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(57) ABSTRACT 

The invention relates to a method for staging embryos of 
plants. In particular, this invention relates to a method for 
creating a relational database by determining transcript 
levels of sets of genes expressed at predetermined stages in 
embryo development. This approach creates a method by 
Which embryos of unknown stage development can be 
determined by comparisons betWeen expression levels of 
those embryos to the expression levels found in the database. 
This approach further alloWs rapid identi?cation of tran 
scripts in an embryo to be staged by the utilization of probes 
corresponding to cDNAs comprising the database. Addition 
ally, this invention relates to a method for selecting advan 
tageous plant clones for future propagation. Speci?cally, this 
method relates to an approach to link the biochemical 
condition of an embryo to current culture conditions and 
thus provides a method for enhancing conditions to produce 
embryos With a desired biochemical state. 
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FIGURE 1 

Figure 1. Differential display of loblolly pine zygotic and somatic embryos. 
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FIGURE 2 
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Figure 2. Detection of gene expression by high-density array Southern 
hybri ization. 
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Figure 3. Gene regulation studies arising from the cDNA 
cloning of genes expressed in embryos. 
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FIGURE 4 

Expression of Dehydrin in Zygotic 
Embryogenesis 
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Figure 4. Graphical representation of hybridization of ‘dehydrin’ 
and LPZ-216 cDNA probes to total loblolly pine RNA. 
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FIGURE 5 
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Figure 5. Determination of ABA concentration of loblolly pine embryos as 
described more fully by Kapik et al., Tree Physiology 15:485-490 
(1995) 
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FIGURE 6 

How Gene Expression Studies will Help Somatic 
Embryogenesis Protocol Development 

Figure 6. Scheme showing use of gene studies to improve somatic 
embryogenesis. 
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FIGURE 7 

Figure 7. Detection of gene expression by high density array Southern 
hybri ization. 
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FIGURE 8 
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Figure 8. Application of results. 
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FIGURE 9 
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Figure 9A. RNA slot blot probed with pine cDNA clones with similarity 
to the ‘fie’ ‘lec’ or ‘pkl’ genes from Arabidopsis thaliana. 
Figure 9B. Quanti?cation of the signals as shown in 9A. 
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FIG U RE 1 O 

GGGCACAAAGCTCCGCAGCCTGAGCGAGCGTCATTAG CTTGTCAGTCGGA 

ACCATTACCCCTTTCCTCTTCGCTGGCTAGCGAATGATAGGGAATGCTAGCC 

AGCGAACAAGATTAGAGCACAGAAAGTATAGccAGcGAATcAAcAGcATAAcAACTTA 

GAGATTTCTTG CATTCCCCAGACGGTATCAAGTCATAGTGGAGAATAATCAT 

AATAAGATTTGTGAAAATGTI'TGTGTAGATTAATGTGTAAAATTCAATCCATcA 

ACCATGAAGTGAAGTGCATTCCGTTTTTAAATGTTTAlTGTATTTGAATGAATAAACAG-T 
TTACACGCGAAAATCCCTACTTTATGTGCGTACAAACTATGATTTTTTTGCAG 
TATATAAAAGTTTCCACTATCGTAATTATTTTCCAGATCCGTCTTCTTAACAAC 

CCGATTTCCTAG CATCCATCTGCGTGGAATAAATCTATTGAATTATTAACCCT 

TGTGATTGGCTAAAAAAAAAA 

Figure 10. Sequence of LP2-3 differential display fragment, 
507 nucleotides, clone LPS-097. 
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FIGURE 11 
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Figure 11. Northern blot from loblolly pine. 
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FIGURE 12 

LP2-3 RNA Slot Blot Signal 

16 

14 - 

12 

10 

ONb-(DOI 
314 LSC 346 LSC 333 LSC 333 333 333 333 333 333 

Stage 3 Stage 4 Stage 6 Stage 7 Stage 8 Stage 9 

12B 

Figures 12A & 12B. Slot blot and quantification of a total RNA 
probed with an LP2-3-specific probe. 
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FIGURE 13 

LP2-3 is Also Expressed Early in Zygotic Embryos 
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Figures 13A & 13B. Slot blot and quantification of a total RNA 
probed with an LP2-3-specific probe. 
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FIGURE 14' 

LP2-3 Expression is Greater in Early Stage Somatic 
Embryos than in Zygotic Embryos 
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Figures 14A & 14B. Slot blot from Fig. 13A and quantified 
of early stage zygotic embryos compared 
to early stage somatic embryos. 
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DIFFERENTIALLY-EXPRESSED CONIFER CDNAS, 
AND THEIR USE IN IMPROVING SOMATIC 

EMBRYOGENESIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This patent application claims bene?t of priority of 
provisional application U.S. Ser. No. 60/239,250, ?led Oct. 
11, 2000, and claims bene?t of priority of provisional 
application U.S. Ser. No. 60/260,882, ?led Jan. 12, 2001. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a relational data 
base of cDNA molecules, including those corresponding to 
Loblolly Pine Major Intrinsic Protein (MIP), Which are 
differentially expressed during plant embryogenesis. The 
present invention further relates to the use of DNA arrays for 
evaluating gene expression in somatic and Zygotic embryos. 
The invention encompasses related nucleic acids, proteins, 
antigens, and antibodies derived from these cDNAs as Well 
as the use of such molecules for the staging, characteriZa 
tion, and manipulation of plant embryogenesis, in particular 
conifer embryogenesis. The cDNAs and related nucleic 
acids, proteins, antigens, and antibodies derived from these 
cDNAs are useful in the design, selection, and cultivation of 
improved crops, speci?cally including coniferous trees, 
Which provide raW materials for paper and Wood products. 

BACKGROUND OF THE INVENTION 

[0003] The World demand for paper is expected to increase 
nearly 50% by the year 2010 (McNutt and Rennel, Pulp 
Paper Intern 39: 48 (1997)). The United States’ forest 
products industry faces a great challenge in order to keep 
pace With the groWing demand for paper. This challenge is 
made greater by the decreasing availability of a forest 
land-base, resulting from environmental restrictions and 
urban groWth, from Which to harvest timber resources. 
Additionally, valuable Wood resources are lost to the envi 
ronmental stresses and biotic diseases. Consequently, the 
push to secure a reneWable and sustainable source of raW 
material for paper and other Wood related products has 
become an important priority for the forest products indus 
try. 

[0004] Current forestry related research and development 
is focused on creating sustainable ?ber farms or tree plan 
tations. Farming trees With elite germplasms Will increase 
groWth rates and yields of Wood per acre. HoWever, creating 
improved tree stock requires the ability to identify and 
generate genetically superior trees and a Way to propagate 
such superior trees Without diluting their genetic quotient. 

[0005] A. Breeding and Selection 

[0006] Addressing the need to propagate genetically supe 
rior trees Without genetic diminution demands full research 
attention. Traditional methods of tree propagation relied on 
selected breeding programs to achieve genetic gain, i.e., the 
development of a strain, sub-strain, or line having any 
heritable and economically valuable characteristic or com 
bination of characteristics not found in the parents. Based on 
the results of progeny tests, superior maternal trees are 
selected and used in “seed orchards” for mass production of 
genetically improved seed. The genetic gain in such an 
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open-pollinated sexual propagation strategy is, hoWever, 
limited by the breeder’s inability to control the paternal 
parent. Additional gains can also be achieved by control 
pollination of the maternal tree With pollen from individual 
trees Whose progeny have demonstrated superior groWth 
characteristics. Nevertheless, even under controlled condi 
tions Where both parents of each seed are the same, sexual 
propagation results in a “family” of seeds, i.e., siblings, 
comprised of many different genetic combinations. As not 
all genotype combinations are favorable, the genetic gain in 
any particular progeny is frequently offset and obscured by 
the genetic variation among sibling seeds and those seed 
lings retaining undesirable or previously masked pre-cross 
traits. 

[0007] In addition to inherent genetic limitations of a 
traditional breeding programs, large-scale production of 
control pollinated seeds is also expensive. Consequently, 
economic and biological limitations of large-scale seed 
production has lead the industry to turn toWards methods of 
asexual reproduction, such as grafting, vegetative propaga 
tion and micropropagation, as more viable alternatives. 

[0008] B. Asexual (Clonal) Propagation 

[0009] Asexual propagation permits the application of 
very high selection intensity, resulting in the propagation of 
only those progeny shoWing a high genetic gain potential. 
These highly desirable progeny can have unique genetic 
combinations that result in superior groWth and performance 
characteristics. Thus, With asexual propagation it is possible 
to genetically select individuals While avoiding a concomi 
tant reduction of genetic gain due to intra-familial variation. 

