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Microsatellite Variation Within Three Populations
of Inbred C57BL/6J Strain

NIU Yi-dong" *, LIANG Shu-long?
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Peking University, Beijing, 100191, China)

Abstract: The goal of this study was to investigate the genetic stability of the C57BL/6J (B6) inbred mouse strain
maintained in different breeders. Three populations of B6, Popl and Pop2 purchased from Beijing and Pop3 purchased
from Shanghai, were examined. Fifteen microsatellite loci reported to be polymorphic among inbred strains were
amplified using FAM labeled primers and genotyped with ABI Prism 377 automated sequencer. Seven loci were found
polymorphic, and all the loci were homozygous in all the three populations. The present study indicates that genetic
variation occurs in different B6 populations although they are still inbred in each breeder. The mechanism of genetic
variation is not well understood now, but it is very important to know the precise content of the B6 genome before use of
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this strain in research.
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The well established inbred C57BL/6J (B6) mice
were widely used in bio-medical, especially metabolic
and related disorder studies throughout the world, and
introduced into many different countries during the last
century. They have been maintained in those countries
for different span of time. Few doubt the stability of the
genetic background of B6 in their studies, although
specific genetic differences have been found among B6
substrains (Specht & Schoepfer, 2001). Furthermore,
recent study indicates that even the most carefully
maintained inbred strains carry genetic differences
(Watkins-Chow & Pavan, 2008).
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In our previous study on type 2 diabetes, B6
presented unexpected fluctuation of body weight and
levels of blood glucose, although the protocol followed
the standard descriptions (Niu et al, 2007). We do not
agree on the general simple opinion that abnormal
phenomena are resulted from environmental, epigenetic,
or stochastic differences (Crabbe et al, 1999; Burcelin et
al, 2002; de Fourmestraux et al, 2004), because no
reliable genetic detection were performed. Many findings
indicate that the contribution of inbred strain genetic
background to the phenotype is an important factor to
consider when designing and interpreting experiments
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(Berglund et al, 2008).

The goal of the current study was to investigate the
genetic stability among three B6 populations maintained
by three respected commercial breeders in China. Fifteen
microsatellite markers, which have been reported
polymorphic among inbred mouse strains (Slingsby et al,
1995; Benavides et al, 2000; Li et al, 2001a, 2001b;
Wang et al, 2006), were amplified by PCR and
examined.

1 Materials and methods

1.1 Animals

The inbred B6 mice maintained in three commercial
animal breeders (Popl and Pop2 from Beijing, and Pop3
from Shanghai, fifteen individuals for each population)
in China were purchased at 4 weeks of age. Housing was
temperature  (23+3°C) and humidity (50%+20%)
controlled on a 12 hour light/dark cycle schedule
according to the Chinese National Standard
(GB14925-2001). The whole experiment was reviewed
and approved by the Peking University People’s Hospital
Ethic Committee (Assurance No. FWA00001384).
1.2 Extraction of genomic DNA

Tail tissues were collected from the mice. Genomic
DNA was extracted using the Gentra Puregene® Mouse
Tail Kits (D-7010B).
1.3 Selection of microsatellite loci and primers

A total of 15 microsatellite loci (Tab. 1) reported to
be polymorphic among inbred mouse strains were
analyzed. The primers were procured from Sangon Inc.
Shanghai China according to the data in MGI_4.01
(http:/Awww.informatics.jax.org), and the forward or
reverse primers for genotyping were labeled with FAM at
the 5' ends (Tab. 1).
1.4 Reaction conditions of PCR

PCR reactions were performed in 25pL volume
mixture containing 60ng genomic DNA, 12.5uL Premix
Tag™ (TaKaRa, DRR003A), 0.1 pmol/L forward and
reverse primers. The reactions were performed in the MJ
Research PTC-200 Peltier Thermal Cycler, starting with
94°C for 5min, followed by a touchdown PCR program.
The program started with 5 cycles at high annealing
temperatures (62°C and then 60°C), followed by 25-30
cycles at individual annealing temperatures (Tab. 1).
1.5 Data analysis

PCR products were resolved using an ABI Prism
377 automated sequencer, and analyzed using Genotyper
v2.5 (Applied Biosystems). Genotypes were analyzed
with the program MicroChecker 2.2.3 (Van Oosterhout et

al, 2004) to estimate null allele frequency and other
potential genotyping problems. Heterozygosity was
estimated using POPGENE v1.32 (Yeh & Boyle, 1997).
A phylogenetic tree was constructed by UPGMA method
based on the Nei’s distance (Yeh & Boyle, 1997).

2 Results

The size of those loci ranged from 92 to 256bp.
Seven loci were polymorphic and 8 loci were
monomorphic among the three B6 populations (Tab.1),
with no evidence for large allele dropout or null alleles.
All the loci were homozygous.

