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FOREST BIOLOGY ANNUAL RESEARCH REVIEW
AGENDA

Tuesday, March 19, 1996
Forest Biology Annual Program Review (Room 114)
8:00 A.M. Coffee and Donuts
8:30 Welcome, introduction, antitrust statement Lazar
8:40 Hardwoods - Cottonwood Transformation Cairney
Background & Supporting Research

Transformation Experiments
Confirmation of Transformation

10:00 Break
10:15 Molecular Biology - Softwoods & Hardwoods Cairney
Differential Display
Somatic Embryo Improvement
Gene Expression Studies
Sterility
12:00 Lunch

Forest Biology PAC Meeting (Room 173)

1:00 Softwood Embryogenesis Pullman
Initiation
New Culture Performance
Cryogenic Storage

Conversion
3:00 Break
3:15 Grant Proposal Activity, Student Research, Pullman,
Funding for Hardwood Program Cairney
New Programs and Personnel: Pullman,
Faculty, Differential Display, Lignin, Cairney

Sterility, Issues

5:30 Dinner (Research on Bleaching) Ragauskas






Forest Biology PAC Meeting Continued (Room 171)

8:00 A M.

8:30

8:45

9:15

9:45

10:00

10:15

10:35

11:00

Wednesday, March 20, 1996

Coffee and Donuts

New Organizational Structure at IPST
New Faculty

RAC Developments,
Patent / Licensing
Sub-Committees
Forest Biology PAC Presentation to RAC
RAC / PAC Interactions
Break
Forest Research Initiatives
AF & PA
PAC Sub-Committee

TAPPI Biological Sciences Symposium

Adjourn (Lunch will be available at 12:00)
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Project Title: MASS CLONAL PROPAGATION OF IMPROVED CONIFERS
Project Code: SFTWD

Project Number: F-010

Division: Chemical and Biological Sciences

PAC: Forest Biology

Project Staff: Gerald Pullman, John Cairney, Luis Destefano, Barbara Johns, Shannon

Johnson, Yolanda Powell, open
FY 95-96 Budget: $455,000
Long Range Research Need: Develop an assured supply of competitive virgin fiber.
Increase growth to maximize yield per acre per year.
Improve surviability of planted species.
Improve fiber characteristics to match product and process requirements.

PROGRAM OBJECTIVE:

Develop methods suitable for commercial production of high quality somatic loblolly pine
seedlings.

SUMMARY OF RESULTS:
Forest Biology Faculty brought in approximately $ 181,000 in outside funding during the past year.

Embryogenic Initiation rates from immature seeds of high value loblolly pine showed a major
improvement from 1% to 16% across many mother trees.

A190 student research developed adsorption model for adsorption of 2,4-D (plant hormone) by
activated carbon in tissue culture medium. Model helped to improve initiation rates.

The Institute's first crop of loblolly pine somatic seedlings has been produced. Germinated loblolly
pine somatic embryos underwent successful conversion to growth in an open greenhouse. ~ We
currently have 61 converted plants and an additional 56 undergoing conversion from genotype 195.
An additional 29 plants are undergoing conversion from a second genotype (230).

A cryogenic storage system for storage of loblolly somatic embryo cultures in liquid nitrogen has
been purchased and is operating.

Differential display technique is working well in the laboratory. Currently in use for comparison of
somatic and zygotic embryos revealing for the first time details of differential gene expression in
developing conifer embryos.



Medium osmolarity and hormone content was shown to regulate gene expression of early-stage
embryos in culture.

Novel gene regulatory sequence identified in a stress related gene, function under investigation.
“Sense” LP1 (OMT-homolog) transformed into tobacco. Putative transformants under analysis.
Differential display used to identify mRNA species specific to stem, needle, and roots of un-
stressed loblolly pine. These have been isolated as cDNA’s and will be sequenced and analyzed.

This is a route towards useful promoters for gene expression.

Initial experiments show floral specific genes in loblolly pine may be cloned by PCR.
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Summary

We are happy to report that loblolly pine initiation rates have been improved by at least an order of
magnitude. Through a combination of 1/2 P6 Salts, activated carbon at 50-100 mg/1, extra added
copper and zinc, 1.5% maltose, 2% myo-inositol, 500 mg/l case amino acids, 450 mg/1 glutamine,
Gelrite gelling agent at 1.5-2 g/, and hormones consisting of 2 ppm NAA, 0.45 ppm BAP and 0.43
ppm Kinetin, initiation rates have ranged from 3-33% across many genotypes. This current
medium has resulted from numerous experiments over the past 2.5 years. Experiments identified at
least four blocks that needed to be corrected to improve initiation rates. Those factors are as
follows:

1) Addition of activated charcoal (AC) to stimulate extrusion.

2) Activated carbon inhibits initiation at levels above 100 mg/1 . Use low levels (50-100
mg/1) of AC to allow both increased extrusion and initiation to occur.

3) High hormone levels (220 ppm 2,4-D) added to compensate for adsorption by AC were
too high and provided free hormone levels probably inhibitory to somatic embryo
growth.

4) Our earlier Gelrite levels of 4 g/l (based on observations of extrusion responses) were
inhibitory to culture initiation. Gelrite levels between 1.5-2 g/l appear to be optimal.

We now obtain initiation levels high enough to conduct statistical evaluations of experimental
treatments. Previously statistical evaluations were only possible for effects of treatments on
extrusion % or growth of somatic embryos used as explants.

During the 1995 Summer 436 cultures were initiated from approximately 6400 immature
seeds providing an overall initiation rate from poor and good treatments of 6.8%. When the best
two media are considered (media 539 with 1.6 gelrite or medium 505 with 2.0 grams of gelrite),
initiation across 16 mother trees was 16%.

Introduction & Results

The initiation of an embryogenic culture or embryo suspensor mass (ESM) is the first step in
cloning the embryo(s) from a valuable conifer seed. The process in loblolly pine starts with an
immature seed. The seed is sterilized and the seed coat removed to expose the ovule or female
gametophyte which contains the early-staged embryo(s). The whole female gametophyte
(megagametophyte) is placed on a chemically defined medium and incubated in the dark at 22-24
C. The process of initiation then occurs in several phases: extrusion of zygotic embryos, formation
of somatic embryos, and multiplication of embryogenic tissue into a culture.



The results from 1990 initiation studies (1991 Annual Forest Biology Review) indicated that DCR
medium was superior for initiation. While callus extrusion occurred with other media, calli failed
to proliferate unless they were transferred to DCR medium. Extrusion occurred in the absence of
plant hormones but was apparently enhanced at high 2,4-D levels. The addition of a cytokinin
(BA) stimulated extrusion at low 2,4-D levels when the ratio of 2,4-D to BA was 2:1. However,
only 8 % of the megagametophytes extruded embryos. Most of these became brown and died and
only 2-3% of the explants initiated cultures. Many of the cultures which proliferated did so on
DCR medium containing 1.1 mg/1 2,4-D without cytokinin. Preliminary findings also indicated
that zygotic embryos could be staged for development and on a 1-9 scale stages 2-4 were the most
likely to initiate a culture.

