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ABSTRACT OF THE DISCLOSURE
The present invention provides methods for producing conifer cotyledonary
somatic embryos. The methods of the presént invention each includes the step of
culturing embryogenic conifer tissue in, or on, a development medium for a period of
time sufficient to produce conifer cotyledonary somatic embryos from the embryogenic

conifer tissue, wherein the volume of development medium is in the range of from about

35 ml to about 50 ml per 0.5 mL of embryogenic conifer tissue.
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METHODS FOR DEVELOPING CONIFER
SOMATIC EMBRYOS

FIELD OF THE INVENTION

The present invention relates to methods for producing plant embryos in vitro and

optionally producing plants from the plant embryos.
BACKGROUND OF THE INVENTION

The demand for conifer trees (e.g., pines and firs) to make wood products
continues to increase. One proposed solution to this problem is to identify individual
trees that possess desirable characteristics, such as a rapid rate of growth, and produce
numerous, genetically 1dentical clones of the superior trees by somatic cloning. Somatic
cloning is the process of producing plant embryos, in vitro, from plant cells that are not
zygotes. These clones can be cultivated to yield stands, or whole forests, of conifer trees
that possess the desirable characteristic(s).

One method for somatically cloning trees utilizes in vitro treatment of isolated,
living, conifer tissue under conditions that promote formation of conifer somatic
embryos, and then whole plants, from the treated tissue. The isolated conifer tissue may
be cultured in the presence of one or more auxins, and/or cytokinins, to promote
formation and multiplication of embryogenic tissue that is then cultured under conditions
that promote formation of cotyledonary embryos that are morphologically similar to
zygotic embryos produced in vivo. The embryos may then be germinated to yield conifer
trees. An example of conifer embryogenic tissue are embryonal suspensor masses
(ESMs) that can be formed, by tissue culture in vitro, from conifer embryos dissected
from conifer seeds. By way of example, FIGURE 1 shows pine embryonal suspensor
masses 1n liquid culture. FIGURE 2 shows a pine, cotyledonary, somatic embryo formed
from ESM (cotyledons are visible at the top of the embryo).

A continuing problem, however, is stimulating efficient formation of conifer,
cotyledonar, somatic embryos that are capable of germinating with high frequency to

yield conifer plants. Preferably, the conifer cotyledonary somatic embryos, formed
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in vitro, are morphologically, anatomically and biochemically similar, or identical, to
zygotic conifer embryos formed, in vivo, in conifer seeds of the same species. In
particular, there is a need for methods for producing, in vitro, greater numbers of zygotic-
like cotyledonary somatic embryos than are produced by prior art methods. Preferably,
the germination frequency and quality of the conifer, cotyledonary, somatic embryos
produced by the novel methods should be higher than the germination frequency and
quality of conifer cotyledonary somatic embryos produced by prior art methods.
SUMMARY OF THE INVENTION

In accordance with the foregoing, the present invention provides methods for
producing conifer cotyledonary somatic embryos. The methods of the present invention
each includes the step of culturing conifer embryogenic tissue in, or on, a development
medium for a period of time sutficient to produce conifer cotyledonary somatic embryos
from the embryogenic conifer tissue, wherein the volume of development medium is in
the range of from about 35 ml to about 50 mi per 0.5 mL of embryogenic conifer tissue.

The methods of the invention are useful, for example, for producing conifer
cotyledonary somatic embryos from any conifer plant species. The somatic embryos can
be germinated and grown to produce trees. The present inventors have found that the
methods of the invention produce more conifer cotyledonary somatic embryos than
identical methods that use less than from about 35 ml to about 50 ml per 0.5 mL of

conifer embryogenic tissue.
BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this invention will
become more readily appreciated as the same become better understood by reference to
the following detailed description, when taken in conjunction with the accompanying
drawings, wherein:

FIGURE 1 shows pine embryonal suspensor masses in liquid culture; and

FIGURE 2 shows a pine cotyledonary somatic embryo formed from ESM
(cotyledons are visible at the top of the embryo).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Unless specifically defined herein, all terms used herein have the same meaning

as they would to one skilled in the art of the present invention.

As used herein, the term "cotyledonary embryo” means an embryo that possesses

one or more cotyledons.
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As used herein, the term "somatic embryo” refers to a plant embryo that
developed in vitro from a plant cell, or tissue, that 1s not a zygote.

As used herein, the term "embryogenic tissue" refers to any tissue, derived from a
conifer, which 1is capable‘ of producing one or more conifer cotyledonary somatic
embryos when treated in accordance with the methods of the invention. Thus, the term
"embryogenic tissue" includes, for example, conifer embryonal suspensor masses.

Unless stated otherwise, all concentration values that are expressed as percentages
are weight per volume percentages.

The present invention provides methods for producing conifer cotyledonary
somatic embryos. The methods each includes the step of culturing conifer embryogenic
tissue in, or on, a development medium for a period of time sufficient to produce conifer
cotyledonary somatic embryos from the conifer embryogenic tissue, wherein the volume
of development medium is in the range of from about 35 ml to about 50 ml per 0.5 mL of
embryogenic tissue. In some embodiments of the methods of the invention, the volume
of development medium is in the range of from 40 ml to about 50 ml per 0.5 mL of
embryogenic conifer tissue. The methods of the present invention can be used to produce
cotyledonary somatic embryos from any conifer species, such as members of the family
Pinacea, including members of the genus Pinus (e.g., Loblolly pine (Pinus taeda)), or
such as members of the genus Pseudotsuga (e.g., Douglas fir (Pseudotsuga menziesii)).

