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Title
:
Improving and Extending the Snake River Germplasm Repository 

Section 3. Project description

a. Abstract

The germ plasm repository for Snake River anadromous salmonids will be improved and expanded. The objectives of this proposed project are to (1) improve the post-thaw fertility of  sperm cryopreserved and stored in large, 5.0 ml, semen straws and (2) expand the capability of the repository to include female germ plasm. The fertility of sperm frozen and stored in the large straws will be improved by determining the optimal cooling and thawing rates for sperm packaged in the large straw. Since the volume of milt contained in the large straw is more useful to hatcheries using sperm cryopreservation as a tool to manage the genetic diversity of their product, this improved fertility should increase the applied value of this technology. Developing the capability to cryopreserve and store the female germ plasm will be pursued in two different ways. Firstly, unfertilized eggs and early staged embryos will be frozen by vitrification. Since vitrification requires relatively high concentrations of cryoprotectant in the egg or embryo, innovative strategies to increase the intracytoplasmic levels of cryoprotectant normally achieved will be tested. Both the absolute concentration of cryoprotectant and the survival of the eggs/embryos following freezing and thawing will be used as endpoints. The second strategy to preserve the female germ line is to freeze ovaries from sexually immature females; retrieval of the germ plasm will be accomplished by transplanting thawed ovaries to suitable recipients to complete egg development. Chinook salmon and steelhead ovaries cryopreserved by a variety of methods will be transplanted to histocompatible recipients. The endpoint of this experiment will be the production of fertile eggs from cryopreserved ovarian tissue. The availability of female germ plasm will provide for the conservation of the cytoplasmic or mitochondrial genome and will provide a source of eggs if a specific population should go extinct.  

b. Technical and/or scientific background

Pacific salmon in the Snake River basin exist as a number of spawning aggregates in six major river subbasins, located 500-800 miles from the ocean above eight major hydroelectric facilities.  Conservation of the salmon and steelhead species in this three state area through population protection and monitoring has not been successful to date.  These subpopulations, and the genetic diversity contained within them, have been threatened with localized extirpation (Nehlsen et al., 1991; Kucera, 1998).  As a result, pacific salmon were officially listed as threatened under the Endangered Species Act in 1992, and steelhead was listed in 1997. Given that the genetic diversity within existing spawning aggregates is not replaceable and should be conserved to protect present and future opportunities, including the evolutionary process in salmon (National Research Council, 1996), a salmonid germplasm repository was established.

Our efforts of genetic resource conservation through the application of cryogenic technology for selected populations of chinook salmon (Oncorhynchus tshawytscha) began in 1992. The formation and maintenance of the resultant germplasm repository has been a cooperative effort of three groups: the Nez Perce Tribe, the University of Idaho and Washington State University. Each of the groups of this team provides a needed function. Personnel of the Department of Fisheries Resources Management of the Nez Perce Tribe have the responsibility of identifying the spawning aggregates from which sperm will be collected and collecting and shipping the milt to the two universities. Under ideal conditions, milt from each male is sent to each university. At each university, the sperm is frozen and stored independently. In fact to increase the level of security for the resultant samples, cryopreserved sperm from each male is stored in two different locations at each university.  Therefore the genetics of each male is located in four different liquid nitrogen tanks; exceptions to this rule occur as a result of small milt samples. The repository presently contains sperm from a total of 512 chinook males and 189 steelhead males. The total straw count to date is 17,920; this total count represents both 0.5 ml and 5.0 ml straws.

The germ plasm repository has been developed with two straw sizes because each size has a strategic advantage. The small straw provides more individual units of genetic material that is important in the reestablishment of a population using a captured broodstock approach. The 5.0 ml straw with the larger volume of milt is more useful to normal hatchery operations. The original methodology for freezing salmonid sperm in large straws (Wheeler and Thorgaard, 1991) was developed using dry ice. Present protocols for freezing semen now utilize liquid nitrogen vapor for the initial freezing step in place of dry ice. Because the present protocols were developed for the 0.5 ml straws and because the geometry of the 5.0 ml straw is different than the smaller straw, it is likely that post-thaw fertility of sperm frozen in large straws can be improved by identifying the optimal rate of cooling in liquid nitrogen vapor for the large straws. Additionally, the maximum number of eggs that can be normally fertilized with the milt in a large straw cryopreserved under these conditions can probably be increased substantially. 

