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DUES-FUNDED PROJECT SUMMARY

FY 1998-99

Project Title: MASS CLONAL PROPAGATION OF IMPROVED
CONIFERS

ProjectCode: SFTWD

ProjectNumber: F-010
PAC: FORESTBIOLOGY

Division: CBS

Project Staff

Faculty/Senior Staff: Jerry Pullman, John Cairney, Gary Peter, John MacKay
Staff: Barbara Johns, Paul Montello, Christina Perfetti, Theresa

Vales, Yalin Zhang, open, temporary help

FY97-98 Budget: $440,000

Allocated as Matching Funds' 11%
Time Allocation

Faculty/Senior Staff: 1.1

Support: 4.0

Supporting Research
M.S.Students: 2

Ph.D. Students: 2

External: $199,377

RESEARCH LINE/ROADMAP:

Improve the fiber productivity of North American lands so that they are competitive in the

world pulpwood market

PROJECT OBJECT_: Develop reliable cell & tissue culture systems for the mass

clonal propagation of genetically improved softwoods.

PROJECT BACKGROUND:

A continued supply of iow cost, high quality raw materials is essential for the future success of the

U.S. forest products industry. The continual loss of forest lands to urban growth, continued and

new environmental regulations, and the rapid growth occurring in competitive forest plantations

abroad put intense pressure on U.S. companies to increase the yield of wood per acre. If the

industry is to grow, it must sustain reliable low cost sources of raw materials. The clonal

propagation of high value forest trees from breeding and genetic engineering programs has the

potential to help meet future industry needs by increasing forest yields and improving raw material
uniformity and quality.

SUMMARY OF RESULTS' (Brackets show support from student research or outside projects.)
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Initiation, the first step in the embryogenesis process, been substantially improved. Initiation rates on

a new medium (889) averaged 17.9% across 32 ½-sib families. This is approximately double the

average initiation rate for the past two years.

Optimizing the number of early stage somatic embryos pIated and the ABA levels leads to dramatic
increases in yield of cotyledonary embryos.

· We have always observed that fewer embryos develop on plates when one ml of settled volume is

plated than on plates with 0.25 - 0.5 ml of settled volume. This suggests that in our typical

procedure too many early stage embryos per plate limit maturation efficiencies.
· When the density and ABA levels are optimized relative to each other the efficiency of early

stage embryos that mature into cotyledonary embryos is > 75% with our system for multiple

genotypes.

Studies into the survival of initiated cultures after direct transfer into liquid multiplication media
show:

· Overall success of direct transfer into multiplication media 16 in 1998 was --30%.

· Within 1/2sib families we have found a good correlation with the starting mass Of the initiated

genotype and its successful transfer and growth in multiplication media. 80-90% of initiated

genotypes survived if there starting mass was >0.2g.

· Strong ½ sib family/genotype effects have been observed for survival of the initiated somatic

embryos.

Analysis of genetic and environmental sources of variation in initiation is helping to understand the

driving forces that may control initiation.

Comparisons of germinating somatic and natural seed embryos confirm that our somatic embryo
functions normally but is immature. Current somatic embryos behave similar to zygotic embryos that

have proceeded through approximately 1/2of their development cycle.

Ph.D. student research has shown that activated carbon significantly alters the final pH of tissue culture

medium. Changes in pH in turn alter the availability of specific ions and hormones resulting in
unwanted excess or deficiency. (Student research)

A new approach has been taken to improve somatic embryo quality. Tissue culture media will be

formulated by a combination of metal analysis during natural embryo development and the

comparison of metals found in natural and somatic embryos at different times. This approach is

already yielding beneficial results.

· Metal analyses of full term seed indicate that metal targets are similar regardless of tree location or

genetics.

· Analyses of embryo and surrounding tissues over the developmental sequence show sequence

patterns.

· Analyses of somatic embryos show excess or deficiencies in ion content.

· Maturation media changes based on the above dementaI analyses have already prodticed

statistically significant improvements in embryo yield.

Molecular biology gene expression techniques are working well in the laboratory. IPST is becoming a

world leader in adapting and applying this technology to plant embryogenesis.
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* Image analysis equipment has been purchase to permit accurate quantification of changes in

mRNA level over the course of embryo development

, Quantification procedures have been developed which will ensure accurate measurement of these
data

, Work has commenced on establishing a database of mRNA levels for around 450 genes over the

course of' embryo de.velopment (4130)
· Methods for isolating 'full-length' cDNA clones, rapidly, without the need of cloning or the use of

radioactivity have been developed. (student research)

. Several cDNAs for gene expressed early in embryogenesis have been identified and cloned- these

can serve as markers for early development (student research and FO10)

· Methods for Northern Analysis using very small amounts of total RNA (0. Smicrogram) are being

developed

The role and development of' the suspensor in loblolly pine embryos is being investigated through gene

expression experiments. The suspensor is thought to play an important role in embryo nutrition and

regulation of embryo growth and development. Information indicates the importance of suspensor-

formed storage proteins, likely involved in nutrition during early embryo development.
e' Over 750 cDNAs representing genes active in the suspensor have been cloned and analyzed.

· Several of these cDNAs were confirmed to be specific or more abundant in the suspensor of early

stage embryos

. Sequencing cDNAs has identified genes for several seed storage proteins and embryogenesis

proteins that are abundant later in development.

· Screening of cDNAs has also been extended to the megagametophyte.

Ph.D. student research has isolated cDNAs expressed at early stages of development. These can act as

markers to follow early embryo development. Note at this point anatomical features may be small and
difficult to see. (Student research)

GOALS FOR FY 98-99-

1. Improve initiation protocol to meet target of 35%.

· Run, evaluate and report winter initiation experiments.

· Run, evaluate and report summer initiation experiments.

· Begin characterization of environmental & genetic variability during initiation.

· Improve initiation survival

2. Improve quality of and ability to monitor early-stage embryos in liquid media.

· Identify stains to distinguish and monitor live embryos during automated counting

· Develop metals analysis-based maintenance medium _

3. Test hypotheses for causes of culture decline

4. Metals analysis of somatic and zygotic embryos.

· Analyze somatic embryos grown on analysis-based media modifications.
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· Analyze additional zygotic embryo & female gametophyte tissue over embryo

development

cycle.

5. Evaluate new cultures for performance in improved protocols.

6. Improve maturation protocol.

· Optimize live embryos per plate

· continue work on analysis-based improvements

· continue work on ABA / osmoticant control of embryo quality

· re-implement, improve, and standardize ABA analysis for somatic & zygotic tissues

7. Establish 50+ seedlings from each of 5 genotypes in a plantation setting.

8. Continue work on analysis of osmoticants in zygotic embryos and female gametophyte tissue.

· amino acids

· sugars

9. Complete deveiopment of a set of high quality cDNA libraries representing staged toblolly pine

zygotic embryo development.

10. Investigate role of suspensor during embryo development

· isolate tissue specific genes expressed in the suspensor

· investigate function & role of major suspensor genes

11. Gene expression during conifer embryogenesis.

· Identify marker genes which are active at specific stages of zygotic embryo development.

· Clone and sequence gene fragments.

· Use information to expand usefulness of these markers, applying them to somatic

genotypes.

· Repeat steps above for somatic embryos.

· Begin to determine where (anatomically) in embryo specific genes are expressed.

· Develop reliable quantification tools / protocols for assaying gene expression

· Demonstrate reproducibility of results for Dot Array Southern

· Monitor gene activity under different tissue culture conditions

· relate to embryo quality

· compare to zygotic embryo gene activity patterns
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D EL_RABLES:

Report describing results and research progress in the fall of 1999.

Annual reports describing results and research progress in the spring 2000.

SCHEDULE (See Attached Timeline)'
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,er,n,QuaerlQuaer4,hQuaerI,s,Quaer,n,Quaerl,r,QuaerID TaskName M AIMIJ J[AIS OINID J[FIM AIMIJ J IAI s
1 Initiation at 35% ' ' :

_._-_j_ _ _ .=
2 Run & Evaluate Winter Expts.._:_.;:_:_,_:- i ': :'

i .:

3 Run & Evaluate Summer Expts i

4 Begin characterization of .-.-..-------._.....................i_-_:::!.7.:_.'"'-.'-,,,,,,--,
environmental & genetic variability _m_._______.____.......__________

=

5 Improve initiation survival ...... '

6 Improve quali"t_""0f& ability to monitor

early-stage embryos in !!,quid media [=

7 Identifystainstodistinguish& _..........
monitor live embryos during '=:

8 Develop metals analysis-basedmaintenancemedium - :

9 Test hypotheses for causes of culture ..............................................._ ---_.........................- _-_ .........:_---_--'--'----------_--._
_,,_,-.-.__ .,'_

decline i _ _'
10 METALS ANALYSIS OF Somatic and

Zygotic Embryos V _ 'v'
, - :

11 Analyzesomaticembryosgrownonmetals ':..................................................._:..................:_._......
analysis-basedmediamodificatins , :

'12 Analyzeadditionalzygoticembryo& ........ !ifemalegametophytetissueoverembryo
' il

13 Evaluate new cultures for performance .........._ ---_........ .
inimprovedprotocols. :

14 Improve maturation protocol.

15 Optimize live embryos per plate _-_ ! :

16 Continue work on analysis-based :;_............................................................................._.=,,_.:,-:,-!.---,.--.--,..............................·.........' . _;._':' ',"_"_:,,--'""':,=-":"ii"_:_-
improvements _ 'i ::

17 Continue work onAB,A'/osmoticant .......... _ ........................ _"._ "_._'_:,_'........ '_,
_,':!,_................................................._::::,_,_ ':::::..--"----_ _ -------------------- _....___ ..___..___..._____

control of embryo quality :_ i

18- Re-implement,improve,and i
standardize ABA an.a.!ysisfor somatic i i

19 Establish 50+ seedlings from each of 5 _'_ ............._ _!
genotypesin a plantationsetting. _, .............

: !