An example of embryogenic tissue useful in the practice of the present invention
is embryonal suspensor masses (ESMs). ESMs can be prepared from precotyledonary
embryos removed from conifer seed. The seed are typically surface sterilized before
removing the precotyledonary embryos, which are then cultured on, or in, medium that
permits formation of ESMs that include early stage embryos in the process of
multiplication by budding and cleavage. The medium may, if desired, include hormones
that stimulate multiplication of the early stage embryos. Examples of hormones that can
be included in the medium are auxins (e.g., 2,4-dichlorophenoxyacetic acid (2,4-D)) and
cytokinins (e.g., 6-benzylaminopurine (BAP)). Auxins can be utilized, for example, at a
concentration of from 1 mg/L to 200 mg/L. Cytokinins can be utilized, for example, at a
concentration of from 0.1 mg/L to 50 mg/l.. An example of a medium useful for
culturing Loblolly pine precotyledonary embryos to induce formation of ESMs is

medium LM, set forth in Example 2 herein. An example of a medium useful for
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culturing Douglas fir precotyledonary embryos to induce formation of ESMs is medium

DM; set forth in Example 3 herein.

In the practice of the present invention, conifer embryogenic tissue is cultured in,
or on, a development medium for a period of time sufficient to produce conifer
cotyledonary somatic embryos from the conifer embryogenic tissue. The development
medium is formulated to promote development of conifer cotyledonary somatic embryos
from conifer embryogenic tissue. The development medium may be a solid medium or a
liquid medium. When a liquid development medium is used, the embryogenic tissue may
be completely immersed in the medium, which may be agitated during the time that the
embryogenic tissue 1s cultured therein. An absorbent substrate (e.g., a pad made from
cellulose, or some other material that absorbs aqueous solutions, such as a development
medium) may be soaked in liquid development medium, and the conifer somatic embryos
disposed on the soaked pads and in contact with the development medium.

When a solid medium is used, the embryogenic tissue may be placed on the
surface of the development medium, and may partially penetrate the surface of the solid
medium. Thus, solid development media include media that are partially solidified and
permit the embryogenic tissue to substantially penetrate into the body of the medium, and
also include fully solidified media that do not permit the embryogenic tissue to penetrate
the body of the solidified medium. Liquid media can be completely or partially solidified

by addition of an appropriate amount of a gellant, such as agar.

The development medium contains nutrients that sustain the embryogenic tissue.
Maltose may be included in the medium as the principal or sole source of metabolizable
sugar for the embryogenic tissue. Examples of useful maltose concentrations are within
the range of from 2.5 % to 6.0 %. Suitable deirelopment media typically do not include
growth-promoting hormones, such as auxins and cytokinins, but may include the
hormone abscisic acid. When abscisic acid is utilized in the development medium, it is
typically used at a concentration in the range of from 1 mg/L to 200 mg/L, such as from
1 mg/L to 100 mg/L.. The osmolality of the development medium can be adjusted to a
value that falls within a desired range, such as from 250 mM/Kg to 450 mM/Kg, or such
as from 250 mM/Kg to 350 mM/Kg. The pH of the development medium may also be
adjusted to a value within a desired range, such as from 4.5 to 6.5, or such as from 5.0
to 6.0. The embryogenic tissue is typically incubated in, or on, the development medium

at a temperature in the range of from 20°C to 24°C, such as from 21°C to 24°C. An

_4-
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example of a suitable Loblolly pine development medium 1s medium LMs set forth in
Example 2 herein. An example of a suitable Douglas fir development medium is medium

DM, set forth in Example 3 herein.

Embryogenic conifer tissue is cultured in, or on, a development medium for a
period of time sufficient to produce cotyledonary conifer somatic embryos from the
embryogenic conifer tissue. For example, Douglas fir embryonal suspensor masses are
typically cultured in, or on, development medium for from about seven weeks to about
eight weeks to produce Douglas fir cotyledonary somatic embryos. Again by way of
example, Loblolly pine embryonal suspensor masses are typically cultured in, or on,
development medium for from about ten weeks to about 12 weeks to produce Loblolly
pine cotyledonary somatic embryos.

In the practice of the present invention, the volume of development medium is in
the range of from about 35 ml to about 50 mi per 0.5 mL of embryogenic conifer tissue.
The term "about" as used in this context includes the exact range of ratios (e.g., the range
"about 35 ml to about 50 ml” includes the range of 35 ml to 50 ml). The volume of
conifer embryogenic tissue can be measured by placing a culture vessel including a liquid
culture of conifer embryogenic tissue on a horizontal surface (e.g., laboratory bench) for
30 minutes at room temperature (typically in the range of 20°C to 25°C). The tissue
settles to the bottom of the culture vessel and the volume of settled tissue is measured
(e.g., by drawing the settled tissue up into a calibrated pipette, or by looking at the level
of the settled tissue in relation to volume calibration marks on the culture vessel). The
tissue volume measured in this way is referred to as the settled cell volume (abbreviated
as SCV).

