
FOREST BIOLOGY

ANNUAL PROGRAM REVIEW

MARCH 19- 20, 1996



FOREST BIOLOGY

ANNUAL PROGRAM ,REVIEW

SLIDE MATERIAL

March 19- 20, 1996

Institute of Paper Science and Technology
500 10th Street, N.W.

Atlanta, GA 30318
(404) 894-5700

(404) 894-4778 FAX





TABLE OF CONTENTS

Agenda .................................................................. iii

Committee List ................................................................................................. v

Introduction to Forest Biology Projects .................................................................... 1

SOFTWOODS SECTION ................................................................................. 23

Mass Clonal Propagation of Improved Conifers- Initiation .......................................... 25

Mass Clonal Propagation of Improved Conifers:
Conversion of Loblolly Pine Somatic Embryo Germinants to Established Plants ....... 33

Mass Clonal Propagation of Improved Conifers:
Molecular Biology Project Updates ............................................................. 39

HARDWOODS SECTION ................................................................................ 81

Mass Clonal Propagation of Genetically Improved and Engineered Hardwoods:
Project Updates ...................................................................................... 83

Industry Research Needs .................................................................................. 121



ii



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, imroduction, antitrust statemem Lazar

8:40 Hardwoods - CottonwoodTransformation Caimey
Background & Supporting Research
Transformation Experiments
Continuation of Transformation

10:00 Break

10'15 Molecular Biology - Softwoods & Hardwoods Caimey
Differential Display

Somatic Embryo Improvement
Gene Expression Studies

Sterility

12'00 Lunch

Forest Biology PAC Meeting (Room 173),

1:00 SoftwoodEmbryogenesis Pullman
Initiation
New Culture Performance

Cryogenic Storage
Conversion

3'00 Break

3'15 Grant Proposal Activity, StudentResearch, Pullman,
Fundingfor HardwoodProgram Caimey

NewProgramsandPersonnel: Pullman,
Faculty, Differential Display, Lignin, Caimey
Sterility, Issues

5'30 Dinner(ResearchonBleacl-fing) Ragauskas
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Wednesday, March 20, 1996

Forest Biology PAC Meeting Continued (Roo_m 171)

8:00 A.M. Coffee and Donuts

8:30 New OrganizationalStructureat IPST Malcolm
New Fac_ty

8:45 RAC Developments,
Patent / Licensing
Sub-Committees

9:15 ForestBiologyPACPresentationto RAC Lazar

9:45 RAC /PAC Interactions Lazar

10:00 Break

10' 15 Forest Research Initiatives

AF&PA Malcolm,Canavera
PACSub-Committee Lazar

10'35 TAPPI BiologicalSciencesSymposium Lazar

11:00 Adjourn (Lunch will be available at 12:00)
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FOREST BIOLOGY
PROJECT ADVISORY COMMITTEE

IPST Liaison: Jerry Pullman (404)894-5307, FAX (404)894-4778
E-MAIL j erry.pullman@ipst.edu

Mr. Wayne Boyd *(1999)
Bowater Newsprint
Calhoun Woodlands Operations
5020 Highway 11
Calhoun, TN 37309
(423) 336-7458
(423) 336-7206 (FAX)

Dr. David S. Canavera *(1997) *** Dr. Michael Becwar (Alternate)
Genetics & Biotechnology Section Leader Tissue Culture Center Leader
WestvacoCorporation WestvacoCorporation
P.O.Box1950 P.O.Box1950

Summerville,SC 29484-1950 Summerville,SC 29484
(803)871-5000 (803)851-4769
(803)875-7185(FAX) (803)875-7185(FAX)
dcanaver@awod.com E-MAIL mbecwar@awod.com E-MAIL

Mr. Gary L. Cargile *(1998)
WoodProcurementDirector

The Weston Paper and Manufacturing Co.
P.O. Box 539
2401 Prairieton Avenue

Terre Haute, IN 47802
(812)234-6688
SAME AS ABOVE (FAX)

Mr. Steve Coleman*(1995) *** Mr. Dan Morrow (Alternate)
R&DManager SeedOrchardManager
BoiseCascadeCorporation Boise CascadeCorporation
P.O.Box1060 P.O.Box37