[0010] Asexual propagation of trees can be accomplished 
currently by grafting, vegetative propagation, and micro 
propagation. Grafting, Widely used to propagate select indi 
viduals in limited quantities for seed orchard establishment, 
is not applicable to large-scale production for reforestation. 
Vegetative propagation, achieved by the rooting of cuttings, 
and micropropagation by somatic embryogenesis, currently 
hold the most potential for reforestation of conifers. 
Although vegetative propagation by rooted cuttings can be 
achieved in many coniferous species, large-scale production 
via this method is extremely costly due to dif?culties in 
automating and mechaniZing the process, not to mention the 
need for tremendous quantities of stock tissue. This propa 
gation method is still further limited by the fact that the 
rooting potential of stock plants decrease With time, making 
it dif?cult to serially propagate from select genotypes over 
extended periods of time. 

[0011] Micropropagation is the most promising method of 
asexual propagation for mass plantings. This process 
involves the production of somatic embryos in vitro from 
minute pieces of plant tissue or individual cells. The 
embryos are referred to as somatic because they are derived 
from the somatic (vegetative) tissue, rather than from the 
sexual process. Both vegetative propagation and micro 
propagation have the potential to capture all genetic gain of 
highly desirable genotypes. HoWever, unlike conventional 
vegetative propagation methods, somatic embryogenesis is 
amenable to automation and mechaniZation, making it 
highly desirable for large-scale production of planting stock 
for reforestation. Moreover, somatic embryogenesis is par 
ticularly amenable to high intensity selection of a large 
number of clones. These advantages are compounded by the 
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ability to safely preserve somatic embryogenic cultures in 
liquid nitrogen for long-term storage. Consequently, long 
term cryogenic preservation offers immense advantages 
over other vegetative propagation systems that attempt to 
maintain the juvenility of stock plants. Techniques for 
somatic embryogenesis in a Wide variety of plant species are 
Well knoWn in the art; exemplary methods for performing 
somatic embryogenesis in conifers are taught in Us. Pat. 
Nos.: 5,036,007; 5,236,841; 5,294,549; 5,413,930; 5,491, 
090; 5,506,136; 5,563,061; 5,677,185; 5,731,203; 5,731, 
204; and 5, 856,191, herein incorporated by reference in 
their entirety. 

[0012] Thus, somatic embryogenesis has great potential 
for clonal production of conifer embryos to meet the 
increased demands of the pulp and paper industry. Assess 
ment of embryo quality, hoWever, needs improvement. The 
process of creating better tree stock begins With understand 
ing the process of tree development from embryogenesis 
through full maturation. 

[0013] In general, plant tissue culture is the broad science 
of groWing plant tissues on or in a nutrient medium con 
taining minerals, sugars, vitamins and plant hormones. By 
adjusting the composition of the media, cultured tissues can 
be induced to groW or differentiate into speci?c cell types or 
organs. “Somatic embryogenesis” is a type of plant tissue 
culture Where a piece of a donor plant is excised, cultured 
and induced to form multiple embryos. An embryo is a 
discrete mass of cells With a Well-de?ned structure that is 
capable of groWing into a Whole plant. 

[0014] The methods generally in use for somatic embryo 
genesis today involve several steps. Prior to the tissue 
culture process, a suitable “explant” is harvested. A typical 
explant in conifer somatic embryogenesis is the “megaga 
metophyte”, a haploid nutritive tissue of the conifer seed, 
Which is extracted from the ovule of a pollinated female 
cone. This ovule contains single or multiple Zygotic seed 
embryos. In the seeds of many coniferous species, one or 
more genetically unique embryos naturally undergo a pro 
cess called cleavage polyembryony, Where a Zygotic embryo 
groWs and divides to form a small clones of embryos. 

[0015] The ?rst step in somatic embryogenesis is the 
initiation step. The explant is placed on a suitable media. 
When the explant is an ovule, a process called extrusion 
occurs. Extrusion involves the emergence or expulsion of a 
Zygotic embryo or multiple embryos and embryogenic tissue 
out of the megagametophyte. If culture conditions are suit 
able, initiation proceeds and the extruded embryo or 
embryos undergo the process of cleavage polyembryony. 
This results in the formation of early stage somatic embryos 
in a glossy, mucilaginous mass. 

[0016] After embryogenic cultures are initiated, the 
somatic embryos are transferred to a second medium With an 
appropriate composition of plant hormones and other factors 
to induce the somatic embryos to multiply. In the multipli 
cation stage, cultures can double up to 2-6 times in one 
Week. Once large numbers of embryos are obtained in the 
multiplication stage, the embryos are moved to a develop 
ment and maturation medium. Here, the correct balance of 
plant hormones and other factors Will induce the early-stage 
embryos to mature into late stage embryos. FolloWing the 
maturation and development stage, embryos are germinated 
to form small seedlings. These seedlings are then acclimated 
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for survival outside of the culture vessel. After acclimation, 
the seedlings are ready for planting. 

