are thought
to be partly from one litter. The museum animals
were originally caught near Houthem (8 animals in
the period 1924-1928), Oud-Valkenburg (4 animals
in 1938), Heerderberg (1 animal in 1947) and Heer
(3 animals in the period 1954-1956). The current
Dutch animals and the museum animals are essen-
tially from the same area in the South of the Nether-
lands, directly east of Maastricht (approximately
50.5° North, 5.5° East). The largest distance between
sampling sites is approx. 8 km. Exact population
sizes of these years are not known, but around 1900
the community of Schimmert, 4 km North of these
sampling sites, paid a fee for every animal caught
(Dupond 1932).

Primers

Database sequences for cytochrome b, DQA and DRB
(Sanjayan et al. 1996) were aligned in Megalign 5.00
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(DNAStar, Madison, Wisconsin, USA) and conserved
regions at the 5" and 3’ of the exons of interest were
selected for primer design using Primerselect 5.00
(DNAstar).

Cytochrome b was aligned using sequences from
rat, mouse and Hamster species (AB033713, ABO-
33702, J01436: bp312-1454, AB033698, AB033700,
AB033697, AB033693, AF119265, AF119266, and
AF119280). Primers were designed as to amplify
overlapping sequences of around 430bp each. Primer
sequences: Part 1: Forward: 5'-ATGACAATCA-
TACGCAAAAAACACC-3’; Reverse: 5'-AATGA-
TTTGGCCTCATGGTAG-3'". Part 2: Forward: 5'-
CAGTAATAGCAACAGCATTTATAGG-3’; Reverse:
5'-TCGGGGTCTCCTAAAATATCTG-3'. Part 3: For-
ward: 5-TTCATGCTATTAATTGCTCTCATAA-3';
Reverse: 5'-CAATTATGCTAGCGATTGCTATAA-3'.

The primers used to amplify DQA exon 2 and 3
were designed by aligning sequences from mouse, rat,
dog and other species (M21931: bp109-639; M11356:
bpl17-547; M11358: bpl7-547, K01925: bpl-511,
X14879: bp120-805, M22366: bp370-1518, U47857:
bp95-344, M30117: bp356-1334, M33304: bp359-
1366, and M17236: bp413-1388). This resulted in the
following primers: Target: DQA exon2; Forward: 5'-
CCGACCACGTAGS/cCC/7T/cCTAT-3'; Reverse:
5'-GCTGAGTACATACTGTTGAC-3'. Target: DQA
exon3; Forward: 5-GCGAC’/cGTGTTC/7¢/7CC-
AAGTC-3; Reverse: 5'-TCCAGGCCCCAGTGCT-
CCAC-3’. Primers for the amplification of DRB exon
2 were designed using an alignment of a comparable
series of sequences (M77153: bp101-370; M77154:
bp101-370, M11161: bpl101-370, M29611: bpl140-
409, M12382: bp38-307, KO1145: bpl5-284,
U77067: bpl52-421, M93432: bpl08-377, and
M55165: bpl137-406). Primer sequences for DRB
exon2: Forward: 5-GAGTGTCATTTCTACAACG-
GGA-3’; Reverse: 5-CTCTCCGCGGCACAAAG-
GAA-3.

Amplification

The reaction mix used consisted of 2 or 2.5 mM
MgCl,, 1 mM of each dANTP, 10 pmol of forward and
reverse primer, 0.5 U Goldstar Taq polymerase (Invit-
rogen, Breda, The Netherlands), 75 mM Tris HCI pH
8.8, 20 mM (NH4)2SO4, 0.01% (v/v) Tween 20 and
5-50 ng DNA. Since the quality and amount of DNA
varied among samples, several PCR programs were
used on a MJ Research PTC-200 (Biozym, Landgraaf,
the Netherlands) thermocycler: (i) for samples with a
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DNA concentration of at least 50 ng/ul: 3 min 96 °C,
30 cycles of (1 min 96 °C; 1 min 50 °C; 1 min 72 °C),
with 2 mM MgCly; (ii) for samples containing 10-50
ng/ul DNA: 3 min 96 °C, 40 cycles of (30 s 96°C;
30 s 50°C; 45 s 72°C), including 2.5 mM MgCl, in
the reaction mixture; (iii) for samples with a very low
DNA concentration (<10 ng/ul DNA) 5 min 96 °C,
10x (1.5 min 96°C; 1.5 min 50°C; 1.5 min 72°C)
followed by 30 cycles (30 sec 96 °C; 30 sec 50°C; 45
sec 72°C) at 2.5 mM MgCl,.

