THE INSTITUTE

OF PAPER CHEMISTRY.

APPLETON.

PROJECT 3223
THE MASS PRODUCTION OF CONIFER TREE HYBRIDS

PROJECT REPORT FIVE

January 10, 1977

WISCONSIN

THE MASS PRODUCTION OF CONIFER TREE HYBRIDS
INTRODUCTION
Company interest in the "tissue culture approach" continues to remain
high and the use of tissue culture systems to study biological and physiological
problems appears to be on the increase.

Project 3223 research continues to stress

the development of tissue culture fundamentals and a procedure that will cause
single cells in suspensions to form embryoids, embryos and plantlets and plantlets
to develop into trees.

The studies under way during the past six months involve a

variety of topics and the report that follows is arranged as outlined below:
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New Needle Callus from Douglas-fir and Loblolly pine
Shoots from Needle Callus of Douglas-fir
Optimum Growth Medium for Loblolly Pine Callus
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GROWTH AND ORGANIZATION OF SUSPENSION CULTURES
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Cell Cluster Size
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SUMMARY

The overall level of research activity during the past six months was
down a modest amount, when compared to the previous six-months period, because
of the teaching duties of two of the principal investigators (Winton and Johnson).
Planned investigations of the morphology and ultrastructure of organ-forming
tissue were not initiated because the information was not considered essential
to program progress at this point in time.

Basic to the long-range progress of the program was the recent perfection
of a reliable method of initiating Douglas-fir and loblolly pine needle callus.
This procedure has the promise of providing an adequate uniform supply of high
quality callus for biochemical analyses, ultrastructure investigations, and
suspension cultures for feedback and embryoid initiation studies.

Of considerable

interest, although not presently one of our major objectives, was the production
of additional shoots from subcultured Douglas-fir needle callus.

The shoots and

the shoot-producing callus are expected to contribute to our understanding of the
trigger mechanism involved in shoot initiation.

A near-optimum medium for growing Douglas-fir callus has been developed
and work on the optimization of a medium for growing loblolly pine callus is in
progress with hormones, chemical additives and light quantity and quality being
the factors recently investigated.

Although not completed, considerable progress

has been made and for the first time an abundant supply of cotyledon callus and a
fair supply of loblolly pine stem callus is available for cell suspension studies,
feedback research, and other investigations.

Recent enzyme investigations deal with the peroxide regulation and the
IAA oxidase hypotheses.

Studies include the influence of 2,h-D and BAP on

peroxidase, catalase, and superoxide dismutase activities in Douglas-fir callus.
The results suggest that 2,4-D and BAP had little direct influence on peroxidase
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and catalase activities in Douglas-fir callus in extracts in vitro.

However,

the in vivo responses show that their hormonal effects may well be mediated
through the production of peroxidase isozymes.

Results with superoxide dismutase

indicate, that this enzyme is being directly influenced by the hormone treatments.
IAA oxidase and catalase-peroxidase activities were compared using Douglas-fir
stem callus and Douglas-fir seedling extracts, with important between-material
differences being found in both enzymes.

Further investigations on the validity of the peroxide regulation
hypothesis were conducted using extracts from several sources of both Douglas-fir
and loblolly pine tissue to analyze for peroxide.

All seedlings and callus

tissues were found to have substantial peroxide content.

The tentative con-

clusions drawn from the data were that peroxide concentrations in callus are
lower than in seedling tissue.

However, this in vitro extrapolation needs

confirmation by in vivo analyses.

Elemental analyses were made on Douglas-fir callus and seedling tissues
as an aid to medium development.

Levels of 17 elements were examined and several

appeared to deserve further study.

Particularly striking were the high levels

of Na and K in subcultured callus.

Further investigation revealed the agar as

the source of excessive levels of Na and experiments are under way to ascertain
the effect of reducing Na levels on the growth of cultured cells.

The influence of such environmental factors as drum speed, types of
experimental vessels, cold treatment, frequency of medium change and light
quality, intensity and duration were investigated to determine what influences
these factors have on cell division and embryoid initiation.

For feedback

research, drum speeds of 10-15 rpm, light intensity of 4,000 Ix and a 16-hour

Project 3223
January 10, 1977
Page 4

day alternating with 8 hours of darkness appear to be the best.

Lower light

intensity of about 1,000 lx seems to be better for embryoid development.

A series of studies were initiated on medium sterilization to determine
if detrimental effects on the media result from long periods of high temperature.
These studies involved comparing a number of factors including total treatment
time, time at temperature, filter sterilization and experimental vessel size.
Based on the destruction of bacteria and numbers of embryoids initiated, filter
sterilization and/or a preheating and fast exhausting procedure which reduced
total sterilization time by 41% gave the best preliminary results.

Feedback research is perhaps the most interesting and exciting phase of
the entire research program because this is the testing ground where insights
from biochemical investigations are utilized to induce or control growth and
embryogenesis.

Investigations during the past six months included the use of

UDP and related additives, reduced levels of iron, and the use of malate,
succinate and malonate as growth regulatory agents.

UDP quite consistently in-

creased the production of embryoids with one of the more successful treatment
sequences being to treat with UDP for three days and then transfer the cells
into a medium with pyrophosphate and pyrophosphastase inhibitor.

Reducing iron

levels from 5.6 to 1.4 mg/liter improved greening and to a lesser extent embryogenesis.

Plans for the coming six months include work on the optimization of a
growth medium for loblolly pine cell suspensions,, completion of the work on
cell cluster size and medium sterilization, continued enzyme research on the
carbon utilization, peroxide regulation and IAA oxidase hypotheses, and extensive
embryoid initiation feedback research.
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GROWTH AND ORGANIZATION OF CALLUS

NEW NEEDLE CALLUS FROM DOUGLAS-FIR AND LOBLOLLY PINE

Introduction
Callus tissue is the basic experimental material for Project 3223 and
is used for shoot initiation from callus, biochemical analyses, ultrastructural
preparations, and for suspension cultures for feedback as well as embryoid
production studies.

The Tissue Culture Laboratory is responsible for initiating

and maintaining a constant and adequate supply of callus for project use and is
equally concerned about providing callus of high quality.

High quality here

means the optimum age, texture, and composition of cells that can be easily
transformed into embryoids in suspension cultures.

Appendix Table III presents an overview of our research plans.

This

study, which does not appear as a specific item in this overview,is vitally
important to all phases of the program because,in the future, needle callus is
expected to serve as the principal source of cells for all phases of the program.

In past reports we have documented numerous shoot-initiation studies,
including the consistent failure to produce shoots from old stem callus that
has been subcultured monthly for 6-7 years.

In Progress Reports Three and Four,

we reported the production of shoots from cotyledon, needle and stem callus of
young Douglas-fir seed and seedling material.

Dr. Tsai Cheng, at the Oregon

Graduate Center, has produced shoots from needle callus of seedlings up to 2-3
years old of both Douglas-fir and loblolly pine (1).

Her results, as well as

our limited success, indicate that the best callus for either shoot or embryoid
production is from needles of young seedlings.
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During the past six months, we have made two significant changes in
direction regarding the callus cultures.

First, we are phasing out the old

callus cultures and have shifted to using newer cultures subcultured 6-12 times.
In the future we plan to initiate new callus from both species every six months,
and use callus mainly between 6-12 months old and retire and eventually discard
older cultures.

The second change is our plan to convert entirely to needle

callus for all project needs.

Thus, the Tissue Culture Laboratory will be

responsible for supplying high quality needle callus from young seedlings
of Douglas-fir and loblolly pine.

Our approach to producing high quality callus has also changed during
the past year.
Report Two,

For the old callus we used a fairly sensitive procedure (Progress

p. 11-12) to obtain callus from stem terminals about 1 cm in

diameter.

With that method, precautions had to be taken in transporting the material across
the country without becoming contaminated,

and there was often difficulty in

survival and obtaining cultures where all cells originated from either cambial
or cortical cells of the tree tissue.
uniform,

With increasing age the cultures became

soft and dark green, but true needle shoots were never produced from

old stem callus.
produce its

We suspect that with increasing age,

the callus starts to

own auxin (a growth hormone) that inhibits shoot formation.

Our new approach is

to eliminate collections from trees 5-15 years old,

growing in distant experimental plots, and at least for the next year or so
start all new needle callus from young seedlings or developing callus shoots.
The purpose of this section is

to report the new method of callus initiation

from young seedling and shoot material up to 1-2 years of age, growing either
in aseptic culture or in the greenhouse from seeds.
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Methods and Materials
From seedlings, or from developing shoots growing in aseptic culture,
newly-flushed or young needles were gently pulled from the stem and placed
horizontally and entirely on the surface of agar medium 10 (Appendix Table IV).
From seedlings growing in the greenhouse, flushing vegetative shoots were
removed when several centimeters long and surface sterilized in 25-50% bleach
(having an equivalent of 1.3-2.6% sodium hypochlorite) for 5 minutes.

After

three rinses in sterile water, needles were pulled off and placed on medium.
Petri dishes were sealed with Parafilm and incubated at 4,000 lx of fluorescent
Cool White and Plant Light illumination, on for 16 hours and dark for 8 hours,
at lab temperatures of 23 ± 1°C.

Callus usually started to develop after 3-5 weeks entirely from the
base of the needle as soft-to-firm green tissue.

After 6-8 weeks each callus

piece was 5-8 mm in diameter and was isolated and grown independently on fresh
medium 10 in a light incubator, and was subcultured monthly.