[0017] The relative ability to propagate plants by somatic 
embryogenesis can vary greatly betWeen species. Among 
conifers, for example, spruce (Picea) species and Douglas ?r 
are easily propagated, While Pinas species are much more 
dif?cult. Many Pinas species, including Loblolly pine 
(Pinus taeda), do not readily initiate embryonic cultures. 
Typical initiation frequencies betWeen 1% and 12% are 
reported for various Pinas species (BecWar et al., For Sci. 
p1-18 (1988), Jain et al., Plant Sci. 65:233-241 (1989), 
BecWar et al., Can. J. For. Res. 20:810 (1990), Li and 
Huang, J. Tissue Cult. Assoc. 32:129 (1996)). Laine and 
David, (Plant Sci. 69:215 (1990)), hoWever, Were able to 
obtain high frequencies of initiation (up to 59%) in Pinas 
caibaea, suggesting that not all Pinas species are recalci 
trant. Also, one earlier report described initiation frequencies 
of 54% in White pine (Pinas strobas). Finer et al., Plant Cell 
Rep. 8:203 (1989). HoWever, other Workers Were not able to 
duplicate this success. Michler et al., Plant Sci. 77:111 
(1991). The results in the literature demonstrate the recal 
citrance of Pinus species, especially Loblolly pine, in regen 
eration by somatic embryogenesis. 

[0018] Nevertheless, once this process is understood from 
the standpoint of developmental genetics, breeders Will then 
have the appropriate tools to monitor, intervene, and 
improve both the regeneration frequency and the overall 
quality of tree stock through genetic engineering. For 
example, both environmental requirements and responsive 
ness of a developing embryo change as the embryo passes 
various developmental milestones. Consequently, accurate 
and timely knoWledge of the developmental stage of an 
embryonic culture Would alloW the skilled practitioner to 
bene?cially adjust the groWth media components and other 
environmental factors to achieve optimal embryo survival, 
groWth, and maturation. In addition, an understanding of 
developmentally regulated genes Would alloW for early 
selection of advantageous clones and provide tools for 
developmentally regulated transgenic expression systems. 

[0019] Currently, a reasonable determination of the pre 
cise developmental stage of an embryo requires a practiced, 
physical familiarity With the morphological appearance of 
embryos at different stages, Which is further complicated by 
the presence of morphological variations betWeen species. 
Consequently, visual determination is performed best by 
experts in the ?eld. Thus, there is a need in the art for a 
staging method Which can be reliably practiced by the 
ordinary practitioner. The current invention Will alloW one to 
stage embryos based on a relational database system pro?l 
ing gene expression patterns instead of physical morpho 
logical differences, thereby permitting one less skilled in the 
art of visual staging to biologically determine the stages of 
embryogenesis. 

[0020] The traditional morphological staging method pro 
vides only a crude indication of the underlying biochemical 
condition or state of an embryo. This level of information is 
insufficient for re?ning culture conditions, including media 
formulations, or for selecting potentially advantageous 
embryo clones for further development. Thus, there is a need 
in the art for a more sensitive staging method that precisely 
de?nes the physiological age, health, groWth requirements, 
and potential ?tness of a particular embryo. The current 
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invention Will allow de?nitive staging signi?cantly beyond 
that currently practiced in the art, and provides a detailed 
analysis of the biochemical state and potential ?tness of an 
embryo by comparison to developed relational database 
pro?les. 

[0021] Visual staging methods depend on morphological 
markers to assign a numerical stage of 1-9 to an embryo. 
Nevertheless, it is Well accepted that visually undetectable 
developmental changes occur in an embryo after it reaches 
stage 9. The current invention is particularly useful in 
providing means for monitoring and evaluating the devel 
opmental state of these older embryos, as genetic responses 
occur and are detectable up to and through an adult tree’s 
life. 

[0022] There further exists in the art a need for informa 
tion regarding the proteins, genes, and gene expression 
patterns in plant embryo development, as Well as a more 
thorough understanding of hoW this information relates to 
the physiology, developmental potential, and genetic quo 
tient of a plant embryo. The relational database system 
provides a platform for Which to monitor individual gene 
expression levels during embryo development While directly 
correlating expression With, for example, environmental 
conditions, age, and embryo ?tness, as Well as the protein 
identi?cation achieved by BLAST searches of publicly 
available databases (i.e., GenBank) for desirable genes. 
Accordingly, the present invention therefore provides the 
additional ability to correlate the direct, global gene expres 
sion response Within the embryo system to a typically 
non-expressing gene driven by a stage-speci?c promoter. 