Sequencing

Electrophoresis of 10 ul of the amplified mixture was
done in a 3% agarose gel (Invitrogen) in 1 x TBE-
buffer (12.1 g/1 Tris-HCl, 6.8 g/l Boric acid, 2.5
mM EDTA) and the DNA was stained with ethidium
bromide (10 mg/l). The gel fragment containing the
amplified product was excised from the gel. The DNA
was isolated, by spinning through a QiaQuick column
(Qiagen) without using extra isopropanol. The isolated
fragments were sequenced in a 20 ul reaction mix
containing 5 ul template (50-300 ng DNA), 4 ul
Big-dye, 4 ul sequencing buffer, 5 pmol primer, for
24 cycles (96°C 10 s; 50°C 5 s; 60°C 4 min; all
ramps at 1°C/s). The fragments were purified by 5
min spinning through a Sephadex-G50 column, and
sequenced on a ABIprism 3700 automatic sequencer
(Applied Biosystems, Nieuwerkerk a/d IJssel, The
Netherlands). Both forward and reverse strands were
sequenced.

Sequence analysis

The sequences (traces) where manually corrected with
Seqman 5.00 (DNAStar) by comparing the forward
and reverse strands. The three separate parts for the
cytochrome b gene were assembled into one contig.
Whenever there appeared to be double peaks in the
sequence traces of the DRB fragments, these were
subcloned and sequenced. For this, the fragments were
eluted from gel, purified, ligated into the multiple
cloning site of the TOPO TA vector and transformed
into a competent E. coli strain (TOPO One Shot
cloning kit; Invitrogen) according to the manufac-
turers’ specifications. Transformants were selected on
solid LB medium containing 100 mg/L ampicilline
after overnight growth at 37 °C. Up to eight colonies
where picked randomly for colony PCR, which was
done by incubating part of the colony in the PCR
reaction mix for 5 min at 96°C followed by PCR
program (ii). For all samples that are reported to be

heterozygous, the two different alleles in one animal
were positively confirmed in this way. Eleven of the
14 different DRB alleles were found in more than
one animal. The other three alleles were found in
only one Czech animal each. The exact sequence of
these alleles was obtained in at least three clones each,
which indicates that no artefacts as a result of the PCR
amplification steps are present.

SNPs were mapped by aligning the corrected
sequences with the computer program Megalign 5.00
(DNAStar). All cytochrome b and DRB alleles
differed from each other at at least two positions. A
similarity score was calculated from a pairwise align-
ment of all possible pairs of sequences (Wilbur and
Lipman 1983), and this distance matrix was used to
generate a UPGMA tree with the Clustal V algorithm
(Higgins and Sharp 1989), using the default values in
Megalign. Expected heterozygoty and Fy were calcu-
lated using TFPGA (Miller 1998). EMBL accession
numbers of the sequences are listed in Tables 2 and 3.

Results

Cytochrome b variation

The sequences of cytochrome b alleles of the Com-
mon Hamster were most similar to the Golden
Hamster (Mesocricetus auratus AF119265) and
Chinese Hamster (Cricetulus griseus AB033693)
equivalents (81.0-82.0 and 83.8-84.3% on DNA
level, 93.3-93.6 and 94.1-94.6% on amino acid level,
respectively). The museum animals contained the
same allele as found in samples from living animals
(see below), indicating that the sequences are derived
from Hamster DNA and not from contaminations
during DNA extraction.

