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Chapter 8 – Genetics of Nonhuman Primates (pp. 129-143)
Questions:

1.  An understanding of genetics is critical to the use of nonhuman primates for research for which of the following reasons:


a.  genetic differences account for much of the physiological variability seen


b.  genetic management if essential for successful breeding programs


c.  genetic markers provide powerful research tools


d.  understanding genetic similarities/differences is essential for developing animal models


e.  all of the above

2.  T/F  All primate species have the same number of chromosomes

3.  What is the diploid chromosome number for each of the following:  humans; great apes; baboons; rhesus monkeys.

4.  T/F  the chromosomal banding patterns of Old World monkeys and humans show almost complete correspondence.

5.  T/F  only NHPs are highly similar to humans in the chromosomal arrangement of their genes.

6.  T/F  karyotypic similarity is a function of phylogenetic relatedness, so greater chromosomal homologies exist between New World monkeys and humans than between Old World monkeys and humans.

7.  What term is used to identify genes present on the same chromosome between species?

8.  Since similarity is generally greater in __________ sequences than in _________ sequences, a maximal estimate of divergence can be obtained by comparing _________ sequences.


a.  coding, noncoding, coding


b.  coding, noncoding, noncoding


c.  noncoding, coding, coding


d.  noncoding, coding, noncoding

9.a.  T/F  amino acid sequences of proteins are even more highly conserved than nucleotide base sequences.

9.b.  What is the reason for this?

10.  Humans and chimpanzee proteins share more than ______% of their amino acid sequences.

11.  Which of the following are true regarding HIV in chimpanzees (choose all that apply):


a.  of all the species available for research, only chimps can be consistently and persistently infected with HIV


b.  only chimps have a cellular receptor similar enough to humans that allows the virus to enter T4 lymphocytes


c.  chimps develop clinical symptoms associated with AIDS


d.  all of the above

12.  T/F  baboons and rhesus macaques have identical banded karyotypes and similar responses to dietary cholesterol and fat.

13.  T/F  most baboons exhibit a modest lipemic response similar to most humans and develop arterial lesions at a similar modest rate that resemble those of early stage human lesions.

14.  T/F  rhesus macaques are hyperresponsive to dietary fat and cholesterol and rapidly develop arterial lesions resembling those in people with extremely high plasma cholesterol levels.

15.  Which species of squirrel monkeys listed below if appropriate as a model of malaria (Plasmodium)?


a.  Saimiri sciureus (Guyanese)


b.  Saimiri boliviensis (Bolivian)


c.  both a and b


d.  neither a nor b

16.  What are the two fundamental characteristics of all genetic markers?

17.  T/F  the most common techniques in chromosomal staining for identifying karyotypic variation and banding patterns are called C-banding and G-banding, which involve the use of Giemsa stain.

18.  Which of the following applies to the C-banding technique for staining chromosomes:


a.  it stains regions that are transcriptionally inert


b.  it is only present at the centromeres


c.  presence/absence of band, or difference in size, indicates a polymorphism


d.  all of the above


e.  two of the above

19.  T/F  G-banding enhances the intensity of bands that exist as a consequence of chromosomal organization.

20.  T/F  cytogenetic marker techniques such as C- and G-banding are inexpensive and quick ways to gain information.

21.  T/F  cytogenetic markers involve various chromosomal staining technologies which identify polymorphisms.

22.  T/F  allelic variants within a blood group system result from variations in amino acid sequences of cell surface proteins.

23.  Which of the following is true:


a.  ape blood can be typed for A-B-O the same as humans


b.  all primates have A or B antigens on their rbc’s


c.  blood typing in primates requires a blood sample


d.  all of the above

24.  T/F  most reagents for human blood group typing detect homologous antigens on blood cells of most nonhuman primate species, though they usually detect only a single antigenic type rather than multiple allelic forms in nonhuman primates.

25.  While nonhuman primate blood groups defined with reagents developed for typing human blood are called “human-type blood groups”, blood groups identified with antisera produced directly against nonhuman primate rbc’s are called ____________________________.

