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Campbell.  Introduction: Serendipity in Research Involving Laboratory Animals, pp. 329-331
SUMMARY: In a letter of January 28, 1754, the English author Horace Walpole coined/created the word serendipity, formed the word on an old name for Sri Lanka, Serendip. He explained that this name was part of the title of "a silly fairy tale, called The Three Princes of Serendip: as their highnesses traveled, they were always making discoveries, by accidents and sagacity, of things which they were not in quest of...."  As originally coined, serendipity meant an ability to apply sagacity (wisdom/learning) to chance observation and thereby find something other than what one was looking for.  More than a mere synonym for luck or chance, serendipity presupposes a smart mind.  The value of the role of serendipity in scientific endeavors lies in the fact that a discovery is not merely aided by chance, but also arises from chance, and an intellectual effort or intuitive leap is integral to deriving a discovery from the observation of a chance event. The focus of this journal issue was to ask a variety of scientists to reflect on the role of serendipity involving laboratory animals, using a working definition for serendipity as the rational exploitation of chance observation, especially in the discovery of something useful or beneficial.  The goal of this endeavor was to examine whether the experience of serendipity in animal research can shed light on the research process and point to possible improvement.
To qualify as serendipity in the strict sense, the thing discovered should not have been something that the discoverer has sought.  However, research is often goal directed, and the objective may be defined only in general terms, thus a chance event may lead to success that has been sought in general, but not specific, terms.  An example of this is Goodyear's discovery of the vulcanization of rubber; Goodyear was looking for a way to make rubber both resilient and stable, but it was by accident that he dropped a sulfur-rubber combination onto the kitchen stove and "discovered" vulcanization.  With such examples in mind, the modern definition of serendipity has become less stringent with regard to the unsought nature of the finding.

QUESTIONS:

1. 
What is the meaning of the word "serendipity" as originally coined?

2.
What was the "working definition" for serendipity used for the collection of articles in this issue of the ILAR Journal?

3. 
What was the ultimate goal of asking a variety of scientists to reflect on the role of serendipity involving laboratory animals for this issue of the ILAR Journal?

4. 
Example given in the article to illustrate the fact that because research is often goal directed, discoveries not entirely unsought may still be considered serendipitous?

ANSWERS:

1.
An ability to apply sagacity (wisdom/learning) to chance observation and thereby find something other than what one was looking for

2.
The rational exploitation of chance observation, especially in the discovery of something useful or beneficial

3.
to examine whether the experience of serendipity in animal research can shed light on the research process and point to possible improvement (i.e., refine, reduce, replace)

4. 
Goodyear's discovery of the vulcanization of rubber

Stoskopf.  Observation and Cogitation: How Serendipity Provides the Building Blocks of Scientific Discovery, pp. 332-337
Summary: Serendipity is defined as “an ability to apply sagacity to chance observation and thereby find something other than what one was looking for.” There is reluctance among scientists to declare discoveries accidental, and so serendipitous discoveries are probably under-reported.  

*Observation*

The steps of the scientific method are: 1) observe and identify the problem, 2) gather information about the problem, 3) formulate a hypothesis that can be tested, 4) gather objective data to test the hypothesis, and 5) interpret the data in regard to the identified problem. However, funding agencies require hypotheses in the proposal, perhaps assuming steps 1 & 2 were already carried out before the application for funds. This relegation of observation to a second-class tier in science could be a problem in the advancement of knowledge.  Systematic approaches for conducting observations don’t preclude serendipitous discoveries (ex. Pathologists conducting an autopsy, ecologists or wildlife and fisheries biologists cataloging complex systems). As an example, acid rain was discovered over a range of time and locations. 1) A botanist systematically studying an area found dying and ill trees and connected this to acidic precipitation and 2) a soil scientist studying the loss of fish and marine invertebrates in lakes and tidal areas eliminated different soil types as a cause and found aerial deposition of acidifers to be the cause. Tidal pools closer to the surf had greater diversity of life, which decreased with distance from the surf line, and the scientist used this as a model for the lakes he was studying. Near the surf, the water in the pools was replenished from the sea, whereas those farther from the surf depended on rain and had a more acidic pH.
*Search Image and Paradigm Shifting*