20 Continue work on analysis of IIIIIIIIIIIIII i IIIIIIII
osmoticants in zygotic embryos and '_' _ 'w..................

21 Amino acids i i

'.=

22 Sugars ...........................................

.......................................................

23 Complete development of a set of high _--_--_ il
quality cDNA libraries representing _i

24 Investigate role of suspensor during IIIIiil IIIIIIII I IIIII

embryo development '__ '"il _ v

25 Isolate tissue specific genes i ':
expressed in the suspensor ii

26 Investigate function & role of major _-_--_-:*:-_----:--:---,.'---- ......... .....................
suspensorgenes i

27 Gene expression during conifer I II IIIIIIIII IIIIIIII
embryogenesis, v _ v............. '-, ..

28 Identifymarkergeneswhichareactiveat i _

specificstagesof zygoticembryo , i '. ,

Task RolledUpTask

Project:F010GoalsCant Chart Progress RolledUp Milestone

Date: Wed 3/10/99 Milestone _ Roiled Up Progress

Summary



ter 2nd Quarter 39rrdQuarter I 4th Quarter 1st Quarter 2nd Quarter 3rd Quarter

ID TaskName M AIMIJ J IAIS,OINIDI J IFIM AiMIJ J Ixls

29 Clone and sequence gene fragments. IIi_'--il_ ......_>'_'_--_ .......... _........................._i.... ,,,.........................

30 Use information to expand .............................................................................................................._..................................................------_-.---_--_' : ',_,_,_,.....-- ::-.L___- :-:-.::---.:-.-:.......---._.%-__ ._._.__._.s_.=---._--.-.:.--.,.--::-.-__::_-:--.:-:--:-.:-.--..-:---_-._;-_

usefulnessofthesemarkers, i ':
31 Repeat steps above for somatic ................_-_.. ---____........-................... _-_-

embryos. '_ i
32 Begin to determine where _ _...._>,:_._..:_..:_>'.:._.,.._,_.,.._:_>'_:_:_._._':,_.;'_...::._._._._'_:_:_.;,_,.._

(anatomically) in embryo specific _ -....... i.........
33 Develop reliable quantification tools / ..............._;_................................................................._........................

protocols for assaYing_gene :: ; :
34 Demonstrate reproducibility of results .::- ....._" '

for Dot Array Southern _
35 Monitor gene activity under different

tissue culture conditions _ '_ ii i :

36 Relate to embryo quality....... :_-:_.._.__;_.,.,.
: i' :

37 Compare to zygotic embryo

geneactivityPatterns . :

Task RolledUpTask

Project: F010 Goals Gant Chart ; Progress Rolled Up Milestone

Date' Wed 3/10/99 Milestone _I_ Rolled Up Progress

Summary
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS -
INITIATION

GeraldPullman YalinZhang Nazima_audeen
Anne_ Basnandan Sean Coy Chris Ctfibre_

JessicaH_prin _ison Snow ShannonJohnson

Summary

Resultsj%mSummer1998 initiations continue to confirmfindings reported in Fall 1998.
Theaverageinitiationratesper _ sibJ_milyon medium889 during I_5'nter97/98 and
Summer1998 rangedj%m0-53.7% withan averageof 14.6% acrossall Summertrials.
Thh almostdoublestheratesreportedoverthepast twoyears. Increasesin thecytokininlevel
has resulted in statistically significant increases in initiation rates, approximately doubling the
rateoverlastyear. Increasedinitiationratesareobservedacrossconesj%mmanymother
trees.

Introduction

The initiation of an embryogenic culture or embryo suspensor mass (ESM) is the first step in
cloning the embryo(s)from a valuable conifer seed. The process in loblolly pine starts with an
immature seed. The seed is sterilized and the seed coat removed to expose the ovule or female

gametophyte which contains the early-staged embryo(s). The whole female gametophyre
(megagametophyte) is placed on a chemically defined medium and incubated in the dark at 22-24 C.
The process of initiation then occurs in several phases: extrusion of zygotic embryos, formation of the
first somatic embryos, and multiplication of somatic embryos. The results that we report are for
successful progression through these three steps resulting in at least three visible somatic embryos
emanating from a zygotic embryo(s).

Initiation Improvements

Our program continually strives to reach our target of 35% loblolly pine initiation among
many families. Last spring (March 1998 PAC Meeting) we reported that the addition of abscisic acid
and silver nitrate improved initiation rates. With this improved initiation medium we proceeded this
winter and summer to further improve the medium. The increased initiation rates provided an
opportunity to test several hypotheses that had been promising in the past but never yielded
statistically significant increases. One hypothesis was that with the addition of activated carbon in the
initiation medium we had not successfully optimized the cytokinin levels. Through modifying the
cytokinin level in the initiation medium we have now further increased initiation rates. We will
attempt to document the key IPST experiments that lead to this improvement in our initiation system.
Unless otherwise mentioned all experiments are modifications as described of media 505 and 716 (505
+ lppm Abscisic acid + 20 mM silver nitrate). Table 3 shows the composition of medium 505, 716,
and modifications.

_ ConfidentialInj¢rmation-Notj3rPublicDisclosure(ForMemberCompany_InternalUseOnly)
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Experiments and Resets

Experiment 1 (970, Winter 1998). Medium 505 was tested in a 2 x 4 factorial design with two levels

of cyrokinin (0.88 and 1.08 ppm) and four treatments testing no ABA or silver nitrate, inclusion of
ABA and silver nitrate, inclusion of ABA and silver nitrate with cyclic GMP, and ABA and silver

nitrate but wrapped with a gas permeable tape for increased water loss. Initiation results show no
increase in initiation due to ABA / silver nitrate, cGMP, or alternative wrapping materials. However,

initiation showed a (statistically) significant (P=0.07) increase with the change in cyrokinin from 0.88

to 1.08 ppm. Across the four cone collections tested initiation increased from 20.6% to 26.5% with
the increase in cytokinin concentration.

Experiment I (970)
Experiment 970 L'_teltlnh

Media ABA AgNO3 Cytokinin cGMP Tape 80
505 0ppm 0mM 0.88ppm 0pM parafilm ?0
716 1 20 0.88 0 parafilm 60
886 I 20 0.88 10 parafilm I

50

716.2 1 20 0.88 0 3MTape -- 40
887 0 ppm 0 mM 1.08 ppm 0 pM parafilm n ITm 30
888 1 20 1.08 0 parafilm il 20
889 1 20 1.08 10 parafilm

1 0
888.2 1 20 1.08 0 3MTape _,

0

505 716 886 716.2 887 888 889 888.2

'l'i'_tmml_

I WV-FV _ WV-FT _ WV-FO ll_l_ll WV'FR

Means & 95% Confidence Intervals for Expt. 970 Experiment970Final Means & ConfidenceIntervals

41 ..........................................................................................................................T................._..................[' 3] .:]................................................................................................................................

= 36 ..'i........................................................................................._ =i
O 31 ._= 25 .:iF i

=6 '" ,, :i................................................................................................................................t
i

II -- ;--- ! ! '-_ Cytokinin(ppm)
505 716 7162 886 887 888 8882 889

Treatment

Experiment 2 (987, Summer 1998). This experiment again used a 2 x 4 factorial design to test two
levels of cGMP (0 and 10 pM) against four levels of cytokinin (0.88, 1.08, 1.24, and 1.50 ppm). This

experiment was our first Summer 1998 experiment and has proceeded long enough for a final
evaluation. Results indicate that cyclic GMP did not cause a change in initiation rate. However, again

increasing cytokinin caused initiation rates to increase. Results showed increased initiation with all

levels of raised cytokinin. Cytokinin levels of 1.08 to 1.5 approximately doubled initiation when

compared to 0.88 ppm cytokinin.

_ Confidential/nj3rmation- Notj3r PublicDisclosure(ForMemberCompany_InternalUseOnly)



13

wsr-orR c roi o

Experimelt 2 (98 7)
Experiment 987
Media Cytokinin ABA AgNO3 cGMP Cyt®k-il_

(ppm) (ppm)(mm) (gm) ?o
716 0.88 1.0 20 0 60

888 1.08 1.0 20 0 _ 5o
943 1.24 1.0 20 0 -*
944 1.50 1.0 20 0 _. 404mi

886 0.88 1.0 20 10 _ 3o

l lO lO · [
945 1.24 t.0 20 10
946 1.50 1.0 20 10 lo

0

716 888 943 944 886 889 945 946

TremtmomW

I uct_.to_7_ uc_._o3e_ s4P'ro _ uc_-_23

Expe_ent 987 Final Means & Conficence Intervals

25 --,............................ _.............. !.............. _........... r-

' ! +TI
I= 15 -_....................

lO 4....................................._ ................. _ ......
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1997-1998 Winter and Summer Initiation Frequencies and Comparison with Past Years

Additional cone collections were tested on medium 889. Table 1 shows a summary of initiation rates

for past years and for media improvement 889 for all 1998 winter and Summer's initiation

experiments. Cones from 1/2sib families were tested on medium 889 from a total of 32 families. All

families contained early zygotic embryos at stages 2-4 that were suitable for experimentation. Families

were able to initiate cultures with initiation rates ranging from 0 to 53.4%. Table 2 compares

initiation rates on best media over the past six years. Initiation rates and number of cultures initiated

are also shown for each year.
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Table 1. Loblolly pine cone collection mother trees with 1995, 1996, and 1997 and 1998 initiation
rates on medium 505 and im roved medium 889

==================================================================..................................::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.......:.....:....:...........................................'................:::::::::::::::.........::::::::::::::::::::::::::::::::::::::::::::::::::::::::::.......,: ...........:...................................::::::::::::::::::::::::.............:.................:.,.:....:.:..,:..............:...:........

