
TRANSGENIC PLANTS COMPRISING CONSTRUCTS ENCODING PHOSPHOENOLPYRUVATE
CARBOXYKINASE AND/OR PYRUVATE ORTHOPHOSPHATE DIKINASE The present invention
relates to genetic constructs used in the preparation of transgenic plants.
The constructs can have the ability to cause remobilisation of nitrogen
during leaf senescence, such that nitrogen can be transported from the
5leaves to other regions of the plant. The invention extends to plant cells
transformed with such constructs, and to the transgenic plants themselves.
The invention also relates to methods of producing transgenic plants, and
to methods of increasing the rate of nitrogen remobilisation in senescent
plants. The invention also relates to harvested plant leaves, for example
tobacco leaves, that tohave been transformed with the genetic constructs,
and to smoking articles comprising such harvested plant leaves. Leaf
senescence is a phase of plant development during which the cells undergo
distinct metabolic and structural changes prior to cell death.
Physiological and 1.5genetic studies indicate that senescence is a highly
regulated process. The progression of a leaf through senescence is visibly
marked by the loss of chlorophyll and consequent yellowing, which results
from the disassembly of the chloroplasts. The decreasing levels of leaf
chlorophyll, characteristic of this developmental stage, can be measured,
e.g. by solvent extraction and 20spcctrophotometric measurement, or by a
chlorophyll content meter. A decreased leaf chlorophyll level in comparison
with an earlier leaf chlorophyll level recorded for the same plant,
preferably grown under constant conditions, indicates senescence.
25Molecular studies indicate that senescence is associated with changes in
gene expression. The levels of mIZNAs encoding proteins involved in
photosynthesis decrease during senescence, whilst rilliNA levels of genes
encoding proteins thought to be involved in the senescence increase.
Senescence is a highly organised process regulated by genes known as
Senescence Associated Genes rn(SAGs). Leaf senescence involves the
degradation of proteins, nucleic acids and  membranes, and the subsequent
transport of the nutrients resulting from this degradation to other regions
of the plant, such as the developing seeds, leaves or  storage organs. One
problem of plant senescence is that many useful minerals and nutrients that
are present in senescent leaves will remain in the leaves, and will be
effectively lost as the leaves die. For example, nitrogen, which can be in
the form of amine groups on amino acids, present in the senescent leaves,
will go 5to waste, if it is not removed from dying leaves. Therefore,
increasing nitrogen remobilisation in plants, especially when they become
senescent, could have important applications in crop production. Firstly,
nitrogen remobilised from leaves can be transported to the younger leaves
as well as the developing seed. Increasing the efficiency of nitrogen exit
from senescent leaves could therefore potentially increase nitrogen supply
to seeds and younger parts of the plant, and thereby increase crop yield
and nitrogen use efficiency. This is clearly a valuable goal when the world
population is increasing but crop yields are not increasing sufficiently to
meet demand. One 15potential target crop is Brass/ca napus (oilseed rape),
which has poor nitrogen 



efficiency due to poor nitrogen remobilisation from vegetative tissue.
Another target crop is wheat, as the potential benefits of increasing grain
protein content are great. Grain protein content not only affects nutritive
value of wheat, but also determines grain usage and therefore market value.
For example, increased 20grain protein content results in increased bread
volume. Also, an ability to increase nitrogen remobilisation could be very
useful in the tobacco industry because it is known that residual nitrogen
in tobacco leaves contributes to the formation of nitrosamines. The enzymes
phosphoenolpyruvate carboxyltinase (PEPCK, or PCK) [EC 4.1.1.4.9.1 and
pyrovate orthophosphate dikinase (PPDK) kG 2.7.9.1] are known. PPDK is
present in both prokaryotes and eukaryotes, and is conserved in terms of
sequence and tertiary structure between bacteria and higher plants
(Pocalyko et al., 1990, Biochemistry, 29,10757-10765). The enzyme catalyses
the reversible  30 phosphorylation of pyruvate to form phosphoenolpyruvate
(PEP) (Carroll et al., 1990, Federation of European Biochemical Societies,
274, 178-180; Hatch & Slack, 1968, Biochemical journal, 106, 141-146), in
the following reaction: Pyruvate 4: Pi  3 + ATl? = PEP 4- PPi + AMP. In
both C3 and C4 plants, the PPDK gene has an unusual structure, with two
transcripts resulting from the same gene. The longer transcript encodes a
chloroplastic protein, with the first exon encoding a chloroplast transit
peptide, while the shorter transcript is transcribed from a 5separate
promoter within the first intron of the longer transcript, and therefore
lacks the first exon encoding the chloroplast transit peptide. This shorter
transcript generates a cytosolic isoform of PPDK. This gene structure has
been reported in maize, rice, C3 and C4 Haveria species, and Arabidopsis
thaliana. 10Phosphoenolpyruvate carboxykinase (PCK) catalyses a reversible
reaction between ADP, carbon dioxide and phosphoenolpyruvate to form ATP
and axaloacetate, in the following reaction: oxaloacetate .ATP PEP + ADP
4-- CO2. PCK. has been shown to be present in the cytosol of cells of a
wide range of plant tissues. These include developing seeds, trichomes and
roots. In plants, 15PCK appears in tissues in which there is increased
metabolism of nitrogenous compounds. The inventors constructed a number of
genetic constructs, in which genes encoding the enzymes PC,K and/or PPDK
were placed either alone or together 20under the control of a promoter, to
determine what effect, if any, over- expression of these genes had on
nitrogen remobilisation in senescent leaves. According to a first aspect of
the invention, there is provided a genetic construct comprising a
senescence-specific promoter operably linked to at least one coding  25
sequence, which encodes at least one polypeptide having phosphoenolpyruvate
carboxykinase (1/C1K) activity and/or pyruvate orthophosphate dildnase
(PPDK) activity. According to a second aspect of the invention, there is
provided a genetic 30construct comprising a promoter operably linked to at
least one coding sequence, 



which encodes at least one polypeptide having phosphoenolpyruvate  WO
2010/097623WPC 82010/050321 4 - carboxykinase (PCK) activity and pyruvate
orthophosphate dikinase (PPDK) activity. The inventors believed that the
two enzymes PCK and PPDK may play a tole in 5the interconversion of various
amino acids during remobilisation of nitrogen from leaves during
senescence. Although the inventors do not wish to be bound by hypothesis, a
speculative biochemical pathway illustrating how PCK and PPDK may affect
Nitrogen remobilisation is illustrated in Figure 18. They therefore
considered that stimulating over-expression of these two enzymes in a
inplant, either independently or simultaneously, during senescence could
play a role in the remobilisation of nitrogen. As a result of their
studies, the inventors surprisingly found that constructs according to the
invention, encoding PCK and/or PPDK, resulted in increased 15rates of
nitrogen remobilisation from senescent leaves. The inventors hypothesise
that nitrogen may be being moved from senescent leaves in the form of amino
acids to the younger parts of the plant, such as the plant seeds.
