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Various rodent models are used for studying human chronic 
inflammatory and autoimmune diseases. A positive correlation 
between the composition of the gut microbiota (GM) and disease 
expression has been observed for several inflammatory disease 
models.2,11,15,18,21,32,34,36,39 Increased variation in disease expression 
might reflect increased variation in the GM, consequently ne-
cessitating larger group sizes. In the interest of reducing animal 
numbers as a principle of in vivo scientific experimentation, the 
extent to which the composition of the GM varies in laborato-
ry animals—particularly rodents—should be examined. Even 
though inflammatory diseases, such as inflammatory bowel dis-
ease, atherosclerosis, and diabetes, are among the diseases stud-
ied most extensively in rodent models, standardization of the GM 
in laboratory mouse production has been given scant attention.

Microbiologic examination based on classical cultivation of 
cecal samples of rats has revealed a substantial interindividual 
variation.10 Culture-independent studies based on gas chromatog-
raphy37 and terminal restriction fragment polymorphism19 show 
a uniform microbial profile in mice that is dependent primarily 
on strain and age and independent of sex. Studies based on PCR 
followed by denaturing gradient gel electrophoresis (DGGE) like-
wise report different profiles in the GM related to mouse strains,24 

whereas sex does also seem to affect the composition of the fecal 
microbiota in outbred rats1 and inbred mice.8 Human as well as 
animal studies have shown that genotype has a strong influence 
on the gastrointestinal bacterial community, whereas environ-
mental influence seems less important.16,17,35,37,38,42 The GM of hu-
man monozygotic twins are more similar to each other than those 
of dizygotic twins.40 Cross-fostering of mice revealed a strain-
specific fecal profile regardless of the foster strain.16 However, 
microbial exposure from the environment also plays a role in the 
colonization of the gastrointestinal community. A recent study6 
has shown that embryo transfer with genetically distinct embryos 
reveals similar microbial profiles between mother and offspring, 
regardless of the genetic background of the embryos implant-
ed. Furthermore, relocation of C3H mice at 4 wk of age leads to 
changes in the fecal profiles.6

Laboratory rats and mice are available as both outbred stocks 
and inbred strains from various vendors. Viable counts of the total 
bacterial load have revealed large differences in the cecal micro-
biota among animals from different vendors.14 Moreover, vendors 
frequently raise colonies of the same strain in multiple rooms 
staffed by different personnel. Therefore, the same strain might 
be exposed to different environmental microorganisms. Further-
more, over the years, rodent housing has gradually changed from 
open cages, in which animals share exposure to microorganisms 
in the surroundings, to individually ventilated caging (IVC) with 
limited shared environmental exposure.

The gastrointestinal tract is a complex microbial community 
with high density and diversity. Most of the bacterial community 
in the gut is obligate and facultative anaerobic bacteria and cul-
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Kit, Qiagen, Hilden, Germany) according to the manufacturer’s 
instructions and stored at −40 °C until analysis.

PCR amplification. The V3 region of the bacterial 16S rRNA 
gene was amplified by PCR by using the universal primer set 
PRBA338f (5′ CGC CCG CCG CGC GCG GCG GGC GGG GCG 
GGG GCA CGG GGG GAC TCC TAC GGG AGG CAG CAG 3′; 
Eurofins MWG Operon, Ebersberg, Germany) and PRUN518r (5′ 
ATT ACC GCG GCT GCT GG 3′; Eurofins MWG Operon). All 
reactions were carried out in a 50-µL volume containing 1.25 U 
HotMaster Taq DNA Polymerase (5 Prime, Hamburg, Germany), 
5 µL 10× HotMaster Taq Buffer with 2.5 mM MgCl2 (5 Prime), 100 
ng DNA, 10 pmol each primer, 0.3 mM dNTP (Bioline, Lucken-
walde, Germany), and 1µg bovine serum albumin (Sigma-Al-
drich, Brøndby, Denmark).

The PCR reaction was performed on a Robocycler Thermo-
block (Stratagene, Aarhus, Denmark). Initial denaturation was 
performed at 95 °C for 5 min; followed by 30 cycles of denatur-
ation at 95 °C for 30 s, annealing at 60 °C for 30 s, and extension 
at 72 °C for 40 s; with a final elongation step at 72 °C for 10 min. 
A final product length of approximately 230 bp was checked by 
electrophoresis on a 2% agarose gel stained with ethidium bro-
mide (Bio-Rad, Hercules, CA).

