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1. Introduction 
Isogenic mouse and rat strains [inbred strains, congenic, co-isogenic, consomic, 
recombinant inbred (RI), and recombinant congenic (RC) strains] are indispensable for 
biomedical and biological research. The significance of the scientific results that are 
generated using isogenic animal models depends entirely on the genetic authenticity of the 
strain being used. Therefore setting up of programs for genetic surveillance of isogenic 
animal strains is irrevocably indispensable. Genetic surveillance is not only the 
responsibility of the experimenter but as a consequence of the centralization process 
observed in most animal facilities also represents a task of the facility management. The 
manuscript that is presented by the Committee for Genetics and Laboratory Animal 
Breeding of the Society of Laboratory Animal Science (GV-SOLAS) is aimed to describe 
the objectives and methods available for genetic monitoring programs. 

 

2. Impact of the genetic authenticity in isogenic experimental animal 
strains 

Genetic authenticity of isogenic animal strains can be affected by genetic contamination, 
by mutation and by differential fixation of residual heterozygous loci. With inbred strains 
that have reached a high generation number (F > 60 generations) residual heterozygosity 
is marginal. Spontaneous mutations will unavoidably occur in the genome of inbred strains 
and these mutations can lead to a phenotype alteration (Drake et al., 1998). Furthermore, 
genetic contamination can destroy the authenticity of isogenic animal strains. Principally, 
genetic contaminations can be avoided by appropriate animal facility management; 
nevertheless past experiences have indicated that contamination de facto frequently 
occurs (Bitter-Suermann and Lewis, 1980; Kendall et al., 1986; Naggert et al., 1995; 
Simpson et al., 1997; Sharp, 1981; Threadgill et al., 1997; Benavides 1999; Nitzki et al., 
2006). 

 

3. Objective of genetic monitoring 
Principally a genetic quality assurance program must fulfill two requirements: 

 It must be able to prove genetic authenticity in isogenic strains. 
 It must be suitable for genotyping specific differential alleles or to control their 

expression 
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4. Methods for control of genetic authenticity  
 
4.1 Polygenically inherited morphological and patho-physiological 
strain characteristics 

4.1.1 Pigmentation 
The coat color of mice and rats is a very valuable parameter for authenticity control of 
inbred strains; basically due to the ease of evaluation. Excellent contributions exist for the 
complex coat color genetics of mice (Silvers, 1979, Searle, 1968). Coat color variations of 
the rat have been extensively described by Hedrich (1990). 

4.1.2 Physiological reproduction data 
The colony index for isogenic strains (number of weaned offspring per breeding female per 
week); is as a rule due to inbreeding depression significantly lower than the breeding 
performance of the various outbred and hybrid strains. Significant elevation of the colony 
index of a reputed isogenic strain is thus a strong indication of genetic contamination. 

4.1.3 Behaviour 
Appearance of obvious changes in the behaviour of isogenic mice or rats can also be 
caused by genetic factors. Only appropriately qualified and trained animal care personnel 
is in the position to observe and recognize behavioral changes in mice and rats. 

4.1.4 Patho-physiological strain characteristics 
The diversity of isogenic mouse and rat strains is reflected in their different specific 
phenotypes and abundant information is available, facilitating the selection of specific 
strains for specified experiments. For example, NOD mice and BB rats develop diabetes 
mellitus type 1 and SHR rats exhibit hypertension. Loss of such characteristic patho- 
physiological properties represents a reliable indication of genetic contamination of such 
strains. 

 

4.2 Skin transplantation 
Due to the isogenicity of inbred animals, rejection of tissue transplantation within the strain 
does not occur. Therefore, skin transplantation technique can be used to verify the 
isogenic histocompatibility of inbred strains. Tissue rejection is determined from an array of 
gene loci which are designated as histocompatibility (H) loci. The major histocompatibility 
complex (MHC) has significant importance, however, the minor histocompatibility loci also 
have influence on the transplantation result (Simpson 1991). Skin transplantation offers 
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the possibility to check the identity of the H-loci between the donor and the recipient 
animal. With divergent MHC the transplant would be acutely rejected (< 2 weeks); with 
disparity of one or more minor histocompatibility loci the rejection reaction can take a 
chronic course and is prolonged over several months; but an acute course can also take 
place. Normally orthotopic tail skin transplantation (Bailey and Usama, 1960) is conducted, 
however, occasionally the earlobe is heterotopically transplanted to the side of the chest 
wall. Typically transplantations are performed on groups of animals using standardized 
methods (reciprocal circular system by Bailey and Kohn, 1965, or the double ring system 
of Zeiss, 1966). 