The light incubator

had 3,000 lx of Cool White and Plant Light fluorescent light on for 16 hours
at 24°C, alternating with 8 hours darkness at 180C.

Results and Discussion
Since January 1976,

28 cultures from Douglas-fir and 13 from loblolly

pine were initiated from needles, each culture representing a different genotype.
Most cultures are still surviving, but only the best few were used extensively
for major experiments in order to have a basis of comparison among similar tests.

Fifteen Douglas-fir cultures are established in the light incubator,
and some of these have been used for suspension feedback studies.

At present

we plan to use small amounts of very young callus in suspension cultures for
embryoid production and enlargement, to determine if there is a critical age
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from initiation at which the culture loses its ability to produce embryoids.
We also want to determine if perhaps very young callus is necessary for embryoids
to develop into true embryos that will in turn develop into plants.*

This will

probably be combined with a biochemical study to document hormone levels in the
suspension cells and the degree of cell differentiation and tissue organization.

Most cultures will be started from seedlings 9-18 months old, but some
cultures have been and will in the future be initiated from flushing buds of
trees 5-15 years old.

We expect that shoots and embryoids will be produced

mainly from the younger cultures, but will want to also test older material for
its capacity to organize.

SHOOTS FROM NEEDLE CALLUS OF DOUGLAS-FIR

Introduction
The production of shoots from callus tissue is no longer a major objective of this project, but rather the production of large embryoids in high
frequencies from suspension cultures.

However, we have observed a few cases of

both single and multiple shoots developing from subcultured needle callus and
report them here.

The results of biochemical comparisons between shoot producing

and nonshoot-producing callus are expected to be important in feedback research
(Appendix Tables III and IV).

Although we have not started many large-scale attempts to produce
shoots, we may in the future try to increase the frequencies of shoots by

*The term embryoid conveys no committment to further development. Rather, it
is a term of convenience designating a group of cells with nonrandom orientation
that resembles the early stages of a normal seed embryo. We hope that embryoids
will eventually develop into true embryos, which by definition develop into
plants. However, to date we have had no embryoid develop into an embryo and
plant.
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varying the hormone ratios of newly-subcultured needle callus from Douglas-fir
and loblolly pine.

Needle shoots are also of interest to the biochemist,

particularly the callus which produced them.

Needle callus that produced shoots

is being analyzed for biochemical differences between it and needle callus that
did not produce shoots, in an attempt to determine the trigger mechanism of shoot
initiation.

If such a difference can be established, we would hopefully be able

to state how to produce large numbers of shoots from subcultured needle callus,
for Douglas-fir as well as for pine species.

The economic consequences of

vegetative propagation of superior trees from needle callus could conceivably
be of great short-term advantage, in reducing both the time and cost of
present improvement studies.

Also, the products of vegetative hybridization

through fusion of intrageneric protoplasts could be grown into hybrid trees
through callus and shoot production.

But the most efficient method would still

be from suspension cultures where hundreds of thousands of trees might be produced in test tubes, rather than dozens from callus cultures.

For these reasons, our major emphasis remains with embryoid production
in suspension cultures and their development into true embryos and plants.
However, we will continue to work with shoot initiation from callus, in an
attempt to understand the biochemical basis for organ formation in callus.

Our first shoot from subcultured needle callus of Douglas-fir was
reported in Progress Report Four, p. 16, July 1976.

The callus was grown from

the base of needles removed from a 3-month old seedling of Douglas-fir growing
in aseptic culture in the lab.

The callus was removed and subcultured three

times to fresh medium 10 (Appendix Table IV) in 5,000 lx fluorescent light at
25°C.

Eleven days after the third subculture the shoot appeared,, but died before

it elongated.
needle callus.

We report here the appearance of subsequent shoots from subcultured
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Method and Materials
Seeds from Seed Lot 491-15-1 were surface sterilized in 50% bleach for
15 minutes and rinsed three times in sterile water.

Embryos were then removed

from the Douglas-fir seeds and placed on medium E-l (Appendix Table IV) containing 0.1 mg/liter BAP (benzylaminopurine).

In the light incubator the

cotyledons produced multiple shoots which were excised and grown on medium E-l
without hormones.

The shoots developed normally after three months and needles

were removed and placed on medium 10 in the light incubator having 16 hours of
5,000 lx fluorescent light at 24°C, alternating with 8 hours darkness at
Callus grew from the base of the needles collected

18°C (incubator 1-2).

from young shoots grown aseptically, as well as from seedlings grown in the
greenhouse, and was isolated and subcultured monthly to fresh medium 10.

Results and Discussion
During the first subculture, one shoot appeared on one of 11 callus
pieces in November.

The callus was subcultured again and two clusters of shoots

appeared on one of 15 callus pieces of one culture in December.

The shoots

and clusters were transferred to medium 3 or E-l for elongation and development
into plants.

Attempts will be made to root some of the shoots.

In another culture from seedling needle callus, shoots appeared
during the first subculture in December on 4 of 12 pieces on one dish, from
callus initiated in August and isolated in November.

In addition to shoots from subcultured needle callus, we also reported
in Progress Report Four the initiation of one shoot from a stem explant of a
Douglas-fir seedling.

This past November we recovered another shoot from a stem

explant of a loblolly pine seedling growing in aseptic
fir,

culture.

As with Douglas-

by the time we isolated the shoot we could not find any remnants of the

original stem explant,

so could not determine the exact origin of the shoot
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Future Plans
We will continue to try to initiate shoots from young needle callus
of Douglas-fir and loblolly pine, especially in hormone experiments.

However,

the shoots generally are initiated on regular medium and without special help.
They will be helpful if they and their callus can contribute to the understanding
of the trigger mechanism of shoot initiation from callus.

However, our main

objective remains the production of embryoids and embryos from suspension
cultures.

OPTIMUM GROWTH MEDIUM FOR LOBLOLLY PINE CALLUS

Introduction
At the start of this project, we concentrated on initiating callus
from cambial or cortical tissue in terminal branches of trees 5-15 years old.
Stem callus was thus initiated from parental explants between 0.5 and 1 cm in
diameter.

This method was satisfactory for Douglas-fir, but loblolly pine

callus did not grow well when isolated from the explants and grown independently
on either medium 3 or 10 (Appendix Table IV).

Usually the callus was initiated

as light-green tissue on medium 10, but turned yellow and then brownish yellow
after a few subcultures.

Since loblolly pine is one of the major tree species

we wish to propagate, this has been a serious problem during the past two years
of the project.

Currently, we are initiating callus from needles of both Douglas-fir
and loblolly pine, after needles are removed from young seedlings less than 1year old.

However, we were able to significantly improve the growth of stem

callus initiated from terminal branches of 3-year-old loblolly pine trees a year
ago and still maintained in culture.

Positive results in this part of the pro-

gram are required because high quality cells are important in the other phases
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of the program.

The medium is also expected to be a starting point for the

"loblolly pine cell suspension medium optimization research" (Appendix Table III,
Item I).

Because this study has not yet been completed, the report will be

given in general terms to indicate the extent of progress.

Methods and Materials
Terminal branches were received from International Paper Company,
collected from 3-year-old loblolly pine trees growing in a test plot.

Callus was

initiated and subcultured to medium 10, where it changed from a light-green
friable callus to brownish-yellow tissue over several passages.

As part of our

program to develop an optimum nutrient medium for loblolly pine stem callus,
new callus was distributed among several new media adapted from medium 10.
Not only were hormone and chemical additives tested, but also the light quality
and quantity were varied.

During the past year a great deal of stem callus has

been produced and we now have a much better feeling for growing callus from
older trees.

Results and Discussion
A general result of the growth tests is that loblolly pine callus
apparently grows better with higher levels of auxin than does Douglas-fir.

In

some cases, 2,4-D seems to do as well as does the regular NOAA (naphthoxyacetic
acid).

Of course, as with Douglas-fir, cotyledon callus grows faster than does

stem or needle callus, confirming biochemical analyses that the seed cotyledon
callus contains many more chemicals, possibly in the form of nutrients intended
for the developing seedling.

Cotyledon callus continues to grow better and

faster than needle callus over many months, indicating that the advantages of
cotyledon tissue persist in subcultured callus.

However, the main criteria for

our optimized loblolly pine medium is the increased greening of needle callus
and the reduction in cell size to approximately that of Douglas-fir callus cells.
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Needle callus from the 3-year old trees is growing better on 3-4 new
media than on medium 10, but the results are not always the same for each passage.
Sometimes a higher phosphorous level seems better with lower calcium; then,
during other passages the difference is not as noticeable.

We still cannot

decide quantitatively whether the addition of tryptophan increases or inhibits
growth.

About the only positive statement we wish to make now is that we have

for the first time an abundant supply of cotyledon callus and a fair supply of
stem needle callus for continued project work with loblolly pine.

In fact, with

the increased supply of callus, we have increased our efforts in an attempt to
get high frequencies of loblolly embryoids in suspension cultures.

Some of the

cultures contain many or most cells that are smaller than usual, and in many
cases look much like the small spherical cells of Douglas-fir.

Occasional

small embryoids of 4-7 cells are also observed in some loblolly pine needle
callus before it is used in suspension cultures.

In other cases, some of our

liquid media appear to either induce or enhance existing embryoids after the
callus is placed in suspension cultures.

Future Plans
We plan to continue to increase our efforts in loblolly suspension
cultures, and are now turning this problem over to a postdoctoral tissue culturist
for further study, according to the research plan outlined in the Appendix
Table III.

