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Phenotyping of Genetically Engineered Mice
Wasson.  Introduction: The Blind Men and the Elephant: What “Elephanomics” Can Teach “Muromics,” pp. 91-93

No summary is provided.

Questions:

1. The authors compare elephants to mice by examining several characteristics.  These include (choose all that apply): 

a. Social structure 

b. Communication 

c. Potential damage to agriculture 

d. Domestication 

e. All of the above

2. Which term(s) is/are used to describe the complex social groups that mice live in?
a. Clans 

b. Demes 

c. Herds 

d. Flocks

3. Ganesha is: 

a. An elephant-headed god 

b. The most popular and worshipped god in modern Hinduism 

c. Is found in many cultures 

d. Worshipped as the “remover of obstacles” and “bestower of success” 

e. Is considered the master of wisdom and intellect

4. In most descriptions of Ganesha, what animal is at his feet? 

5. The authors discussed the importance of considering all of the “secrets” of genetically engineered mice.  List some aspects that should be considered.

Answers:

1. e 

2. a and b 

3. a-e are correct 

4. Most descriptions of Ganesha include a “muska” at his feet.  Sanskrit for field mouse, thief, or destroyer of the crops.  Ganesha’s relationship with the mouse signifies humility by keeping company with even the smallest creatures.  In addition the mouse symbolizes the ability of the intellect to learn secrets even in the smallest of places.
5. Appropriate construct design, genetic background of embryonic stem cells, inbred strain characteristics, degree of backcrossing, colony health status.

Yoshiki and Moriwaki.  Mouse Phenome Research: Implications of Genetic Background, pp. 94-102

Summary: The "genetic background" is defined as the genotype of all other related genes that may interact with the gene of interest, and therefore potentially influences the specific phenotype. A specific phenotype is determined by a particular combination of alleles in the related gene loci of the genetic background. Each of the highly inbred strains established were selected for unique phenotypic characteristics, and thus had unique genetic backgrounds. To evaluate the effect of a single gene and eliminate the effect of the genetic background, one may use
· A breeding protocol of successive backcrosses to create a congenic strain while selecting for the mutation.

· Recombinant inbred (RI) strains.
In mouse phenome research, the choice of background mouse strain is critical to the result of the experiment, and the genetic background of the strain should be carefully considered in the interpretation of the experimental results. For example, when investigating coat color phenotypes in the mouse, one should never choose albino strains whose melanin synthesis is genetically defective.  
Since the early 1970s, knowledge of the molecular evolution of the gene has been based extensively on the concept of a molecular clock and also the neutrality in gene mutation. Molecular analysis has indicated that the fancy mice of Japan and Europe contributed significantly to the origin of today's laboratory mice. M. musculus has been classified into at least three subspecies groups- domesticus, castaneus, and musculus. This pedigree of genetic divergence in mouse subspecies groups has been confirmed by whole genome scanning using microsatellite DNA markers. Geographically, the domesticus subspecies group inhabits Western Europe and North Africa, the musculus group Eastern Europe and northern Asia, and the castaneus group Southeast Asia and Southern China. In addition to the three groups, a new mitochondrial lineage has been reported in Yemen as M. gentilulus by molecular analysis of mtDNA, Y-chromosome Zfy-2, and p53. The genetic background of present day laboratory mice varies by mouse strain, but is mainly derived from the European domesticus subspecies group and to a lesser degree from Asian mice, probably Japanese fancy mice, which belong to the musculus subspecies group.  In the pedigree of laboratory mouse strains, many strains stemmed from Abbie Lathrop's fancy mouse stocks (Granby Mouse Farm) in the United States. The maternal origin of most common laboratory mouse strains was determined to be the European domesticus subspecies group by
· Studies on ribosomal DNA and chromosome C-band patterns

· Genetic analyses on mtDNA

· Microsatellite DNAs and single nucleotide polymorphisms (SNPs) in the nuclear genome
In regard to the paternal origin, the contribution of the male musculus subspecies was determined from results using
· A Y-specific DNA probe

· RFLPs of the Sry gene from the Japanese fancy mouse

· Non Y-associated sequences like chromosome C-band patterns and the Akv gene in the KR mouse strain
The possibility that the common laboratory inbred mouse strains originated from a relatively small number of founder mice has been investigated by
· Analysis of mutations in the exon 4-5 region of the p53 pseudogene