4.3. General marker sets  

4.3.1 Definition of general market sets 
A general marker set is a collection of specific loci or gene products that are suitable for 
generating a genetic profile of an inbred strain and thus monitor genetic authenticity of the 
strain. The marker set should provide the following requirements: 

 The marker set should have a minimum of 1 to 3 markers per chromosome in 
adequate genetic or physical distance. The number of markers per chromosome is 
determined by the chromosomal size and the markers of a specific chromosome 
should be evenly distributed. Furthermore, additional informative markers must be 
available in sufficient numbers and density for special purposes. 

 The individual markers of the sets should exhibit a high degree of genetic 
polymorphism to ensure optimal informative output for the genetic monitoring 
program. 

 The marker set must be able to facilitate differentiation between closely related 
inbred strains. 

 The genotypes or phenotypes of the markers can be determined with reasonable 
and justifiable costs. 

4.3.2 Biochemical markers 
Biochemical markers represent proteins (in most cases enzymes), which are subject to a 
genetic polymorphism. Biochemical markers are not typed at the genetic level but are 
analyzed at the protein level. To this end organic homogenates or body fluids are 
separated by electrophoresis and subsequently subjected to a protein specific reaction. 

Formerly the program for genetic monitoring of isogenic mouse strains of The Jackson 
Laboratory contained a set of 25 biochemical markers. These markers are listed in 
Appendix 1 including their chromosomal position and reference literature. In addition the 
“ICLAS Manual for Genetic Monitoring of Inbred Mice” has published a set of biochemical 
markers (Esaki et al., 1984). Furthermore a set of biochemical markers for authenticity 
control of isogenic rat strains has been published by Hedrich (1990, see Appendix 2). 
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4.3.3 Immunological markers  
Immunological markers either represent gene products with immunological functions or 
proteins that can be detected by means of immunological methods. The original genetic 
mouse monitoring program of The Jackson Laboratory contained three immunological 
markers for analyses, subjacent also the MHC. These markers are listed in Appendix 3 
inclusive of chromosomal position and reference literature. In the “ICLAS Manual for 
Genetic Monitoring of Inbred Mice” (Esaki et al., 1984) there is also a list of immunological 
markers which can be used for authenticity control of isogenic mouse strains. In the 
monograph by Hedrich (1990) an immunological marker set for authenticity control of 
isogenic rat strains can also be found (see Appendix 4). The MHC represents a 
significantly important immunological marker group. Since all T cell and most B cell 
immune reactions are restricted by the MHC, monitoring of the MHC locus is particularly 
important for immunological animal experiments. Under the internet address of The 
Jackson Laboratory a list can be seen of inbred murine haplotypes and available intra-
MHC recombinant inbred strains 
(ftp://ftp.informatics.jax.org/pub/datasets/misc/H2Haplotypes/H2_haplotypes.html). Various 
MHC haplotypes of rats are described by Hedrich (1990) and are listed in the archives of 
the Institute for Laboratory Animal Science of the Hannover Medical School. On this 
internet site information with regard to the genetic profile of many rat strains is also 
available (http://www.mh-hannover.de/2652.html). For many MHC antigens of mice, 
monoclonal antibodies have been developed, most of them are available for purchase. 
Therefore, verification of the appropriate haplotype can be easily confirmed with the help 
of a flow-cytometer. Monoclonal antibodies for individual MHCI and MHCII alleles for rats 
are seldom commercially available. Therefore the MHC haplotypes of rats are mostly 
determined and confirmed by the use of polyclonal antisera. The methods most commonly 
used are the dextrane haemagglutination test (MHC class I) and the complement-
dependent cytotoxicity test (MHC class I and II). Today, as an alternative to serological 
verification, proven molecular-genetic methods can be deployed to define the MHC 
haplotypes of mice and rats. In the meantime polymorphic microsatellites and single 
nucleotide polymorphisms (SNP) have been introduced, which are positioned in the coding 
and non-coding regions of the major histocompatibility complex; however, they do not 
always clearly define the respective haplotype. PCR, hybridization reactions and 
sequencing techniques are suggested as methods for genotyping. 

4.3.4 DNA Markers 
In the past a great number of methods were developed to detect DNA polymorphisms, for 
example “restriction fragment length polymorphisms” (RFLP, Dai et al., 2005); “variable 
number of tandem repeats” (VNTR, Thebault-Baumont et al., 2003), “random amplification 
of polymorphic DNA” (RAPD, Alexandrova and Shvemberger, 2005; Keshava et al., 1999) 
and “amplified fragment length polymorphisms” (ALFP, Vos et al., 1995). Because these 
methods are costly and time consuming and frequently do not have satisfactory 
reproducible results, they are only applied in specific cases for genotyping of inbred 
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strains. Today, in most cases microsatellite analyses and “single nucleotide 
polymorphisms” (SNP) are used for authenticity control of isogenic mouse and rat strains. 