Research during 1991 (1992 Annual Forest Biology Review) confirmed the effect of embryo stage
with stage 2-3 pre-cotyledonary embryos showing the highest initiation rates. The addition of a
cytokinin did not stimulate culture initiation. Maltose was better than sucrose for the production of
embryogenic lines, and cold-sterilized sugars gave the best results. Initiated lines grew well on a
medium containing a low auxin level and growth was best on maltose vs. sucrose.

In the summer of 1993 we began to explore the use of activated carbon to improve initiation rates in
loblolly pine. Activated carbon (AC) had been reported to help initiate somatic embryo cultures in
Douglas-fir (1) and radiata pine (2). In order to study the initiation process we decided to view it as
a three part process. First extrusion of zygotic embryos from the ovule, then cleavage
polyembryony of the zygotic embryo(s) present in the ovule (formation of the first somatic
embryos), and then multiplication of the somatic embryos to form a small mass of embryogenic
tissue suitable for transfer and subsequent maintenance.

Since the literature on the adsorption of plant hormones by AC often shows 95-99% adsorption of
2,4-D we decided to increase hormones by 100-200 times when combined with 2.5 g/l AC.
Experiments showed that this combination of AC and hormones consistently increased extrusion
from near 10% to 30-40%. Figure 1 shows extrusion results obtained in 1993 (presented in Forest
Biology PAC Meeting - October 4-6, 1993). Over the next 1 1/2 years we learned that although
extrusion was consistently increased by AC, initiation rates often remained below 1%. In 1994 we
obtained no more than 18 initiations from more than 4100 explants (0.4%). Of these only 7 of the
18 cultures were maintained for at least 6 months. Our 1994 experiments focused on attempting to
understand why initiation was inhibited in the presence of AC. Experiments presented in the
March 1995 PAC Report demonstrated that AC adsorbed significant amounts of zinc and copper
ions. With greater than 90% adsorption of copper, embryogenic cultures likely became deficient
for this ion. With the addition of copper and zinc to compensate for adsorption, growth of somatic
embryo explants from cultures already initiated was returned to normal in the presence of AC.
However, new culture initiation rates still did not improve. A further inhibitory factor appeared to
be present. During fall 1994 experiments were also conducted using somatic embryos to compare
growth on initiation medium containing 2,4-D vs. NAA each at 75, 110, or 220 ppm combined with
2.5 g/l AC. Somatic embryo colony size showed statistically significant increases in size with
NAA at 110 ppm vs. 110 or 220 ppm 2,4-D. Also, colony size decreased as 2,4-D increased. This
data suggested that we may have too much auxin present in the initiation medium for optimal
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somatic embryo growth. Also, it raised the question whether NAA was a better auxin for initiation
and embryo growth than 2,4-D.

Since AC is known to adsorb 2,4-D, early on we desired information on actual free levels of 2,4-D
available during initiation. We did not know if too little or too much 2,4-D was actually available
to explants during the initiation process. Masters candidate Andrew Toering chose this problem for
his A-190 Masters Thesis project. Mr. Toering’s project began in Winter 1994 and was completed
in Spring 1995. His results and findings are described in the following section of this Spring 1996
PAC Report. Mr. Toering’s findings indicated that medium 201 (described in previous PAC
reports with 2.5 g/l AC and 220 ppm 2,4-D) contained 12-17 ppm available 2,4-D during much of
the initiation period. This amount of 2,4-D is 3-16 times greater than the 1-5 ppm 2,4-D often
found in conifer initiation media. It is likely that this high concentration of 2,4-D is inhibitory to
somatic embryo growth over time. Mr. Toering’s findings suggested two approaches to decrease
available 2,4-D in the presence of charcoal initiation media. 1) Lower 2,4-D concentrations from
220 to approximately 110 ppm in combination with 2.5 g/l AC. 2) Greatly lower AC levels and
combine with a standard or slightly raised hormone combination.

An experiment was conducted in late Winter 1995 using Brazil cones from Westvaco. Charcoal
was varied from 0 to 500 mg/1 with 4 g/ Gelrite as a gelling agent. Base hormone levels of 2 ppm
NAA, 0.45 ppm BAP, and 0.43 ppm Kinetin were used. We saw the greatest levels of extrusion
and a few initiations when AC was present at 50-100 mg/l. Out of approximately 1800 Winter
1995 explants only six (0.3%) initiated small masses of embryos. Of these only two cultures
survived after six months.

In June 1995 we became aware of a patent issued in late May, 1995 to Westvaco Co. for the use of
low levels of gelling agents to improve pine initiation of embryogenic cultures. This patent
suggested to us that our use of 4 g/l of Gelrite in initiation media might be inhibiting initiation
rates. We decided to repeat the charcoal variation experiment using 2 g/l Gelrite (instead of the 4
g/l used earlier) as our first Summer 1995 experiment (Experiment 883). In addition, a high
charcoal treatment with the suggested AC 2,4-D levels (2.5 g/l / 110 ppm ) from Mr. Toering’s
work was added. Media composition for treatments in Experiment 883 are shown in Table 1.
Figures 2 and 3 show the % Extrusion and % Initiation (9 week evaluations) respectively obtained
for three genotypes. While statistically significant differences were not observed between
individual treatments, a trend was evident for improved extrusion and initiation with lower levels of
AC. In addition, medium 505 (Table 1) produced 3-10% initiation across three genotypes. Enough
initiations occurred in the experimental treatments to statistically evaluate individual treatments.

Next we decided to repeat the Westvaco protocol in a 2x2x2 factorial arrangement to determine if
we should license this patent to go forward in our research. Two salts were tested, DCR as
described in the Westvaco patent and 1/2 P6 salts which we now use in all of our loblolly pine
initiation, maintenance and development media. We also compared sucrose and maltose as two
initiation sugars. The third factor was initiation medium osmolality with osmolality at
approximately 145 mmol/kg or increased to 240 mmol/kg by adding 2% myo-inositol. All media
contained 1 g/l Gelrite as recommended in the Westvaco Patent. No AC was added to media in this
experiment (Experiment 884). The media composition for treatments in Experiment 884 are shown
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in Table 2. Extrusion and initiation percentages are shown in Figures 4 and 5. On average DCR
produced 22% extrusion while 1/2 P6 produced 27% extrusion. While not significant, improved
extrusion on 1/2 P6 vs. DCR was in line with earlier experiments. Maltose (28% extrusion) caused
significantly more extrusion than did sucrose (21% extrusion), P = 0.07. Differences in osmolality
did not cause different extrusion rates. For initiation (9 week evaluations), all factors were non
significant (Figure 6). Across all treatments initiation averaged 2.6%.

With the positive effects evident for low levels of AC combined with 2 g/1 Gelrite, it was
determined that an experiment should be run holding AC constant at 50 mg/1 and varying Gelrite
from 0 to 4 g/l. In this experiment (Experiment 887) all media contained the same composition as
medium 505 in Table 1 except the gelling agent concentration was varied. A control medium with
2 g/1 Gelrite but no AC was also included (medium 504). Final Extrusion % and Initiation % are
shown in Figures 6 and 7 respectively. Extrusion % and initiation % increased as the gelling agent
increased from none to 2 g/l. Peak extrusion and initiation occurred at 2 g/l (medium 505) and
then decreased as Gelrite was increased to 4 g/l. These observations fit with previous data and
show the deleterious effect that high Gelrite levels likely had on our earlier experiments.