DeRidder,LA 70634 Singer,LA 70660
(318)462-4030 (318)825-6329
(318)462-4085(FAX) 318)825-6850(FAX)

Mr. McDavid Hughes *(1996)
Manager Technical Control
Riverwood International USA, Inc.
Forest Research
P.O. Box 35800

West Monroe, LA 71294-5800
(318)362-2441 (FAX)

* The dates in ( ) indicate the final year of the appointment. Revised 2/21/96
*** Company has an Alternate



Forest Biology Pac (Con'0

Dr. Robert Lazar *(1997) (Chairman)*** Dr. Steve Wann (Alternate) Mr. Mike Cunningham
Research Manager Research Associate Regeneration Group Leader
Research & Development Division Union Camp Corporation Union Camp Belville Greenhouse
Union Camp Corporation P.O. Box 3301 Bellville, GA 30414
P.O. Box 3301 Princeton, NJ 08543-3301 (912)739-4613
Princeton, NJ 08543-3301 (609)844-7432
(609)844-7236 (609)844-7323 (FAX)
(609)844-7366 (FAX)

Mr. Gregory N. Leach *(1998) *** Mr. JamesHodges (Alternate)
Research & Development Manager Research & Development Manager
Champion International Corporation Champion International Corporation
P.O. Box 875 P.O. Box 100

Cantonment, FL 32533-0875 Silverstreet, SC 29145
(904)968-3050 (803)995-4842
(904)968-3027 (FAX) (803)995-3915 (FAX)

Mr. John McCoy*(1998)
Forestry Business Unit Manager
Blandin Paper Company
P.O. Box 407

Grand Rapids, Minn. 55744
(218) 327-6386
(218) 327-6387 (FAX)

Dr. Lynne McCullough*(1998) *** Dr. Pamod Gupta (Alternate)
Manager Strategic Biological Sciences Weyerhaeuser Company
WeyerhaeuserCompany Mail StopWTCG30
WTC1C2 Tacoma,WA 98477-0001

Tacoma,WA 98477 (206)924-6623
(206)924-6031 (206)924-6736(FAX)
(206)924-6736 (FAX)

Mr. John Pait*(1998)
Manager Technical Services & Forest Resources
Georgia Pacific Corporation
133 Peachtree Street, N.E.
P.O. Box 105605

Atlanta, GA 30348-5605
(404)652-6688
(404)584-1467 (FAX)

Mr. James Rydelius *(1995)
Manager, Research & Silviculture
Simpson Paper Company
Simpson Timber Company
Redwood Operations
P.O. Box 1169

Arcata, CA 95521-1169
(707)822-0371
(707)822-4429 (FAX)
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Forest Biology Pac (Con't)

Dr. Brian J. Stanton*(1998)
Geneticist

James River Corporation
Northwest Fiber Supply
349 NW 7th Avenue
Camas, WA 98607-2042
(206)834-8342
(206)834-8252 (FAX)

Dr. Ronald A. Woessner *(1997)
Land & Forest Productivity Manager
The Mead Corporation
Columbus, GA 31908-9908
(706)576-6128
(706)571-7471 (FAX )

RAC Representative
Dr. Richard G. Barker
Corporate Director, R&D
Union Camp Corporation
P.O. Box 3301

Princeton, NJ 08543-3301
(609) 896-1200
(609) 844-7366 (Fax)

* The dates in ( ) indicate the final year of the appointment. Revised 2/21/96
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INTRODUCTION TO
FOREST BIOLOGY PROJECTS
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Faculty, staff, and students in the Forest Biology and Other Groups with position and project
orientation.

Person Position Orientation

Faculty

John Cairney Assistant Professor Molecular Biologist / Molecular Biology of Forest Trees
Gerald Pullman Associate Professor Plant Pathologist, Physiologist / Clonal Propagation of

Conifers

New Faculty Plant Physiologist, Molecular Biologist / SE, HW, MFT
New Faculty Geneticist_iochemis_olecular Biology / SE, HW,

MFT

Postdoctoral Fellows

Luis Destefano Postdoctoral Fellow Molecular Biology of Forest Trees

New open position Postdoctoral Fellow Differential Display of Embryos (GA Consort Project)
Funding Likely Postdoctoral Fellow Sterility in Conifers (GA Consortium Project)
Funding Likely Postdoctoral Fellow Drought Resistance in HW (GA Consortium Project)
Funding Applied For Postdoctoral Fellow Early Flowering (GA Consortium Project)