26.  T/F  most blood group polymorphisms for nonhuman primates are “open” systems in that if only a single antigen is detected on the rbc’s of an individual, you can’t tell if that individual is homozygous for the gene or heterozygous, which limits the utility of blood groups.

27.  White blood cell markers in nonhuman primates are very similar in structure and arrangement to what cluster of genes that serves as wbc markers in humans?

28.  Match each MHC class with its appropriate characteristics:  MHC I, MHC II


a.  genes specify cell surface glycoproteins that control recognition and response of the immune system


b.  involved in allograft rejections


c.  required for presenting processed antigens to helper and suppressor T cells


d.  involved in destruction of virus-infected cells


e.  the major stimulating antigens in allogeneic proliferative responses

29.  Which of the following is/are true regarding biochemical genetic markers:


a.  they are genetic variants of enzymes and other proteins


b.  they are most commonly detected by electrophoretic or isoelectric focusing techniques


c.  they can discriminate allelic proteins with different surface charges due to amino acid substitution


d.  all of the above

30.  What are some biochemical characteristics in which allelic variation exists?

31.  What are some of the advantages of using biochemical genetic markers?

32.  What are some of the limitations of biochemical genetic markers?

33.  What are the 3 major groups of nuclear DNA markers?

34. Which of the following are true about VNTR genetic markers (choose all that apply)?

a. They stand for Variable Number of Tandem Repeats

b. They stand for Variation in Nucleotide Tandem Repeats

c. They exist as variable numbers of tandem, repetitive, short oligonucleotides

d. They can be used as polymorphic markers for genetic analysis of DNA

35.  Name another type of tandem repetitive sequence used as nuclear DNA markers

36.  What are RFLPs and what are they used for?

37.  Restriction enzymes are:


a.  endonucleases


b.  enzymes that cleave DNA at specific sites


c.  enzymes that most commonly recognize sequences 4-6 bases in length


d.  used to digest DNA for detection of RFLPs


e.  all of the above

38.  Put the following steps involving Southern blotting for the identification of RFLPs in proper sequential order:


a.  bind a labeled probe of complementary DNA sequence to DNA on membrane


b.  isolate DNA from tissue or cells


c.  transfer DNA to nitrocellulose or nylon membrane


d.  digest DNA with restriction enzymes


e.  separate DNA fragments via electrophoresis on an agarose gel


f.  visualize DNA via autoradiography or nonisotopic methods depending on probe used

39.  What are some limitations/disadvantages of RFLPs?

40.  T/F  VNTRs can be used to detect many alleles at some loci with the use of only a single restriction enzyme and probe.

41.  What are minisatellites?

42.  How do the probes used for DNA fingerprinting differ from those used to identifying RFLPs?

43.  What is a DNA fingerprint (i.e. what does it show)?

44.  T/F  DNA fingerprinting in nonhuman primates is highly discriminating as it is in humans.

45.  What are the 3 basic steps in polymerase chain reaction (PCR)?

46.  PCR can be used for identifying which of the following polymorphisms?


a.  variation in single-copy sequences


b. VNTRs


c.  CA dinucleotide repeats


d.  all of the above

47.  T/F  CA dinucleotide repeat polymorphisms are powerful genetic markers because there are a large number of CA blocks dispersed throughout the genome and the number of repeats in a given block is highly variable among individuals.

48.  Mitochondrial DNA is inherited in a strictly maternal/paternal fashion?  Based on this answer, are mtDNA markers useful for nuclear family studies?

49.  T/F mtDNA sequence comparisons provide a powerful tool for assessing phylogenetic relationships.

50.  What do the mitochondrial genes encode?

51.  mtDNA analysis can be useful for the study of what human disease conditions?

52.  T/F  genetic markers can only be typed from freshly collected blood.

53. There are how many species and subspecies of squirrel monkeys? 

54.  What is the diploid chromosome number of squirrel monkeys?


a.  40


b.  42


c.  44


d.  46

55.  T/F  There is considerable karyotypic variation among squirrel monkey species and subspecies.

56.  T/F  Cytogenetic analysis is capable of distinguishing squirrel monkeys with different karyotypes.  

57.  T/F  Accurate identification of nonhuman primate species and subspecies is critical to successful management of breeding and research programs and animals with known pedigrees are essential for genetic research.