An additional experiment combined 50 mg/l AC with 1.6 g/l Gelrite. Four sugar combinations
(autoclaved sucrose, autoclaved maltose, autoclaved glucose, and filter-sterilized maltose) were
each combined with two levels of osmolality (145 mmol/kg or 240 mmol/kg) in a 4 x 2 factorial
arrangement (Experiment 888). Osmolality was adjusted with 2% myo-inositol in the higher level
treatment. Percentages for Extrusion and Initiation were again high amongst all treatments (Figures
8 and 9). Although glucose provided the highest initiation % across three genotypes (25%)
differences were not significant for sugars. Differences were nearly significant for osmolality (P =
0.13) with an average 19% initiation in the low osmolality treatment and 25% in the raised
osmolality treatments. These results support our previous tentative conclusion that raised
osmolality increased initiation rates.

Table 5 shows a summary of initiations for all media and all 1/2 sib families used during Summer
1995 initiation experiments. Cones were collected from eighteen families. Sixteen families
contained early zygotic embryos at stages 2-4 suitable for initiation experiments. One family
contained embryos that were too early or shriveled depending on the date of collection. Another
family contained embryos at stages that were too late for experimentation. All sixteen families
were able to initiate cultures with initiation rates ranging from 1 to 16%. Table 5 shows the total
number of explants for each family, the percentage of initiation over all media tested, and culture
survival after approximately six months. It is interesting to note that some families showed high
levels of loss of cultures over time. Overall 6.8% initiation occurred across all families and 22% of
the cultures initiated survived after six months. Obviously significant improvement in culture
maintenance is necessary. Culture survival of 50% has been added to our future goals and will
become a focus area for 1996 research.

Table 6 shows a summary of initiation responses for the best two media used across 10 families:
medium 505 (50 mg /1 AC /2 g/l Gelrite) and medium 539 (50 mg /1 AC /1.6 g/l Gelrite). Across
the 10 genotypes in which media 505 or 539 were tested, initiation averaged 16%. All ten families
were able to initiate cultures with initiation rates ranging from 3-33%. In addition, some isolated
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embryo explants also initiated cultures. This observation may provide hope for obtaining future
cultures from dominant embryos within an ovule. The observations of 16% initiation across many
genotypes show much promise for the future. In addition, we feel that further improvements are
obtainable with minor changes in the medium. Culture survival also showed 20% over six months.

References
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March 15, 1994.

Smith, D. R. A. P. Singh, and L. Wilton. 1985. Zygotic embryos of Pinus radiata in vivo and in

vitro. In. Proc. Third Meeting International Conifer Tissue Culture Work Group 12-16 August,
1985, Rotorua, New Zealand. pp 21.

13



RP883 Media (mg/1)
Components 504 505 506 507 508 509
NH/NO; 200.0 200.0 200.0 200.0 200.0 200.0
KNO, 909.9 909.9 909.9 909.9 909.9 909.9
KH,PO, 136.1 136.1 136.1 136.1 136.1 136.1
Ca(N0Os),*4H,0 | 236.2 236.2 236.2 236.2 236.2 236.2
MgSO,*7H,0 246.5 246.5 246.5 246.5 246.5 246.5
Mg(NO;),*6H,0 | 256.5 256.5 256.5 256.5 256.5 256.5
MgCl,*6H,0 101.7 101.7 101.7 101.7 101.7 101.7
KI 4.15 4.15 4.15 4.15 4.15 4.15
H;BO; 15.5 15.5 15.5 15.5 15.5 15.5
MnSO,*H,0 10.5 10.5 10.5 10.5 10.5 10.5
ZnS0O,4*7H,0 14.4 14.688 | 14.976 15.84 17.28 28.8
Na,Mo0O42H,0 | 0.125 0.125 0.125 0.125 0.125 0.125
CuS0,4*5H,0 0.125 | 0.1725 0.22 0.3625 0.6 2.375
CoCl,*6H,0 0.125 0.125 0.125 0.125 0.125 0.125
FeSO,+*7H,0 13.9 13.9 13.9 13.9 13.9 13.9
Na,EDTA 18.65 18.65 18.65 18.65 18.65 18.65
Maltose 15,000 | 15,000 | 15,000 | 15,000 | 15,000 | 15,000
myo-Inositol 20,000 | 20,000 | 20,000 | 20,000 | 20,000 | 20,000
Casamino acids 500 500 500 500 500 500
L-Glutamine 450 450 450 450 450 450
Thiamine*HCl 1.0 1.0 1.0 1.0 1.0 1.0
Pyridoxine*HCl 0.5 0.5 0.5 0.5 0.5 0.5
Nicotinic acid 0.5 0.5 0.5 0.5 0.5 0.5
Glycine 2.0 2.0 2.0 2.0 2.0 2.0
2,4-D -- -- -- -- -- 110
NAA 2.0 2.0 2.0 2.0 2.0 --
BAP 0.45 0.45 0.45 0.45 0.45 45
Kinetin 0.43 0.43 0.43 0.43 0.43 43
Activated Charcoal - 50 100 250 500 2,500
Gelrite 2,000 2,000 2,000 2,000 2,000 2,000
pH 5.7 5.7 5.7 5.7 5.7 5.7

Table 1. Media composition for treatments used in experiment 883.
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RP884 Media (mg/1)
Components 514 515 516 517 510 511 512 513
NH,NO, 200.0 | 200.0 | 200.0 | 200.0 | 400 400 400 400
KNO; 909.9 | 909.9 | 909.9 | 909.9 | 340 340 340 340
KH,PO, 136.1 | 136.1 | 136.1 | 136.1 170 170 170 170
Ca(NOs),*4H,0 || 236.2 | 236.2 | 236.2 | 236.2 | 556 556 556 556
MgSO,+7H,0 246.5 | 246.5 | 246.5 | 246.5 | 370 370 370 370
Mg(NO;),*6H,0 | 256.5 | 256.5 | 256.5 | 256.5 - -- -- -
MgCl,*6H,0 101.7 | 101.7 | 101.7 | 101.7 - -- -- --
CaCl,*2H,0 -- -- -- -- 85 85 85 85
KI 4.15 4.15 4.15 4.15 0.83 0.83 0.83 0.83
H;BO; 15.5 15.5 15.5 15.5 6.2 6.2 6.2 6.2
MnSO,+H,0 10.5 10.5 10.5 10.5 22.3 223 22.3 223
ZnSO47H,0 14.4 14.4 14.4 14.4 8.6 8.6 8.6 8.6
Na,Mo0O42H,0 | 0.125 | 0.125 | 0.125 | 0.125 | 0.25 0.25 0.25 0.25
CuS0O,5H,0 0.125 | 0.125 | 0.125 | 0.125 | 0.25 0.25 0.25 0.25
CoCl,*6H,0 0.125 | 0.125 | 0.125 | 0.125 | 0.025 | 0.025 | 0.025 | 0.025
NiCl,*6H,0 -- -- - - 0.025 | 0.025 | 0.025 | 0.025
FeSO,4+7H,0 13.9 13.9 13.9 13.9 27.8 27.8 278 | 27.8
Na,EDTA 18.65 | 18.65 | 18.65 | 18.65 | 37.3 37.3 373 37.3
Maltose -- 30,000 -- 15,000 -- 30,000 - 15,000
Sucrose 30,000 - 15,000 -- 30,000 - 15,000 -
myo-Inositol 500 500 | 20,000 | 20,000 | 500 500 | 20,000 | 20.000
Casamino acids 500 500 500 500 500 500 500 500
L-Glutamine 450 450 450 450 250 250 250 250
Thiamine<HCl 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Pyridoxine*HCl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Nicotinic acid 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Glycine 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
2,4-D 3.0 3.0 3.0 3.0 3.0 3.0 3. 3.0
BAP 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Gelrite 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1,000 | 1.000
pH 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7