4.3.4.1 Microsatellites 
Microsatellites are composed of tandem replications of DNA motifs, which consist of 2 to 4 
nucleotides. Microsatellites are therefore also referred to as “short tandem repeats” (STR, 
Miesfeld et al., 1981). They can be found with high frequency in all mammalian genomes 
and show a strong degree of genetic polymorphism which is characterized by the number 
of repeats of the underlying DNA motif and is thus also designated as “simple sequence 
length polymorphism” (SSLP). Microsatellite polymorphisms can easily be amplified with 
the help of PCR primers which are homologous to the specific flanking sequences of the 
microsatellite. The size of the amplified sequence can be determined by gel 
electrophoresis (agarose or polyacrylamide gel) or by automated systems if fluorescent 
primers have been used for amplification. A considerable number of databanks are readily 
available informing about mouse microsatellites and their genotypes in specific isogenic 
strains. The most prevalent information source is certainly the “Mouse Genome 
Informatics” (MGI) databank (http://www.informatics.jax.org/). In this extensive databank 
information can be obtained with regard to specific murine microsatellites, chromosomal 
position, alleles, strain polymorphism, typing techniques and literature references. For 
establishment of microsatellite-based authenticity control systems specific data collections 
are very useful, offering specific microsatellite sets and genotypes for multiple isogenic 
strains. For example, Dietrich et al. (1992) have described a set of 317 microsatellites and 
provide information about the genotypes of the inbred strains C57BL/6J-Lep<ob>, Cast/Ei, 
C57BL/6J, SPRET/Ei, DBA/2J, A/J, C3H/HeJ, BALB/cJ, AKR/J, NON/Lt, NOD/MrkTacBr 
and LP/J. Similarly, Schalkwyk et al. (1999) describe a panel of 128 microsatellites and 
polymorphisms for the strains DBA/2, BALB/c, AKR, C57BL/6, C57BL/10, A/J, C3H, 129/J, 
SJL/J, JF/1 and PWB. Information can also be obtained from the “Center for Inherited 
Disease Research” with regard to polymorphism of 314 microsatellites for a total of 54 
inbred strains. This data collection refers to a publication from Witmer and Colleagues 
(2003). Lastly, under the Internet address 
ftp://ftp.informatics.jax.org/pub/datasets/misc/Moore/Moore.xls an excel table can be 
downloaded which displays a palette of 1562 microsatellites which can identify 
polymorphisms existing between the 129/SvJ strain and seven other inbred strains 
(C57BL/6J, DBA/2J, C3H/HeJ, BALB/cJ, Cast/Ei, FVB/NJ, C57BLKS/J). The original work 
for microsatellites for rats was published by James and Lindpaintner (1997). In the 
meantime there is a multitude of information available on the Internet with regard to 
microsatellites of rats. The Rat Genome Database has proved to be user-friendly and 
practical (http://rgd.mcw.edu/). Information can be obtained from this source for specific rat 
microsatellites, for chromosomal position, alleles, strain polymorphisms, verification 
techniques and literature references. Data collections are available from which a selected 
set of microsatellites for genotyping defined isogenic rat strains can be obtained. 
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4.3.4.2 Single Nucleotide Polymorphisms (SNPs) 
SNPs represent genetic elements which are characterized by the exchange of a single 
nucleotide. Although principally all four possible nucleotides should be found in a defined 
DNA position; most SNPs are only found in 2 alleles because the likelihood for a further 
base exchange at this position is extremely low (Vignal et al. 2002). In spite of this low-
level genetic polymorphism (as compared to the multi-allelic microsatellites), SNPs are 
being increasingly used for molecular genetic analyses. The basis for this is the large 
number of these elements that can be detected in the genome. For murine SNPs there is a 
broad range of databanks which are accessible for information; an excellent source is the 
“Mouse Genome Informatics” (MGI) databank of The Jackson Laboratory 
(http://www.informatics.jax.org/), they also have a specific SNP databank 
(http://www.informatics.jax.org/javawi2/servlet/WIFetch?page=snpQF) which supplies 
information on chromosomal position, strain genotypes, flanking DNA sequences (primer 
design) and literature references for specific murine SNPs. In addition the “National Center 
for Biotechnology Information” (http://www.ncbi.nlm.nih.gov/) has an extensive data 
collection, including an SNP databank.  

