Chapter 21

21.  Genetic Monitoring


Genetic Monitoring

I.
INTRODUCTION

· Three fundamental factors to obtain valid and reproducible scientific data: genetic authenticity, health quality, and optimal housing environment.

· Most inbred strains of mice, rats, and guinea pigs were bred and developed in the 1920's-1930's.  They were subsequently distributed to and bred in many research institutes and commercial breeding facilities, creating a large number of substrains.

· Variations and changes in the genetic characteristics among sublines have occurred.  These genetic changes could be due to genetic drift, mutation, residual heterozygosity, and human error, such as differences in breeding methods, poor colony management and husbandry practices, and genetic contamination.  Frequently, the substrains are significantly different in their genetic characteristics or biologic response.  Therefore it is imperative to use proper strain nomenclature and substrain designation in referring to experimental animals and their source in scientific articles.

II.
SOURCES OF GENETIC IMPURITY OF INBRED STRAINS

· Sources of genetic impurity in inbred mouse strains: incomplete inbreeding, mutations, inadvertent outcrossing, mislabeling, and epistatic and heterozygote selection during the course of breeding.

· Sources of rodent subline divergence or contamination may include one or more of the following:

1. Genetic contamination of rodent strains due to improper breeding methods, poor breeding practices, poor colony management, lack of accurate record keeping systems, inadequate animal care personnel training, frequent personnel changes, human error or negligence, and lack of supervision by a qualified professional.

2. Genetic mutations, substitution, insertion, or deletion of genetic material.  The mutation becomes fixed in the substrain during the course of breeding.

3. Derivation and establishment of germfree and SPF microflora assoc. colonies using hysterectomy technique at different commercial breeding or institutional facilities.  Procedure requires a foster mother to nurse the hysterectomy-derived litter.  Danger of genetic contamination when the foster mother and nursing litters are the same color coat because the foster mother may give birth to subsequent young as result of delayed parturition after the foster litter has been placed in the cage.

4. Incomplete breeding, residual genetic heterozygosity.

5. Failure to conduct a proper genetic monitoring program in breeding colonies.

III.
EVIDENCE OF GENETIC CONTAMINATION

· AKR/J and AKR/Cum differ in cell surface antigen detectable by serological tests; in a biochemical marker, malic enzyme 1, which is governed by the gene (Mod-1) on chromosome 9; and in the susceptibility to transplanted leukemias.

· Differences on the incidence of spontaneous leukemia and in the electrophoretic patterns of esterase-3 and a major urinary protein (Mup-1) were also noted among AKR/J, AKR/Cum, AKR/FuA, AKR/RuRdA, and AKR/LW substrains.

· Differences in histocompatibility and isoenzyme in BALB/c substrains was reported.

· Differences in response to lipopolysaccharides, and susceptibility to murine leprosy have been demonstrated in C3H substrains.

· CBA/J and CBA/Ca differ in histocompatibility, radiation sensitivity, and in two genetic loci controlling phosphoglucomutase 1 (Pgm-1) and retinal degeneration (rd).

IV.
METHODS OF GENETIC MONITORING

A.
Colony Management

· Most effective method in ensuring the genetic authenticity of rodents is the proper management of breeding colonies.

· In a rodent breeding facility, a proper breeding system, including pedigree foundation colony, pedigree expansion colony, and production colony, should be strictly followed.

· A proper breeding method should be enforced for each type of colony in order to maintain genuine strain characteristics and integrity.

· Brother and sister sibling matings should be performed in the foundation and pedigree expansion colonies, whereas random harem breeding can be used in the production colony from which offspring are distributed for research use.

· The offspring of the production colony should not be used as breeders.

· Breeding records should be accurately and adequately maintained.  Proper and permanent marking is required for all breeders in animal rooms.

· Breeders of the production colony should be replaced w/ the offspring of the pedigree expansion colony every 3-4 generations in order to avoid subline divergence.

· The most important element in maintaining the authenticity of research animals is the training and experience of animal technicians for the understanding of breeding systems and methods, genetics of rodent species, record keeping methods, general laboratory animal science, and quality assurance programs.

· Coat color is the commonly used and easily recognized marker as the first line of detecting genetic contamination.

· Hybrid (F1) animals should never be used as breeding stock.

· In captive breeding programs in primate centers and zoos, high infant mortality rates, reduced fertility, increased susceptibility to disorders, and changes in behavior have been reported.  These observations are a result of increased inbreeding depression and reduction or loss of genetic variability in small isolated populations.