· SNPs analysis

· 314 simple sequence length polymorphism (SSLP) markers

Results from those tests suggest that laboratory mice are descended from a very small number of progenitor M. m. domesticus. The contribution of the Asian mice is believed to be more than 20% from the large scale genome analysis. More recently, it has been estimated to be a 5% from a large scale bacterial artificial chromosome-end sequence analysis. A recent report on the whole genome scanning analysis of eight common inbred strains and eight wild derived inbred strains in the polymorphic 1,226 loci demonstrated that the average ratio of domesticus to non-domesticus alleles was 3:1. Most of the non-domesticus alleles are likely from the musculus subspecies group. These data indicate that the common laboratory mice are actually intersubspecific hybrids.  
For a variety of practical reasons, many transgenic and targeted mutant mice have been created in mice of mixed genetic backgrounds to elucidate the function of the genes, although efforts have been made to create inbred transgenic mice and targeted mutant mice with coisogenic embryonic stem cell lines. To maximize the yield of good quality zygotes for the efficient production of transgenic mice, F1 hybrid females and males are commonly used to recover F2 zygotes for microinjection. The most widely used F1 hybrids are C57BL/6 x SJL and C57BL/6 x DBA/2. Phenotypic evaluation of these hybrids is complex because each individual transgenic mouse has a different genotype due to the segregating background genes of the two parental strains. To remove the background effects congenic strains from standard inbred mouse strains are needed. The use of zygotes from inbred mouse strains such as FVB/N, C57BL/6, BALB/c and C3H facilitates analysis of the transgene because the difference between the transgenic and nontransgenic control mice is only the transgene. The most widely used ES cells for targeted mutations are derived from 129 substrains. Usually, the targeted ES cells are injected into C57BL/6 blastocysts to form chimeric mice. The chimeric mice are crossed to C57BL/6 to recover heterozygous deficient mice of C57BL/6 x 129 background. Most of targeted mutations are in a mixed genetic background of C57BL/6 and 129 mice or in C57BL/6 as congenic strains due to C57BL/6 better breeding performance. The generation of targeted mutations using C57BL/6 ES cells enables the establishment of a mutant strain of a pure genetic background.  
Egfr deficiency resulted in early embryonic, midgestation death or death at 3 wk of age when on a CF-1, 129/Sv or CD-1 background, respectively. Incidence of tumor formation in the transforming growth factor alpha transgenic mice was found to be dependent on the genetic background as well. And the analysis of striatal dopamine of the HPRT deficient mice clearly demonstrated that the degree of dopamine loss was also dependent on the genetic background.  
Other variable factors like ES cell lines, linked genes around the induced mutations, insertional mutagenesis or genomic alteration associated with random transgenesis, gene targeting strategy, expression of targeted alleles, microbiological status, pathogens and pollutants in the environment, modifier loci, and strain dependent phenotypes should also be taken into consideration for the correct interpretation and comparison of the phenotypes of genetically engineered mice.

The process of inbreeding and selection of various inbred strain characteristics has resulted in inadvertent selection of other undesirable genetic characteristics and mutations that may influence the genotype and preclude effective phenotypic analysis. Wild derived mouse strains can complement deficiencies of common inbred mouse strains, providing novel allelic variants and phenotypes. Experimental animals used as models for human diseases should constitute genetic variations similar to human populations. Well known inbred strains, however, represent only a relatively small part of the genetic divergence of the Mus species. The lack of a "normal" mouse strain that represents the M. musculus "wild type", due to the fact that inbred and mutant mouse strains are genetically homozygous for accumulated mutations and other genetic loci, and are therefore too specialized to be "normal" mice. Reproductive difficulty between inbreeding generations 3 to 8 when developing RI strains from genetically remote subspecies is likely related to hybrid breakdown or genetic incompatibility between remote subspecies; however, the precise mechanism is unknown. A novel approach, due to the lack of those RI strains, has been the use of a genetically remote genome to study complex genetic traits through the establishment of consomic strains of the Japanese wild derived strain MSM into C57BL/6 except for the X-chromosome.

A variety of wild mouse strains provide novel behavioral phenotypes in several different tests. Physical performance of muscle fibers of the wild derived MSM was superior to those of the laboratory mouse strains. Polydactylous phenotype of the mutants Rim4, Xt, Ist, and lx could be modified by crossing with the wild derived MSM. A novel tumor suppressor gene was detected in skin tumors by using the MSM congenic strain of p53 knock-out mice. The wild derived inbred mouse strains can be used successfully as a unique resource to find novel allelic variations and modifiers of spontaneous randomly induced or genetically engineered mutations.

Questions:

1. 
A specific phenotype is determined by a particular combination of ______ in the related gene loci of the genetic background.

2. 
True or False: The "genetic background" is defined as the genotype of all other related genes that do not interact with the gene of interest.

3. 
To evaluate the effect of a single gene and eliminate the effect of the genetic background, one may generate

a.
Advance intercross lines

b.
Congenic strain

c.
Outbred stock

d.
Conplastic strain

e.
Transgenic animal

4. 
True or False: The genetic background of the strain should be carefully considered in the interpretation of the experimental results.

5.  
Which of the following is not part of the M. musculus subspecies group?
a.
domesticus
b.
castaneus
c.
spretus
d.
musculus
6. 
Named the major subspecies contributors to the laboratory mouse genome.

7. 
The domesticus subspecies group inhabits ________ and ________, the musculus group __________ and _________, and the castaneus group _________ and ___________.

