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Multiplex Microsatellite Marker Panels
for Genetic Monitoring of Common Rat Strains

Elizabeth C Bryda® and Lela K Riley

Because microsatellite markers have a high degree of genetic variability, they are an effective tool for genetic monitoring.
We have developed a genotyping panel containing 87 microsatellite markers that are polymorphic among commonly used
inbred rat strains, including ACI, Fischer 344, Lewis, Brown Norway, Wistar-Furth, and Wistar-Kyoto. The markers are located
at approximately 15- to 20-cM intervals along each of the 20 autosomes. By using fluorescently labeled primers and multiplex
PCR analysis, the entire genome can be assayed with only 8 reactions. The resulting amplicons from these reactions can be
distinguished from one another by both their size and the fluorescent dye associated with them. Amplicons are analyzed
and allele sizes are determined by using automated capillary-based instrumentation. These multiplex panels provide a cost-
effective and rapid method for genetic monitoring for applications ranging from assessing genetic contamination in a rat
colony to moving mutations from one genetic background to another by using a speed congenic approach.

Abbreviations: SNP, single-nucleotide polymorphism; SSLP, simple sequence length polymorphism

AALAS]Journal of the American Association for Laboratory Animal ScienceRE-
PORT200700009658May 20083The laboratory rat (Rattus norvegicus)
is a widely used model organism for the study of all aspects
of human disease.” To facilitate its utility as an animal model,
a number of inbred, congenic, consomic, and recombinant
inbred strains have been developed over the years, and many
of these strains are used heavily for biomedical, behavioral,
and pharmaceutical research.”?! With the completion of the rat
genome sequence,® genetic studies are now more feasible, and
the rat has become a valuable model organism for comparative
genomics.

As part of good colony management, it is essential to perform
regular genetic monitoring to detect genetic contamination due
to breeding errors and to assess genetic drift in a rat colony.
Regular monitoring establishes a unique genetic profile for
each strain or colony and efficiently identifies deviations from
this profile, which can alter experimental outcomes. In the past,
this monitoring often was accomplished by using biochemical
or immunologic markers and assays."? These assays are time-
consuming, and some necessitate euthanizing the animal in
order to collect appropriate samples.

Simple sequence length polymorphisms (SSLPs), also called
microsatellites, are DNA regions containing di-, tri-, or tetra-
nucleotide repeats that are found randomly yet abundantly
throughout the genome.!®?? The number of these repeats is
highly polymorphic among different strains of rats, allowing the
microsatellites to serve as genetic markers that can distinguish
among DNA derived from different strains.!>'8 In addition, mi-
crosatellites can be assayed quickly and efficiently by PCR-based
approaches, thereby making these markers a highly effective tool
for genetic monitoring. Currently, close to 5000 SSLP markers
have been identified and characterized for 48 rat strains.2!2

Previously, techniques for microsatellite marker analysis often
relied on cumbersome labeling of the microsatellite PCR primers
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with radioisotopes or dyes and on separation by electrophoresis
on agarose or polyacrylamide gels.!” The advent of capillary-
based instrumentation for analysis has allowed automation of
the separation process and enables detection of alleles that differ
by as little as 1 to 2 basepairs. Here we describe a method for
further increasing the speed and decreasing the cost of micro-
satellite marker analysis by multiplexing primer sets such that
a minimal number of PCR reactions are sufficient for assaying
the entire rat genome and efficiently detecting genetic changes
in rat colonies.

Materials and Methods

DNA sources. Rats of the strains ACI/N, Brown Norway
(BN/RijHsd), Wistar Kyoto (WKY/NHsd), Wistar Furth (WE/
NHsd), Lewis (LEW /SsNHsd), and Fischer 344 (F344/NHsd)
were purchased from Harlan (Indianapolis, IN). Upon arrival,
animals were euthanized by inhalation of carbon dioxide fol-
lowed by cervical dislocation, and tail biopsies were performed.
Approximately 2 mm of each tail was used as a source of tissue
for genomic DNA extraction (DNeasy Tissue Kit, Qiagen, Valen-
cia, CA). All animal use and procedures were approved by the
University of Missouri’s Animal Care and Use Committee.