DGGE. PCR amplicons were analyzed by DGGE (phorU-2 Sys-
tem, Ingeny, Goes, Netherlands) according to the manufacturer’s 
instructions. The acrylamide concentration in the gel was 9%, and 
the linear denaturation gradient was 30% to 65% (100% denatur-
ant corresponds to 7 M urea and 40% deionized formamide). Be-
fore loading, 35 µL PCR product was mixed with 6 µL 6× loading 
dye (Fermentas GmbH, St Leon-Rot, Germany). In addition to the 
samples, an inhouse standard PCR product was run on the DGGE 
gels allowing accurate alignment of lanes and bands within and 
between gels. Electrophoresis was performed in 0.5× TAE (1× TAE 
corresponds to 40 mM Tris acetate, 1 mM EDTA, pH 8.0), at 60 °C 
for 16 h at 120 V. Gels were stained by using SYBR Gold (dilution 
factor, 1:10000; Invitrogen, Eugene, OR) in 1× TAE for 1 h and 
photographed under UV transillumination (302 nm; (EDAS 290, 
Eastman Kodak, Rochester, NY).

Data analysis. The 16S rRNA gene amplicon-based profiles ob-
tained by DGGE were analyzed by using the Bionumerics pro-
gram (version 4.5, Applied Maths, Sint-Martens-Latem, Belgium). 
To compare Dice similarity coefficients with a position tolerance 
setting of 1% optimization and 1% position tolerance for band 
composition, the unweighted pair-group method with arithmetic 
averages clustering algorithm (UPGMA) was used, and dendro-
gram patterns derived from the similarity of the DGGE profiles 
were constructed (Applied Maths). Group separation statistics 
based on the Jacknife method (Applied Maths) was performed 
to evaluate the stability of the given clustering, in which every 
sample within a group was compared with the samples of the 
opposite group, thereby identifying the integrity of the defined 
group. Furthermore, 3D principal component analysis based on 
the DGGE data was carried out (Applied Maths). The Fisher exact 
test was performed for every band class in the DGGE profiles, 
and P values for all band classes were calculated. Range-weighted 
richness (Rr),25 a unitless mathematical expression for the number 
of bands found in a DGGE profile independent of the denaturing 
gradient used, was calculated. A P value of 0.05 was used to de-
fine statistical significance.

Cluster analysis based on DGGE profiles indicated the similar-
ity between individual profiles, where 100% indicated complete 

ture dependent techniques are restricted to cover only the aerobic 
heterotrophic fraction of the total bacterial population capable of 
forming colonies on solid media.33 As such, culture independent 
approaches are more applicable in characterizing the GM. De-
naturating gradient gel electrophoresis is a PCR based method 
widely applied to study complex microbial communities as in 
soil,28 milk products5 and the gut microbiota.9 DGGE separates 
DNA fragments of the same lengths on the basis of differences in 
base-pair sequences in a polyacrylamide gel containing a linear 
increasing concentration of denaturant as described by Myzer 
and Smalla.28

The aim of our study was to examine the extent to which the 
composition of the GM varies in laboratory mice in relation to 
differences in environment (for example, deriving from different 
vendors or rooms, use of IVC systems) and genetic background 
(for example, inbred compared with outbred mice). To this end, 
we used DGGE to profile PCR-derived amplicons from bacterial 
16S rRNA genes to determine the variation in the composition of 
the GM of laboratory NMRI and C57BL/6 mice.

Materials and Methods
Mice. All breeding methods and experimental procedures con-

formed to regulations provided in the Animal Welfare Act and 
Animal Welfare Ordinance of Sweden26 and were authorized by 
The National Swedish Agriculture Department and the Swedish 
Regional Ethics Committee.

Inbred C57BL/6Sca and outbred Sca:NMRI mice were raised 
and maintained in a closed system as SPF animals in accordance 
with the Federation of European Laboratory Animal Science 
Association.29 Cages and supplies were autoclaved, if possible, 
or passed through a chemical lock. Caretakers entering the bar-
rier were required to shower and change to autoclaved clothes, 
gloves, and mouth and hair covers provided inside the barrier. 
C57BL/6Sca and Sca:NMRI mice were housed in IVC (Blue Line 
Type II, Tecniplast, Varese, Italy) containing autoclaved aspen 
bedding and were offered free access to UV-treated water and 
autoclaved diet (RM 3, SDS, Witham, UK). All animal handling 
was performed in a laminar air-flow cabinet (Scanbur A/S, 
Karlslunde, Denmark). Housing and maintenance principles 
were in accordance with the Council of Europe Convention ETS 
123.3 The animals were bred in trios, with 1 male and 2 female 
mice in each IVC cage. Offspring were weaned at the age of 3 wk 
and separated according to sex.