8. 
Which techniques have been used in the determination of the maternal origin of the laboratory mouse?

9.
What is the maternal origin of the common laboratory mouse strains?

a.
domesticus
b.
castaneus
c.
bactrianus
d.
musculus
10.
Which techniques were employed in the determination of the contribution of the male musculus subspecies to the paternal origin of the laboratory mouse?

11.
Based on a large scale bacterial artificial chromosome-end sequence analysis, what is the percentage contributed by the Asian mice?

a.
10%

b.
20%

c.
15%

d.
5%

12.
What is the average ratio of domesticus to non-domesticus alleles?

a.
4:3

b.
3:1

c.
2:1

d.
4:1

13.
What are the most widely used F1 hybrids in the production of transgenic animals by microinjection?

a.
C57BL/6 x DBA/1

b.
C57BL/6 x FVN

c.
FVN x DBA/1

d.
C57BL/6 x DBA/2

e.
All of the above

14.
True or False: Phenotypic evaluation of these hybrids is complex because each individual transgenic mouse has a different genotype due to the segregating background genes of the two parental strains.

15.
Where are the most widely used ES cells for targeted mutations derived from?
a.
C57BL substrains

b.
CBA substrains

c.
129 substrains

d.
BALB/c substrains

e.
All of the above

16.
True or False: The generation of targeted mutations using C57BL/6 ES cells enables the establishment of a mutant strain of a pure genetic background.

17.
Egfr deficiency resulted in midgestation death when on a

a.
C57BL/6 background

b.
129/Sv background

c.
CD-1 background

d.
CF-1 background

e.
All of the above

18.
Which of the following factors should also be taken into consideration for the correct interpretation and comparison of the phenotypes of genetically engineered mice?

a.
ES cell line

b.
Microbiological status

c.
Modifier loci

d.
Pathogens

e.
All of the above

19.
Reproductive difficulty between inbreeding generations _ to _ when developing RI strains from genetically remote subspecies is likely related to ___________ or ___________ between remote subspecies.

20.
Which of the following consomic strains of the Japanese wild derived strain MSM into C57BL/6 does not exist?

a.
C57BL/6-Chr YMSM
b.
C57BL/6-Chr 19MSM
c.
C57BL/6-Chr 3MSM
d.
C57BL/6-Chr XMSM
e.
C57BL/6-Chr 7MSM
21.
True or False: Physical performance of muscle fibers of the wild derived MSM was inferior to those of the laboratory mouse strains.

Answers:

1. 
Alleles

2. 
False

3. 
b. congenic strain

4. 
True

5. 
c. spretus
6. 
domesticus and musculus
7. 
Western Europe and North Africa; Eastern Europe and northern Asia; Southeast Asia and Southern China

8. 
Ribosomal DNA and chromosome C-band patterns; genetic analyses on mtDNA; microsatellite DNAs and single nucleotide polymorphisms (SNPs)

9. 
a. domesticus
10.
Y-specific DNA probe; RFLPs of the Sry gene; non Y-associated sequences like chromosome C-band patterns and the Akv gene

11.
d. 5%

12.
b. 3:1

13.
d. C57BL/6 x DBA/2

14.
True

15.
c. 129 substrains

16.
True

17.
b. 129/Sv background

18.
e. All of the above

19.
3; 8; hybrid breakdown; genetic incompatibility

20.
d. C57BL/6-Chr XMSM
21.
False

Kulandavelu et al.  Embryonic and Neonatal Phenotyping of Genetically Engineered Mice, pp. 103-117

Summary: This article describes sophisticated methods for imaging mouse embryos and

newborns.
Preferred general anesthetic for pregnant mice: isoflurane inhalation, eliminate intrauterine trauma associated with injectable anesthetics.

Appropriate anesthetic for newborn mice: hypothermia, inhalation anesthetics

Labeling newborn for longitudinal studies: 1-daily application of permanent marker, 2- tattooing on the bottom of the paw using an empty 29G needle coated with India ink.

Gestational age determination: Authors consider a female to be 0.5 gestation day at noon on the day a copulation plug is found in the vagina and newborn mice to have postnatal age of P0 on the day of birth.  Precise determination of embryo age is done by developmental stage (# of somites) or size, by ultrasound.
Inter and intralitter variability:  The authors reported body weight differences within litters to be 5% and between litters to be 14%.  Because of the variability, authors are using 1-4 embryos or newborns from five or more litters.

Injections of newborns: Volume of 100 ul can be injected percutaneously into superficial temporal veins of P 0-4.

Injections of embryos:  E 6.5 or older injection into tissue cavities, placenta or exteriorized uterus under ultrasound guidance.  IV injection of E 12.5-14.5 via heart or large hepatic veins with UBM.  The embryo survival after cardiac injection injection was 56%.

Blood collection:  About 40 (l can be obtained from ICR P1 mice from trunk after decapitation.  Embryonic blood can be obtained from cord blood after C-section, or from heart under ultrasound guidance.