ENZYME INVESTIGATIONS

Introduction
All enzyme research reported in this section is related to either the peroxide
regulation hypothesis or the IAA oxidase hypothesis (Appendix Table III, II).

These

two hypotheses (described in detail p. 62 and 63) are strongly related to each other,
and, as our
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investigations continue, it may become more reasonable to consider the IAA
oxidase hypothesis subsidiary to the peroxide regulation idea or vice versa.
Although our current data does not permit subscription to the notion (2) that all
isoperoxidases also have IAA oxidase activity, we are beginning to see correspondence for some anionic species.

Each of the enzymes under discussion here

relates in some way to hydrogen peroxide, its production, destruction, or
utilization; therefore, the rationale for the study of these enzymes relative
to a developmental hypothesis based upon regulation of peroxide concentration is
fairly obvious.

The balance among these and a few other enzyme activities should

determine the effective concentration of peroxide in vivo at any given time.

In

turn, combinations of specific enzymes and oxidants (e.g., peroxide) may determine
effective levels of constituents involved in development,
being the prime example currently under scrutiny.

endogenous auxin (IAA)

Consequently, we are studying

distributions and interrelationships of these enzymes and their various forms
(isozymes)

as a function of organizational state.

Also,

it

is

of importance to

learn whether these relationships are affected by environmental manipulations
such as changes in standard medium components and special additives,

e.g.,

hormones or various feedback treatments.

Methods
With the exception of on-gel staining for IAA oxidase following disk
electrophoresis, procedures used were noted in previous reports (see Progress
Report Four, p. 29).

For IAA oxidase detection on gel, the procedure of Endo, as

described by Srivastava and van Huystee (3), is now employed at pH 3.6.

Higher

pH's have been used but, although activity is evident, excessive background
develops as one proceeds toward the alkaline side.
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Results
Peroxidases and Catalase
Considerable information on these activities was presented in previous
reports.

However, Fig. 1 and 2 show how these Douglas-fir stem callus enzymes

respond to in vivo treatments with 2,4-D and BAP as recorded by anionic and
cationic electrophoresis, respectively.

Treatments have also been conducted on

gel following electrophoresis but prior to staining; those results (not shown),
while slightly different from the in vivo treatments, indicate little effect.
Considering the data in Fig. 1 and 2 along with other results not presented,
2,4-D does seem to enhance the peak to the far right in anionic electrophoresis.
BAP may affect a very slow moving anionic species and a very fast moving cationic
species; the on-gel treatment (not shown) tends to agree with this.

The re-

sponses show some similarities to the results of others who have treated plants
with auxins and cytokinins followed by examination of effects on isoperoxidases
(4k,).

The overall results suggest that the 2,4-D and BAP had little direct

influence on peroxidases and catalase activities in Douglas-fir callus extracts
in vitro.

However, the in vivo responses show that their hormonal effects may

well be mediated through production of peroxidase isozymes.

The activity of these enzymes was also examined with diaminobenzidine
(DAB) as substrate in extracts of loblolly pine seedlings and callus tissues.
Only the anionic trace for loblolly cotyledon callus grown on medium 3 is
presented here (Fig. 3).

One can see considerable similarity with Douglas-fir

callus patterns, but there is a prominent fast-moving peak.

As of this writing

the association of catalase with any of these peaks is not yet firmly established
for loblolly pine.
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(ANIONIC)
CONTROL

I
BAP-TREATED

2,4-D - TREATED
IN VIVO

STEM CALLUS
CATALASE - PEROXIDASE
Figure 1. Anionic Electrophoresis of Extracts from BAP and 2,4-D Treated
Douglas-fir Stem Callus. Catalase-Peroxidase Activity.
BAP and 2,4-D at 5 mg/liter, 3 days
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(CATIONIC)

CONTROL

BAP - TREATED

IN VIVO

2,4-D - TREATED

IN VIVQ

WATER - TREATED
IN VIVO

STEM CALLUS
CATALASE - PEROXIDASE
Figure 2.

Cationic Electrophoresis of Extracts from BAP and 2,4-D Treated
Douglas-fir Stem Callus. Catalase-Peroxidase Activity.
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into suspension medium during the culture of Douglas-fir stem
(Fig. 4).

callus tissue

Report
What has previously been referred to as DAB oxidase (Progress

Four, p. 50) also shows up.

Superoxide Dismutase
BAP in
The effects of treating Douglas-fir stem callus with 2,4-D and
shown in Fig. 5
vivo and with BAP on-gel following anionic electrophoresis are
and 6, respectively.

Recalling that peaks are inverted in this assay, note

Fig. 6 by BAP which
that the major effect is the increase in the major peak of
is the opposite of the water treatment.

It will also be noted that the untreated

difference
controls are quite different in Fig. 5 and 6; the only experimental
than
was that the callus used to obtain the data in Fig. 5 was two weeks older
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*.

I

i

i

Figure 4.

Anionic Electrophoresis of Cell-free Suspension Medium After
Culture of Douglas-fir Stem Callus Cells.
Catalase-Peroxidase Activity (a) and DAB Oxidase Activity (b)
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CONTROL

BAP-

TREATED

IN VIVO

2,4-D - TREATED
IN VIVO

WATER - TREATED

IN VIVO

(ANIONIC)
STEM CALLUS
SUPEROXIDE DISMUTASE
Figure 5. Anionic Electrophoresis of Extracts from BAP and 2,4-D Treated
Douglas-fir Stem Callus. Superoxide Dismutase Activity.
BAP and 2,4-D at 5 mg/liter, 3 Days
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CONTROL

BAP - TREATED

WATER-

TREATED

(ANIONIC)
STEM CALLUS
SUPEROXIDE DISMUTASE
Figure 6.

Anionic Electrophoresis of Extracts of Douglas-fir Stem Callus
Treated After Electrophoresis with BAP and 2,4-D.
Superoxide Dismutase Activity. BAP and 2,4-D
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in the case of Fig. 6 (this has been noted previously, e.g., Progress Report
Four, p. 45).

Cationic electrophoresis runs for these treatments also show some

effects (not shown).

Results available at this time suggest that the plant

hormones may interact directly with this enzyme.

Phenol Oxidase
Although some further data has been collected for this enzyme such
as electrophoretic patterns from loblolly tissues and some limited information
on responses to 2,4-D and BAP, no report will be made at this time.

IAA Oxidase
While this activity has been of interest for a long time, the on-gel
assay used previously was not satisfactory (e.g., Progress Report Four, Fig. 22).
The use of Endo's procedure has revealed that some bands of catalase-peroxidase
in anionic electrophoresis of Douglas-fir stem callus extracts also have IAA
oxidase activity (Fig. 7).

It may be of significance that, for this extract,

the major IAA oxidase activity has the same mobility as the major peroxidase
peak(s) whereas the peak to the far right (not catalase here) appears to have
little or no IAA oxidase activity.

There is also considerable IAA oxidase

activity in organized tissue as shown for Douglas-fir seedlings in Fig. 8.
Notice that the peak to the far right here does have both IAA oxidase and
peroxidase activities.

Peroxidatic enzyme activity released into suspension

medium is also accompanied by IAA oxidase (Fig. 9) although clonal differences
have been found.

PEROXIDE ANALYSES

Introduction
Assessment of the validity of the peroxide regulation hypothesis
(Appendix Table III, IV) requires some quantitative data on peroxides if they
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Figure 9.

After
Anionic Electrophoresis of Cell-free Suspension Medium
Cells.
Callus
Stem
Culture of Douglas-fir
Catalasc-Peroxidase Activity (a) and
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exist in tissues of developmental interest.

Peroxide analyses of various

tissues were conducted to see if there might be parallels, for example, between
distributions of catalase and other peroxidases and peroxide content.
reported here are from in vitro assays.

Results

Hopefully, some estimate of in vivo

peroxide levels will be available for Progress Report Five.

Methods
Peroxide extraction and analysis was adapted from Sagisaka (6).
Tissue was ground in the cold room in 5% trichloroacetic acid (40 ml/g dry wt.)
with washed sand (2 g/g dry wt.).

Samples were assayed at least in triplicate

accompanied by a reagent blank control.

Since the color developed in the assay

was not completely stable, the mechanics of the technique allowed better data
generation when absorbances of samples and controls were separately recorded
for 3 minutes versus a water reference rather than against each other; resultant
time progress curves were then extrapolated to zero time, and the control values
were used to correct sample values.

It should be cautioned that this procedure,

as used here, does not distinguish hydrogen peroxide from other peroxides.
Peroxide recovery in extraction was about 85%.

Results
Table I presents some typical data for Douglas-fir and loblolly pine
tissue extracts.

All seedling and callus tissues examined so far have substantial

peroxide content.

Since these are in vitro analyses, there remains some question

as to how representative these data are of the in vivo situation.

An in vivo

assay for peroxide is contemplated which may permit us to speak to this point.
Also, analyses of different seedling parts have not been run separately at this
time.

There is also the matter of how to express these results to draw meaningful

conclusions; values in the table are given on both fresh weight and dry weight
bases, but some other basis like protein might be used.

The fresh weight basis
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suggests that the concentration of peroxide is low in callus tissues relative
to seedling tissues whereas the dry weight of seedlings is largely fiber which
causes problems in use of the dry weight basis for comparison.