Tree Identification Initiation % Initiation % Initiation % Initiation % 1998 1998 Trial

! 995 .........................1996_..................................1997 ..................Medium88 9..................Averages .....
Medium 505 Medium 505 Medium 505 Trial Trial Trial

1 2 3

BC-1(S4PT6) 6.7% 10 t0
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

C!0-38 6.7
UC5-1036 32% 7.9% 3.3 50 16.7 10 25.6

UC5-1507 8.9
UC7-1037 I0%

UC7-1051 4.5% 3.3 6.7 0 3.4
UC10-1027 33% 13.8%

UC10-5 3.3%

UC10-33 12%
UC11-1055 3.3% 2.2 15.6 16.7 16.2

UC11-1057 15.3% 23.7 33.3 10 20.8 21.4
UCl1-1066 10.0%

UCl1-1069 4.4%
UCl1-1123 1.3 I0 0 0 3.3
UC18-120 0 0

UC18-1212 23.6 26.7 20 16.7 21.1
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

WVC4 t8.8 18.8

WVD4 8.9 8.9
WVE4 0 0 -

WVF F211% F4 11
11.1

WVFO 56.7*50* 53.4
WVFR 23.3* 23.3

Confidentialfnj3rmation- Notj3rPublicDisclosure
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WVFT 23.3*33.3* 28.3

WVFU 16.7* 16.7
WVFV 26.7* 26.7

WVG G2,stageslate G40 0
WVH-2,3,4 6.7% 26.7 H4 20 36.7 29.3

31.t

WVI-2,3 15% 3.3% 12.2

WVJ-2,3 7.0% 10.3
WVK-2,3 19.0% 8.9
WVL-4 26.7 26.7 23.3 25.6

WVM4 36.7 36.7
WVN4 56.7, 41.7

26.7

WV04 46.7 10 28.4

M9-10t9 14.4 0 7.2
Overall 16% 7.4% 8.5% 17.9 .....................:::::::::::::::::::::::::::::::_::::_-_:::..::::::::::: :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::_:_:..::::::::::..............::::::::::::::::::::::::: :::: ........................................................................

BC = Boisie Cascade, C = Champion, UC= Un}'°n Camp7 WV = 5_7eswaco,M = Mead, * Winter
Initiation with Cones from Brazil.

Table 2. initiation progress over the past six years with comparisons of initiation rates on best media and
across all summer initiations.

Year Initiation in BestMedium Initation Rates AcrossAll Summer Expts.
Medium Initiation % Initiations / Overall Initiation

Explants %
1993 <1% <1%

1994 <1% <1%

1995 505 16.0% 436 / 6400 6.8%

t996 505 7.4% 765 / 13440 5.7%

1997 505 8.5% 752 / 9890 7.6%

1998 889 t 7.9% t 437 / 9870 t4.6%

Confidentiallnjgrmation- NotjgrPublicDisclosure
(ForMemberCompany}InternalUseOnly)



16 IPST-DFRC FO10

Table 3. Media composition for initiation medium 505, 716, and 889.
Components II 505II 716 II8891......

NH4NO_ 200.0 200.0 200.0
KNO._ 909.9 909.9 909.9

KHzPO4 136.1 136.1 136.1
Ca(NO,)?4H20 236.2 236.2 236.2
MgSO4.7H20 246.5 246.5 246.5

Mg(NO,)2*6H20 256.5 256.5 256.5
MgC12.6H20 101.7 101.7 101.7

KI 4.15 4.15 4.15

! H,_BO,_ 15.5 15.5 15.5
MnSO4,H20 10.5 10.5 10.5

ZnSO4*7H20 14.668 14.668 14.668
Na2MoO4.2H20 0.125 0. i25 0.125

CuSO4,5H20 0.1725 0.1725 0. t725

COC176H20 0.125 0.125 0.125
AgNO_ -- 3.398 3.398

FeSO4.7H20 13.9 13.9 13.9

Na_EDTA 18.65 18.65 18.65
Maltose 15,000 15,000 15,000

myo-Inositol 20,000 20,000 20,000
CasaminoAcids 500 500 500

L-Glutamine 450 450 450
Thiamine.HCL 1.0 1.0 1.0

Pyridoxine.HCL 0.5 0.5 0.5,,

Nicotinicacid 0.5 0.5 0.5

Glycine 2.0 2.0 2.0
NAA 2.0 2.0 2.0
BAP 0.45 0.45 0.55

Kinetin 0.43 0.43 0.53
ActivatedCharcoal 50 50 50

ABA* -- 1.0 1.0
GMP* .... 10uM

Gelrite 2,000 2,000 2,000

pH 5.7 5.7 5.7
* = is added filter sterilized.

Confidential/nj_rmation - Notj3r Public Disclosure
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS

Variation in Initiation and the Number of Zygotic Embryos in the Seed.

John MacKay Jerry Pullman

Heidi Schindler YalinZhang
Christina Perfetti

SUMMARY

Initiation of somatic embryogenic cultures has become increasingly successful however
variation between seed sources poses potential challenges to the development of robust methods
applicable to a wide range of pine genotypes. This report explores variation of the number of
zygotic embryosper seed and its potential e_ct on initiation. The overall goal of this work is to
identi_ j_ctors that control initiation and thus gain insights that will help improve initiation
methods. Our preliminary assessment indicates that the number of zygotic embryos per seed is
usually positively correlated with initiation rate. Genetic variation J_r this trait between open
pollinated J_milies is extensive, suggesting strong genetic control. Other, non-genetic 3_ctors may
contribute less extensively to the variability, although in some casesthey have a significant Oct on
initiation rates.

BACKGROUND AND RATIONALE

Inidarion of somatic embryogenic cultures from immature seed of loblolly pine has been

increasingly successful in recent years, with average inidadon rares between 8% and 15%. However
in many cases, inidadon rares of different seed sources vary significandy, ranging from 0% to over
50%. Thus, while some sources initiated quire readily others appear recalcitrant. We are exploring

whether this variability presents an opportunity to better understand the underlying mechanisms of
inidadon. We expect that a better understanding of the driving forces that control initiation will lead

to improved initiadon methods.

As a first step toward the goal of identifying these driving forces, we are characterizing the
variation in the number of embryos per seed and its effect on inidation. The number of embryos per

seed is the resu.lt of both simple and cleavage polyembryony. Somatic embryogenesis in pine has

been proposed to involve a mechanism of cleavage polyembryony. Therefore, studying the variation
in polyembryony in the seed is a logical starting point to understand somatic embryogenesis.

SPECIFIC OBJECTIVES

1. Verify the linkage between the average number of embryos per seed and inidarion ofsomadc

embryogenic cultures.
2. Test whether variation in the number of embryos within an open pollinated family is linked with
variadon in initiadon.

3. Develop longer term objectives and seek external funding.

RESULTS

Variability in the number of embryos per seed- Summary of findings.

We have characterized the variability in the number of embryos present in an immature

(predominandy stages 2 to 4)open-pollinated loblolly pine seed, aiming to identify major sources bf
variation. Our findings are summarized here.

1. Number of embryos per seed. The number of post cleavage embryos per seed was highly
variable, ranging from 2 to 20 embryos per seed, contrary to previous reports of no more than 16

embryos per seed in loblolly pine (Figure 1).

ConfidentiallnJ3rmation- NotJ3rPublicDisclosure(];orMemberCompany_InternalUseOnly)
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2. Mother-tree. The mother-tree (o-p family) was a highly significant source of variation in ali

experiments. The mean number of embryos for each mother-tree ranged from 4.4 _+1.0 to 12.2
+0.95.

3. Site. The site or geographic region in which the seed were produced had a small effect on the
number of embryos per seed. Cones collected from the same mother tree but growing in two or

three different locations had similar numbers of embryos, but significant variation was observed
in some cases.

4. Position in the crown. A comparison of cones collected from different parts of the crown in four
different mother-trees showed a 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).

5. Developmental stage. The number of embryos per seed declined very gradually from early
development and more sharply at the end of the embryo development, when the dominant
embryo reached stage 8 to stage 9 (Figure 2).