At present the Snake River Germplasm Repository is a sperm bank. If one of the populations represented in the repository were to go extinct, the original population can only be reconstructed by utilizing the stored sperm; by back-crossing or androgenesis and using eggs collected from females of a closely related population of the same species (see Thorgaard and Cloud, 1993 for a more detailed explanation), the genetics of the nuclear DNA of the original population can be reconstituted. The mitochondrial or cytoplasmic genome of the population, which is exclusively derived from the female, however, will be lost forever. In mammals, the maternal genomic contribution is normally maintained by freezing and storing isolated oocytes or early embryos.

The presence of yolk in the eggs and early embryos of fish makes cryopreservation of these gametes/embryos very challenging. To date, fish eggs or embryos have not been successfully cryopreserved. At least part of the difficulty in developing the methodology to accomplish this endpoint is that fish eggs/embryos are very large and compartmentalized (Hagedorn et al. 1998).  Like organ systems, vitrification is the most probable method for successful cryopreservation of fish embryos (Rall and Fahy 1985; Fahy 1986). However, in order for vitrification to be successful, large amounts of cryoprotectant materials need to be incorporated into the embryo under conditions that promote cryoprotectant uptake with minimal embryonic loss (Suzuli et al. 1995).  Based on data from zebrafish (Zhang and Rawson 1995; Hagedorn et al. 1997), the embryological stage following the migration of cells from the embryo proper to encompass the yolk sac, epiboly, is probably the most tolerant to the conditions needed for vitrification. 

The freezing and storage of eggs and embryos is attractive because if this methodology could be developed, eggs could be available at all times for fertilization or embryos could be thawed for completion of incubation. However, even though these endproducts would provide greater advantages and flexibility to the germplasm repository, this research has to be viewed as high risk. Therefore, in order to improve the functional capability of the repository with the addition of female germplasm, an alternative approach needs to be pursued simultaneously. One alternative approach is to cryopreserve the female germ cells before yolk deposition and complete vitellogenesis post-thaw. This is a viable approach because sexually immature ovaries are very thin and contain oogonia and small primary oocytes. The surgical methodology to transplant salmonid gonads has been developed. This methodology was developed initially in male rainbow trout (Cloud et al., 2000; Nagler et al., in press) and has been transferred to sexually immature ovaries (in a preliminary study, ovarian autographs in three of three animals were successful; endpoints were the histological morphology of the transplanted ovary and the distribution of oocyte diameters; Cloud, unpublished). Additionally, another preliminary study suggests that sexually immature ovaries of rainbow trout can withstand freezing to –1960 C (cooling rate of -1.80 C/min), storage in liquid nitrogen for a week and thawing (conclusion based on overall morphology of six sexually immature ovaries post-thaw; Cloud, unpublished). 

c. Rationale and significance to Regional Programs

Rationale

A sperm bank is a simple, functional way to store the genetic composition of a salmonid population. Sperm can be easily collected from sexually mature males, cryopreserved and stored for many years in liquid nitrogen. When the genetic diversity of the population is at risk, the stored sperm can be thawed and used to fertilize the eggs of females remaining in the population. While the fertility of sperm frozen in the 0.5 ml semen straws is acceptable and while the volume of milt (0.125 ml; milt is diluted 3 to 1 with freezing solution) in this small straw is adequate for a captured broodstock program, the larger 5 ml straws are a more useful size to deliver stored, frozen milt to a normal hatchery operation. Since the present salmonid sperm cryopreservation protocols using liquid nitrogen vapor were primarily based on the 0.5 ml straws and since there is limited information in the literature on the optimal conditions (freezing and thawing rates) needed to maximize post-thaw fertility of sperm cryopreserved in large straws, the post-thaw fertility of sperm and the number of eggs that can be fertilized by sperm frozen in large straws can probably be improved.  