ECG: Anesthetized neonates using copper tape to connect their paws to transcutaneous electrodes used in adult mice. Awake newborn mice (P1-14) in specially design chamber for ECG.

Blood pressure (BP): Tail cuff is not suitable for newborn mice.

Imaging systems

in vivo techniques: Magnetic Resonance Imaging (MRI), Ultrasound Biomicroscope (UBM), Microcomputed Tomography (Micro CT),

Post-mortem techniques: MRI, Vascular Corrosion Cast and Scanning and Electron Microscopy (SEM), Optical Projection Tomography (OPT).

UBM: In vivo, real-time (100 frame/sec),  acquisition time 15-45 min, analysis 20-30 minutes, resolution 50 (m, used for gestational age, assessing systolic and diastolic cardiac function, calculating vascular flow using viscera area, vulvar defects, stenosis, abnormalities in upstream or downstream vascular resistance, available contrast agents.

M-mode:  Recording for cardiovascular structures and function

B-mode:  General imaging of most internal organs.

Doppler ultrasound:  Blood flow velocities

Gestational UBM: Decidual sac E6.5 (about two days after implantation) can be quantified. At E8.5, heart beat begins, cardiac size can be measured, and cardiac arrhythmias can be detected. At. E 9.5. the umbilical circulation has formed.  At E-13.5, four-chamber view of both ventricles and atria and M-mode recording of heart.  UBM disadvantages are poor tissue contrast and imaging depth of penetration.

MRI:  In vivo and postmortem, overall anatomical imaging 3D, acquisition 30-180 min, analysis, 5-10 minutes, resolution 25-100 (m, diverse contrast mechanism, fluid velocity, available contrast agents. MRI Disadvantages are motion artifacts and long acquisition time.

Vascular Corrosion Casting and SEM: Postmortem, acute, invasive, 3D, simple, inexpensive, acquisition 1-2 days, analysis 30-60 min., used for vascular anatomy of embryo, placenta and newborn organs, resolution <1 (m.  Vascular cast provide qualitative and quantitative information about vessel number and dimensions.  Cast is made by clearing the blood from vessels, infusing a liquid plastic (methyl methacrylate), polymerization and removal of tissues with 20% KOH. Disadvantages are sample preparation time and limited quantitative analysis.
Microcomputed Tomography (Micro CT): In vivo and postmortem, X-ray technology, 3D, resolution 1-50 (m 3D, quantitative analysis, acquisition 120 min., analysis 30-60 min, used for skeleton, vascular anatomy of embryo, placenta and newborn organs,.  The arterial or venous circulation is perfused with Microfil contrasting agent.  Then, the specimen is scanned using a CT scanner.

Optical Projection Tomography (OPT): Post-mortem, 3D, optical version of micro CT, used for overall anatomical imaging, patterns of gene expression of whole embryos or whole organs, resolution 1-25 (m, acquisition 30-120 min, analysis 2-20 min.  Specimen is embedded in agarose, clarified, fixed to a rotating stage.   At each step pictures are taken using a microscope and a CCD camera.  The final result is a 3D data that can be viewed slice-by-slice manner.  OPT can be used with transmission or fluorescent mode.  The disadvantage of OPT is limited specimen coverage (1 CM3).

Questions:
1.
The following can be used in vivo?  Choose all the correct answers.

a.
MRI

b.
Micro CT

c. 
UBM
d. 
OPT

2.
Which of the following methods can only be used post-mortem?

a.
Micro CT 

b.
Vascular correction cast and SEM 
c.
MRI

d.
UBM

3.
What is the preferred method for anesthetizing pregnant mice before imaging?

a.
Isoflurane inhalation 
b.
Ketamine/xylazine injection 
c.
Avertin
d.
70% CO2 inhalation
4.
Which of the following veins can be used for newborn IV injection?

a.
Saphenous vein 
b.
Superficial temporal vein 
c. 
Facial vein
d. 
None of the above

5.
Tail cuff is a reliable method for determining blood pressure in newborns (T/F)

6.
Which of the following imaging tools can produce images that can be viewed slice-by-slice?

a.
OPT 

b.
Vascular correction cast and SEM 
c.
MRI
d.
UBM

7.
What are the disadvantages of MRI?

a.
Motion artifact 

b.
Poor resolution 
c. 
Long acquisition time
d. 
a and c

8.
Which of the following imaging systems will not produce a 3D image?

a.
OPT 
b.
Vascular correction cast and SEM 
c.
UBM
d. 
Micro CT

9.
What are the two methods of labeling newborn mice?

a.
Daily painting with a permanent marker 
b.
Toe tattooing using India ink 
c. 
Ear punch
d. 
Tail clip

10.
At what embryonic stage heart beat and cardiac arrhythmias can be detected by ultrasound?

a.
E 8.5 

b.
E 6.5 

c. 
14.5

d. 
13.5

Answers: 
1.
a, b and c

2.
b

3.
a

4.
b

5.
F

6.
a

7.
d

8.
c

9.
a and b

10.
a

Brown and Murray.  Phenotyping of Genetically Engineered Mice: Humane, Ethical, Environmental, and Husbandry Issues, pp. 118-123