Among the Hamster samples, 20 SNPs were
detected in a total of 1117 bp, giving rise to nine
different alleles (Table 1). Compared to the cyto-
chrome b sequences from related Cricetinae species as
well as other rodent species (Figure 1), the number
of variable sites among the Hamster alleles is rela-
tively small. It is, e.g., much smaller than the vari-
ation between the two Mus musculus subspecies (M.
musculus musculus and M. musculus domesticus). On
the other hand, it is larger than the difference between
Phodopus campbelli and P. sungorus.

The current Dutch population contained only one
allele (Crcr-CytB*1). In the Dutch museum samples,
amplification of the cytochrome b gene was difficult,



Table 1. SNPs found in the CytB-gene
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Number of EMBL
Haplotype Nucleotide position times found accession
28 67 78 117 135 165 201 219 357 490° 732 819 873 927 942 1000 1050 1053 1059 1071 NL M CZ number
Crer-CytB¥1 C G € T € C€C C T C G A C A A C T T T C A 12 3° 1 AJ490302
CrerCytB¥2 C G € T € C€C T T C A A C A A C T T T C A 0 0° 1 AJ490303
CrerCytB¥3 C G C T € C€C C T C A G T G G C C T A T G 0 0 1 AJ490304
CrerCytB¥4 C G C T € C€C C T C A G T G G T C T A T G 0 0 1 AJ490305
Crer-CytB*s C G T C T T T A T A G T G G C C T A T G 0 0 2 AJ490306
Crer-CytB6¢ T G T C T T T A T A G T G G C C T A T G 0 0 2 AJ490307
Crer-CytB¥7 T G T C T T T A T A G T G G T C T A T G 0 0 2 AJ490308
Crer-CytB¥¢ T G C T T T T A T A G T G G C C T A T G 0 0 2 AJ490309
CrerCytB*9 T A T €C T T T A T A G T G G C C C A T G 0 0 2 AJ490310

4This SNP determines whether the protein has 23-Ala (G) or 23-Thr (A)

YThis SNP determines whether the protein has 164-Ile (A) or 164-Val (G)
€For an additional two Museum samples the amplification was only successful for part 3 of the gene (698-1117 bp). Based on the SNPs
found, these may represent either allele Crer-CytB*1 or Crer-CytB*2
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T
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Figure 1. UPGMA tree of cytochrome B sequences, including the nine Cricetus cricetus sequences of this study (accession numbers in Table
1) and some other Rodent species, with one human sequence as outgroup. All available full-length sequences from the Cricetinae clade have
been included (AB033693 Cricetulus griseus, AF119265 Mesocricetus auratus, AF119266 Phodopus sungorus, and AF119278 P. campbelli).
Lemmus trimucronatus (AF119276) belongs to the Arvicolinae clade of the Muridae family. Other accession numbers: M. musculus musculus
(AB033699), M. musculus domesticus (AB042432), M. spretus (AB033700), M. caroli (AB033698), A. sylvaticus (AB033695), A. semotus
(AB033694), R. norvegicus (AB033702), R. argentiventer (AB033701), H. sapiens (V00662). Alignment with Clustal V.



446

but we managed to obtain the complete sequence of
Crer-CytB*1 in three samples, and partial sequences
in two samples. The partial sequences could be either
Crer-CytB*1 or Crer-CytB*2. The number of animals
for which sequence information is available is too
small to be certain about the allelic diversity in the
historic Dutch population, although the results are
consistent with the presence of allele Crcr-CytB*1
only. In contrast, nine different alleles were present
in the 15 Czech samples. Unfortunately, amplification
of this gene was not successful in the French samples.