Furthermore, the inventors also observed an increase in the amount of
vegetative plant growth (which corresponds to an increase in crop yield),
when these enzymes were over--expressed in senescent leaves. The inventors
believe therefore that constructs according to the invention will be useful
in the preparation of a transgenic plant, which may be able to exhibit
increased rates of nitrogen remobilisation from senescent leaves and/or an
increased growth rate. 25The promoter in the genetic constructs of the
first or second aspect may be capable of inducing RNA polymerase to bind
to, and start transcribing, the at least one coding region encoding the at
least one pohipeptide having PCK iind/or PPDK activity. The promoter
present in the construct of the second aspect may be constitutive,
non-constitutive, or tissue-specific. Examples of suitable promoters
include the cauliflower mosaic virus 35S promoter (full or truncated), the
rubisco promoter,   the pea plastocyanin promoter, the nopaline synthase
promoter, the chlorophyll r/lt binding promoter, the high molecular weight
glutenin promoter, the a, pgliadin promoter, the hordein promoter or the
patann promoter. The promoter present in the construct of the second aspect
may be a senescence-specific promoter. A "senescence-specific promoter"
(SAG) can be a promoter, which is associated with controlling the
expression of a senescence-associated gene. Hence, the promoter can
restrict expression of a coding sequence (i.e. a gene) to which it is
operably linked substantially exclusively in senescing tissue. Therefore, a
senescence-specific promoter can be a promoter capable of preferentially
promoting gene expression in a plant tissue in a developmentally-regulated
manner such that expression of a 3' protein-coding region occurs
substantially 15only when the plant tissue is undergoing senescence. It
will be appreciated that 



senescence tends to occur in the older parts of the plant, such as the
older leaves, and not in the younger parts of the plants, such as the
seeds. One example of a plant which is known to express numerous
senescence-associated genes is Arabidopsis. Hence, the promoter in a
construct according to the first or second aspect may be isolated from a
senescence-associated gene in Arabidopsis. Gepstein et al. (The Plant
Journal, 2003, 36, 629-642) conducted a detailed study of SAGs and their
promoters using A rabidopsis as a model. The genetic construct may comprise
a promoter from any of the SAGs disclosed in 25 this paper. For example, a
suitable promoter may be selected from a group consisting of SAG4 2, SAGI
3, SACH OF SAG-21 and SAG4 8, or a functional variant or a functional
fragment thereof.    Preferred promoters are SAG 12 and SAG13 promoters. In
one embodiment, the 30promoter is a SAG12 promoter, which will be known to
the skilled technician, or a functional variant or a fragment thereof (Gan
& Amasino, 1997, Plant  6 Physiology, 113: 313-319). The DNA sequence
encoding the SAG12 promoter is referred to herein as SE() ID No. 16, as
follows: TCGAGACCC GATTGT TATTMAGAC TGAGACAAAAAAGTAGAATC GTTGAT T GT TAAAAT
TTA 5 AAATTAGTTTCATTACGTTTCGATAAAAAAATGATTAGTTTATCATAGCTTAATTATAGCATTG
ATTTCTAAATTTGTTTTTTGACCACCCTTTTTTCTCTCTTTGGTGTTTTCTTAACATTAGAAGA ACC
CATAACAATGTACGT T CAAATTAAT TAAAAACAATAT TTCCAAGTTTrA TATACGAAACT T
GTTTTTTTTAATGAAAACAGTTGAATAGTTGATTATGAATTAGTTAGATCAATACTCAATATAT
GATCAATGATGTATATATATGAACTCAGTTGTTATACAAGAAATGAAAATGCTATTTAAATACA 10
GATCATGAAGT GT TAAAAAGTGT CAGAATATGACATGAAGCGTT TT GT CC TACCGGGTATT CGA
OTT ATAGGT T T GGAT CTCTCAAGAATATTT TGGGCCATACTAGT TATATT TGGGC TTAAGC GT T
T TGCAAAGAGACGAGGAAGAAAGAT T GGGTCAAGTTAACAAAACAGAGACAC T CGTATTAGTT G G
TACTTT GGTAGCAAGT CGAT TTAT TTGCCAGTAAAAAC TT GGTACACAACTGACAACT CGTAT
CGTTATtl'AGTTIGTACTTGGTACCTTTGGTTCAAGAAAAAGTTGATATAGTTAAATCAGTTGTG 15
TTCATGAGGTGATTGTGATTTAATTTGTTGACTAGGGCGATTCCTTCACATCACAATAACAAAG
TTTTATAGATTTTTTTTTTATAACATTITTGCCACGCTTCGTAAAGTTTGGTATTTACACCGCA
TTTTTCCCTGTACAAGAATTCATAT ATTATTTATTTATATACTCCAGTTGACAATTATAAGTTT
ATAACGI7TTTTACAATTATTTAAATACCATGTGAAGATCCAAGAATATGTOTTACTTGTTCTTT
GTGTAAGAAAACTAACTATATCACTATAATAAAATAATTCTAATCATTATATTTGTAAATATGC 20
AGTTATTTGTCAATTTTGAATTTAGTATTTTAGACGTTATCACTTCAGCCAAATATGATTTGGA TTTAAGT
CCAAAATGCAAT TT CGTACGTAT CCC TCTTGT CGTCTAAT GATTATI"TCAATATT T C
TTATATTATCCCTAACTACAGAGCTACATTTATATTGTATTCTAATGACAGGGAAACCTTCAT A
GAGATTCAGATAGATGAAATTGGTGGGAAACATCATTGAACAGGAAACTTTTAGCAAATCATAT
CGATTTATCTACAAAAGAATACGTAGCGTAATGAAGTCCACTTGTTGTGAATGACTATGATTTG 25
ATCAAATTAGTTAATTTTGTCGAATCATTTTTCTTTTTGATTTGATTAAGOTTTTAACTSGOAC GAATGGT TC
TC TTGT GAATAAACAGAAT CT TT GAAT TCAAACTATT TGAT TAGTGAAAAGACAA
AAGAAGATTCOTTGTTTTTATGTGATTAGTGATTTTGATGCATGAAAGGTACCTACGTACTACA
AGAAAAATAAACATG TACGTAAC TACGTAT CAGC AT GTAAAAGTAT TT TT T T C CAAATAAT TT
A TACTCATGATAGATTTTTI7TTTTTGAAATGTOAArrAAAAATGCTTTCTTAAATATTAATTTT 30
AATTAAT TAAATAAGGAAATATATT TAT GCAAAACATCAT CAACACATATCCAACT T CGAAAAT
CTCTATAGTACACAAGTAGAGAAATTAAA'n 112 ACTAGATACAAACTTCCTAATCATCAAATAT
AAATGTTTACAAAACTAAT TAAACC CAC CACTAAAATTAACTAAAAATCCGAGCAAAGT GAGT G
AACAAGAC T TGAT TT CAGGTTGATGTAGGAC TAAAATGACTAC GTAT CAAACATCAACGAT CAT T
TAGTTATGTATGAATGAATGTAGT CATTACT TGTAAAACAAAAAT Guff TGATTTGGATCAAT 35
CACTTCATGTGAACATTAGCAATTACATCAACCTTATTT17CACTATAAAACCCCATCTCAGTAC C CT TO
TGAAGT AATCAAAT TAAGAGCAAAAGT CATI"TAACI"TAGO SEQ ID NO:16 Therefore, the
promoter in the construct of the invention may comprise a 40nucleotide
sequence substantially as set out in SE() ID No.16, or a functional variant
or functional fragment: thereof. The SAGI2 promoter sequence may be
obtained from Anthidopsis thaliana, as described in US 5,689,042. This
promoter sequence can be seen in each of the genetic constructs in
accordance with the invention, as shown in Figure 3. In embodiments where
the promoter is SAG 12, it 45 will be appreciated that the promoter may
comprise each of the bases 1-2093 of Slip  WO 20 I
0/097623PCT/GB2010/050321 -- 



ID No:16. However, functional variants or functional fragments of the
promoter may also be used in the genetic constructs of the invention, A
"functional variant or functional fragment of a promoter" can be a
derivative 5or a portion of the promoter that is functionally sufficient to
initiate expression of any coding region that is operably linked thereto.
