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Phylogenetics of the Laboratory Rat
Rattus norvegicus

Federico Canzian'

Unit of Genetic Cancer Susceptibility, International Agency for Research on Cancer, F-69372 CEDEX 08,
Lyon, France

A genealogic tree was constructed for inbred strains of the laboratory rat, including 63 strains and 214 of their
substrains. Information on genetic and biochemical marker typings of these lines was collected from the
literature and from the World Wide Web. Data on 995 polymorphisms were processed into a phylogenetic
distance matrix, and a tree was obtained by the Fitch-Margoliash distance matrix method. The inbred strains of
the laboratory rat showed an average polymorphism for pairwise comparison of 53%. Strain BN showed the
highest genetic divergence from all the other ones. Comparison with the mouse phylogenetic tree indicated that
laboratory rats possess a higher diversity than inbred strains of mice not derived from wild species. These results
provide a phylogenetic basis in the choice of rat strains for genetic linkage experiments.

[Data described in this paper can be found at ftp://193.51.164.108/ eps-xchange/ Canzian/Rat/Phylogeny/ Tree.jpg

and ftp:/ /193.51.164.108/ eps-xchange/ Canzian/Rat/ Phylogeny/ Matrix.jpg.]

After the mouse, the laboratory rat Rattus norvegicus
is the most commonly used experimental organism.
It is a model for a number of important human
traits of biomedical importance, including suscepti-
bility to cancer, hypertension, obesity, diabetes, and
autoimmune diseases.

Although the mapping of the rat genome lags
somewhat behind that of the mouse, in recent years
there has been some effort made by several groups
to increase the number of markers on the rat genetic
map groups (Serikawa et al. 1992; Yamada et al.
1994; Jacob et al. 1995; Toyota et al. 1996). To date,
this figure approaches 1000-1500 polymorphic
markers.

The generation of new markers will be impor-
tant, particularly in experiments of genetic map-
ping involving crosses between different inbred
strains of rat. In many cases, the choice of strain will
be directed by the maximal level of polymorphism
achievable between the different rat strains.

A thorough understanding of the interstrain
differences is therefore important, particularly at
the phylogenetic level. There are hundreds of in-
bred strains of rats, and the history of their genera-
tion and evolution is not well known. A study has
been published with a phylogenetic tree for 13 com-
monly used rat strains (Canzian et al. 1995a). Fur-
thermore, the genotypes of many rat inbred strains

TE-MAIL canzian@iarc.fr; FAX 33-4-72738575.

262 @ GENOME RESEARCH

have been characterized at a number of loci
throughout the genome. This study incorporates
most of the available information to produce a re-
latedness tree comprising 63 inbred strains and 214
substrains.

RESULTS AND DISCUSSION

In this study, most of the available information on
genotypes in different inbred strains of rat was used
for a phylogenetic analysis. The result is a related-
ness tree for rat inbred strains, shown in Figure 1
and available on the World Wide Web at ftp://193.
51.164.108/eps-xchange/Canzian/Rat/Phylogeny/
Tree.jpg. The matrix showing pairwise differences
among all the 63 strains is available at ftp://193.51.
164.108/eps-xchange/Canzian/Rat/Phylogeny/
Matrix.jpg.

The average polymorphism for pairwise com-
parisons of rat strains is 53%, higher than the 45%
calculated from typings of biochemical and immu-
nological loci in Mus musculus domesticus-derived
inbred strains of mice (Fitch and Atchley 1985) and
the 49% reported among non-wild-derived mice for
microsatellites (Dietrich et al. 1994). Moreover, the
average polymorphism of the combined Kyoto,
MIT, Utrecht, NIH, and Oxford data sets (obtained
only with microsatellites) is 64%, suggesting that
the genetic patrimony of rat inbred strains is richer
than that of non-wild-derived strains of mice.

The overall difference content of the Toku-
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Figure 1 (See following page for legend.)
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shima data set (based on biochemical polymor-
phism) is only 34%. This lower level of polymor-
phism may be attributable to (1) the fact that a
single biochemical type (recorded as, e.g., enzyme
activity) can arise from several distinct genetic poly-
morphisms, and/or (2) the fact that biochemical
polymorphisms derive from coding sequences and
are therefore subjected to a different selective pres-
sure, especially in the case of the artificially directed
evolution of inbred strains.