Summary: Concerns about the animal welfare of genetically engineered (GE) mice have been raised due their widespread current and expanding use in research. Consideration of the ethical and animal welfare concerns must be considered in the use of GE mice. Analyses of the cost: benefit ratios on the use of GE mice must be performed when the generated phenotypes result in disease conditions characterized by pain and distress or other abnormal physiological states. Phenotypic assessments of GE mice look at visible or measurable characteristics on an animal that result from the genotype and its interaction with the environment. The welfare of genetically modified (GM) animals must be determined by the collective efforts of members of the research team (scientist, veterinarian, technician, and IACUC or Ethical Committee (EC)). The development, production, and research use of GE mice are the phases for assessment of the welfare of these models. Minimum clinical data for all phenotypes should include clinical chemistries, complete blood count and differential, urinalysis, gross and histopathology of major organs, abnormal gross tissues and expected target organs, and a physical examination. Adequate planning based on the experimental goals for the use of the GE mice as well as the background strain must be performed. For example if the goal is to study memory and learning through detection of visible cues a background strain with normal vision should be used. In development of GE models consideration should be give to the anticipated life span, functioning of the immune system, ability to reproduce, alteration of anatomical and physiological functions, impaired sensory abilities, and development and severity of clinical disease. For production, areas for special accommodations for GE models may be centered on diet, bedding, treatment, breeding, monitoring, and retirement of the animals. In the use of the GE models justifications must be provided for the animal model, numbers to be used, anticipated types of clinical effects, steps to minimize pain and distress, experimental endpoints, special husbandry needed, qualifications and training of animal users, appropriateness of proposed procedures, and details of animal monitoring. Unexpected complications of any model should be reported to the IACUC or the EC for review. Additionally, information gleaned from the model development, production, and use should be shared with the scientific community at large.

Questions:

1. 
Which special accommodations may be needed for genetically engineered animal lines? 

a.
Retiring breeders after phenotype onset

b.
Cross fostering for toothless phenotypes

c.
Monitoring of fluid intake of diabetic animals

d.
Scheduled monitoring for expected clinical signs

2. 
Treatments for genetically engineered animals may be needed in all cases with exception of the following:

a.
Insulin to diabetic models

b.
Calcium for parathyroid hormone deficient models

c.
Electrocautery and clotting accelerators for clotting disorder models

d.
Early retirement of breeders before phenotype onset

3. 
Consideration of clinical outcomes in the development of genetically engineered animals must be given to all except the following:

a.
Background strain

b.
Lethality of phenotype

c.
Technology to establish genetic modification

d.
Methods to detect behavior phenotype

Answers

1.  
d

2.  
d

3.  
c

Bailey et al.  Behavioral Phenotyping of Transgenic and Knockout Mice: Practical Concerns and Potential Pitfalls, pp. 124-131


They have identified 4 areas general health, reflexes, sensory abilities and motor functions which all need to be examined to help in behavioral phenotyping of genetically manipulated mice. They then follow that with a series of tests chosen specifically to test the specific gene in question. Environmental factors such as cage size, light cycle, noise etc, must be standardized as much as possible as these parameters have also been shown to have an influence on behavior.
General health is graded on a score of 1= below average poor, 2= good, average 3= above average/superior. They also score +/- for a number of other items such as pinnae reflex, forepaw reaching. They take these numbers and come up with a percentage per group of animals. In this case it is important to be able to determine a sick mouse from a group of mice that may have a postnatally lethal mutation.
The second and third part of the tests test neurological, sensory and motor functions. Simple reflex tests help show that the genetic deletion has not affected gross neurological function. Automated open field test will test locomotor function, in this test the animals reaction  to a novel environment( 5min) can be tested as well as activity as environment does not change ( 30 min to 1 hour). The accelerating rotarod test will help determine mice with deficits in balance and or motor coordination. The hot plate and tail flick can be used to assess sensitivity to pain. The acoustic startle will identify mice with hearing deficits. Vision can be assessed by forepaw reaching.
It is possible that after this battery of tests a difference between the wild type and null mutant can be clearly seen. In cases where the gene knocked out has control over more complex behaviors, more tests will need to be done.
This fourth level of behavioral phenotyping will depend on the gene in question. To determine phenotype of a mutant line it is best to take two or three tests that measure the same thing and do all the tests on the mutant mice. For example, anxiety could be measured by elevated plus maze, light-dark exploration, time spent in center of open field. The fourth level of testing can get complex and can involve a number of complicated behavioral tests.
It has also been shown that test experience and test order can have an effect on how mice perform on behavioral tests. Each mouse has a standardized testing experience.
They recommend testing a minimum of 10 mice/genotype. If preliminary data indicates a difference between sexes, use a minimum of 10 males and 10 females. Testing of wild-type litter mates as well as mice from the background strain is important to compare to the null mutants.
They recommend that every precaution be taken to make the environment similar to all the mice being tested. Basically anything in the environment of the animal can affect behavior. Investigators need to know cage- changing schedules because mice will show increased activity after being moved into a clean cage, if an anxiety test is run minutes after a mouse’s cage is changed results may not be valid. They mention environmental enrichment for mice, it could affect results so it should be cleared noted what the enrichment was in papers that are written. It is possible that it is decreasing the maladaptive behavior and may result in better data. In using two different strains to create chimeras even after back crossing there will be flanking genes from the strain that provided the ES cell. One needs to determine if the flanking genes and not the gene in question are contributing to the difference in behavioral phenotype.