Technical Staff

Shannon Johnson Senior Technician Clonal Propagation of Conifers
Paul Montello Technician III Clonal Propagation of Conifers
Yolanda Powell Technician III Clonal Propagation of Conifers

Barbara Johns Senior Technician Molecular Biology of Forest Trees
Karen Floyd Technician III Molecular Biology of Forest Trees

open TechnicianIII MolecularBiology ofForest Trees

Students

Vincent Ciavatta Ph.D. Candidate To be determined - Use of molecular biology to improve
somatic embryos

Steve Van Winkle Ph.D. Candidate Effects of Activated Charcoal on Tissue Culture
Medium

Deborah Villalon Ph.D. Candidate Characterization of a Proteinase Inhibitor from Atriplex
canescens

Thomas Welt Ph.D. Candidate Enzymatic Deinking- Effectiveness and Mechanisms
Brian Klunk Masters Candidate Lignin Modification in Forest Trees

Tom Kraker Masters Candidate Lignin Modification in Forest Trees
Argentina Leyva Masters Candidate Genetic Alteration of Loblolly Pine for presence of

Anthraquinones as Pulping Catalysts

Dana Freeman Masters Candidate Bioactive peptides plant cell growth.

Jeff Grass Masters Candidate Floral sterility genes in Pinus taeda and £opulus
deltoides.

Eric Wagner Masters Candidate NMR studies of loblolly pine embryo development

Byron Waldrop Masters Candidate Assessing Somatic Embryo Quality Using

Differential Display Techniques
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Other Faculty at
IPST with interest in

Forest Biology

Don Dimmel Professor Pulping & Bleaching
Tom McDonough Professor Pulping & Bleaching
Art Ragauskas Assistant Professor Lignin Chemistry
Lucy Sonnenberg Assistant Professor Environmental Chemistry

New Faculty Position Biotechnology in Pulping & Bleaching
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Development of Forest Bioloov Group
Started July 19o4

(A Five Year Plan)

I. Develop Critical Mass for Establishment and Maintenance of a World Class Research Center for the
Clonal Propagation and Genetic Engineering of Forest Trees
A. Add Faculty Members to Forest Biology Group

1. Years 1-2

a. Develop research teams within and outside of IPST for research on issues relevant to the
pulp and paper industry.

b .... Each year develop, submit, and obtain grant funds to demonstrate fertility of research areas.
Add post-docs with successful outside funding.

2. Years 2-3 - Add new faculty member. Target- Tree Physiologist / Biochemist with molecular
biology capabilities.

3. Years 3-4 - Initiate projects to examine molecular / genetic basis of growth improvement.
4. Years 4-5 - Add new faculty member. Target - Molecular Biologist with genetic mapping

capabilities.
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IPST Softwood Forest Biology Five Year Plan
(85% Loblolly Pine, 15% other species as models.)

Year 1 = July 1994 - June 1995

I. Vegetative Propagation
A. Rooted Cuttings (No Work Planned)
B. Organogenesis (No Work Planned)
C. Somatic Embryogenesis

1. Somatic System
a. Year 1

I. Grow first somatic seedlings.
2. Determine growth kinetics of suspension cultures.
3. Determine osmotic environment of developing seed.
4. Determine effect of activated charcoal during initiation.
5. Develop kinetics model for charcoal adsorption of 2,4-D.
6. Begin characterization of ABA levels in somatic embryos.
7. Determine mineral composition of somatic and zygotic embryos.
8. Adjust medium to produce somatic embryos that fall within the range of mineral

content of zygotic embryos.
9. Begin project for improvement of somatic embryos by stage specific analyses of

gene activity, protein production, and natural osmoticants. (Dependant on outside
funds.)
a. Collect embryos at various stages.
b. Extract RNA for Reverse Transcription-PCR (RT-PCR).
c. Identify stage specific differences in gene expression through RT-PCR

(differential display).
d. Isolate cDNA's derived from genes expressed uniquely at a particular stage.
e. Sequence cDNA fragments from step c. Match to genebank. Use genebank to

tentatively identify protiens which mediate passage through developmental

stages.
10. Begin determination of natural osmoticants during embryo development.

b. Year 2

1. Complete characterization of ABA levels in somatic embryos, modify somatic
embryo ABA content to mimic zygotic embryos.