SUMMARY OF THE INVENTION 

[0023] The present invention addresses these needs by 
providing in a relational database format nucleic acid and 
protein sequences that are differentially expressed during 
various stages of plant embryogenesis. The invention 
encompasses a set of isolated nucleic acid molecules com 
prising the DNA sequence of any one of SEQ ID NOS: 
1-334 and nucleic acid molecules related or complementary 
to any one of SEQ ID NOS: 1-334. (See Table I) As such, 
the invention includes both single-stranded and double 
stranded RNA and DNA nucleic acids, including variants 
thereof. The nucleic acids of the invention can be used as an 
expression template in the form of DNA arrays, including 
for example, gene arrays, DNA chips, and dot array South 
erns, for Which to compare and evaluate expression in test 
samples. (See Table II) The nucleic acids of the invention 
can be further used as probes to detect the presence or level 
of both single-stranded and double-stranded RNA and DNA 
encoding variants of polypeptides or fragments of polypep 
tides encompassed by the invention. The nucleic acids of the 
invention can be further used as promoters for the expres 
sion of sense and antisense molecules at speci?c stages of 
embryo development. Data acquired through the use of the 
present invention can in turn be provided to the relational 
database for further development. 

[0024] Isolated nucleic acid molecules that hybridiZe to a 
denatured, double-stranded DNA comprising the DNA 
sequence of any one of SEQ ID NOS: 1-334 under condi 
tions of moderate or high stringency are also encompassed 
by the invention. The invention further encompasses syn 
thetic and naturally-occurring variants of the nucleic acids 
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described in SEQ ID NOS: 1-334, for example, isolated 
nucleic acid molecules derived by in vitro mutagenesis from 
SEQ ID NOS: 1-334. In vitro mutagenesis Would include 
numerous techniques knoWn in the art including, but not 
limited to, site-directed mutagenesis, random mutagenesis, 
and in vitro nucleic acid synthesis. 

[0025] The invention also encompasses related molecules 
(variants) including isolated nucleic acid molecules degen 
erate from SEQ ID NOS: 1-334 as a result of the genetic 
code, for example, naturally-occurring or synthetic allelic 
variants of the genes encoding SEQ ID NOS: 1-334. Such 
related molecules also encompass both smaller and larger 
nucleic acids that contain suf?cient sequence to support 
hybridiZation to any of SEQ ID NOS: 1-334 under condi 
tions of moderate or high stringency. Consequently, recom 
binant vectors, including those that direct the expression of 
these nucleic acid molecules and host cells transformed or 
transfected With these vectors are herein de?ned as variants 
and are encompassed by the invention. 

[0026] Another embodiment of this invention is the pro 
duction of transgenic vectors and transgenic plants compris 
ing vectors or other nucleic acids comprising any one of 
SEQ ID NOS: 1-334 and related molecules. Particularly 
preferred are those capable of expressing polypeptides or 
peptides encoded by any of SEQ ID NOS: 1-327. In a 
preferred embodiment, the transgene comprises SEQ ID 
NO: 327, or a variant thereof. 

[0027] SEQ ID NO: 327 encodes a protein Which corre 
sponds to a novel Loblolly pine homolog of the plant Major 
Intrinsic Protein (MIP) family. MIPs comprise a large family 
of related proteins that function as membrane channels for 
the transport of Water and possibly ions across cellular 
membranes. Henceforth, the encoded protein of SEQ ID 
NO: 327 may be referred to as Loblolly MIP. Variants, 
including naturally-occurring and artifactually-programmed 
allelic variants, vectors, and other nucleic acids Which 
hybridiZe to SEQ ID NO: 327 under conditions of moderate 
or high stringency are encompassed by the invention. Also 
encompassed are plant cells, seeds, embryos and trees, 
transgenic for loblolly pine MIP, and variants thereof. 

[0028] The invention also encompasses isolated polypep 
tides, or fragments thereof, encoded by any one of the 
nucleic acid molecules of SEQ ID NOS: 1-327, including 
variants thereof. The invention further encompasses the use 
of these peptide sequences as markers for staging, monitor 
ing, and selecting embryos and embryo cultures. The inven 
tion also encompasses methods for the production of these 
polypeptides or fragments thereof including culturing a host 
cell under conditions promoting expression and recovering 
the polypeptide or peptide from the culture medium. In 
particular, the expression of polypeptides or peptides 
encoded by SEQ ID NOS: 1-327 in viral vectors, bacteria, 
yeast, plant, and animal cells is encompassed by the inven 
tion. Isolated polyclonal or monoclonal antibodies that bind 
to peptides encoded by SEQ ID NOS: 1-327 are also 
encompassed by the invention. 