The present inventors have found that using from about 35 ml to about 50 ml per
0.5 mL of embryogenic conifer tissue promotes the growth and development of conifer
cotyledonary somatic embryos from conifer embryogenic tissue. When a development
medium is used that includes abscisic acid present at a concentration of from about
1 mg/L to 200 mg/L, culturing conifer embryogenic tissue in, or on, more than about
50 ml development medium per 0.5 mL. of conifer embryogenic tissue provides the
developing tissue with too much abscisic acid which may retard development. Moreover,
developing cotyledonary somatic embryos metabolize sugar in the development medium,
and so reduce the osmotic potential of the medium over time, thereby maintaining the

osmotic potential within an acceptable range. If too much sugar is present in the

5.
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development medium then the embryos cannot metabolize a sufficient amount to
maintain the osmotic potential of the medium at an acceptable level over time. Thus, in
the practice of the present invention, the volume of development medium provides
sufficient sugar, and other nutrients, to enhance embryo growth and development, without
providing so much sugar that the osmotic potential of the medium is too high.

In some embodiments, the present invention provides methods for producing
Douglas fir cotyledonary somatic embryos or Loblolly pine cotyledonary somatic
embryos, wherein these methods include the steps of (a) culturing Douglas fir zygotic
embryos, or Loblolly pine zygotic embryos, in, or on, an initiation medium for a period of
time sufficient to produce embryonal suspensor masses; (b) culturing the embryonal
suspensor masses in, or on, a maintenance medium under conditions effective to promote
multiplication of the embryonal suspensor masses; and (c) culturing the multiplied
embryonal suspensor masses in, or on, a development medium for a period of time
sufficient to produce Douglas fir, or Loblolly pine, cotyledonary somatic embryos from
the embryonal suspensor masses, wherein the volume of development medium is in the
range of from about 35 ml to about 50 ml per 0.5 mL of embryogenic conifer tissue. In

some embodiments of the methods of the invention, the volume of development medium

is in the range of from about 40 ml to about 50 ml per 0.5 mL of embryogenic conifer

tissue.

The initiation medium typically includes inorganic salts and organic nutrient
materials. The osmolality of the initiation medium 1is typically about 160 mg/kg or even
lower, but it may be as high as 170 mM/kg. The initiation medium typically includes
growth hormones. Examples of hormones that can be included in the initiation
medium are auxins (e.g., 2,4-dichlorophenoxyacetic acid (2,4-D)) and cytokinins
(e.g., 6-benzylaminopurine (BAP)). Auxins can be utilized, for example, at a
concentration of from 1 mg/L to 200 mg/L. Cytokinins can be utilized, for example, at a
concentration of from 0.1 mg/L to 50 mg/L.

The initiation medium may contain an adsorbent composition, especially when
very high levels of growth hormones are used. The adsorbent composition can be any
composition that is not toxic to the embryogenic cells at the concentrations utilized in the
practice of the present methods, and that is capable of adsorbing growth-promoting
hormones, and toxic compounds produced by the plant cells during pre-cotyledonary

embryo development, that are present in the medium. Non-limiting examples of useful
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adsorbent compositions include activated charcoal, soluble poly(vinyl pyrrolidone),
insoluble poly(vinyl pyrrolidone), activated alumina, and silica gel. The adsorbent
composition may be present in an amount, for example, of from about 0.1 g/L to
about 5 g/L.. An example of a Loblolly pine initiation medium is medium LM; set forth
in Example 2 herein. An example of a Douglas fir initiation medium is medium DM; set
forth in Example 3 herein.

Conifer somatic cells are typically cultured in, or on, an initiation medium for a
period of from 6 weeks to 12 weeks, such as from 8 weeks to 10 weeks, or such as about
8 weeks, at a temperature of from 10°C to 30°C, such as from 15°C to 25°C, or such as
from 20°C to 23°C.

The maintenance medium is formulated to promote the growth and multiplication
of conifer embryogenic tissue, such as embryonal suspensor masses. The maintenance
medium may be a solid medium, or it may be a liquid medium which, for example, can be
agitated to promote growth and multiplication of the embryogenic tissue. The osmolality
of the maintenance medium is typically higher than the osmolality of the initiation
medium, typically in the ' range of 180-400 mM/kg. The maintenance medium may
contain nutrients that sustain the embryogenic tissue, and may include hormones, such as
one or more auxins and/or cytokinins, that promote cell division and growth of the
embryogenic tissue. Typically, the concentrations of hormones in the maintenance
medium is lower than their concentration in the initiation medium.

It is generally desirable, though not essential, to include maltose as the sole, or
principal, metabolizable sugar source in the maintenance medium. Examples of useful
maltose concentrations are within the range of from about 2.5 % to about 6.0 %. An
example of a suitable Loblolly pine maintenance medium 1s medium LM; set forth in
Example 2 herein. An example of a suitable Douglas fir maintenance medium is medium
DM, set forth in Example 3 herein. Conifer embryogenic tissue 1s typically cultured in,
or on, a maintenance medium for a period of up to 6 months by weekly subculture, at a
temperature of from 10°C to 30°C, such as from 15°C to 25°C, or such as from 20°C
to 23°C.