Table 2. Media composition for treatments used in experiment 884.
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RP887 Media (mg/1)
Components 504 505 531 532 533 534 535
NH,NO; 200.0 200.0 200.0 200.0 200.0 200.0 200.0
KNO;, 909.9 909.9 909.9 909.9 909.9 909.9 909.9
KH,PO, 136.1 136.1 136.1 136.1 136.1 136.1 136.1
Ca(NOs),*4H,0 | 236.2 236.2 236.2 236.2 236.2 236.2 236.2
MgSO,+7H,0 246.5 246.5 246.5 246.5 246.5 246.5 246.5
Mg(NO;),*6H,0 | 256.5 256.5 256.5 256.5 256.5 256.5 256.5
MgCl,*6H,0 101.7 101.7 101.7 101.7 101.7 101.7 101.7
KI 4.15 4.15 4.15 4.15 4.15 4.15 4.15
H;BO, 15.5 15.5 15.5 15.5 15.5 15.5 15.5
MnSO,*H,0 10.5 10.5 10.5 10.5 10.5 10.5 10.5
ZnS0,*7H,0 14.4 14.688 | 14.688 | 14.688 | 14.688 | 14.688 | 14.688
Na,Mo0O42H,0 | 0.125 0.125 0.125 0.125 0.125 0.125 0.125
CuS0O,*5H,0 0.125 | 0.1725 | 0.1725 | 0.1725 | 0.1725 | 0.1725 | 0.1725
CoCl,*6H,0 0.125 0.125 0.125 0.125 0.125 0.125 0.125
FeSO4*7H,0 13.9 13.9 13.9 13.9 13.9 13.9 13.9
Na,EDTA 18.65 18.65 18.65 18.65 18.65 18.65 18.65
Maltose 15,000 | 15,000 | 15,000 | 15,000 | 15,000 | 15,000 | 15,000
myo-Inositol 20,000 | 20,000 | 20,000 | 20,000 | 20,000 | 20,000 | 20,000
Casamino acids 500 500 500 500 500 500 500
L-Glutamine 450 450 450 450 450 450 450
Thiamine*HC1 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Pyridoxine*HCl 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Nicotinic acid 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Glycine 2.0 2.0 2.0 2.0 2.0 2.0 2.0
2,4-D -- -- -- -- -- -- --
NAA 2.0 2.0 2.0 2.0 2.0 2.0 2.0
BAP 0.45 0.45 0.45 0.45 0.45 0.45 45
Kinetin 0.43 0.43 0.43 0.43 0.43 0.43 43
Activated Charcoal - 50 50 50 50 50 50
Gelrite 2,000 2,000 -- 250 400 1,000 4,000
pH 5.7 5.7 5.7 5.7 5.7 5.7 5.7

Table 3. Media composition for treatments used in experiment 887.
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RP888 Media (mg/1)
Components 536 537 538 539 540 541 542 543
NH/NO; 200.0 | 200.0 { 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
KNO, 909.9 | 909.9 | 909.9 | 909.9 | 909.9 | 909.9 | 909.9 | 9099
KH,PO, 136.1 | 136.1 | 136.1 | 136.1 | 136.1 | 136.1 136.1 136.1
Ca(NO;),*4H,0 || 236.2 | 236.2 | 236.2 | 236.2 | 236.2 | 236.2 | 236.2 | 236.2
MgSO,7H,0 246.5 | 246.5 | 246.5 | 246.5 | 246.5 | 246.5 | 246.5 | 246.5
Mg(NOs),*6H,0 | 256.5 | 256.5 | 256.5 | 256.5 | 256.5 | 256.5 | 256.5 | 256.5
MgCl,*6H,0 101.7 | 101.7 | 101.7 | 101.7 | 101.7 | 101.7 | 101.7 | 101.7
KI 4.15 4.15 4.15 4.15 4.15 4.15 4.15 415
H;BO; 15.5 15.5 15.5 15.5 15.5 15.5 15.5 15.5
MnSO,*H,0 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5
ZnS0,7H,0 14.688 | 14.688 | 14.688 | 14.688 | 14.688 | 14.688 | 14.688 | 14.688
Na,MoO,2H,O | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.123
CuSO4*5H,0 | 0.1725 | 0.1725 | 0.1725 | 0.1725 | 0.1725 | 0.1725 | 0.1725 | 0.1725
CoCl,*6H,0 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125
FeSO,+7H,0 13.9 13.9 13.9 13.9 13.9 13.9 13.9 13.9
Na,EDTA 18.65 | 18.65 | 18.65 | 18.65 | 18.65 | 18.65 | 18.65 | 18.65
Sucrose 30,000 | 15,000 -- -- -- -- -- --
Maltose -- -- 30,000 | 15,000 -- -- 30,000 | 15.000
Glucose - - - - 15,000 | 15,000 -- --
myo-Inositol 500 {20,000 | 500 |20,000| 500 |20,000| 500 |20.000
Casamino acids 500 500 500 500 500 500 500 500
L-Glutamine 450 450 450 450 450 450 450 450
Thiamine*HCl 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Pyridoxine*HCl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Nicotinic acid 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Glycine 20 | 20 2.0 2.0 2.0 2.0 2.0 2.0
NAA 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
BAP 0.45 0.45 0.45 0.45 045 0.45 0.45 0.45
Kinetin 0.43 0.43 0.43 0.43 0.43 0.43 0.43 0.43
Activated Charcoal 50 50 50 50 50 50 50 50
Gelrite 1,600 | 1,600 | 1,600 | 1,600 | 1,600 | 1,600 | 1,600 | 1.600
pH 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7

" This treatment uses filter sterilized maltose added to media after autoclaving

Table 4. Media composition for treatments used in experiment 888.
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Table 5. Overall initiation rates for all media tested and six month culture survival across sixteen
1/2 sib families during Summer, 1995.

Clone # Initiations / % Initiation # Survived / % Survial of
Total Total Initiations Initiations
BC-1 57480 1.0 3/5 60
BC-2 157420 3.6 0/15 0
BC-3 377469 7.9 3/37 8.1
BC-5 15/240 6.2 1/15 6.7
BC-8 Embryos too early or shriveled. - -
BC-9 277420 6.4 11/27 41
UC5-1036 87 /529 16.4 25/ 87 29
UC7-1051 57240 2.0 3/5 60
UC7-1037 7/210 33 0/7 0
UC10-5 8/420 1.9 0/8 0
UC10-33 28 /420 6.7 8/28 29
UC10-1027 45 /450 10.0 5/45 11
UC11-1055 4/240 1.7 0/4 0
WV-F2 87/714 12.1 21/87 24
WV-G2 Stages too late. - - -
WV-H2 23 /240 9.6 11/23 48
WV-I2 17 /450 3.8 4/17 24
WV-J2 26 /480 54 2/26 7.7
Overall Totals 436 / 6422 6.8 97 /436 22
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Table 6. Initiation rates on medium 505 and 539 and six month culture survival for ten 1/2 sib
families collected during Summer, 1995.

