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(57) ABSTRACT 

Transgenic oilseed plants, plant material, plant cells, and 
genetic constructs for synthesis of polyhydroxyalkanoates 
(“PHA) are provided. In a preferred embodiment, the trans 
genic oilseed plants synthesize (poly)3-hydroxybutyrate 
(“PHB) in the seed. Genes utilized include phaA, phaE, 
phaC, all of which are known in the art. The genes can be 
introduced in the plant, plant tissue, or plant cell using con 
ventional plant molecular biology techniques. 
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GENERATION OF HIGH 
POLYHYDROXYBUTRATE PRODUCING 

OLSEEDS 

FIELD OF THE INVENTION 

0001. The invention is in the field of polymer production 
in transgenic plants. Methods for generating industrial oil 
seeds producing high levels of polyhydroxybutyrate (PHB) 
and industrial oilseeds producing high levels of PHB are 
described. 

BACKGROUND OF THE INVENTION 

0002 Production of polyhydroxyalkanoates (PHAs), a 
family of naturally occurring renewable and biodegradable 
plastics, in crops has the potential of providing a renewable 
Source of polymers, chemical intermediates and bio-energy 
from one crop if plant residues remaining after polymer iso 
lation are converted to liquid fuels and/or energy. PHAs can 
provide an additional revenue stream that would make bioen 
ergy crops more economically viable. 
0003. PHAs are a natural component of numerous organ 
isms in multiple ecosystems and accumulate in a wide range 
of bacteria as a granular storage material when the microbes 
are faced with an unfavorable growth environment, such as a 
limitation in an essential nutrient (Madison et al., Microbiol. 
Mol. Biol. Rev., 1999, 63, 21-53; Suriyamongkol et al., Bio 
technol Adv, 2007, 25, 148-175). The monomer unit compo 
sition of these polymers is largely dictated by available car 
bon Source as well as the native biochemical pathways 
present in the organism. Today PHAS are produced industri 
ally from renewable resources in bacterial fermentations pro 
viding an alternative to plastics derived from fossil fuels. 
PHAs possess properties enabling their use in a variety of 
applications currently served by petroleum-based plastics 
and are capable of matching or exceeding the performance 
characteristics of fossil fuel derived plastics with a broad 
spectrum of properties that can be obtained by varying the 
monomer composition of homo- and co-polymers, or by 
manipulating properties such as molecular weight (Sudesh et 
al., Prog. Polym. Sci., 2000, 25, 1503-1555; Sudesh et al., 
CLEAN Soil, Air Water, 2008, 36,433-442). 
0004 Industrial production of PHAs in crop plants would 
provide a low cost, renewable source of plastics. Production 
of PHAs in plants has been an as yet unsolved goal for plant 
Scientists and has previously been demonstrated in a number 
of crops unsuitable for industrial production or in industrially 
useful crops at levels to low to be commercially attractive for 
review, see (Suriyamongkol et al., Biotechnol Adv, 2007, 25, 
148-175); (van Beilen et al., The Plant Journal, 2008, 54, 
684-701) and references within including maize (Poirier et 
al., 2002, Polyhydroxyalkanoate production in transgenic 
plants, in Biopolymers, Vol 3a, Steinbuchel, A. (ed), Wiley 
VHC Verlag GmbH. pgs 401-435), sugarcane (Purnell et al., 
Plant Biotechnol. J., 2007, 5, 173-184), switchgrass (Soml 
eva et al., Plant Biotechnol J, 2008, 6,663-678), flax (Wrobel 
et al., J. Biotechnol., 2004, 107, 41-54: Wrobel-Kwiatkowsk 
et al., Biotechnol Prog, 2007, 23, 269-277), cotton (John et 
al., Proceedings of the National Academy of Sciences of the 
United States of America, 1996, 93, 12768-12773), alfalfa 
(Saruul et al., CropSci., 2002, 42,919-927), tobacco (Arai et 
al., Plant Biotechnol., 2001, 18, 289-293; Bohmert et al., 
Plant Physiol., 2002, 128, 1282-1290; Losslet al., Plant Cell 
Reports, 2003, 21, 891-899; Lösslet al., Plant Cell Physiol, 
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2005, 46, 1462-1471), potato (Bohmert et al., Plant Physiol., 
2002, 128, 1282-1290), and oilseed rape (Valentin et al., Int. 
J. Biol. Macromol., 1999, 25, 303-306: Slater et al., Nat. 
Biotechnol., 1999, 17, 1011-1016). Most of the efforts to 
produce PHAs in plants have focused on production of the 
homopolymer P3HB or the copolymer poly-3-hydroxybu 
tyrate-co-3-hydroxyvalerate (P3HBV). While there have 
been some efforts to produce medium chain length PHAs in 
plants, these studies have yielded barely detectable levels of 
polymer (Romano et al., Planta, 2005, 220, 455-464; Mitten 
dorf et al., Proceedings of the National Academy of Sciences 
of the United States of America, 1998, 95, 13397-13402; 
Poirier et al., Plant Physiol., 1999, 121, 1359–1366; Matsu 
moto, Journal of Polymers and the Environment, 2006, 14. 
369-374; Wang et al., Chinese Science Bulletin, 2005, 50, 
1113-1120). 
0005 To date, the highest levels of polymer have been 
obtained when the homopolymer poly-3-hydroxybutyrate 
(P3HB or PHB) is produced in plastids (Suriyamongkol et al., 
Biotechnol Adv. 2007, 25, 148-175; van Beilen et al., The 
Plant Journal, 2008, 54, 684-701; Bohmert et al., Molecular 
Biology and Biotechnology of Plant Organelles, 2004, 559 
585). This is likely due to the high flux of acetyl-CoA, the 
precursor for PHB in these organelles during fatty acid bio 
synthesis (Bohmert etal, Molecular Biology and Biotechnol 
ogy of Plant Organelles, 2004, 559-585). Expression of three 
genes encoding B-ketothiolase, acetoacetyl CoA reductase, 
and PHA synthase, allows the conversion of acetyl-CoA 
within the plastid to PHB. Previous work has reported pro 
ducing levels of PHB in Brassica napus up to a maximum of 
6.7% of seed weight, a level too low for commercial produc 
tion 

SUMMARY OF THE INVENTION 

0006 Transgenic oilseed plants, plant material, plant 
cells, and genetic constructs for synthesis of polyhydroxyal 
kanoates (“PHA) are provided. In a preferred embodiment, 
the transgenic oilseed plants synthesize (poly)3-hydroxybu 
tyrate (“PHB) in the seed. Host plants, plant tissue, and plant 
material have been engineered to express genes encoding 
enzymes in the biosynthetic pathway for PHB production 
Such that polymer precursors in the plastid are polymerized to 
polymer. Genes utilized include phaA, phaB, phaC, all of 
which are known in the art. The genes can be introduced in the 
plant, plant tissue, or plant cell using conventional plant 
molecular biology techniques. 
0007. It is an object of the invention to provide methods 
and compositions for producing transgenic oilseeds having 
commercially viable levels of polyhydroxyalkanoates in the 
seed, for example greater than 7%, 10%, 15%, or 19% poly 
hydroxyalkanoate or more of the total dry seed weight. 
0008. It is another object of the invention to provide oil 
seeds having increased levels of polyhydroxyalkanoate 
greater than 7%, 10%, 15%, or 19% polyhydroxyalkanoate or 
more of the total dry seed weight and having impaired ger 
mination relative to non-transgenic oilseeds. 
0009. Using a non-traditional screening method to iden 
tify transgenic lines than those used in all other reported 
studies, it has been discovered that very high levels of PHA, 
for example PHB can be produced in the oilseed but that 
oilseeds with high levels of PHA fail to germinate or germi 
nate but produce impaired seedlings which do not survive to 
produce viable fertile plants. The failure to produce viable 
progeny explains why previous researchers failed to demon 
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strate that commercial levels of PHA can be produced in 
transgenic oilseeds. A preferred PHA produced in oilseeds is 
PHB. 
0010. In another embodiment the transgenes encoding 
PHA biosynthesis genes are expressed in a seed specific 
manner such that the PHA accumulates in the seed. In this 
embodiment the level of PHA accumulated is greater than 
7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 
18% and 19% of the dry weight of the seed. 
0011 Methods and compositions for producing hybrid 
lines are also provided. Hybrid lines can be created by cross 
ing a line containing one or more PHAs, for example PHB 
genes with a line containing the other gene(s) needed to 
complete the PHA biosynthetic pathway. Use of lines that 
possess cytoplasmic malesterility with the appropriate main 
tainer and restorer lines allows these hybrid lines to be pro 
duced efficiently. 
0012. In still another embodiment the oilseeds produced 
by the disclosed methods produce high levels of PHA and are 
impaired in their ability to germinate and Survive to produce 
viable plants relative to oilseeds containing little or no PHA. 
for example less than 7% PHA of the dry weight of the seed. 
Germination can be impaired by 8%, 9%, 10%, 15%, 20%, 
25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 
75%, 80%, 85%, 90%, 95%, 99%, or 100% relative to oil 
seeds with less than 7% PHA. Impaired germination provides 
a built in mechanism for gene containment reducing the risk 
of unwanted growth of these oilseeds when a different crop is 
planted on the production fields. 
0013 Transgenic plants useful for the invention include 
dicots or monocots. Preferred host plants are oilseed plants, 
but are not limited to members of the Brassica family includ 
ing B. napus, B. rapa, B. carinata and B. juncea. Additional 
preferred host plants include industrial oilseeds Such as Cam 
elina sativa, Crambe, jatropha, and castor. Other preferred 
host plants include Arabidopsis thaliana, Calendula, 
Cuphea, maize, soybean, cottonseed, Sunflower, palm, coco 
nut, safflower, peanut, mustards including Sinapis alba, and 
tobacco. 
0014. Other embodiments provide plant material and plant 
parts of the transgenic plants including seeds, flowers, stems, 
and leaves. The oilseeds can be used for the extraction of PHA 
biopolymer or as a source of PHA biopolymer based chemi 
cal intermediates. The residual parts of the seed can be used as 
meal for animal feed or steam and power generation and a 
source of vegetable oil for industrial oelochemicals or bio 
fuel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a schematic diagram describing a strategy 
for creating hybrid seeds using cytoplasmic male sterility. 

DETAILED DESCRIPTION OF THE INVENTION 

I. Definitions 

0016. Unless otherwise indicated, the disclosure encom 
passes all conventional techniques of plant breeding, micro 
biology, cell biology and recombinant DNA, which are within 
the skill of the art. See, e.g., Sambrook and Russell, Molecu 
lar Cloning: A Laboratory Manual, 3rd edition (2001); Cur 
rent Protocols In Molecular Biology (F. M. Ausubel, et al. 
eds., (1987); Plant Breeding Principles and Prospects (Plant 
Breeding, Vol 1) M. D. Hayward, N. O. Bosemark, I. Roma 
gosa; Chapman & Hall, (1993.); Coligan, Dunn, Ploegh, Spe 
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icher and Wingfeld, eds. (1995) Current Protocols in Protein 
Science (John Wiley & Sons, Inc.); the series Methods in 
Enzymology (Academic Press, Inc.): PCR 2: A Practical 
Approach (M. J. MacPherson, B. D. Hames and G. R. Taylor 
eds. (1995). 
0017. Unless otherwise noted, technical terms are used 
according to conventional usage. Definitions of common 
terms in molecular biology may be found in Lewin, Genes 
VII, published by Oxford University Press, 2000; Kendrew et 
al. (eds.), The Encyclopedia of Molecular Biology, published 
by Wiley-Interscience., 1999; and Robert A. Meyers (ed.), 
Molecular Biology and Biotechnology, a Comprehensive 
Desk Reference, published by VCH Publishers, Inc., 1995: 
Ausubel et al. (1987) Current Protocols in Molecular Biol 
ogy, Green Publishing; Sambrook and Russell. (2001) 
Molecular Cloning: A Laboratory Manual 3rd. edition. 
0018. A number of terms used herein are defined and 
clarified in the following section. 
(0019. The term PHB refers to polyhydroxybutyrate and is 
used interchangeably with the term PHA which refers to 
polyhydroxyalkanoate. 
0020. The tend PHB also encompasses copolymers of 
hydroxybutyrate with other hydroxyacid monomers. 
(0021. The term “PHA copolymer” refers to a polymer 
composed of at least two different hydroxyalkanoic acid 
OOCS. 

