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The Vitrification and Regrowth of Ribes nigrum
Introduction 

The object of this study was to determine the regrowth of ribes nigrum, utilizing the method of vitrification in cryopreservation. We expected that in a post-vitrification state, the Ribes nigrum meristems would have sufficient numbers of regrowth. The data we collected from this experiment is relevant to the methods used for cryopreservation of Ribes nigrum in the fields of biology and agricultural studies.
Cryopreservation started being developed in 1973 in the work of R. Glazy, Nag, and Street (Kleyn and Kyte, 158).  It is an alternate method of storing plant germ plasm that were previously stored in field genebanks (158), which include florists, orchards, plantations, and gardens (158).  Cryopreservation is the system used to lower the nucleation temperature and increase the glass temperature. In doing this, pretreatments reduce the cell size and enhance the ability of cells and tissues to absorb cryoprotectants that will preserve the tissue in a glass state (Luo and Reed 1997). One of these pretreatments used in the process of cryopreservation is called vitrification. 
The technique of vitrification was developed in 1989 in the work of Sakai (Sakai, Kobayashi, and Oiyama). Vitrification uses highly viscuous solutions to form a glass at extremely low temperatures and is used to preserve plant cells and tissues in liquid nitrogen (Luo and Reed).   Vitrification is useful because it avoids the need of a programmable freezer and eliminates the occurrence of extracellular ice formation (Chen and Wang).  It is primarily used in many areas of scientific research, including the field of biological agriculture, to preserve plant tissues for various purposes by preserving the plant cells in a glass formation formed by liquid nitrogen (LN).  Vitrification is useful because it avoids the need of a programmable freezer and eliminates the occurrence of extracellular ice formation (Chen and Wang).


Vitrification is also being used as a way to store nuclear waste encapsulated in a solid. This could prove to be an exceptionally efficient and convenient means to store nuclear waste exclusive of the apprehension of radiation.  Vitrification is also used to preserve living organs, called organ freezing, for medical purposes and other necessities. It also represents a new development in the field of cryobiology. New information and research are still underway to obtain a better understanding of the processes, requirements, and effects vitrification might and will have on biological advancement in the world of technology and science. 

In our experiment, the vitrification solution PVS2 was used.  PVS2 is a proven solution to work in vitrification in the study done by Sakai, Kobayashi, and Oiyama.  PVS2 is a compound containing 30% glycerol, 15% ethylene glycol, and 15% DMSO.  It is important to use the right concentration of PVS2, since over or under saturation can result in toxicity levels for the plants.  


From prior tests conducted on Ribes nigrum under similar but not equal conditions, we were expecting 90-95% regrowth in the plants.  Ribes nigrum is known in the plant world as being a hardy genus, regrowth being common. 

Procedure
The procedure techniques used for this experiment are based on the Reed Vitrification Techniques (Luo and Reed, 1997, Modified from Yamada et al., 1991).  It included planting 5 presoak control meristems and 5 PVS2 control meristems.  Sterile technique was also employed during the experiment.  This meant working in a laminar flow hood and working with our materials in a certain way ensuring a sterile environment to prevent bacterial or fungal contamination in the plants.  In sterile technique, lab equipment must be sterilized in an autoclave, hands must be sterilized with alcohol, and hand placement must be such that hands will not cover an open container.  Tools must also be re-sterilized constantly in a bead sterilizer.   
Prepared in Advance:

1. Cold harden plants for meristems.

2. Petri dishes of pretreatment medium.

3. Liquid MS medium with 0.8M sucrose at pH 5.8.

4. Sterile containers (autoclaved) for cryoprotectant and liquid media.

5. Liquid medium with 1.2 M sucrose at pH 5.8.

6. Sterile filter paper sheets for assistance in draining the meristems.

7. Recovery medium in a prepared, sterile cell well plate.

8. Tube holder frozen in a block of ice

The meristems were dissected from the plant and placed on pretreatment medium.

Experimental Process:

1. Pipette 1mL of the presoak liquid into four sterile vials.

2. Place, utilizing a pick, 5 meristems into two vials and 10 meristems into two vials.     

    Start the timer for 20 min. 

3. Fill the dewar with liquid nitrogen.

4. Place the vials in a vial holder on ice.

5. Pipette the presoak liquid from the vials and discard in a petri dish.  Fill three vials   

    with 1mL PVS2.  Start the timer immediately following the filling of the first vial for   

    20min.  

6. Once the PVS2 soak is finished, place two vials into the liquid nitrogen using   

      protective gloves, goggles, and forceps.

7. Using the same technique from step 5, pipette the PVS2 soak from the remaining vial.  Then rinse the meristems in the two remaining vials with sucrose.  To do this, pipette sucrose in and out of the vials, using new sucrose for each rinse.

8. Gently plant each meristem in the sterile recovery cell wells. 

9.  Fill two cups with cold water and 25ºC water respectively.

10. Take the vials from the liquid nitrogen dewar and place in the 25ºC water for 1min.  Immediately transfer the vials to the cold water.  Let the vials soak until they are completely thawed.

11. Once thawed, repeat steps 7 & 8.

12. Seal the recovery cell wells with parafilm and put in the growth room for four weeks.

Results
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        Fig. II

                              Fig. III            

The meristems re-grew in the recovery cells for four weeks.  Shoot tip data was collected by the staff of USDA-ARS-NCGR-Corvallis and is illustrated in Figs. I-III.  Only meristems that grew a viable shoot tip were recorded as having regrowth.  Meritems that looked green but did not have a shoot tip were not counted as successful in regrowth. 


As shown in Fig. I, we recorded a hundred percent regrowth for five meristems that were controls of the Loading Solution of rep. one. The four meristems that were PVS2 controls experienced a hundred percent regrowth as well. The twenty-one meristems that went through the liquid nitrogen stage showed zero percent regrowth.


The second repetition had slightly different results, as shown in Fig. II. The four meristems of the Loading Solution controls experienced a hundred percent regrowth. However, the five PVS2 control meristems experienced only a forty percent regrowth rate. The twenty-three meristems that went through the liquid nitrogen stage showed only four point three percent regrowth. 


Fig. III illustrates the very different results obtained from rep. three. The four meristems that were the Loading Solution controls and the PVS2 controls experienced a hundred percent regrowth. The twenty-one meristems that went through the Liquid Nitrogen stage showed a twenty-eight point five percent regrowth, the biggest percentage in all three of the repetitions. 
Discussion 
Control meristems were used of the loading solution and PVS2 treatments in order to validate the solution.  If an abnormal amount of Liquid Nitrogen treated meristems regrew, the regrowth of the control meristems could indicate if this is due to a problem in the treatment solutions.  Therefore, the control meristems were a vital part of the experiment.      
A hundred percent regrowth was expected in the loading solution and PVS2 control meristems.  However, as rep. two is analyzed, it is decided that regrowth in the PVS2 control is not always wanted.  This is concluded in that rep.one had zero percent regrowth in the liquid nitrogen treated meristems, while rep. two had four point three percent regrowth in the liquid nitrogen treated meristems.  Rep. one had a hundred percent regrowth in the PVS2 control, while rep. two had merely forty percent regrowth.
Though we did not obtain the results we hypothesized, in view of the inaccuracies still apparent in the procedure, we and our supervisor found the regrowth results sufficient.  There are still many facets of vitrification that need to be addressed, but we believe it will continue to evolve into one of the leading methods of germ plasm preservation.  
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