For example, in embodiments where the promoter is based on SAG12, the
skilled technician will appreciate that SEQ ID Nod 6 may be modified, or
that only portions of the SA.G12 promoter may be required, such that it
would still initiate gene expression in the construct. Functional variants
and functional fragments of the promoter may be readily identified by
assessing whether or not transcriptase will bind to a putative promoter
region, and then lead to the transcription of the coding region into the
polypeptide having PCK 15and/or PPDK activity. Alternatively, such
functional variants and fragments may be examined by conducting mutagenesis
on the promoter, when associated with a coding region, and assessing
whether or not gene expression may occur. The genetic construct of the
first aspect may be capable of causing, during 20senescence, expression of
at least one polypeptide exhibiting PCK activity and/or PPDK activity.
Therefore, the genetic construct may comprise at least one coding sequence,
which encodes (i) a phosphoenolpyruvate carboxykinase (PCK), or a
functional variant or fragment thereof, and/or (ii) a pyruvate
orthophosphate dikinase (PPDK), or a functional variant or fragment
thereof.  25 AS described in the Examples, the inventors have developed a
range of genetic constructs based on polypeptides having either PCK and/or
PPDK activities, and these are shown in Figures 3. In a first embodiment of
the genetic construct according to the first  aspect, the .30 promoter may
induce expression of a coding sequence encoding a polypeptide exhibiting
PCK activity. This is referred to herein as a "PCK construct", and is shown
in Figure 3. Hence, in the first embodiment, the genetic construct may  -8
comprise the senescence-specific promoter and a coding sequence encoding a
phosphoenolpyruvate carboxykinase (PCK), or a functional variant or
fragment thereof. The genetic construct may not encode a polypeptide having
PPDK activity. 5 In a second embodiment of the construct according to the
first aspect, the promoter may induce expression of a coding sequence
encoding a polypeptide exhibiting PPDK activity. This is referred to herein
as a "PPDK construct", and is shown in Figure 3. In the second embodiment,
the genetic construct may comprise the senescence-specific promoter and a
coding sequence encoding a pyruvate orthophosphate dikinase (PPDK), or a
functional variant or fragment thereof. The genetic construct may not
encode a polypeptide having PCK activity. 15In a third embodiment of the
construct according to the first aspect, the promoter may induce expression
of a single coding sequence encoding a polypeptide exhibiting both PCK
activity and PPDK activity. This is referred to as a "PCK/PPDK construct
l". In the third embodiment, the genetic construct may comprise the
senescence-specific promoter and a coding sequence encoding 



20(i) phosphoenolpyruvate carboxykinase (PCK), or a functional variant or
fragment thereof, and (ii) pyruvate orthophosphate dikinase (PPDK), or a
functional variant or fragment thereof. The construct of the third
embodiment may encode a single transcript exhibiting dual activity, i.e.
both PCK and PPDK enzymatic activity. The PCK-coding region may be
positioned on the 3' side of 25the PPDK-coding region. However, preferably
the PCK-coding region is positioned on the 5' side of the PPDK-coding
region. In a fourth embodiment of the construct according to the first
aspect, the promoter may induce expression of (i) a first coding sequence
encoding a first 30polypeptide, which exhibits PCK. activity, and (ii) a
second coding sequence encoding a second polypeptide, which exhibits PPDK
activity. This is referred to as a "PCK/PPDK construct 2". Hence, in the
fourth embodiment, the  genetic construct may comprise at least one
senescence-specific promoter and (i)  a first coding sequence encoding PCK,
or a functional variant of fragment thereof, and (ii) a second coding
sequence encoding PPDK, or a functional variant or fragment thereof, i.e.
two transcripts are encoded, one for each 5 enzyme. As described in Example
6, the inventors have found that over-expressing either PCK or PPDK in a
host cell (e.g. by transforming with either the "PCK construct" or the
"PPDK construct") caused an increase in nitrogen remobilisation in
senescent leaves. Furthermore, they found that the PCK and PPDK single
constructs resulted in an increase in vegetative growth. As described in
Example 8, the inventors have found that simultaneously over-expressing
both PCK and Pl?DK in a host cell (e.g. by transforming with both 15the
"PCK construct" and the "PPDK construct") is surprisingly effective at
inducing nitrogen remobilisation in senescent leaves. Hence, nitrogen may
be transported out of senescent leaves, for example as transport amino
acids. Suitable transport amino acids may be glutamine and/or asparagine.
Furthermore, simultaneously over-expressing PCK and PPDK during senescence
20may also increase growth rate, which may result in an increase in
vegetative growth. Hence, the construct of the first aspect may comprise a
coding sequence which encodes both PCK and PPDK, or a functional variant or
fragment thereof. 25It will be appreciated that the construct of the second
aspect comprisesacodi rig sequence which encodes both PCK and PPDK, or a
functional variant or fragment thereof. The two enzymes may be encoded as a
single polypeptide having dual activity, or as two polypeptides, one having
Pet activity and the other having PPDK activity. 30  - 10 - 



functional variant or fragment thereof, may each be derived from any
suitable source, such as a plant. The coding sequence of each enzyme may be
derived from a suitable plant source, for example from Arabidopsis.