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

of EmbryosduringDevelolm_nt
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Figure 1. Microscopic view of the aceto-
carmine stained of immature

1

embryos Figure 2. Evolution of the number of embryos
mass

from a single see (50X magnification) per seed during natural development. The stage
o£ each data point was determined by calculating

the averaged stage of each weekly collection

Effect of embryo number on initiation

Preliminary analysis of the number of embryos per seed carried out in three initiation

experiments (winter of 1998) showed a trend toward higher initiation rates in seed lots with higher
mean number of embryos. Initiations from the summer of 1998 showed the same trend (Figure 3).

A positive correlation between the number of embryos per seed and initiation rate was found in
three studies that we analyzed. However a correlation was not detected in all experimetns. In _

experiments that had low initiation rates overall, due to several seed sources with less than 5%
initiation, we did not find a correlation. Our data also suggest that the sample size must be large to

obtain repeatable results. We estimate that approximately 100 seed (per seed lot) are needed for
reliable results when attempting to identify the sources of variation for initiation. The need for large

samples is likely due to the high degree of variation in the number of embryos per seed.
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Variability of initiation within an o-p family.

One experimental approach to test the impact of the number of seed, without using diverse
genotypes is to compare initiation of seed-lots from the same mother-tree but that have different

average numbers of embryos. We used this approach by comparing seed collected from the same
clonally replicated mother-tree but grown on different sites. Previously, we showed that site to site
variation in the number of embryos per seed was generally small, but significant in some cases

(Figure 4). We carried out initiations with cones from three different sites for tree 7-56 and from
two sites for tree S4PT6 (Figure 5). The result illustrates both the large differences that occur

between genotypes and the smaller within genotype variability. This study, although comprised of a
small number of mother-trees, suggests that the within family variation for initiation rate can indeed

be explained by variation in the number of embryos per seed.

Future directions and grant proposals.

We propose to contrast seed from different genetic backgrounds to better understand the

driving forces that control initiation of somatic embryogenic cultures in ioblolly pine. We will study
the genetic control of initiation and polyembryony in loblolly pine through the use of controlled
crosses and if possible appropriate pedigrees. We have submitted two grant proposals to attempt to

secure external funding in this area. Our objective is to develop an integrated approach to better
understand the variability of initiation with the ultimate goal of reducing the genotype dependence
and developmental-stage dependence of initiation.

Somatic embryogenesis in pine has been proposed to involve a mechanism of cleavage

polyembryony. The number of embryos per seed is the result of both simple and cleavage
polyembryony. Thus polyembryony in the seed may be linked to proliferaton of somatic embryos
once in tissue culture. It is unknown which type of polyembryony (simple or cleavage or both) is

responsible for the wide range of variation in the number of embryos per. We plan to carry out
experiments that will help clarify this issue.

Several lines of evidence indicate that a better understanding of the formation and

development of zygotic embryos may hold the key to improving initiations. First, it is well
established that initiation with current protocols is successful only during a short developmental -

window, between stage 2 and 4. Secondly, it is most often from the subordinate zygotic embryos
rather than the dominant embryo that somatic embryos arise and proliferate. Third, the variability of

initiation among seed sources is often linked to variability in the number of subordinate embryos.
Thus, it appears formation and development of subordinate embryos is critical in the initiation

__1_ ConfidenriaI Jnj3rmation - Norj3r Public Disclosure
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS

Survival of Initiated C_tures after Direct Transfer into Liquid Media:

The Effect of M_tose, Auxin Type, and Genotype

Gary Peter
Teresa Vales

SUMMARY

The first step after somatic embryo initiation is to multiply the somatic embryos j3r
cryostorage and maturation. Previous results in our lab have shown that the rates of
survival of newly initiated cultures in multiplication media were 22% in 1995 and 33 %
in 1996 (Pullman et al., Annual Review 1998 pp. 15). In 1997, it was j3und that by
trans_rring newly initiated genotypes directly into liquid multiplication media 32%

established multiplying cultures (Peter et. al., Oct. 14-15 PAC, t 998, pp. 23-27). In
addition, it was shown that the success of directly trans_rring the newly initiated somatic
embryo culture into liquid media strongly correlated with its starting mass. 88% of the

' cultures with a starting mass ofz 0.2 g survived. Starting mass was not wholly predictive
of successsince initiates with low massessurvived and larger massessome times did not. It
was suggested that di_rences in the sugar composition (maltose vs. sucrose) and auxin
types (NAA vs. 2, 4D) between the initiation and multiplication media were shocks to the
sensitive somatic embryo masses. To test this, we compared the survival ratesj3r newly
initiated somatic embryos in media 16, media 16 with maltose instead of sucrose, media
16 with NAA instead of 2, 4-D and liquid initiation media 943. Overall, survival rates
were 16 (3/25 - 12%), 16-maltose (5/25 - 20%), 16-NAA (4/25 -16%), and liquid
initiation media 943 (6/25-24%). Although 943 had the highest survival, it had the
lowest survival ratesj_r the smallest initiate masses. Family and genotype e_cts appear to
account j3r the lower survival rates in these experiments when compared with previous
results.

INTRODUCTION

A significant barrier for implementing somatic embryogenesis in commercial forestry

operations using Pinus taeda genotypes has been the efficiency of initiating and capturing somatic
embryos from a large number of genotypes. For loblolly pine, intact ovules with early stage zygotic

embryos are sterilized and placed onto initiation media. The zygotic embryos extrude from the
megagametophyte and somatic embryos initiate from zygotic embryos, both dominant and
subordinate, and continue to proliferate. To scale up production of an initiated genotype, the newly
formed mass of somatic embryos is transferred into liquid multiplication media. This transfer needs

to be successful to capture the germplasm by cryostorage and to produce large numbers of embryos

and ultimately seedlings from this genotype. Over the past years we have found that oniy 25-33%
the "initiated" cultures survived transfer to multiplication media.

To attempt to overcome this loss and reduce the time spent on transfers, we investigated the

frequency that nine week otd initiated cultures survive and proliferate after direct transfer to liquid
multiplication media. In the summer of 1997, 34 cultures were directly transferred into liquid

muitiplication media and 42% survived to form proliferating cultures, this compared to capture rates
of 25-33% in previous years (Pullman et. al., PAC Annual Review 1998 pp. 15). Results from

_ ConfidentialInj3rmation- Notj3rPublicDisclosure(ForMemberCompany_InternalUseOnly)
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experiments presented in the Fall, with the first initiations of the 1998 summer, showed a capture
rate after direct transfer into liquid multiplication media of 123 nine-week-old genotypes of 32%.

These experiments also revealed a strong correlation between the starting weight of the initiated mass
and the success of establishing a proliferating liquid culture in our standard multiplication media 16.
The success rate of direct transfer was -_90% with initiates that had grown to a starting mass of_>0.2

g fresh weight (Peter et. al., Oct. 14-15 PAC, 1998, pp. 23-27).
From these results a number of conclusions were drawn. First, in practice initiates should

reach a mass of_> 0.15g before transfer into liquid media 16. Second, --85% of the somatic embryo
initiates after 9 weeks have a mass < 0.15g, and --63% have a mass <0.1g. This observation led us to

suggest that the initiation media effectively induce somatic embryos from a reasonable number (25-
40%) of zygotic embryos. However, many of the initiated embryos either do not proliferate at alt,
0nly proliferate very slowly or proliferate for a short period and then stop proliferating on initiation

media. This suggests that a significant blockage for many genotypes is the proliferation of early stage
somatic embryos. In addition to aspects of proliferation, other possibilities that can explain the small
size of the somatic embryo masses at the end of the nine-week initiation period are late extrusion
events and slow induction of somatic embryos from zygotic embryos.

While previous experiments clearly showed a strong correlation between the mass of the

newly initiated tissue and its successful transfer into liquid media, mass was not completely
predictive of success. Some small masses (0.03-0.04g) were able to proliferate in liquid media
whereas some large ones (0.17-0.2g) did not proliferate. Important questions were raised by

Pramod Gupta from Weyerhaeuser during the discussion of these results. These questions focused
on whether there was a shock from differences in the sugar composition (maltose vs. sucrose) and

auxin types (NAA vs. 2,4D) between the initiation and multiplication media. To address these

questions we compared the survival rate of initiations directly transferred to liquid multiplication
media 16 with media 16 that which contained maltose substituted for sucrose, or NAA substituted

for 2,4-D, and liquid initiation media 943. In addition, ½ sib family or genotype effects were

analyzed.

MATERIALS AND METHODS

Media

The following liquid multiplication media were used: media 16, 16 which contained maltose
substituted for sucrose, 16 which contained NAA substituted for 2,4-D, and liquid initiation media

943. Liquid 943 contained low charcoal levels only during the first 3 weeks. Charcoal was no
longer added after this due to the charcoal binding with the embryo mass. Table 1 at the end of the

report shows the exact media compositions.

Methods

After the 9-week initiation period 100 randomly picked initiates were weighed and placed

into the flask with the appropriate amount of media. A mass to volume ratio of 1 gm: 9 mi was
used. The minimal volume of media was 1 mt due to culture vessel size used. The culture vessels

were 250 ml flasks or 25 ml flat tissue culture vessels typically used for mammalian tissue culture

(VWR cat. #29186-024). The cultures were shaken at 100 rpm in the dark at 22°C. Each week-the

cultures were checked for growth and additional liquid media was added if growth had occurred.