From the same breeding barrier, 2 IVC cages with female 
C57BL/6Sca mice (age, 8 wk) and 2 IVC cages with male 
C57BL/6Sca mice (age, 8 wk) were sampled randomly to ana-
lyze the effects of sex and the use of IVC on the composition of 
the GM. To study the genetic influence on the composition of the 
GM, cecal samples from 32 Sca:NMRI mice (age, 8 wk) and 30 
C57BL/6Sca mice (age, 8 wk) raised in the same breeding barrier 
were used. In addition, 15 C57BL/6Sca mice (age, 8 wk) raised in 
a different room were used to examine the influence of differing 
environmental exposure on the composition of the GM. Finally, 
16 C57BL/6NCrl mice (age, 8 wk) were used to illustrate any dif-
ferences in the gut community of C57BL/6 mice from different 
laboratory animal breeders.

Cecum sample collection. At the age of 8 wk, mice were eutha-
nized by cervical dislocation, and cecal samples were collected 
aseptically in a laminar flow hood. The samples were immediate-
ly frozen at −80 °C until use. DNA was extracted (DNA Stool Mini 
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in murine inflammatory models, this variation will need to be 
considered when planning experiments and developing future 
standards of quality control of laboratory animals might be ap-
plicable. This consideration is necessary both to improve the re-
producibility and predictability of animal experimentation and to 
strive for reduction and refinement in laboratory animal science. 

similarity and 0% complete dissimilarity. Interpretation of cluster 
analysis served to define a level at which similarities beyond this 
level are incidental. The level of reproducibility in our analysis 
was 92% (data not shown), therefore similarities beyond 92% 
were defined as being incidental.

Results
Similarity indices based on DGGE profiles from inbred 

C57BL/6Sca and outbred Sca:NMRI mice. The composition of 
the GM of 32 Sca:NMRI and 30 C57BL/6Sca mice was ana-
lyzed. The overall similarity index (mean ± 1 SD) for Sca:NMRI 
mice was 66.5% ± 6.8%, whereas the overall similarity index for 
C57BL/6Sca mice was 77.8% ± 4.4% (Figure 1). Microbial diver-
sity, based on Rr calculation, was high for both groups: 229 for 
C57BL/6Sca and 135 for Sca:NMRI mice.

Cluster analysis and principal component analysis based on 
DGGE data from C57BL/6Sca mice housed in IVC. There was no 
clear separation between the different IVC units housing female 
and male C57BL/6Sca mice (Figure 2). Neither IVC cage nor sex 
was a statistically significant factor for the composition of the ce-
cal microbiota.

Comparison of DGGE profiles from C57BL/6Sca mice raised 
in different rooms at the same breeding center. This comparison 
yielded 2 main clusters among the C57BL/6Sca mice that were 
raised in 2 different rooms at the same breeding center (Figure 
3). The overall similarity index (regardless of room) was 83.7% 
± 3.8%, that for mice in room 1 was 86.0% ± 3.2%, and that for 
mice from room 2 was 84.4% ± 3.4%. Group violation (Table 1)
 indicates that in 31.4% and 22.9% of the cases, the given DGGE 
profiles could have been assigned to the opposite group. The 3D 
principal component analysis plot (Figure 4 A) shows no clear 
separation between the samples from the 2 rooms, and no signifi-
cant difference in the composition of the cecal microbiota between 
C57BL/6Sca mice raised in separate rooms could be identified 
based on PCR/DGGE.

Comparison of DGGE profiles from C57BL/6 mice originating 
from 2 different laboratory animal vendors. The dendrogram in 
Figure 5 clearly reveals 2 main clusters, each reflecting the C57BL/6 
mice raised at each of the 2 laboratory animal vendors. The overall 
similarity index (regardless of vendor) was 75.6% ± 4.6%, that for 
vendor 1 was 82.8% ± 3.1%, and that for vendor 2 was 82.5% ± 
4.2%. Group violation (Table 1) shows that in only 6% and 5.9% 
of the cases, the given DGGE profiles could have been assigned 
to the opposite group. The 3D principal component analysis plot 
(Figure 4 B) shows a clear separation between the samples from 
the 2 vendors, and the P value (P < 0.05) demonstrates a statistically 
significant difference in the composition of the cecal microbiota of 
C57BL/6 mice purchased from 2 laboratory animal vendors.