(0022. The term “PHA homopolymer refers to a polymer 
that is composed of a single hydroxyalkanoic acid monomer. 
0023. As used herein, a “vector” is a replicon, such as a 
plasmid, phage, or cosmid, into which another DNA segment 
may be inserted so as to bring about the replication of the 
inserted segment. The vectors can be expression vectors. 
0024. As used herein, an “expression vector is a vector 
that includes one or more expression control sequences 
0025. As used herein, an “expression control sequence' is 
a DNA sequence that controls and regulates the transcription 
and/or translation of another DNA sequence. Control 
sequences that are Suitable for prokaryotes, for example, 
include a promoter, optionally an operator sequence, a ribo 
Some binding site, and the like. Eukaryotic cells are known to 
utilize promoters, polyadenylation signals, and enhancers. 
0026. As used herein, “operably linked' means incorpo 
rated into a genetic construct so that expression control 
sequences effectively control expression of a coding 
sequence of interest. 
0027. As used herein, “transformed and “transfected 
encompass the introduction of a nucleic acid into a cell by a 
number of techniques known in the art. 
0028 “Plasmids” are designated by a lower case “p' pre 
ceded and/or followed by capital letters and/or numbers. 
0029. As used herein the term "heterologous' means from 
another host. The other host can be the same or different 
species. 
0030. The term “cell refers to a membrane-bound bio 
logical unit capable of replication or division. 
0031. The term “construct” refers to a recombinant 
genetic molecule including one or more isolated polynucle 
otide sequences. 
0032 Genetic constructs used for transgene expression in 
a host organism comprise in the 5'-3' direction, a promoter 
sequence; a nucleic acid sequence encoding the desired trans 
gene product; and a termination sequence. The open reading 
frame may be orientated in either a sense or anti-sense direc 
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tion. The construct may also comprise selectable marker gene 
(s) and other regulatory elements for expression. 
0033. The term “plant' is used in it broadest sense. It 
includes, but is not limited to, any species of woody, orna 
mental or decorative, crop or cereal, fruit or vegetable plant, 
and photosynthetic green algae (e.g., Chlamydomonas rein 
hardtii). It also refers to a plurality of plant cells that are 
largely differentiated into a structure that is present at any 
stage of a plant's development. Such structures include, but 
are not limited to, a fruit, shoot, stem, leaf, flower petal, etc. 
The term “plant tissue' includes differentiated and undiffer 
entiated tissues of plants including those present in roots, 
shoots, leaves, pollen, seeds and tumors, as well as cells in 
culture (e.g., single cells, protoplasts, embryos, callus, etc.). 
Plant tissue may be in planta, in organ culture, tissue culture, 
or cell culture. The term “plant part as used herein refers to 
a plant structure, a plant organ, or a plant tissue. 
0034. A non-naturally occurring plant refers to a plant that 
does not occur in nature without human intervention. Non 
naturally occurring plants include transgenic plants and 
plants produced by non-transgenic means such as plant 
breeding. 
0035. The term “plant cell' refers to a structural and physi 
ological unit of a plant, comprising a protoplast and a cell 
wall. The plant cell may be in form of an isolated single cell 
or a cultured cell, or as a part of higher organized unit such as, 
for example, a plant tissue, a plant organ, or a whole plant. 
0036. The term “plant cell culture” refers to cultures of 
plant units such as, for example, protoplasts, cell culture cells, 
cells in plant tissues, pollen, pollen tubes, ovules, embryo 
sacs, Zygotes and embryos at various stages of development. 
0037. The term “plant material” refers to leaves, stems, 
roots, flowers or flower parts, fruits, pollen, egg cells, Zygotes, 
seeds, cuttings, cell or tissue cultures, or any other part or 
product of a plant. 
0038 A“plant organ” refers to a distinct and visibly struc 
tured and differentiated part of a plant Such as a root, stem, 
leaf flower bud, or embryo. 
0039. “Plant tissue' refers to a group of plant cells orga 
nized into a structural and functional unit. Any tissue of a 
plant, whether in a plant or in culture, is included. This term 
includes, but is not limited to, whole plants, plant organs, 
plant seeds, tissue culture and any groups of plant cells orga 
nized into structural and/or functional units. The use of this 
term in conjunction with, or in the absence of any specific 
type of plant tissue as listed above or otherwise embraced by 
this definition is not intended to be exclusive of any other type 
of plant tissue. 
0040 “Seed germination” refers to growth of an embry 
onic plant contained within a seed resulting in the formation 
and emergence of a seedling. 
0041) “Cotyledon” refers to the embryonic first leaves of a 
seedling. 
0042 “Early plantlet development” refers to growth of the 
cotyledon containing seedling to form a plantlet. 

II. Transgenic Plants 
0043 Transgenic plants have been developed that produce 
increased levels of biopolymers such as polyhydroxyal 
kanoates (PHAs) in seeds. Methods and constructs for engi 
neering plants for seed specific production of PHA, in par 
ticular PHB, are described. One embodiment provides 
transgenic plants for the direct, large scale production of 
PHAS in crop plants or in energy crops where a plant by 
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product, Such as oil, can be used for production of energy. 
Proof of concept studies for polyhydroxybutyrate (PHB) syn 
thesis in canola (Valentin et al., Int. J. Biol. Macromol., 1999, 
25, 303-306; Houmiel et al., Planta, 1999, 209, 547-550; 
Slater et al., Nat. Biotechnol., 1999, 17, 1011-1016.) have 
been reported. There have been instances where high level 
PHB production in the chloroplasts of plants has led to 
decreases in total plant growth (Bohmert et al., Molecular 
Biology and Biotechnology of Plant Organelles, 2004, 559 
585; Bohmert et al., Planta, 2000, 211, 841-845) for uniden 
tified reasons. There have been several studies that have 
attempted to alleviate this problem by inducible expression of 
enzymes (Bohmert et al., Plant Physiol., 2002, 128, 1282 
1290; Lösslet al., Plant Cell Physiol, 2005, 46, 1462-1471; 
Kourtz et al., Transgenic Res, 2007, 16, 759-769). 
0044) Transgenic oilseeds comprising at least about 8% 
dry weight PHA are provided. In one embodiment we provide 
transgenic oilseeds having at least 10% PHA dry weight and 
which are impaired in germination and plant Survival. 
0045 A. Genetic Constructs for Transformation 
0046 Suitable genetic constructs include expression cas 
settes for enzymes for production of polyhydroxyalkanoates, 
in particular from the polyhydroxybutyrate biosynthetic path 
way. In one embodiment, the construct contains operatively 
linked in the 5' to 3’ direction, a seed specific promoter that 
directs transcription of a nucleic acid sequence in the nucleus; 
a nucleic acid sequence encoding one of the PHB biosyn 
thetic enzymes; and a 3' polyadenylation signal that increases 
levels of expression of transgenes. In one embodiment, 
enzymes for formation of polymer precursors are targeted to 
the plastid using appropriate plastid-targeting signals. In 
another embodiment, the PHA pathway is expressed directly 
from the plastid genome using appropriate plastidial promot 
ers and regulatory sequences. 
0047 DNA constructs useful in the methods described 
herein include transformation vectors capable of introducing 
transgenes into plants. As used herein, “transgenic’ refers to 
an organism in which a nucleic acid fragment containing a 
heterologous nucleotide sequence has been introduced. The 
transgenes in the transgenic organism are preferably stable 
and inheritable. The heterologous nucleic acid fragment may 
or may not be integrated into the host genome. 
0048. Several plant transformation vector options are 
available, including those described in “Gene Transfer to 
Plants’ (Potrykus, et al., eds.) Springer-Verlag Berlin Heidel 
berg New York (1995); “Transgenic Plants: A Production 
System for Industrial and Pharmaceutical Proteins” (Owen, 
et al., eds.) John Wiley & Sons Ltd. England (1996); and 
“Methods in Plant Molecular Biology: A Laboratory Course 
Manual (Maliga, et al. eds.) Cold Spring Laboratory Press, 
New York (1995). Plant transformation vectors generally 
include one or more coding sequences of interest under the 
transcriptional control of 5' and 3' regulatory sequences, 
including a promoter, a transcription termination and/or poly 
adenylation signal, and a selectable or screenable marker 
gene. For the expression of two or more polypeptides from a 
single transcript, additional RNA processing signals and 
ribozyme sequences can be engineered into the construct 
(U.S. Pat. No. 5,519,164). This approach has the advantage of 
locating multiple transgenes in a single locus, which is advan 
tageous in Subsequent plant breeding efforts. 
0049 Engineered minichromosomes can also be used to 
express one or more genes in plant cells. Cloned telomeric 
repeats introduced into cells may truncate the distal portion of 
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a chromosome by the formation of a new telomere at the 
integration site. Using this method, a vector for gene transfer 
can be prepared by trimming off the arms of a natural plant 
chromosome and adding an insertion site for large inserts (Yu 
et al., Proc Natl AcadSci USA, 2006, 103, 17331-6:Yu et al., 
Proc Natl AcadSci USA, 2007, 104, 8924-9). The utility of 
engineered minichromosome platforms has been shown 
using Creflox and FRT/FLP site-specific recombination sys 
tems on a maize minichromosome where the ability to 
undergo recombination was demonstrated (Yu et al., Proc 
Natl AcadSci USA, 2006, 103, 17331-6; Yu et al., Proc Natl 
AcadSci USA, 2007, 104, 8924-9). Such technologies could 
be applied to minichromosomes, for example, to add genes to 
an engineered plant. Site specific recombination systems 
have also been demonstrated to be valuable tools for marker 
gene removal (Kerbach, S. et al., Theor Appl Genet, 2005, 
111, 1608-1616), gene targeting (Chawla, R. et al., Plant 
Biotechnol J, 2006, 4, 209-218: Choi, S. et al., Nucleic Acids 
Res, 2000, 28, E19. Srivastava, V., & Ow, DW, Plant Mol Biol, 
2001, 46, 561-566; Lyznik, L. A. et al., Nucleic Acids Res, 
1993, 21,969-975), and gene conversion (Djukanovic, V, et 
al., Plant Biotechnol J, 2006, 4, 345-357). 
0050. An alternative approach to chromosome engineer 
ing in plants involves in vivo assembly of autonomous plant 
minichromosomes (Carlson et al., PLoS Genet, 2007, 3. 
1965-74). Plant cells can be transformed with centromeric 
sequences and Screened for plants that have assembled 
autonomous chromosomes de novo. Useful constructs com 
bine a selectable marker gene with genomic DNA fragments 
containing centromeric satellite and retroelement sequences 
and/or other repeats. 
0051. Another approach is Engineered Trait Loci (“ETL”) 
technology (U.S. Pat. No. 6,077,697 to Hadlaczky et al.; US 
Patent Application 2006/0143732). This system targets DNA 
to a heterochromatic region of plant chromosomes, such as 
the pericentric heterochromatin, in the short arm of acrocen 
tric chromosomes. Targeting sequences may include riboso 
mal DNA (rDNA) or lambda phage DNA. The pericentric 
rDNA region Supports stable insertion, low recombination, 
and high levels of gene expression. This technology is also 
useful for stacking of multiple traits in a plant (US Patent 
Application 2006/0246586, 2010/01861 17 and PCT WO 
2010/037209). 
0052 Zinc-finger nucleases (ZFNs) are also useful in that 
they allow double strand DNA cleavage at specific sites in 
plant chromosomes Such that targeted gene insertion or dele 
tion can be performed (Shukla et al., Nature, 2009; Townsend 
et al., Nature, 2009). 
0053 For direct expression of transgenes from the plastid 
genome, a vector to transform the plant plastid chromosome 
by homologous recombination (as described in U.S. Pat. No. 
5,545,818 to McBride et al.) is used in which case it is pos 
sible to take advantage of the prokaryotic nature of the plastid 
genome and insert a number of transgenes as an operon. WO 
2010/061186 describes an alternative method for introducing 
genes into the plastid chromosome using an adapted endog 
enous cellular process for the transfer of RNAs from the 
cytoplasm to the plastid where they are incorporated by 
homologous recombination. This plastid transformation pro 
cedure is also suitable for practicing the disclosed composi 
tions and methods. 