The embryogenic tissue is then transferred from the maintenance medium to a
development medium formulated to promote development of conifer cotyledonary

somatic embryos from the conifer embryogenic tissue. The composition and

characteristics of suitable development media are described supra.
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The conifer cotyledonary somatic embryos produced using the methods of the
invention can optionally be germunated to form conifer plants which can be grown into
conifer trees, i1f desired. The germinated plants can be transferred to soil for further
orowth. For example, the germmated plants can be planted in soil in a greenhouse and
allowed to grow before being transplanted to an outdoor site. Typically, the conifer
cotyledonary somatic embryos are illuminated to stimulate germination. Typically, all
the steps of the methods of the invention, except germination, are conducted in the dark.

The conifer cotyledonary somatic embryos produced using the methods of the
invention can also be introduced into manufactured seeds which may be stored for
subsequent planting and germination, or which may be planted without a period of
storage. Representative examples of useful manufactured seeds include the manufactured

seeds disclosed in United States Patent No. 5,687.,504.

The methods of the invention can be used, for example, to produce clones of
individual conifer trees that possess one or more desirable characteristics, such as a rapid
growth rate. Thus, in one aspect, the present invention provides methods for producing a
population of genetically i1dentical, conifer, cotyledonary somatic embryos, wherein any
of the methods described herein 1s used to produce a population of genetically identical,
cotyledonary somatic embryos from a genetically homogeneous starting material
(e.g., from a single Loblolly pine or Douglas fir zygotic embryo).

The following examples merely illustrate the best mode now contemplated for

practicing the invention, but should not be construed to limit the invention.

EXAMPLE 1
This Example describes the results of an experiment that shows that increasing
the ratio of the volume of solid development medium to the mass of Loblolly pine ESMs

increases the number of good quality, cotyledonary, somatic embryos that develop from

the ESMs.

Loblolly pine ESMs were plated onto solid development medium. The composition
of the development medium was the same as medium LM4 (described in Example 2)
except that the concentration of maltose was 20 g/L, there was no glucose present in the
medium, the concentration of polyethylene glycol was 130 g/L, and the concentrations of

FeSO4 and Na EDTA were half the respective concentrations in medium LM4.



CA 02496880 2005-02-07

ESMs from four Loblolly pmne genotypes were used—Genotype LP-A,
Genotype LP-B, Genotype LP-C, and Genotype LP-D. Approximately 0.5 mL ESMs from
each of the four Loblolly pine genotypes were plated onto either 10 ml or 42 ml of solid
development medium in Petr1 dishes. There were 10 plates x 2 treatments X 4 genotypes
= 80 plates.

Observations regarding embryo quality were made at4, 8, and 10 weeks after
plating onto development medium. Quality assessments included color, size and shape of
embryos as well as the condition of underlying ESM. The fourth week observations
were cursory only, to identify any major developmental differences that occurred. By the
eighth week, assessment was more thorough. All genotypes were producing
cotyledonary embryos on both treatments.

After 10 weeks, quality was much the same as at 8 weeks, but all embryos were a
little further developed. Genotype LP-A was the most developed, with embryos on solid
media being very green and reflexed at the cotyledons. Genotype LP-B was next most
developed, with "C" and "D" lagging behind.

Table 1 shows the average cotyledonary somatic embryo yields for each
genotype, and the yields for all genotypes considered together for each treatment.
Overall, the larger development medium volume produced higher yields of good quality

embryos.

10-ml small
42-ml large
EXAMPLE 2

This example describes a representative method of the present invention for

TABLE 1

Geno A Geno B Geno C Geno D
Yield SE | Yield SE | Yield SE | Yield SE

29 3.3 19 1.8 4 1.0 2 0.7

All Genos

Yield SE

14 2.0

104 3.3 21 2.8 19 2.9

producing Loblolly pine cotyledonary somatic embryos.

The composition of the basal tissue culture medium i1s set forth in Table 2. The
modifications to the basal medium composition that are required for each culture medium

are listed in Table 3. Each tissue culture medium is prepared by mixing together all the

9.
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ingredients, with the exception of abscisic acid and maltose (if needed), and bringing the
medium to the desired volume priOr to autoclaving (15 minutes at 121°C, 15 psi). The
abscisic acid 1s filter-sterilized and aseptically added to the sterile medium.  L-glutamine
is also filter-sterilized prior to addition to maintenance medium. In media requiring
maltose, the medium 1s made up to 90% of the required volume. A 10 X stock solution of

maltose is autoclaved, or filter-sterilized, and added to the autoclaved medium. Gelrite is
added to make solid LM-1 and LM-2 medium. Ten ml of LM-1 or LM-2 medium is
poured into 60 x 15 mm plates, or 20 ml of LM-1 or LM-2 medium is poured into

100 x 25 mm plates.

TABLE 2: LOBLOLLY PINE BASAL CULTURE MEDIUM (LLM)

Basal Salts Basal Salts

gNO; K5 HsBO3 55 |
ENO3 ] 1909.?_; LMnSJO4.H20 B ’& 5 ) ]
Ca(NO3);4H,0 236.2 £nS047TH O 144
MgS0,.7H,0 2465  [NaMoO42H,;0 0.125
1_\_4_§_(_N03)g; 6H,O ‘256 5 J_CuSO4.5H20 o 0.125
IMgC12.6H20 50 - C0C1_2 6H,0 0.125
KHyPO4 136 [FeS04.TH0 185 ]
CaCl,.2H,0 50  NapEDTA P35
K1 15 |
Organic Additives mg Organic Additives mg
rNicotinic acid o D.5 asamino acids 1500
Pyridoxine.HCl I 5 _L-Glutamine* B i\La_rl_’j:s .
Ll‘l'niamine.HCl | B hMyo-lnositol ____|varies .
Glycine P2 Carbohydrate ___|varies ]
IPH - ~ 3.7 B B L N

* |.-Glutamine is filter sterilized in maintenance media for some genotypes.