2. Meet goal of 10% maintainable initiation.
3. Use osmotic development profile to modify protocol.
4. Continue determination of natural osmoticants.

5. Determine effect of desiccation & stratification treatments on somatic embryos.

6. Develop greenhouse acclimation / conversion protocol.
7. Continue characterization of gene expression in embryos by comparing gene

expression for zygotic and somatic embryos of several different genotypes. Use
genebank information to modify protocols. (Example: if a sugar metabolizing
enzyme is induced or repressed this knowledge will help to modify protocols.)

c. Year 3

1. Meet goal of 35% maintainable initiation.
2. Use natural osmoticant and osmotic profile data to produce and improve embryo

quality.
3. Establish ten genotypes (50 somatic seedlings / genotype) in a seedling nursery for

field planting next year.
4. Begin work on understanding why cultures deteriorate over time.
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d. Year 4

1. Use embryo stage gene and protein profiles to develop improve embryo quality.
2. Establish ten genotypes 25-50 somatic seedlings / genotype) in a demonstration field

test.

3. Solve culture deterioration problem.
e. Year 5

1. Embryo quality is similar to zygotic embryos.
2. Somatic seedling vigor during early establishment is similar to zygotic embryos.

3. Program focuses on commercialization issues for the use of somatic embryogenesis.
4. Add field test showing effects of improved embryo quality and somatic seedling

vigor
2. Somatic Embryogenesis Support

a: Cryogenic Storage Culture Library.
1. Year 1 - Determine if members want facilities.

2. Year 2 - Purchase Cryogenic Storage Equipment. Begin protocol
development.

3. Year 3

a. Finish Cryogenic Storage Protocol Development
b. Place IPST genotypes in culture library.

4. Year 4 - Offer storage on contract basis.
b. Greenhouse Conversion / Acclimation process.

1. Year 1 - Develop research conversion process (soil type, container, growth chamber
or greenhouse conditions, etc.)

2. Year 2 - Develop direct greenhouse conversion procedure (mist chamber
environment).

II. Tree Improvement Vegetative Propagation
A. Traditional Breeding (No Work Planned)

B. Genetic Engineering
1. Tree Growth Improvement

a. Disease Resistance / Tolerance

b. Drought-Stress Tolerance (Note: the ultimate goal is to use a pine gene for drought
tolerance with a pine promoter to develop drought tolerant loblolly pine. In the current
absence of a pine transformation system the pine gene and pine promoter (already in
hand) will be tested in several model systems. Knowledge from the model systems is
expected to help with the eventual transformation of loblolly pine. In addition, the use of
hardwood species as model systems is expected in itself to create valuable transgenic
hardwoods. This approach is expected to be highly compatible with the achievement of
goals through student work and grant obtained funds.)
1. Year 1

a. Use Arabidopsis thaliana as a model system.
1. Transform PI gene constructs into Arabidopsis thaliana.

2. Regenerate transgenic plants.
3. Begin to assay gene expression under a range of stress conditions.

b. Use Yellow poplar as a model system. (*Dependent on external funding.)
1. Construct vectors suitable for over-expression of drought-related genes,

including PI (Proteinase inhibitor) gene from Atriplex canescens.
2. Assay PI activity in-vitro.

2. Year2

a. Continue use ofArabidopsis thaliana as a model system.
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1. Continue assay of gene expression under a range of stress conditions.
2. Assay stress tolerance under a range of stress conditions.

b. * Begin development of a transformation system for loblolly pine.
3. Year3

a. *Continue development of a transformation system for loblolly pine.
b. * Use Sweetgum as a model system for draught stress tolerance.