0054. A transgene may be constructed to encode a multi 
functional enzyme through gene fusion techniques in which 
the coding sequences of different genes are fused with or 
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without linker sequences to obtain a single gene encoding a 
single protein with the activities of the individual genes. 
Transgenes encoding a bifunctional protein containing thio 
lase and reductase activities (Kourtz, L., K. etal. (2005), Plant 
Biotechnol. 3: 435-447) and a trifunctional protein having 
each of the three enzyme activities required for PHB expres 
sion in plants (Mullaney and Rehm (2010), Journal of Bio 
technology 147: 31-36) have been described. Such synthetic 
fusion gene/enzyme combinations can be further optimized 
using molecular evolution technologies. 
0055 A transgene may be constructed to encode a series 
of enzyme activities separated by intein sequences such that 
on expression, two or more enzyme activities are expressed 
from a single promoter as described by Snell in U.S. Pat. No. 
7,026,526 to Metabolix, Inc. 
0056 1. Genes Involved in Polyhydroxyalkanoate Syn 
thesis 
0057. In a preferred embodiment, the products of the 
transgenes are enzymes and other factors required for pro 
duction of a biopolymer, such as a polyhydroxyalkanoate 
(PHA). 
0.058 For PHA production, transgenes encode enzymes 
such as beta-ketothiolase, acetoacetyl-CoA reductase, PHB 
(“short chain') synthase, PHA (“long chain') synthase, 
threonine dehydratase, dehydratases such as 3-OH acyl ACP, 
isomerases such as A 3-cis, A 2-trans isomerase, propionyl 
CoA synthetase, hydroxyacyl-CoA synthetase, hydroxyacyl 
CoA transferase, R-3-hydroxyacyl-ACP:CoA transferase, 
thioesterase, fatty acid synthesis enzymes and fatty acid beta 
oxidation enzymes. Useful genes are well known in the art, 
and are disclosed for example by Snell and Peoples Metab. 
Eng. 4:29-40 (2002); Bohmert et. al. in Molecular Biology 
and Biotechnology of Plant Organelles. H. Daniell, C. D. 
Chase Eds., Kluwer Academic Publishers, Netherlands, 
2004, pp. 559-585; (Suriyamongkol et al., Biotechnol Adv, 
2007, 25, 148-175; van Beilenet al., The Plant Journal, 2008, 
54, 684-701). 
0059 PHA Synthases 
0060 Examples of PHA synthases include a synthase with 
medium chain length Substrate specificity, such as phaC1 
from Pseudomonas oleovorans (WO91/000917; Huisman, et 
al. J. Biol. Chem. 266, 2191-2198 (1991)) or Pseudomonas 
aeruginosa (Timm, A. & Steinbuchel, A. Eur: J. Biochem. 
209: 15-30 (1992)), the synthase from Alcaligenes eutrophus 
with short chain length specificity (Peoples, O. P. & Sinskey, 
A. J. J. Biol. Chem. 264:15298-15303 (1989)), or a two sub 
unit synthase Such as the synthase from Thiocapsa pfennigii 
encoded by phaE and phaC (U.S. Pat. No. 6,011,144). Other 
useful PHA synthase genes have been isolated from, for 
example, Alcaligenes latus (Accession ALU47026), 
Burkholderia sp. (Accession AF153086), Aeromonas caviae 
(Fukui & Doi, J. Bacteriol. 179: 4821-30 (1997)), Acineto 
bacter sp. strain RA3849 (Accession L37761), Rhodospiril 
lum rubrum (U.S. Pat. No. 5,849,894), Rhodococcus ruber 
(Pieper & Steinbuechel, FEMS Microbiol. Lett. 96(1): 73-80 
(1992)), and Nocardia corallina (Hall et al., Can. J. Micro 
biol. 44: 687-91 (1998)), Arthrospira sp. PCC 8005 (Acces 
sions ZP 07166315 and ZP 07166316), Cyanothece sp. 
PCC 7425 (Accessions ACL46371 and ACL46370) and Syn 
echocystis sp. PCC6803 (Accession BAA17430; Hein et al. 
(1998), Archives of Microbiology 170: 162-170). 
0061 PHA synthases with broad substrate specificity use 
ful for producing copolymers of 3-hydroxybutyrate and 
longer chain length (from 6 to 14 carbonatoms) hydroxyacids 
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have also been isolated from Pseudomonas sp. A33 (Appl. 
Microbiol. Biotechnol. 42:901-909 (1995)) and Pseudomo 
nas sp. 61-3 (Accession AB014757: Kato, et al. Appl. Micro 
biol. Biotechnol. 45:363-370 (1996)). 
0062. A range of PHA synthase genes and genes encoding 
additional metabolic steps useful in PHA biosynthesis are 
described by Madison and Huisman. Microbiology and 
Molecular biology Reviews 63:21-53 (1999) and Suriya 
mongkol et al. (Suriyamongkol et al., Biotechnol Adv, 2007, 
25, 148-175). 
0063 Hydratase and Dehydrogenase 
0064. An alpha subunit of beta-oxidation multienzyme 
complex pertains to a multifunctional enzyme that minimally 
possesses hydratase and dehydrogenase activities. The Sub 
unit may also possess epimerase and A 3-cis, A 2-trans 
isomerase activities. Examples of alpha subunits of the beta 
oxidation multienzyme complex are FadB from E. coli (Di 
Russo, C. C. J. Bacteriol. 1990, 172, 6459-6468), FaoA from 
Pseudomonas fragi (Sato, S., Hayashi, et al. J. Biochem. 
1992, 111, 8-15), and the E. coli open reading frame 1714 that 
contains homology to multifunctional C. Subunits of the 
B-oxidation complex (Genbank Accession #1788682). A f 
subunit of the B-oxidation complex refers to a polypeptide 
capable of forming a multifunctional enzyme complex with 
its partner C. Subunit. The B subunit possesses thiolase activ 
ity. Examples of B subunits are FadA from E. coli (DiRusso, 
C. C. J. Bacteriol. 172: 6459-6468 (1990)), FaoB from 
Pseudomonas fragi (Sato, S., Hayashi, M., Imamura, S., 
Ozeki, Y., Kawaguchi, A.J. Biochem. 111: 8-15 (1992)), and 
the E. coli open reading frame f436 that contains homology to 
C. Subunits of the B-Oxidation complex (Genbank Accession # 
AE000322; gene b2342). 
0065 Reductases 
0066. The transgene can encode a reductase. A reductase 
refers to an enzyme that can reduce B-ketoacyl CoAS to 
R-3-OH-acyl CoAs, such as the NADH dependent reductase 
from Chromatium vinosum (Liebergesell, M., & Steinbuchel, 
A. Eur: J. Biochem. 209: 135-150 (1992)), the NADPH 
dependent reductase from Alcaligenes eutrophus (Accession 
J04987, Peoples, O. P. & Sinskey, A. J. J. Biol. Chem. 264: 
15293-15297 (1989))), the NADPH reductase from Zoogloea 
ramigera (Accession P23238; Peoples, O.P. & Sinskey, A.J. 
Molecular Microbiology 3: 349-357 (1989)) or the NADPH 
reductase from Bacillus megaterium (U.S. Pat. No. 6,835, 
820), Alcaligenes latus (Accession ALU47026), Rhizobium 
meliloti (Accession RMU17226), Paracoccus denitrificans 
(Accession D49362), Burkholderia sp. (Accession 
AF153086), Pseudomonas sp. strain 61-3 (Accession 
AB014757), Acinetobacter sp. strain RA3849 (Accession 
L37761), P. denitrificans, (Accession P50204), and Syn 
echocystis sp. Strain PCC6803 (Taroncher-Oldenburg et al., 
(2000), Appl. Environ. Microbiol. 66: 4440-4448). 
0067. Thiolases 
0068. The transgene can encode a thiolase. A beta-ke 
tothiolase refers to an enzyme that can catalyze the conver 
sion of acetyl CoA and an acyl CoA to a 3-ketoacyl CoA, a 
reaction that is reversible. An example of such thiolases are 
PhaA from Alcaligenes eutropus (Accession J04987, 
Peoples, O. P. & Sinskey, A. J. J. Biol. Chem. 264: 15293 
15297 (1989)), BktB from Alcaligenes eutrophus (Slater et al. 
J Bacteriol. 180(8):1979-87 (1998)) and thiolases from the 
following Rhizobium meliloti (Accession RMU17226), Z. 
ramigera (Accession P07097), Paracoccus denitrificans (Ac 
cession D49362), Burkholderia sp. (Accession AF153086), 
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Alcaligenes latus (Accession ALU47026), Allochromatium 
vinosum (Accession P45369). Thiocystis violacea (Acces 
sion P45363); Pseudomonas sp. strain 61-3 (Accession 
AB014757), Acinetobacter sp. strain RA3849 (Accession 
L37761) and Synechocystis sp. Strain PCC6803 (Taroncher 
Oldenburg et al., (2000), Appl. Environ. Microbiol. 66: 4440 
4448). 
0069. Oxidases 
0070 An acyl CoA oxidase refers to an enzyme capable of 
converting saturated acyl CoAS to A2 unsaturated acyl CoAS. 
Examples of acyl CoA oxidases are POX1 from Saccharo 
myces cerevisiae (Dmochowska, et al. Gene, 1990, 88, 247 
252) and ACX1 from Arabidopsis thaliana (Genbank Acces 
sion # AF057044). 
(0071 Catalases 
0072 The transgene can also encode a catalase. A catalase 
refers to an enzyme capable of converting hydrogen peroxide 
to hydrogen and oxygen. Examples of catalases are Kat3 
from Pseudomonas aeruginosa (Brown, et al.): Bacterial. 
177: 6536-6544 (1995)) and KatG from E. coli (Triggs 
Raine, B. L. & Loewen, P. C. Gene 52: 121-128 (1987)). 
0073 2. Promoters 
0074 Plant promoters can be selected to control the 
expression of the transgene in different plant tissues or 
organelles for all of which methods are known to those skilled 
in the art (Gasser & Fraley, Science 244:1293-99 (1989)). In 
one embodiment, promoters are selected from those of 
eukaryotic or synthetic origin that are known to yield high 
levels of expression in plant and algae cytosol. In another 
embodiment, promoters are selected from those of plant or 
prokaryotic origin that are known to yield high expression in 
plastids. In certain embodiments the promoters are inducible. 
Inducible plant promoters are known in the art. 
0075 Suitable constitutive promoters for nuclear-encoded 
expression include, for example, the core promoter of the 
Rsyn? promoter and other constitutive promoters disclosed in 
U.S. Pat. No. 6,072,050; the core CAMV 355 promoter, 
(Odellet al. (1985) Nature 313:810-812); rice actin (McElroy 
et al. (1990) Plant Cell 2:163-171); ubiquitin (Christensen et 
al. (1989) Plant Mol. Biol. 12:619-632 and Christensen et al. 
(1992) Plant Mol. Biol. 18:675-689); pEMU (Last et al. 
(1991) Theor. Appl. Genet. 81:581–588); MAS (Velten et al. 
(1984) EMBO.J. 3:2723-2730); and ALS promoter (U.S. Pat. 
No. 5,659,026). Other constitutive promoters include, for 
example, U.S. Pat. Nos. 5,608,149; 5,608,144; 5,604,121: 
5,569,597; 5,466,785; 5,399,680: 5,268,463; 5,608,142. 
0076 “Tissue-preferred promoters can be used to target a 
gene expression within a particular tissue Such as seed, leafor 
root tissue. Tissue-preferred promoters include Yamamoto et 
al. (1997) Plant J 12(2)255-265; Kawamata et al. (1997) 
Plant Cell Physiol. 38(7):792-803; Hansen et al (1997) Mol. 
Gen. Genet. 254(3):337-343; Russellet al. (1997) Transgenic 
Res. 6(2): 157-168; Rinehartet al. (1996) Plant Physiol. 112 
(3):1331-1341; Van Camp etal (1996) Plant Physiol. 112(2): 
525-535; Canevascini et al. (1996) Plant Physiol. 112(2): 
513-524; Yamamoto et al. (1994) Plant Cell Physiol. 35(5): 
773-778; Lam (1994) Results Probl. Cell Differ. 20:181-196: 
Orozco et al. (1993) Plant Mol. Biol. 23(6):1129-1138; Mat 
suoka et al. (1993) Proc Natl. Acad. Sci. USA 90(20):9586 
9590; and Guevara-Garcia et al. (1993) Plant J. 4(3):495-505. 
(0077 “Seed-preferred” promoters include both “seed 
specific' promoters (those promoters active during seed 
development such as promoters of seed storage proteins) as 
well as “seed-germinating promoters (those promoters 
