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FOREST BIOLOGY ANNUAL RESEARCH REVIEW
AGENDA

Thursday, March 25, 1999

Forest Biology Annual Program Review (Room 114)

7:45 A.M. Coffee and Donuts

8:00 Welcome, introduction, antitrust statement McCullough

IPSTUpdate Baum

F-010 (SOFTWOODS) DUES FUNDED CONSORTIUM PROJECTS
(1.2 Senior, 3.5 Support Staff)

08:30 F-010 Mass Clonal Propagation of Improved Conifers Pullman
Summary of Accomplishments Since Last Meeting

Goals
Personnel
Grants

Research Findings

09:00 Softwood Somatic Embryogenesis
Initiation Pullman

Dissecting the variation in initiation MacKay
CultureSurvival Peter

Improved Embryo Yield & Quality
Improvements Based on Metals Analysis Pullman
Plating Process Optimization Per Genotype Vales / Peter

(ABA)

10'30 Break

10'45 ConversionUpdate Pullman
Progress in Protocol Development & Targets Pullman

11:00 Zygotic Embryogenesis
FreeAminoAcidsUpdate Zhang
ZygoticGerminationUpdate Peter

12:00 Lunch



iv

1:00 Molecular Biology - Softwoods
Gene Expression in Pine Embryos

Understanding the Role of Suspensor Tissue MacKay
in Embryo Development

Somatic Embryos - Stage-specific Markers Cairney, Johns

EXTERNALLY FUNDED & STUDENT PROJECTS RELATED TO F010

1:40 Gene Expression During Embryogenesis
Rapid Gene Expression Comparisons Ge
Using Gene Comparisons to Improve Somatic

EmbryoQuality Cairney

2:20 Somatic Embryo- Early stage-specific markers
Ciavatta

:00 Break

3'15 Future goals of softwood research, Pullman, Peter, Cairney,
Programevaluation MacKay

F-011 DUES FUNDED CONSORTIUM PROJECTS (0.33 Senior, 0.5 Support)

3:45 F-011 Fundamental Biological Mechanisms' Improved Stem Growth
Rates and Fiber Properties .

Summary of Accomplishments Since Last Meeting, Goals,
Personnel,Grants Peter

Future Goals - Building a Program Towards Fiber Modification, Peter
Program Evaluation

EXTERNALLY FUNDED & STUDENT PROJECTS RELATED TO F011

4:15 Building a Transformation System for Loblolly Pine Peter

Microfibril Angle Update Peter / Benton

AQ Update Peter / Meng

CAD-Defficient Trees for Improved Pulping MacKay

New DFRC Project- Genetic Manipulation of Lignin MacKay
Future Goals



V

5:15 Poster Session (Start, Continues after Dinner) Visiting Co-Pis

6:00 Dinner / Poster Session Visiting Co-Pis
Postdocs
Students

Friday, March 26, 1999

Forest Biology PAC Meeting (Room 114)

7:45 A.M. Coffee and Donuts

8:00 Grant Proposal Activity, Student Research, Pullman, Cairney
Publications Peter,MacKay

8:45 Comments on Research Programs, Questions, PAC
Discussion, Issues

10:00 Break

10:15 Continued Discussion

11'00 Presentation at RAC Forest Biology Review (11/17/98) McCullough

11:15 RACDevelopments, Malcolm(forMatthews)

11:30 Third Party Agreements for Use of IPST Technology Malcolm
Role of Non-IPST Patents in IPST Research

Update on Project ROCIT
AF&PA Agenda 2020 Sustainable Forestry Proposals

12:00 Adjourn (Lunch will be available at 12:00)



vi
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Status Report .for Project FO10
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Faculty, staff, and students in the Forest Biology with position and project orientation.