2. Pulp & Paper Quality Improvement
a. Lignin Alteration

1. Year 1

a. Construct vectors for O-methyltransferase (OMT) in antisense orientation
under control of 35S promoter.

b. Build genomic library using loblotly pine DNA.
c. Isolate genomic clones of OMT

d. Isolate promoter fragments of OMT gene
-. e. Transfer OMT constructs into tobacco.

f. Transfer OMT constructs into Sweetgum.

g. Isolate cDNA clones of stem specific genes by differential display.
2. Year 2

a. Characterize stem specific cDNA's by sequencing

b. Isolate promoter of stem specific genes.
c. Construct stem-specific promoter- antisence OMT vectors.
d. Harvest transgenic tobacco plant for assays.
e. Continue cultivation oftransgenic Sweetgum

3. Year3

a. Transform tobacco with stem-specific promoter- antisense OMT constructs and
regenerate transgenic plants.

b. Transform Sweetgum with stem-specific promoter- antisense OMT constructs
and regenerate transgenic plants.

c. Characterize stem-specific / OMT promoters by constructing a series of
promoter- GUS fusions.

d. Transform plants with promoter-Gus fusions.
4. Year 4

a. Harvest tobacco plants for assay.
b. Harvest Sweetgum plants for assay.
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IPST Hardwood Forest Biology Five Year Plan
(90% Cottonwood & 10% Sweetgum)

(Sweetgum % Will Increase With Successful External Funding)

Year 1 - July 1994 - June 1995

I. Vegetative Propagation (Develop tissue culture tools
necessary for genetic engineering of hardwoods.)

A. Cottonwood

1. Rooted Cuttings (No Work Planned)
2 .... Somatic Embryogenesis (No Work Planned)
3. Organogenesis - (Continue development of regeneration system)

a. Year 1 - Improve efficiency of present system, modify for use with a
larger array of explants.

b. Year 2 - Acquire additional elite clones.
1. Discuss barriers to commercialization of transgenic forest trees.
2. Check regenerated plants for somaclonal variation. Are they tree to

type? Establish greenhouse and field trials.
c. Year 3 - Modify regeneration system for use with recalcitrant elite clones.

B. Sweetgum
1. Rooted Cuttings (No Work Planned)
2. Regeneration Systems Development (Organogenesis / Somatic

Embryogenesis)
a. Year 1

1. Confirm species of interest (Sweetgum)
2. Identify / acquire genotypes of interest (model --> elite)
3. Establish greenhouse collection.
4. Initiate tissue cultures.

5. Begin development of tissue culture system for plant regeneration.
b. Year 2

1. Continue development of plant regeneration system.
2. DiscusSbarriers to commercialization of transgenic plants.

c. Year 3

1. Confirm reliability of regeneration system
2. Check regenerated plants for somaclonal variation. Are they true to

type?
3. Establish gr&enhouse and field trials.
4. Extend tissue culture system to more elite genotypes.
d. Years 4 & 5 - Refine systems for oppommities with other clones,
recalcitrant clones, or other species.
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II. Tree Improvement (Develop reliable transformation
methods for target species.) Note: goal is methods development
only, not production of usable high value genotypes. Proprietary restrictions
on many genes allow IPST to do research only. Individual member
companies may negotiate with owner for commercial use of proprietary
genes. If desired, IPST will perform work on a contract basis to move
special genes into target genotype(s) once arrangements have been
completed for use of gene on a commercial basis.

A. Classical tree breeding (No work planned)
B. Genetic Engineering

1. Cottonwood

a.. Year 1 - Demonstrate transformation with cmv35S promoter and
GUS in tobacco and cottonwood.

1. Demonstrate transformation Benign marker - 35S-GUS moved
into tobacco & cottonwood

2. Use Heat shock promoter to drive GUS (hs-GUS)
a. Clone hs promoter into GUS vector
b. Move into plants (infect with A. tumefaciens, select

transformants, regenerate transgenic plants)
1. tobacco
2. Cottonwood

c. Use Heat shock promoter to drive IAA (hs-IAA)
1. Obtain hs-IAA from Monsanto (done)
2. Move into plants

a. tobacco
b. Cottonwood

3. Herbicide tolerance in trees. Discuss approaches & strategies
with member companies. Determine member preference on
leasing or creating own gene.

b. Year 2
1. Heat Shock- GUS

a. Grow transgenic cottonwood plants (containing hs-GUS)
under controlled and heat stress conditions.

b. Harvest transgenic heat-treated and control plants.
c. Conduct Southern, Northern, and GUS expression assays.
d. Grow transgenic tobacco plants (containing hs-GUS)

under controlled and heat stress conditions.