Final scoring was done after six weeks.
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_SULTS & DISCUSSION

Experiments were performed to test whether Table 2. Multiplication Media
Media Sugar A_n T_emultiplication media that were more similar in sugar

and auxin type to the initiation media minimized the 16 Sucrose 2,4-D
shock of transfer into liquid multiplication media and 16 -NAA Sucrose NAA

increased the frequency that somatic embryos 16 maltose Maltose 2,4-D

proliferated. Two separate initiation experiments 943 Maltose/ NAA
from the summer of 98, each with ovules from 4 half- Inositol

sib families, were used as the source of the initiates.

One hundred initiated genotypes from the two separate initiation experiments were chosen randomly
and transferred directly into four different liquid the multiplication media (Table 2). The rates of

success in starting liquid cultures in the various media were compared.

Figure 1 shows the range of starting masses after nine weeks of initiation. Like previous
experiments, most of the starting masses were < 0. l g. Figure 2 shows that the success at obtaining a
proliferating culture increases with the size of the original mass. This also confirms the previous
results described in the fall of 98. However, the overall capture rate with all the media combined

was 18% compared with 32% last fall. Additionally greater initial masses (0.3g) were needed for
> 75 % survival.

FIGU_ 1. Percentage of Genotypes in FIGURE 2. The Combined Success with

a Starting MassClass AllMedia vs. Starting Weight

Experiments 988 and 990
Experiments 988 and 990
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FIGURE 3. Percentage of Proliferating
Cultures in the Four Liquid Media _er 6 wee_

Figure 3 shows the overall success of starting
liquid cultures after direct transfer of initiates
into media 16 (12%), 16-maltose (20%), 16- 30

NAA (16%), and liquid 943 (24%).

Figure 4 shows the distribution of the 2_- 6/2s
starting mass of the genotypes transferred into s,2s
each of the four media. Although attempts were .__>20- i

made to get relatively equal numbers of initiates =_ 4/2_fao ....

E 15-

in a given weight class into each media _ 3/2s
treatment, no initiates of > 0.3g were transferred a
into media 16. This was largely due to the 10-

limited number of these very large starting s-
masses. Figure 5 shows the percentage of

initiatesthat proliferatedin liquidcultures 0 .t i i 1

within each weight class. Interestingly, liquid '_ '_'_'"°_''_'"_* '4'Treatment

initiation media showed the highest rates of

success with larger initiate masses, but the lowest
success rates with the small initiate masses. One potential explanation for this is that the small

initiates already ceased proliferating and the transfer into liquid initiation media did not stimulate

their growth. Perhaps changes in hormones and sugar type would have attered the growth patterns
of some of the smaller initiates. Alternatively, the small somatic embryo masses were adversely

affected by the charcoal.

FIGURE 4. Number of Genotypes and Their FIGURE 5. Percentage of Surviving

Starting Mass Transferred into Each Media Cultures vs. Initial Mass
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Table 3 shows the survival rates for genotypes from each ½ sib family used in this experiment as well

as for those reported in the Fall 1998 PAC report. Genotypes UC 18-1212 and H4 had reduced
survival rates that lowered the overall survival percents. Interestingly, the survival rates for UC18-

1212 were similar in the two separate experiments. These results show a clear genorype effect. They
also sho TM little difference between the multiplication media tested; however, the number of initiates
tested is too low for this to be conclusive.

Table 3 Initiate Survival for Individual Genotypes
% #Survive/ # Tested/ # Tested/ # Tested/ # Tested/

Genot_e Survival Total# # survived i# survived # survived # survived
16 16-malt. 16-NAA 943

UC 11-1055 ..... 6.7 1/15 3/0 5/0 3/0 4/1
UC 18-1212 11.1 1/9 2/0 2/0 3/0 2/1

WVH4 11.1 1/9 2/0 1/0 3/1 3/0
WV L4 10.0 2/20 5/0 5/1 5/0 5/1
WV N4 13.3 2/t5 4/0 4/1 3/0 4/t
WV 04 37.9 11/29 8/3 7/3 8/3 6/2

M 91019 0 0/3 1/0 1/0 - 1/0
i
i

UC5-1507 66.7 2/3 3/2
UC5-1036 33 3 I 5/15 15/5 i

· i

UCl1-1057 83.3 5/6 6/5
UC 11-1178 0 0/2 2/0

UC18-1212 15.1 11/73 73/11

WVJ3 0 0/2 2/0
S4PT6 0 0/1 1/0

CONCLUSIONS

It is difficult to draw any strong conclusions from the reported experiment, because of 1) the
overall low success rate upon direct transfer when compared to previous results and 2) the relatively
small number of initiates in each treatment (25) spread out across five initial weight classes.

Although it is unclear why the overall success rate for media 16 (12%) was low, one possibility is that

there is a significant genotype effect on survival as well as on initiation. For example, both genotypes
UC18-1212 and WV 04 initiate well but the survival of WV 04 after direct transfer into media 16

was -- 2X higher than UC 18-1212.
These results do confirm our previous observation that the highest success rates were with

larger initial mass Sizes of somatic embryos. They also suggest that media 16 substituted with
maltose and NAA, making it more like initiation media, as well as liquid initiation media itself were
better than media 16. For the smallest initial mass sizes media 16 and 16-NAA increase the percent

survival; whereas they appeared less effective for the larger tissue masses. However, overall the

survival of specific genotypes was not different in each of the media tested.

ConfidentialInj3rmation- Notj3rPublicDisclosure(ForMemberCompany_InternalUseOnly)
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Table 1 Me_a Compositions

16 16-maltose 16-NAA 943

Co m po nents ..........i_i..._...-ii-i_iii,iMg,i:L.........................MgJL ..... '"Mg../L-...._.___._M_/L
NH4NO3 603.8 603.8 603.8 200.0

KNOb 909.9 909.9 909.9 909.9
KH2PO4 136.1 136.1 136.1 136.1

Ca(NOb)2.4H20 236.2 236.2 236.2 236.2

MgSO4°7H20 246.5 246.5 246.5 246.5
Mg(NO3)2'6H20 256.5 256.5 256.5 256.5

MgC12°6H20 101.7 101.7 101.7 101.7
KI 4.15 4.15 4.15 4.15

HbBO3 15.5 15.5 15.5 15.5
MnSO4°H20 10.5 10.5 10.5 10.5

ZnSO4°7H20 14.4 14.4 14.4 14.668
Na2MoO4°2H20 0.125 0.125 0.125 0.125

CuSO4°5H20 0.125 0.125 0.125 0.1725
COC12°6H20 0.125 0.125 0.125 0.125

FeSO4°7H20 6.95 6.95 6.95 13.9
Na2EDTA 9.33 9.33 9.33 18.65

Sucrose 30,000 30,000 30,000 -
Maltose - 30,000 - 15,000

myo-Inositol 1,000 1,000 1,000 20,000
Casaminoacids 500 500 500 500

L-Glutamine 450 450 450 450
Thiamine°HC1 1 1 1 1.0

Pyridoxine'HC1 0.5 0.5 0.5 0.5
Nicotinicacid 0.5 0.5 0.5 0.5

Glycine 2 2 2 2.0
ActivatedCharcoal 50

ABA 1

2,4-D 1.1 1.1 1.1 -
NAA - - 1.1 2.0

BAP 0.45 0.45 0.45 0.63

Kinetin 0.43 0.43 0.43 0.61

pH 5.7 5.7 5.7 5.7
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS

EMBRYO DEVELOPMENT IMPROVEMENTS BASED ON ELEMENTAL ANALYSIS

OF FEMALE GAMETOP_E, ZYGOTIC AND SOMATIC EMBRYO TISSUES

Gerald Pullman

Paul MonteUo

Xiaorong Feng

Summary

Metal analysesofj_ll term zygotic embryoandj_male gametophyte tissuewere

compared to analyses of our most developedsomatic embryos. Major di_rences in some
elemental compositions were observed. Metal analyseswere also done weekly throughout the
developmental sequencejbrj_male gametophytesand zygotic embryos. TheSeanalyses
showed changing compositions over timejbr the various elementsmeasured. Based on these
observationsa seriesof experiments on media adjustmentjbr each step in the somatic embryo

' protocol are ongoing. To date statisticallysignificant improvementsin embryoyield have
been documented due w increasesin iron in the development and maturation medium. A

threej_Id increasein the level of iron in development and maturation medium causeda
repeatablestatisticallysignificant increasein yield with a marginal increasein visual embryo
quali{y.

Introduction

Table 1 shows a comparison of elemental analyses for zygotic and somatic tissues

with the ratio of somatic / zygotics. Analyses of elemental composition of somatic embryos

and comparison to zygotic targets show that somatic embryos contain 191 rimes the sodium,
17 rimes the boron, 3 rimes the calcium, and 1.8 rimes the potassium vs. the target levels of

zygotic embryos. Somatic embryos are also deficient in elemental content for copper (10%),
iron (21%), phosphorous (46%), magnesium (50%), and manganese (66%). Zinc and

sulfur appear to be on target. Based on these findings a series of experiments was begun to
tests modificadons in the media to produce somatic embryos which better march zygotic

embryo elemental compositions. The following experiments targeted iron levels in the

development and maturation step but experiments have also been performed or are in

progress to modify the initiation, maintenance and germination media.