A search image is necessary in order to be able to identify something as unusual. The challenge to maintaining an unbiased point of view comes as experience increases the rigidity of the search image. A paradigm shift can occur when “fresh eyes” look at a problem and consider alternative interpretations. For example, in the case of West Nile Virus, physicians in New York City had diagnosed cases of virulent encephalitis as St. Louis encephalitis. The pathologist at the (former) Bronx Zoo was concerned about the deaths of birds in the zoo collection and outside the zoo from viral encephalitis and considered that the human outbreak might be a different virus from St Louis encephalitis virus and could be linked to the birds. Research by the military and the USDA identified a flavivirus from the birds which was later also found in the human cases. The search image of the physicians was too limited and only through collaboration and a paradigm shift between human and veterinary pathology was the virus identified. The serendipity occurred when someone brought a dead crow to the zoo pathologist and she connected it with the deaths of the zoo collection birds and then the bird deaths with the human cases of encephalitis.
*Basic Curiosity*

Curiosity involves the ability to question what is known and explore what is thought unknowable and to expend effort on questions that may or may not have relevance on one’s income. It involves wandering beyond the known possibilities and asking questions without practical application.

Serendipitous discoveries do require intellectual effort and should have at least equal value of discoveries made through carefully planned incremental experimentation.

Questions:

1) 
What is the first step of the scientific method?

a) 
Formulate a hypothesis

b) 
Observe and identify a problem

c) 
Gather information about a problem

d) 
Gather data to test hypothesis

2) 
What are 2 examples the article provided of serendipity in science?

a) 
Acid rock and Serendip

b) 
Acid rock and St Louis virus

c) 
Acid rain and St Louis virus

d) 
Acid rain and West Nile virus

Answers:

1)
b

2) 
d

Davisson.  Discovery Genetics: Serendipity in Basic Research, pp. 338-345
The approach of finding phenotypes and then carrying out genetic analysis is called forward genetics. Spontaneous mutations are random genetic events that happen by chance. They are discovered as unexpected phenotypes that deviate from the normal. These spontaneous mutations often produce a phenotype that more closely resembles the human disorder than do targeted mutations for the same gene.  The short lifespan, the small size, the relative ease of maintenance, and the fact that mouse mutations can be maintained on controlled genetic backgrounds make the mouse an ideal animal model for the study of spontaneous mutations. The mouse genome is the best genetically mapped of any experimental mammal. The protein coding sequence of DNA is 85 to 95% conserved between the mouse and human genome.  Spontaneous mutations are accidents of nature that occur during DNA replication or damage repair. Average mutation rates are approximately 10-5 to 10-7 events per gene per generation. The probability of finding recessive mutations is greater with increased inbreeding. Mutations rate may vary from one gene to another. Also, the type of mutant genes found by spontaneous mutation is biased by their phenotypic visibility and viability. A good rule of thumb is that a single sickly pup in a litter may carry a mutation, whereas failure to thrive in all pups in a litter is more likely to be a maternal or nutritional effect. Mutations that cause prenatal lethality are more difficult to discover. They manifest only as reduced litter size and are expected to go undetected in most strains of mice.  Sometimes radiation-induced mutations are the result of chromosomal abnormalities disrupting genes and complicating their genetic molecular analysis. For example, the radiation-induced mutation hairy ears (Eh) was subsequently shown to result from a chromosomal inversion, and radiation-induced shaker with syndactylism (sy) was shown to be a contiguous gene syndrome due to a chromosomal deletion spanning several genes.
Ethylnitrosourea (the most potent and commonly used chemical mutagen), when injected into progenitor nude mice increases the mutation rate by about 10- to 20-fold to an average of 10-3 events per gene per generation and increases the probability of finding mutant mice among their progeny.  Gene traps that target and disrupt gene-specific sequences also can be used to increase the mutation rate and give the advantage that the mutated gene is tagged with the gene trap sequence.
The Jackson Laboratory’s Mutation Discovery Program:  The large Production and Repository breeding colonies and the fact that all strains are maintained by defined genetic breeding protocols enhance the probability of discovering rare recessive mutations. The Jackson Laboratory (TJL) has an established Phenotypic Deviant Search Program for identifying potential new mutations within the Production colonies. Deviant mice, together with their parents and siblings, are submitted to a biweekly clinic. TJL has an established Mouse Mutant Resource (MMR) in which the genetics and pathological effects of new mutations are systematically characterized.  A single mutation segregating on an inbred background provides an experimental system in which differences between mutant and control mice can be attributed to the mutant gene. TJL’s Cryopreservation Resource offers a secure and economical means to ensure against the inadvertent loss of valuable mutations and to preserve mutations with future potential economically.  The first mutant colonies at MMR were established by Drs. Elizabeth S Russell and George D. Snell in the 1930s and early 1940s. The tradition continued from the 1940s to 1960s, with Drs. Margaret Dickie, Margaret C. Green, and Eva M. Eicher; and Priscilla “Skippy” Lane, Hope Sweet, Jan Southar, and Linda Washburn. TJL’s current MMR has the following three vital functions: (1) to identify and characterize new mouse mutations for biomedical research, (2) to propagate and cryopreserve new and established mouse mutations in genetically defined stocks, and (3) to distribute mice carrying these mutations to other scientists world wide.
The most important feature of mutations is that they are genetically transmitted and can be propagated. If viable and fertile, a new deviant is crossed to an unrelated strain to determine whether the characteristic is transmitted to offspring and, if it is, the mode of inheritance.  If the characteristic appears among the F1 progeny, it is inherited as a dominant or X-linked mutation. If the original abnormal phenotype does not appear among the F1 progeny, they are intercrossed, because a recessive character will reappear in approximately one fourth of the F2 progeny. A semidominant gene will produce an intermediate phenotype in F1 progeny, and both the intermediate and original phenotypes will be recovered in the F2 generation. X-linked mutations are transmitted only to female progeny from sires and usually cause a more severe phenotype in hemizygous males than heterozygous females. Female heterozygotes often display a variegated or variable phenotype due to Lyonization (Lyonization, named after geneticist Mary Lyon, is the inactivation of an X chromosome. One of the two X chromosomes in every cell in a female is randomly inactivated early in embryonic development.).
New mutations are often tested for allelism if there is a previously identified gene mutation that produces a similar phenotype by making direct crosses between mice carrying the two mutations.
Once a deviant phenotype is shown to be an independent new mutation, the second step in genetic analysis is to determine the chromosomal location of the mutant gene. Determining the chromosomal location is the first step toward identifying the mutated gene by the positional candidate gene approach. Then the public mouse sequence is examined for known and predicted genes and, if no obvious candidate is found, then the public human sequence is examined. The more genes that exit in the chromosomal interval to which the mutated gene maps, the more progeny must be produced in the linkage cross (high resolution cross). To identify the mutated gene, one then either sequences candidate genes in DNA from mutant mice or performs expression analysis to look for reduced or lack of expression.  Because each new spontaneous or chemically induced mutation is a unique event, efficient methods used for mapping polymorphic loci are not useful for their genetic mapping. A new cross must be set up involving each new mutation. The most common mapping strategy uses an inbred strain derived from Mus musculus castaneus, CAST/Ei, as a linkage testing stock and widely dispersed DNA sequence variations as genetic markers.  The efficiency of the approach described is enhanced by performing an intercross (each mutant F2 mouse represents two potentially recombinant F1 chromosomes) and pooling 15 to 20 DNAs from mutant mice for the initial screen. Once the chromosomal location of the new mutation is detected, its position on the chromosome is determined by genotyping individual linkage cross DNAs for other DNA markers along the chromosome.  Basic characterization of the effects of a new mutation includes determining anatomical and physiological defects by careful observation during development of the mutant, by autopsy, and by external examination. All tissues and organs are screened histologically for pathological changes. Serum and urine samples are analyzed for abnormal clinical biochemistry.
A “model” should be reproducible, readily available, economical to maintain, and relatively easy to handle. A mutant gene is most useful for research when it is on a defined genetic background. Deleterious mutations that cause postnatal lethality or functional sterility may be maintained by ovary transplantation, as long as the ovary is fertile. Some deleterious mutations must be maintained on hybrid backgrounds to provide affected mice that survive long enough to be useful in research, to provide breeding stock that produces large enough litters to ensure occurrence of sufficient affected offspring, and to conserve space. A traditional but still useful method for some mutant genes is to maintain “balanced” stocks in which the mutant gene is linked to (coupling) or balanced against (repulsion) a closely linked, easily detected second gene. All mutant strains maintained in an investigator’s or breeder’s colony should be protected against loss by cryopreserving embryos or gametes. Strains should never be removed from the breeding colony until live mice have been successfully reconstituted from frozen state.
Questions:

1.
The approach of finding phenotypes and then carrying out genetic analysis is known as,

a.
Reverse genetics 

b.
Expression genetics

c.
Quantitative genetics

d.
Forward genetics

e.
Backward genetics

2.
True or False: Spontaneous mutations are random genetic events that happen by chance 

3.
True or False: Spontaneous mutations are discovered as expected phenotypes

4.
True or False: Spontaneous mutations often produce a phenotype that more closely resembles the human disorder than do targeted mutations for the same gene.

5.
The conservation of the protein coding sequence between the mouse and human genome is,

a.
90 to 92%

b.
75 to 80%

c.
85 to 95%

d.
80 to 85%

e.
60 to 70%

6.
Average mutation rates per gene per generation are approximately,

a.
10-8 to 10-9

b.
10-5 to 10-6

c.
10-6 to 10-7

d.
10-7 to 10-9

e.
10-5 to 10-7

7.
Spontaneous mutations are accidents of nature that occur during DNA __________ or ________________.
8.
The probability of finding recessive mutations is greater with

a.
Increased generations

b.
Increased outcrosses

c.
Increased inbreeding

d.
Increased age

9.
True or False: Mutation rates do not vary from one gene to another.

10.
True or False: The type of mutant genes found by spontaneous mutation is biased by their phenotypic visibility and viability.

11.
As a rule of thumb, a single sickly pup in a litter may be

a.
A mutation

b.
A maternal effect

c.
A nutritional effect

d.
An environmental effect

12.
Most difficult mutations to discover are those causing

a.
Neurological symptoms

b.
Developmental deficiencies

c.
Prenatal mortality

d.
Respiratory symptoms

13.
The radiation-induced mutation hairy ears (Eh) is a consequence of 

a.
A chromosomal inversion

b.
A point mutation

c.
A chromosomal deletion

d.
A chromosomal translocation

14.
The radiation-induced shaker with syndactylism (sy) is a consequence of

a.
A chromosomal inversion

b.
A point mutation

c.
A chromosomal deletion

d.
A chromosomal translocation

15.
Ethylnitrosourea increases the mutation rate per gene per generation to approximately,

a.
10-5 

b.
10-4 

c.
10-6 

d.
10-7 

e.
10-3 

16.
True or False: Large breeding colonies and defined genetic breeding protocols enhance the probability of discovering rare recessive mutations.

17.
 A single mutation segregating on an inbred background provides an experimental system in which differences between mutant and control mice can be attributed to

a.
A defined quantitative trait loci

b.
The mutant gene

c.
The inbred genome

d.
The environment

18.
When a mutation is backcrossed to an inbred background the resulting strain is called

a.
Recombinant inbred

b.
Advanced intercross line

c.
Coisogenic

d.
Congenic

19.
Cryopreservation can be used to

a.
Preserve mutations

b.
Produce mutations

c.
Increase the number of mutant genes

d.
Loss mutations

20.
The first mutant colonies at The Jackson Laboratory were established by

a.
Margaret Dickie and Margaret Green

b.
Eva Eicher and Linda Washburn

c.
Elizabeth Russell and George Snell

d.
Muriel Davisson

21.
What are the three functions of the Mouse Mutant Resource at The Jackson Laboratory?

22.
What is the most important feature of mutations?

23.
If the mutation phenotype appears among the F1 progeny when the mutant animals are crossed to an unrelated strain, the mutation is inherited as

a.
Semidominant

b.
Recessive

c.
X-linked

24.
If the mutation phenotype appears as intermediate phenotype among the F1 progeny when the mutant animals are crossed to an unrelated strain, the mutation is inherited as

a.
Semidominant

b.
Recessive

c.
X-linked

25.
X-linked mutations are transmitted only to female progeny from ______ and usually cause a more severe phenotype in __________ ______ than heterozygous females.