For setting up an SNP-based authenticity program specific SNP sets with genotype 
information of isogenic mouse strains are more helpful than databanks. Petkov and 
colleagues (2004) have described a set of 1638 SNPs with genotype informations about 
102 isogenic murine strains. This article can be found under 
http://www.genome.org/cgi/content/full/14/9/1806, it is available for free and the SNP and 
genotype collection can be found as an excel table under the category “Supplemental 
Research Data”. In addition the “Center for Inherited Disease Research (CIDR, 
http://www.cidr.jhmi.edu/) provides information for genotyping SNPs for inbred strains. 
Presently a lot of effort is being put into developing a high resolution SNP map for the rat 
genome (Zimdahl, et al., 2004; Smits et al., 2005). But as yet an acceptable economic 
system for typing of rat SNPs has not been established. Hence the genotyping of rat 
strains via SNPs has not yet attained the importance which this technology has reached 
for genetic monitoring of isogenic mouse strains. 

 

5. Methods for strain discrimination in a breeding unit 
5.1 Critical marker sets 
If defined isogenic mouse or rat strains are bred and maintained concurrently for long 
periods of time in the same breeding unit (room or barrier), genetic authenticity in the first 
line is endangered by genetic contamination between these strains; thus by outcrossing 
within the breeding unit. Under these exceptional circumstances and only over a limited 
period of time genetic monitoring can be confined purely to the discrimination of those 
strains co-habiting in the same breeding unit. For these specific inquiries, analysis with a 
critical marker set is sufficient. The required critical marker set only needs to comprise 
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those markers that give a clear discrimination between the animal strains within the 
specific breeding unit. 

5.2 Genotyping methods of differential loci 
Principally, suitable genotyping protocols need to be established for all differential alleles 
(e.g. transgenes, knock-out defects, knock-in mutations, spontaneous mutation); which are 
carried by isogenic strains of a specific facility. Usually, these protocols are based on PCR 
technology. However, in exceptional cases more complex procedures must be set up. As 
an example, Lieschke et al. (1994) and Kaneko et al. (1995) describe techniques to type 
the osteopetrotic (op) allele of the murine Csf1 gene position. If co-isogenic or congenic 
strains with the same genetic background are maintained in the same breeding unit; a 
suitable critical marker set must be able to discriminate all differential alleles of all strains 
existing in this unit. 
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Appendix 1 

Biochemical markers used by The Jackson Laboratory for authenticity control of 
isogenic mouse strains: 

Biochemical Marker Gene 
Chromo-

some Literature 

Salivary Amylase Amy1 3 Hjorth, 1979; Sick und Nielsen, 1964 
Acyl-CoA Dehydrogenase Acads  5 Seeley und Holmes, 1981 
Alkaline Phosphatase 1 Akp1 1 Wilcox et al., 1979 
Apolipoprotein A1 & 
Transferin  

Apoa1 und 
Trf 9 Cohen, 1960; Shreffler, 1960 

Carbonic Anhydrase 2 Car2 3 Eicher et al., 1976 

Esterase 3, 10, and 11 
Es3, Es10 
und Es11 11, 14 und 8 

Popp, 1966; Peters and Nash, 1976; 
Peters und Nash, 1977 

Esterase 1 Es1 8 
Popp und Popp, 1962; Ruddle und 
Roderick, 1968; Soars, 1979 

Glucose-6-Phosphate 
Dehydrogenase G6pd1 4 Ruddle et al., 1968  
Glyoxalase-1-Structural Glo1s 17 Meo et al., 1977 
Glutamat Oxaloacetate 
Transaminase 1 und 2 

Got1 and 
Got2 19 und 8 DeLorenzo und Ruddle, 1970 

Glucose Phosphate 
Isomerase 1 Structural Gpi1s 7 DeLorenzo und Ruddle, 1969 
Glutamic Pyruvic 
Transaminase 1 Gpt1 15 Chen et al, 1973  
Glutathione Reductase 1 Gr1 8 Nichols und Ruddle, 1975 
Beta Chain Hemoglobin Hbb 7 Popp, 1965  
Isocitrate Dehydrogenase 1 Idh1 1 Henderson, 1965 
Soluble Malic Enzyme Mod 1 9 Shows und Ruddle, 1968  
Mannose Phosphate 
Isomerase 1 Mpi1 9 Nichols et al., 1973  
Neuraminidase 1 Neu1 17 Womack und Eicher, 1977 
Peptidase 3 Pep3 1 Lewis und Truslove, 1969 