Loblolly Pine Embryo Elemental Analy
Microetements

+ Mn-,--,- z_ Fo 0 Cu_-* .41- Zn_--_

400

300

i 200

100

-_ .. _ = _ = . ¢, - =.-_ _-_.._.. __ , , , , , '[

O&2 3&4 5&6 7 8 _).1 0.2 0.3 9.4 0.5 0._ 0.7 0.8 0.0 0,1 0

Embryo Siege
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Materials and Me'ods

25 ml of development and maturation media was dispensed into I00x15 mm petri
dishes for each treatment (media formulation listed in Table 2, to make iron variations

multiply the modified level by the amount listed for both FeSO4'7H20 and Na2EDTA).

Suspension culture stocks of each genotype were poured into sterile 300mi graduated

cylinders. Cells were settled for twenty minutes after which the supernatant was removed.

One ml of cells was pipetted and spread evenly on sterile black filter paper (Ahlstrom, Inc.,

Mt. Holly Sprints, PA) in the petri plate of media. There were four replications for each

treatment of several genorypes (depending on the experiment). Cells were subcultured

monthly by transferring the black filter paper covered in ceils to fresh development medium.

, After four months embryo production observations were recorded. When size differences in

somatic embryos were apparent embryo weight observations were made. Quality control
observations were taken for both osmolalit-y and pH of fresh media.

Results

Experiment 1 (918)' In this experiment Medium 240 was modified to contain altered levels

of copper, iron, or boron. Results show that doubling the iron permits more embryos to
advance to the cotyledonary stage of development when compared to the control. These data

were presented in the prior PAC Report and lead to changing the boron level in our standard
medium. The iron level is the focus of this report.

ExpeKment 1 - 95% Conf__nee
Intervals for Factor Means

Media Copper Iron Boron . !

240 lx lx lx 6o-..!:......................................._...........................

683 2x lx lx 5o}

684 5x lx lx

685 lx 2x lx
40

686 lx lx 1/2x
30

687 lx lx 1/5x

688 lx lx 1/10x _ ,0 i
689 2x 2x 1/5x ,0

0 -..._............_............t............i.......................................................i............................
683 684 685 686 687 6gg 689

Tnmtm_t

Experiment 2 (933)' In this experiment the iron level was raised to 1.5x and 2x of the

control level in Medium 240. Embryo production was improved in both experimental _

treatments when compared to the control. The germination rate was elevated for embryos that

were exposed to raised iron during development and maturation.
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Experiment 3 (963)' In this experiment cells were plated on development and maturation
Medium 752 (control). The experimental treatment tripled the iron of Medium 752.

Statistically significant differences in embryo production were observed. A slight increase in
somatic embryo dry weight was detected.

Means and 95.0 Percent Confidence Intervals

250 "-

i i

220
59 190
©

b !' '-
160

130 ';_

100
' 1 3

Iron level

.....An_____al_ysisof Variance for Embryo Yield Experiment 3 - Type III Sums of Squares

Source Sum of Squares Df M_e___a_n_S_ctuareF-Ratio P-Value
Main Effects

A: Iron 2.900492E-7 1 2.90492E-7 14.44 0.0002

Residual 0.000065713 93 7.06591E-7

Total (Corrected) 0.0000660035 94

All F-ratios are based on the residual mean square error.

Means and 95.0 Percent Confidence Intervals
0 (xo.ooool)b

133:'

123I

(D
----, 113

._ 103
!

o
93

_'-_'% 83 mm _

Q
73 i_

1 3

kon Level
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...._An_____aJ_ysisof Variance for Emb[_rZ_lO...................Yield Experiment 4- Type III Sums of Squares
Source Sumof Squares Df Mean F-Ratio P-Value

Square
Main Effects

A: Treatment 122338.0 7 17476.9 7.39 0.0000

B' Genotype 1.76908E6 3 589692.0 249.36 0.0000
Residual 276682.0 117 2364.81

Total (Corrected) 2.1681E6 127

Alt F-ratios are based on the residual mean square error.

Conclusions

These data show that an increase in th e iron level in the development and

maturation medium allows a statistically significant increase in the number of coryledonary

embryos produced. However, the change in dry weight per embryo is not statistically

different when compared to the control. Considering all four experiments, iron raised to

three rimes that of the control level yields the highest quantity of somatic embryos produced

per mi. Furthermore, it is interesting to note that a three fold increase in iron coincides well
with the increase found in zygotic embryos through development.
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Table 2. Media compositions for maintenance (16), control (240), and improved (752)

developme_n::t:::a..n.:d:,:.ma:t:urat!9:n.,,_med_!a:......................................................................................................

C?mpone!7_ts (mg!l) .... 16........................240 ........................752 .....
N 4NO3 603.8 200 200
KNO3 909.9 909.9 909.9
K 2 o4
Ca(NO3)2-4H20 236.2 236.2 59.05

MgSO4.7H20 246.5 246.5 246.5

Mg(NO3)2'6H20 256.5 256.5 256.5

MgC12.6H20 101.7 101.7 101.7
KI 4.15 4.15 4.15

H3BO3 15.5 15.5 7.75
MnSO4-H20 10.5 10.5 10.5

ZnSO4' 7H20 14.4 14.4 14.4

Na2MoO4'2H20 0.125 0.125 0.125

CuSO4.5H20 0.125 0.125 0.125

COC12°6H20 0.125 0.125 0.125

FeSO4'7H20 9.95 13.9 13.9

Na2EDTA 9.33 18.65 18.65

Maltose 0 20000 20000

Sucrose 30,000 0 0

PEG 8,000 0 130,000 130,000

myo-Inositol 1,000 20,000 20,000
Casaminoacids 500 500 500

L-Glutamine 450 450 450

Thiamine'HC1 1 1 t

Pyridoxine'HC1 0.5 0.5 0.5
Nicotinicacid 0.5 0.5 0.5

Glycine 2 2 2
2,4-D 1.1 0 0
NAA 0 0 0

BAP 0.45 0 0

Kinetin 0.43 0 0

ABA 5.2 5.2

ActivatedCharcoal 0 0 0

Gelrite 0 2,500 2,500

TCAgar 0 0 0

.,p..H..............................................................................................5:7............................5..:..7...................................5:.7............
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MASS CLONAL PROPAGATION OF IMPROVED CONIFERS

Optimizing the Percent of Embryos that Develop into Cotyledonary Embryos' The Role of Plating
Density and ABA Concentration

Gary Peter
Teresa Vales

SUMMARY

In our standardprotocolj3r loblollypine somatic embryo maturation, lml ofsettle d
cellsj_om suspension culture are spread ontofilterpapersplaced on a solid maturation media
containing 19. 6 uMABA. Previously reported experiments have shown that a higher
percent of early stage embryos will develop into cotyledonary embryos when the cell density is
decreased below l ml and when the starting embryonumber is optimized relative to the ABA
concentration in the media. An experimentpresented herefurther investigates these
observations using an additional genotype. It was hypothesized that a high percentage of
embryo development can bepredicted by achieving aparticular ratio of live embryo number
to ABA concentration in the media. To test this hypothesis, the analysis of dataj_om past as
well a present experiment with respectto this ratio will bepresented. It can be concluded
that a particular ratio of cell amount to the ABA concentration in the media can suggest high
embryo development, though more experiments using a wider range of genotypes need to be
done to determine whether there existsa ratio that will predict high embryo development. A
new hypothesis is suggested here which uses the ratio of embryo weight to ABA concentration
topredict embryodevelopment. This hypothesiswill be tested in future experiments. Last, to
address the ongoingproblem of having a high percent error between replicateplates in the
number of cotyledonary embryosperplate, we analyzed the error involved in applying cells to
the filterpaper by assessing the weights of the embryos that wereplated.

INTRODUCTION

Experiments were presented in the Spring 98 PAC report (Peter, Vales pg. 47) and the Fall 98

PAC report (Vales, Peter pg. 37) that showed that embryo development in our present Loblolly Pine
maturation system with lml of settled cells on each plate, was not optimal in terms of the number of
embryos that developed into coryledonary embryos. Decreasing the cell density and/or increasing the
concentration of ABA in the maturation media appeared to increase the percent of embryos that

developed. Hypotheses that would explain the observed iow percents of development at the higher cell
densities include nutrient limitations as well as a lack of sufficient ABA. Optimal cell density at a single

ABA concentration seemed to be somewhat genotype-specific. Of the five genorypes tested, a cell

density of 0.25ml settled cells was optimal for three genotypes while 0.5mls was optimal for the other
two. To understand more about the relative proportion of embryos to the ABA concentration in_the

media, we presented results for one genotype in which the cell density was altered in combination with

varying ABA concentrations. It was hypothesized that there is a specific optimal ratio of the number of
embryos plated to the concentration of ABA in the media, which needs to be attained in order to get

ConfidentialInj3rmation-Notj3rPublicDisclosure
(ForMemberCompany_InternalUseOnly)



38
DFRC-FO10

the most, high-quality embryos. In this report, data will be presented which repeats this experiment

with a second genotype in hopes of gaining more information about the existence of this ratio.
With this optimal ratio in mind, it was hypothesized that a ratio of cell weight to the concentration

of ABA in the media may be an easier, more reliable assessment of the amount of cells necessary to

apply to plates at a given ABA concentration. In future experiments, cell weights will be assessed at
different concentrations oFABA in hopes of finding a predictable ratio of cell amount to ABA

concentration resulting in improved embryo production. Finally, preliminary experiments will be

presented in this report which use cell weight plated as a way to assess the reliability of our present
plating methods as well as methods devised to improve the procedure.