-10-
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TABLE 3: FORMULATIONS OF LOBLOLLY PINE MEDIA

L.M-1 LM-2 LM-3 L.M-4 LM-5 LM-6*

Stage I Stage 11 Stage 111 Stage 111 Stage IV |
(All units are in mg/L)Initiation = Maintenance Rinse Solid Develpmt  Liquid Develpmt Stratification
L-Proline B e oo I100 o 100 100

-Asparagine — I 100 100 100 __jpo0

L-Arginine B =R 50 S0 Eq___ - |
L-Alanine - L __po RO 20 120 _
[-Serine 20 20 20 20
Mr 50 1000 1000 1000 1000 1000
Myo-Inositol 1200 1200 1000 1000 11000 L
Maltose 0,000 Fo,ooo _ psoo0 lgzsooo___ ‘g&oo __psow |
Glucose — 10,000 10,000 —
PEG 8000 I s N 100,000 120,000 I )
Activated charcoal 1250 ‘E 3 — ‘1000 I 11000 ) ___lIOOO _——i
Gelrite 1600 1600** — 2500 e _
2.4-D b5 {11 N — o — o _
Y S S YU S S S
Kinetin 7.5 0.1 — = — = B
ABA — +- 1.0*¥** 110 R’ 125 — B |

* [_M-6 Stratification medium has only half the basal amounts of FeSO4.7H20 (13.93 mg/L) and

Na2EDTA (18.83 mg/L).

** Gelrite not used for liquid media.

*** ABA is added on a per-genotype basis. Some genotypes have been found to do better with ABA in

maintenance. The pH of all media are adjusted to 5.7.

Initiation of Embryogenic Cultures: Female cones are collected when immature

embryos reach pre-dome or dome stage in development. Collection usually begins in the

first week of July (about 4-6 weeks after fertilization), and continues until the first

_11-
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'appearance of cotyledon primordia (middle of July). The optimal embryo stage for
initiation is when the apical dome begins to develop.

The seeds are removed from the cones and are immersed in a 10% solution of
Liquinox that includes a few drops of Tween-20 detergent, and agitated for 10 minutes.
The seeds are then rinsed with distilled water for 30 minutes. The seeds are agitated in a
15% (v/v) solution of HO; for 10 minutes. The seeds are then washed five times by
agitating in successive aliquots of sterile water in a laminar-flow hood.

The surface-sterilized seeds are then transferred to a petri plate, and the seeds are
viewed under a dissecting microscope, and the seed coat and nucellar membrane are
removed with scalpel and forceps. The excised female gametophyte is placed onto LM-1
induction medium. The excised gametophyte should be placed so that its longitudinal
axis 1s parallel to the media surface, and so that the micropyle is in contact with, but not
submerged in, the culture medium. The plates are sealed with a double layer of parafilm
and the cultures are incubated 1n the dark at 23°C.

After 2-3 weeks, extrusion of somatic embryos occurs from the micropylar end of
the female gametophyte. A mucilaginous, translucent-white mass develops (0.5-10 mm)
around the heads of these immature embryos. This is called an embryonal suspensor
mass (ESM). An embryonal suspensor mass is made up of embryos at various early

stages of development. Each embryo contains an embryonal head and suspensor system.

Maintenance of Embryonal Suspensor Masses: Five to six weeks after placing the

excised female gametophytes on LM-1 induction medium, the ESM is separated from the
original explants and transferred onto solid maintenance medium (LM-2). ESM cultures
multiply by natural conifer-type cleavage polyembryony. ESM cultures are subcultured
every two weeks onto fresh medium and incubated in the dark at 23°C. The ESM
cultures are divided into two pieces when they reach 1 cm long, and all the pieces are
maintained until there are several which can be used to start a suspension culture.
Establishing Suspension Cultures: One to two grams (fresh weight) ESM (four or
five 1-cm pieces) are transferred into a 250 ml Erlenmeyer flask containing 20 ml of
[.M-2 liquid medium. The flask is placed on a rotary shaker (90-110 rpm) in darkness at
23°C. After one week the settled cell volume (SCV) is measured, and if the SCV is less

than 3 ml, the flask is returned to the shaker without making any additions or changes to

_19-
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the medium. If the SCV is at least 5 ml, 25 ml of fresh medium are added to the flask

that is returned to the shaker.

After the second week, the cultures are settled for 15 minutes on a tilted flask
holder. If the flask did not have medium added the week before, 10 ml of spent media are
removed and replaced with 10 ml of fresh medium. If medium was added to the flask in
the previous week, and the culture appears to be growing vigorously, the culture is

transferred as described below.

When cultures are sufficiently established to produce 10 ml, or more, of settled
cells per week, the ESM 1s maintained by regular weekly subculture. Subculturing is
achieved by settling the cultures for 15 minutes, aspirating the supernatant, and
measuring 10 ml of ESM 1nto a flask containing 45 ml of fresh LM-2 maintenance
medium. ESM 1s subcultured at a ratio of 1:4 cells to medium (v/v). If a larger volume
of cells is desired, the ESM 1s split into additional flasks over several weeks, until enough
cells are available to use a larger flask. Cultures at this stage may be cryostored, or they

may be singulated and developed for germination.