From the observation of the comprehensive re-
latedness tree (Fig.1) and comparison of the differ-
ent trees from each data set (not shown), the fol-
lowing conclusions may be drawn:

1. Strain BN consistently possesses a genetic di-
vergence most distant from all the other strains.
This is in accordance with the tree reported previ-
ously (Canzian et al. 1995a) and is consistent with
its reported origin from wild rats (Palm and Black
1971), in comparison to most other inbred strains,
derived from collectionists and commercial breed-
ers, which may have a heterogeneous genetic back-
ground prior to initiation of inbreeding. Therefore,
the BN strain is likely in rat genetics to possess a role
similar to Mus spretus, Mus musculus castaneus, and
Mus musculus molossinus-derived strains for the
mouse. The only strain closely related to BN is DZB,
the origin of which is unknown.

2. In all single data set trees (SDTs) including them,
strains PAR and CHOC also demonstrate divergence
from the other strains, whereas not all SDTs are in agree-
ment as to the position of BP, MHS, and AGUS.

3. Strains WKY, SHR, SHRSP, and OKA consis-
tently belong to the same subtree, in accordance with
reports about their origins as models for hypertension
(Festing 1979). Moreover, in most SDTs, this group,
after BN, is the most distant from all the others, in
accordance with Canzian et al. (1995a). These strains
derive from animals of outbred Wistar origin inbred at
Kyoto or Hokkaido University (Festing 1979).

4. Strain BDE is reported to originate from a
cross between E3 and BDVII rats (Festing 1979), and
such information is supported in this work.

5. Strain AO is reported to be a subline of WAG
(Festing 1979). The two strains are reported in the
Utrecht and Tokushima SDTs; they are very close in
the former, but distant in the Tokushima and the
overall tree (Fig. 1).

6. F344, COP, AUG, and ACI were all bred by
M.R. Curtis at Columbia University in 1918. Ances-
tors of these strains were purchased from local deal-
ers, with the exception of the progenitors of COP,
which came from Denmark (Palm and Black 1971).
ACI is the product of a mating of AUG and COP
sublines. DA was suggested to be related to ACI
(Palm and Black 1971). These strains were in the
same subtree in the tree proposed by Canzian et al.
(1995a). In the present tree, ACI, COP, and DA are
closely linked, whereas F344 and AUG appear to be
more distant but still in the same supergroup, in-
cluding strains from BC to SPRD in Fig. 1. From the
matrix of pairwise differences (ftp://193.51.164.
108/eps-xchange/Canzian/Rat/Phylogeny/Matrix.
jpg) it is clear that ACl is closely related to its parent
strains (ACI-COP, 37.2% difference; ACI-AUG
33.8%). However, the PHYLIP package is designed
to infer phylogenetic relations that occur in nature,
where two separate species do not mate and gener-
ate a third one. The fact that AUG and COP are
phylogenetically distant (47.9% difference) may ex-
plain why AUG and ACI appear distant in the pre-
sent tree. The relationship among AUG, COP, and
ACI was more evident in the tree presented in Can-
zian et al. (1995a) because in that case the strains
under investigation were much fewer.

7. Strain MNS was bred together with MHS and
is its normal control in a model of hyperstension.
In the Tokushima and Oxford SDTs these two strains
are tightly related and close to the SHR group
of strains (another model of hypertension, which
could have been selected partially for the same genes).
Nevertheless, in the Utrecht SDT, and in the general
tree, the similarity between MNS and MHS is not ap-
parent, although their overall difference is only
39.2%. Strains SS and SR, representing another model
of hypertension, are always closely related, but remain
consistently distant from the SHR and the MHS
groups.

8. The assumption that the intrastrain genetic
difference is lower than the interstrain difference
(see Methods) holds in most cases, with the excep-
tions of substrains LEW/Mol (up to 50.0% difference
with other LEW substrains), WKY/-nKrm and WKY/
-kKrm (up to 46.7% difference), WAG/Cpb (45%),
DA/Ham (43.5%), LE/Stm (40.0%), AVN/Orl
(39.1%), and LOU/lap (37.5%), which all show dif-
ferences from other substrains of the same strain

Figure 1 Phylogenetic tree of inbred rat strains, obtained by the Fitch-Margoliash distance matrix method with
evolutionary clock. The scale represents percentage of difference and is applicable only to the left part of the tree,
including the consensus of the 63 strains. When a strain has substrains, the points of branching of the substrains
from the main line are unknown and are therefore indicated as ~.
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greater than the average interstrain difference in the
whole data set. Users of these substrains for genetic
studies should be careful, because the level of poly-
morphism with other strains could be different than
expected. In contrast, other commonly used strains
show remarkable homogeneity, that is, no polymor-
phism observed among substrains of AUG, BDX, BS,
LEP, NEDH, OM, SHR, SS, and WKAH; up to 5.0% of
polymorphisms among ACI substrains; 14.3%
among BN substrains; and 16.7% among F344 sub-
strains.