EXPERIMENT 1' Optimizing Embryo Plating Densities with Respect to ABA Concentrations

Method

Settled cells from genotype 455 were diluted 1/20 in media 16. Either 2.5, 5, 6.6, 10 or 20 mls of the
dilution were added to a vacuum filter apparatus to produce plates having final settled cell amounts of
0.125, 0.25, 0.33, 0.5, and lml respectively. Weak suction was applied to remove excess media and

spread the cells uniformly over the black filter paper. The black filter papers for each cell density were

placed on plates containing media 752 with increasing ABA amounts of 19.6-98 uM. (There were 5
replicates per ABA concentration). Plates were wrapped in parafilm and placed in the dark. They were
subcultured monthly for two months at the end of which the number of coryledonary embryos was
determined. This number was then normalized per mi of cells. The experimental design is shown in
table 1.

Table 1' Experimental
ResultsandDiscussion Design

Figure 1 shows the results from the previously reported experiment

(fall 98 PAC report, pg. 47) presented in the number of cotyledonary Settled Cells uM
embryos per ml instead of percent development on the y-axis. Figure 2 Plated ABA
shows the same results as in figure 1 from before but plotted as a percent lml 19.6 u

of embryo development (fall98 PAC report, pg. 47). Figure 3 and l ml 29.4 u
Table 2 show the results from the latest experiment using the newer lml 49.0 u

genorype 455. Both experiments were done essentially the same the cell lml 98.0 u

amount plated and the ABA concentration in the media were varied. 0.5ml 19.6 u
The results from the two separate genotypes are similar in several ways. 0.5ml 29.4 u

First, an ABA concentration that is too high with respect to the amount 0.5ml 49.0 u

of cells that are plated was found. In the experiment with genorype 434, 0.5ml 98.0 u

only at lml cell density does 98uM ABA not inhibit embryo 0.33ml 19.6 u

development. For genotype 455, 98uM ABA inhibited embryo 0.33ml 29.4 u
development at all cell densities. This suggests that 455 is more
sensitive to high ABA concentrations than the previously tested 434. A 0.33ml 49.0 u

second common aspect of the two genotypes is that the number of 0.33ml 98.0 u
embryos that develop at lml plating density at all concentrations of 0.25ml 19.6 u
ABA is much lower than occurs at the lower plating densities. This 0.25ml 29.4 u

suggests a nutrient limitation at lml, which can be overcome by 0.25ml 49.0 u
decreasing the plating density to at least 0.5ml. Third for both 0.25ml 98.0 u

genotypes the number of embryos that develop at each concentration of 0.125ml 19.6 u
ABA changes according to the density of the embryos plated. For 0.125ml 29.4 u

ConfidentialInj¢rmation- Notj3rPublicDisclosure 0.125 ml 49.0 u
(ForMemberCompany_InternalUseOnly) 0.125 mt 98.0 u
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instance, in the previous experiment with genotype 434, the highest number of embryos development
at 98uM ABA for lml cell density, 49uM for 0.5 and 0.33ml, and 19.6uM ABA for 0.25 and 0.2ml.

The overall highest amount of embryo development occurred at 0.5ml density with 49uM ABA. The

profile for cell density and ABA concentration, which resulted in the highest embryo development, was
slightly different with genotype 455. The optimal occurred at 49uM ABA for 1, 0.5 and 0.33ml cell
densities and for 29.4uM at 0.25 and 0.125ml cell densities. The overall highest embryo development

here occurred at 0.25ml with 29.4uM ABA. Interestingly, the optimum ratio of cell density to ABA

concentration for these two genotypes are similar, but it is unclear whether there exists a range of ratios
which will predict high percentages of embryo development in all genotypes.

Table 2 Number of Cotyledonary Embryos After Two MOnths on Media 752

Amount [ABA] #1 #2 #3 #4 AVG SD avg/ml
.125ml 19.6 59 11 8 22 25.0 23.5 200

.25ml 19.6 168 98 169 150 146 33.3 584

.33ml 19.6 214 268 284 210 244 37.6 739

.50ml 19.6 282 264 281 315 286 21.3 572

1.0ml 19.6 246 277 231 258 253 19.4 253
,,

.125ml 29.4 154 80 85 44 90.8 46.0 726

.25ml 29.4 239 198 207 176 205 26.1 8201

.33ml 29.4 246 208 241 285 245 31.5 742

.50ml 29.4 303 317 285 328 308 18.6' 616
1.0ml 29.4 216 237 212 227 223 11.3 223

.125mi 49.0 33 59 6 32.7 26.5 262

.25ml 49.0 129 92 173 209 151 51.0 604

.33mi 49.0 269 283 230 273 264 23.3 800

.50ml 49.0 299 308 309 342 315 18.9 630

1.0ml 49.0 251 260 310 182 251 52.7 251

.125ml 98.0 0 0 0 0 ! 0.00 0.00 0.00

.25ml 98.0 0 0 0 0.00 0.00 0.00

.33ml 98.0 0 0 0 0 0.00 0.00 0.00
98.0 o o o o o.oo o.oo o.oO.50ml

1.0ml i 98.0 0 0 0 0 0.00 0.00 0.00

Confidential InJbrmation - Notj_r Public Disclosure
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DATA ANALYSIS: Assessing the ratio of cell density to ABA concentration and the reliability of using

this ratio to optimize embryo development

Method

Data from the experiments presented in the Spring 98 PAC report, the Fall 98 PAC report, as well as
experiment 1 from this report were used to generate the following graphs where embryo development

was plotted vs. the ratio of cells plated to the ABA concentration in the media. Genotypes represented
in this data include 316, 426, 434, and 455.

Results and Discussion

Figure 3 shows a graph generated from data representing 3 out of the 4 genotypes mentioned above.
The data from genotype 455 was not put into this particular graph because the initial number of

embryos plated had not been determined thus percent development and the number of embryos plated
could not be obtained for that genotype. This graph in figure 3 was created to assess whether the ratio
between the number of embryos initially plated and the concentration of ABA could be used as a

predictor of high percent development. In other words, can a range of ratios (cells plated/[ABA]) be
determined where percent development is consistently high. The data presented in this graph indicates

the ratio of cells plated to ABA concentration of 14 to be an upper limit for genotype 426. The percent
development above this limit appears to be low. The upper limit of the ratio for genotype 316 appears
to be 30 and for 434 the ratio of 8. The determination of lower limits to this ratio is tess obvious. Not

enough combinations of cell amount and ABA concentrations were tried to make this determination.
Further, in certain ratio ranges, percent development is high as well as low making an optimal range
determination difficult with this data. Nonetheless, if one looks at the highest percent development

for each of the three genotypes, one gets a ratio of 13 for genotypes 316 and 426 and a ratio of 5 for
genotype 434. This shows that the ratio of embryo number to the ABA concentration in the media can

be used to suggest high embryo development, but not necessarily predict it.
In figure 4, data was graphed from the two experiments where cell amount as well as ABA was

varied. The y-axis shows the number of cotyledonary embryos per ml and the x-axis shows the ratio of

settled cells plated (mis) to the concentration of ABA. This graph like figure 3 points to an upper limit
on the range where above that limit the development is lower. That upper ratio appears to be 0.03. An

X is placed above the points which indicate data collected from plates where one ml
of settled cells is plated. Past experiments have shown that embryos grown at this density are subjected
to nutrient as well as hormonal limitations. If these points are removed from the graph, a ratio of

around .01 is suggested to be optimal. Unfortunately the development at ratios around the optimum
showed a mixture of low development as well.

Confidential ];nj_rmation - Notj_r Public Disclosure
(For Member Company _ Internal Use Only)



43
DFRC-FO10

120 1000-

· · Genotype 316 · Genotype 434

100- · Genotype426 · Genotype455

· · Genotype434 800 - mB
X Indicates 1mi Data

z 80- ·LLI

· · ·
(3. · 600- ·
o ·· · ·
._1
LU 60-
>,,, ·
C3

mm 400-
40 - m ° ·

·· X
· X X ·

20- me · · 200- m_® · · ·

· X

' *" ._ '' X '
0-{mmD_%,e,¿m · · Xi i I i i i i i i · ])( _ ·

0 10 20 30 40 50 60 70 80 90 100 I 0 0 i---- ,_ "_ '- i _ i-
0.00 0.01 0.02 0.03 0.04 0.05 0.06

# PLATED/[ABA]
Settled Volume/uM [ABA]

Figure 3: Percent Development °fEarly Figure 4: The Number of Cotyledonary

Stage Embryos as a Function of the Ratio Embryos Per ml as a Function of the Ratio of
of Embryos Plated to ABA Concentration Settled Volume Plated to ABA
in the Media

The ratios that were thus far tested include the number of embryos plated versus the concentration of

ABA in the media as well as the amount of settled cells plated versus the concentration of ABA. Using

these ratios may not be the best way of predicting high embryo development. A better ratio to use may

be the weight of the cells plated versus the concentration of ABA in the media. When the number of
embryos plated is used, the amount of non-embryo cells that may not develop, but may certainly take
in nutrients and ABA is not considered in this ratio. The weight of total cells added would consider

this. Further, the proportion of embryos to non-embryos could change during subculturing. One
reason that the ratio of settled cell volume versus ABA concentration would be less effective than weight

is that serried cell amount can be different from day to day for a given genorype. Larger cells pack

differently than small, and since the proportion of large and small cells can change, so can the measured
settled cell volume. In future experiments, the hypothesis that the ratio of weight to ABA

concentration would be a better ratio to predict embryo development wilt be tested.