When a population has become extinct, the sperm that was collected from that now extinct population and stored in liquid nitrogen can be utilized to reconstruct the original population by back-crossing or by androgenesis (see Thorgaard and Cloud, 1993 for a more detailed explanation) using eggs collected from females of a closely related population of the same species. Although both methods (back-crossing and androgenesis) can be used to reconstitute the genetics of the nuclear DNA of the original population, the mitochondrial or cytoplasmic genome, which is exclusively derived from the female, will be lost forever. In mammals, the maternal genomic contribution is normally maintained by freezing isolated oocytes or early embryos. With fish, the presence of yolk in the egg and the early embryo makes the successful cryopreservation of these gametes/embryos more challenging. As a result, a freezing protocol based on vitrification (Rall and Fahy, 1985; Fahy, 1986) will need to be developed.

Since the presence of yolk appears to be the major factor limiting successful cryopreservation of fish eggs and embryos, an alternative approach to storing female germ plasm is to freeze germ cells prior to vitellogenesis and to complete yolk deposition in the oocytes post-thaw. This approach appears to have a high likelihood of success because (1) the methodology to surgically transplant salmonid gonads has been recently developed for male (Cloud et al., 2000; Nagler et al., in press) and female (Cloud, unpublished) rainbow trout, and (2) sexually immature ovaries (derived from rainbow trout that weigh 100-150 gm) appear normal following freezing to –1960 C, storage in liquid nitrogen for a week and thawed (Cloud, unpublished).

Significance


The significance of the results of the proposed study is to improve the Snake River germplasm repository by making it more user friendly (increasing the number of eggs that can be fertilized from milt stored in a large semen straw) and by providing a means of including the mitochondrial DNA of the various populations.    

d. Relationships to other projects 

This grant proposal is to improve and extend the presently supported Snake River Germplasm Repository (BPA Project number 97-03800; contract number 97-AM30423; task order number 97-AT35208). The proposed improvement is to increase the fertility of the large (5 ml) straws used to freeze and store milt; because of the greater volume of milt within a single unit, the large straw is more useful in a hatchery environment where thousands of eggs need to be fertilized. The proposed expansion of the germ plasm repository is to develop the capability to freeze and store the female component; the availability of both eggs and sperm for fertilization from an extinct population would make reestablishment of the population from frozen cells easier.     

e. Proposal objectives, tasks and methods

Objectives

The objectives of this proposed research project are as follows:

· To optimize the fertility of chinook salmon and steelhead sperm cryopreserved in large (5 ml) straws.

· To cryopreserve eggs and embryos of chinook salmon and steelhead by employing hydrostatic pressure in conjunction with vitrification. 


· To produce fertile eggs from cryopreserved, transplanted ovaries of chinook salmon. 


Tasks and Methods
 

A. Freezing Milt in Large Straws

Objective: The objective of this series of experiments is to maximize the post-thaw fertility of chinook salmon and steelhead sperm cryopreserved in large (5 ml) straws.

Hypothesis: Post-thaw fertility of salmonid sperm is dependent upon the freezing and thawing rates of the sperm packaged in the large straws.

Experimental Design and Methodology:  The resultant fertility of sperm frozen at cooling rates of -10, -20, -30, -40, and -500 C/min and thawed at the same rates in a 5x5 matrix will be tested. In this experimental design, each freezing/thawing combination will be tested with sperm from the same male and replicated across males (total of ten males). The endpoint of this experiment will be the fertility rate of the sperm as determined by the proportion of 100 eggs that have undergone cleavage 12 hours after the addition of sperm. The resultant data will be analyzed using an analysis of variance. Once the most favorable freezing and thawing rate is determined for each species, the maximum number of eggs that can be fertilized by thawed sperm in a 5.0 ml straw will be determined. 

B. Freezing Eggs and Early Embryos


Since large amounts of cryoprotectant materials need to be incorporated into the embryo for vitrification to be successful, the objective of this proposed study is to identify the conditions that promote cryoprotectant uptake with minimal embryonic loss (Suzuli et al. 1995).  Based on data from zebrafish (Zhang and Rawson 1995; Hagedorn et al. 1997), the proposed, initial series of studies will use chinook embryos that have completed epiboly.  The subsequent studies will test whether these results can be duplicated using earlier embryos (one cell to the low blastula stages) and unfertilized eggs.

Experiment 1. 

Objective: The objective of this experiment is to determine if chinook embryos can survive the conditions required to promote the uptake of the cryoprotectant.

