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Chapter 7 - Assisted Reproductive Technologies and Genetic Modification in Rats, pp. 165-186 

QUESTIONS:
1. T/F  Rat sperm are extremely resistant to the effects of centrifugation, pipetting, and chilling.

2. What strains of outbred and inbred rats are useful for superovulation and oocyte collection?

3. T/F   Superovulation protocols for the mouse work equally well in the rat.

4. In one common method of superovulation in rats, an IP injection of ________ is given at 10:00am followed by an injection 54 hours later of _______ at 4:00pm.  (assume a 14 hr light:10 hr dark cycle) 

a. Pregnant mare serum gonadotropin (PMSG); human chorionic gonadotropin (hCG) 

b. human chorionic gonadotropin (hCG); Pregnant mare serum gonadotropin (PMSG) 

c. Prostaglandin; Pregnant mare serum gonadotropin (PMSG) 

d. None of the above

5. Mature rat sperm are collected from the:   

a. Seminiferous tubules 

b. Cauda epididymidis 

c. Prostate 

d. Female genital tract just after coitus 

e. Both b and d

6. An important predictor for the success of male fertility in the rat is: 

a. Sperm production 

b. Motility characteristics 

c. Sperm morphology 

d. All of the above

7. Computer-assisted Sperm Analysis (CASA) can be used to determine sperm: 

a. Motion characteristics 

b. pH 

c. Acrosome reaction 

d. None of the above

8. T/F  Sperm motility and morphology are 97% accurate indicators of function

9. How is flow cytometric sperm analysis useful in assisted reproduction?

10. In vitro fertilization is useful for: 

a. Reconstituting scientifically valuable rat strains 

b. Studying sperm/egg interaction 

c. Understanding basic cellular mechanisms of mammalian fertilization 

d. All of the above 

e. None of the above

11. T/F  In vitro fertilization requires a relatively high number of sperm to achieve optimal fertilization compared to natural mating

12. T/F  Capacitation of the sperm is an optional step for in vitro fertilization.

13. When performing in vitro fertilization, fertilization is confirmed by observing what?

a. Two pronuclei 

b. Two pronuclei and the sperm tail 

c. One pronuclei 

d. One pronuclei and the sperm tail 

e. None of the above

14. What is microinsemination?

15. Which characteristics make micro-manipulation of rodent gametes technically more difficult than other mammalian species?

a. Hook-shaped sperm head 

b. Unusually long tail 

c. Unusually small size 

d. Elastic oolemma 

e. a, b, and d

16. T/F  The intracytoplasmic sperm injection (ICSI) method uses mature sperm head whereas the round spermatid injection (ROSI) method uses immature male germ cells for injection

17. Describe one situation where artificial insemination might be useful.

18. T/F  Artificial insemination must be done surgically in the rat

19. For artificial insemination, the recipient female should be:

a. At least 20 weeks of age 

b. Ovariectomized 

c. Mated with a proven vasectomized male 

d. Placed on oxytocin treatment for three days prior

20. T/F  There has been limited success with the in vitro development of rat embryos.

21. Give one situation where rat embryo transfer might be useful.

22. Seven to eight-week-old SD males are often used as vasectomized males to induce pseudopregnancy in females because

a. They are readily available 

b. They have more easily identifiable vas deferens 

c. They have a high plug frequency 

d. Both a and c 

e. All of the above

23. Females in the ______ stage of the estrus cycle can be induced into pseudopregnancy by mating to a vasectomized male. 

a. Proestrus 

b. Estrus 

c. Metestrus 

d. Diestrus 

e. Anestrus

24. T/F  Pseudopregnancy is the shortening of diestrus to 24 hours between consecutive estrus cycles.  

25.  Describe the two ways in which one can induce pseudopregnancy in a rat.

26. Recipient female rats can be synchronized via an IP injection of:

a. Progesterone 

b. Oxytocin 

c. LH-RH 

d. a followed by b

27. A few drops of ______ can be sprinkled over the ovarian bursa to reduce bleeding during surgical embryo transfer. 

a. Epinephrine 

b. 0.9% NaCl 

c. Nitroglycerin 

d. 2% Lidocaine

28. T/F  During surgical embryo transfer, the transfer pipette is inserted into the infundibulum.

29. One-cell to morula stage embryos are can be transferred to the oviducts of __  day pseudopregnant recipients, whereas blastocyst stage embryos can be transferred to the uterine horn of __ day pseudopregnant recipient
a. 5, 3 

b. 2, 5 

c. 0.5, 3.5 

d. 3.5, 1 

e. 0.5, 5

30. Give one advantage of cryopreserving embryos, reproductive cells, and reproductive tissue.

31. T/F  Cryopreservation procedures involve 1) exposure of the sample to permeating and non-permeating cryoprotective agents 2) cooling to sub-zero temperatures and 3) thawing, dilution, and removal of the cryoprotective agent.