e. Harvest transgenic heat-treated and control tobacco
plants.

f. Conduct Southern, Northern, and GUS expression assays
on tobacco.

g. Check growth habit of transgenic plants. Are they true to
type?
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2. Heat Shock Promoter- IAA

a. Grow transgenic cottonwood plants (containing hs-IAA)
under controlled and heat stress conditions.

b. Harvest transgenic heat-treated and control plants.
c. Conduct Southern and northern assays.
d. Grow transgenic tobacco plants (containing hs-IAA)

under controlled and heat stress conditions.

e. Harvest transgenic heat-treated and control tobacco
plants.

f. Conduct Southern and Northern assays on tobacco.
g. Check growth habit of transgenic plants. Are they tree to

type?
h. Assay effects of increased auxin synthesis on early growth

& external morphology.
3. Access barriers to commercialization (sterility?)

c. Year 3 - Switch to traits / genes of more immediate value to
industry

1. Identify / rank traits
a. herbicide resistance

b. drought tolerance
c. lignin alteration
d. disease resistance / tolerance

2. Address issue of gene availability
a. borrow to start transgenic work
b. begin project to isolate gene(s) / promoters of interest.

3. Check growth habit of transgenic plants. Are they true to
type?

4. Initiate field tests with transgenic plants containing gene of
interest.

d. Years4&5

1. Refine systems for oppommities with other clones, recalcitrant
clones, or other species.

2. Year 2000 - Be center of activity for creation of transgenic
clones with client's gene(s) of interest.

2. Sweetgum
a. Years 1& 2 - See Vegetative Propagation section for Regeneration

system development. Also see also conifer tree improvement
sections where Sweetgum will be a model system for draught
tolerance and lignin alteration. Movement into Sweetgum depends
heavily on procurement of additional funding. (See Research
Proposals Section. Several grants have been applied for which
involve Sweetgum as a hardwood model system for the study of
plant transformation.)

21



b. Year 3 - Switch to traits / genes of more immediate value to
industry
1. Identify / rank traits

a. herbicide resistance

b. drought tolerance
c. lignin alteration
d. disease resistance / tolerance

2. Address issue of gene availability
a. borrow to start transgenic work
b. begin project to isolate gene(s) / promoters of interest.

d. Years4&5

1. Check growth habit oftransgenic plants. Are they tree to
type?

2. Initiate field tests with transgenic plants containing gene of
interest.

3. Refine systems for oppommities with other clones, recalcitrant
clones, or other species.

4. Year 2000 - Be center of activity for creation of transgenic
clones with client's gene(s) of interest.
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SOFTWOODS
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MASS CLONAL PROPAGATION OF
IMPROVED CONIFERS - INITIATION
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Loblolly Pine Cone Collection Mother Trees Used For Initiation

BoisieCascade 1993 1994 1995

BC-1 yes yes yes
BC-2 yes yes yes
BC-3 yes yes yes
BC-4 yes yes
BC-5 yes yes yes
BC-6 yes yes
BC-7 yes yes
BC-8 yes
BC-9 yes
Georgia Pacific
GP10-14 yes
GP7-2 yes
Union Camp
UC10-1003 yes
Uc10-1006 yes
UC10-1007 yes
UC10-1011 yes
UC10-1015 yes
UC10-1018 yes
UC10-1019 yes
UC5-1036 yes yes
UC7-1037 yes yes
UC7-1051 yes yes
UC10-1027 yes yes
UC10-5 yes yes
UC10-33 yes yes
UC11-1055 yes yes,

Westvaco
7-34 yes
7-56 yes
11-9 yes
F yes yes(F2)
G yes yes(G2) i

H _yes yes(H2)
I yes yes(12)
J Yes(J2)
P yes
Q yes
R yes
S yes
T yes

iW yes

yes
U yes:,
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MASS CLONAL PROPAGATION OF
IMPROVED CONIFERS'

Conversion of Loblolly Pine Somatic Embryo Germinants to
Established Plants
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Figure 2. Somatic seedlings of loblolly pine clone 195 grown in a greenhouse
environment for approximately 9 months. Note the similarity in growth characteristics
for the individual members of clone.
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