[0029] Further encompassed by this invention are methods 
for using the nucleic acid molecules of any one of SEQ ID 
NOS: 1-327 to obtain full length cDNA and genomic 
sequences of the corresponding genes, including cognate, 
homologous, or otherWise related genetic sequences, Which 
hybridiZe to any of SEQ ID NOS: 1-327 under conditions of 
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moderate or high stringency. Also provided by this invention 
are oligonucleotides derived from any one of SEQ ID NOS: 
1-334 that can be used as probes and/or as primers in PCR, 
RT-PCR, and other assays to detect the presence or level of 
the nucleic acids of SEQ ID NOS: 1-334 and related 
molecules. 

[0030] The primers and other probes of the invention may 
be used to monitor and characteriZe the development of 
plant embryos, in particular, pine tree embryos. Character 
iZation of embryonic gene expression provides means for 
correlating gene expression With current and potential plant 
phenotypes. Consequently, the present invention encom 
passes means for monitoring and adjusting groWth condi 
tions (see FIG. 6), as Well as means for selecting genetically 
superior embryonic clones for further propagation and 
expansion (see FIG. 8). Thus, the present invention encom 
passes the use of DNA or RNA probes derived from the 
nucleic acid molecules of SEQ ID NOS: 1-334 in any form, 
e.g., in DNA arrays, and antibodies raised against polypep 
tides or peptide fragments encoded by SEQ ID NOS: 1-327, 
to determine relative or absolute levels of expression of the 
genes or proteins encoded by SEQ ID NOS: 1-327. In 
addition, these nucleic acid and antibody probes may be 
used for staging, monitoring, characteriZing, or selecting 
plant embryos or embryo cultures, particularly pine tree 
embryos. 
[0031] The relational database of the present invention 
alloWs expression information pertaining to embryo stages 
to be vieWed as sequence data generated in accordance With 
the present invention. The invention includes a database for 
storing a plurality of sequence records for Which to correlate 
embryo stages to sequence records. The method further 
involves providing an interface Which alloWs a user to select 
one or more expression categories contained Within the 
database. 

[0032] The relational database is designed to include sepa 
rate parts or cells for information storage. One cell or part 
may contain a gene expression database Which contains 
nucleic acid molecules of SEQ ID NOS: 1-327. Other cells 
or parts may contain descriptive information pertaining to 
each nucleic acid molecules of SEQ ID NOS: 1-327, addi 
tional sequence data related to the gene expression database, 
protein encoded by nucleic acids disclosed herein, similarity 
values to knoWn proteins of other systems, and to conditions 
under Which expression data Was obtained. 

[0033] The database system described in the present 
invention Will alloW identi?cation or selection of particular 
genes of interest for further use With DNA arrays. Identi? 
cation or selection of particular genes may include, for 
example, those related to patterns of expression, those 
identi?ed With homology to knoWn genes from other stud 
ies, and those sequences considered novel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 depicts differential display of loblolly pine 
Zygotic and somatic embryos at different stages of develop 
ment. 

[0035] FIG. 2 displays embryo gene expression observed 
by high-density array Southern hybridiZation. 

[0036] FIG. 3 provides a general schematic for gene 
regulation studies arising from the cDNA cloning of genes 
expressed in embryos. 

Jun. 9, 2005 

[0037] FIG. 4 depicts graphical representation of hybrid 
iZation of ‘dehydrin’ and LPZ216 cDNA probes to total 
RNA isolated from Zygotic embryos of loblolly pine. 

[0038] FIG. 5 displays ABA concentration of loblolly pine 
embryos. 
[0039] FIG. 6 shoWs schematic of gene study for 
improved somatic embryogenesis. 

[0040] FIG. 7 shoWs detection of gene expression by 
high-density array Southern hybridiZation for loblolly pine 
genotype 333 after 12 Weeks on tWo maturation media. 

[0041] FIG. 8 depicts the application of embryogenic 
gene expression studies. 

[0042] FIG. 9 displays slot blots and expression levels for 
three embryogenesis-related genes. 

[0043] FIG. 10 depicts clone LPS-097 sequence (LP2-3 
differential display fragment.) 