32. The major factors that determine the success of cell and tissue cryopreservation are:

a. Species 

b. Cell or tissue type 

c. Surface to volume ratio 

d. a and b only 

e. all of the above

33. T/F  One disadvantage of equilibrium freezing is that during the slow freezing process, damage may occur to the cells due to formation of intracellular ice.

34. T/F  The post-thaw developmental potential of cryopreserved embryos in vivo varies among strains.

35.  When evaluating morphology of post-thaw embryos, the ___ and ___ must be intact for the embryo to be considered viable.

36. Is rat sperm cryopreservation an easy, widely used method of genome banking?

37. T/F  Rat primordial follicles in ovarian tissue are extremely resistant to the deleterious effects of cryopreservation.

38. Define transgenesis.

39. T/F  Pronuclear injection is the direct microinjection of a recombinant DNA solution into the pronucleus of an unfertilized oocyte.

40. T/F  With pronuclear injection, the site of exogenous DNA integration and number of copies can be controlled.

41. Pronuclear injection involves:

a. Integration of exogenous DNA via a lentiviral vector 

b. Insertion of exogenous DNA randomly in the host chromosome 

c. In most cases, insertion of the transgene at multiple integration sites 

d. In most cases, insertion of multiple copies of the transgene at a single locus 

e. Both b and d

42. Circle answer:  If transgene integration occurs prior to DNA replication, all developing cells including germ cells (contain/ do not contain) the transgene.

43. Why are multiple founder animals usually produced when creating transgenic rats via pronuclear injection?

44. A typical transgenic construct does not contain:

a. a 

b. a gene’s introns 

c. a promoter 

d. a polyadenylation sequence

45. T/F  The major impediment in creating a transgenic rat by pronuclear injection is the difficulty in penetrating the pronuclear membrane due to its extreme elasticity as well as obscurity.

46.  Retroviruses are:

a. Enveloped 

b. Nonenveloped 

c. ds RNA viruses 

d. ds DNA viruses 

e. both a and c 

f. both b and d

47. What is unique about lentiviruses that make them suitable for viral vector mediated gene transfer?

48. T/F  The typical design of a viral vector for gene transfer consists of a promoter and gene inserted into a viral vector flanked by long terminal repeats.

49. T/F  Perivitelline space injection is relatively complex compared to pronuclear injection and yields a lower post-injection survival rate.

50. What is the genetic process that allows inserted DNA to replace a locus of endogenous DNA that has the complimentary nucleotide homology?

a. Cloning 

b. Homologous recombination 

c. Translation 

d. None of the above

51. What is a mouse called that carries copies of both modified DNA and the wild-type DNA counterpart?

52. T/F  The neomycin resistance gene is a commonly used negative selectable marker. 

53. ENU, or N-ethyl-N-nitrosourea is an alkylating agent that mainly causes

a. Point mutations 

b. Targeted mutations 

c. Mutations of long DNA sequences 

d. Multiple mutations in a single animal 

e. Both a and d

54. T/F  ENU is a potent carcinogen.

55. T/F  Administration of ENU to males causes a temporary period of sterility.

56. ENU is typically used for inducing mutations in 

a. Mature spermatozoa 

b. Hepatocytes 

c. Spermatogonial stem cells 

d. All of the above

57. What is somatic cell nuclear transfer?

58. T/F  An advantage of somatic cell nuclear transfer is the possibility of creating multiple genetically identical animals.  

59. What characteristics are important to somatic cell nuclear transfer outcomes?

a. Nature of recipient oocytes 

b. Cell cycle status 

c. Method of activation 

d. Genetic background 

e. All of the above

60. What is the common term for somatic cell nuclear transfer?

61. For somatic cell nuclear transfer, why is it required to completely remove the MII chromosomes from the recipient oocyte?

62. T/F  In the somatic cell nuclear transfer procedure, exit from MII arrest, or activation, is initiated by activation of maturation-promoting factor (MPF).