Hypothesis: Embryonic survival will decline as the concentration of the cryoprotectant increases and the ambient pressure and temperature decreases.

Experimental Design and Methodology: This study is designed as a 4 x 4 x 3 factorial; the aim of the study is to determine the relationship among the concentration of the cryoprotectant, ambient pressure and temperature.  The factors to be examined are (1) concentration of cryoprotectant (0, 2, 4, or 6 M of dimethylsulfoxide/DMSO), (2) ambient pressure (1, 100, 300, or 900 atms of hydrostatic pressure) and (3) temperature (10, 0, or 

-100 C).  In all cases, the embryos will be reared at 100 C through epiboly.  The embryos will be exposed to the various treatment regimes for four hours.  The cryoprotectant will be slowly removed and the embryos will be returned to the initial incubation conditions.  The endpoint in this experiment will be survival to the eyeup (retinal pigmentation) stage.

Experiment 2. 

Objective: Using the most successful treatment combination in experiment 1, the embryos will be cryopreserved in liquid nitrogen. 

Hypothesis: Embryos that have taken up an adequate amount of cryoprotectant will survive freezing in liquid nitrogen.

Experimental Design and Methodology:  Embryos derived from ten different females that have completed epiboly will be incubated as described above (using the best treatment combination) and cooled at –0.1, -0.5, -1.0, -2.0 or –5.0 from the beginning temperature (this depends on the results of exp 1) to -700 C; at this temperature, the embryos will be plunged into liquid nitrogen. After a minimum storage time of one week in liquid nitrogen, the embryos will be thawed and incubated at 100 C. The endpoint of the experiment will be successful development to hatch. 

Experiment 3.

Objective: The objective of this experiment is to determine if eggs and early embryos can be successfully cryopreserved.

Hypothesis: The methodology developed for the later staged embryo (at epiboly) will protect the earlier embryonic stages and the unfertilized egg from damage during the freezing process.

Experimental Design and Methodology:  Unfertilized eggs and embryos at early blastula (high blastula) and late blastula (low blastula) will be cryopreserved using the successful protocol of experiment 2. The endpoint in this experiment will be the proportion of eggs that are successfully fertilized post-thaw or the proportion of embryos that successfully complete development.

C. Freezing and Transplanting Ovaries

Experiment 1. 

Objective: The objective of this experiment is to demonstrate that ovaries derived from sexually immature, female chinook salmon can be transplanted to histocompatible recipients. This experiment will be conducted in three steps. In this experiment and all subsequent experiments, only female chinook salmon will be utilized; gender in these animals will be determined using the DNA marker for the Y chromosome (Devlin, et al., 1994).

Part 1. Ovarian autografts

Objective: The objective of this experiment is to develop the surgical methodology for

transplanting an immature ovary.

Hypothesis: The surgical procedure used to successfully transplant gonads in rainbow trout will be successful for chinook salmon.

Experimental Design and Methodology: This first part will consist of the development of the surgical protocol for ovarian transplantation in chinook salmon. Twelve sexually immature, female chinook ranging from 100 to 150 g in size will be used in this part of the study; each animal will act as its own control. The right ovary will be removed and placed back into the body cavity on the right side to test the efficaciousness of the procedure. The left ovary will be left intact as a control. Since the ovary will be placed back into the animal from which it came (autograft), there will be no question about histocompatibility. This part of the experiment will simply test whether the transplanted ovary will reestablish an adequate blood supply and continue to develop. Half of the animals will be sacrificed three months after the initial surgery; at this time both the transplanted (right) and the intact (left) ovaries will be fixed for histological analysis. Morphometric analysis of the oocytes will be used the endpoint. No differences in the distribution of size classes of the growing oocytes between the ovaries within animal will be used as evidence for successful transplantation. Additionally, a veterinarian pathologist will examine the tissue for evidence of necrosis; the absence of clinical signs of necrosis will be used as supporting evidence that the ovaries were transplanted successfully. The other half of the animals will be reared to sexual maturity to determine if the oocytes in the transplanted ovary can successfully complete vitellogenesis.

Since testes (Cloud et al., 2000; Nagler et al., in press) and ovaries (Cloud, unpublished) have been transplanted in rainbow trout, transferring the surgical procedures to chinook salmon should not be a problem.  