Genotyping protocol. Microsatellite primer sets were identi-
fied using the SSLP Query tool on the Rat Genome Database
Web Site (Medical College of Wisconsin, Milwaukee, WI) at
http:/ /rgd.mcw.edu. Primers were synthesized commercially,
with the 5" end of the forward primer of each set labeled with
one of the following fluorescent dyes: 6FAM, VIC, NED, and
PET (Applied Biosystems, Foster City, CA). Each PCR reaction
contained 30 ng of rat genomic DNA, 5 ul 10x GeneAmp Tag
buffer with 50 mM MgCl, (Applied Biosystems), 0.2 mM of
each dNTP (Roche, Indianapolis, IN), 1.25 U of FastStart Taq
(Roche), and 0.2 to 0.8 uM of each primer and was brought to
a total reaction volume of 50 pl with sterile deionized water.
The entire genome (excluding the sex chromosomes) was as-
sayed by using a total of 87 primer sets, although more than
100 different microsatellites were tested originally. The exact
primer concentration used was determined empirically based
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on its performance in the multiplex reaction, with the goal of
achieving even peak heights for all microsatellite loci within a
panel. PCR amplification was performed in a GeneAmp PCR
System (Applied Biosystems) with the following conditions: 1
cycle at 95 °C for 4 min; 35 cycles of 94 °C for 15 s, 55 °C for 2
min, and 72 °C for 2 min; and 1 cycle at 72 °C for 7 min. After
PCR amplification, 0.5 ul of the PCR reaction was mixed with
0.5 ul GeneScan 500 LIZ Size S Standard (Applied Biosystems)
and 9 pl deionized formamide (Applied Biosystems). These
samples were transferred to 96-well plates, centrifuged for 2
min at 228 x g (Allegra 6R Centrifuge, Beckman Coulter, Full-
erton, CA), denatured at 95 °C for 5 min in a thermal cycler,
and quick-chilled on ice until loaded. Analysis of the samples
was performed by capillary electrophoresis (ABI Prism 3100
Genetic Analyzer, Applied Biosystems) using POP4 polymer
(Applied Biosystems). Data were visualized and allele sizes were
scored by using GeneMapper software (version 4.0, Applied
Biosystems). Results were exported to a spreadsheet (Excel,
Microsoft, Redmond, WA) for further analysis and comparison.
All genotyping analysis was performed by the Research Animal
Diagnostic Laboratory Genetic Testing Service (Columbia, MO).
The basic strategy for analysis is outlined in Figure 1.

Results

Development of multiplex marker panels. Initially, markers
were selected from the publicly available database of microsatel-
lite markers at the Rat Genome Database such that the markers
were located at approximately 15- to 20-cM intervals and were
highly polymorphic among the ACI/N, F344/NHsd, LEW/
SsNHsd, BN/RijHsd, WF/NHsd, and WKY /NHsd rat strains.
On average, the markers in our panel are separated by 19 cM.
Because centimorgan distances are somewhat arbitrary and are
dependent on the strain combination used for mapping, the
physical chromosome location of each marker was determined
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Figure 1. Overview of analysis process. Primer sets for the microsatellite
markers are multiplexed into 8 PCR reactions. The products from the PCR
reactions are mixed with a size standard and separated by capillary elec-
trophoresis using an ABI 3100 Prism Genetic Analyzer. Specialized soft-
ware is used to determine the allele sizes for each microsatellite marker.

based on the Rat Genome Sequence Data (RGSC 3.4) available
at Ensembl* to ensure that we had sufficient coverage of each
chromosome at regular intervals (Figure 2). This procedure
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Figure 2. Distribution of microsatellite markers across the genome. The chromosomes are drawn to scale based on the data from the current
rat genome sequence (RGSC 3.4). The physical position of each marker on the 20 rat autosomes is shown. Each segment (black or gray boxes)
represents 20 Mb. The average distance between adjacent markers on each chromosome is 30 Mb (19 cM).
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Figure 3. Representative data output for analysis of LEW/SsNHsd
DNA with markers D2Rat3 and D3Rat53. The 2 markers were ampli-
fied in a single PCR reaction and separated by capillary electrophore-
sis. The upper panel depicts the alleles for D3Rat53, and the lower
panel depicts the alleles for D2Rat3. The alleles are represented by
the peaks. The sizes in basepairs (bp) are indicated on the top x axis,
such that smaller alleles appear to the left, and larger alleles appear to
the right. The values on the y axis indicate fluorescent signal intensity
given in relative fluorescent units (RFU) and vary for each sample. In
this example, both primer sets were labeled with the same fluorescent
dye (6FAM), but amplicons are readily distinguished due to the differ-
ences in the allele sizes: 162 bp for D3Rat53 and 121 bp for D2Rat3. As
expected, this inbred strain is homozygous for the alleles depicted.

resulted in markers that were separated, on average, by 30 Mb
along the length of each chromosome.