They mention 3 papers where differences were seen. Paper one was using anxiety based behavior on two groups of mice with a 5HTT gene missing some with a background of B6 some with a background of 129S6. There was a large difference in the results between mice with the B6 background and with the 129S6 background. A second case was the Fmrl gene and learning in KO mice with a FVB/129 background and KO mice with a B6/129 background. In spatial position learning tasks KO mice with a B6/129 background had no learning deficits, those with the FVB/129 did. In the third paper they could not repeat the results as the background strain of the mice they used changed.


They recommend that in the future making KO and transgenic mice from one strain only may be possible and less confounding than the present case of using different strains.


Questions:

1.
Why may there still contributions to a behavioral phenotype from a ES cell donor after a number of backcrosses?

2.
T/F Environmental factors may be equally as important as genes in relation to mouse behavior?
3.
What number of mice do they recommend to test for behavior phenotyoping?

a. As many as you have
b. 5 per group 

c. 10 per group 

d. 50 per group 

Answers

1.
Flanking genes remain and may contribute to behavior.

2.
True

3.
c. 10 per group

Linder.  Genetic Variables That Influence Phenotype, pp. 132-140

Both the gene of interest and the background strain are important factors to consider when characterizing genetically modified mice.  Differences amongst strains and sub strains must be recognized in order to avoid poor experimental design and inappropriate data interpretation. Background effects can be elucidated through various breeding and specific targeting strategies.
Nomenclature
Components of a complete strain name include the background strain, source and official gene designation. These unique identifiers allow for comparison, easier accessibility and interpretation of experimental results as per online databases and relevant literature. Complete nomenclature should be used whenever mice are ordered, in publications in the “Materials and Methods” section, and in permanent breeding records.

Using a generic strain designation such as “B6” does not provide information on the sub strain source (e.g., C57BL/6N vs. C57BL/6NCrl), indicating the first animal originated from the NIH and the second from Charles River Labs. Production facility details may be an important determinant in initial strain selection. 

Targeted mutations must also be specified since a single allele represents a unique gene targeting event. A given allele may potentially produce different phenotypes, ultimately requiring different strategies for mutant and heterozygous carrier identification.
Uppercase letters separated by a semicolon are used to designate inbred mice derived from two parental strains or incipient inbred (<F20) stocks. By contrast, a period is used to separate the host background from donor strains. Mutations and transgenes maintained by backcrossing to an F1 hybrid do not require any punctuation. “STOCK” refers to mutations maintained on a background derived from more than two strains.
Transgene expression depends on the promoter construct and integration site. Since the nomenclature does not provide promoter information, one should always consult the literature prior to choosing an appropriate strain for any given experiment.
Genetic Variables
All observable traits (physical and behavioral), clinicohistopathological data and molecular characteristics define a phenotype. Phenotypic variability may only become evident when different background strains are used to study a mutation. The inadvertent introduction of a hypomorphic rather than null mutation may result in unexpected phenotypes. 

Chromosomal integration site, transgene copy number and modifications to the incorporated transgene can all impact the phenotype in transgenic mice. To make matters more complex, founder lines may possess unique integration sites, a single founder line may possess more than one integration site, transgenes usually integrate multiple copies into the genome and the number of copies can be unstable. 

Particularly problematic is selection of a 129 strain to match genetic mutations created in 129 derived ES cells. Differences in minor histocompatibility complexes among 129 strains are sufficient to cause rejections of tail skin grafts. 

Alleles present in the background strain genome, genetic modifiers, alter the expression of the gene of interest through one of four mechanisms; 1) inhibition or enhancement of gene expression in physiological or pathways processes 2) alteration of rates of DNA transcription or stability of mRNA 3) changes in DNA methylation or chromatin structure 4) gene copy number variation.