Discussion
Our results show that the GM of inbred mice are more similar 

between animals than are those of outbred mice, according to 
DGGE profiles of cecal samples, and that the similarity index of 
C57BL/6Sca mice was 10% higher than that of Sca:NMRI mice. 
This observation supports the general understanding that vari-
ation is lower in inbred compared with outbred animals. Fur-
thermore, we have shown that the GM of mice originating from 
2 commercial vendors is significantly different. If the observed 
variation in GM leads to variation in the parameter response 

Figure 1. Similarity indices from cluster analysis based on DGGE pro-
files representing the similarity in the composition of the cecum micro-
biota from Sca:NMRI and C57BL/6Sca mice. The similarity index for 
Sca:NMRI mice is 66.5% ± 6.8%; that for C57BL/6Sca mice is 77.8% ± 
4.4%.

Figure 2. Principal component analysis based on DGGE profiles of 
16S rRNA gene-derived amplicons of cecal samples collected from 
C57BL/6Sca mice housed in IVC. Each cage is marked with a different 
color; mice from the same cage have the same colored dots. Yellow and 
red dots represent female mice, and green and blue dots represent male 
mice.
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different vendors) have the same major histocompatibility com-
plex and match each other in other parts of the genetic profile. 
Mathematically, an inbred strain has a genetic similarity coef-
ficient of as high as 99% which, if genetics has the predominant 
effect on GM, should lead to high similarity between the GM of 
these host populations. According to cellular fatty acid analysis, 
inbred mice within the same strain show rather uniform GM, 
with similarity indices of greater than 90%.17 Although we could 
not confirm a similarity index of 90% in our group of 30 inbred 
mice, we achieved levels as high as 90% when looking at sub-
clusters representing fewer animals.17 Although the genetic back-
ground seems to have an important effect on the colonization of 
the GM, the genetic influence cannot be absolute, because only 
microorganisms present in the environment can colonize. How-

Depending on the correlation between the diversity of the GM 
and the expression of disease in mouse models, decreased varia-
tion between the GM of the animals may lead to smaller group 
sizes or higher power in studies influenced by the GM. In the 
present study, we have shown that DGGE is a simple tool that 
may enable breeders to document the similarity of the GM of 
their mice in the same way as they currently document the patho-
gen or genetic status of their animals.

As documentation would make similarity a quality parameter, 
a further perspective would be that the vendors would actually 
work to increase the similarity of their mice. To do so, it seems es-
sential to discuss the background to these dissimilarities between 
the GM of individual laboratory mice. Studies based on differ-
ent culture-independent techniques have shown that the host’s 
genotype affects the bacterial community of the GM.37,38,42 After 
transplantation of human20 or zebrafish GM31 to germ-free mice, 
the GM subsequently changes into a more murine microbial pro-
file, thereby supporting genetics as a key factor for determination 
of the GM. In the current study, the higher similarity index of the 
inbred strain compared with outbred stock was not due to lower 
bacterial diversity, because the diversity of the cecal microbiota 
was high for both colonies. Instead, the higher similarity of the 
GM of the inbred strain likely is related to a higher genetic simi-
larity, because the GM differs markedly between congenic mouse 
strains that differ only at the major histocompatibility complex.35 
In general, different colonies of inbred mice (for instance, from 

Figure 3. Dendrogram based on DGGE profiles representing 16S rRNA gene-derived amplicons of cecal samples collected from C57BL/6Sca mice origi-
nating from 2 breeding rooms (R1 and R2) at the same laboratory animal vendor. Each figure within the groups indicates a sample from a single mouse 
(numbered from 1 to 15). The scale bar represents the similarity index as a percentage (100 indicates complete similarity and 0 complete dissimilarity). 
The overall similarity index is 83.7% ± 3.8%. The similarity index for room 1 is 86.0% ± 3.2%; that for room 2 is 84.4% ± 3.4%.