Person Position Orientation

Faculty&Senior Staff
John Caimey Assistant Professor Molecular Biologist / Molecular Biology of Trees
John MacKay Associate Scientist Geneticist/Biochemist/Molecular Biology / SE, HW,

Gary Peter Assistant Professor Plant Physiologist, Molecular Biologist / SE, HW,
Gerald Pullman Professor Plant Pathologist, Physiologist / Clonal Propagation of

Conifers

Postdoctoral Fellows

L. Destefano (left 3/1599 Postdoctoral Fellow Transformation in L Pine (GA Consortium Project)

open)
Lin Ge Postdoctoral Fellow Gene Expression in Embryos (GA Consort Project)

Huabin Meng Postdoctoral Fellow AQ Biochemistry & Gene Transfer (Ag 2020 DOE)
open PostdoctoralFellow FO11

Technical Staff

Teresa Vales Senior Technician Clonal Propagation of Conifers
Paul Montello, left Senior Technician Clonal Propagation of Conifers

2/28/98, open
Yalin Zhang Technician III Clonal Propagation of Conifers
Xiagrong Feng, left Technician III Clonal Propagation of Conifers
6/30/98, open
Barbara Johns Senior Technician Molecular Biology of Forest Trees
Christina Perfetti Technician III Molecular Biology of Forest Trees

Shawn Coy temporary staff, pt Clonal Propagation of Conifers
Jessica Halpin temporary staff, pt Clonal Propagation of Conifers

Students

Vincent Ciavatta Ph.D. Candidate Use of molecular biology to improve somatic embryos

Mike Sullivan Ph.D. Candidate Molecular approaches to isolate and characterize b-
1,4-xylan synthase(s)

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

Doug Benton Masters Candidate Microfibril angle measurement using differential
interference contrast microscopy

Kristina Knutson Masters Candidate Fungal production of anthraquinones.

Tyler Miller Masters Candidate Embryogenic gene isolation
Matt Roberts Masters Candidate The Effect of Silvicultural Treatment on Variation in

' MicrofibrilAnglein SouthernPines

Douglas Mancosky Masters Candidate Temporal and Spatial Analysis of Gene Expression
During Pine Zygotic Embryogenesis
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Somatic Embryogenesis
Initiation

Gerald Pullman

Yalin Zhang
Nazima Allaudeen

Anneil Basnandan

Sean Coy
Chris Culbreth

Jessica Halprin

Shannon Johnson
Allison Snow

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only

Experiment 970

Media ABA AgNO3 Cytokinin cGMP Tape

505 0 ppm 0 mM 0.88 ppm 0 gM parafilm
716 1 20 0.88 0 p arafilm

886 1 20 0.88 10 parafilm

716a 1 20 0.88 0 3M Tape

887 0 0 1.08 0 parafilm
888 1 20 1.08 0 parafilm

889 1 20 1.08 10 parafilm

888a 1 20 1.08 0 3MTape
_

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Experiment 1 (970)
Cytokinin

f I
7O

6O

._o_o m - -_ -

I 1
?2 40
_= -r

o_ 30 T-[f T

T T

o
, 505 716 886 716.2 887 888 889 888.2

Treatments

WV-FV _ WV-FT !jJ}iM,_'j WV-FO r'?"""-"'""¢:_:"'""WV-FR

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only

Means & 95% Confidence InteI_als for Expt. 970

41 ............................. -_................................._.................................................... i ........ i ...... i ................................. _ .................... ,_
{

{ , f i I { {

! I { t I ='- : _, I

·.,_ 31 i ........................_,..........................i .................................-:' .................i.................._..............._.....................................--7,,{ _ I ! i:.
{..........-. .......-'- .................................................................!......................_,_( _....................., .........................l

26 i _ -- ,_ ,_ {
,,,, 21 -{ : _-....................._-ii_i.........................i........................................' _ '" ..................;"'........................'' '_[

i ' _( -.

t =ii"' m=

11 -+

505 716 7162 886 887 888 8882 889

Treatment

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Experiment 970 Final Means & ConfidenceIntervals

16

0.88 1.08

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only

Experiment 987

Media Cytokinin ABA AgNO3 cGMP
(ppm) (ppm)(mM) (pM)