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active during seed germination). See Thompson et al. (1989) 
BioEssays 10:108. Such seed-preferred promoters include, 
but are not limited to, Cim1 (cytokinin-induced message); 
cz19B1 (maize 19 kDa zein); milps (myo-inositol-1-phos 
phate synthase); and cel A (cellulose synthase). Gama-Zein is 
a preferred endosperm-specific promoter. Glob-1 is a pre 
ferred embryo-specific promoter. For dicots, seed-specific 
promoters include, but are not limited to, bean B-phaseolin, 
napin B-conglycinin, soybean lectin, cruciferin, oleosin, the 
Lesquerella hydroxylase promoter, and the like. For mono 
cots, seed-specific promoters include, but are not limited to, 
maize 15 kDa Zein, 22 kDa Zein, 27 kDa Zein, g-Zein, waxy, 
shrunken 1, shrunken 2, globulin 1, etc. Additional seed spe 
cific promoters useful for practicing this invention are 
described in the Examples disclosed herein. 
0078 Leaf-specific promoters are known in the art. See, 
for example, Yamamoto et al. (1997) Plant J. 12(2):255-265; 
Kwon et al. (1994) Plant Physiol. 105:357-67: Yamamoto et 
al. (1994) Plant Cell Physiol. 35(5):773-778; Gotor et al. 
(1993) Plant J. 3:509-18; Orozco et al. (1993) Plant Mol. 
Biol. 23(6):1129-1138; and Matsuoka et al. (1993) Proc. 
Natl. Acad. Sci. USA 90(20):9586-9590. 
0079 Root-preferred promoters are known and may be 
selected from the many available from the literature or iso 
lated de nova from various compatible species. See, for 
example, Hire et al. (1992) Plant Mol. Biol. 20(2): 207-218 
(Soybean root-specific glutamine synthetase gene); Keller 
and Baumgartner (1991) Plant Cell 3(10): 1051-1061 (root 
specific control element in the GRP 1.8 gene of French bean); 
Sanger et al. (1990) Plant Mol. Biol. 14(3):433-443 (root 
specific promoter of the mannopine synthase (MAS) gene of 
Agrobacterium tumefaciens); and Miao et al. (1991) Plant 
Cell 3(1):1 1'-22 (full-length cDNA clone encoding cytosolic 
glutamine synthetase (GS), which is expressed in roots and 
root nodules of soybean). See also U.S. Pat. Nos. 5,837,876: 
5,750,386; 5,633,363; 5,459,252: 5,401,836; 5,110,732; and 
5,023,179. 
0080 Plastid specific promoters include the PrbcL pro 
moter Allison L. A. et al., EMBO 15: 2802-2809 (1996): 
Shiina T. et al., Plant Cell 10: 1713-1722 (1998); the PpsbA 
promoter Agrawal G. K. et al., Nucleic Acids Research 29: 
1835-1843 (2001): the Prrn 16 promoter Svab Z & Maliga 
P. Proc. Natl. Acad. Sci. USA90:913-917 (1993), Allison L 
A et al., EMBO 15: 2802-2809 (1996); the PaccD promoter 
(WO97/06250; Hajdukiewicz PT Jet al., EMBO.J. 16:4041 
4048 (1997)). 
0081 Chemical-regulated promoters can be used to 
modulate the expression of a gene in a plant through the 
application of an exogenous chemical regulator. Depending 
upon the objective, the promoter may be a chemical-inducible 
promoter, where application of the chemical induces gene 
expression, or a chemical-repressible promoter, where appli 
cation of the chemical represses gene expression. Chemical 
inducible promoters are known in the art and include, but are 
not limited to, the maize 1n2-2 promoter, which is activated 
by benzenesulfonamide herbicide safeners, the maize GST 
promoter, which is activated by hydrophobic electrophilic 
compounds that are used as pre-emergent herbicides, and the 
tobacco PR-1 a promoter, which is activated by salicylic acid. 
Other chemical-regulated promoters of interest include ste 
roid-responsive promoters (see, for example, the glucocorti 
coid-inducible promoter in Schena et al. Proc. Natl. Acad. 
Sci. USA 88: 10421-10425 (1991) and McNellis et al. Plant J 
14(2):247-257 (1998)) and tetracycline-inducible and tetra 
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cycline-repressible promoters (see, for example, Gatz et al. 
Mol. Gen. Genet. 227:229-237 (1991), and U.S. Pat. Nos. 
5,814,618 and 5,789,156), herein incorporated by reference 
in their entirety. 
I0082 In one embodiment, coordinated expression of the 
three transgenes, phaA, phaB, and phaC, necessary for con 
version of acetyl-CoA to PHB is controlled by a seed specific 
promoter. Such as the Soybean oleosin promoter (Rowley et 
al., Biochim Biophys Acta, 1997, 1345, 1-4) or the promoter 
from the lesquerilla hydroxylase gene (U.S. Pat. No. 6,437, 
220 B1). In another embodiment, coordinated expression of 
the three transgenes, phaA, phaB, and phaC, necessary for 
conversion of acetyl-CoA to PHB is controlled by a promoter 
active primarily in the biomass plant, such as the maize chlo 
rophyll A/B binding protein promoter (Sullivan et al., Mol. 
Gen. Genet., 1989, 215, 431-40). It has been previously 
shown that plants transformed with multi-gene constructs 
produced higher levels of polymer than plants obtained from 
crossing single transgene lines (Valentin et al., Int. J. Biol. 
Macromol., 1999, 25, 303-306; Bohmert et al., Planta, 2000, 
211, 841-845). 
I0083. In one embodiment, the final molecular weight of 
the polymer produced is controlled by the choice of promoter 
for expression of the PHA synthase gene. As described in 
U.S. Pat. No. 5,811.272, high PHA synthase activity will 
lower polymer molecular weight and low PHA synthase 
activity will increase polymer molecular weight. In another 
embodiment, a strong promoter is used for expression of the 
genes encoding plastid-targeted monomer producing 
enzymes while a weaker promoter is used to control expres 
sion of synthase. 
I0084 3. Transcription Termination Sequences 
I0085. At the extreme 3' end of the transcript of the trans 
gene, a polyadenylation signal can be engineered. A polyade 
nylation signal refers to any sequence that can result in poly 
adenylation of the mRNA in the nucleus prior to export of the 
mRNA to the cytosol, such as the 3' region of nopaline syn 
thase (Bevan, M., Barnes, W. M., Chilton, M. D. Nucleic 
Acids Res. 1983, 11, 369-385). 
0086 4. Selectable Markers 
I0087 Genetic constructs may encode a selectable marker 
to enable selection of plastid transformation events. There are 
many methods that have been described for the selection of 
transformed plants for review see (Miki et al., Journal of 
Biotechnology, 2004, 107, 193-232) and references incorpo 
rated within. Selectable marker genes that have been used 
extensively in plants include the neomycin phosphotrans 
ferase gene mptII (U.S. Pat. No. 5,034.322, U.S. Pat. No. 
5.530,196), hygromycin resistance gene (U.S. Pat. No. 5,668, 
298), the bar gene encoding resistance to phosphinothricin 
(U.S. Pat. No. 5,276.268), the expression of aminoglycoside 
3'-adenyltransferase (aadA) to confer spectinomycin resis 
tance (U.S. Pat. No. 5,073,675), the use of inhibition resistant 
5-enolpyruvyl-3-phosphoshikimate synthetase (U.S. Pat. No. 
4,535,060) and methods for producing glyphosate tolerant 
plants (U.S. Pat. No. 5,463,175; U.S. Pat. No. 7,045,684). 
Methods of plant selection that do not use antibiotics or 
herbicides as a selective agent have been previously described 
and include expression of glucosamine-6-phosphate deami 
nase to inactive glucosamine in plant selection medium (U.S. 
Pat. No. 6,444,878) and a positive/negative system that uti 
lizes D-amino acids (Erikson et al., Nat Biotechnol, 2004, 22. 
455-8). European Patent Publication No. EP 0530 129 A1 
describes a positive selection system which enables the trans 
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formed plants to outgrow the non-transformed lines by 
expressing a transgene encoding an enzyme that activates an 
inactive compound added to the growth media. U.S. Pat. No. 
5,767.378 describes the use of mannose or xylose for the 
positive selection of transgenic plants. Methods for positive 
selection using Sorbitol dehydrogenase to convert Sorbitol to 
fructose for plant growth have also been described (WO 2010/ 
102293). Screenable marker genes include the beta-glucu 
ronidase gene (Jefferson et al., 1987, EMBO.J. 6: 3901-3907; 
U.S. Pat. No. 5.268,463) and native or modified green fluo 
rescent protein gene (Cubittet al., 1995, Trends Biochem. Sci. 
20:448-455; Panet al., 1996, Plant Physiol. 112: 893-900). 
0088 Transformation events can also be selected through 
visualization of fluorescent proteins such as the fluorescent 
proteins from the nonbioluminescent Anthozoa species 
which include Dsked, a red fluorescent protein from the 
Discosoma genus of coral (Matz et al. (1999), Nat Biotechnol 
17: 969-73). An improved version of the DsRed protein has 
been developed (Bevis and Glick (2002), Nat Biotech 20: 
83-87) for reducing aggregation of the protein. Visual selec 
tion can also be performed with the yellow fluorescent pro 
teins (YFP) including the variant with accelerated maturation 
of the signal (Nagai, T. et al. (2002), Nat Biotech 20: 87-90), 
the blue fluorescent protein, the cyan fluorescent protein, and 
the green fluorescent protein (Sheen et al. (1995), Plant J 8: 
777-84; Davis and Vierstra (1998), Plant Molecular Biology 
36: 521-528). A summary of fluorescent proteins can be 
found in Tzfira et al. (Tzfira et al. (2005), Plant Molecular 
Biology 57: 503-516) and Verkhusha and Lukyanov 
(Verkhusha, V.V. and K. A. Lukyanov (2004), Nat Biotech22: 
289-296) whose references are incorporated in entirety. 
Improved versions of many of the fluorescent proteins have 
been made for various applications. Use of the improved 
versions of these proteins or the use of combinations of these 
proteins for selection of transformants will be obvious to 
those skilled in the art. It is also practical to simply analyze 
progeny from transformation events for the presence of the 
PHB thereby avoiding the use of any selectable marker. 
0089 For plastid transformation constructs, a preferred 
selectable marker is the spectinomycin-resistant allele of the 
plastid 16S ribosomal RNA gene (Staub JM, Maliga P. Plant 
Cell 4:39-45 (1992); Svab Z, Hajdukiewicz P. Maliga P. Proc. 
Natl., Acad. Sci. USA 87: 8526-8530 (1990)). Selectable 
markers that have since been Successfully used in plastid 
transformation include the bacterial aadA gene that encodes 
aminoglycoside adenyltransferase (AadA) conferring specti 
nomycin and streptomycin resistance (Svab et al., Proc, Natl. 
Acad. Sci. USA, 1993, 90,913–917), mptII that encodes ami 
noglycoside phosphotransferase for selection on kanamycin 
(Carrer H, Hockenberry TN, Svab Z, Maliga P. Mol. Gen. 
Genet. 241: 49-56 (1993); Lutz K A, et al., Plant J. 37: 
906-913 (2004); Lutz KA, et al., Plant Physiol. 145: 1201 
1210 (2007)), aph A6, anotheraminoglycoside phosphotrans 
ferase (Huang F. C. etal, Mol. Genet. Genomics 268: 19-27 
(2002)), and chloramphenicol acetyltransferase (Li, W., et al. 
(2010), Plant Mol Biol, DOI 10.1007/s11103-010-9678-4). 
Another selection Scheme has been reported that uses a chi 