Therefore, the coding sequence, which encodes the polypeptide having PCK
activity, may be 5 derived from Arabitlopsis. Furthermore, the coding
sequence, which encodes the polypeptide having PPDK activity, may be
derived from Arabi (lapses spp., Zea sp., Hareria sp., or Geome spp.. The
coding sequence, which encodes the polypeptide having PlIDK activity, may
be derived from .Apabidopsis Ma/lona, Zoo mays, Flayed() trinervia,
T'larefia Haver/a brownie or Geome gynandra. 10 There are believed to be
three genes in Adlbailana coding for PCK. The genomic DNA sequence
(including introns and exons) encoding one embodiment of Arabidopsis
phosphoenolpyruvate carboxykinase (PCK) is provided herein as SEQ ID No:
17, as follows: 15
ATGTCGGCCGGTAACGGAAATGCTACTAACCGTGACGGAGGGTTTAGTTTCCCTAAAGGACCGG
TGATGCCGAAGATAACGACCGGAGCAGCAAAGAGAGGTAGCGGAGTCTGCCACGACGATAGTGG
TCCGACGGTGAATGCCACAACCATCGATGAGCTTCATTCGTTACAGAAGAAACGTTCTGCTCCT
ACCACACCGATCAACCAAAACGCCGCCGCTGCTTTTGCCGCCGTCICCGA.GGAGGAGCGTCAGA 20
AGATTCAGCTTCAATCTATCAGGTCCTTATAATAACTTCACATATACAGATTATTCATACGIT A
CTTTTGTTTATAACATACTTTATATCGAATTAAGGAAGATTATTGCGTTTTCGTGICCGATCAT T T
TCATGGAAAAAGTGICTITPAGC TAAATATATGGTGTAGTAT TAAATAT TT CT GACGTGATA
TACACTAAACTTGAAAATITTCAATTACTATTTCTTCCTTTAATTCGGCAATATAA=GTTTT T GT TTAT TT
TTGGAT TAGACATT TAT GGACAAGT TAAT GCGCTATT GT GAC TATTAC CAGAAAA 25
TAATACTTTAATGTACATGACACGTGTTTAAAACGACACGTGGAAACTAATTTTGATTAATTGT
GAAACAGTGCATCGTTAGCATCGTTAACGAGAGAGICAGGACCAAAGGTGGTGAGAGGAGATCC
GGCGGAGAAGAAGACCGATGGTTCAACTACTCCGGCGTACGCTCACGGCCAACATCATTOTATC
TTTTCTCCGGCTACTGGTGCTGTCAGTGATAGCTCCTTGAAGTTTACTCACGTCCTCTACAATC
TTTCGCCTGCAGGTCAACAAATAAACCTAGAATCCGAATCTGAATATTGATAAATGTTTCTGCA 30
ACGAGTTTGATAGATTTGGTTTGTGATITTGTTGTTTGTAGAGCTTTATGAGCAAGCTATTAAG
TATGAGAAAGGTT CGTT TATCAC TT CTAAT GGAGCT TT GGCGAC GC Trrcreic TGCTAA GACT
G GT CGTGCT CCCAGAGATAAGCGT GTT GT TAGAGATGCTACTACT GAGGAT GAG CTTT GO 1'
0000 AAAGTGAGIArTCCTAATCTCGATTI"PGAI"IGATGGAGTrifrIGGGrPTATGCTCTGIPTITIcGT 



TT ATTGATTTTGGAGTTTGATTTTGATTTTAGGGGTTCGCCGAATATCGAAATGGATGAACAT A 35
CTTTCATGGTGAACAGAGAAAGAGCTGTTGATTACTTGAATTCCrTGGAAAAGGTATTAAATTT
TGAAAACTTTAATCAATGTTGTTGAGTGTAGAACTTTTGATCTAAGTTTATGAAATTTCTGTTG
TTGTTGGGGTTTTTAGGTCTTTGTCAATGACCAATACTTAAACTGGGATCCAGAGAACAGAATC AAAG TCAG
GATT GT CT CAGC TAGAGCTTAC CAT"P CAT TG T TTAT G CACAACAT GTAAGTAAAAT
CATTATTGACTCCTTGT ATGTCAATCCATTATTGTGGGTGAAAGAAAACAACAAATTAGTAACT 40
GGGGAGGGTGTCAGGTGTATCCGACCAACTCAGGAGGAGCTTGAGAGCTTTGGTACTCCGGATT
ITACTATATACAATGCTGGGCAGTTTCCATGTAATCGTTACACTCATTACATGACITCGTCCAC
TAGCGTAGACCTTAATCTGGCTAGGAGGGAAATGGTTATACTTGGTACTCAGTATGCTGGGGAA
ATGAAGAAGGGTCTTTT CAGTGT GAT GCATTACCT TAT GCCTAAGC GTCGTATTCTCTC CCT T C
ATT CTGGAT GCAATATGGGAAAAGATGGAGAT CT TGCT CT CT TC TT TGGACT T TC
AGGTATAGT AGAGACAGTACCAAC TATGGT CT TGGGT GATGAT GGAAGGAACGAT AAATCAAAT
GATACAATA CAATTACTGCTGAACTGACTTGAGAACTGCTTGCCICTTTGTTGAGTTTAGCGGGTGAATTGAG
ATTGATGATTGTGTa"ITTTGTTTTCTATGAATGATGATTITAGGTACCGGGAAGACAACGCTGT 5
CTACTGATCACAACAGGTATCTTATTGGAGATGATGAGCATTGTTGGACTGAGACTGGTGrrTG
GAACATTGAGGGTGGGTGCTATGCTAAGTGTGTTGATCITTCGAGGGAGAAGGAGCCTGATATC T
GGAACGCTATCAAG T TT GGAACAGGTAGAAAGACAGTACGT TGGAATTGT TT TT GAGAAAAAA
ACATAAAGCAGTGATATAACAATAAGAT TC TGAT CT TGTT GCAGTT TT GGAAAAT GT TGTGT T T
GAT GAGCACACCAGAGAAGTGGATTAGT CT GATAAATCTGTTACAGGTAAAACAATT GT TATE T 10