TABLE I
PEROXIDE CONTENT OF TISSUES

Tissue
Douglas-fir
seedlings

Douglas-fir stem
callus

Douglas-fir
cotyledon callus
nonshoot producing

Douglas-fir
cotyledon callus
shoot producing

Loblolly pine stem
callus light-grown

I

Loblolly pine stem
callus dark-grown

Sample
Replicates

Nanomoles Peroxide Corrected for Control
Per g Fresh Wt.
Per g. Dry Wt.

1
2
3
4

299

786

296
316
308

780

5

306

1
2
3

65
81
106

1100
1370

1
2
3

66
77
96

1095

1
2

75

1227

83

1370

3

77

1271

1
2
3

21
22
22

351
366

1
2
3

41
41

689
675
660

4o

830
810
806

1786

1267

1575

372
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Values for light- and dark-grown loblolly pine tissue appear in the
table.

Dark-grown Douglas-fir was not available at the time this investigation

was conducted.

It was thought that a low peroxide content in dark-grown tissues

might be indicative that photorespiration was a major peroxide generator.

While

photorespiration may be contributing to the peroxide found in light-grown callus
extracts, results now available cannot be used in support of that idea but
rather suggest that other more significant peroxide generation occurs.

It was noted elsewhere above that suspension cultures of Douglas-fir
release peroxidases to the growth medium.

Peroxide analysis shows that the

peroxidase is accompanied by some peroxide, but, as might be expected, the
amounts found are quite variable if enzymes are not inactivated.

Although more

data is needed here, it appears also that medium 26-10 gives a higher control
value than just water when used in a reagent blank.

In all of these peroxide analyses, which are based upon iron oxidation,
controls without extract show a feeble increase in absorbance with time after
KCNS addition.

Some samples exhibit the opposite trend, particularly Douglas-fir

stem callus extracts.

Such samples appear to contain labile unknown factors

(reducing agents?) that lead to destruction of the ferrithiocyanate complex.

It

is also apparent in Table I that replication in the case of Douglas-fir stem
callus extracts is rather poor.

Here, as in other assays with this tissue,

it has been observed that, despite timed reagent addition, each succeeding sample
analyzed has a higher peroxide content as do deliberately aged extracts.

It

is thought that the high water content of the tissue dilutes the trichloroacetic
acid to the point where it is no longer strong enough to stop enzyme activity.
This probability is under investigation.
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The tentative conclusion drawn from the data presently available is
that the peroxide concentration in callus tissue is low.

However, this in vitro

extrapolation needs confirmation from in vivo analyses.

ELEMENTAL (METAL) ANALYSES

Introduction
These analyses of callus and seedling tissues were conducted as an aid
to medium development, i.e., to provide a basis for feedback regarding beneficial
qualitative and/or quantitative changes that might be made in components common
to most media.

These components are mostly metal cations but do include some

other elements, such as P, detectable by emission spectroscopy.

If these

analyses continue to prove useful, similar data will be acquired for loblolly
pine.

The tissue analyses also led to a further analysis of agar as detailed

below.

Methods
These analyses were conducted by the Analytical Department at the
Institute using the emission spectroscopy technique with tin as an internal
standard.

Results
Elemental analyses for Douglas-fir tissues given in Table II include
results for seedlings, needle callus, and four samples of stem callus.

Several

elements appear to deserve some further attention, but particularly striking
is the accumulation of K and Na.

It could be quite important to single out the

Na for immediate attention since only a trace of Na is provided in the media
used.

Our search for the Na source leads at present to the agar supply as the

most likely culprit.

Elemental analysis shows it to be Na rich with at least
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seven times more Na than any other element revealed by emission spectroscopy.
Experiments are underway to ascertain the effects of reducing the Na supply to
cultured cells.
initiation.

It may be important to do this beginning at the stage of callus

However, since Na and K are active transport species, the problem

(if it is one) may lie deeper than simple availability.

Some quantitative

medium adjustments may be anticipated in light of these analyses.

TABLE II
ELEMENTAL ANALYSES OF DOUGLAS-FIR BY EMISSION SPECTROSCOPY

Element
Ash
Ba
B
Si
P
Mn
Al
Fe
Mg
Pb
V
Ca
Mo
Zn
Na
Cu
Ti
K

% Oven-Dry Weight
Sample 3
Sample 4

Sample 1

Sample 2

5.3
0.0029
0.0052
0.32
0.14
0.0052
0.079
0.069
0.30
0.0003
0.0010
0.68
<0.0001

6.0
<0.0005
0.0049

4.6
<0.0004

0.010

0.0088

0.32
0.012

0.33
0.013
0.0003
0.030

<0.0086

0.018

0.11
0.0012
0.0053
0.72

0.0004
0.032
0.10
<0.0001
<0.00006
0.24
0.0009

0.40
0.0003
<0.0002
2.1

0.0048

0.090
<0.0001
<0.00005
0.20
0.0010
0.020

0.28
0.0003
<0.0002
1.4

8.0
0.0006
0.0076
0.016
0.39
0.014
0.0008
0.056
0.14
<0.0002
<0.00009
0.34
0.0013
0.030

1.1
0.0015
<0.0003
2.8

Sample 5

4.7
<0.0005
0.0050
0.010
0.30
0.0076

0.0005
0.025
0.082
<0.0001
<0.00006
0.18
0.0008
0.020
0.49
0.0014
<0.0002
1.6

Sample 6
10.9
<0.0009
0.0094
0.022
0.40
0.019
0.0010
0.059
0.24
<0.0002
<0.00012
0.42
0.0012
0.030
1.2
0.0005
<0.0004
3.7

Co and Cd were also sought but were undetectable in any of the tissues.
Sample 1 = Douglas-fir seedling.
Sample 2 = Douglas-fir needle callus - 5 subcultures on medium 10.
Sample 3 = Douglas-fir stem callus - 17 subcultures on medium 10.
Sample 4 = Douglas-fir stem callus - 68 subcultures on medium 10.
Sample 5 = Douglas-fir stem callus - 68 subcultures (41 on medium 3 then 27 on
medium 17-8).
Sample 6 = Douglas-fir stem callus - 67 subcultures on medium 17-8.
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GROWTH AND ORGANIZATION OF SUSPENSION CULTURES

EFFECTS OF MISCELLANEOUS CHEMICAL AND ENVIRONMENTAL FACTORS

Introduction
Listed in Part I of the Research Program (Appendix Table III) are studies
involving autoclaving, cell cluster size, and sucrose level.

The first two factors

will be discussed separately in following sections and the sucrose level will be
discussed here as one of several factors we have been continuously trying to
optimize.

We are also interested in the quality and quantity of light and its

duration, as well as in drum speed of revolution for suspension cultures, test
tubes versus flasks for suspension vessels, the effects of 3-5 day intervals between changes of medium versus not changing the medium, effects of a cold pretreatment of callus before being used for suspensions, and the effects of a commercial fermentation product.

These, along with sterilization and cell cluster size.

constitute the main empirical studies carried out in the Tissue Culture Lab.

The

other half of our work is concerned with feedback experiments in cooperation with
the Biochemistry Lab.

Most of the studies have not been completed, so a general

approach will be adopted to report progress.

In one way, however, empirical studies never end, but are used to adapt
the best results of the feedback studies to the optimum environmental factors
available in the laboratory.

Thus, a significantly new level of embryoid

induction, stimulated by a feedback factor, would immediately call for an experiment using the best feedback treatment, coupled with the best alternatives of
the environment determined by empirical studies.

This is a continuous process,

and is complementary to the biochemical feedback program.

For each factor, a

separate short section will be used instead of one section of Results and
Discussion.

Only the general suspension method will be outlined in the Methods

and Materials Section.
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Methods and Materials
The routine suspension culture treatment is replicated three times in
25 x 150 mm test tubes with metal closures.

Ten ml of liquid medium are used

per tube, usually composed of medium 26-10 (Appendix Table IV) and including
the empirical or feedback treatment if it is chemical in nature.

For the

environmental factors, medium 26-10 is used without additives.

Suspensions are prepared by adding approximately 0.25-0.5 cc by volume
of macerated callus tissue.
is

Soft green callus from the first few subcultures

preferred, but often it may take up to six passages of one month each

between subcultures to have enough callus tissue to run a large experiment.

Our

current policy is explained in the first section of this report, of routinely
using needle callus in its sixth to twelfth passage, but occasionally using
smaller amounts of callus from the first or second subculture.

After callus is added to the liquid medium and the cells dispersed by
shaking, the tubes are placed on a rotating drum, usually at 10-15 rpm, in about
4,000 lx fluorescent Cool White and Plant Light on for 16 hours per day at
Suspensions are monitored weekly by cytological examination.

23 ± 1°C.

Except

for long-term suspensions of up to 50-80 days, most suspensions are run for
two weeks then discarded.

New suspensions are usually made up for each new

experiment, mainly for uniformity of conditions among suspensions.

Long-term

changes in continuous suspensions are too variable for us to start suspensions
from existing suspension cultures.

For long-term suspensions, we usually change

the medium weekly, but occasionally will run a long experiment without changing
the medium.

Each of the seven factors will be presented separately.

However, two

or more factors were generally combined into one test, with appropriate controls,
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to test interactions.

The results represent the overall view at this time of

the effectiveness of each factor.

Sucrose Level
Sucrose levels of 2-4% are preferred by most plant cultures (7), and
we normally use 3% in agar medium 3 and 10, and use 3.5% in liquid medium 26-10.
We ran one experiment using 2, 3, 3.5, and 4% sucrose in medium 26-10 in suspensions.