meric betaine aldehyde dehydrogenase gene (BADH) 
capable of converting toxic betaine aldehyde to nontoxic 
glycine betaine (Daniell H. et al., Curr. Genet. 39: 109-116 
(2001)). 
0090. 5. Plastid Targeting Signals 
0091 Plastid targeting sequences are known in the art and 
include the chloroplast small subunit of ribulose-1,5-bispho 
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sphate carboxylase (Rubisco) (de Castro Silva Filho et al. 
Plant Mal. Biol. 30:769-780 (1996); Schnellet.J. Biol. Chem. 
266(5):3335-3342 (1991)): 5-(enolpyruvyl)shikimate-3- 
phosphate synthase (EPSPS) (Archer et al. J. Bioenerg. 
Biomemb. 22(6):789-810 (1990)); tryptophan synthase (Zhao 
et al. J. Biol. Chem. 270(11):6081-6087 (1995)); plastocya 
nin (Lawrence et al. J. Biol. Chem. 272(33):20357-20363 
(1997)); chorismate synthase (Schmidt et al. J. Biol. Chem. 
268(36):27447-27457 (1993)); and the light harvesting chlo 
rophyll a?b binding protein (LHBP) (Lamppa et al. J. Biol. 
Chem. 263:14996-14999 (1988)). See also Von Heijne et al. 
Plant Mol. Biol. Rep. 9:104-126 (1991); Clarket al. J. Biol. 
Chem. 264:17544-17550 (1989); Della-Cioppa et al. Plant 
Physiol. 84:965-968 (1987); Romer et al. Biochem. Biophys. 
Res. Commun. 196:1414-1421 (1993); and Shah et al. Science 
233:478-481 (1986). Alternative plastid targeting signals 
have also been described in the following: US 2008/0263728; 
Miras, S. et al. (2002), J Biol Chem 277(49): 47770-8; Miras, 
S. et al. (2007), J Biol Chem 282: 29482-294.92. 
0092 B. Exemplary Host Plants 
0093 Plants transformed in accordance with the present 
disclosure may be monocots or dicots. The transformation of 
Suitable agronomic plant hosts using vectors for nuclear 
transformation or direct plastid transformation can be accom 
plished with a variety of methods and plant tissues. Repre 
sentative plants useful in the methods disclosed herein 
include the Brassica family including B. napus, B. rapa, B. 
carinata and B. juncea; industrial oilseeds Such as Camelina 
Sativa, Crambe, jatropha, castor, Calendula, Cuphea, Arabi 
dopsis thaliana; maize; soybean; cottonseed; Sunflower; 
palm; coconut; safflower, peanut, mustards including Sinapis 
alba; Sugarcane flax and tobacco, also are useful with the 
methods disclosed herein. Representative tissues for transfor 
mation using these vectors include protoplasts, cells, callus 
tissue, leaf discs, pollen, and meristems. 
0094. C. Methods of Plant Transformation 
0.095 Transformation protocols as well as protocols for 
introducing nucleotide sequences into plants may vary 
depending on the type of plant or plant cell targeted for 
transformation. Suitable methods of introducing nucleotide 
sequences into plant cells and Subsequent insertion into the 
plant genome include microinjection (Crossway et al. (1986) 
Biotechniques 4:320-334), electroporation (Riggs et al. 
(1986) Proc. Natl. Acad. Sci. USA 83:5602-5606), Agrobac 
terium-mediated transformation (Townsend et al., U.S. Pat. 
No. 5,563,055; Zhao et al. WO US98/01268), direct gene 
transfer (Paszkowski et al. (1984) EMBO J. 3:2717-2722), 
and ballistic particle acceleration (see, for example, Sanford 
et al., U.S. Pat. No. 4,945,050; Tomes et al. (1995) Plant Cell, 
Tissue, and Organ Culture. Fundamental Methods, ed. Gam 
borg and Phillips (Springer-Verlag, Berlin); and McCabe et 
al. Biotechnology 6:923-926 (1988)). Also see Weissinger et 
al. Ann. Rev. Genet. 22:421-477 (1988); Sanford et al. Par 
ticulate Science and Technology 5:27-37 (1987) (onion); 
Christou et al. Plant Physiol. 87:671-674 (1988) (soybean); 
McCabe et al. (1988) BioTechnology 6:923-926 (soybean); 
Finer and McMullen In Vitro Cell Dev. Biol. 27P:175-182 
(1991) (soybean); Singh et al. Theor. Appl. Genet. 96:319 
324 (1998) (soybean); Dafta et al. (1990) Biotechnology 
8:736-740 (rice); Klein et al. Proc. Natl. Acad. Sci. USA 
85:4305-4309 (1988) (maize): Klein et al. Biotechnology 
6:559-563 (1988) (maize): Tomes, U.S. Pat. No. 5.240,855: 
Buisinget al., U.S. Pat. Nos. 5,322,783 and 5,324,646; Tomes 
et al. (1995) in Plant Cell, Tissue, and Organ Culture Funda 
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mental Methods, ed. Gamborg (Springer-Verlag, Berlin) 
(maize): Klein et al. Plant Physiol. 91:440-444 (1988) 
(maize): Fromm et al. Biotechnology 8:833-839 (1990) 
(maize): Hooykaas-Van Slogteren et al. Nature 311:763-764 
(1984); Bowen et al., U.S. Pat. No. 5,736,369 (cereals); Byte 
bier et al. Proc. Natl. Acad. Sci. USA 84:5345-5349 (1987) 
(Liliaceae); De Wet et al. in The Experimental Manipulation 
of Ovule Tissues, ed. Chapman et al. (Longman, N.Y.), pp. 
197-209 (1985) (pollen); Kaeppler et al. Plant Cell Reports 
9:415-418 (1990) and Kaeppler et al. Theor. Appl. Genet. 
84:560-566 (1992) (whisker-mediated transformation); 
D'Halluinet al. Plant Cell 4:1495-1505 (1992) (electropora 
tion); Li et al. Plant Cell Reports 12:250-255 (1993) and 
Christou and Ford Annals of Botany 75:407-413 (1995) 
(rice); Osjoda et al. Nature Biotechnology 14:745-750 (1996) 
(maize via Agrobacterium tumefaciens); all of which are 
herein incorporated by reference in their entirety. References 
for protoplast transformation and/or gene gun for Agrisoma 
technology are described in WO 2010/037209. Methods for 
transforming plant protoplasts are available including trans 
formation using polyethylene glycol (PEG), electroporation, 
and calcium phosphate precipitation (see for example Pot 
rykus et al., 1985, Mol. Gen. Genet., 199, 183-188; Potrykus 
et al., 1985, Plant Molecular Biology Reporter, 3, 117-128), 
Methods for plant regeneration from protoplasts have also 
been described Evans et al., in Handbook of Plant Cell Cul 
ture, Vol 1, (Macmillan Publishing Co., New York, 1983); 
Vasil, 1 K in Cell Culture and Somatic Cell Genetics (Aca 
demic, Orlando, 1984). 
0096 Methods for transformation of plastids such as chlo 
roplasts are known in the art. See, for example, Svab et al. 
(1990) Proc. Natl. Acad. Sci. USA 87:8526-8530; Svab and 
Maliga (1993) Proc. Natl. Acad. Sci. USA 90:913-917; Svab 
and Maliga (1993) EMBO.J. 12:601-606. The method relies 
on particle gun delivery of DNA containing a selectable 
marker and targeting of the DNA to the plastid genome 
through homologous recombination. Additionally, plastid 
transformation may be accomplished by transactivation of a 
silent plastid-borne transgene by tissue-preferred expression 
of a nuclear-encoded and plastid-directed RNA polymerase 
(McBride et al., Proc. Natl. Acad. Sci. USA, 1994, 91:7301 
7305) or by use of an integrase, such as the phiC31 phage 
site-specific integrase, to target the gene insertion to a previ 
ously inserted phage attachment site (Lutz et al., Plant J, 
2004, 37, 906-13). Plastid transformation vectors can be 
designed such that the transgenes are expressed from a pro 
moter sequence that has been inserted with the transgene 
during the plastid transformation process or, alternatively, 
from an endogenous plastidial promoter Such that an exten 
sion of an existing plastidial operon is achieved (Herz et al., 
Transgenic Research, 2005, 14, 969-982). An alternative 
method for plastid transformation as described in WO 2010/ 
061186 wherein RNA produced in the nucleus of a plant cell 
can be targeted to the plastid genome can also be used to 
practice the disclosed invention. Inducible gene expression 
from the plastid genome using a synthetic riboswitch has also 
been reported (Verhounig et al. (2010), Proc Natl Acad Sci 
USA 107: 6204-6209). Methods for designing plastid trans 
formation vectors are described by Lutz et al. (Lutz et al., 
Plant Physiol, 2007, 145, 1201-10). 
0097. Recombinase technologies which are useful for pro 
ducing the disclosed transgenic plants include the cre-lox, 
FLP/FRT and Gin systems. Methods by which these tech 
nologies can be used for the purpose described herein are 
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described for example in (U.S. Pat. No. 5,527,695; Dale And 
Ow, 1991, Proc. Natl. Acad. Sci. USA 88: 10558-10562: 
Medberry et al., 1995, Nucleic Acids Res. 23: 485-490). 
0098. D. Methods for Reproducing Transgenic Plants 
0099. Following transformation by any one of the methods 
described above, the following procedures can be used to 
obtain a transformed plant expressing the transgenes: select 
the plant cells that have been transformed on a selective 
medium; regenerate the plant cells that have been trans 
formed to produce differentiated plants; select transformed 
plants expressing the transgene producing the desired level of 
desired polypeptide(s) in the desired tissue and cellular loca 
tion. 
0100. In plastid transformation procedures, further rounds 
of regeneration of plants from explants of a transformed plant 
or tissue can be performed to increase the number of trans 
genic plastids such that the transformed plant reaches a state 
of homoplasmy (all plastids contain uniform plastomes con 
taining transgene insert). 
0101 The cells that have been transformed may be grown 
into plants in accordance with conventional techniques. See, 
for example, McCormick et al. Plant Cell Reports 5:81-84 
(1986). These plants may then be grown, and either pollinated 
with the same transformed variety or different varieties, and 
the resulting hybrid having constitutive expression of the 
desired phenotypic characteristic identified. Two or more 
generations may be grown to ensure that constitutive expres 
sion of the desired phenotypic characteristic is stably main 
tained and inherited and then seeds harvested to ensure con 
stitutive expression of the desired phenotypic characteristic 
has been achieved. 
0102. In some scenarios, it may be advantageous to insert 
a multi-gene pathway into the plant by crossing of lines 
containing portions of the pathway to produce hybrid plants 
in which the entire pathway has been reconstructed. This is 
especially the case when high levels of product in a seed 
compromises the ability of the seed to germinate or the result 
ing seedling to Survive under normal soil growth conditions. 
Hybrid lines can be created by crossing a line containing one 
or more PHB genes with a line containing the other gene(s) 
needed to complete the PHB biosynthetic pathway. Use of 
lines that possess cytoplasmic male sterility (Esser, K. et al., 
2006, Progress in Botany, Springer Berlin Heidelberg. 67, 
31-52) with the appropriate maintainer and restorer lines 
allows these hybridlines to be produced efficiently. Cytoplas 
mic male sterility systems are already available for some 
Brassicaceae species (Esser, K. et al., 2006, Progress in 
Botany, Springer Berlin Heidelberg. 67, 31-52). These Bras 
sicaceae species can be used as gene Sources to produce 
cytoplasmic male sterility systems for other oilseeds of inter 
est Such as Camelina. 