Embryo Development: Embryo development 1s completed using a liquid
development medium, LM-5, that 1s soaked into a double layer of Concert 10% CC pads
in a petri dish or Cambro box. The cultures are settled after culture in maintenance
medium, and aspirated to remove the supernatant. The settled cell volume is measured
with a pipette during transier to a cytostir beaker. A volume of rinse medium (LM-3),
equal to the settled cell volume, 1s added to the settled cells. The cells in LM-3 medium
are swirled 1n the cytostir beaker, and settled for an additional 10 minutes. Half the
supernatant 18 removed, and the remaining ESM are transferred to a cytostir beaker. The

cells are stirred on a stir plate.

The ESM 1is pipetted onto a filter paper that is located on a pad soaked in liquid
development medium. The volume of ESM pipetted onto the filter paper depends on the
mass of ESMs, and 1s sufficient to provide at least about 35 ml development medium per
half milliliter of ESM. 0.75 ml ESM mixture (approximately 100 mg ESMs) are used per
standard 2"x2" pad. The plates are sealed with two layers of parafilm, and incubated in
the dark at 23° C. After about 12 weeks, the ESM cultures produce cotyledonary

embryos.
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Stratification: Stratification is the process of placing embryos in a cold moist

environment for several weeks, which is thought to simulate winter.

Plates are prepared that include a single layer of pad material (2" x 2: 10% CC, or
larger cut to fit Cambro boxes). About 18-19 ml liquid LM-6 media are added per 2" x 2:
pad (more for boxes). A filter paper bearing the Loblolly pine embryos is transferred
from development plates to pads of stratification medium. Alternatively, zygotic-like
cotyledonary embryos may be selected from the development medium and placed onto

new filter papers on stratification medium. Plates are sealed with parafilm and placed in

the dark at 2-6°C for four weeks.

Conditioning Somatic Embryos: In addition to stratification, a post-development
"conditioning” treatment, in which embryos are exposed to a high relative humidity (RH)
environment, improves gernunation. The high RH environment is provided by the
addition of sterile water to a half-Cambro box. Embryos are singulated after stratification
and placed onto dry filter papers in a large petri plate. The open plate is placed in the
half-Cambro box containing sterile water. The embryos are exposed to the high RH
environment until the moisture contents of the embryos reach 60-65%. The boxes are
closed so that the gaskets seal tightly, and are clipped shut with binder clips before being
placed in the dark for 3 weeks at 23°C. After conditioning, the mature somatic embryos
are removed from the boxes and can be inserted into manufactured seed for subsequent

germination and seedling establishment, or can be directly germinated.

EXAMPLE 3

This Example describes a representative method of the present invention for

producing Douglas fir (Pseudotsuga menziesii) cotyledonary somatic embryos.

The composition of basal medium is listed in Table 4. Modifications of the basal
medium required for each culture medium are listed in Table 5. The composition of
stratification medium 1s set forth in Table 6. The concentration units in Tables 4, 5, and 6
are milligrams per liter (mg/LL). The media are prepared by mixing together all of the
ingredients, with the exception of abscisic acid (ABA), gibberellic acid (GA) and maltose
(if needed), and bringing the media to the desired volume prior to autoclaving for

15 minutes at 121°C, 15 psi. ABA and GA 4/7 are filter-sterilized and aseptically added
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to sterile media. If the medium requires maltose, the medium is first brought to 90% of
the desired volume, and an aliquot of a sterile, 10 X, stock solution of maltose is added to
the autoclaved media. Gelrite 1s used to make solid DM-1 plates, and tissue culture (TC)
agar to make solid DM-2 plates. Ten ml/plate of DM-1 or DM-2 medium is added to
60x15 mm plates, or 20 ml/plate of DM-1 or DM-2 medium is added to 100x25 mm

plates.

TABLE 4: DOUGLAS FIR BASIC CULTURE MEDIA (DM)

Basal Salts mg/L Organic Additives  mg/L
KNOj3 varies Myo-Inositol varies
CaCly.2Hp0O 200 Thiamine.HC] 1
Ca(NO3)p.4H0 varies Nicotnic acid 0.5
KH>PO4 340 Pyridoxine.HCI 0.5
MgS04.7H70 400 Glycine 2
MnSO4.Hp0O 15.8 L-Glutamine varies
ZnSO4.7H,O 8 Casamino acids 500
CuS04.5H70 0.024 Sucrose or Maltose  varies
FeSO4.7H,O 27.85

NayEDTA 37.25 pH 5.7
H3BO3 5

NaMoO4.2H,0 0.2

CoC1,.6H,0 0.02

Kl 1
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TABLE 5: FORMULATIONS OF DOUGLAS FIR MEDIA

DM-1 DM-2 DM-3 DM4
Stage I Stage II Stage III Stage IV
Initiation Maintenance Singulation  Development