Embryoids were observed in about equal numbers in media with 3-4% sucrose,

possibly with slightly greener cells and slightly more embryoids at 3.5% sucrose.
However, we were not able to quantify significant differences among 3, 3.5, and
4%.

So, until we can observe differences, we plan to continue to use 3.5% sucrose.

Light Quality, Quantity, and Duration
Quality
In the past we have used Cool White fluorescent lights, and have obtained embryoids in suspension cultures and shoots on agar medium.

However, after

tests using the lavender Plant Light fluorescent bulbs, cells appeared greener in
suspensions.

Now we use an equal mix of the two types of bulbs.

Quantity
We have grown suspensions in light at 1,000-8,000 lx, and believe that
we get faster response to feedback additives in about 4,000 lx and best embryoid
development at lower levels of about 1,000 lx.

We are trying to find one suitable

combination of quality and quantity to get the maximum response in both feedback
and embryoid development experiments.

Duration
We have used continuous light and 16 hours per day, and at present we
are going with 16 hours light alternating with 8 hours darkness.

This light

combination appears better than continuous light in a uniform lab temperature of
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23 ± 1°C, and the one run in an incubator with fluctuating temperatures and the
same 16/8 hours light did not give as good growth.

Drum Speed
For feedback studies we use a drum speed of 10-15 rpm, but leaning
toward 15 rpm.

For very old callus that was also firmer, speeds up to 20 rpm
However, for newer and softer callus, some of the cells are often

were tolerated.

shattered at speeds over 15 rpm.
down to 1 rpm.

For embryoid development, slow speeds are best,

At 15 rpm, the cells generally stay suspended in the liquid,

except for the larger callus pieces.

At 1 rpm, all cells usually settle to the

bottom of the slanted tube and remain in the same relative position throughout
the rotation.

Experimental Vessels
We routinely use tubes for suspension cultures, because we can accomodate
several hundred tubes in a relative small space and tubes appear to be satisfactory
for feedback, and possibly also satisfactory for embryoid development studies.

We

also have a rotary shaker for 125 ml Erlenmeyer flasks and a larger one for flasks
up to 2 liters in volume.

In several experiments using the smaller flasks, we

have not found shake cultures to be superior to tube cultures, and plan to use
flasks only occasionally to test for embryoid development along with tube controls.
The flasks may be aerated better than tubes.

However, the motion in flasks

appears to be more random than in tubes, and possibly not as conducive to polarization motion that may or may not be necessary for embryoid initiation.

Change of Medium
In most experiments, especially of a preliminary nature, we usually make
up the treatments once, run them for 1-2-weeks or longer, then discard them.

For
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embryoid development the one change appears to be the best.

However, frequent

changes of medium at intervals of 3-7 days appears to keep the cells greener than
Since there does not appear to be significant differ-

when there is no change.

ences in growth among 3, 5, or 7 days, we routinely make changes at 7 days when
we wish to make changes of medium.
medium keeps the cells greener.

We have not yet explored why changing the

It could be simply the renewing of nutrients,

or the removing of wastes or inhibitors, or a combination.

However, frequent

changes also appear to remove a chemical factor that helps embryoids develop
into larger embryoids.

A simple addition of some new medium is better in these

cases, but addition can only be done a few times during a long culture.

Cold Pretreatment
We have tried pretreating callus and suspensions with cold before
placing them on a rotating drum, in attempts to "vernalize" the cells and trigger
embryoid initiation.

Usually a slight increase in the frequencyof embryoid

initiation is noted, but no significant change can be attributed to cold treatments.

An exception is one experiment with callus cultures, where the callus

receiving 3-5 days of cold grew faster and greener and longer than did controls
that did not receive cold.

We have not followed up this approach because the

better growth did not also increase embryoid initiation.

Fermentation Product
A commercial preparation was made available to us

to test for embryoid

induction in callus cultures as well as in suspension cultures.

A strain of

bacteria is cultured commercially (not by us), and the bacteria, substrate and
products all sterilized together and packaged for sale as a stimulator of plant
growth.

We made dilutions of the original thick material from 10

to 10

in

liquid medium 26-10 for suspensions, and also dropped the same solutions onto
callus still in Petri dishes.
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The undiluted and the 10-fold dilution killed the callus and most
cells in suspensions.

However, at 10 -5and 10

initiation over the controls.

6,

there was significant embryoid

Unfortunately, we do not at this time believe

that the increase in embryoid initiation was superior to some other known additives we have tested, and at present we have discontinued testing this material.

Future Plans
We plan to continue empirical studies on light, drum speed, and changing
the medium in long-term cultures.
new young callus.

We may also do some more flask culturing with

A routine method for suspension cultures has not yet been

worked out that is satisfactory for both feedback and embryoid development, but
environmental conditions have been determined for each type of culture separately.
More and different combinations of factors will now be attempted.

CELL CLUSTER SIZE

Introduction
In several laboratories around the world, where carrot suspension cultures are used routinely to produce embryoids, embryos, and mature plants, one
of the steps in the preparation of suspensions is to sieve the callus cells.

The

sieving is used mainly to produce suspensions having fairly uniform sizes of cell
clusters from which embryos develop.

The optimum size of cell clusters varies

somewhat from one laboratory to another, but the range of size is generally between 100-200 pm in diameter.

For cells averaging about 50 pm in diameter, this

would mean that clusters containing 5-15 cells are optimum for embryo development.

Last summer we ran a half-dozen experiments on sieving Douglas-fir
callus cells just after they were dispersed in liquid medium.

Our purpose was

to determine the optimum size of clusters to give the highest frequencies of
newly-initiated

embryoids in

suspension cultures.
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Methods and Materials
Samples of nylon screening were obtained having pore openings ranging
from 37-3300 pm.

Since most cells averaged about 50 Pm in diameter, pore sizes

below 150 pm were quickly eliminated because they only passed single cells or
small clusters.

After five experiments, four sizes were established as a

standard series to remove large undispersed callus pieces (2000 pm), as well as
to give suspensions composed of large (500 Pm), medium (300 um) and small
(150 Pm) clusters of cells.

Along with large clusters were occasional large

embryoids composed of 50-100 cells that developed in the callus.

Medium-sized

clusters were composed of radiating and elongating cells that usually develop
into clusters of embryoids, and the small clusters (larger in size than 150 um)
were composed mainly of dividing embryonic cells and very small embryoids of
few cells.

Only small clusters passed through the 150 pm screen.

Results and Discussion
Preliminary experiments were run to establish the survival of clusters
of various sizes, and also the relative initiation of new embryoids in each
fraction.
given now.

This study is not yet complete, so only general comments will be
At this point, however, there is some evidence that the large pieces

of callus may inhibit further embryoid development, which is probably the reason
that they were removed by those working with carrot suspensions.

As soon as

we obtain a routine suspension method for both feedback and embryoid formation,
we will probably start parallel suspensions having large, medium, and small cell
clusters.

A possible confounding factor with sieving is the washing effect on
the cells.

In order to effectively separate the cell clusters into fractions,

the callus must be dispersed in a fairly large volume of liquid medium.

If the

sieve surface is too small, the callus accumulates on the screen surface and a
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great deal of washing is necessary in order to achieve a clean separation.

The

answer would be to use a minimum amount of liquid for callus dispersion, as
well as a large filter surface so that cells do not accumulate.

A large sieve

surface area must be balanced against the cost of nylon material, but the
material can be autoclaved several times without degradation.

So far, we have

observed that cells can take some washing, but beyond that the growth and
We plan more experiments with sieving and

embryoid formation drop off rapidly.
to test the washing effects of cells.

If we could obtain a uniform size of

clusters with high survival and embryoid initiation, perhaps we could find a
way to reduce the washing effect and thereby retain the cells' capacity to
develop into a true embryo.

Future Plans
We plan to continue empirical studies to the extent of developing one
routine method for both feedback and embryoid development.

The criteria for

both types of cultures are greener cells plus embryoid initiation and development.
Our routine work would proceed more rapidly with one standard speed of rotation,
one light environment, and all other factors remaining the same except the one
feedback factor.

STERILIZATION OF

MEDIUM

Introduction
Last June, at the Tissue Culture Association meeting at Philadelphia,
the first question at an evening roundtable discussion concerned sterilization.
Murashige responded that autoclaving has proven best for most types of media for
plant cultures, but that sucrose did degrade to some extent, and other things
probably break down in the medium.

He suggested that for sensitive experiments,

all components except agar and most of the water could be filter sterilized
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than added to the autoclaved agar.

One of us asked if anyone had any information

on the degree of sucrose degradation, and to what extent the degradation products
may stimulate or hinder callus growth and organ formation.
and not very much work has been reported on the problem.

No one knew the answer,
This discussion,

along with subsequent discussions with individual workers, led to a reexamination of our methods of sterilization of medium.

Our routine method of sterilization was to autoclave all liquid and agar
media for 18 minutes at 15 psi and 120°C.

This appeared sufficient to kill all

contaminants, but we had no data on how this method compared with other autoclaving
times or with filter sterilization.

During the past several months we have studied

different aspects of sterilization, attempting to determine the best type for
callus growth and embryoid initiation.

Some of the preliminary results will be

discussed here.

Methods and Materials
Our autoclave is a Market Forge Sterilmatic, which heats its own water
to produce steam.

We ran seven separate experiments using volumes of media

varying from 100 to 500 ml in different size flasks.