· Electrophoretically defined protein polymorphisms that are used as genetic markers to monitor and improve primate breeding programs: albumin, prealbumin, transferrin, carbonic anhydrase II, phosphohexose isomerase, isocitrate dehydrogenase, 6-phosphogluconate dehydrogenase, NADH diaphorase, NADPH diaphorase, group specific protein, properdin factor B, and C3 complement component.

B.
Monitoring Immunogenetic Markers

· Immunogenetic markers are referred to as the histocompatibility (H) genes that determine cell membrane alloantigens such as erythrocyte antigens, lymphoid tissue antigens, and histocompatibility antigens.

· The MHC in the mouse is H-2, which consists of a series of genes located on chromosome 17.  (Rat is Rt-1, GP is GPLA, Hamster: Hm-1)

1.
Skin grafting

· Most commonly used and sensitive genetic monitoring method for detecting differences in histocompatibility genes within or between substrains.

· Grafts have to be observed for at least 90–100 days.

· An acceptance of allografts for more than 100 days indicates a high degree of uniformity, homozygosity, and inbreeding.

· Graft rejections that occur within 3 weeks suggest a significant difference in H-2 complex.

· Differences in non H-2 regions may result in a chronic graft rejection.

2.
Mixed Lymphocyte Reaction (MLR)

· When lymphocytes from allogenic animals or genetically different individuals are mixed and cultured together in cell culture media they begin to enlarge; synthesize DNA, RNA, and proteins; and divide further.  Response is assayed by the incorporation of radioactive labeled thymidine into the responding cells.

· Proved an effective and efficient method for monitoring the authenticity of mice and rats.

· A one-way reciprocal mixed lymphocyte culture test is recommended for genetic monitoring.  The basic MLR techniques consist of mixing 0.1 ml of 105 cells (spleen cells) of responding lymphocytes (from potential recipient) and or irradiated (or mitomycin C-treated) stimulating cells (from potential donor).

· Known as the in vitro counterpart of the recognition and proliferation phases in the skin graft rejection.

3.
Lymphoid Tissue Transplantation

· Lymphoid cells are immunocompetent and have alloantigens on their surface.

· Histocompatibility can be monitored by injecting lymphoid tissues or cells of donors into recipient animals.

· Histoincompatibility is determined by the survival and splenomegaly of the recipient animals.

4.
Tumor Transplantation

· Susceptibility of animals to tumor transplants is determined by MHC genes that also code for alloantigens.

· These genes are responsible for the rejection of incompatible neoplastic and normal tissue grafts.

· Histocompatibility shown by tumor acceptance and growth leading to eventual death of recipient.

· Histoincompatibility = tumor rejection resulting in survival of host.

5.
Serological Methods

· Hemagglutination assay and complement-dependent antibody mediated lympholysis test are the two serological methods recommended for detecting substrain differences in MHC of mice and rats.

C.
Monitoring Biochemical Markers

· The analysis of biochemical genetic markers in mice serves to monitor a set of gene products that are not determined by H-2 or non H-2 loci.  In mice there are at least 64 markers.  Each strain has its unique genetic profile of markers that differentiate it from other strains or substrains.

· Inbred rat strains have only a few markers.

· Markers are assayed by electrophoresis and electrofocusing.

· Common used electrophoresis media are cellulose acetate membrane, starch gel, and polyacrylamide gel.

D.
Monitoring Osteomorphic Characteristics

· There are distinct skeletal differences between inbred strains of mice.

· Most common method: “mandibular analysis.”

· The distance of at least 11 morphologic reference points of the right mandible is measured from rectangular coordinates.

· A sensitive, economic, and easy method for genetic monitoring.

E.
Monitoring Chromosomal Bands

· The chromosomal banding techniques in identifying C and Q bands as chromosome markers have been used to distinguish inbred strains of mice.

· Satellite DNA is localized at the centromeric region of the mouse chromosomes, except at the Y chromosome.  This region is the only part of the normal mouse chromosome that will be stained with Giemsa.  Staining of the constitutive heterochromatin centric region is termed C banding.

· Size of the C band region is the same for homologous chromosomes, but varies with the different chromosomes of various inbred strains.

· Several types of mutations can be detected by skin grafting, including simple substitutions, deletions, and insertion of retroviral sequences.  Genetic Monitoring of Inbred Rodents from Controlled Production Colonies through Biochemical Markers and Skin Grafting Procedures, LAS 46(5): 585-588

· Simple sequence length polymorphisms (SSLPs) derived by PCR.  By using 10 selected SSLPs, possible to detect genetic contamination of mouse stocks w/ greater sensitivity than standard commercial methods based on allozyme analysis.  CT 35(3): 60-62
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