KNO3 1250(1) 1250 1050 2500
Ca(NO3)7.4H»O _ _ 200 _
Myo-Inositol 1000 5000 100 100
[.-Glutamine 450 1000 1000 750
Amino acid mixture(2) — — — 290
Maltose — 30,000 20,000 25,000
Sucrose 15,000 — — —
PEG 8000 — — — 190,000
24-D 110 1.1 — —
N6-Benzyladenine (BAP) 45 0.22 — —
Kinetin 43 0.22 - —
Abscisic acid — — 10645 10
Gibberellic acid ---- — ---- 7.5
Activated charcoal 2500 — — 1000
Tissue culture agar — 5000(3) — —
Gelrite 1800 — — —

(1) All units are in mg/L (or ppm)

(2) L-Proline - 100, L-Asparagine - 100, L-Arginine - 50, L.-Alanine - 20, L-Serine - 20

(3) Tissue culture agar not used for Iiquid media

The pH of all media are adjusted to 5.7
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TABLE 6: STRATIFICATION MEDIUM (SM)

FBgsal Salts . mg/l. Organic Additives  mg/L
tNH4N03 206.3 Myo-Inositol 100
KNO3 1170 Thiamine.HCI I
CaCly.2Hy0 220 Nicotinic acid 0.5 |
ICa(NO3)2.4H20 none Pyridoxine. HCI 05 |
KH,PO4 85 Glycine 2 |
MgSOy4.7H70 185 Casamino acids none
MnSO4.H,O 8.45 Sucrose 20,000
7ZnS04.7TH,O 4.3 |
SO4.5H70 0.013 Activated charcoal 2500
eS04.7HrO 13.93 |
Na)EDTA 18.63
H3BO3 3.1 pH 5.7
NaMo0Oy4.2H50 0.125
CoCl2.6Hy0 0.013
KI 042 ]

Initiation of Embryogenic Cultures: Female cones are collected when immature

embryos reach pre-dome and dome stage in development. Collections usually begin in
the first week of July (about 4-6 weeks after fertilization) until the first appearance of
cotyledon primordia (middle of July). The optimal embryo stage for initiation is when

the apical dome begins to develop, but prior to formation of cotyledons.

The seeds are removed from the cones and are immersed in a 10% solution of
Liquinox that includes a few drops of Tween-20 detergent, and agitated for 10 minutes.
The seeds are then rinsed with distilled water for 30 minutes. The seeds are agitated in a
20% (v/v) solution of H,O, for 10 minutes. The seeds are then washed five times by
agitating in successive aliquots of sterile water 1n a laminar-flow hood.

The surface-sterilized seeds are then transferred to a petri plate, and the seeds are

viewed under a dissecting microscope, and the embryos are excised so that they remain
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attached to the female gametophyte. The excised female gametophyte is placed onto
DM-1 induction medium so that the embryos are touching the medium. The plates are
wrapped with a double layer of parafilm and the cultures are incubated in the dark at
23°C.

After 5-9 weeks, extrusion of somatic embryos occurs from the micropylar end of
the female gametophyte. A mucilaginous, translucent-white mass develops (0.5-10 mm)
around the heads of these immature embryos. This is called an embryonal suspensor
mass (ESM). An embryonal suspensor mass is made up of embryos at various early

stages of development. Each embryo contains an embryonal head and suspensor system.

Maintenance of Embryonal Suspensor Masses: The ESM is separated from the
original explants and transferred onto solid maintenance medium (DM-2). ESM cultures
multiply by natural conifer-type cleavage polyembryony. ESM cultures are subcultured
every two weeks onto fresh medium and incubated in the dark at 23°C. The ESM
cultures are divided into two pieces when they reach 1 cm long, and all the pieces are

maintained until there are several that can be used to start a suspension culture.

Establishing Suspension Cultures: One to two grams (fresh weight) ESM (four

or five 1-cm pieces) are transferred into a 250 ml Erlenmeyer flask containing 20 ml of
DM-2 liquid medium. The flask is placed on a rotary shaker (90-110 rpm) in darkness at
23°C. After one week 25 ml of fresh medium are added to the flask that is returned to the

shaker.

After the second week, the cultures are settled for 15 minutes on a tilted flask
holder. The supernatant (spent medium) 1s removed with an aspirating pipette, and a S ml
broken-tip pipette is used to measure the settled cell volume (SCV). If the SCV is
2-4 ml, the SCV is returned to the flask and medium is added to achieve a 1:9 ratio of
cells to medium (v/v). If the SCV 1s 5 ml or more, the culture is transferred as described
below.

When cultures are sufficiently established to produce 5 ml, or more, of settled
cells per week, the ESM is maintained by regular weekly subculture. Subculturing is
achieved by settling the cultures for 15 minutes, aspirating the supernatant, and
measuring 5 ml of ESM into a flask containing 45 ml of fresh DM-2 maintenance
medium. ESM is subcultured at a ratio of 1:9 cells to medium (v/v). If a larger volume

of cells is desired, the ESM 1is split into additional flasks over several weeks, until enough

_18-



CA 02496880 2005-02-07

cells are available to use a larger flask. Cultures at this stage may be cryostored, or they

may be singulated and developed for germination.

Somatic Embryo Singulation: Abscisic acid (ABA) is important for cotyledonary
embryo development because it inhibits cleavage polyembryony and allows embryo
singulation and further embryo development. ESM suspension cultures are transferred
into DM-3 liquid medium containing 10.0 mg/L. ABA. After one week, the cultures are
subcultured again into DM-3 medium that includes 5.0 mg/LL ABA. After another week

the cultures are again subcultured into DM-3 medium that includes 5.0 mg/L ABA.