[0044] FIG. 11 displays a northern blot for the LP2-3 gene 
during stages 1-3. 

[0045] FIG. 12 displays a slot blot of total RNA from 
somatic embryo tissue probed With an LP2-3-speci?c probe. 

[0046] FIG. 13 displays a slot blot of total RNA from 
Zygotic embryo tissue probed With an LP2-3-speci?c probe. 

[0047] FIG. 14 depicts the quanti?ed expression of early 
Zygotic embryos compared to early somatic embryos. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0048] The three hundred and tWenty-seven differentially 
expressed cDNAs isolated from plant specimens of knoWn 
developmental ages are disclosed in SEQ ID NOS: 1-327. 
The seven stage-speci?c promoters isolated from plant 
specimens are disclosed in SEQ ID NOS: 328-334. The 
discovery of these cDNAs and promoters enables the design, 
isolation, and construction of related nucleic acids, proteins, 
antigens, antibodies other heterologous genes. Both the 
cDNAs and promoters facilitate the staging, characteriZa 
tion, and manipulation of plant embyrogenesis, in particular, 
conifer embryogenesis. These molecules, and related nucleic 
acids, peptides, proteins, antigens, and antibodies are par 
ticularly useful When compiled into a relational database for 
the monitoring, design, selection, and cultivation of 
improved crop plants. 

[0049] The cDNAs of SEQ ID NOS: 1-327, in addition to 
the promoters of SEQ ID NOS: 328-334, Were originally 
derived from Pinus taeda embryos, commonly knoWn as the 
Loblolly Pine. Nevertheless, it is understood that the inven 
tion is applicable to and encompasses all plants, including all 
dicotyledonous plants, including all conifers, including all 
species of Pinus, Picea, and Pseudotsuga. Exemplary coni 
fers may include Picea abies, and Psedotsuga menziesii, and 
Pinus taeda. 

[0050] Nucleic Acid Molecules 

[0051] In a particular embodiment, the invention relates to 
certain isolated nucleotide sequences including those that 
are substantially free from contaminating endogenous mate 
rial. The terms “nucleic acid” or “nucleic acid molecule” 
refer to a deoxyribonucleotide or ribonucleotide polymer in 
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either single-or double-stranded form, and unless otherwise 
limited, Would encompass known analogs of natural nucle 
otides that can function in a similar manner as naturally 
occurring nucleotides. A “nucleotide sequence” also refers 
to a polynucleotide molecule or oligonucleotide molecule in 
the form of a separate fragment or as a component of a larger 
nucleic acid. The nucleotide sequence or molecule may also 
be referred to as a “nucleotide probe.” The nucleic acid 
molecules of the invention are derived from DNA or RNA 
isolated at least once in substantially pure form and in a 
quantity or concentration enabling identi?cation, manipula 
tion, and recovery of its component nucleotide sequence by 
standard biochemical methods. Examples of such methods, 
including methods for PCR protocols that may be used 
herein, are disclosed in Sambrook et al., Molecular Cloning: 
A Laboratory Manual, 2nd ed., Cold Spring Harbor Labo 
ratory, Cold Spring Harbor, NY. (1989), Current Protocols 
in Molecular Biology edited by F. A. Ausubel et al., John 
Wiley and Sons, inc. (1987), and Innis, M. et al., eds., PCR 
Protocols: A Guide to Methods and Applications, Academic 
Press (1990), each of Which are herein incorporated by 
reference in their entirety. 

[0052] As used herein a “nucleotide probe” is de?ned as 
an oligonucleotide capable of binding to a target nucleic acid 
of complementary sequence through one or more types of 
chemical bonds, through complementary base pairing, or 
through hydrogen bond formation. As described above, the 
oligonucleotide probe may include natural (ie. A, G, C, or T) 
or modi?ed bases (7-deaZaguanosine, inosine, etc.). In addi 
tion, bases in a oligonucleotide probe may be joined by a 
linkage other than a phosphodiester bond, so long as it does 
not prevent hybridiZation. Thus, oligonucleotide probes may 
have constituent bases joined by peptide bonds rather than 
phosphodiester linkages. 

[0053] A “target nucleic acid” herein refers to a nucleic 
acid to Which the nucleotide probe or molecule can speci? 
cally hybridiZe. The probe is designed to determine the 
presence or absence of the target nucleic acid, and the 
amount of target nucleic acid. The target nucleic acid has a 
sequence that is complementary to the nucleic acid sequence 
of the corresponding probe directed to the target. As recog 
niZed by one of skill in the art, the probe may also contain 
additional nucleic acids or other moieties, such as labels, 
Which may not speci?cally hybridiZe to the target. The term 
target nucleic acid may refer to the speci?c nucleotide 
sequence of a larger nucleic acid to Which the probe is 
directed or to the overall sequence (e.g., gene or mRNA) 
Whose expression level it is desired to detect. One skilled in 
the art Will recogniZe the full utility under various condi 
tions. 