Only two of the 20 SNPs translated into amino acid
variants. One mutation, 23-Ala — 23-Thr, was also
present in the Muridae species Mesocricetus auratus
(AF119265), Peromyscus maniculatus (AF119261)
and Tokudaia osimensis (AB033703). The other one
was the replacement of isoleucine (164) by valine.
Although it does not seem likely that this would
affect the function of the protein, the replacement
does occur in a highly conserved region, which was
exactly identical in all closely related Rodent species.
When a part of this conserved amino acid sequence
(PYIGTTLVEWVWGGFSVDKATL, valine in ques-
tion is underlined) was blasted against the EMBL
database, only 15 out of around 1000 entries had a
valine in the same position. Well over 950 sequences
had an isoleucine at this position. The valine was
found in a variety of species, including dolphins
(Lipotes vexillifer, Inia geoffrensis), whales (Eschrich-
tius robustus, Kogia simus, Kogia breviceps), and one
primate (Nycticebus coucang). It was present in Meles
meles (Eurasian badger), a species with known low
genetic diversity, and in only one of 30 different cyto-
chrome B sequences in Microtus lingicaudus (long-
tailed vole). Also in C. cricetus the 164-Ile — 164-Val
was present in only one (Crer-CytB*1) of 9 different
alleles. This allele was found only once in the 14
samples of the Czech population. It was present in the
Museum animals, and has become fixed in the Dutch
current population.

MHC diversity

The DQA sequences of the Common Hamster were
66.9-79.7% (exon 2) and 84.9-90.0% (exon 3)
identical at the DNA level to the human, rat and mouse
sequences, and somewhat less at the amino acid level,
indicating that the amplified sequences most likely
represent the functional equivalent of this gene. In
contrast to other rodent species (Pfau et al. 2001), no

variation was found among the C. cricetus samples in
DQA exon 2 and 3 (sequences deposited in the EMBL
genebank under accession numbers AJ490325 and
AJ490326). For DRB exon 2, one band was amplified,
and this could be sequenced directly in all animals,
producing a readable sequence. If some nucleotides
were unclear, cloning of the PCR product of that
animal and sequencing of up to 10 clones always
produced two different, related sequences varying at
the expected positions. We never detected more than
two different sequences in one animal, and in our
analysis we assume that the alleles are from one locus.
All but one of the alleles found in museum samples
were also found in samples from living animals, which
contained much more DNA. The one exception was an
allele (Crcr-DRB*14) closely related to others found
here. Therefore, it is unlikely that museum samples
were contaminated during extraction.

In DRB exon 2, we observed a total of 39 SNPs
in 240 bp, forming 14 different alleles (Table 2).
This corresponded to a total of 19 amino acid differ-
ences, evenly distributed between synonymous (9) and
non-synonymous (10) mutations. From Table 3, it
appears that alleles have exchanged SNPs, possibly
through crossing-over events. The Common Hamster
alleles cluster in a group, loosely with mouse and rat
DRB genes, but separate from a series of non-Rodent
outgroup sequences (Figure 2). This type of clustering
is not uncommon for DRB genes, it is comparable to,
e.g., sheep and goat DRB exon 2 sequences (Jugo and
Vicario 2000).

The Dutch museum samples and the Czech popula-
tion contained a large number of alleles (Figure 2),
consistent with the large genetic diversity at MHC
loci found in a range of species. In the 20 museum
samples, 8 different alleles were found. Eleven
animals were heterozygous for this locus (Table 3).
The sample of 15 animals from the current Czech
population contained 13 different alleles, twelve
animals were heterozygous. Under the assumption that
the Dutch museum animals represent a sample from
one historic population, we can compare Dutch and
Czech diversity in a population of considerable size.
Then, the difference in number of alleles between
the current Czech and historical Dutch groups is not
significant (Fisher’s exact test, P = 0.26), and the level
of heterozygosity is comparable. Fg was 0.079. All
but one allele present in the Dutch museum animals
were also found in the current Czech samples. It is not
unlikely that the allele missing is present in the Czech
population but was not included in our sample as the
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"S[RWITUE Y2IN(] JUSLMD UT SAWIN € YOIYM JOg
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Figure 2. UPGMA tree (Clustal V) of DRB alleles of C. cricetus and a number of DRB exon 2 sequences from other species. For the Common
Hamster alleles, next to the allele designation, the occurrence in three groups of samples is indicated: CZ: Czech population; M: Dutch museum

samples; #: allele in the recent Dutch population.

number of samples taken was small in comparison to
the large number of alleles found.