We also used different

time settings from 2-60 minutes, and also usually used the media in agar and
suspension cultures to check for differences in growth and embryoid production.
We tested the effect of starting with cold water against preheating the autoclave
and starting with hot water; and in later tests, we added a natural bacterium
sometimes found in our callus cultures, believed to be the large rod-shaped
Bacillus megaterium.

The purpose of adding a live bacterial strain was to compare the killing
effects of various time settings.

Cloudiness in a suspension culture does not

always indicate bacterial growth, but a milky suspension is a fairly good indicator
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of contamination.

Microscopic examination by itself is not always a good indicator

of bacteria, but should be used only in conjunction with plate tests where media
are poured onto the same nutrient medium used in callus cultures.

Growth of

bacteria on test plates or in suspension cultures is the best indication that the
sterilization was ineffective.

The original flasks were also kept for a few weeks

after autoclaving, to compare with plate and suspension tests.

In some cases,

additional suspensions were prepared from the original flasks after two weeks,
to test for spore kill.

For some of the tests, filter sterilization was compared

with autoclaving by running unautoclaved medium through filters having pores
0.2 or 0.4 pm in size.
Results and Discussion
Starting with deionized water at lab temperature and the time set at
18 minutes, steam usually developed to full 15 psi inside the autoclave after
9 minutes.

After an additional 14 minutes at full pressure and temperature the

slow exhaust cut in, and the door was opened after another 16 minutes for a total
time of 39 minutes.

However, if the autoclave was preheated for a few minutes

before the medium was placed inside, full pressure was usually reached in 2-6
minutes.

The variability of time required to reach full pressure depended mainly

on the volume of the liquid used; larger volumes requiring more time than smaller
volumes.

Only a slight drift was noticed, in that with repeated runs of five

minute settings, it took 0.75 minutes longer to reach full pressure after the
fourth run than did the 4 minutes required for the first preheated run.

Also,

the slow exhaust was switched to fast exhaust after the pressure had dropped to
10 psi, greatly reducing the exhaust time.

Thus, with both preheating and fast

exhaust at 10 psi, the up and down time was reduced from 25 to 6-8 minutes,
reducing the total time by 41% at the 18-minute setting.
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Both lysing (bacteria degradation) and growth on test plates were used
in treatment evaluation.

In a recent series of tests, bacteria did not lyse after 5 minutes
but did lyse after 7 minutes autoclaving.

Lysing did not occur until 5-6 days

after autoclaving, after lysing enzymes were again produced and attacked the
killed bacteria.

The lysed bacteria slowly degraded, leaving a membrane and

usually releasing large oval spores into the medium.

Seven-minute autoclaving

apparently also killed the spores, because bacteria did not grow again in the
flasks except where the original population was exceptionally high.

Where large

globs of bacteria were used, up to 25 minutes autoclaving did not cause lysing.
However, when the bacteria were well distributed, only seven minutes were needed
for lysing.

In a later test, even 6 minutes appears enough to cause lysing,

although this may be too close to the safety time limit.

In the latest test of this series, medium 26-10 was autoclaved at
settings of 5, 6, and 7 minutes in our electric autoclave.
at full pressure were 2, 2.5, and 3.3 minutes.

The respective times

In a regular steam autoclave in

another laboratory, the same times at full pressure were given to other samples
of medium.

In each case, the total time in the steam autoclave was about 20%

less than in the electric autoclave; but, from a relatively uniform distribution
of inoculated bacteria, there were more survivors in the media autoclaved in
the steam autoclave than in the electric autoclave.

However, none of the bacteria

seemed to be alive after 10 days, and no bacteria had grown in the original flasks
or on test plates.

Neither did the spores seem to be germinating.

The higher

survival may have been due to the shorter total times exposed to heat.

In some early tests, media autoclaved in the electric autoclave did not
produce as many embryoids in suspension cultures after 3 and 9 days, as did medium
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filter-sterilized through 0.2 or 0.4 pm filters.

After 14 days, however, 4-

minute autoclaving was better than filter sterilization for embryoid production.

Future Plans
We are continuing this study, planning a few more tests between autoclaving and filter sterilization and their effect on subsequent embryoid formation.
If we decide that filtering is best, we may switch to that type of sterilization
system.

But if we find that some autoclaving is best, we may then initiate a

study to determine why it is better.

We also plan to install a steam autoclave

in our new expanded lab for further tests on sterilization.

EMBRYOIDS OF DOUGLAS-FIR AND LOBLOLLY PINE

Introduction
In all studies involving suspension cultures, the objective has been
2-fold:

to improve the length and quality of the growth of cells as well as to

initiate high frequencies of embryoids.

Hence, embryoid initiation has been

discussed indirectly in all other sections dealing with suspension cultures.
However, for the purpose of perspective, and to look at the objective of embryoid
initiation itself, this separate section has been added to the report and is
included in the research plan as part of the Feedback Research section (Appendix
Table III, Part IV).

Methods and Materials
Our routine suspension cultures consist of three replicates per treatment, freshly made from callus tissue, where soft green callus is dispersed in
10 ml of liquid medium 26-10 per tube.

Tubes are rotated at 15 rpm in 4,000 lx

of fluorescent light, on for 16 hours per day at 23 ± 1°C.

Suspensions are

monitored every 3-7 days by microscopic examination, and scored according to the
quality of cell growth as well as embryoid initiation and development.

The
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optimum medium will produce high frequencies of large-sized embryoids composed
of bright-green cells.

Results and Discussion
During the past year we have not produced high frequencies of large
embryoids, but have been concerned with empirical studies to improve the environmental conditions, and also in testing a broad spectrum of biochemical additives.
We can produce high frequencies of small embryoids 5-7 cells in size, but, when
these are poured onto medium, they have not developed into true embryos or plants.
When we have produced occasional large embryoids of 100-200 cells in suspensions,
neither have these germinated and grown on agar.

If the embryoid-embryo-plant

route is to work at all for conifers, the best success might be in pouring out
suspensions of high frequencies of large embryoids composed of 50-100 cells
each.

Our current objective is the production of high frequencies of large

embryoids of 50 cells or more.

When we do this, we then intend to pour out

the suspensions onto different agar media in attempts to produce embryos and
plants.

Only after we test this phase of the project program will we be able

to objectively assess the probability of propagating conifers by the suspensionembryo route.

If the liquid path appears untenable after a meaningful exploration,
then we will probably change our emphasis to propagation from callus.

However,

the advantages of mass producing thousands of trees per tube from cell suspensions
are by far the most attractive method at this point.

And, in view of the poten-

tially high commercial application of the suspension method, we should not abandon
this possible route until a reasonable examination has been made.

Future Plans
For the next six months or so, we plan to continue to look at biochemical
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additives for their effect in triggering the initiation of large embryoids of
50 or more cells.

Our feedback research is presented a little behind schedule

but we still hope to obtain high frequencies of large embryoids by next summer.
We will then move into the next stage of trying to grow large embryoids on
agar medium.

FEEDBACK RESEARCH

Introduction
Feedback research is the testing ground where attempts are made to take
insights from biochemical investigations and utilize them to induce or control
growth and embryogenesis.

Also covered here are what have come to be known as

perturbation experiments which are based mainly on insights gleaned from the
literature rather than from our own experimental observations.

Such experiments

are designed primarily to generate leads although, of course, induction of
embryogenesis would be a very acceptable response should it occur.

Appendix

Table III illustrates the relationship between the feedback research and the
other studies underway.

The feedback investigations reported below with UDP (uridine diphosphate)
and associated additives were attempts to begin some logical additive combinations
relative to the carbon utilization hypothesis (described p. 61).

Iron concentration

reduction was instituted in relation to the peroxide regulation hypothesis and the
fact that catalase and peroxidases are iron-proteins.

The minor metals subtraction

was perturbation research conducted in anticipation of results from elemental analysis
of seedling and callus tissues (see earlier section).
now as part of the feedback input for medium design.

These results may be considered
Malate and succinate were used

not only as aerobic substrates but because of reported stimulatory and inhibitory
effects on other metabolism (8).

The perturbation agent, silver nitrate,
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was reported recently to be a potent antiethylene agent (9).

As such, it relates

indirectly to the peroxide regulation hypothesis and may eventually find use as
a pretreatment prior to other feedback additions.

Methods
These experiments were run as usual in 10 ml suspension cultures on
roller drums as detailed elsewhere in this report.
or 19-U (urea-based).

The medium was either 26-10

Concentration ranges for additives discussed below were:

UDP, 0.1 mM; FeEDTA, 0.7-5.6 mg/liter; glucosamine, 0.01% (w/v); malonic acid,
1 mM; succinic acid, 0.5-5 mM; malic acid, 0.5-5 mM; pyrophosphate, 0.1-10 mM;
and fluoride, 0.1-10 mM.

Results
Carbon Utilization Hypothesis - UDP and Related Additives*
In some of the early progress reports it was noted that sucrose synthetase activity was apt to provide a major route for the entrance of sucrose carbon
into callus or suspension cell metabolism.

It was shown, for example, that all

sucrose disappeared from the growth medium within a very short time if UDP was
provided in the medium along with the sucrose.

Also, the Ph.D. thesis research

of Graham (10) demonstrated the presence of sucrose synthetase in the tree callus
tissues.

This reaction, UDP + sucrose = UDP glucose + fructose, brings glucose

into metabolismin an activated state so that no further energy investment is
necessary for utilization.

However, UDPG, once formed, may have more than one

possible fate, e.g., it might serve as precursor for storage of structural polysaccharides which would delay the capacity to utilize the glucose for either biosynthetic or energy purposes.