A modified gene or transgene may have no impact on an observed phenotype. Congenic strains are created by backcrossing ten generations, and premature characterization of background strain genes can be problematic if segregation from progenitor strain is still ongoing. 
Mixed segregating or hybrid backgrounds are often used to create and maintain induced mutations and transgenics. Backcrossing or further inbreeding can result in phenotypes significantly dissimilar to the original reported phenotype. Wild type offspring are the most suitable controls for strains on mixed backgrounds. Correct and complete nomenclature is thus necessary for all individuals working with genetically modified mice. 
Questions: 

1. 
What are the common applications for the following strains?
· DBA
· NZB

· SJL

2. 
Given the multitude of available 129 substrains, what common feature do all 129 strains and sub strains share?
Answers:

1.
DBA: Cardiovascular biology, neurobiology, sensorineural defects


NZB: Autoimmunity


SJL: Reticular cell carcinoma, autoimmunity, sensorineural defects

2. 
Expression of major histocompatibility complex haplotype
Franklin.  Microbial Considerations in Genetically Engineered Mouse Research, pp. 141-155

Genetically engineered mice (GEM) are becoming more populous in research facilities and may have novel interactions with opportunistic pathogens.  This article lays out nine unique characteristics of microbial infections in "immunovague" GEM as well as supplying references for naturally occurring infections in these mice.

1.
Opportunistic infections in GEM may result in diseases similar to those in spontaneously immunodeficient mice.  This includes Pneumocystis carinii (alveolitis), Pasteurella pneumotropica (conjunctivitis, otitis, multiorgan abscesses), and Staphylococcus

aureus (folliculitis and furunculosis with botryomycosis).  Murine rotavirus infection in osteopontin and IFN-gamma knockout mice causes clinical disease.  There have been no reports of disease caused by Klebsiella, Pseudomonas, Proteus, Giardia, Tritrichomonas and Entamoeba.

2.
Some infections may be causes by less common opportunists. These include the fungi Paecilomyces variotii, Tricohosporan beigelii, and the class Zygomycetes. 
3.
Pathogens known to cause disease in immunocompetent mice also cause disease in immunodeficient mice, but the lesions may be unusual.  MHV in IFN-gamma causes granulomatous peritonitis and pleuritis and diarrhea usually without synctia formation.  Infection of Ig-6 null mice with Mycoplasma pulmonis causes arthritis and periarticular changes. 
4.
Genetic manipulation may lead to heightened susceptibility to clinical disease in infections with agents that normally result in asymptomatic infection.  Murine parvoviral infections in SCID mice and NOD.Cg-H2 -Igh-6 -/- mice cause myelosuppression.
5.
Genetic manipulation of the host may affect host specificity of certain pathogens.  STAT6 mice, and mice with other mutations in Th2 effector molecules, develop pinworm infections from the rat pinworm (Syphacia muris).

6.
Combined infections may result in unusual or new GEM phenotypes. Igh-J deficient mice coinfected with P. pneumotropica and P. carinii developed diffuse interstitial pyogranulomatous pneumonia.  IFN-gamma knockout mice coinfected with MHV and Helicobacter hepaticus developed pleuritis, peritonitis, pneumonia and meningitis.  However, not all new phenotypes are due to the organism isolated (Koch's postulates should be

fulfilled).
7.
Microbe-associated phenotypes are no necessarily due to immune defects.  E2F mice developed neonatal rhinitis from Pasturella pneumotropica due to their intrinsic defect in the craniofacial bones rather than an immune defect. 
8.
Unrecognized infections may complicate interpretation of results from experiments that use contaminated rodents.  H. hepaticus has been shown to cause hepatocellular adenomas, hepatitis, chronic proliferative typhlocolitis, proctitis, gallstones, and cancer in many different strains of immune deficient mice.  However, infection with H. hepaticus has become a model of chronic Th1-mediated inflammation in the intestinal tract and liver using various GEM strains.  Murine norovirus causes a lethal infection in mice with mutations in Stat1 innate immunity pathway genes.  MNV was identified only with the use of representational difference analysis.  These contaminated rodents might also serve as a nidus for infection to other mice housed with these persistently infected mice.
9.
Differences in microbial flora or genetic background may have an impact on GEM phenotypes.  The microbial flora may modulate systemic and mucosal associated immune response.  The background of the mouse strain for the mutated genes may influence the susceptibility to disease.  For example, C57BL/6 mice are resistant to histological disease by H. hepaticus.

Questions

1.
Define an opportunist?

2.
Which mouse strain lacks the receptor for MHV and thus is resistant to the disease?

a.
SJL

b.
AKR

c.
DBA/2

d.
C3H/HeJ

e.
SWR

3.
Which mouse strain has known TLR4 deficiencies?

a.
SJL

b.
AKR

c.
DBA/2

d.
C3H/HeJ

e.
SWR

4.
Which mouse strain has known NK cell deficiencies?

a.
SJL

b.
AKR

c.
DBA/2

d.
C3H/HeJ

e.
SWR

Answers

1.
An organism capable of causing disease only in a host whose resistance is lowered.

2.
a. SJL

3.
d.  C3H/HeJ

4.
a. SJL

McKerlie.  Cause and Effect Considerations in Diagnostic Pathology and Pathology Phenotyping of Genetically Engineered Mice (GEM), pp. 156-162