716 0.88 1.0 20 0
888 1.08 1.0 20 0
943 1.24 1.0 20 0
944 1.50 1.0 20 0
886 0.88 1.0 20 10
889 1.08 1.0 20 10
945 1.24 1.0 20 10
946 1.50 1.0 20 10

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Experiment 2 (987)
Cytokinin

8O

7O

g so

o_ 30 i:ii¢?' i::i::::,i!i::::k_

'_!i!iii!i T I::'_ili::::_-5:;_!;!i;g¢,',...(:!
0

716 888 943 944 886 889 945 946

Treatments

UCl1-1123 _._.._ UC5-1036 !iiiii}ii!i};iJ:iJUCl1-1057 [_'Y'"'_'_'";'"'S4PT6

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only

ExTJeI_nent987FinalMeans&Conficencela,ten,als

! ! : , [-

I l
20 4=- ......................................_-.....................................................................r ,

15 '_ .........................t...................................i ...........................::......................................i"

i T i ii i i t'

J _.t. .....................................................!.................................!.........................................L-

i................' ...............i.............i i.
f I i t i:

r ! iai i _ ! !

LJ _ __ I I...............i_ i ...............................

, I _ , i i
i i i _ I

o p4.. ....................................._ ..................................._..................................._-...............................'..............................................',-.
0.88 1.08 1.24 1.5

Cyto'kini_(ppm)
Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Table 1. Loblolly pine cone collection mother trees with 1995, 1996, and 1997

.and.__1998_!nit!ation_rates on medium 505 and impr??ed -medium 88?_:..................................................
Tree Initiation % Initiation % Initiation Initiation % 1998 Trial

Identification 1995 1996 % 1997 1998 Averages
Medium 889

Medium Medium Medium Trial 1 Trial Trial

505 SOS 505 2 3

BC-1(S4PT6) 6.7% 10 10

BC-2 10% 0.0%

BC-3 3.2%

BC-5 9.3%

BC-8

BC-9 17% 10.7%

C7-2 0

C7-88 1.7

C7-100 0

C8-76 4.8

C10-14 0

C10-38 6.7

UC5-1036 32% 7.9% 3.3 50 16.7 10 25.6

UC5-1507 8.9

UC7-1037 10%

UC7-1051 4.5% 3.3 6.7 0 3.4

UC10-1027 33% 13.8%

UCl0-5 3.3%

UC10-33 12%

UCl1-1055 3.3% 2.2 15.6 16.7 16.2

UCl1-1057 15.3% 23.7 33.3 10 20.8 21.4

UC11-1066 10.0%

UCl1-1069 4.4%

UC11-1123 1.3 10 0 0 3.3

UC18-120 0 0

UC18-1212 23.6 26.7 20 16.7 21.1

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only

TTC1-11 0 0

TTC3-1 11.7 11.7

TTC3-17 6.7 6.7

TTC7-3 0 0

TTC7-100 1.7 1.7

TTC18-102 1.9 1.9

WVA4 0 0

WVB4 6.6 6.6

WV CA 18.8 18.8

WVD4 8.9 8.9
WVE4 0 0

WVF F211% F411.1 11

WVFO 56.7* 50* 53.4

WVFR 23.3* 23.3

WVFT 23.3*33.3 28.3

WVFU 16.7' 16.7

WVFV 26.7* 26.7

WVG G2,stages G40 0
late

WVH-2, 3, 4 6.7% 26.7 H4 20 36.7 29.3
31.1

WV I-2, 3 15% 3.3% 12.2

WVJ-2,3 7.0% 10.3

WV K-2,3 19.0% 8.9

WVL-4 26.7 26.723.3 25.6

WVM4 36.7 36.7

WVN4 56.7 26.7 41.7

WV04 46.7 10 28.4

M9-1019 14.4 0 7.2

Overall 16% 7.4% 8.5% 17.9 15.2

BC =_Boisie Cascade, C _ Champion, UC = Union Camp, WV ,_Westvaco, M

Mead, *Winter Initiation with Cones from Brazil.