The most direct route for immediate utilization

for dynamic functions of the cells would seem to be via the reaction catalyzed
by UDPG pyrophosphorylase:

Hypothesis described in

detail p. 61.
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UDPG + pyrophosphate = glucose-l-phosphate + UTP

The sequence of sucrose synthetase followed by UDPG pyrophosphorylase would appear
to be ideal from several points of view which will not be dealt with here.

Whereas UDP had been added to suspension cultures before along with
sucrose, lately we have been adding a further promoter of the "sucrose to UDPG
to glucose-l-P sequence," namely, pyrophosphate.

Fluoride (11) was sometimes

added also in hopes of protecting the added pyrophosphate, but this is probably
not specific enough to be very useful unless other interactions with the cellular
system were also beneficial.

When one starts adding several chemicals to a

complexcellular system, either in combination or in sequence, incompatibilities
may occur or responses may occur that are unrelated to the investigators'
original intention.

The results that were obtained with UDP and the aforementioned
combinations are still incomplete.

However, the general trend has been that

UDP is quite a consistent inducer of embryoids with the maximum effect appearing
in about one week; thereafter, the old problem of reversion sets in.

The

addition of pyrophosphate with the UDP also appears to be beneficial if one
does not exceed about 0.1 mM.

At times the combination of UDP plus glucosamine

(see earlier reports) has out-performed either of these additives alone.

An

interesting sequence which has been run with some success is to treat for three
days with UDP or UDP + glucosamine and then transfer to a medium with pyrophosphate + a pyrophosphatase inhibitor (e.g., fluoride).
arose in this way.

The embryoid in Fig. 10

At this point we are in need of more information about the

stability of the added pyrophosphate in vivo.
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Figure 10.

Embryoid Produced by UDP and Pyrophosphate in Sequential Feedback

Iron Concentration
The iron level was varied initially because of its relationship with
the iron-proteins, catalase and peroxidase.

Several years ago, Dekock (12)

reported differential effects on catalase and peroxidase tied to iron nutrition.
Iron levels in our media had been at a fairly standard 5.6 mg/liter (as FeEDTA).
This was found to be excessive, particularly in terms of greening of callus cells
or suspension cells but also in terms of embryogenesis to a lesser extent.

The

optimum iron level appears to be about 1.4 mg/liter for both loblolly pine and
Douglas-fir suspension cultures with perhaps slightly higher amounts for agar
cultures.

Reducing the iron levels not only promotes greening but also retards

browning.

A relationship between chlorophyll content and iron nutrition was

also discussed by Dekock (12).
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Minor Metals Subtraction
Prior to elemental analyses of organized and unorganized Douglas-fir
tissues, an experiment was started in which individual minor metals or combinations thereof were deleted from Douglas-fir stem callus suspension medium (26-10).
This experiment also included some additions to 26-10 such as selenium.

Cells

were examined weekly under the light microscope for a period of 42 days.

These

results show some trends which will be useful in conjunction with the elemental
analyses data, but they are mostly inconclusive as they stand alone.

There may

have been too much carryover from the callus inoculum to yield reliable data in
this instance.

In the future this problem will be addressed in conjunction with

experiments considered in the elemental analysis section.

Malate, Succinate, and Malonate
While these organic acids are well-known for their roles in aerobic
metabolism, they can also exert regulatory effects at low concentrations.
(8) has reported stimulation of IAA oxidase by succinic and malic acids.

Lane
Malonic

acid, while famous as a competitive inhibitor of succinic dehydrogenase, has
many far-ranging effects in some living systems (13).
tion of pyrophosphatase.

Included would be inhibi-

Neither succinate nor malate was very exciting as an

additive although it may be notable that the not-so-high highest concentrations
used (5 mM) had deleterious effects; at 0.5 mM malate promoted some embryoid
development.

To date malonic acid has been used only at 1 mM with two iron levels.

After 10 days samples with malonate were slightly ahead of controls in terms of
embryoid formation, but, in the absence of medium change, the situation underwent
reversal over the subsequent week.

Silver Nitrate
Experiments conducted so far-suggest that if silver nitrate is to be
useful it will be at low concentrations (1 mg/liter or less) and as a pretreatment
to other feedback additions.

Used alone, it has shown no special promise.
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Current Research
At the present time, testing of more than a dozen feedback variables
is in progress, many of them for the first time.
to the peroxide regulation hypothesis.

Most of this feedback relates
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STUDENT AND ONGOING RESEARCH

Several students have expressed interest and/or have under way
research problems (A-291) and Ph.D. thesis programs that are expected to produce
results that will expedite Project 3223 progress.

Listed below are summaries

of student research.

John Bobalek (A-291) - John has been working on the isolation and
culture of sterile Douglas-fir protoplasts.

Early problems with enzyme sterili-

zation and maximum protoplast recovery have been solved and a routine method has
been developed.

Carl Dahl (A-291) -Carl

is working on the fusion of somatic protoplasts.

He has completed the needed literature review and is expected to start his bench
work December 20.

Michael Mohler (A-291) - Michael is working on synthesis of auxin
degradation products and has completed one synthesis, that of methyleneoxindole,
an oxidation product of indoleacetic acid.

Mohler's product, although still

containing some impurities, is now undergoing tests as a perturbation agent.
He is also in the process of synthesizing some radioactive methyleneoxindole.

Kim Robinson (Ph.D. Thesis) - Kim's thesis proposal has just been
accepted and he is expected to start immediately on determining the "nature and
site of microfibril synthesis on the surface of Douglas-fir protoplasts."
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FUTURE PLANS

The level of research activity is expected to increase during the
next six months, due in part to the addition of one and then eventually two
postdoctoral fellows.

Dr. Kimani Waithaka, a recent graduate of the University
He will start his

of Wisconsin, will join the research team on January 3.

stay by working with Dr. Morris Johnson for two or three months and will be
conducting bioassays in connection with studies underway on the IAA oxidase
hypothesis.

Dr. Waithaka is then expected to begin a cooperative investigation

with Dr. Winton on optimization of growth medium for loblolly pine cell suspensions.

Based upon recent experience with needle callus, plans are to use
needle callus of Douglas-fir and loblolly pine as the principal source of cells
for biochemical studies and cell suspension research.

Needle callus shoot

initiation studies, although not an area of top priority, will be extended
because of expected useful biochemical data.

Empirical studies will also be

continued to the extent of developing a single routine method (standard light
quality, drum speed, day length, etc.) for feedback research and investigations
dealing with embryoid initiation and development.

Several additional studies

are planned to compare autoclaving and filter sterilization, in an effort to
establish a standard procedure for use in most future investigations.

Another important part of cell suspension research that will receive
additional attention during the coming months will be to complete the cell
cluster size research presently underway.

The purpose of this work is to deter-

mine the optimum cell cluster size for embryoid initiation.

Parallel cell

suspension studies comparing large, medium, and small cell clusters and
employing routine cell suspension procedures will be the approach used.
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Enzyme research is expected to receive a major amount of attention
during the coming months with the carbon utilization, peroxide regulation, and
IAA oxidase hypotheses (see Appendix Table III, Part II) receiving the greatest
amount of emphasis.

Peroxide quantitation, generation, and utilization, along

with catalase-peroxidase localization, in cooperation with electron microscopy,
are examples of specific areas that will be receiving attention.

Feedback research is expected to reach a new high during the next six
months.

Quality needle callus cells are available, suitable cell suspension

procedures have been developed and appropriate evaluation procedures have been
worked out.

Factors under investigation or expected to be investigated in the

next few months include:

methyleneoxindole, several promoters and inhibitors

of IAA oxidase, commercial enzymes, inhibitors in nitrogen metabolism, sugars,
redox agents, transport regulators, and more.
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GLOSSARY

Amyloplast -A

colorless plastid modified for starch storage.

Asexual reproduction - Reproduction without fertilization. New individuals
may develop from vegetative parts such as tubers, bulbs, or rooted stems,
or from sexual parts such as unfertilized eggs or other cells in the ovule.
Auxins - A class of plant growth hormones of diverse makeup which cause cell
enlargement, apical dominance and root initiation.
Callus culture - The dissociated component cells of a tissue growing on a
nutrient medium.
Cell suspension - A liquid culture of small groups of cells agitated in some
way to provide aeration and growing in a liquid nutrient medium.
Chloroplast - A membrane-enclosed subcellular orgahelle containing chlorophyll.
Chloroplasts are the sites of photosynthesis. They contain DNA and polysomes and can replicate.
Clonal propagation - Propagation of a group of plants derived from a single
individual (ortet) by asexual reproduction. All members (ramets) of a
clone have the same genotype and consequently tend to be uniform.
Cytokinin -A class of plant growth hormones associated with cell division,
assisting with the transmission of the genetic information from the
genes to the proteins.
2D TLC - Two-dimensional thin layer chromatography.
Differentiated callus - Result of the process whereby cells in a callus mass
divide to give rise to dissimilar, more specialized tissues.
Diploid - Having two sets of chromosomes in the nucleus. One-half of the
chromosomes are contributed by one parent, one-half by the other parent.
Many higher organisms are diploid except for their sex cells and
associated tissue.
E-cells - Embryonic cells that have a relatively small central storage vacuole
surrounded by a thick cytoplasm. Normal callus cells have a large vacuole
and a small amount of cytoplasm.
EM - Electron microscope.
Embryo - A young plant developing from an egg cell, after fertilization, or
without fertilization.
Embryoid - A cell group approximating an embryo, but having a more random cell
arrangement.
Empirical method - Method based solely on experiment and observation.
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Enzyme -A

protein molecule that catalyzes a specific chemical reaction.