58.  T/F  In group housed primates, the dominant male in the breeding group is the only male responsible for siring offspring, and thus it can be safely assumed that he fathered all offspring in that group.

59.  Which of the following techniques may be useful in determining paternity in nhp’s?


a.  analysis of genetic markers


b.  marker phenotypes


c.  DNA fingerprinting


d.  VNTR analysis


e.  all of the above

60.  T/F  Using single male breeding groups eliminates the need to conduct genetic marker analyses to verify pedigrees.

61.  T/F  Inbreeding is associated with reduced reproductive success and infant survival.

62.  The collective detrimental effects of inbreeding are called ______________.

63.  T/F  Under natural conditions there is considerable gene flow into and out of breeding groups due to migration.

64.  T/F  Nonhuman primate species do not avoid incest on their own.

65.  What are some strategies to reduce the rate of inbreeding in multi-male breeding groups?

66.  T/F  Most natural populations of nhp’s exhibit genetic variability at approximately the same levels as in humans.

67.  T/F Most species of monkeys and great apes spontaneously develop clinical disease due to maternal-fetal blood group incompatibilities similar to humans with Rh blood group incompatibilities.

68.  What is the one nonhuman primate species that is well documented to exhibit spontaneous erythroblastosis fetalis (maternal-fetal blood group incompatibility) on a frequent basis?


a.  Macaca mulatta


b.  Pan troglodytes


c.  Saimiri sciureus


d.  Saguinus nigricollis


e.  Callothrix jacchus jacchus

69.  T/F  Blood group incompatibilities are of concern in blood transfusions in nonhuman primates.

70.  T/F Many hereditary diseases controlled by a single gene have been well defined in nonhuman primates.

71.  Most inherited single gene diseases are a consequence of ________ for a ________ gene.


a.  homozygosity, recessive


b.  homozygosity, dominant


c.  heterozygosity, recessive


d.  heterozygosity, dominant

72.  What was the first single gene disease model developed in nhp’s?


a.  muscular dystrophy


b.  familial hypercholesterolemia


c.  cystic fibrosis


d.  polycystic kidney disease

73.  What are some approaches for detecting carriers of single gene diseases in nhp’s?

74.  T/F  In contrast to single gene diseases, there are many nhp models of multifactorial diseases.

75.  Inheritance patterns of quantitative characteristics may be assessed by ___________analysis.

76.  Is segregation analysis indicates that a major gene is present, what is a next logical step for further analysis?

77.  What does quantitative trait linkage analysis involve?

78.  T/F  It is possible to use human gene maps to help identify candidate genes in nonhuman primates.

79.  What is the most common vehicle used for delivering corrective genes into cells for gene therapy?


a.  adenovirus


b.  E. coli


c.  retrovirus


d.  herpesvirus

Answers

1. e

2. false

3.  46, 48, 42, 42

4. true

5. true

6.  false – fewer homologies betw/ NW and humans compared to OW and humans

7.  syntenic – most syntenies have been conserved during primate evolution

8.  b

9.a.  true  b.  genetic code is redundant in that most amino acids are specified by more than one codon; much of DNA is intergenic sequences interspersed between structural genes that encode proteins and most of it has no known function; and structural genes contains introns, which are transcribed but not translated.

10.  99%

11.  a and b.  chimps do NOT develop clinical symptoms of AIDS

12.  false – they have identical bands, but dramatically different responses to cholesterol and fat

13.  true

14.  true

15.  a – S. sciureus is susceptible, but S. boliviensis is not

16.  1.  they are discrete variants in the structure of chromosomes, proteins, or DNA; 2. they exhibit Mendelian patterns of inheritance.

17.  true

18.  e – both a and c are correct.  C-bands are typically present at centromeres, but can exist at other locations

19.  true

20.  false – while they do provide substantial information, they are expensive and time-consuming and not practical on a large scale.

21.  true

22.  false – they result from variation in the oligosaccharide components of glycoproteins and glycolipids associated with the cell surface.  