Clone # Initiations / % Initiation # Survived / % Survial of
Total Total Initiations Initiations

BC-2 3/30 10 0/3 0
BC-3 18/109 17 3/18 17
BC-9 10/ 60 25 4/10 40
UC5-1036 25/179 32 6/25 24
UC7-1037 3/30 10 0/3 0
UC10-5 1/30 3.3 0/1 0
UC10-33 7/60 12 2/17 29
UC10-1027 10/30 33 0/10 0
WV-F2 12/114 11 4/12 33
WV-12 9/60 15 1/9 11
Overall Totals 98 / 602 16 20/98 20
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS - INITIATION

Examining the Relationship between 2,4-Dichlorophenoxyacetic Acid and Activated
Carbon in Plant Tissue Culture Media

Andrew Toering
Gerald Pullman

Following is a summary of the final research report from the A-190 of Andrew Toering.
For greater detail please see the original document submitted in partial fulfillment of the
MS Degree. (Toering, Andrew J. Examining the relationship between 2,4-
Dichlorophenoxyacetic acid and activated charcoal in plant tissue culture media. Institute
of Paper Science and Technology, May 24, 1995. Pages 1-80.)

Abstract

The clonal propagation of high value forest trees through somatic embryogenesis has the
potential to help meet future industry needs for uniform and high quality raw materials.
Low culture initiation frequencies for loblolly pine (Pinus faeda) currently pose a
limitation in work towards commercialization of this technology. Most work on somatic
embryo culture initiation in loblolly pine reports success in the range of 1-5%. Activated
carbon (AC) has been reported to improve many tissue culture systems including
initiation in Douglas-fir (Forest Biology Fall 1993 PAC Report). To improve initiation
frequencies in loblolly pine our program began exploring development of an AC-
containing system. In order to better understand the availability of 2,4-D in initiation
medium, research was begun to track media surface concentrations of free or available
2,4-D. Media containing 1/2 P6 salts, 1.5% maltose, 2% myo-inositol, case amino acids,
glutamine, vitamins, and 0.4% Gelrite were modified to include 0.625 - 2.5 g/l of
activated carbon (Sigma C-9157, acid washed) and 110 - 440 mg/1 2,4-D. Availability of
2,4-dichlorophenoxyacetic acid (2,4-D) in AC-containing medium was tracked by c"
labeled 2,4-D present in surface moisture absorbed onto filter paper.

High correlation coefficients were found for 1) available 2,4-D and AC concentrations
and 2) for initial 2,4-D levels and resulting free 2,4-D. This model allows target levels of
available 2,4-D to be met by adjustment of initial 2,4-D levels or medium AC content.
The model also predicts that with our standard levels of 2,4-D (220 ppm) and 2.5 g/l AC,
free 2,4-D is probably high for embryogenic tissue growth.
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Introduction

Tissue culture techniques enable biologists and foresters to reproduce a large number of
essentially identical individual genotypes (32). Newly developed techniques, like
somatic embryogenesis have played increasingly important roles in commercial
development of plants with specific desired characteristics (18). These techniques can be
optimized to maximize the amount of healthy growth attainable in each species. Through
essentially trial and error methodology, successful propagation techniques have been
developed for many species.

One approach in the effort to optimize these methods which has consistently yielded
beneficial results is the addition of activated carbon (AC) to the culture media
(8,10,11,13,14,21,22,33,44). Although several experiments have been undertaken to
observe the effects of AC on embryonic growth, a definitive model or mechanism has not
yet been completely proven. Known primarily for its adsorptive properties in the
purification of water (2,6,28,30), hypotheses generally have been generated that reflect
the adsorptive characteristics in its role in tissue culture medium (10,13,23,33).
Assuming this to be true, what remains to be discovered is the rate of adsorption, as well
as what is truly being adsorbed, the growth hormones present in the system waste by-
products due to growth mechanisms, or some combination of the two, or other
combinations not yet considered.

Recently, more reports of growth hormones and activated carbon (AC) acting in a linked
relationship have come to light. It already has been shown that AC has adsorption
effects on some growth hormones, such as abscisic acid (ABA) and 2,4-
dichlorophenoxyacetic acid (2,4-D) (10,13,17,32), but a definitive model describing this
relationship has not yet been published. Quantitatively describing these relationships is
important in the method of embryogenesis and other plant tissue culture techniques. in
that it would enable the researcher to control the growth of the desired tissue while
maintaining target levels of plant hormones. This project sought to develop a definitive
mathematical model for the rate of adsorption of 2,4-D in tissue culture media.

Materials and Methods

The basic methodology employed in this research project was essentially patterned after
the methods of Gupta and Pullman (17); in that the plant growth regulator, 2,4-D, was
doped with a radio-labeled portion of the PGR and placed in a medium containing AC.
The corresponding relative decrease in the availability of the free 2.4-D was then
followed using a scintillation counter. Key differences between the methods reported in
this study and previous researchers are the preparation of the medium, and the collection
of data. The media formulation is shown in Table 1.

A stock solution of 2,4-dichlorophenoxyacetic acid-carboxy-14C was prepared with some
difficulty. 1.8 mg of labeled 2,4-D was introduced into 20 ml of 80:20 Ethanol/H,0O

32



carrier solvent as recommended. When time and agitation did not visually improve the
dissolving process 1 ml of 1 N KOH was added. With further agitation the labeled 2,4-D
dissolved. Two hundred pL aliquots of solution, containing 0.017 mg of labeled 2,4-D,
were used to spike media prepared with 110, 220, or 440 mg/1 of non-labeled 2,4-D.
When tested with the scintillation counter, 10 mls of medium without AC was calculated
to yield approximately 3.50 x 10* DPM.

Media components were divided into two parts while mixing, one portion containing AC
and double-distilled water, and the other containing the balance of the media components
dissolved in double-distilled water. The separate portions were autoclaved as such for 20
minutes at 121 C and 131 kPa. After cooling somewhat, all flasks were placed in a hot
water bath maintained at 55-60 °C. Once the media components had come to bath
temperature, glutamine was added to the flasks without AC. The flasks were then
transferred to the radiation work area, where 200 pL of labeled 2,4-D solution was added
to the non-charcoal containing solution in a portable sterile hood. The charcoal portion
was then poured into the balance of the media components under mixing on a stirrer plate
in the hood. This mixing marks time zero as the start of the sampling periods.

The media was allowed to mix for approximately 10 minutes before the plates were
poured. Fifty plates were filled for each series with 10 ml of warm media dispersed as
two 5 ml aliquots. Plates were poured in stacks of five. The plates were allowed to
remain undisturbed for a minimum of 20 minutes so that the gelling process would not be
disrupted. Once the plates had gelled, they were transferred stack by stack to holding
containers, where they would remain for the duration of the experiment.