26.
When doing a positional candidate gene approach, what is the first step?

a.
Gene sequencing

b.
Allele comparisons

c.
Positional cloning

d.
Chromosome location

27.
True or False: The more genes that exist in the chromosomal interval to which the mutated gene maps, the less progeny must be produced in the linkage maps.

28.
The most common mapping strategy for new spontaneous or chemically induced mutations uses an inbred strain derived from

a.
SPRET/Ei

b.
CAST/Ei

c.
C57BL/6

d.
BALB/c
Answers:

1.
d. forward genetics

2.
True 

3.
False

4.
True 

5.
c. 85 to 95%

6.
e. 10-5 to 10-7

7.
replication/damage repair 

8.
c. Increased inbreeding

9.
False

10.
True 

11.
a. A mutation

12.
c. Prenatal mortality

13.
a. A chromosomal inversion

14.
c. A chromosomal deletion

15.
e. 10-3 

16.
True 

17.
b. The mutant gene

18.
d. Congenic

19.
a. Preserve mutations

20.
c. Elizabeth Russell and George Snell

21.
(1) to identify and characterize new mouse mutations for biomedical research, (2) to propagate and cryopreserve new and established mouse mutations in genetically defined stocks, and (3) to distribute mice carrying these mutations to other scientists world wide. 

22.
they are genetically transmitted and can be propagated

23.
c. X-linked

24.
a. Semidominant

25.
sires/hemizigous males 

26.
d. Chromosome location

27.
False

28.
b. CAST/Ei

Morton and Swindler.  Serendipitous Insights Involving Nonhuman Primates, pp. 346-351
These authors describe serendipitous examples of serendipitous conditions where insight coupled with unplanned events allow important discoveries to occur. These important discoveries are unanticipated, anomalous, and a normal outcome in the context of informed observation in a research setting. Examples of serendipitous insights gained from nonhuman primates are described in this paper for genomics, infant behavior, birth periodicity, leprosy, cystic fibrosis, environmental enrichment, endocrinology, drug development, and infectious diseases.  The current trend in research is to move away from serendipity and happenstance.  Serendipity appears to be most prevalent and productive when an investigator who is well informed and experienced in a subject carefully observes the course of a project and looks for and considers all that the project suggests, rather than simply determining whether or not it proves the hoped for result. The involvement of traditional laboratory researchers with nonacademic ventures may also increase this happenstance, as long as the focus of the combined research is not too narrow. It is critically important to maintain and develop access to the resources provided by established primate centers and similar laboratories to capitalize in a timely way on serendipitous findings such as those described in this article.
Infant Behavior: Janice Beyer, an undergraduate student at the University of Wisconsin was performing computations in the Harlow laboratory when tests revealed that a recent shipment of pregnant rhesus monkeys was infected with tuberculosis. To avoid infecting the rest of the nonhuman primate colony, the mothers were euthanized postpartum, and the infants were put into individual cages to be fed and cared for by graduate students.  Harry Harlow saw something in the behavior of this particular group that differed from his prior observational experience of nonhuman primate infants. When another shipment of pregnant rhesus was received, he again separated the newborns.  Harlow’s studies of attachment and mother love arose serendipitously from his efforts to breed rhesus monkeys for his work on brains and intelligence.  Laboratory experiments by Harlow and his associates during the 1950s and 60s demonstrated that when certain such experiences are not part of the animal’s early life, the damage to the animal may be irreparable or very difficult to correct later in its life.  The Harlow deprivation studies and work on social development in rhesus monkeys have been of major importance to theories of early child development and socialization and to psychiatry.
Leprosy: Research into the incidence and treatment of leprosy gained momentum with the serendipitous discovery of a spontaneous case of leprosy in a single soot mangabey.  It has been reported that a second monkey contracted leprosy from the first monkey. Clinical symptoms appeared in the second animal nearly 7 years after lesions first appeared in the original monkey. This development suggested that the disease either passed from animal to animal or was acquired from an unknown common third source, and that where human leprosy is endemic, a potential zoonosis exists in wild monkeys.
Atherosclerosis: The best know work from the Southwest Foundation for Biomedical Research began in 1956, when a scientist from the foundation was at Louisiana State University’s School of Medicine studying atherosclerosis with an LSU pathologist. A colleague sent them the aorta of a 16-year-old female baboon that had died of natural causes at New Orleans Audubon Park zoo. They found that the baboon’s aorta closely resembled the human aorta.  More importantly, the baboon had developed atherosclerotic lesions remarkably similar to those they had seen in autopsies on people who died of coronary artery disease.
AIDS: The pigtail macaque (Macaca nemestrina) was chosen as the research animal of choice at the WNPRC because of its perineal tumescence and detumescence, making it a good model for studies into reproductive timing.  This early use of the pigtail macaque and establishment of a reproductive colony supported many studies indicating that the pigtail is susceptible to a number of infectious diseases, including AIDS, and provided a useful model for the important study of this and other infectious diseases.
Questions:

1. 
What is the name of the researcher at the University of Wisconsin who is credited with important discoveries involving infant behavior?

2. 
Name one species of NHP that is a good model for atherosclerosis?

3. 
T/F Leprosy is a potential zoonotic disease that can be transmitted from monkeys?

4. 
Name the NHP species where SIV is used as a model for AIDS?
Answers:

1. 
Dr. Harry Harlow

2.  
Baboons can develop atherosclerosis on a high fat diet

3.  
True, leprosy can be transmitted from monkeys to humans

4.  
Pigtail macaques (Macaca nemestrina) are used for SIV research

Campbell.  Serendipity and New Drugs for Infectious Disease, pp.  352-356
The author described multiple instances in which chance observation, clinical experience, and empirical searches have resulted in the development of agents for treatment of infectious diseases.  

Drugs that were identified through observation of clinical side effects during testing of candidate drugs include:

· Piperazine citrate.  Initially piperazine (hexahydropyrazine) was produced for the treatment of gout since it forms a soluble salt with uric acid.  Piperazine was non-effective for gout, but did result in clearance of intestinal worms 

· Sildenafil citrate.  Initially was developed for treatment of heart disease but caused an elevation in erectile function in patients 

· Meperdine.  Initially developed as an antispasmodic in rats.  The researchers noticed that the drug caused an S-shaped curvature of the tail, identical to that seen with morphine.  Meperdine was found to be less potent than morphine, acted faster, caused less nausea, and wore off quicker. 
Drugs that were identified during a drug screen (examination of multiple drugs to identify those with a desired effect) include:

· Cedarwood oil.  Mice housed on cedar shavings are resistant to skin penetration by Schistosoma mansoni.  Mice that are housed on pine shavings develop schistosomiasis when the tail is exposed to a suspension of cercariae.  The mice on cedar shavings developed a coating of the cedarwood oil on the tails.  Purified cedarwood oil in solvent is fully protective and resistant to washing but may not be a practical way to prevent schistosomiasis 

· Thiazothienol.  Thiazothienol has anti-nematode activity in chickens and sheep but not in rats and mice.  A metabolite of thiazothienol (Thiazothielite), found in chicken feces, however is effective in both rats and mice.  This metabolite was developed into tetramisole and levamisole. 

· Avermectin.  A screening program was developed in which mice infected with Nematospiroides dubius were fed a dried microbial broth containing the newly identified bacteria, Streptomyces avermitilis.  A hydrogenated derivative of avermectin, ivermectin, has a wide margin of safety and high potency against a wide array of roundworms and arthropods in animals and humans.  Streptomyces avermitilis has only been isolated from a certain locale in Japan, which happened to have a contract for drug screens with Merck.  
Screening programs require that the compounds to be tested are random and comprehensive.  In fact, known structure-activity relationships may be counterproductive in the search for novel therapies.  
Questions:

1. What is the trade name for sildenafil citrate? 

2. What general class of drugs cause an S- shaped curve of the tail? 

3. What is the trade name for meperdine? 

4. What is the definition of an endecticide? 
Answers:

1. 
Viagra

2.  
Narcotic analgesics

3.  
Demerol

4.  
A broad spectrum agent that kills both internal parasites and controls ectoparasitic insects and mites

Kaas.  Serendipity and the Siamese Cat: The Discovery That Genes for Coat and Eye Pigment Affect the Brain, pp.  357-363
One day in the late 1960's, Ray Guillery was examining brain sections through the visual thalamus of cats, and he recognized that the arrangement of layers in the lateral geniculate nucleus (LGN) of one cat was strangely abnormal.  The cat was identified as a Siamese cat, one of a breed selected for its unusual coat color, with reduced pigment over much of the body and eyes.  The chance observation and the recognition of its significance led to a broad-ranging series of investigations.  These experiments showed that the lack of normal levels of pigment in the retina in Siamese cats (and other hypopigmented mammals) was the critical factor in the misdirection of many of the projections of the retina to the brain, the nature of the projection error, and the developmental consequences of the relay of the misdirected retinal inputs to visual cortex.  As a result, we have a better understanding of how the brain forms proper connections and the neural basis of visual problems in albino humans.
Summary: Dr. Guillery found that parts of the layers (dorsal A layer and the ventral A1 layer) of the LGN in Siamese cats are partially fused, which leads to an abnormal retinal projection.  This causes the part of the temporal retina that normally projects to the ipsilateral LGN to project instead to the contralateral LGN.  The figures illustrate the visual field of cats and shows normal cats, as well as the alterations that exist in Siamese cats.  At the time of Kaas (the author) and Guillery's experiments, the University of Wisconsin maintained a breeding colony of domesticated mink with different coat colors (for the fur industry).  Studies of the mink also showed abnormalities of the retinofugal pathways.  Other studies showed that all mammals with a major reduction in retinal pigment have abnormal retinal projections.
Questions:

1.
Which structure in the brain of Siamese cats is abnormal compared to normal cats?

2.
Describe the structure named in question 1.

3.
What is wrong with the structure named in question 1 in the Siamese?

4.
In the 1960's, Guillery and Kaas (the authors) were at the University of Wisconsin, which maintained a breeding program for strains of domesticated mink with different coat colors (for the fur industry).  How did this colony help answer questions about coat color and retinal projections?

5.
Which gene is defective in albino mammals?  Why is it important?
Answers:

1.
lateral geniculate nucleus (LGN) of the visual thalamus

2.
The LGN of each cerebral hemisphere is a nucleus that receives axons from neurons in both eyes and has neurons that send axons to the visual cortex to start the process of visual perception.  Each LGN receives information via both eyes from the contralateral visual hemifield.

3.
In Siamese, part of the temporal retina that normally projects to the ipsilateral LGN, projects instead to the contralateral LGN.  

4.
Some of the mink in the colony had eye pigment but not coat pigment, and only mink with greatly reduced retinal pigment had abnormally large retinal projections.  Other studies revealed that all mammals with a major reduction in retinal pigment have abnormal retinal projections, including human albinos, a white tiger, albino monkeys and albino rats.

5.
The tyrosinase gene is defective in albino mammals.  This gene producing the key enzyme in the synthesis of melanin pigment.