Part 2. Development of mixed lymphocyte reaction for chinook salmon

Objective: The objective of this part of the experiment is to establish an in vitro procedure to identify which animals are histocompatible (a similar test is conducted on humans that are undergoing organ transplantation).

Hypothesis: The mixed lymphocyte reaction will identify which chinook females are histocompatible.

Experimental Design and Methodology: The second part (to occur simultaneously with part 1 above) is to develop the two way mixed lymphocyte reaction (MLR) for chinook salmon in order to identify animals that are histocompatible. This is a standard in vitro test that is utilized prior to organ transplants in humans and mammals. Since this test has been adapted previously for rainbow trout (Kaastrup et al, 1988), carp (Caspi et al., 1984) and catfish (Miller et al., 1986), there should be no serious pitfalls associated with developing it for chinook. 

Part 3. Ovarian allografts

Objective: The objective of this part is to transplant immature ovaries into histocompatible recipients. 

Hypothesis: The surgical procedures developed for the ovarian autographs will be efficacious for the allografts.

Experimental Design and Methodology: The third part will be the culmination of the first two steps. The objective of this part is to test the assumption that chinook females that have been identified by the MLR as being histocompatible can exchange ovaries. This experiment will be composed of twelve pairs of sexually immature chinook salmon females. Each pair of animals will be histocompatible as determined by the two way MLR. In four of the twelve pairs, the right ovary will be exchanged and the left ovary will be left intact as a control. For these animals, only one gonad is transplanted. In the remaining eight pairs, both gonads will be exchanged in four pairs and no gonads will be exchanged in the remaining four pairs (surgical control). At three months following the transplantation one animal of each pair (twelve animals total) will be sacrificed. A portion of each ovary will be fixed in 10% neutral buffered formalin for histological analysis; the transplanted and the intact ovary will be compared within animal. The other twelve experimental animals will be reared to sexual maturity to determine if the oocytes in the transplanted ovary can undergo vitellogenesis and develop into fertile eggs. 

Experiment 2. Cryopreservation of ovaries

Objective: The objective of this experiment is to develop the methodology to cryopreserve chinook salmon ovaries. 

Hypothesis: Cell survival in sexually immature ovaries of chinook salmon following cryopreservation will vary with the conditions imposed during freezing and thawing.

Experimental Design and Methodology: Isolated, sexually immature ovaries will be cryopreserved in 5.0 ml semen straws. This experiment is designed as a 4 x 4 factorial. The treatment variables will be (1) level of cryoprotectant (DMSO) in the freezing solution (5.0, 7.5, 10.0 or 12.5 %) and (2) the cooling rate (-0.2, -0.6, -1.8, -5.4 degrees C per min).   The endpoint of this experiment is the histological organization of the ovaries following thawing. The results of this experiment are expected to define the conditions that maximize cell survival following freezing and thawing of the ovaries.     

Experiment 3. Transplantation of ovaries following cryopreservation

Objective: The objective of this experiment is to successfully transplant an ovary following cryopreservation and storage in liquid nitrogen. This experiment will be composed of two steps, an autograft of cryopreserved ovaries and an allograft of cryopreserved ovaries. This sequence is designed to allow progress on the determination of various freezing protocols before step 3 of the previous experiment is completed.

Part 1. Autograft of cryopreserved ovary

Objective: The objective of this experiment is to successfully transplant ovaries that have been cryopreserved. 

Hypothesis: Ovaries of chinook salmon will have sufficient cellular structure following freezing and thawing to develop following transplantation.   