Next, the markers were combined in groups of 11 to 13 based
on their allele sizes, such that there was no overlap in size
between possible amplification products containing the same
dye. For example, the forward primers of 2 different markers,
D2Rat3 and D3Rat53, were labeled with 6FAM, combined in
a single PCR reaction, and tested to determine whether the
alleles could be distinguished by capillary electrophoresis. As
seen in Figure 3, the D2Rat3 alleles and D3Rat53 alleles can be
distinguished easily because of the nonoverlapping differences
in the sizes of each allele. By carefully determining the range
of allele sizes for all 6 rat strains for each marker, we created
groups of primers to test together in single PCR reactions. In
addition, we multiplexed primer sets that had similar allele
sizes but were labeled with different dyes. Empirical testing
of primer sets to avoid fluorescent signals of 6000 relative
fluorescent units or greater and careful attention to the quality
control values reported by the GeneMapper software (Ap-
plied Biosystems) allowed optimization of each multiplex
PCR reaction.

Characteristics of the marker panels. The final marker set
consisted of 87 microsatellite markers multiplexed in 8 PCR
reactions. Markers are positioned on each chromosome with

Rat microsatellites for genetic monitoring

an average spacing of 19 cM or 30 Mb. The markers are highly
polymorphic among the strains we tested such that the major-
ity of markers are informative, meaning that a marker can be
used to distinguish between any 2 strains (Table 1, Figure 4).
There are 7 markers with 2 different alleles, 19 markers with 3
different alleles, 27 markers with 4 different alleles, 24 markers
with 5 different alleles, and 10 markers with 6 different alleles
among the strains tested.

Applications. We have used our marker set for several differ-
ent applications, including establishing a baseline genetic profile
for a colony of outbred rats, routine genetic monitoring to detect
genetic contamination, and establishment of an congenic rat line
by using a speed congenic approach. For example, we have used
a subset of 40 markers from our 87-marker panel for detection of
genetic contamination. The markers for genetic contamination
detection were multiplexed in 7 PCR reactions containing 4 to
9 markers per reaction. The markers were chosen so that there
are 2 evenly-spaced markers per each of the 20 rat autosomes
providing sufficient genome-wide coverage to detect genetic
contamination. In addition, we have used a speed congenic
approach to transfer an enhanced green fluorescent protein
transgene from rat line RRRC 62, which is currently on a Lewis
(LEW/Crl) genetic background, to the Fischer (F344/NCrl) ge-
netic background (RRRC 307). Our microsatellite panel was used
to analyze the genotypes of 10 N2 males at 76 markers that are
polymorphic between the LEW /Crl and F344 /NCrl strains. By
comparing the numbers of markers that were still heterozygous
versus homozygous for F344 alleles, we obtained an estimate of
the percentage of the alleles that were homozygous F344 (range,
37% to 63%; Table 2). By choosing those animals with the highest
percentage of F344-homozygous alleles to serve as breeders to
generate the N3 generation, the process of creating a F344 /NCrl
congenic line was accelerated compared with random selection
of breeders for backcrossing.

Discussion

Our goal was to generate a set of microsatellite markers in rats
that could be used cost-effectively to survey the entire genome
and distinguish among commonly used rat strains. Although
microsatellite analysis can be performed by first setting up single
PCR reactions for each marker and then pooling these reactions
prior to loading on capillary-based instrumentation, this meth-
odology is time-consuming and reagent-intensive. Instead, our
strategy was to combine multiple primer sets in the initial PCR
reactions, thereby minimizing both the number of reactions and
the amounts of reagents used. In this study, we found that as
many as 13 markers could be amplified reliably in a single PCR
reaction. In addition, we determined that primer sets could be
combined prior to use in PCR reactions and stored for as long
as 3 mo at —20 °C without loss of integrity of the primers, as
measured by absence of deterioration of the fluorescent signal
(data not shown).