CTTTCArICTOTTCGTCCTCACAATTAACAGAATGATCATTTTCGATTCTCTTTGGTTGCAGAG
AACACACGTGCTGCCTACCCAATTGAGTTCATTCCAAATGCGAAAATACCTTGTGTTGGTCCAC
ACCCGACAAATGTGATACTTOTGGOTTGTGATGCCTITGGTGTTCTCCOACCTGTGAGCAAGCT
GAATCTGGCACAAACCATGTACCACTTCATCAGTGGTTACACTGCTCTGGTAAGGCCAAAGTAA
AAGTOTTTATTTTGCACATCGTCTTCATAAATTTCAAAAGCATAACCAAAGATGTGCAACATAT 15
ATAGGTTGCTGGCACAGAGGATGGTATCAAGGAGCCAACAGCAACATTCTCAGGTTGCTTTGGT
GCAGCTTTCATAATGTTGCATCCCACAAAGTATGCAGCTATGTTAGCTGAGAAGATGAAGTCAC
AAGGTGCTACTGGTTGGCTCGTCAACACTGGTTGGTCTGGTGGCAGGTATATATGTCCTTCTAT
GGAAATCGATACAACAAAACGCTGCCTTGTAACACATGTTTGTAGGCTATTAACATGATCTGTA AT GT
TTTATTTCCT GCAGT TAT GGTGTTGGAAACAGAATCAAGCT GGCATACACTAGAAAGAT C 20
ATCGATGCAATCCATTCGGGCAGTCTCITGAAGGCAAACTACAAGAAAACCGAAATCTTTGGAT
TTGAAATCCCAACTGAGATCGAAGGGATACCTTCAGAGATCTTGGACCCCGTCAACTCCGTAAG
TTTCTGOAAATCTGTATAATGTAATTGCTTAAGTGATGATGAACAATTTTTTGTTGATTTGGGT T
TAATGAAAATGCAGT GGTCTGATAAGAAGGCACACAAAGATACT CT GGTGAAACTGGGAGGT C
TGTTCAAGAAGAACTTCGAGGTTTTTGCTAACCATAAGATTGGTGTGATGGTAAGCTTACGGAG 25
GAGATTCTCGCTGCTGGTCCTATCTTTTAG SEQ ID No:17 The DNA sequence (exons only)
encoding the Arabidopsis phosphoenolpyruvate carboxykinase (PCK) is
provided herein as SEQ ID No:18, as follows: 30 AT GT C GGCCGGTAACGGAAAT GC
TAC TAACGGTGACGGAGGGI TT AG1"TI CCCTAAAGGA CCGGTGAT GC CGAAGATAACGAC
CGGAGCAGCAAAGAGAGG T AGCGGAGT CTGCCACGAC GATAGTGGTC CGACGG T GAAT GC CACAAC
CAT CGAT GAGCT T GATT CGTTACAGAAGAAA CGTT CT GCTC C TACCACACCGAT
CAACCAAAACGC CGCC GC TGCTT T TGCCGCCGTCTCC 



35 GAGGAGGAGC GT CAGAAGATT CAGCTTCAATC TATC AGTGCAT CGT TAGCA TC GT TAACG
AGAGAGTCAGGACCAAAGGTGGT GAGAGGAGAT CCGGCGGAGAAGAAGACCGA TGGTTCA ACTACT CCGG
CGTAC G CT CACGGCCAACA T CAT TOT A Tux TT I CTCCGGCTAC T GGTGCT G TCA
GTGATAGCT CC T TGAAGT TTACTCACGTCC TCTACAATCTTT CGCCT GCAGAGC TT
TATGAGCAAGCTA TTAAGTATGAGAAAGG TTCCTTTATCACTTCTAATGCACCTTTCCCC 40 AC GC
1"IT CIGGTGCTAAGACTGGTCGT GC T CCCAGAGATAAGCGTGTT GT TAGAGATGG T AC
IALTGAGGATGAGCTTT GGT GGGGAAAGGGTT CGCC GAATATCGAAAT GGAT GAACAT AC T
TTCATGGT GAACAGAGAAAGAGCT GTTGAT TAC1"T GAArT CUT" GGAAAAGGTC TTT GTCAAT
GACCAATACT TAAACTGGGAT CCAGAGAACAGAATCAAAGTGAGGATT GI:OTC:A GCTAGAGCT
TACCATT CAI"' GrI TAT GCACAACATG TGTATC OGAC CAAC CAGGAGGAG 45 C TT GAGAGC
T TGGTACTC CGGATT T TAG TATATACAATGCT GGGCAG TT T CCAT GTAAT CGT
TACACTCATTACATGAC TTC GTC CAC TAGCGTAGACCTTAATC TGGC TAGGAGGGAA AT GGTT
ATACT T GGTACT CAGTAT GC T GGGGAAAT GAAGAAGGGTC1"2 TT CAGT GT GAT G CATT
ACC TTATGCCTAAGCGT CG TAT T CT CTC CCT T CAT TCT GGATGCAATAT GGGAAAA
GATGGAGATGTT GCT CT CT I OTT TGGACT TTGAGGT ACCGGGAAGACAACGCT Cr CTAC T 50
GATC ACAACAGGTAT CT TAT T GGAGAT GAT GAGCAT TGT TGGACTGAGACTGGT CT TIC G
AACATTGAGGGTGGGIGCTATGCTAAGTGTGTTGATCTITCGAGGGAGAAGGAGGCTGAT  12 -
ATOTGGAACGETATCAAG1"TTOGAACAOTTTTGGAAAATGTTGTGTTTGATGAGOACACC AGAGAAGTGGAT
TACTSTGATAAATCTGT TACAGAGAACACACGTGCTGCCTACCCAATT
GAGTTCATTOCAAATGCGAAAATACCTTOTOTTGOTCCACACCCGACAAATOTGATACTT
CTGOOTTOTGATOCCTTTGGTOTTCTOCCACCTGTGAGOAAGCTGAATCTGOCAOAAACC 5 ATGTACCACT T
CATCAGTGOTTACACTGO TCT GOTTOCTOGCACAGAG GAT GGTAT CAAG
GAGCCAACAGSAACATICTCAGOTTGOTTTGOTOCAGOTTTCATAATOTTOCATSCCACA
AAGTATGCAGOTATOTTAGOTGAGAAGATGAAGTOACAAGGTOCTACTGOTTGOCTCGTO
AACACTGOTTGOTCTGOTGGCAGTTATGGTGTTGGAAACAGAATCAAGCT GGCATACACT
AGAAAGATCATCGATGCAATCCATTCOGGCAGTCTCTTGAAGGCAAACTACAAGAAAACC 10
GAAATCTTTOGATTTGAAATCCCAACTGAGATOGAAGGGATACCTTCAGAGATCTTGGAC