III. Methods for Use 

0103) The disclosed genetic constructs can be used to pro 
duce industrial oilseed plants for high levels of PHA produc 
tion. Specifically, PHA is produced in the seed. 
0104. The transgenic plants can be grown and harvested. 
The polyhydroxyalkanoate can be isolated from the oilseeds 
and the remaining plant material can be used as a feedstock 
for industrial use, preferably for the production of oleochemi 
cals, energy or for use as feed for animals. The polyhydroxy 
alkanoate harvested from the plants can then be used to pro 
duce plastics, rubber material, coating material, and binders 
for paints, or as a feedstock for producing chemical deriva 
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tives such as hydroxyacids, esters, alkenoic acids or amines. 
PHA also has several medical applications. 
0105. The present invention will be further understood by 
reference to the following non-limiting examples. 

EXAMPLES 

Example 1 

Design and Construction of Transformation Vectors 
for Production of PHB in Oilseeds 

0106 Five different vectors for seed specific expression of 
the PHB pathway were constructed containing different seed 
specific promoters for production of PHB in oilseeds (Table 
1). Vector pMBXS490, a pCAMBIA based plasmid (Centre 
for Application of Molecular Biology to International Agri 
culture, Canberra, Australia), contains the following gene 
expression cassettes: (1) an expression cassette for PHA Syn 
thase containing the promoter from the Soybean oleosin iso 
form A gene, a DNA fragment encoding the signal peptide of 
the small subunit of rubisco from pea (P. sativum) and the first 
24 amino acids of the mature protein (Cashmore, A.R. 1983, 
In Genetic Engineering of Plants, pp. 29-38), a DNA frag 
ment encoding a hybrid PHA synthase (PhaC: U.S. Pat. No. 
6,316,262) in which the first nine amino acids at the N-ter 
minus of this synthase are derived from the Pseudomonas 
Oleovorans phaC1 gene and the remainder of the synthase 
coding sequence is derived from Zoogloea ramigera phaC 
gene, and the 3' termination sequence from the Soybean ole 
osin isoform A gene; (2) an expression cassette for reductase 
containing the promoter from the Soybean oleosin isoform A 
gene, a DNA fragment encoding the signal peptide and the 
first 24 amino acids of the mature protein of the small subunit 
of rubisco from pea, a DNA fragment encoding a NADPH 
dependent reductase (PhaE) from Ralstonia eutropha eutro 
pha (Peoples, O. & A. Sinskey, 1989, J. Biol. Chem. 264, 
15293-15297), and the 3' termination sequence from the soy 
bean oleosin isoform A gene; (3) an expression cassette for 
thiolase containing the promoter from the Soybean glycinin 
(gy1) gene (Iida et al., 1995, Plant Cell Reports, 14,539-544), 
a DNA fragment encoding the signal peptide and the first 24 
amino acids of the mature protein of the small subunit of 
rubisco from pea, the phaA gene encoding a B-ketothiolase 
(PhaA) from Ralstonia eutropha (Peoples, O. & A. Sinskey, 
1989, J. Biol. Chem., 264, 15293-15297), and a 3' termination 
sequence from the Soybean glycinin gene; (4) an expression 
cassette for Dsked, a protein that can be visualized in seeds by 
placing them in light of the appropriate wavelength, contain 
ing the promoter from the cassava mosaic virus (CMV), a 
DNA fragment encoding a modified red fluorescent protein 
from Discosoma sp. (Dsked) in which eleven amino acids 
have been added to the C-terminus to increase solubility 
and/or prevent aggregation of the protein, and a termination 
sequence from the Agrobacterium tumefaciens nopaline Syn 
thase gene. 

TABLE 1. 

Summary of transformation vectors 
containing Seed Specific promoters 

Promoter controlling Selectable or 
Plasmid expression of phagenes visible marker 

pMBXS490 Oleosin DSRed 
pMBXS364 LH DSRed 
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TABLE 1-continued 

Summary of transformation vectors 
containing seed specific promoters 

Promoter controlling Selectable or 
Plasmid expression of phagenes visible marker 

pMBXS355 LH bar 
pMBXS491 Napin DSRed 
pMBXS492 Glycinin DSRed 

0107 Promoters are as follows: LH, promoter from the 
Lesquerella fendleri bifunctional oleate 12-hydroxylase: 
saturate gene (U.S. Pat. No. 6,437.220 B1); Oleosin, pro 
moter from the Soybean oleosin isoform A gene (Rowley and 
Herman, 1997, Biochim. Biophys. Acta 1345, 1-4); Napin, 
promoter from the Brassica napes napin gene (Ellenstrom, 
M. et al., 1996, Plant Molecular Biology, 32: 1019-1027); 
Glycinin, promoter from the Soybean glycinin (gy1) gene 
(Iida, A. et al., 1995, Plant Cell Reports, 14:539-544). 
0108 VectorspMBXS364, pMBXS355, pMBXS491, and 
pMBXS492 contain the same PHB pathway genes as 
pMBXS490 with the exception that the expression of these 
genes is under the control of different promoters as outlined in 
Table 1. Vector pMBXS355 contains an expression cassette 
for the bar gene, encoding phosphinothricinacetyltransferase 
whose expression is under the control of the 35S promoter. 
Expression of the bar gene allows selection of transformants 
based on their resistance to bialaphos. All other vectors in 
Table 1 contain expression cassettes for DSERed allowing the 
identification of transgenic seeds under the appropriate wave 
length of light. 

Example 2 
Transformation of Camelina 

0109. In preparation for plant transformation experiments, 
seeds of Camelina sativa cultivar Suneson or Celine were 
sown directly into 4 inch pots filled with soil (Metro mix) in 
the greenhouse. Growth conditions were maintained at 24°C. 
during the day and 18°C. during the night. Plants were grown 
until flowering. Plants with a number of unopened flower 
buds were used in floral dip transformations. 
0110 Agrobacterium strain GV3101 was transformed 
with the construct of interest using electroporation. A single 
colony of GV3101 containing the construct of interest was 
obtained from a freshly streaked plate and was inoculated into 
5 mL LB medium. After overnight growth at 28°C., 2 mL of 
culture was transferred to a 500-mL flask containing 300 mL 
of LB and incubated overnight at 28°C. Cells were pelleted 
by centrifugation (6,000 rpm, 20 min), and diluted to an 
OD600 of -0.8 with infiltration medium containing 5% 
sucrose and 0.05% (v/v) Silwet-L77 (Lehle Seeds, Round 
Rock, Tex., USA). Camelina plants were transformed by 
“floral dip' using transformation constructs as follows. Pots 
containing plants at the flowering stage were placed inside a 
460 mm height vacuum desiccator (Bel-Art, Pequannock, 
N.J., USA). Inflorescences were immersed into the Agrobac 
terium inoculum contained in a 500-ml beaker. A vacuum (85 
kPa) was applied and held for 5 min. Plants were removed 
from the desiccator and were covered with plastic bags in the 
dark for 24hat room temperature. Plants were removed from 
the bags and returned to normal growth conditions within the 
greenhouse for seed formation. 
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0111. To identify Camelina seeds expressing Dsked, fully 
mature seeds were harvested from transformed plants and 
placed in a desiccator with anhydrous calcium sulfate as 
desiccant for at least 2 days prior to screening. DSRed 
expressing seeds were visualized in a darkroom with a green 
LumaMax LED flashlight (Lab Safety Supply, Inc., Janes 
ville, Wis.) and a pair of KD’s Dark Redglasses (Pacific Coast 
Sunglasses Inc., Santa Maria, Calif.). 
0112 To identify bialaphos resistant seeds, seeds from 
floral dip transformations were sterilized in 70% ethanol and 
10% bleach, and washed in water. Sterilized seeds were 
placed on germination and selection medium in square Petri 
dishes. The germination and selection medium contained 10 
mg/L bialaphos (Gold BioTechnology, 130178-500) in /2x 
MS medium, which was made with Murashige & Skoog. 
medium mixture (Caisson Labs, MSP09) at half concentra 
tion. The plates were sealed and placed in a growth chamber 
for germination under a 16-h photoperiod, 3,000 lux light 
intensity, and temperatures of 23/20° C. at day/night. Seed 
lings with greenish cotyledons were picked and transferred to 
soil about six days after initiation of germination. 

Example 3 
Production of PHB in Seeds of Camelina 

0113. In initial transformation experiments with 
pMBXS490, 24 Dsked positive seeds were isolated. Four of 
these seeds were sacrificed to determine their PHB content 
using a previously described gas chromatography/butanoly 
sis technique performed essentially as previously described 
(Somleva et al., 2008, Plant Biotechnol. J., 663-678). These 
four seeds contained 19.9, 12.0,9.8, and 6.4% dwt PHB in the 
seed. When other seeds from this transformation were planted 
in soil, seedlings possessed whitish cotyledons and their 
growth was severely impaired. Only a few T seeds with low 
levels of PHB were capable of germination and survival in 
soil in a greenhouse. These seedlings were still weak and 
possessed white or variegated cotyledons. 
0114. In transformations of pMBXS355 and pMBXS364, 
seeds from transformed plants were screened for resistance to 
bialophos and or visual screening for DSRed, respectively. 
Despite having the same promoter controlling the expression 
of the PHB biosynthetic pathway, the maximum PHB pro 
duction inpMBXS355 (0.54% PHB) was significantly lower 
than the amount produced by pMBXS364 (3.4%) (Table 2). 
This is likely due to difficulty in distinguishing between weak 
pMBXS355 seedlings that produced higher levels of PHB 
and the non-transformed, bialophos sensitive seedlings. 

TABLE 2 

Comparison of PHB production in Lines isolated 
using bialaphos selection or visual screening 

Selectable or # of # of Lines wif Range of PHB 
Screenable Lines PHB in T2 Production 

Vector Marker Tested Seeds (% seed weight) 

pMBXS355 Bar 204 5 O.OS to 0.54% 
pMBXS364 DsRed 170 85 O.5 to 3.4% 

'Selection of transformants performed by germination of seeds on tissue culture plates 
Sontaining 10 mg/L bialophos, 
Selection of transformants performed by visual screening for DsRed expression. 