Embryo Development: Embryo development is completed using a liquid
development medium, DM-4, that 1s soaked into a double layer of Concert 10% CC pads
in a petri dish or Cambro box. The 2" x 2: pads take 15-20 ml of media per pad. The
cultures are settled after culture in singulation medium, and aspirated to remove the
supernatant. The settled cell volume i1s measured with a pipette during transfer to a
cytostir beaker. A volume of the reserved supernatant, equal to half the settled cell
volume, is added to the cytostir beaker, and the culture is then stirred on a stir plate.
0.75 ml settled ESM mixture (approximately 100 mg ESMs) is pipetted onto the filter
paper located on DM-4 media-soaked pads. The plates are sealed with two layers of
Parafilm, and incubated in the dark at 23°C. After about 7-8 weeks, the ESM cultures
produce cotyledonary embryos.

Stratification: Stratification 1s the process of placing embryos in a cold moist

environment for several weeks, which 1s thought to simulate winter.

Plates are prepared that include a single layer of pad material (2" x 2" 10% CC, or
larger cut to fit Cambro boxes). About 18-19 ml liquid SM medium are added per 2" x 2"
pad (more for boxes). A filter paper bearing the Douglas fir embryos is transferred from
development plates to pads of stratification medium. Plates are sealed with parafilm and
placed in the dark at 2-6°C for four weeks. After stratification, the mature somatic
embryos are removed from plates and may be inserted into manufactured seed for

subsequent germination and seedling establishment, or may be directly germinated.
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While the preferred embodiment of the invention has been illustrated and

described, it will be appreciated that various changes can be made therein without

departing from the spirit and scope of the invention.
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What is Claimed is:

1. A method for producing conifer cotyledonary somatic embryos, the method
comprising the step of culturing embryogenic conifer tissue in, or on, a development
medium for a period of time sufficient to produce conifer cotyledonary somatic embryos
from the embryogenic conifer tissue, wherein the volume of development medium is in the

range of from 35 ml to 50 ml per 0.5 mL of embryogenic conifer tissue.

2. The method of Claim 1, wherein the development medium comprises abscisic

acid.

3. The method of Claim 2, wherein the abscisic acid is present in the

development medium at a concentration 1n the range of from 1 mg/L to 200 mg/L.

4, The method of Claim 1, wherein the embryogenic conifer tissue consists

essentially of embryonal suspensor masses.

5. The method of Claim 1, wherein the embryogenic conifer tissue is from a

conifer of the genus Pinus.

6. The method of Claim 5, wherein the embryogenic conifer tissue is Loblolly

pine embryogenic tissue.

7. The method of Claim 6, wherein the embryogenic conifer tissue consists

essentially of embryogenic suspensor masses.

8. The method of Claim 1, wherein the embryogenic conifer tissue is from a

conifer of the genus Pseudotsuga.

9. The method of Claim 8, wherein the embryogenic conifer tissue is from

Douglas fir.
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10. The method of Claim 9, wherein the embryogenic conifer tissue consists

essentially of embryonal suspensor masses.

11.  The method of Claim 1, wherein the development medium 1s a liqud

development medium.

12. The method of Claim 1, wherein the development medium 1s a solid

development medium.

13.  The method of Claim 1, wherein the embryogenic conifer tissue 1s cultured

1n, or on, the development medium for a period of from six weeks to 14 weeks.

14. The method of Claim 1, wherein the osmolality of the development medium

1s from 250 mM/Kg to 450 mM/Kg.

15. A method for producing Douglas fir cotyledonary somatic embryos, the
method comprising the steps of:

(a) culturing Douglas fir zygotic embryos in, or on, an 1nitiation medium for a
period of time sufficient to produce embryonal suspensor masses;

(b) culturing the embryonal suspensor masses in, or on, a maintenance
medium under conditions effective to promote multiplication of the embryonal suspensor
masses; and

(¢) culturing the multiplied embryonal suspensor masses in, or on, a
development medium for a period of time sufficient to produce Douglas fir cotyledonary
somatic embryos from the embryonal suspensor masses, wherein the volume of development

medium 1s 1n the range of from 35 ml to 50 ml per 0.5 mL of embryogenic conifer tissue.

16. The method of Claim 15, wherein the development medium comprises

abscisic acid.
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17. The method of Claim 16, wherein the abscisic acid is present in the

development medium at a concentration 1n the range of from 1 mg/L to 200 mg/L.

18. A method for producing Loblolly pine cotyledonary somatic embryos, the
method comprising the steps of:

(a) culturing Loblolly pine zygotic embryos in, or on, an initiation medium
for a period of time sufficient to produce embryonal suspensor masses;

(b) culturing the embryonal suspensor masses in, or on, a maintenance
medium under conditions effective to promote the multiplication of the embryonal suspensor
masses; and

(¢) culturing the multiplied embryonal suspensor masses in, or on, a
development medium for a period of time sufficient to produce Loblolly pine cotyledonary
somatic embryos from the embryonal suspensor masses, wherein the volume of development

medium i1s 1n the range of from 35 ml to 50 ml per 0.5 mL of embryogenic conifer tissue.

19.  The method of Claim 18, wherein the development medium comprises

abscisic acid.

20.  The method of Claim 19, wherein the abscisic acid 1s present in the

development medium at a concentration in the range of from 1 mg/L to 200 mg/L.
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