Phosphoglucomutase 1 und 2 
Pgm1 und 

Pgm2 5 und 4 Shows et al., 1969 
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Appendix 2 

Biochemical markers used for authenticity control of isogenic rat strains: 

Biochemical Marker Gene 
Chromo-

some Literature 
Aconitase Acon1 5 Adams et al., 1984 
Acid phosphatase-2 Acp2 3 Bender et al., 1984 
Aldehyde dehydrogenase-2 Ahd2 12 Adams et al., 1984 
Aldehyde dehydrogenase-c- Aldh 13 Cramer et al., 1986 
Kidney alkaline phosphatase Akp1 10 Adams et al., 1984 
Plasma alkaline phosphatase Alp1 6 Bender et al., 1984 
Amylase-1 Amy1 2 Bender et al., 1985 
Amylase-2 Amy2 2 Mizuno und Susuki et al., 1978  
Catalase-1 Cat 3 Kendall, 1985 
Esterase-1 Es1 19 Bender et al., 1984 
Esterase-2 Es2 19 Bender et al., 1984 
Esterase-3 Es3 19 Bender et al., 1984 
Esterase-4 Es4 19 Bender et al., 1984 
Esterase-6 Es6 8 Bender et al., 1982 
Esterase-7 Es7 19 Bender et al., 1984 
Esterase-10 Es10 19 Bender et al., 1984 
Esterase-12 Es12 4 Bender et al., 1984 
Esterase-13 Es13 10 Kendall, 1983 
Esterase-14 Es14 19 Hedrich und von Deimling, 1987  
Esterase-15 Es15 19 Hedrich et al., 1987 
Esterase-16 Es16 19 Hedrich und von Deimling, 1987  
Esterase-18 Es18 19 Kluge et al., 1990 
Fumarate hydratase-1 Fh1 13 Adams et al., 1984  
group-specific component/ 
Vitamine D binding protein 

Gc 
14 Bender et al., 1981 

a-glycerophosphate 
dehydrogenase 

Gdc1 
8 Bender et al., 1984 

Glyoxalase -1 regulatory Glo1r 20 Bender et al., 1984 
Glycolate oxidase Gox1 3 Bender et al., 1984 
Glutathion S-transferase Gst1 8 Matsumoto und Gasser, 1983 
Beta-hemoglobin Hbb 1 Brdicka und Sulc, 1965 
Leucine aryl-aminopeptidase Lap1 1 Bender et al., 1984 
Malate dehydrogease-like 
enzyme 

Mdl1 
3 Matsumoto et al., 1982 

Major urinary protein Mup1  van Zutphen et al., 1981 
Peptidase-3 Pep3 13 Adams et al., 1984 
Pepsinogen-1 Pg1 9 Cramer et al., 1981 
Pepsinogen-2 Pg2 9 Hamada et al., 1987 
Phosphogluconate 
dehydrogenase 

Pgd 
5 Bender et al., 1984 

Pyruvate kinase-1 Pk1 2 Bender et al., 1984 
Rat tear protein-1 Rtp1 5 Kondo et al., 1987 
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Rat tear protein-2 Rtp2 1 Kondo et al., 1987 
Seminal vesicle protein 1 Svp1 3 Gasser, 1972 
Seminal vesicle protein 2 Svp2 1 van Zutphen et al., 1981 
Tamase-1 Tam1 1 Matsumoto et al., 1984 
 
 

Appendix 3 

Immunologic markers used by The Jackson Laboratory for authenticity control of 
isogenic mouse strains: 

Immunologic Marker Gene 
Chromo-

some Literature 
Major histocompatibility complex 
(MHC) 

Klein et al, 
1982 17 Shiroishi et al, 1981 

Ea9 Hemagglutinine Ea9 4  
Fox und Black, 1987; Walker 
und Phillips-Quagliata, 1985 

Complement Factor 5 Hc 2 
Rosenberg und Tachibana, 
1962; Herzenberg et al., 1963 

 
 

Appendix 4 

Immunologic markers used for authenticity control of isogenic rat strains: 
Immunologischer Marker Gen Chromosom Literatur 
Major histocompatibility complex 
(MHC) RT1 20 Bogden und Aptekman, 1960 
Cell surface alloantigene, Ag-C RT2 19 Kunz und Gill, 1978 
Cell surface alloantigen Ag-D RT3 13 Hedrich und Reetz, 1990 
Cell surface alloantigen, ADP-
Ribosyltransferase 2b,RT6  Art2p 1 Greiner et al., 1982 
Protein tyrosine phosphatase, 
Receptor type c, RT7, CD45 Ptprc  13 Barclay et al., 1987 
 
 
 

 