COOGTCAACTOCTGGTCTGATAAGAAGGCACACAAAGATACTOTGGTGAAACTOGGAGGT
CTOTTCAAGAAGAACTTCGAGOTTTTTOCTAACCATAAGATTGGTGTGATGOTAAGCTTA CGGAGGAGAT T
CTSGCTOCTGOTCCTATCTTT TAG SEC,/ ID No:18 15 



Accordingly, the coding sequence, which encodes the polypeptide having PCK
activity, may comprise a nucleic acid sequence substantially as set out in
SEC? ID No: 17 or SEQ ID No.18, or a functional variant or fragment
thereof. 20 The polypeptide sequence of Arab idopsis MK is provided herein
as SE() ID No:19, follows: MSAGNGNATNGDGGESEPKGEVMPKI T TGAAKRGSGVCH
DDSGPTVNATT I DELH STOKE RSAPTTPINQNAAAAFAAVSEEERQK QLQS SAELASLTRE SG
PKVVRGDPAEKKI DOS 25 T TPAYAFIGQHHS I ESPATGAVSDSSLEFTHVLYNLS
PAELYEQAIEYERGS F TSNGALA
ILSGAKTGRAPEDKRVVRDATTEDELWWGKGSPNIEMDEHTENVERERAVDYLNSLEKVE
VNDQYLNWDPENRIKVRIVSARAYHSLEMHEMC IRPTQEELE SECT PDFT I YNAGQFPCN
RYTHYMTSSTSVDLNLARREMVI LOTQYAGEMKKOLFSVMHYLMPERRILSLHSGCNMOK
DGDVALFFGLSGTGKTTLSTDHNRYLI GDDEHOWTETGVSNIEGGCYAKCVDLSREKEED 30 I
WNAIKEGTVLENVVEDEHTREVDYS DESVTENTRAAY P IEF PNAKI PCVOPHPTEVIL
LACDAFGVLPEVSKLNLAQTMYHEI SGYTALVAGTEDGIKEPTATESACFGAAFIMIMPT
KYAAMLAEKMESQOATOWLVNTGWSGGSYGVONRIKLAYTRKI IDAIHSGSLLKANYKKT ET FGFEI PTE
IECI. PEE I LDPVNSINSDKKAHEDTINKLOGLIFEENFEV FANHE GVMVSL PPR FSLLVL SF
35SEQ ID No: 19 Accordingly, the polypepode having PCK activity may
comprise an amino acid sequence substantially as set out in SEQ ID No:19,
or a functional variant or fragment thereof. 40  - 13 - variations at the
5' end of the gene giving rise to the two forms. The genomic DNA sequence
(including introns and exons) encoding both forms of Arabidopsis pyruvare
orthophosphate dikinase (PPDK) is provided herein as SEQ ID No:20, as
follows: ATGACAAGTATGATCGTGAAGACAACGCCGGAGCTOTTCAAAGGAAAIGGAGTGTTCCGTACGG
ATCATCTOGGAGAAAACCGAATGGTTAGTCGATCAAACCOGCTAGGTGATGGATCAAACCGTTT
CCCTAGAACCGGTACAATCCATTGCCAACGGT TAAGCATAGCAAAGACCGGTTTGCATCGTGAG
ACGAAGGCTCGAGCCATACTTAGCCCTGTGTCCGATCCGGCCGCTTOCATAGOCCAAAAGGTAA 10 COTT
TCCAT T TCAATCAT TCTGGTGTATT TICACCATAAAATITTAT ACACTTT TT TATTACG T T T
TGTTrIAT GATT CT GAOGIGAGATT CT TGAGAGAAACTATCACCGAT CAT TGGGTC GAACC
ATCTAGCAGCTCAATTATTATCGGTTATAACCCTACCGGTTATAGAATACAAAACAGGTTACGC
CATTGTGACATTTGCTTTGTGATCTTGTGAGACGATTAATTATTTGATGTTGATTGGTTTCGTT ACT CT
IGTITAAACAAT CGAACGGT T CAAACTAATACACACATGTGAT GT GAGAT GATT TCGGT 15
AGTAATACCAAATAGCGTCTGGCCTAAATTATGAAAGTACTATTTTGAATTAAATTATTGTGGA
AACATGAACTTATTTAAATTCAAGTATTTTCGAAATTTGTAATAAAAAAAAACTTTTCCTCTAG
ATTCATTAGCCOTACTITTCGTAGAAACAACTTTAATGTATICAAAGACCACTTTGCTGCTTAA
GTCAGACTCTTGTGCCACT TGGTAGATCCACCAATGCCACGT TT TGT TAT TGTGCCAAAGAAT A C GT
GAATAT GTC CAAAC GG CAAT CAAAT TC TTGGCGTAAAACACAAAAAT TAT GATACTAGT T T 20
AAATCCACAAT TCACCT TCACCAT AAAGAATT CATGTAT'TAGAGAT GGTATGACAAGAAC T GGT
TGAAT TTGATGACAT TTGT TTGCTAT TGTT TTGGTTAAGTAAAAGT TT TGTTAAAAAGGAAAAT
AGCATCGGTAGTGGCAGATAGCAAGTGTGTGAGTGAGATCAGATAIGGTTGACACATCTATGAC GAGTCAT
CGCAACGAAACT TC T T TAATT TTGGTCAATTAT AT TACAAT TTAG CAT TTCGAGGT T
GGAATTT TGGAAT GATC TCTT GATAAGATAATAATGTAT T TT TGAT GACGTAT CCATCAAAACT
25 ATAAATGAT T TATAT TAAATATGAAATT TCGACTGTATACAAGT TT TTATAT TATAAAAT TAT
T CGATGTACATATGATCATAATAACT T TACTATATATATAGATACGTATATGTGTTCTTAAACT T
GCACAAACATTTCTGCAATCTAAACCTCAATCAAAACAAACAAACAAAAAACCATGATGCAGCG
AGTATTCACCTTTGGAAAAGGAAGAAGCGAAGGOAACAAGGGCATGAAGTCCTTGGTATGTTAC
CAATACCATCATCATGATCATATCAATICATTAATAATTTAGTGTTTGCTATTTTCAAGAACCA 30