In the recent Dutch and French Hamster popula-
tions, all 16 animals were identical, having a single
allele, designated Crcr-DRB*01. All animals were
homozygous. The allele Crcr-DRB*01, fixed in the
current Dutch and French animals, was also present
in the Czech population, but at a frequency of only
0.1 (Table 3). In the museum samples, the allele was
present in samples from each period of time. This is
in line with the average frequency of 0.33, and it indi-
cates that the allele was always relatively abundant.
Nevertheless, these museum animals contained 7 other
alleles, all of which have been lost in the current
population.

Discussion

The 13 current Dutch Common Hamster animals
included in this study are part of a breeding program.
It is debated whether any free-living animals remain
in the field in the South of the Netherlands, although
they do occur in neighbouring areas in Belgium
and Germany. These 13 animals were compared to

samples from stuffed animals in museum collections
collected in different periods during the last century,
taken as a representative sample of the diversity in
the historic population. A few samples were obtained
from the current French population in Alsace, which
would belong to the same putative subspecies. We
experienced problems in obtaining samples due to the
fact that this species is lawfully protected, and capture
is prohibited. As a result, no samples from Belgium
or the Western part of Germany could be obtained.
As a reference for the degree of polymorphism to be
expected in a large population, and as a reference for
the major putative subspecies, we used samples from
animals in a densely populated area around Brno in
Czech Republic.

We posed two questions: can we find evidence for
a subspecies status of the Dutch animals, and did they
experience a loss of genetic diversity?

Is there evidence for a separate subspecies?

As stated in the introduction, the idea of a separate
subspecies status for the Hamsters in Western Europe
goes back to 1899, but solid evidence has been difficult
to obtain (Husson 1959; Grulich 1987). We employed
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Table 3. Sample size, number of alleles, observed (Ho) and expected (He) heterozygosity for DRB exon 2 in the groups of
samples used in this study. He was calculated assuming that the samples were a random sample from one population

Population Sample size  Number of  Number of Hg He Frequency
(animals) alleles genotypes of allele
found found Crer-DRB*01

Recent Czech population near Brno 15 13 12 0.80 0.88 0.10
Recent French population in Alsace 3 1 1 0.00 0.00 1.00
Recent Dutch animals (1980-2000) 13 0.00 0.00 1.00
Dutch museum specimens, 20 8 11 0.60 075 0.32
including

Animals caught near Houthem (1924-1928) 12 6 7 0.67 077 0.29
Animals caught near Oud-Valkenburg (1938) 4 5 4 0.75 079 0.13
Animal caught near Heerderberg (1947) 1 1 1 0.00 0.00 1.00
Animals caught near Heer (1954-1956) 3 2 3 0.33 0.60 0.50

molecular methods studying cytochrome b diversity
of the mitochondrial genome. The data obtained here
using museum animals clearly show that the Dutch
population in the first half of the 20th century shared
all alleles with the Czech population, Therefore, the
data give no support for two monophyletic evolu-
tionary significant units (ESUs). This is in agreement
with Niethammer (1982) and Grulich (1987), who
consider the animals in Belgium and The Netherlands
as the end of a cline in body size and some other
characteristics, at the edge of the range of the species
C. cricetus.

When compared to the average nucleotide differ-
ences among rodent species, the different Hamster
cytochrome b alleles can be considered to be highly
similar. Conroy and Cook (1999) found 45 variable
amino acids in the cytochrome b of 111 specimens of
Microtus longicaudus, while we found only 2 variable
amino acids in 51 animals. As can be seen in Figure
1, the differences among the Hamster alleles are also
much smaller than the differences found between, e.g.,
two Mus musculus subspecies.