0115. In transformations with pMBX491 and pMBX492 
containing the PHB genes under the control of the napin and 
glycinin promoters, respectively, were healthier than trans 
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formants obtained from pMBX490 transformations. For 
pMBX491, T2 seeds were isolated containing 8% PHB in 
DsRed seeds picked from the segregating population. These 
seeds possessed a 75% germination rate and a 60% survival 
rate undergreenhouse conditions in soil. The cotyledons after 
11 days were chlorotic and the growth of this line was sig 
nificantly delayed compared to wild-type. ForpMBX492, T2 
seeds were isolated containing 6.9% PHB in DsRed seeds 
picked from the segregating population. These seeds pos 
sessed a 75% germination rate and a 70% survival rate under 
greenhouse conditions in soil. After 11 days, the cotyledons 
and first true leaves of this transformant were green. The 
growth of this line was somewhat delayed compared to wild 
type but faster than the pMBXS491 line. 
0116. The 19% dwt PHB produced in a single seed 
obtained from Camelina plants transformed with construct 
pMBXS490 was an unexpected result and is the highest level 
of PHB reported in oilseeds to date. Previous studies with 
Brassica napus produced up to 7.7% dwt PHB. These seeds 
were obtained from transformation of Brassica napus using 
stem segments as the explants and selection of the trans 
formed explants (Fry, J. et al., 1987, 6, 321-325) using gly 
phosate resistance obtained from expression of a gene encod 
ing 5-enolpyruvylshikimate-3-phosphate synthase. 
Researchers did not report any germination issues with seeds 
isolated from the transformed plants Houmiel et al., 1999, 
Planta, 209, 547-550; Valentin et al., 1999, Int. J. Biol. Mac 
romol. 25, 303-306. 
0117 The use of DsRed as a visual marker in Camelina 
enabled the identification of high PHB producing seeds that 
would not have germinated in a typical seed screening pro 
cedure where an antibiotic or herbicide selectable marker, 
Such as glyphosate resistance, is employed to provide resis 
tance to the selection agent during seed germination and 
seedling development in tissue culture medium. 

Example 4 

Transformation of Brassica napus, Brassica cari 
nata, and Brassica iuncea 

Transformation of Brassica carinata 0118 
0119 Brassica carinata can be transformed using a pre 
viously described floral dip method (Shiv et al., 2008, Journal 
of Plant Biochemistry and Biotechnology 17, 1-4). Briefly 
constructs of interest are transformed into Agrobacterium 
strain GV-3101 and cells are grown in liquid medium. Cells 
are harvested and resuspended in a transformation medium 
consisting of /2 MS salts, 5% sucrose, and 0.05% Silwet 
L-77. Brassica carinata plants are grown in agreenhouse until 
inflorescences develop and approximately 25% of their flow 
ers are opened. Plants are submerged in the prepared Agro 
bacterium Solution for approximately 1 minute, and covered 
for 24 hours. Plants are returned to the greenhouse and 
allowed to set seed. Transformed seeds are screened by pick 
ing DSRed seeds under the appropriate wavelength of light as 
described above. 

0120 
0121 Brassica seeds are surface sterilized in 10% com 
mercial bleach (Javex, Colgate-Palmolive) for 30 min with 
gentle shaking. The seeds are washed three times in sterile 
distilled water and placed in germination medium comprising 
Murashige-Skoog (MS) salts and vitamins, 3% (w/v) sucrose 
and 0.7% (w/v) phytagar, pH 5.8 at a density of 20 per plate 

Transformation of Brassica napus 
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and maintained at 24°C. an a 16 hlight/8 h dark photoperiod 
at a light intensity of 60-80 uEm’s' for 4-5 days. 
0122 Constructs of interest are introduced into Agrobac 
terium tumefacians strain EHA101 (Hood et. al., 1986, J. 
Bacteriol. 168: 1291-1301) by electroporation. Prior to trans 
formation of cotyledonary petioles, single colonies of strain 
EHA101 harboring each construct are grown in 5 ml of mini 
mal medium Supplemented with appropriate antibiotics for 
48 hr at 28°C. One ml of bacterial suspension was pelleted by 
centrifugation for 1 minin a microfuge. The pellet was resus 
pended in 1 ml minimal medium. 
0123 For transformation, cotyledons are excised from 4 
or in Some cases 5 day old seedlings so that they included ~2 
mm of petiole at the base. Individual cotyledons with the cut 
surface of their petioles are immersed in diluted bacterial 
suspension for 1 sand immediately embedded to a depth of -2 
mm in co-cultivation medium, MS medium with 3% (w/v) 
sucrose and 0.7% phytagar and enriched with 20 uMbenzy 
ladenine. The inoculated cotyledons are plated at a density of 
10 per plate and incubated under the same growth conditions 
for 48 h. After co-cultivation, the cotyledons are transferred to 
regeneration medium comprising MS medium Supplemented 
with 3% sucrose, 20LMbenzyladenine, 0.7% (w/v) phytagar, 
pH 5.8, 300 mg/L timentinin and 20 mg/L. kanamycin sulfate. 
0.124. After 2-3 weeks regenerant shoots obtained are cut 
and maintained on “shoot elongation' medium (MS medium 
containing, 3% sucrose, 300 mg/L timentin, 0.7% (w/v) 
phytagar, 300 mg/L timentinin and 20 mg/L. kanamycin Sul 
fate, pH 5.8) in Magentajars. The elongated shoots are trans 
ferred to “rooting medium comprising MS medium, 3% 
sucrose, 2 mg/L indole butyric acid, 0.7% phytagar and 500 
mg/L carbenicillin. After roots emerge, plantlets are trans 
ferred to potting mix (Redi Earth, W.R. Grace and Co.). The 
plants are maintained in a misting chamber (75% relative 
humidity) under the same growth conditions. Plants are 
allowed to self pollinate to produce seeds. Seeds are screened 
by visualization of DsRed as described above. 
0.125 Brassica napus can also be transformed using the 
floral dip procedure described by Shiv et al. (Shiv et al., 2008, 
Journal of Plant Biochemistry and Biotechnology 17, 1-4) as 
described above for Brassica carinata. 
0126 Transformation of Brassica juncea 
0127 Brassica iuncea can be transformed using hypo 
cotyl explants according to the methods described by Barfield 
and Pua (Barfield and Pua, Plant Cell Reports, 10, 308-314) 
or Pandian et al. (Pandian, et al., 2006, Plant Molecular 
Biology Reporter 24: 103a-103i) as follows. 
0128 B. juncea seeds are sterilized 2 min in 70% (v/v) 
ethanol and washed for 20 min in 25% commercial bleach (10 
g/L hypochlorite). Seeds are rinsed 3x in sterile water. Sur 
face-sterilized seeds are plated on germination medium (1x 
MS salts, 1 xMS Vitamins, 30g/L Sucrose, 500 mg/LMES. pH 
5.5) and kept in the cold room for 2 days. Seeds are incubated 
for 4-6 days at 24°C. under low light (20 um m's"). Hypo 
cotyl segments are excised and rinsed in 50 mL of callus 
induction medium (1x MS salts, 1x B5 vitamins, 30 g/L 
sucrose, 500 mg/L MES, 1.0 mg/L 2.4-D, 1.0 mg/L kinetin 
pH 5.8) for 30 min without agitation. This procedure is 
repeated but with agitation on orbital shaker (~140 g) for 48 
h at 24°C. in low light (10 um m's'). 
0129. Agrobacterium can be prepared as follows: Cells of 
Agrobacterium strain AGL1 (Lazo, G. et al. (1991), Biotech 
nology, 9: 963-967) containing the construct of interest are 
grown in 5 mL of LB medium with appropriate antibiotic at 
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28°C. for 2 days. The 5 mL culture is transferred to 250 mL 
flask with 45 mL of LB and cultured for 4 h at 28°C. Cells is 
pelleted and resuspended in BM medium (1x MS salts, 1x B5 
vitamins, 30 g/L sucrose, 500 mg/L MES, pH 5.8). The opti 
cal density at 600 nm is adjusted to 0.2 with BM medium and 
used for inoculation. 
0.130 Explants are cocultivated with Agrobacterium for 
20 min after which time the Agrobacterium Suspension is 
removed. Hypocotyl explants are washed once in callus 
induction medium after which cocultivation proceeds for 48 h. 
with gentle shaking on orbital shaker. After several washes in 
CIM, explants are transferred to selective shoot-inducing 
medium (500 mg/L. AgNO2, 0.4 mg/L Zeatin riboside, 2.0 
mg/L benzylamino purine, 0.01 mg/L GA, 200 mg/L Timen 
tin appropriate selection agent and 8 g/L agar added to basal 
medium) plates for regeneration at 24°C. Root formation is 
induced on root-inducing medium (0.5xMS salts, 0.5x B5 
vitamins, 10 g/L sucrose, 500 mg/L MES, 0.1 mg/L indole 
3-butyric acid, 200 mg/L Timentin, appropriate selection 
agent and S g/L agar, pH 5.8). 
I0131 Plantlets are transferred to are removed from agar, 
gently washed, and transferred to potting soil in pots. Plants 
are grown in a humid environment for a week and then trans 
ferred to the greenhouse. 

Example 5 

Production of Hybrid Lines that are not Capable of 
Germinating 

0.132. In previous experiments in Arabidopsis, lower lev 
els of PHB were obtained when lines expressing individual 
PHB genes were crossed to produce a plant containing the 
entire PHB biosynthetic pathway (Nawrath, C. Y. Poirier, et 
al., 1994, Proc. Natl. Acad. Sci. USA 91, 12760-12764) than 
when multi-gene constructs containing the entire PHB bio 
synthetic pathway were constructed and transformed (Bohm 
ert, K., I. et al., 2000, Planta 211, 841-845;U.S. Pat. No. 
6,448.473). This observation led to the subsequent predomi 
nant use of multi-gene constructs for PHB production in 
plants. However, in some scenarios, it may be advantageous 
to insert a multi-gene pathway into the plant by crossing of 
lines containing portions of the pathway to produce hybrid 
plants in which the entire pathway has been reconstructed. 
This is especially the case when high levels of product in a 
seed compromises the ability of the seed to germinate or the 
resulting seedling to Survive under normal soil growth con 
ditions. Hybrid lines can be created by crossing a line con 
taining one or more PHB genes with a line containing the 
other gene(s) needed to complete the PHB biosynthetic path 
way. Use of lines that possess cytoplasmic male sterility 
(Esser, K. et al., 2006, Progress in Botany, Springer Berlin 
Heidelberg. 67, 31-52) with the appropriate maintainer and 
restorer lines allows these hybrid lines to be produced effi 
ciently. Cytoplasmic male sterility systems are already avail 
able for some Brassicaceae species (Esser, K. et al., 2006, 
Progress in Botany, Springer Berlin Heidelberg. 67, 31-52). 
These Brassicaceae species can be used as gene Sources to 
produce cytoplasmic male sterility systems for other oilseeds 
of interest Such as Camelina. Cytoplasmic male sterility has 
also been reported upon expression of a B-ketothiolase from 
the chloroplast genome in tobacco (Ruiz, O. N. and H. 
Daniell, 2005, Plant Physiol. 138, 1232-1246). Malesterility 
has also been reported upon expression of the faoA gene 
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encoding the C-Subunit of the fatty acid B-Oxidation complex 
from Pseudomonas putida (U.S. Pat. No. 6,586,658). 
0.133 High PHB producing lines that are not capable of 
germination can be produced using oilseed lines that possess 
cytoplasmic male sterility (CMS) controlled by an extra 
nuclear genome (i.e. mitochondria or chloroplast). The male 
sterile line is typically maintained by crossing with a main 
tainer line that is genetically identical except that it possesses 
normal fertile cytoplasm and is therefore male fertile. Trans 
formation of the maintainer line with one or more genes for 
the PHB biosynthetic pathway and crossing this modified 
maintainer line with the original male sterile line will produce 
a male sterile line possessing a portion of the PHB biosyn 
thetic pathway. In this example, insertion of the phaA and 
phaC genes into the maintainer line and crossing with the 
original male cytoplasmic sterile line will form a male sterile 
line containing the phaA and phaC genes. 
0134) Fertility can be restored to this line using a “restorer 
line' that carries the appropriate nuclear restorer genes. Alter 
natively, the restorer line can be transformed with the remain 
ing genes required to complete the PHB biosynthetic pathway 
and crossed with the previously created male sterile line 
containing phaA and phaC to produce a hybrid line contain 
ing the entire PHB biosynthetic pathway. 
0135 Crosses can be performed in the field by planting 
multiple rows of the male sterile line, the line that will pro 
duce the seed, next to a few rows of the male fertile line. 
Harvested seed can be used for Subsequent plantings or as the 
PHB containing seed for crushing and extraction. When 
expression cassettes for the PHB genes in this example are 