Table 1. Group separation statistics based on cluster analysis obtained 
from DGGE profiles comparing the cecal microbiota in C57BL/6 mice 
from different rooms within the same laboratory animal vendor or from 
different laboratory animal vendors

Room 1 Room 2
Breeding 
center 1

Breeding 
center 2

Room 1 77.1% 31.4%
Room 2 22.9% 68.6%
Breeding center 1 94.1% 6.0%
Breeding center 2 5.9% 94.0%
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microbes may therefore have been less of a factor than might 
otherwise be expected. The only difference in the conditions of 
maintenance between the 2 rooms was the caretaking staff, which 
nevertheless is a relevant environmental factor, in that some early 
studies indicate a certain sharing of bacteria between caretakers 
and animals.41 Purchasing BALB/c mice from different laboratory 
animal vendors also seems to lead to increased variation in the 
GM, as monitored by culture-dependent techniques.14 Our analy-
sis of C57BL/6 mice originating from different vendors revealed 
2 main clusters which were significantly different. Different envi-
ronmental exposure, especially different diets,4,7,12,23,27 influences 
the GM and gut immunology.

Our experiments do not clarify the extent to which the genetic 
background or environment caused the identified variations be-
tween mice originating from different vendors. In that the simi-
larity index for mice from vendor 1 was 82.8% and for mice from 
vendor 2 was 82.5%, C57BL/6 mice seem to have a fixed level of 
similarity. However, in view of the differences in the GM between 
mice from different commercial vendors, the origin of animals 
is an important aspect to consider with respect to the reproduc-
ibility in research using animal models. Even though the correla-
tion between the development of chronic inflammatory diseases 
and the GM seems increasingly well-documented, and given that 
dramatic changes in the microbial status of rodent models, such 
as germ-free rearing or probiotic feeding, lead to demonstrable 
changes in disease expression,11,21 the effect of these apparently 
small dissimilarities on the reproducibility in research using ani-
mal models is unknown. Here we have shown that interindivid-
ual variation can be documented and that small environmental 
differences, such as different rooms or IVC housing, at the same 
vendor have less of an effect on the GM of mice, whereas obtain-
ing mice from different vendors may lead to larger deviations in 
the GM.

ever, literature on the actual inbreeding coefficient monitored as 
the percentage of loci expressing homozygosity is rather sparse 
and dates from before the availability of modern methods such 
as SNP chips.13,30 In addition the separation of rodent strains into 
discrete colonies is known to give rise to genetic variation after a 
limited number of generations.30 Therefore, it cannot be excluded 
that a higher inbreeding coefficient could still be achieved in fu-
ture laboratory mice, and that doing so would decrease interindi-
vidual variation between the GM of mice of the same strain.

Mice examined in previous studies reporting that the genetic 
background plays an important role in determining the composi-
tion of the GM35,37,38, 42 were housed in open cages, most likely all 
in the same room, and to a large extent were exposed to the same 
microorganisms from the surroundings. Today, laboratory mice 
more typically are housed in IVC, which limit exposure to micro-
organisms from the surroundings and cross-contamination be-
tween cages. In our study, C57BL/6Sca and Sca:NMRI mice were 
housed in IVC. Nonetheless, we did not see clustering related 
to individual cages of the mice and therefore saw no indication 
that IVC as a housing system results in intercage variation with 
respect to the composition of the GM. In contrast, the GM of mice 
raised in the same room clustered. In another study, mice pur-
chased at the age of 6 wk and maintained in different rooms like-
wise showed a clustering to the respective rooms.9 Furthermore, 
relocation of C3H mice at 4 wk of age led to markedly different 
fecal profiles.6 These data indicate that exposure to different envi-
ronmental factors, such as different caretakers, and deviations in 
treatments of food, water, and bedding, may influence the com-
position of the GM. However, in the current study, the difference 
between breeding rooms identified by PCR/DGGE was not sta-
tistically significant. We investigated C57BL/6Sca and Sca:NMRI 
mice at a breeding center where conditions of maintenance are 
standardized, and inconsistency in the environmental source of 

Figure 4. Principal component analysis based on DGGE profiles of 16S rRNA gene-derived amplicons of cecal samples collected from C57BL/6 mice. 
(A) C57BL/6Sca mice originating from 2 breeding rooms within the same laboratory animal vendor. The 2 rooms are marked with circles and squares. 
(B) C57BL/6 mice originating from 2 different laboratory animal vendors. The 2 breeders are marked with circles and squares.
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