EXPERIMENT 2: Using the technique of weighing the embryos plated to assess the reliability of our

present procedure to apply cells to maturation plates and to assess alternative methods

Method

Embryos from suspension cultures were settled in volumetric cylinders then the settled cells were
diluted 1/20 with either media 16, or in later experiments liquid media 752. A black filter paper was

wetted, placed on the vacuum filter apparatus, vacuum was applied then the paper was weighed. Cells

were applied from the 1/20 mixture onto the black filter paper via the vacuum filter apparatus where
20mis of the 1/20 dilution was added to get lml of settled cells onto the paper, 10mls of 1/20 to get

0.5mls of settled cells and so on. The papers with the cells were then weighed. The weight of the cells
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was obtained by subtracting the weight of the paper from the weight of the cells plus the paper. The
process was repeated 5-6 times per genorype per cell amount to obtain average weights. The percent
error was determined by dividing the standard deviation from each grouping of 5-6 measurements by

the average cell weight from that group.

Results & Discussion

The results from this experiment are presented in table 3. Figure 5 shows a graph where the average

weight of embryos from 4 genotypes (426, 479,452, and 434) are plotted versus the various amounts
of the 1/20 dilution added to the filter paper. The graph created a straight line in 3 of the 4 genotypes

indicating that the method used in applying the cells to the filter paper was sufficient in that regard. In
our standard protocol, lml of settled cells is added directly to the black filter paper from the cylinder

then spread. An important observation is that when the weight of the lml of cells directly applied is
compared to the weight of cells from 20mls of the 1/20 dilution which should be lml of settled cells,

the weight of the directly added cells tends to be lower. The percent error in weight between replicates
in these first four genotypes are about 20%, which is consistent with the error between replicates that is
usually obtained for the number of cotyledonary per plate in our experiments.

It was hypothesized that decreasing the error of applying the cells to the plates could decrease the
error in the number of cotyledonary embryos per plate between replicate plates and that small changes
in maturation due to various treatments can be seen more easily. To decrease this error the following

approaches were tried. First, a spinner flask was used to mix the 1/20 cell suspension prior to removing
the liquid with a pipette for the application to a filter paper. It was anticipated that better mixing of
the cells would decrease the difference between replicates. This proved not to be the case (See Table 3).

The data in Figure 5 from genotypes 434 and 452 represent trials using a spinner flask. The percent

error between replicates remained high, around 20%.
A second approach used in an effort to decrease the percent error was to dilute the settled cells 1/20

in media 752, a very viscous media containing 2% maltose and 13% PEG-8000. It was hypothesized

that the act of pipetting itself led to the high error between replicates and by making the liquid

surrounding the embryos more viscous, the cells would be taken up into the pipette more uniformly
resulting in decreased error between replicates. The data from genotype 482 shows the comparison
between measurements taken when 16, a less viscous fluid and 752, the more viscous fluid were used.

This comparison is presented in figure 6. The graph shows more of a straight line when media 16 is
used. The percent error was only slightly improved when 752 was used (8% vs. 9% error). It was

observed that the percent error for genotype 482 was lower than the other genotypes. It was also
observed that 482 is a genotype where the embryos in solution do not clump together thus forming a

very fine mixture. In the other genotypes (426, 479, 452, and 434) the cells in solution appeared to
adhere together more. It was hypothesized that the level of error could be affected by the consistency of
embryos in solution, that higher percent errors occur in the genotypes where the cells adhere together

and tess in the finer genotypes. To test this hypothesis, a very clumpy genotype was assessed in a similar
way to determine the percent error between replicates. Genotype 461 is a very clumpy genotype in
solution. Most of the cells in solution are adhered to one another. The percent error between replicates

appears to be around 28%, which can support the above hypothesis. Using media 752 to dilute the
cellsdecreasedthepercenterrorslightly.

Given that many of the recent experiments that have been done involved using the vacuum

apparatus to apply varying amounts of diluted cells to the plates it is necessary to report an interesting
observation. When using the diluted cell mixture, the weight for l ml of settled cells initially weighed
decreases as much as 10% when the same amount is weighed when the flask is 50% less full (data not

shown). This observation gives us information on how to potentially decrease the overall error in these
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types of plating experiments. We can ensure excess cell suspension for large experiments and can
randomize plates when plating various cell amounts using this method. Further, this observation tells
us that better pippetting methods are needed.

To summarize, this data shows that the high error between replicate maturation plates in the
number of coryledonary embryos per plate is related in part to the method that is used in plating the

embryos. By improving the percent error between plate replicates for cells plated the ending error
should decrease. Weighing cells appears to be a good way to assess the percent error of cells applied to
the black filter papers. It will be used in future attempts at ways of improving error.
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Table 3. Data from Weighing Experiments

Genotype Amount Weight % Error Comments
426 lml 0.2123 13.0 vacuum applied

426 .5ml 0.1013 5.75 vacuum applied
426 .33ml 0.0863 20.5 vacuum applied

426 .25ml 0.0702 19.7 vacuum applied
426 .125ml 0.0543 28.3 vacuum applied

479 lml 0.1383 14.1 directly applied

479 t ml O.1447 7.46 vacuum applied

479 .5ml 0.0659 7.51 vacuum applied

479 .33ml 0.0344 32.9 vacuum applied

479 .25mi 0.0265 41.8 vacuum applied

479 .125ml 0.0188 24.0 vacuum applied

434 1ml O.1465 8.12 directly applied

434 lml O.1668 9.34 spinner flask

434 .5ml 0.0752 17.4 spinner flask

434 .33ml 0.0491 18.4 spinner flask

434 .25ml 0.0366 15.7 spinner flask

434 .125ml 0.0168 28.2 spinner flask
452 1ml O.1347 16.1 directly applied

452 lml 0.1416 6.16 spinner flask

452 .5ml 0.0671 19.6 spinner flask

452 .33ml 0.0409 21.6 spinner flask

452 .25ml 0.0388 38.8 spinner flask

452 .125ml 0.021 44.4 spinner flask
482 lml 0.1763 6.30 media 16

482 .5ml 0.0755 6.89 media 16

482 .25ml 0.0383 13.6 media 16

482 lml 0.1236 4.25 media752

482 .5ml 0.0635 6.70 media752

482 .25ml 0.0455 12.2 media 752

461 1ml 0.2187 28.8 media 16

461 lml 0.0796 23.0 media752
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Mass Clon_ Propagation of Improved Comfers:

Field Establishment of Somatic Embryo

Derived Loblolly Pine See_ings

Jerry Pullman, Paul Montetlo, Mike Cunningham

Summary

On January 22, 1997 thirty five somatic embryo derived loblolly pine seedlings, initiated in
summer 199< J%m open pollinated ovulesJ%m tree UCIO-IO03 were established in a fieldplot at

the Union Camp Ogeechee Forest in Tattnall County Georgia. To date plants have shown 100%
survival and normal growth. Average tree height after 2 growing seasons in thefield is 5.2jCetj¢r
somatic seedlings vs. 8. 6jCetjOr nearby loblolly pine seedlingsplanted at the same time.

Loblolly pine seeds that originated from tree UC10-1003 of the Union Camp

Corporation were initiated during 1994 initiation trials. The somatic embryos that resulted

subsequently were allowed to undergo conversion and germination. The seedlings spent

approximately 1 year in the greenhouse. 35 of these seedlings were delivered to the Union
Camp Bellville Georgia location. On January 22, 1997 they were established in the field. The

study was laid out in four rows. Rows 1-3 have 9 trees whereas Row 4 has 8 trees. The spacing

between seedlings is 10'x6'. The study plot is marked with a post at each corner and a flag pin
at each tree.

IPST SomaticSeedling UC Seedling
Tree HT Tree HT Tree HT

1 5.2 21 5.2 1 8.8
2 6.3 22 3.0 2 9.7
3 4.6 23 5.4 3 10.2
4 3.3 24 6.8 4 8.2
5 5.3 25 5.5 5 7.3
6 5.0 26 5.6 6 7.8

7 3.4 27 5.5 7 t0.0
8 5.3 28 filler 8 7.4

9 5.7 29 6.6 9 7.7
10 5.8 30 5.9 10 7.7
11 5.8 31 4.9 11 9.1
12 6.6 32 4.9 12 8.2

13 6.5 33 4.3 13 7.0
14 5.0 34 4.8 14 9.3
15 4.8 35 5.0 15 8.0
16 5.6 36 5.2 16 11.0

17 5.6 17 10.0
18 5.5 18 8.0 -

19 4.4 19 8.3
20 3.5 20 7.3
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As of September 1998 the trees displayed 100% survival in the field. The average height
of the 35 trees is 5.2 feet. The tallest tree is 6.8 feet and the shortest is 3.0 feet. For a reference

point, 20 nearby traditionally generated Ioblolly pine seedlings that were planted at about the

same time were measured. The average height of these seedlings is 8.6 feet. It is speculated that

the differences in height may be due to a slow start in the first growing season due to somatic

seedling residency in our greenhouse for 1 year.

We would like to thank Mike Cunningham, Jerome Martin, Randy Purvis, and Paul Winski at

Union Camp for the establishment and care of these seedlings.
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