TTTATCAAAAATGTTAATTGTTGTTGTGTATGAAGTTGGGAGGGAAAGGAGCCAACCTGGOGGA
GATGGCTAGCATAGGCT TGTCGGTGCCGCCGGGGCTAACCATATCGACGGAGGCT TGTCAGCAG TAT
CAGATC GC CGGCAAAAAGCTICCAGAAGGI"I"PAIGGGAAGAGATC TTAGAAGGTCT TAGCT
TCATCGAACGTGACATTGGAGCTFCCCTCGCTGATCCCTCCAAGOOACTCOTCOTOTCTGTTCG
CICCGGCGCCGCCGTAAGT TAAT TATAACT TT TT TTCT TGACTAT 1"TT TATTTTAAGGAT T TT
T 35 TCTAATGTTAAAT TTCTGT TT TatIT TCTTTCTATG1"111"TOT TTAATCTTTTGAAGATT T
T TTG ACGCAGATT TTGACT TMITAGATITCTTITAT TGAAGT TGAGATCCAAAIAT T TT TTIGGT
TAT TITGOCArf IGGO CGTT TT TG GAAGAGT TTAAAATGTACTAGATAGAAAATGAATAAGT TT
TGT G GCTATT GAAAGAGO TAAT GATT TT GGTAT TCAAACTATAACGTAGAAAATGAAGATCT TT
CG T ITATCTATITTTAAAACAGAACTACATTGACITGTCTTIGATCGA`17ATTTIGCATIGTAGATCT 411
CAATGCCTGGTATGATGGACACTGTACTTAACCTTGGCITGAACGACCAAGICGTOGTTGGTCT G
GCCGCAAAAAGC GGAGAGCGTT TIGCT TACGATIC GT ICCGGCGTTT TOT T GATATGT TT GG T
GATGa GACcTAcCI"TATAAM51"1"1"rerTGATCAATAAAAGGIGAIGGGAArfCCACACGCCAAGI"PTG
AAGAGAAGT TAGAGAGAATGAAGGAGAG GAAAGGAG TTAAAAAT GACACT GACTTAAGC GC GG C
-15 T GATCTCAAGGAA1"1 GGT TGAGCAGTACAAGAGT GT T TACTTAGAGGC CAAGGGT
CAAGAGTT T CCT TCAGGT TTGT TT TGAT TCCTACT TGAGGTCAAGTGATAAAAAT TAGT
TArTAGTTACAAAT
GTTTAAACGGGGlICAATTGCAGATCCAAAGAAGCAATTGGAGCTAGOGATTGAAGOGGTATTCG
ATTOTTGGGATAGCCCGAGAGOGAACAAGTACAGAAGTATTAACCAGATAACTGGATTGAAAGG AACCGCGGT
TAACATTCAGTGTATGGTGTT TGGAAACATGGGGGACACTTCAGGGACTGGTGT T 50
CTCTICACTAGGAACCCTAGCACAGGAGAGAAGAAGCTTTATGGCGAGTTTCTAGTTAATGCTC AGG TT TG
GCATCTAT CACAATGT GT GAATCTCAT AT CAACAAGTAAGCCCATACT CATTAAATA 



- 14 - TTGGT TT TGGGACAGGGAGAGGAT GTGGTTGCAGGGATAAGAACACCAGAAGAT TTGGATACAA
TGAAGAGATTTATGCCTGAGGCTTACGCTGAACTTGTTGAGAACTGCAACATCTTAGAAAGACA
TTACAAAGACATGATGGTTGATACACATAAACAATACTTCAATTAGTCCTCATCAACAATTC,TT TAG TAAT
TTAAACAAAATCTCAAAT GTGTATT GCAGGATAT T GAAT TCACAG TACAAGAAGAGA 5
GATTGTGGATGCTGCAATGCAGAGCGGGTAAGCGAACGGGTAAAGGCGCCGTGAAGATAGCAGT
TGATATGGTAGGTGAAGGGCTIGTIGAGAAATCITCTGCTATCAAAATGGTGGAGCCTCAACAT
CTTGATCAACTACTTCACCCACAGGTACAAACTCAAATATTCATCTTCTTCTTTTTTCATAGTC
ATAAACTTGATGTTGAAACCAAAAI"PCGAAACIFTACTGGTAATGATTGMCACTTGAACAAGA ACT
AATGGGTT TAAGACGT T TAGGGT TTAGGAGTAAAAGCAGAGAT GAT IGTCTGACACGTAAC 10
CGATGAATAGGGTTTGGAAATTTTGATTCAGAGGTCAATGAAGGTTTTTTTTTTTTTTTTITAT T GATGGAT
TAGTT T CAT GATC CATOGGGGTAT CGTGAAAAAGT GGT GGCCAAAGGCTTACC TGC
GTCACCAGGAGCGGCGGTTGGACAGGTTGTGTTCACGGOGGAGGAAGOCGAAGOTTGGCATTCT
CAGGGTAAAACTGTGATTCTGGTTCGAACTGAGACAAGOCCTGACGATGTGGGAGGTATGCACG
CAGCGGAAGGTATATTGACGGCTAGAGGAGGAATGACGTCACACGCGGCTGTTGTTGCTCGCGG 15
TTGGGGAAAATGTTGCATTGCTGGTTGTTCCGAGATTCGTGTCGACGAGAACCACAAGGTTTTT
GGATTCGATTTTAGAAACTTGTCATATAAGTTAGGGGAAGATTGTTTCTAAAGTTAGGGTTTAA AAATT TT
CAGGTTCTAT T GATT GGAGAT TTGACGATTAATGAAGGCGAAT GGATCTCAATGAAC
GGATCAACCGGIGAGGTTATATTAGGGAAACAAGCATTGGCTCCTCCGGCTTTAAGTCCAGATT
IGGAGACTI"TCATGTCCTGGGCTGATGCAATCAGACGTOTCAAGGIGTTTATGAGTTTCTGTTC 20
OTTTAACTTGTTTGATATTTTTAAACrETCTAACTCAAATGTTCGATGACCGATAAGGTTATGG
CGAATGCGGATACACCTGAAGACGCCATTGCAGCTAGGAAAAACGGAGCTCAAGGAATCGGGCT
TTGTAGGACAGAGCATATGGTAACTCCTCCTCTGTACTTGATTTCATGTTTTTGATGATTTAGA
TTGTTTGTATCCAAATGTTTAATGTTGTCTTTGGTTTGGTTTTTAAGTTCTTTGGAGCAGATAG
GATTAAAGCAGTGAGAAAGATGATAATGGCGGTAACAACAGAGCAAAGGAAAGOTTCTCTOGAC 25
ATCTTGCTTCCTTACCAACGTTCGGATTTCGAAGGGATCTTCCGTGCTATGGATGGTAAATGTT
TTGAGTCGTCTCTOTAAAATGTATCACAACTTAAAACATGCCIAAACCTTTTTATTTTTCTAGG
TTTACCGGTAACAATCCGTTTGTTAGACCCTCCGCTTCACGAGTTTCTCCCGGAAGGCGACTTG