METHODS

Genotypes

Genotypes of inbred strains of rat, representing the whole
genome were collected from the literature or from the World
Wide Web, based on the work of the following groups:

1. The Massachusetts General Hospital/Massachusetts
Institute of Technology group and associates listed 431 loci
for 12 strains (Jacob et al. 1995; http://www-genome.wi.
mit.edu/ftp/distribution/rat sslp releases/jan95). All of the
loci are microsatellites, mostly anonymous markers, and a few
intragenic polymorphisms.

2. The Kyoto University group published 126 polymor-
phic loci. All of the loci are microsatellite markers—90 intra-
genic ones, typed in 8 strains (Serikawa et al. 1992), some of
which were subsequently used by other groups, 13 anony-
mous ones (Yokoi et al. 1996), and 13 obtained using primers
for mouse microsatellites, typed in 11 strains (Kondo et al.
1993).

3. The Arthritis and Rheumatism Branch of The Na-
tional Institutes of Health (Remmers et al. 1992, 1993a,b,
1995a,b; Goldmuntz et al. 1993a,b, 1995; Mathern et al. 1993,
1994; Zha et al. 1993, 1994; Du et al. 1994, 1995a,b; Ding et
al. 1996) typed 130 loci on 16 strains. Most of the loci are
microsatellites, with a few random amplified polymorphic
DNA (RAPD) markers. Several markers are common to the
MGH/MIT group and the Kyoto group.

4. The Wellcome Trust Centre for Human Genetics
group at Oxford University (Kreutz et al. 1995; Gauguier et al.
1996; ftp://ftp.well.ox.ac.uk/pub/genetics/ratmap/) listed 275
loci for 11 strains, some with substrains, for a total of 24 lines.
All of the loci are microsatellites, mostly developed at Oxford,
with some common to the MGH/MIT group.

5. The Department of Laboratory Animal Science at
Utrecht University typed 61 inbred strains and substrains at
37 MIT microsatellites (Otsen et al. 1995).

6. The Institute for Animal Experimentation at Toku-
shima University lists 58 markers for 141 strains (http://
www.anex.med.tokushima-u.ac.jp/rat/w433-e.html). This
data set, different from the others, is not based on genotypes,
but on biochemical polymorphisms. Several substrains were
also typed for most strains, so that the collection comprises a
total of 433 lines of rats.

7. Other various groups reported genotypes obtained
with different techniques from both anonymous and coding
DNA (Mori et al. 1989; Canzian et al. 1995b; Deng and Rapp
1995; Deng et al. 1995; Kershaw et al. 1995).

PHYLOGENETICS OF RAT INBRED STRAINS

Phylogenetic Analysis

The information from each source was compiled into a single
file, listing all of the genotypes for the different strains. Of 145
strains, 63 were contained in at least two data sets and were
typed at a sufficient number of loci; therefore, they were se-
lected for the phylogenetic analysis. After pooling the data of
markers typed by two or more groups, a total of 995 loci
remained.

The Tokushima data set lists many strains with multiple
sublines. These were not included in the comprehensive list,
for two reasons: (1) Increasing the number of taxa in a tree is
computationally difficult and reduces the probability of ob-
taining the correct tree; (2) most of the substrains are listed
only in the Tokushima data set; therefore, insufficient data
are available for meaningful comparisons. In the case of
strains with multiple sublines, it was assumed that all sub-
strains derive from the same inbred line and that the observed
degree of differences among substrains is attributable either to
contamination subsequent to the dissemination of the pri-
mary stock or fixation of residual heterozygosity. In such
cases, a ‘‘consensus’ type profile of the strain in question was
compiled, choosing the genotype common to at least two-
thirds of the substrains and leaving as unknown the geno-
types of the loci for which no prevalent genotype was found.

For the comprehensive data set, a triangular matrix with
the percentages of genotype differences was calculated by
pairwise comparison of the strains, using a macro program
written in Microsoft Excel Visual Basic (available from F.C.).
The matrix was used as input for the program KITSCH with
the software package PHYLIP (V. 3.572; J. Felsenstein, Univer-
sity of Washington, Seattle), which uses the Fitch-Margoliash
distance matrix method (Fitch and Margoliash 1967). In the
case of the 36 strains for which substrains are reported, trees
of substrains were calculated separately with the method de-
scribed above and data from the Tokushima data set; these
substrain trees were then pasted onto the main tree.

Difference matrices and phylogenetic trees also were ob-
tained separately for each data set (not shown).
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