[0054] As described herein, the nucleic acid molecules of 
the invention include DNA in both single-stranded and 
double-stranded form, as Well as the RNA complement 
thereof. DNA includes, for example, cDNA, genomic DNA, 
chemically synthesiZed DNA, DNA ampli?ed by PCR, and 
combinations thereof. Genomic DNA, including translated, 
non-translated and control regions, may be isolated by 
conventional techniques, e.g., using any one of the cDNAs 
of SEQ ID NO: 1 through SEQ ID NO: 327, or suitable 
fragments thereof, as a probe, to identify a piece of genomic 
DNA Which can then be cloned using methods commonly 
knoWn in the art. In general, nucleic acid molecules Within 
the scope of the invention include sequences that hybridiZe 
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to sequences of SEQ ID NOS: 1-334 under hybridiZation 
and Wash conditions of 5°, 10°, 15°, 20°, 25°, or 30° beloW 
the melting temperature of the DNA duplex of sequences of 
SEQ ID NOS: 1-334, including any range of conditions 
subsumed Within these ranges. 

[0055] DNA Arrays 

[0056] In a further embodiment, DNA arrays are used to 
identify hybridiZing sequences from test samples. The term 
“DNA array” refers to “gene arrays,”“DNA chips,”“dot 
array Southerns,” etc. One of skill in the art Will appreciate 
that an enormous number of array designs are suitable for 
the practice of this invention. The DNA array Will typically 
include one or a multiplicity of nucleic acid molecules 
derived from SEQ ID NO: 1 through SEQ ID NO: 327 that 
speci?cally hybridiZe to the nucleic acid expression of 
Which is to be detected. In addition, the array may include 
one or more control probes to monitor the expression 
system. Control probes refer to knoWn expression products 
present at each stage of expression, e.g., ribosomal gene 
products or the transcripts of other housekeeping genes. The 
organiZation of the DNA array Will be knoWn to facilitate 
interpretation of results. Examples in the art describing the 
uses and composition of DNA arrays can be found in US. 
Pat. Nos.: 5,700,637, 5,837,832, 5,843,655, 5,874,219, 
6,040,138, 6,045,996, and are incorporated by reference. 

[0057] Molecules That HybridiZe to Identi?ed Sequences 

[0058] Thus, in a particular embodiment, this invention 
provides an isolated nucleic acid molecule selected from the 
group consisting of: 

[0059] (1) a DNA sequence comprising any one of the 
sequences presented in SEQ ID NO: 1 through SEQ ID 
NO: 334; 

[0060] (2) an isolated nucleic acid molecule that hybrid 
iZes to either strand of a denatured, double-stranded 
DNA comprising the nucleic acid sequence of (a) under 
conditions of moderate stringency; and 

[0061] (3) an isolated nucleic acid molecule that hybrid 
iZes to either strand of a denatured, double-stranded 
DNA comprising the nucleic acid sequence of (a) under 
conditions of high stringency. 

[0062] As used herein, stringency conditions in nucleic 
acid hybridiZations can be readily determined by those 
having ordinary skill in the art based on, for example, the 
length and composition of the nucleic acid. In one embodi 
ment, moderate stringency is herein de?ned as a nucleic acid 
having 10, 11, 12, 13, 14, 15, 16, or 17, contiguous nucle 
otides identical to any of the sequences of SEQ ID NOS: 
1-334, or a complement thereof. Similarly, high stringency 
is hereby de?ned as a nucleic acid having 18, 19, 20, 21, 22, 
or more contiguous identical nucleotides, or a longer nucleic 
acid having at least 80, 85, 90, 95, or 99 percent identity With 
any of the sequences of SEQ ID NOS: 1-334; for sequences 
of at least 50, 100, 150, 200, or 250 nucleotides, high 
stringency may comprise an overall identity of at least 60, 
65, 70 or 75 percent. 

[0063] Generally, nucleic acid hybridiZation simply 
involves providing a denatured nucleotide molecule or probe 
and target nucleic acid under conditions Where the probe and 
its complementary target can form stable hybrid duplexes 
through complementary base pairing. The nucleic acids that 
















































































































































































































































































































































































