Quimby et al.  From Dogs to Frogs: How Pets, Laboratory Animals, and Wildlife Aided in Elucidating Harmful Effects Arising from a Hazardous Dumpsite, pp.  364-369
Summary: In the late 1970s, a Native American midwife living on a Mohawk reservation along the St. Lawrence River noticed an increased incidence of birth defects in babies (cleft palates, deafness, and intestinal problems).  Subsequent testing of the population showed high levels of polychlorinated biphenyls (PCBs) in the blood and breast milk of nursing mothers.  High levels of PCBs were also found in local fish and wildlife, near some heavy industry plants.  Species sampled included snapping turtles (Chelydra serpentina), green frogs (Rana clamitans), bullfrogs (Rana catesbeiana), leopard frogs (Rana pipiens), and masked shrew (Sorex cinerius).  The average lifespan of pet dogs on the reservation was much lower than for dogs from 10 miles away.  Many of the dogs consumed fish and local wildlife as part of their diets.  The average serum PCB levels for fish-eating dogs was 23.44 parts per billion (ppb) compared to 3.4 ppb for non fish-eating dogs, and 3.9 ppb for laboratory-reared dogs.  The dogs on the reservation also had statistically lower total thyroxine, serum IgM and serum IgA compared to laboratory-reared dogs.  A PCB feeding trial was performed in laboratory dogs, that confirmed the association of PCB ingestion with decreased serum IgM and IgA levels, and suggested a likely role of PCBs in decreasing thyroid hormone levels.  Behavioral changes, including increased agitation, were also observed in PCB-fed laboratory rats and dogs, and in the dogs on the reservation.  Increased levels of PCBs have also been reported in wild birds in the area of the reservation.  In 1998, no amphibians of any species could be found in the area of the river that had been contaminated with PCBs.  Sediment from a PCB-contaminated pond was added to tanks of wood frog tadpoles (Rana sylvatica).  Tadpoles raised in tanks with PCB-contaminated sediment showed large increases in mortality, and the surviving tadpoles had lower body weights and decreased motility and feeding behavior.  When this study was repeated using leopard frog tadpoles, 98% of the larvae died in the PCB-contaminated tanks.  This study suggests that environmental pollutants such as PCBs may contribute to the decline in worldwide amphibian populations.
Questions:
1.
The common name of Rana pipiens is:

A. 
Snapping turtle

B.  
Leopard frog

C. 
American bullfrog

D.  
Wood frog

E.  
Red-eared slider

2. 
Polychlorinated biphenyls (PCBs) were associated with what serum biochemical changes in a recent study in laboratory and dogs on a Mohawk reservation:

A. 
Decreased IgG and cortisol, increased thyroxine

B.  
Decreased IgM and increased cortisol

C.  
Decreased IgM and IgA, decreased thyroxine

D.  Decreased IgA and IgG, increased thyroxine

E. Decreased IgA and IgG, increased cortisol
Answers:
1.
B. 
Leopard frog

2.  
C.  
Decreased IgM and IgA, decreased thyroxine

Zurlo.  Report of the ILAR International Workshop on the Development of Science-based Guidelines for Laboratory Animal Care, pp. 370-373
In November 2003, ILAR of the National Academies hosted this workshop to enable scientists to discuss available resources that may influence existing and future laboratory animal care guidelines.  Topics included development of regulations applicable for use globally, impact of environmental enrichment on research outcomes and identification of gaps in current knowledge to promote future research activities.  
      
One of the driving forces to hold this workshop arose from revisions to the European standards of animal care and use, Appendix A of the Convention on Vertebrate Animal Used for Experimental and Other Scientific Purposes. ILAR saw fit that future versions of the Guide take into consideration international initiatives.
Three primary objectives were discussed: to compare the regulation process among different countries, to identify knowledge gaps to support future research endeavors and to determine the suitability of global harmonization of guidelines and standards.  
   
To address the 1st goal, representatives from AAALAC, Council of Europe, OLAW, APHIS, Central Institute from Experimental Animals in Japan, CCAC and US EPA concluded that regulatory processes are culture dependent and thus subject to great variability, that the process itself can range from multiple oversight to self regulation, and that the platform sessions enabled a better appreciation of the differences among attendees.   
  
To address the second goal, emphasis was placed on the commonly used species (rats, mice, rabbits, cats, dogs and nonhuman primates). Housing and environmental enrichment requirements were discussed. Many participants expressed concerns about the impact of public pressure on guideline development and revision, however most agreed that guidelines are not practical when specific conditions are mandated, and rather should provide minimum standards.  
To address the last goal, ten individuals from various nations participated in a point/counterpoint discussion. Distinction was made between harmonization and standardization, with a proposal to consider harmonized rather than standardized animal care and use practices and ethical review of experimental animals in research. 
In conclusion, the intent of guidelines was outlined in a checklist format: must provide obvious benefit to the animals, must not interfere with research, must be scientifically sound, and must allow flexibility. References were made to the International Organizations of Medical Sciences (CIOMS 1985) and the US Government Principles (IRAC 1983).       

No questions and answers were provided with this summary