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Table 2. Initiation progress over the past six years with comparisons
of initiation rates on best media and across al summer initiations.

Year Initiation in Best Medium Initation Rates Across All

Summer Expts.
Medium Initiation % Initiations / Overall

Explants Initiation %
1993 <1% <1%

1994 <1% <1%

1995 505 16.0% 436 / 6400 6.8%
1996 505 7.4% 765 / 13440 5.7%

1997 505 8.5% 752 / 9890 7.6%

1998 889 17.9% 1437 / 9870 14.6%

Confidential Information- Not for Public Disclosure - For Member Company's Internal Use 0nly

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Table 2. Media composition fi)r initiation medium 5(15,716, and 889.

Components 505 716 889, ,

NHtNO , 200.0 200.0 200.0
KNO, 909.9 909.9 909.9

KH.PO_ 136.1 136.1 136.1

Ca(NO,).,.4H:,O 236.2 236.2 236.2

M_SO,o7H,O 246.5 246.5[ 246.5

M_(NO,);,°61-1.O 256.5 256.5' 256.5

MI_CI:,o6H:,O 101.7 101.7 101.7
KI 4.15 4.15 4,15

H,BO, , 15.5 15.5 15.5

:: _I0.5 10.5 10.5MnSO(o _!:,O .....

ZnSO,o7H;,O 14.668 14.668 i14.668

Na. MoO_°2H,,O 0.125 0.125 ' 0.12 i

CuSO4*5H,O 0.!725 0.1725 0.1725

c,,c1:.6_o 0.125 0_:!25::_0.125
AgNO, -- 3.398 3.398

FeSO_°7H,O 13.9 13.9 13.9

Na.EDTA 18.65 18.65 18.65
Maltose 15,000 15,(1(1(1 15,000

myo-lnositol 20,000 20,000 20,000
Casamino Acids 500 500 5(10

L-Glutamine 450 450 450

Thiamine°HCL 1.0 1.0 1.0

P),ridoxi .... HCL { 0.5 0.5 0.5 l
Nicotinic acid [ 0.5 (1.5 0.5 '

Glycine 2.0 2.0 2.0
NAA 2.0 2.0 2.(1

BAP (I.45 (I.45 0.55

Kinetin 0.43 0.43 0.53

Activated Charco:,l 50 ; 50 5{).... =.......
ABA* : 1..0 1.0

GMP* -- -- 10uM

' Gelrite 2,000 2,000 2,0(10

, pH 5_7 5.7 5.7
*:_ is added filter sterilized.

Confidential Information - Not for Public Disclosure - For Member Company's Internal Use Only
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Variation in Initiation and in

the Number of Zygotic
Embryos per Seed

John MacKay, Heidi Schindler,

Christina Perfetti, Yalin Zhang, Gerald Pullman

ConfidentialInformation- Not forPubficDisclosure(ForMember Company'sInternalUse Only)

Background
Initiation Rates - Developmental stage

are Variable - Seedsource (Genotypes)
- Others (storage, etc.)

60
1998Initiation Rates' Averageper SeedSource

50-.
40-

,,,,,11=,1

'"" 30-

20

_c 10

0 ' , T-_ :1 i 1 I I ; T-_'T'_'7' i'::i!::1 I I I ' _i I 'i i i i i i I

_

Seed source (o-p family)

ConfidentialInformation- Not forPublicDisclosure(ForMember Company'sInternalUse Only)
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Genetic Variation of Initiation

· Genetic control of initiation demonstrated in
spruce (Park et al, 1998)
- Mature seed: Additive genetic control

- Immature seed: Dominance and additive genetic control

· Individual pine trees produce seeds with either
Iow, moderate or high initiation rates (Becwar and
Chesik, 1994).

Seed sources with higher initiation rates have a
greater number of zygotic embryos per seed
(Becwar et al.,1997) - Mother tree genotype.