At each designated testing period, plates were selected from the top row of the stacks so
as not to sample directly from plates poured at nearly the same moment. Using forceps. a
piece of 4.7 cm Whatman GF/A filter paper was placed in contact with the surface of the
media. After 30 seconds, the paper was removed and placed in a scintillation vial. On
average, each filter paper absorbed 0.46 g of surface liquid medium without charcoal
present. Once all of the selected plates had been sampled, 20 ml of scintillation cocktail
was added to each vial. Vials were capped and manually agitated to insure wetting of the
filter paper. The vials were then counted in a Beckman 3801 scintillation counter and
results were obtained from an attached printer. Throughout the media preparation.
dispensing, sample collection, and disposal process safety procedures were followed.

Once data for the control was obtained, it was necessary to describe it mathematically in
order to effectively utilize the information as a baseline. This was accomplished through
fitting a second degree polynomial to the data points. Once the equation had been
finalized, data from the sampled plates could then be related back to the control, and then
to each other. All of the results were normalized by dividing the sampled DPM by the
polynomial describing the control at the given time period, and multiplying by 100 to
obtain a percent value. This would later be multiplied by the initial concentration of 2.4-
D for each series in order to obtain literal values. Thus, the relative percentages of
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available 2,4-D were obtained for each of two data series. This then allowed the
comparison between separate series. For ease of understanding, the percentage of
available 2,4-D was converted into a part per million basis from the initial concentration
in the media. The information was then compiled and plotted.

Results and Discussion

Two main series of data were obtained. The first series was for long-term adsorption and
plates were sampled at 1, 3, 5, 7, 10, 15, 21, and 28 days from the point of mixing all of
the components. The second series with shorter time periods was carried out after
measuring the rapid 2,4-D adsorption seen in the long-term series. The second series
sampled plates at 1, 6, 12, and 24 hours and after 2, 3, 5, and 7 days.

Controls for each time series were run without charcoal in order to compensate for
changes in 2,4-D concentration over time not due to activated charcoal. Once the control
data was obtained, it was necessary to describe it mathematically in order to effectively
utilize the information as a baseline. This was accomplished through fitting a second
degree polynomial to the data points. Control curves for the long-term and short-term
series are shown in Figure 1. It is interesting to note that in both series available 2.4-D
increased over time. Approximately half of this increase can be accounted for by
evaporation of water from plates over time. Once the control equation had been finalized
sampled plates could then be related back to the control, and then to each other. All of
the results were normalized by dividing the sampled DPM by the polynomial describing
the control at the given time period, and multiplying by 100 to obtain a percent value.
The percent value was then multiplied by the initial 2,4-D concentration to obtain literal
values. By doing so, the relative available 2,4-D levels were obtained for each time
period in each series. (A more lengthy description of the data manipulations can be found
in the original A-190 document.)

Prior to an in-depth analysis of the obtained results, some general formatting procedures
need to be discussed. The line through the data points represents the second degree
polynomial curve best fitting the data. The equation for the curve is shown along with
the R? correlation coefficient. Curves were drawn based only on the measured data
points and excluded the theoretical initial added 2,4-D level at zero time. The
abbreviations LT and ST stand for the long-term and short-term series. The error bars
represent the standard deviation based on the number of values contributing to that point.

The first series to be examined are the long-term series, starting with 2,4-D
concentrations at 110 ppm evaluated at three levels of activated carbon, noted on the
graphs found in Figure 2. At the Jowest concentration of charcoal, 0.0625%, an
equilibrium value of ~70 ppm is reached by 15 days. As the charcoal level is doubled to
0.125%, an equilibrium value of ~25 ppm was reached by the third day. The amount of
available 2,4-D was decreased by 35% and an apparently steady state condition was
reached within 72 hours. As the charcoal is again doubled, an equilibrium value of ~3
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ppm is reached within 5 days. This represents only 4% of the amount of 2,4-D available
at the lowest charcoal concentration.

The next complete series to be examined contains two levels of AC (0.0625% and 0.25%)
at an initial concentration of 440 ppm 2,4-D (Figure 3). At the lower AC concentration
the results are difficult to accurately interpret due to a wide standard deviation associated
with many of the data points and due to an apparent increase in the amount of available
2,4-D, surpassing the original concentration level. As for the flat line denoted by the
results, it may show that at low AC/high 2,4-D concentrations, the charcoal is
immediately saturated with 2,4-D. When the charcoal is increased by a factor of four. the
expected sorption pattern is again observed, with an equilibrium value of 160 ppm
reached by 15 days, which is 36% of the initial concentration. The portion of this media
containing 0.125% AC and 440 ppm 2,4-D did not gel, or solidify, for unknown reasons.
and this accounts for the missing third concentration.

The last series from the long-term classification again looks at three AC concentrations at
220 ppm initial 2,4-D (Figure 4). This level of 2,4-D is the level which is in current
Institute use for initiation of loblolly pine. The curves seem to indicate that the charcoal
becomes loaded with the maximum amount of 2,4-D in less than 24 hours, to ~170-180
ppm at 0.0625% AC and ~110-120 ppm at 0.125% AC. At 0.25% AC 12-17 ppm 2,4-D
appear to be available at equilibrium. The important information to be drawn from this
series is that the equilibrium value reached is ~ 13 ppm which is significantly higher than
previously utilized concentration levels of 2,4-D found in the literature where successful
initiation was recorded (9b,12,41). By examining the results obtained in the long-term
series, it is evident that the majority of sorption occurs prior to the first sampling period.
In an effort to better understand the adsorption phenomena in this system, an
experimental plan focusing on the initial stages of adsorption was enacted next.

Less time will be spent in the analysis of the short-term series, as the primary goal was to
observe if there were significant changes in the concentration of 2,4-D in the initial 24
hour period. In every case this is true with few exceptions. The exceptions occur when
either the AC concentration is relative to the 2,4-D concentration or if the 2,4-D
concentration overwhelms the charcoal. Outside of these two exceptions, the trends
exhibited by the short-term series are similar to those found in the long-term series
(Figures 5,6,7).

What was gained from the data is two-fold. It indicates that the current system (0.25%
AC and 220 ppm 2,4-D) reaches an equilibrium at 12-17 ppm, whereas the 0.25% AC
and 110 ppm 2,4-D stabilizes at 3-5 ppm. The current system exceeds the reported levels
at which initiation occurred on clear media, and would seem to indicate that it would be
beneficial to lower the initial 2,4-D concentration to 110 ppm. It is also apparent that the
adsorption process is indeed very quick. The majority of the adsorption most likely
occurs as the gel is still in it’s hot aqueous phase while mixing, waiting to be poured
(33,39). An experimental method needs to be developed which can focus on the critical
first 15-30 minutes.
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It is also noted that these two series show differences in the rates of adsorption. What
was anticipated was that both series would overlap since the media components were at
the same concentration levels and procedures and methods remained constant. In all of
the graphs, the sorption line of the short-term series mimics the shape of the long-term
series, but is shifted lower. At this time there is no reasonable explanation for the
discrepancy between the two series. Several hypotheses concerning this deviation are
discussed in the original A-190 document. One of the most plausible hypothesis
concerns temperature. The first series was conducted during the winter and the second
series during late spring. Room temperatures were lower in the first series than during
the second series. Temperature may play a role in slowing or speeding adsorption.