63. RNA interference (RNAi) is a technology used to silence genes by abolishing ______ of a particular protein

a. Transcription 

b. Translation 

c. Enhancement 

d. Replication

ANSWERS:
1. False

2. Outbred: Sprague-Dawley, Wistar

Inbred: Fischer 344, Lewis, PVG, Wistar-Furth

3. False – the response of female rats to exogenous gonadotropins is poorly understood, therefore superovulation protocols that have been successful in the mouse do not work well when applied to the rat. 

4. a  [10-30 IU Pregnant mare serum gonadotropin (PMSG) at 10:00 am – FSH-like

15-25 IU human chorionic gonadotropin (hCG) at 4:00 pm – LH-like]

5. e

6. d

7. a

8. False – although commonly used parameters for the assessment of sperm viability, neither are accurate indicators of function.

9. Flow cytometric sperm analysis uses specific fluorescent probes to determine structural changes that may hamper normal fertilization, such as damage to the plasma membrane, mitochondria, or acrosome.  It provides a rapid and accurate means of determining the functional status of large numbers of spermatozoa.

10. d

11. False

12. False

13. b

14. A procedure by which a single relatively advanced (spermatocyte, round spermatid, spermatozoa) male germ cell is directly injected into an ooplasm via a fine pulled glass injection pipette using micromanipulation systems.

15. e

16. True

17. a. 
When trying to mate rats that are scientifically important but physically unable to mate (such as a rat model of arthritis or muscular dystrophy)  


b. 
When testing the effects of known environmental toxins on male fertility


c. 
When the number of sperm or proportion of motile sperm is not enough to achieve fertility through natural mating


d. 
when using previously frozen sperm (the number of motile sperm significantly decreases post-thaw)

18. False – while AI can be done surgically, it can also be done non-surgically via the cervix in a rat under general anesthesia with the use of a speculum

19. c

20. True

21. a. 
reconstitution of cryopreserved embryos to live colonies

b. 
rederivation of rats contaminated with specific pathogens

c. 
development of gamete cryopreservation, in vitro fertilization, or micro-insemination methods

d. 
transferring transgenic embryos to recipient females (production of genetically modified rats)

22. d

23. a

24. False – lengthening of diestrus to ~13 days between consecutive estrus cycles to allow for the formation of a functional progesterone-producing corpus lutea that facilitate embryo implantation and subsequent gestation 

25. a. 
mating a female in the proestrus stage to a vasectomized male

b. 
mechanical stimulation of the cervix and/or vagina with a glass rod

26. c    LH-RH (luteinizing hormone-releasing hormone; also known as GnRH or gonadotrophin releasing hormone)

27. a

28. True

29. c

30. a. 
preventing the loss of mutant strains


b. 
safeguarding unique genotypes from genetic changes, pathogens, or loss due to facility disasters


c. 
saving animal room space by discontinuing breeding of strains not currently in use


d. 
reducing staff workload


e. 
facilitating shipment of genotypes


f. 
supporting ownership claims


g. 
providing alternative routes of reconstitution

31. True

32. e

33. False – this is a disadvantage of non-equilibrium freezing.  With equilibrium freezing (or ultra-rapid cooling) the liquid state transitions to the glass state and bypasses the crystalline state.

34. True

35. zona pellucida, plasma membrane

36. Not currently (2006), in part due to the extreme sensitivity of rat epididymal sperm to sub-physiologic conditions

37. True

38. A technique by which foreign cloned DNA is introduced into a living organism using molecular tools and micro-tools to achieve genomic alterations.

39. False – injection into the pronucleus of a fertilized oocyte

40. False

41. e

42. Contain

43. Because with pronuclear injection, there is the possibility of unintended insertional mutagenesis to a functionally important locus of the host genome.  This may confound interpretation of the significance of the transgene expression.

44.  a

45. True

46. e

47. Unlike most retroviruses, lentiviruses are able to integrate into both proliferating and non-proliferating cells.

48. True

49. False – perivitelline space injection is relatively simple and yields a higher post-injection survival rate (>90%) compared to pro-nuclear injection. 

50.  b

51. Chimera

52. False – this is a commonly used positive selectable marker

53. e

54. True

55. True – this lasts 14-15 weeks due to depletion of spermatogonial stem cells.  Spermatocytes need to be repopulated from the remaining stem cells so that treated males can be used for production of F1 progeny.

56. c

57. A procedure by which a nucleus from a fully differentiated cell undergoes complete genetic reprogramming when it is introduced into an enucleated oocyte. (Cloning)

58. True

59. e

60. Cloning

61. So that the donor nucleus can take over control of embryonic development and ensure proper reprogramming.

62. False – this is initiated by inactivation of MPF. 

63. b