ER - Endoplasmic reticulum. A system of membranes (originating from the
external membrane of the nuclear envelope) that permeates the cytoplasm
and which may or may not be covered with ribosomes.
Eucaryotic cells - Cells with true nuclei bounded by nuclear envelopes and
which undergo meiosis.
Fertilization - Sexual fusion of male and female nuclei.
Gene - One of the units of inherited material carried on a chromosome;
arranged in a linear fashion and indivisible.
Gene pool - Reservoir of genetic variability available for use in genetic
improvement of tree species.
Genetic gains - Average improvement in progeny over the mean of the parents.
Genetic variability - The variation existing in a given population (species,
for example) with respect to particular genes or arrangement of genes.
Groundplasm - Homogeneous plasma (matrix) remaining after cell organelles and
particles have been excluded.
Haploid - Having the reduced chromosome number, i.e., having one set of
chromosomes in the nucleus. This is normal in sex cells, which have only
half the number of sets occurring in diploid vegetative cells.
Hormone - Any growth substance which is generally transported to the site of
action and can stimulate growth or cell enlargement (auxins), cell division
(cytokinins), stem elongation (gibberellins), or can retard growth as in
the abscission of leaves (ethylene).
Hybrid vigor - The increase in vigor, size and fertility of a hybrid as compared
with its parents, resulting from the union of genetically different gametes
and assumed to be due to special recombinations of dominant and recessive
genes (heterosis).
Hybridization - The production of offspring of genetically different parents.
Hydrophobic - Water repelling.
Interspecific hybrid - The progeny from matings between species.
Intraspecific hybrid - The progeny from matings within species.
Lipids - Any of a group of biochemicals which are variably soluble in organic
solvents and barely soluble in water.
Meristem - A localized group of cells, actively dividing and undifferentiated
but ultimately giving rise to permanent tissue such as shoots, roots, wood
or bark.
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Meristemoid - A localized group of cells in callus tissue, characterized by an
accumulation of starch, RNA and protein, and giving rise to adventitious
shoots or roots.
Mitochondria - Small bodies in spaces of the ground cytoplasm. They are
spherical, long rods, or threads, and are the sites of many important
enzymatic processes. The inner layer of the wall is infolded into fingerlike processes.
Nonrelated species - Species that are members of different genera.
Organelle - A complex xytoplasmic structure of characteristic morphology and
function, such as a mitochondrion or plastid.
Parasexual hybridization - Hybridization resulting from asexual fusion of cells,
either diploid or haploid.
Plasmalemma - The semipermeable, unit membrane surrounding and containing the
cell cytoplasm. In plant cells, it is pressed up against the inner surface
of the cell wall.
Polyploidy - Having three or more times the haploid number of chromosomes.
Procaryotic cells - Single-celled organisms and reproducing entities that lack
a membrane-bound nucleus; they do not undergo meiosis; these include the
viruses, bacteria, and blue-green algae.
Protoplast - Spherical cell protoplasm (cytoplasm + nucleus) bounded by a
membrane but no cell wall.
Protoplast fusion - Union of two protoplasts into one cell.
Ribosomes - Macromolecules containing protein and RNA. They are seen as dense
particles in electron micrographs. They are found in all types of cells
in which protein is being synthesized.
SEM - Scanning electron microscope.
Somatic - Diploid body cells of an organism; those cells other than germ cells.
TEM - Transmission electron microscope.
Tissue culture - General term for callus and cell cultures of undifferentiated
cells.
Ultrastructural - Sublight microscopic, intracellular structure.
Undifferentiated callus - A tissue composed of undifferentiated cells. The cells
are thin-walled, capable of division and generally spherical and uniform in
size. They have very little, if any, secondary wall thickening and no
specialization such as characterizes fiber cells or conductive tissue. The
chemical composition is generally that of xylem (wood) cambial cells found in
trees.
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Vacuole -A fluid-filled space in a cell. A single vacuole, taking up most of
the volume of the cell, is present in many plant cells and contains a
cell-sap which is isotonic with the protoplasm.
Vegetative cells - Nonreproductive cells such as haploid cells from female
gametophytes of conifers or diploid somatic cells.
Vesicle - Small membrane-bound body in the cytoplasm.
Zygote - Fusion product of male and female sex cells or fusion product of
protoplasts.
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TABLE IV
COMPONENTS OF NUTRIENT MEDIA IN MILLIGRAMS PER LITER

1 9b

26-10

1,650
1,900
370
170

1,650
1,900
370
170

400
4,000
185
85

440

440

220

16.9
10.6
6.2
0.83
0.25
0.025
0.025

16.9
10.6
6.2
0.83
0.25
0.025
0.025

8.5
5.3
3.1
0.41
0.125
0.0125
0.0125

Fe(EDTA)

5.6

5.6

5.6

Nicotinic acid
Thiamine
Pyridoxine

0.5
0.1
0.1

--

Inositol
Asparagine
Casein
Adenosine

100
100

Component
NH4N03
KNO3
MgSO4
KH2PO4

CaC12
MnSO4
ZnSO4
H 3 B03
KI
Na2MoO4
CuS04
CoC12

Sucrose
Agar
BAP

3a

& 10

30,000
8,000
0.1

-

30.000
8,000

--

35,000

aMedium 3 contains 1 mg/liter NOAA and medium 10 contains 5 mg/
liter NOAA. NOAA - naphthoxyacetic acid; BAP - benzylaminopurine.
bMedium E-1 is medium 19 plus 0.4 thiamine, 100 inositol, and
40,000 sucrose.
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TABLE V
LIST OF ABBREVIATIONS

2,4-D
ADP
ATP
arg
BAP

2,4-Dichlorophenoxyacetic acid
Adenosine diphosphate
Adenosine triphosphate
Arginine
Benzylaminopurine

BG
cAMP
CI
DF
IBA

Bud growth
3',5'-Cyclic adenosine monophosphate
Callus initiation
Douglas-fir
Indolebutyric acid

IPA
LP
MOPS
MS +
NAD

Isopentenylaminopurine
Loblolly pine
Morpholinopropane sulfonic acid
Murashige and Skoog
Nicotinamide adenine dinucleotide
(oxidized)

NADP
NBT
NOAA
OI
phe

Nicotinamide adenine dinucleotide phosphate
(oxidized)
Nitrobluetetrazolium
Naphthoxyacetic acid
Organ initiation
Phenylalanine

pro
TLC
trp
trpAm
tyr

Proline
Thin-layer chromatography
Tryptophan
Tryptamine
Tyrosine

UDP

Uridine diphosphate
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CARBON UTILIZATION HYPOTHESIS

It is widely observed that sucrose is the best carbon source for plant
tissue culture despite the fact that it must be cleaved to yield glucose if is
to be utilized. If sucrose is split hydrolytically,
ATPwill be needed to bring
the resulting
glucose into
metabolism
as would
be callus
the case
if glucose
were
fedas the
carbon
We
source.
have evidence
that
tissues
containitself
enzymes

that
would
allow
an alternate
pathway
to glucose-6-phosphate
via source
UDP glucose.
This
alternate
route
would
that sucrose
high
is the energy
carbon
for plant

require UDP and pyrophosphate.

Because of enzyme localization and other considera-

tions, one might be more successful delivering exogenous UDP than ATP to such an in
haveto be as
added
along with
stabilizing
factor
is
to prevent here
unproductive
to other
bring
breakdown
indicated.
variousof
metabolites
possible metabolic
fates, Although
only the the
reactions
immediate shown
interest arehave
shown.
In
essence, this hypothesis is that the callus or suspension cells may be unable to
vivo
system.
In order
for UDP
addition to
be ATP,
effective,
pyrophosphate
also
maintain
sufficient
levels
of molecules
like
UDP, and
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to enable
efficient use of the carbon source.
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PEROXIDE REGULATION HYPOTHESIS

This hypothesis is

based upon the prominence of several enzymes in the

cultured cells that are involved in the synthesis, destruction or utilization of
hydrogen peroxide.

Apparent isozymes of these enzymes have shown some correlation

with organizational state.Peroxide analyses to date further suggest a similar
correlation. Also,organizational responses have been evoked in feedback experiments
by agents that should affect these or related enzyme activities and, on occasion,
The above scheme is intended to indicate only kinds

by hydrogen peroxide itself.

of reactions that may be determining the effective concentration of hydrogen
peroxide at any given time.

AH2 is a general symbol for a reduced organic compound

while A is the oxidized form.

While peroxide per se cannot be considered to be a

specific reagent and its modes of action are not established, one attractive
possibility for the action of peroxide is as a crucial factor in the stability of
endogenous auxin as detailed under the IAA oxidase hypothesis (next page).
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IAA OXIDASE HYPOTHESIS

The classical method for induction of organogenesis or
or embryogenesis
embryogenesis in
plant tissue cultures is
tissues.

to manipulate the ratio of auxins to cytokinins in the

The capacity of a given system to synthesize or degrade thse and other

plant hormones could easily be a significant factor with which one must contend in
attempts at external manipulation of the system.

The above scheme depicts some

important reactions relating to natural auxin (indoleacetic acid) in this regard.
The relationship with the peroxide regulation hypothesis (preceding page) is
quite obvious.

All parts of this scheme are under investigation, but the oxida-

tion of indoleacetic acid catalyzed by IAA oxidase is receiving the most attention
at the moment.