As part of the project objectives, a developed practical research tool was desired. With
the results that were collected, it is possible to begin to develop a rough descriptor of the
conditions that were examined. In Table 2, the concentrations of 2,4-D and AC are
given, as well as a range of available 2,4-D at several time intervals. The lower values
come from the results of the short-term series, and the upper values from the results of the
long-term series. As the short-term series was not examined beyond seven days, the data
point at seven days will be treated as if it were an equilibrium value, although there is
enough evidence to indicate that in some instances the system is not at equilibrium, and
would still decrease. This does, however, give a frame of reference when comparing
these results.

When directly comparing these results with the 2,4-D charcoal adsorption studies of
Ebert and Taylor (10,11) one notices that their levels of available 2,4-D are significantly
greater than the results in Table 2. This may be an artifact of their analysis procedure. In
their study, they scraped 200 mg samples of medium from the surface. These scraping
probably contained some charcoal particles which was subsequently introduced into the
scintillation vial and placed in the counter. Some adsorbed 2,4-D likely contributed to
their total estimations of available 2,4-D and may account for the differences in studies.

From Table 2, several interesting correlations can be developed which are an important
first step in developing an empirical model to predict available 2,4-D levels based on
initial 2,4-D concentrations, AC concentrations, and time. When the log of the
concentration of available 2,4-D is plotted against AC concentration, coherent
relationships within a time period become apparent (Figures 8-11). These linearized
relationships exhibit strong correlation coefficients, ranging from 0.909-1.000. Three
points in a line do not make a definitive solution, but are a good indicator of potential
trends, and would provide validity in pursuing this problem further to develop a more
rigorous solution. More data points are needed to legitimately portray any ensuing
trends. Available 2,4-D is strongly correlated to the initial 2,4-D concentration levels at
a specified charcoal level. The fact that correlations can be made between several of the
variables involved in the process is a positive indicator that a final model may be
developed which can encompass all of the designated variables: initial 2.4-D
concentration, % AC, and time.
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Conclusions and Recommendations

Although seemingly simplest in nature, the problem presented by the adsorption of 2,4-D
by activated carbon in plant tissue culture media is a complex issue. To effectively
develop an explicit mathematical model encompassing several potential variations within
the time frame of the research period is ambitious at best. What can be concluded along
these lines is that AC has an enormous adsorption capacity for 2,4-D within this media
system. The initial concentration levels the Institute currently employs result in available
2,4-D concentrations that fall above the range where initiation has been reported in media
not containing AC.

Further work is needed before these results are presented to the tissue culture community
at large. While manipulating the initial concentrations of AC and 2,4-D to fall within the
final 2,4-D ranges developed by this project is acceptable for the Institutes work in
loblolly pine initiation media, extrapolating this information to a broader gamut of
initiation mediums at this point is premature, yet obtainable.

Before any further work is invested along the lines of this project, a fundamental question
must be answered as to where the destination of any resulting information may be. If the
desired outcome is an intricate understanding of the behavior of AC in a plant tissue
culture environment, there exists a vast amount of work in developing experimental
procedures and analytical processes to answer many questions, of which only a few have
been touched upon by this project. If the desired outcome is to develop a practical tool
utilized by the Institute and tissue culture community, then procedures primarily
developed within this research project can be used effectively to a great extent. It is
completely plausible to develop a mathematical model based on empirical correlations of
measured available hormone concentrations that will be able to predict available hormone
levels based on initial concentrations, AC concentrations, and time, with some degree of
accuracy.

With respect to actual influence on initiation, and in light of this study. it is recommended
that the initial 2,4-D concentration be dropped to 110 ppm at 0.25% AC. This level of
initial 2,4-D yields stabilized concentrations values in the desired range, as implied by the
literature.

37






Table 2. Available 2,4-D concentrations(ppm) at three selected time intervals.

Initial 2,4-D(ppm) AC (%) 1 Day(ppm) 7 Days(ppm) 14 Days(ppm)
110 0.0625 48.8 - 854 46.0 - 83.1 46.0 - 71.1
110 0.125 13.8 - 344 7.8 - 24.7 7.8-21.8
110 0.25 4.0 - 6.1 24-3.2 24-3.0
220 0.0625 141.0 - 173.3 138.9 - 200.0 138.9 - 188.6
220 0.125 59.7-112.4 49.2 - 126.0 49.2 - 117.3
220 0.25 11.8 - 20.8 7.5 -13.7 7.5 -14.6
440 0.0625 352.2 - 469.7 367.6 - 507.9 367.6 - 489.2
440 0.125 240.2- NA 2259 - NA 2259 - NA
440 0.25 72.4 - 198.2 65.1 - 18L=65.1 - 160.5
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS:
NEW INITIATIONS - CULTURE
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Summary

During the 1995 Summer approximately 440 cultures were initiated. Since we
reported in previous PAC Meetings that loblolly pine cultures often loose their ability to
form cotyledonary embryos over time, these new cultures provided an opportunity to
determine how well our protocols work.

Twenty-five cultures which contained enough embryogenic tissue for starting
liquid cultures were chosen for testing in one of our liquid maintenance protocols
(medium 16) and one of our development and maturation protocols (medium 240).
Liquid cultures were started as reported previously. Settled cell volumes and embryo
stage ratings were taken weekly (Table 1). After five or more subcultures, settled cells
were plated with one ml per plate on development medium 240. Plates were observed for
embryo development and evaluated for the latest stage visible. Embryos were still
developing during the last observation shown in Table 1.

Data in Table 1 show that out of 25 cultures tested 18 or 72% were able to start
liquid cultures. Two of the seven cultures that did not start were re-tested for the ability
to start a liquid culture and were successful bringing the overall liquid culture success rate
to 80%. The remaining five cultures had stopped growing in the maintenance medium
and were no longer available. Average weekly multiplication rates over five weeks
ranged from 1.5 to 4.7 times increase per week. Average weekly embryo stage ratings
varied from 1-2.9 (see embryo classification system reported in the March 21, 1994 PAC
Report). Maximum stage ratings of at least 2 were seen in 16/25 cultures (64%) and
maximum early-stage embryos at stage 3 were seen in 5/25 cultures (25%). The
maximum stage rating is important because previous observations showed that liquid
cultures with stage ratings of two or higher had the best chance of producing
cotyledonary embryos. At the time this section was written cotyledonary embryos had
developed and were still developing in at least 6/15 (40%) of the cultures tested. Table 1
shows the embryo stage visible, approximately how many embryos had formed, and time
period on development and maturation medium 240.

Table 2 shows an overall summary of loblolly pine somatic embryogenesis at
IPST. Major progress has been made in the areas of initiation, maintenance, embryo
development, germination, and conversion. However, there are many challenges ahead
particularly in the area of embryo quality. Embryo quality and vigor must be improved
during all stages for the somatic embryogenesis process to become commercial. With the
successful storage of cultures in liquid nitrogen shortly after initiation we hope to prevent
any culture decline over time, decrease the labor to maintain cultures, and have available
a bank of cultures with known histories of performance in the somatic embryogenesis
process. Research could then focus on the particular step or embryo stage where
improvement is needed.
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Table 1. Loblolly pine culture performance: starting liquid cultures, weekly growth rate
as settled cell volumes, embryo stage in liquid culture (medium 16), and maximum stage
rating in development and maturation medium (medium 240).