Wector : 
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controlled by strong promoters, such as the Soybean oleosin 
promoter, high PHB producing seeds generated in this man 
ner will possess weak seedlings upon germination and will 
not be able to survive field conditions under normal growth 
circumstances unless treated with a material that promotes 
seedling strength/vigor. This adds a level of gene contain 
ment. 
0.136 Cytoplasmic male sterility systems are already 
available for some Brassicaceae species (Esser, K., 2006, 
Progress in Botany, Springer Berlin Heidelberg. 67, 31-52). 
These Brassicaceae species can be used as gene Sources to 
produce cytoplasmic male sterility systems for other oilseeds 
of interest Such as Camelina. Cytoplasmic male sterility has 
also been reported upon expression of a B-ketothiolase from 
the chloroplast genome in tobacco (Ruiz, O. N. and H. 
Daniell, 2005, Plant Physiol. 138, 1232-1246). Overexpres 
sion of B-ketothiolase in Camelina to generate a male sterile 
line and Subsequent crossing with a line expressing phaB and 
phaC could also be used for hybrid seed production. 
0.137 Malesterile lines have also been produced in Bras 
sica napus by overexpression of the faoA gene from 
Pseudomonas putida under the control of the phaseolin pro 
moter sequence (U.S. Pat. No. 6,586.658). 
0.138. Double haploid technology can be used to speed up 
the breeding process. In the double haploid technique, imma 
ture pollen grains (haploids) are exposed to treatments that 
result in doubling of the existing genetic material resulting in 
homozygous, true breeding material in a single generation. 
0.139. The references, patents, and patent applications 
cited throughout are incorporated by reference where permis 
sible in their entireties. 

pMBXS490 
(SEQ ID NO: 1) 

GGGGATCCGT ACGTAAGTAC GTACT CAAAA TGCCAACAAA. TAAAAAAAAA 

51 GTTGCTTTAA TAATGCCAAA ACAAATTAAT AAAACACTTA CAACACCGGA 

1O1 TTTTTTTTAA TTAAAATGTG. CCATTTAGGA TAAATAGTTA ATATTTTTAA 

151 TAATTATTTA AAAAGCCGTA TCTACTAAAA 

2O1 ATATTAATAT, GTTTAAATCA ACACAATCTA 

TGATTTTTAT TTGGTTGAAA 

TCAAAATTAA ACTAAAAAAA 

251 AAATAAGTGT ACGTGGTTAA CATTAGTACA GTAATATAAG AGGAAAATGA 

3 O1 GAAATTAAGA AATTGAAAGC GAGTCTAATT TTTAAATTAT GAACCTGCAT 

351 ATATAAAAGG AAAGAAAGAA. TCCAGGAAGA AAAGAAATGA. AACCATGCAT 

4O1 GGTCCCCTCG TCATCACGAG TTTCTGCCAT TTGCAATAGA AACACTGAAA 

41 CACCTTTCTC TTTGTCACTT AATTGAGATG CCGAAGCCAC CTCACACCAT 

5 O1 GAACTTCATG AGGTGTAGCA CCCAAGGCTT CCATAGCCAT, GCATACTGAA 

1 GAATGTCTCA AGCTCAGCAC CCTACTTCTG TGACGTGTCC CTCATTCACC 

6O1 TTCCTCTCTT CCCTATAAAT AACCACGCCT CAGGTTCTCC GCTTCACAAC 

61 TCAAACATTC, TCTCCATTGG TCCTTAAACA CTCATCAGTC ATCACCGCGG 

7 O1 CCGCGGAATT CATGGCTTCT ATGATATCCT. CTTCCGCTGT GACAACAGTC 

751. AGCCGTGCCT CTAGGGGGCA ATCCGCCGCA GTGGCTCCAT TCGGCGGCCT 

801 CAAATCCATG ACTGGATTCC CAGTGAAGAA. GGTCAACACT GACATTACTT 

851 CCATTACAAG CAATGGTGGA AGAGTAAAGT, GCATGCAGGT, GTGGCCTCCA 
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< 16 Os 

AAGGCTCAGA 

AGCAAAACGT 

GCTT 

ATGT 

TTGTG 

(GTTTT 

TTTTGCATCT 

GATTT 

ATTT 

TGAG 

AATCA 

CGAAA 

TTTCA 

CCAAAACACA 

CAGC 

CATG 

TAAC 

TCATA 

ATTTA 

GATGA 

GACTGGGAAA 

CCCT TCGCC 

CCCAACAGTT 

GATCAGATTG 

GATATATTGG 

GATATTTAAA 

NUMBER OF SEO ID NOS: 

SEQ ID NO 1 
LENGTH: 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 

<4 OOs, SEQUENCE: 1 

ggggat.ccgt acgtaagtac 

taatgccaaa 

c catttagga 

tgatttitt at 

actaaaaaaa. 

gaaattalaga 

aaagaaagaa 

tittctgcc at 

ccgaagccac 

gCatactgaa 

ttcotctott 

tctic cattgg 

acalaattaat 

taaatagitta 

ttggttgaaa 

aaataagtgt 

aattgaaagc 

tccaggaaga 

ttgcaataga 

Ctcacaccat 

gaatgtctica 

CCCtataaat 

to Cittaaa.ca 

- Continued 

ATGAAGCTAA 

TCTCTCTAAG 

GTCT CAATAA 

CTAATTAGTT 

ATGGCTTTTG 

ACATAACAAA. 

AACAAAATGC 

AAAGAGAAGC 

ATCCCAAAAC 

AAGAAAATCA 

GCTCAAAAGC 

ACCCTGGCGT 

AGCTGGCGTA 

GCGCAGCCTG 

TCGTTTCCCG 

CGGGTAAACC 

AGGGCGTGAA 

15888 

2 

gtact caaaa 

aaaac actta 

at atttittaa. 

at attaat at 

acgtggittaa 

gag totaatt 

aaagaaatga 

aac actgaaa 

gaactitcatg 

agcticagdac 

aac cacgc.ct 

ct cat cagtic 

TGAGAAGATG 

TGATGTATGA 

TTAGTCACTG 

AATAATGAAT 

CAAATAAATC 

GGTTTCAAAA 

ATTACATAGA 

ATGCTAATAA 

ACAAAAAAAG 

GACAACAAGC 

TTGGCACTGG 

TACCCAACTT 

ATAGCGAAGA 

AATGGCGAAT 

CCTTCAGTTT 

TAAGAGAAAA 

AAGGTTTATC 

ATTGAAGGCT 

CGGAATAGTT 

GATGAATGTT 

ATGTTGTATG 

GTTGTTCTTA 

CATAACAGAA 

GAAATTGCAT 

CAGACCCTGC 

CCGCAACTAA 

AAGATTCATA 

AAAGACTTAA 

CCGTCGTTTT 

AATCGCCTTG 

GGCCCGCACC 

GCTAGAGCAG 

AAACTATCAG 

GAGCGTTTAT 

CGTTCGTCCA 

SEQUENCE LISTING 

tgccaacaaa 

Calacaccgga 

taattattta 

gtttaaatca 

cattagtaca 

tittaa attat 

aac catgcat 

cacct t t c to 

aggtgtagca 

cct acttctg 

caggttcticc 

at Caccgcgg 
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31 

TGAAAGGAGA 

GTGTTTGGTT 

TGTGTATGTG 

TAATGTTGTG 

TGTAATGTTT 

CNTATTCAAT 

TAGCATTAGC 

TTCATAATCC 

TATCCAAAGA 

ACCGATCCTT 

TCTTCCTGAG 

ACAACGTCGT 

CAGCACATCC 

GATCGCCCTT 

CTTGAGCTTG 

TGTTTGACAG 

TAGAATAACG 

TTTGTATGTG 

taaaaaaaaa gttgctittaa 

tttitttittaa ttaaaatgtg 

aaaag.ccgta t c tactaaaa 

acaca at Cta t caaaattaa. 

gtaatataag aggaaaatga 

gaacctgcat atataaaagg 

ggtc.cccticg tcatcacgag 

tttgtcactt aattgagatg 

cc caaggct t c catago cat 

tgacgtgtcc ct cattcacc 

gct tcacaac toaaacatt c 

cc.gcggaatt catggct tct 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 
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1. An oilseed comprising greater than 7% polyhydroxyal 
kanoate (PHA) dry weight of the oilseed, wherein germina 
tion of the oilseed is impaired relative to an oilseed having 
less than 7% polyhydroxyalkanoate. 

2. The oilseed of claim 1, wherein the PHA comprises 
(poly) 3-hydroxybutyrate (PHB). 

3. The oilseed of claim 1 comprises greater than 8%, 9%, 
10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18% or 19% of 
the dry weight of the seed. 

4. The oilseed of claim 1, wherein the oilseed is produced 
by a transgenic plant genetically engineered to produce PHA. 

5. The oilseed of claim 4, wherein the PHA is PHB. 
6. The oilseed of claim 4, wherein the plant transformed to 

produce the transgenic plant is selected from the group con 
sisting of members of the Brassica family: B. napus, B. rapa, 
B. carinata and B. juncea; industrial oilseeds: Camelina 
sativa, Crambe, jatropha, castor; Arabidopsis thaliana, Cal 
endula, Cuphea; maize; soybean; cottonseed; Sunflower; 
palm; coconut; safflower; peanut, mustards including Sinapis 
alba; and tobacco. 

7. The oilseed of claim 1, wherein germination of the 
oilseed is impaired by 20%, 25%, 30%, 35%, 40%, 45%, 
50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 
99%, or 100% relative to an oilseed comprising less than 7% 
PHA. 

8. A transgenic plant genetically engineered to produce 
PHA, wherein the transgenic plant produces the oilseed of 
claim 1. 

9. The transgenic plant of claim 8 wherein the plant trans 
formed to produce the oilseed of claim 1 is selected from the 

48 
Jul. 5, 2012 

group consisting of members of the Brassica family; B. 
napus, B. rapa, B. carinata and B. juncea; industrial oilseeds: 
Camelina sativa, Crambe, Jatropha, castor; Arabidopsis 
thaliana, Calendula, Cuphea; maize, soybean; cottonseed; 
Sunflower; palm; coconut; Safflower; peanut, mustards: Sina 
pis alba; and tobacco. 

10. (canceled) 
11. A method for producing a hybrid transgenic plant line 

comprising crossing a plant line comprising one or more PHB 
biosynthetic pathway genes with a plant line containing the 
remaining PHB biosynthetic pathway gene(s) needed to com 
plete the PHB biosynthetic pathway. 

12. The method of claim 11 wherein the plant lines com 
prise cytoplasmic male sterility (CMS) controlled by an 
extranuclear genome. 

13. The method of claim 11 wherein the male sterile line is 
maintained by crossing with a maintainer line that is geneti 
cally identical and comprises normal fertile cytoplasm. 

14. The method of claim 13 wherein the maintainer line is 
transformed with one or more genes for the PHB biosynthetic 
pathway. 

15. The method of claim 14 wherein crossing the trans 
formed maintainer line with the original male sterile line 
produces a male sterile line possessing a portion of the PHB 
biosynthetic pathway. 

16. The method of claim 15 wherein insertion of the phaA 
and phaC genes into the maintainer line and crossing with the 
original male cytoplasmic sterile line forms a male sterile line 
containing the phaA and phaC genes. 
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