Table 1. Number of polymorphic markers between strains

ACI/N BN/RijHsd F344 /NHsd LEW /SsNHsd WEF/NHsd WKY/NHsd
ACI/N 0 77 66 72 67 69
BN/RijHsd 0 78 71 75 83
F344/NHsd 0 83 71 77
LEW/SsNHsd 0 56 76
WEF/NHsd 0 71
WKY/NHsd 0
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Figure 4. Representative data output for rat marker D11Arb4. Each
row represents the results for a single DNA sample: LEW/SsNHsd
(LEW), F344/NHsd (F344), BN/RijHsd (BN), ACI/N (ACI), WE/
NHsd (WF), or WKY/NHsd (WKY). The alleles are represented by the
peaks. Many markers have a characteristic ‘stutter’ pattern (multiple
peaks), as seen here. The arrow indicates the actual allele peak. The
sizes in basepairs (bp) are indicated on the top x axis, such that smaller
alleles appear to the left and larger alleles appear to the right. The
values on the y axis indicate fluorescent signal intensity given in rela-
tive fluorescent units (RFU) and vary for each sample. In this example,
there are 5 different allele sizes, with ACI/N and WF/NHsd sharing
similarly sized alleles (monomorphic).

Single-nucleotide polymorphisms (SNPs), another type of
genetic marker, have been identified in the mouse?*?® and
only just recently have been reported for the rat.” SNPs are
single-basepair changes that occur abundantly throughout
the genome, although they may not be distributed entirely
randomly in the mouse.?>?® SNPs are usually biallelic, meaning
that only 2 alleles exist for the marker; therefore SNPs typically
are less informative than are microsatellites, which commonly
occur as multiple alleles among different strains. In short, more
SNPs are needed to obtain the same genetic information that
can be derived from microsatellites. Therefore, a key advantage
of using microsatellites for genetic monitoring is the ability to
readily detect genetic changes with a relatively small number
of markers. In addition, when these changes are due to genetic
contamination, it is often possible to identify the strain that
is the source of the contamination. This is often much more
difficult to accomplish by using SNPs. Although SNP panels
have been described for genetic monitoring in the mouse,!’
to our knowledge equivalent SNP panels for the rat have not
been described.

The importance of genetic monitoring of rodent colonies is
well-established, and our study describes a new tool for per-

Table 2. Genotypes of N2 males for strain RRRC 307

No. of No. of % of markers that
heterozygous homozygous  are homozygous for
Animal markers? markers? F344/NCrl alleles
1 32 44 58
2 30 46 61
3 37 39 51
4 42 34 48
5 28 48 63
6 48 28 37
7 40 36 47
8 34 42 55
9 32 44 58
10 46 30 40

3Genotype = 1 LEW/Crl allele and 1 F344/NCrl allele
b Genotype = 2 F344 /NCrl alleles

forming DNA-based testing to detect genetic impurity. We have
identified a subset of 40 markers (representing 2 markers per
autosome) that can be used to effectively and efficiently detect
genetic contamination among the 6 common inbred rat strains
surveyed in this study.

In addition, our 87 marker panel provides a cost-effective
method to move genetic mutations or entire genomic regions from
one genetic background to another. Typically, congenic strains
are produced by repeated backcrosses to an inbred strain, with
selection for a particular marker from the donor strain.> After a
minimum of 10 backcross generations, a strain is considered to
be congenic.’? Marker-assisted selection breeding, also known as
‘speed congenics,” accelerates the production of congenic strains
such that a congenic strain can be produced in as few as 5 back-
cross generations.'#?* Use of marker-assisted selection in rats has a
number of advantages. To move a specific mutation onto a different
genetic background while preserving the integration site, a speed
congenic approach is advisable. Likewise, a number of groups
studying quantitative traits in the rat have generated congenic
lines to study selected chromosomal regions on different genetic
backgrounds.>!1320 In mice, 3 markers per chromosome is suffi-
cient for selection of the highest rate of recipient genome in speed
congenic applications.® Our 87-marker panel has sufficient genomic
coverage and sufficient polymorphism among commonly used rat
strains to be used for these types of speed congenic approaches.
As illustrated by the data from the RRRC 307 line (Table 2), in the
early backcross generations, there is a great range among animals in
terms of the number of markers that are homozygous for recipient
strain alleles. By using this range of variation as an estimate of how
much of the genome is becoming ‘fixed” for the recipient strain,
the animals with the greatest percentage of recipient alleles can be
selected as breeders for the next generation. This process greatly
accelerates the generation of a congenic line when compared with
random selection of breeders for backcrossing.

In summary, we have shown that combining multiple rat
microsatellite markers in the initial PCR reaction followed by
capillary-based electrophoresis is a rapid, cost-effective means to
survey the rat genome for both the routine detection of genetic
contamination in a rat colony as well as for genome-wide analy-
sis for production of speed congenics, gene mapping (linkage
analysis), and background strain characterization.
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