_"..-_/_'¢_ ConfidentialInformation- Not forPublicDisclosure(For Member Company'sInternalUse Only)

Number of Zygotic Embryos per Seed
ii

4, Polyembryony; multiple
zygotic embryos per
seed'
-Simple polyembryony:

Several fertilizations

-Cleavage polyembryony'
division of early embryos

The total number of
embryos (post-cleavage
embryos) per seed is
highly variable.

,

ConfidentialInformation- Not forPublicDisclosure(For MemberCompany'sInternalUse Only)
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Variation in the Number of

Embryos per Seed

Summary of Findings
Number of embryos per seed( post cleavage) was highly

variable, ranging from 2 to 20

The mother-tree (o-p family) was a highly significant source of

variation in all experiments. The mean numberof embryos for

each mother-tree ranged from 4.4 __1.0to 12.2 +_0.95.

· Site. The site or geographic region in which the seed were

produced had a small effect on the number of embryos per

seed, but significant variation was observed in some cases.

ConfidentialInformation- Notfor PubficDisclosure(ForMember Company'sInternalUse Only)

Variation in the Number of

Embryos per Seed

Summary of Findings
· Position of the cone in the tree crown. Trend toward more

embryos per seed in the upper crown and fewer embryos per
seed in the lower crown (statistically significant at p= 0.04).

Developmental stage affected the number of embryos per
seed which declined gradually initially and more sharply when
the dominant embryo reached stage 8 to stage 9 (Figure 2).

Within and among cone variability. The number of embryos
in each immature seed varies considerably within a cone, but
the average number of embryos per seed varies much less
amongconesfromthesametree.

_.__ ConfidentialInformation- Not forPublicDisclosure(For Member Company'sInternalUse Only)
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Number of Embryos and Initiation
Correlation between the Number of Embryos per seed
and Initiation rates

-- 12

1120r WinterR_= 0.60._..__,98 SUmmer 98
ia0

o>, 8_1

.B 6- = "

Em

ggl_ r'/ '/ ' R'=0.95
'_00 Rt = 0.96(1)

E

_2 0- I ,

0.0 10.0 20.0 30.0 40.0 0 10 20 30 40 50

InitiationRate (%) InitiationRate (%)

ConfidentialInformation- Notfor PublicDisclosure(ForMember Company's Internal Use Only)

Number of Embryos and Initiation

Is there a biological basis for the
correlation between number of

embryos per seed and initiation?

Why is the number of embryos per
seed important for initiation?

ConfidentialInformation- Not for PublicDisclosure(ForMember Company'sInternalUse Only)
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Within Family Variation-
Number of Embryos

Site to Site Variation in Number of embryos
14.00

J, I Eachbarrepresentsa differentsite
12.00 v T'u_o T

_' 10.00.........T..... T

2.00- ili_o.oo___i i¢!!_i i

s4pt6 756 7-100 5-1036
Mother tree genotype

Confidentia/ information - Not for Pub/lc Disc/osure(For Member Company's/ntema/Use On/y)

Within family variation - Initiation

Effect of number of embryos on initiation
with seed collected from different sites

= 14-

S-4PT6_f._ · Site to site variation in
12-

u)

_'°10- __ initiation is consistent8
with the variation in theI.LI

4 I numberof embryosper
2- 7-56 seed.

Z 0 , , ,

0.00 10.00 20.00 30.00 40.00
_

Initiationrate(%)

ConfidentialInformation-NotforPubficDisclosure(ForMemberCompany'sInternalUseOnly)
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Role of the Number of Embryos

., Is the number of embryos per seed a
driver of initiation?

· Do more embryos simply increase the

probability of initiation?

· Does a greater number of embryos

indicate an increased potential to

proliferate?
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Role of the Number of Embryos
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Future directions

What controls is the number of embryos
- Simple polyembryony

- Cleavage polyembryony

Genetic control (inheritance) of initiation and number
of embryos per seed.
Is the number of embryos per seed a marker for
Initiation Potential?

Grant proposal activity, Tip3 (State of GA), Agenda
2020.
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