23.  a.  Note that some primates do not have A or B antigens on their rbc’s, but may have them on other cell types and in secretions or plasma (as in humans), therefore A-B-O blood typing can be determined in these species from buccal mucosa epithelial cell smears or indirectly with saliva or serum.

24.  true

25.  simian-type blood groups

26.  true

27.  MHC genes

28.  MHC I = a, b, d;  MHC II = a, c, e

29.  d

30.  molecular weight, level of activity (for enzymes), different surface charges due to amino acid substitutions

31.  they do not require development of specialized reagents; electrophoretic techniques developed with human blood are usually adaptable to nonhuman primates; electrophoretic analysis reveals allelic gene products as distinct bands on gels; the number of proteins that can be subjected to analysis is limited only by the availability of techniques to identify each specific protein of interest; analysis of proteins can be done with minute quantities of sample; some markers may reflect differences related to altered physiological conditions.

32.  only proteins present in blood are accessible to biochemical genetic analysis; a relatively large volume of blood is required to obtain enough wbc’s for extensive analysis of mitochondrial enzymes.

33.  point mutations, insertions/deletions, differential numbers of copies of tandem repetitive sequences

34.  a, c, d

35.  VNDR – variable number of dinucleotide repeats

36.  Restriction fragment length polymorphisms; produced when DNA is digested with restriction enzymes, which cut DNA at specific sites; they are used as markers to detect polymorphisms in the sequence of single-copy DNA

37.  e

38.  b, d, e, c, a, f

39.  expensive; most consist of only 2 allelic forms (vs. 3 or more for biochemical markers); most of the variants exist in noncoding DNA sequences, so physiological relevance is more limited.

40.  true

41.  hypervariable repeated sequences of DNA which have no known function and are scattered throughout the genome; alleles consist of a variable number of tandem repeats.

42.  procedures are same except that in DNA fingerprinting the probes bind to minisatellites instead of to a single or at most a few discrete genes.

43.  a DNA fingerprint is the sum of the multiple alleles that exist at the many minisatellite loci.  Because these sequences are so variable the probability of any two unrelated individuals having identical fingerprints is almost nil.  

44.  false – variability between individual nhp’s is less than in human subjects

45.  denaturation, annealing/hybridization, amplification/replication/synthesis

46.  d

47.  true

48.  maternal; no, they are not useful for nuclear family studies

49.  true

50.  some oxidative phosphorylation subunit proteins, some tRNAs and rRNAs

51.  diseases associated with mtDNA mutations such as disorders of oxidative phosphorylation

52.  false – they can be typed from any appropriately stored blood sample (note – it is a good idea to keep a bank of stored blood samples for genetic management of breeding colonies and research programs).

53.  4 spp, 5 subspp

54.  c

55.  true

56.  true

57.  true

58.  false – studies have shown that offspring may also be sired by subordinate males

59.  e

60.  false – females may be impregnated by juvenile males thought too young to reproduce; pregnancy may result from mating with males in adjacent cages separated by a mesh fence; and errors may be made in recording family data or histories.

61.  true

62.  “inbreeding depression”

63.  true

64.  false – several species of nhp’s will avoid incest if alternative males are available

65.  increase generation time by maintaining breeders throughout their useful reproductive lives; replace breeding males periodically with unrelated males; equalize the genetic contribution of all breeders by removing sires after they have contributed a specified number of progeny; equalizing sex ratio.

66.  true

67.  false – most do not spontaneously develop this

68.  d

69.  true

70.  false – few or none have (none as of 1986)

71.  a

72.  b – FH is caused by a deficiency in LDL receptor

73.  screen for heterozygosity in genes of interest and expand desired families; target parents of infants suspected of having a metabolic defect (parents are probably heterozygous); perturb normal physiological processes in a way that affects gene expression (e.g. hematopoeitic stress of baboons activates the gamma-globin gene and production of fetal hemoglobin, a model of beta-thalessemia).

74.  true

75.  segregation

76.  quantitative trait linkage analysis

77.  involves searching for a relationship in transmission from one generation to the next between the level of the quantitative character and a discrete genetic marker.  If there is a close relationship, it is likely that the character is closely linked on the same chromosome to the gene for the marker.

78.  true

79.  c