Culture # Origin Weekly Liquid Stage  Development ~ Weeks on
Settled Cell Rating - (Swk Media-Most  Development
Volume avg/maximum Advanced Medium when
(5wkavg,) rating Embryo Stages  evaluated
(Yield/ ml Cells)
245 UC5-1036 24 1.7 /2 6, very small 6 weeks
246 UC5-1036 1.6 14/ 2 4 3 weeks
247 UC5-1036 1.8 1.7 /2 8 (1-5/ml) 6 weeks
248 BC-3 No Start’
249 WV-F2 32 20/ 25 8 (1-5/ml) 6 weeks
250 WV-F2 3.6 1.7 /2 2 6 weeks
251 WV-F2 No Start'
252 BC-9 2.7 25/3 6-7 4.5 weeks
253 UC10-33 4.6 1.7 /2 3 6 weeks
254 UC10-33 2.0 1.8/2 3 4.5 weeks
255 BC-9 1.8 2/2 8 (10-30/ml) 4 weeks
256 WV-F2 1.3 1.8/2 not tested yet
257 UC10-33 3.2 21/ 3 6-7 (10-30/ml) 6 weeks
258 UC10-5 No Start’
259 BC-9 2.1 29 /3 8 (10-30/ml) 4 weeks
260 BC-3 1.5 2/2 not tested yet
261 UC5-1036 1.4 22 /3 8 (10-30/ml) 4 weeks
262 WV-12 1.9 1/1 not tested yet
263 UC10-5 No Start’
264 WV-F2 No Start’
265 UC5-1036  No Start'
266 UC10-33 2.3 27 /3 7-8 (10-30/ml) 6 weeks
267 UC10-33 2.4 16 /2 5-7(10-30/ml) 6 weeks
268 UC5-1036 4.7 1.5/15 6(1-5/ml) 6 weeks
269 BC-2 No Start’
Average 72% 1st Start 25 /22 40% cultures

80% 1Ist &
2nd Start

have stage 8
embryos

'/ Upon a second try liquid cultures were successfully started.
2/ Tissue was unavailable for a second attempt to start liquid cultures.
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Table 2. Summary of loblolly pine somatic embryogenesis at IPST, past performance
(1992), present performance (1996) and future goals for the major steps in the process.

Somatic Where we were Where we are now  Goal
Embryogenesis Step 1992 1996
Initiation
Overall 6.5%
‘Best Media (505) <3% 16.5% 35%
Maintenance
On Media
Survival ? 20% 50% of initiated
Growth Gelled 2x / month Liquid 2.5x /wk) OK
Embryo quality  ? Stage 2-3 (64%) OK
Loss over time Stop loss in Lig N,
Cryogenic Storage  Not tested Equipment recently ~ 80% Survival
available. Tests to
begin shortly
Development
Yield (stg 6+) 1-5 embryos / ml 10-30 embryos/ml OK
Quality stage 7-8 stage 8+ stage 9.4
Genotypes 2-3 genotypes 6/15 (40%) produce  50% liquid cultures
produced stage 7-8  stage 8
Germination (shoot
& root growth)
Percent None 5-50% 50% liquid cultures
Genotypes None 2 genotypes (195, 50% liquid cultures
230)
Conversion
Percent None 94% (genotype 195) 80% of germinants
Genotypes None 1 genotype (195) 50% liquid cultures
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS:
LONG-TERM STORAGE OF LOBLOLLY PINE SOMATIC EMBRYO
CULTURES IN LIQUID NITROGEN

Jerry Pullman
Shannon Johnson
Yolanda Powell

The Forest Biology Group recently obtained a state-of-the-art cryogenic storage system.
This equipment will enable the somatic embryogenesis program to economically store
initiated cultures for long periods without culture change or loss of embryogenic capacity.
In addition, the significant labor costs to repeatedly maintain large numbers of cultures
weekly, bimonthly, or even monthly will be largely decreased.

Cryogenic storage equipment is used to maintain long-term cell viability at ultra-low
temperatures. Water is the major component of all living cells and must be present in
order for chemical reactions to occur within a cell. During cryopreservation, the water
changes to ice and cellular metabolism ceases. Dehydration also occurs changing the
concentration of salts and other metabolites, causing an osmotic imbalance which can be
detrimental to cell recovery. These detrimental effects can be minimized by controlling
the rate of cooling, using cryo-protective agents, and maintaining appropriate storage
temperatures and rates of re-warming. The purchased cryogenic storage equipment
causes the slow decrease of temperatures suitable for submersion in liquid nitrogen,
provides storage space in liquid nitrogen and provides safe handling and temperature
monitoring equipment. Liquid nitrogen facilities are available at local medical and
engineering research facilities and at Atlanta Sperm Banks. However these facilities are
oriented towards human and animal cell storage. Supporting equipment at these local
facilities, such as sterile air-flow hoods, were either not available or available with
difficult accessibility. There are no cryogenic storage facilities dedicated to plant
research in the North Georgia area.

An added benefit to cryogenic storage of loblolly pine early-stage embryo cultures may
be the selection of embryogenic tissue. Reports of angiosperms and Douglas-fir [Gupta
et al., 1994. Plantlet regeneration via somatic embryogenesis in Douglas-fir
(Pseudotsuga menziesii). TAPPI R&D Division Biological Sciences Symposium,
October 3-6, 1994, Minneapolis, Minnesota, pp. 35-39.] show improved subsequent
embryo development after cryogenic storage. The current hypothesis is that cryogenic
storage eliminates competing non-embryogenic tissue within a culture. It is likely that
the same mechanisms will improve loblolly pine embryogenic cultures.

CryoMed cryogenic storage equipment was chosen due to reports of high rates of
successful natural and somatic embryo storage in liquid nitrogen {P. M. A. Toivonen and
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K. K. Kartha. 1989. Cryopreservation of cotyledons of non-germinated white spruce
[Picea glauca (Moench) Voss] embryos and subsequent plant regeneration. Journal of
Plant Physiology, Volume 134, pages 766-768.}

Description of the research Instrumentation (Shown in Figure 1.)
Equipment by CryoMed (by Forma Scientific, Inc.)
a. #1050 Computer Interface Freezing System
Includes: Freezing rate controller, freezing chamber,
complete monitoring equipment, computer programs
for monitoring, and hose for liquid nitrogen connections.

b. #8175 CryoPluslI Liquid Nitrogen Storage Unit
Contains space for 10,000 2.0 ml storage vials, has necessary
nitrogen level and temperature monitoring equipment.

c. essential storage racks and vials, Filling Racks, and appropriates safety
equipment: '

Figure 1. Cryogenic storage equipment. From left to right: Liquid Nitrogen Storage
Unit, Liquid Nitrogen Tank, Freezing Chamber, Computer (top), Printer (middle), Freeze
Rate Controller (bottom).
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