Loss of functional diversity

Most natural mammal populations that have been
studied possess abundant MHC diversity, both in
terms of the number of alleles present and the extent
of sequence variation among alleles (Klein 1986;
Potts and Wakeland 1990; Nei and Hughes 1991;
Hedrick 1994). The diversity in the DRB gene exon
2 among the Czech animals is consistent with this
notion: in 15 animals we found 13 different alleles.
Almost all animals had a unique genotype, almost

all were heterozygous at this locus. The variation in
the historical Dutch samples was somewhat less, but
still extensive (8 different alleles, 60% of the animals
heterozygous at this locus). In contrast, the variation
in the current Dutch animals was completely lost:
only one allele was present, and as a consequence all
animals were homozygous at this locus and identical
to each other. This indicates that the current Dutch
animals have become fixed for one DRB allele.
Although diversity at MHC loci is believed to
have adaptive significance, very low MHC diversity
does occur in some taxa such as moose (Mikko and
Andersson 1995; Mikko et al. 1999). Therefore, at
least at the short term, low MHC diversity does not
necessarily lead to increased susceptibility to disease.
Hughes (1991) argued that the main goal of a captive
breeding program should be to maintain the allelic
diversity at MHC loci. However, his view was chal-
lenged by others, fearing loss of genetic diversity at
many other, equally important loci if the program
would be targeted at maximising allele diversity at
MHC loci (Vrijenhoek and Leberg 1991; Gilpin and
Wills 1991; Miller and Hedrick 1991). For the Dutch
Common Hamsters studied here, the loss of genetic
diversity at an MHC locus that until recently main-
tained excessive polymorphism, as well as the loss
of diversity at microsatellite loci (Neumann et al., in
prep.), suggests that a severe bottleneck has taken
place. The lack of diversity could be genome-wide,
with possibly fixation of deleterious recessive muta-
tions at some loci. Backbier et al. (1998) report
of studies indicating reduced vitality and fertility in
Dutch and German Common Hamster populations.
This would be a strong justification for enhancing
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genetic diversity by introducing new individuals into
the population.

Consequences for a breeding program

From a conservation point of view, one should not
mix subspecies in breeding programs unless abso-
lutely necessary. Since subspecies often occur locally
or regionally and, hence, are usually in lower numbers
than the species as a whole, it follows that one
should protect subspecies even more. Indeed, such was
noted in the protection plan for the Common Hamster
in the Netherlands (Krekels 1999). We obtained no
molecular evidence in the cytochrome b diversity that
would support this taxonomic status. The set of mito-
chondrial haplotypes found in the present-day Czech
population overlapped nearly completely with that
found in the Dutch samples that are more than 40
years old. For the MHC alleles, the Dutch museum
samples contained a fair amount of diversity (8 alleles
in 20 animals), and these alleles were a subset of the
allelic diversity in the (much larger) Czech population.
Unfortunately, since trans-species polymorphisms are
known to occur at these loci, the MHC data are
uninformative regarding the subspecies question.

In conclusion, we found no evidence to support
a separate conservation status for western European
Hamsters. We did find complete loss of genetic
diversity at a MHC locus that until recently maintained
excessive polymorphism. In combination with the loss
of diversity at microsatellite loci (Neumann et al., in
prep.), this suggests that the loss of diversity due to
a bottleneck could be genome-wide. The likely fixa-
tion of deleterious recessive mutations at other loci
would be a strong justification for introducing new
individuals into the ongoing breeding program. Intro-
ducing central and eastern European animals in the
breeding program would be one way of doing this.

Alternatively, the remaining animals, and those
raised in the captive breeding program, may mix
and breed in the field with animals dispersing from
populations in Germany and Belgium. However, in
these areas the number of animals has also dwindled
(Backbier et al. 1998), and it is not clear how many
animals remain. In addition, it is not known whether
they experienced a similarly severe bottleneck. This
information needs to be obtained, since it is crucial for
management decisions to obtain a sustainable popula-
tion. In any event, an increase of MHC diversity in
the Dutch population will be easily detectable against
the current monomorphic background. It is therefore

feasible to include it in the monitoring program that
will be established to examine the effects of reintro-
duction in the field.
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