Experimental Design and Methodology: Twelve sexually immature female chinook salmon will be used in this experiment; each animal will serve as its own control. All animals will be identified by placing a PIT tag into the abdominal cavity at the time of surgery. The right ovary will be removed; a small sample of this gonad will be taken for histological analysis (to document the fact that the gonad removed was an ovary and to provide an assessment of the degree of sexual maturation) prior to cryopreservation. Each ovary will be placed in 20 ml of L-15 culture media at 40 C; over a four-hour period, a solution containing 120 mM sucrose and 20% DMSO will be added so that the final concentration of DMSO is 10%. Each ovary will be frozen individually in a 5 ml semen straw at a cooling rate of 1.80 C / min. from 40 to -700 C. At this point, the straws will be plunged into liquid nitrogen (-1960 C) and stored at this temperature for 2 weeks. The ovaries will be thawed in a water bath at 100 C and transplanted into the animal from which it was derived (in six of these animals, the left ovary will be left intact and in the other six, the left ovary will be removed). Six animals with the left intact ovary will be sacrificed 12 weeks following the transplantation; the endpoint for these animals will be ovarian histology. The histology of the cryopreserved and transplanted ovary (the right one) will be compared with that of the intact, control ovary (the left one) within each animal. The remaining six animals (with the left ovary removed) will be reared to sexual maturity. The endpoint of these animals will be the fertility of the resultant eggs.

Part 2. Allograft of cryopreserved ovary

Objective: The objective of this experiment is to successfully transplant ovaries that have been cryopreserved into histocompatible recipients. 

Hypothesis: Ovaries of chinook salmon will have sufficient cellular structure following freezing and thawing to develop following transplantation into a proper recipient.   


Experimental Design and Methodology: Twelve pairs of sexually immature female chinook salmon that are histocompatible (the two individuals of each pair will be determined to be histocompatible by the mixed lymphocyte reaction) will be used in this experiment. The ovaries will be cryopreserved, stored in liquid nitrogen and transferred as described in part 1. In six pairs, only the right ovary will be removed, cryopreserved, stored in liquid nitrogen and transferred to the histocompatible recipient. These twelve animals will be sacrificed three months following the ovarian transplantation; at this time the transplanted and the intact ovaries will be removed and fixed for histology. The endpoint of this component is ovarian histology; the histology of the cryopreserved and transplanted ovary will be compared with that of the intact (and self) control ovary within animal. In the other six pairs of animals, both ovaries will be cryopreserved, stored in liquid nitrogen and transplanted to the histocompatible recipient. These twelve animals will be reared to sexual maturity. The endpoint of this experiment is the fertility of the resultant eggs.  Successful fertilization and continued development of the resultant embryos will demonstrate that viable eggs can be derived from ovaries of chinook salmon stored in liquid nitrogen.  
f. Facilities and equipment


Research facilities available for use campus‑wide include scanning and transmission electron microscopes, laboratory animal facility, and aquaculture research center (including the Hagerman Aquatic Experimental Center for long term fish growth). The following multi-user equipment is available for our use in the department includes:  Amsco steam autoclave, MilliQ cartridge purification system for tissue culture grade water, photographic supplies and darkroom, Zeiss compound microscope with epifluorescence, Packard beta scintillation counter, Beckman L7 and L8M ultracentrifuges, Savant Speedvac Concentrator, Bio‑tek ELISA plate reader, Brandell cell harvestor and a thermal cycler. In addition, our department (Biological Sciences) has a Core Molecular Laboratory. This facility is manned by Dr. Charles Pasavant and contains a Milton Roy UV spectrophotometer, Stratagene UV transilluminator, computerized gel documentation equipment a BioRad phospor imager. 


The laboratory space is located in Gibb Hall (rooms 236 and 241).  Room 241 is sectioned into two areas to isolate specific functions.  The main part is 20' X 25' and is used for general laboratory purposes; the other part is 10' X 9' and is used as a sterile room for activities pertaining to cell and tissue culture.  The following equipment is located in the laboratory and is available for use during this investigation; Beckman GPR centrifuge, EAC laminar flow hood, chemical hood, Corning 140 pH meter, Westcor vapor pressure osmometer, Sartorius Analytical top‑loading balance, Nikon Diaphot inverted microscope, Wild and Olympus stereomicroscopes, Leitz dual micromanipulator, DKI vertical pipette puller, microforge, Olympus BH‑2 light microscope and camera, Beckman Microfuge, 6 x 34 liter liquid nitrogen tanks, Cryo‑Med controlled Rate Freezer, refrigerator/freezer, a custom hydrostatic pressure chamber, Gilson constant temperature water bath, Rainin and Eppendorf digital pipettors, glassware drying oven and Hoefer SDS‑PAGE and agarose gel units.  Room 236 is a wet lab; it is adjacent to the main lab and has three living stream units and two eight‑tray Heath incubation units.
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