This article describes the role of anatomical pathology in the characterization of GEM.  It emphasizes the need for high-throughput methods to keep up with molecular methodology.  Finally, it describes procedures used for diagnostic pathology and pathology phenotyping of GEM mice; attempting to identify strengths and weaknesses in their use.
Anatomical Pathology
There is a relatively standard procedure for necropsy and gross pathology which takes into consideration study parameters, clinical signs, gross observations, and the make-up of the GEM in question to put findings in perspective.  Additional information which may be helpful includes age, sex, diet, husbandry, and health status.  Standard necropsy methods are used and it was emphasized that all tissues should be collected, not just the targeted organs and that sample collection and processing should allow for the use of special techniques if the need arises.
For histopathology, emphasis was placed on efficiency so that the maximum number of tissues could be evaluated using the minimum number of slides.  Two methods mentioned were the Brayton technique for evaluating heads and the Intestinal Swiss roll.

Use of techniques such as histomorphometry, immunohistochemistry, and laser capture microdissection were also listed as potentially useful to gather information to supplement pathology findings.
Diagnostic Pathology
The importance of diagnostic pathology is increased when evaluating GEM’s because of the conditions which animals are maintained under.  Differences in housing and cage density, extensive import-export activity between institutions and countries, and cross colony breeding all increase the chances for disease transmission in today’s animal facilities. Diagnostic pathology must evaluate both spontaneous and infectious pathological findings.  GEM strains have a large number of spontaneous pathologies because of the wide range of anatomical and physiological traits which are manipulated.  It is important to differentiate between background strain effects and gene effects as well.  With respect to infectious agents, often agents which have little or no effect on other species or standard mouse strains, may become important confounding factors when evaluating pathology in GEM strains.
Pathology Phenotyping of Mouse Models of Human Disease
Comprehensive pathology assessments are done if no information is available on a particular GEM.  In order to minimize time and expense these assessments are done in stages; starting with general pathology screens, progressing to special techniques, and finally tests specific for the gene product if it is tissue or protein specific.
The final topic discussed aspects of pathology phenotyping of mouse models of human disease.  This section emphasized that that it can be more difficult to associate specific lesions with specific human conditions when using GEM.  It is necessary to employ rigorous protocols and consistent standards because of the difficulties distinguishing between spontaneous disease pathology and background strain-associated pathology.  Examples of this include variable susceptibilities of mouse strains to mouse viral pathogens and also anatomical and physiological differences.  Therefore it is critical to maintain good scientific design with proper control animals in order to assure accurate interpretation of pathology observations.
A discussion of high throughput phenotyping was included in the final section of this article.  This methodology is referred to as phenotype-driven mutagenesis and uses random chemical mutagenesis to induce disease phenotypes in mice, which are then characterized with the ultimate goal of identifying the gene responsible for the phenotype.  Unlike targeted gene knockout or knockin strategies, this is a shotgun approach where mice are exposed to a mutagen, e.g., N-ethyl-N-nitrosourea (ENU) that randomly mutates genes across the entire genome.
Advantages with using phenotype-driven pathology include:

· Generates multiple allelic variants 

· Most often inactivates or alters function of individual protein domains instead of eliminating whole proteins so it is more difficult for other proteins to compensate

· Mimics the effects of drugs and natural genetic variants 

· Highlights active sites of proteins
Difficulties associated with pathology phenotyping include:

· Mutant animals are rare, so the phenotype must be identified in the midst of 100’s of normal animals 

· Mutations are often not immediately apparent 

· Genes/mutations may require environmental, genetic, or pharmacological may require more specialized testing in order to demonstrate the mutation

· Mutations contributing to spontaneous disorders requiring multiple genetic abnormalities to be present may be difficult to detect

· Mutations contributing to late onset phenotypes may be difficult to detect 

· Recovery of mutations responsible for the pathologies depends on germ cell collection and in vitro fertilization

The article closes with a discussion of the need for pathology to develop cheaper more efficient screens in order to keep pace with the daily increase in the number of GEM’s being generated.

Questions:

1.
List 2 methods of sectioning for histopathology which allow for the most efficient evaluation of tissues.

2.
The following diseases or abnormalities are associated with the C57BL/6 mouse strain: 

a..
Late onset amyloidosis

b. 
Hydrocephalus

c. 
Pulmonary histiocytosis/crystal pneumonitis

d. 
a and b

e. 
a, b, and c

f. 
None of the above.

3.
The most potent mutagen in mice is: 

a.
BrdU 

b.
ENU 

c.
Radiation 

d.
Botulinum toxin 

e.
None of the above. 

4.
T or F Phenotype-driven mutagenesis provides the same advantages as targeted gene knockout technology. 

Answers:

1.
i) Brayton technique for heads


ii) Intestinal Swiss Roll 

2.
e) a, b, and c 

3.
b) ENU (N-ethyl-N-nitrosourea) 

4.
False 

Bolon.  Internet Resources for Phenotyping Engineered Rodents, pp. 163-171

Article not reviewed.