In the UPGMA tree, the Popl (Beijing) and Pop3
(Shanghai) were included in one cluster which have
diverged from the Pop2 (Beijing) for a long time (Fig. 1).
However, the divergent time can not be calculated
exactly because microsatellite loci of inbred strains
evolve in different rate (Dallas, 1992), and we do not
know accurately how many generations were produced
every year by a pair of B6 mice in each breeder.

popl
_'/—’{ pop3

pop2

—_—

Fig.1 UPGMA tree summarizing relationships among
B6 populations maintained in three commercial
animal breeders based on the Nei’s genetic
distance

3 Disscussion

The present study found that high level of
microsatellite variation occurred within the inbred B6
strain, although they were still inbred among breeders.
Repeated introduction of B6 colonies from different
animal breeders is an important factor that may increase
the risk of genetic mixture and contamination. The high
deviation between the two Beijing populations (Popl and
Pop2) may result from this operation or hybridization
between different populations. Recent study indicates
that a continuous and unavoidable flow of genetic
variability does exist in the B6 strain (Casellas &
Medrano, 2008). Watkins-Chow & Pavan (2008) also
predicts that genetic variations could exist within the
individual frozen embryo stock which was used to
replace the foundation stock every five generations to
limit the genetic drift in the Jackson Laboratory (Taft et
al, 2006), and persist in the population independent of
any possible selection. If it is true, knowledge of the
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Tab.1 Microsatellite loci, primer sequences and annealing temperatures for genotyping

i . i Annealing Locus size (bp)
No.  Microsatellite locus Primers (5'-3") .
Temperature ('C) ~ Popl Pop2  Pop3
L D2Mits1™ GTGAGGGGTCAATGCCAC 57 123 127 197
GGCTCAGTTGTAAGCACAAGG
2 D2Nds3 CCAAGCTTCCTTGTGCAAGTA 59 256 256 256
AAGCCCAAAGTCCATCAGTGG
3 D3Mit15™ AATTTGCATTCCAGGACCAC 55 145 146 146
AGGAAGTGACGTTGGGTTTG
4 D3Mit17 CATGGCTCCATGGTTCTTG 57 196 196 196
CCACGGAGAACAACTGAAGA
5 DaMmitis™ GAACAGTTCCCAGGTCCTCA 58 228 234 228
CTGCCTTTAAATTCTGTCACCC
6 D3Mit29 GATGAGAGATTCTGATGTGGAGG 60 145 145 145
CCAGCCTCAGTATCTCAAAACC
7 D11Mit2™ TCCCAGAGGTCTCCAAGACA 58 103 102 103
CCACAGTGTGTGATGTCTTC
8 D12Mit7 CCGGGGATCTAAAACTACAT 55 104 104 104
TCTAATCTCAGCCCAATGGT
9 D16Mit58 ) TCTTTTTTCATTGTTGTTATACACACA 55 158 158 158
GGAACAAAAAACACGTGGCT
"ATTGGTGATCTTACAGAATAC
10 D16Nds2 55 92 92 92
GTGGTCATGATATTCGTAGAT
1 D5Mit259"™ . ATGATCAAAACATTACTCCCTTCC 53 133 131 133
ACAAAGTCAGGAGAAATGTGCA
. - "CATTGGGCAATGGAATTTG
12 D12Mit158 56 148 150 150
ATGAGAGAAAACCAGAAACAAAGG
“TGCTTGTGCTCATGCATACA
13 D13Mit148 CCTTGTGCTCATGC c 58 133 133 133
AAAGGAAGGTGGCAAGTAATAGG
14 DISMit175 ) ATAGCAACTAACAAAGACATACACACA 57 175 175 175
ACCCATTGCAGTGTAAAATTCC
15  D17Mit66™ GGCTTCCACACATGATTGC 58 124 124 122
TTCTGGGTCCATCATCACAA

* Primers labeled with FAM at the 5'ends.
** Polymorphic locus.

precise content of the B6 genome is extremely important
before use of the strain in research.

Inbred mouse strains have been found to be in high
rate of divergence (Fitch & Atchley, 1985), however, the
mechanism of rapid evolution is still not understood.
What appears to have happened is that, the current B6
dispersed in different breeders is not identical to each
other in genetic background. The questions are why, how,
and where did this occur? The present study results from
limited commercial animal breeders, but it reflects
potential risk in use of inbred mice with complicated
genetic background and may be helpful to expound our
previous hypothesis in type 2 diabetes mouse model (Niu
et al, 2007). However, we cannot estimate exactly how
many scientific discoveries resulted really from the
genetic difference of the same moue strain other than

from the experiments themselves.

Urgently, a strict practicable strategy to monitor the
genetic background of inbred mice is expected especially
for animal breeders. For researchers, it is not always
sensible to attribute their variability in studies to
environmental, epigenetic, or stochastic differences
simply.
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