GACAACATTGTACATGAGCTAGCTGAAGAAACTGGTGTGAAAGAAGATGAAGTCTTGTCACGGA
TAGAGAAACTCTCTGAAGTGAATCCAATGCTTGGTTTCCGCGGTTGCAGGTTTCTTACTCTCTT 30
TGTTTCTCTCTGTCTCTTTGCACCTGAAGAACAATCTGATGATCGGTAAACTTGTAOGTTATAG
GCTCGGAATATCGTATCCAGAGCTAACGGAGATGCAAGCGCGTGCAATTTTTGAAGOTGCAGCG
TCAATGCAGGACCAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTC
AGGAATTGGGTCACCAAMGATGTAATTCGTAAAGTTGCAAAGAAAGTATTTGCTGAGAAGGG T CATACCGT
GAGCTACAAGGT TOGGACAAT GAT T GAGATC CC TCGAGCCGCGCTCATTGCAGAT 35
GAGGTAAATGTAACAAGACACAAAATGTGTTT TAGGCACTTGAAACCATGTTGCTATTTGCTAA
GTAGGAACCTTTTTCTTTTGACAGATTGCGAAAGAGGCGGAGTTITTCTCGTTCGGGACAAACG
ACTTGACGCAGATGACGTTTGGATACAGTAGAGACGATGTCGGCAAGTTTCTACCGATTTACCT
CGCCAAAGGAATCTTACAGCACGACCCITTTGAGGTATAATGACTACCATTTCGTTIGCTCTCT
ATCCATAGGATAAAATC T T GATAGCC AT TITTI"PGTGrITGGACCAGGTT GATCAGCAAGG
GTAGGGCAAT TGAT CAAGAT GGCGACAGAAAAAGGAC GAGCAGCTAGGC CT AGCCT CAAGGTT
GGGATATGTGGAGAACATGGAGGAGATCCATOTTCIGTGGGATTCTTTGCTGAAGCAGGACTTG
ACTATGTCTOTTGTTCTCCTTTCAGGTAATTGATTAATTTCCAAACCAATAAACACTTTTI"TrA
OAACACIATTGIATAACTCAGAT TGAT GTAAT rICTGGGATI"T CT GTTGTTGT T Gritrir GT T
GT TGTTGTTGCAGGGTTCCAATTGCAAGGCTTGCAGCTGCT CAAGTAGTTGTTGCATGA 45 S1EQ ID
No:20 The cDNA sequence encoding the cytosolic form of the Arabidopsis
pyruvate orthophosphate dikinase (PPDK) is provided herein as Skip ID
No:21, as 50follows:
ATGATGCAGCGAGTATTCACCTITGGAAAAGGAAGAAGCGAAGGCAACAAGGGCATGAAG
TCCTTGTIGGGAGGGAAAGGAGCCAACCTGGCGGAGATGGCTAGCATAGGCTTGTCGGTG
CCGCOGGGGGTAACCATATCGACGGAGGCTTGTCAGCAGTATCAGATCGCCGGCAAAAAG 5
CTTCCAGAAGGTTTATGGGAAGAGATCTTAGAAGGTCTTAGCTTCATCGAACGTGACATT
GGAGOTTCCCTCGCTGATCOCTCCAAGGCACTCCTOCTCTCTGTTCGCTCOGGCGCCGCC
ATCTCAATGCCTGGTATGATGGACACTGTACTTAACCTTGGCTTGAACGACCAAGTCGTC
GTTGGICTGGCCGCAAAAAGCGGAGAGCGT1"1"fGCTTACGATTCGTTCCGGCGTTTTCTT
GATATGTITGGTGATGTTGTGATGGGAATTCCACACGCCAAGTITGAAGAGAAGTTAGAG 10
AGAATGAAGGAGAGGAAAGGAGTTAAAAATGACACTGACTTAAGCGCGGCTGATCTCAAG
GAATTGGTTGAGCAGTACAAGAGTGTTTACTTAGAGGCCAAGGGTCAAGAGTTTCCTTCA
GATCCAAAGAAGCAATTGGAGCTAGCGATTGAAGCCGTATTCGATTOTTGGGATAGCCCG
AGAGCGAACAAGTACAGAAGTATTAACCAGATAACTGGNETGAAAGGAACCGCGGTTAAC
ATTCAGTGTATGGTGTITTGGAAACATGGGGGACACTTCAGGGACIGGTGTTOICTTCACT 15
AGGAACCCTAGCACAGGAGAGAAGAAGCTTTATGGCGAGTTTCTAGTTAATGCTCAGGTT
TGGCATCTATCACAATGTGTGAATCTCATATCAACAAGGATAAGAACACCAGAAGATTTG
GATACAATGAAGAGATTTATGCCTGAGGCTTACGOTGAACTTGTTGAGAACTGCAACATC
TTAGAAAGACATTACAAAGACATGATGGATATTGAATTCACAGTACAAGAAGAGAGATTG
TGGATGCTGCAATGCAGAGCGGGTAAGCGAACGGGIAAAGGCGCCGTGAAGATAGCAGTT 20
GATATGGTAGGTGAAGGGCTTGTTGAGAAATCrECTGCTATCAAAAIGGTGGAGCCTCAA
CATCTTGATCAACTACTTCACCCACAGTTTCATGATCCATCGGGGTATCGTGAAAAAGTG
GIGGCCAAAGGCTTACCTGCGTCACCAGGAGCGGCGGTTGGACAGGTTGTGTTCACGGCG
GAGGAAGCCGAAGCTTGGCATTCTCAGGGTAAAACTGTGATTCTGGTTCGAACTGAGACA
AGOCCTGACGATGTGGGAGGTATGCACGCAGCGGAAGGTATATTGACGGCTAGAGGAGGA 2.5
ATGACGTCACACGOGGCTGTTGTTGCTCGCGGTTGGGGAAAATGTTGCATTGCTGGTTGT
TCCGAGATTCGTGTCGACGAGAACCACAAGGTTCTATTGATTGGAGATTTGACGATTAAT
GAAGGCGAATGGATCTCAATGAACGGATCAACCGGTGAGGTTATATTAGGGAAACAAGCA
TTGGCTGCTCCGGCTTTAAGTCCAGATTTGGAGACTTTCATGTCCTGGGCTGATGCAATC
AGACGTCTCAAGGTTATGGCGAATGCGGATACACCTGAAGACGCCATTGCAGCTAGGAAA 30
AACGGAGCTCAAGGAATCGGGCTTTGTAGGACAGAGCATATGATTGTTTGTATCCAAATG
TTTAA'PGTTGTCTTTGGTTTGGTTTTTAAGTICTTTGGAGCAGATAGGATTAAAGCAGTG
AGAAAGATGATAATGGGGGTAACAACAGAGCAAAGGAAAGCTTCTCTCGACATCTTGCTT
CCTTACCAACGTTCGGATTTCGAAGGGATCTTCCGTGCTATGGATGGTTTACCGGTAACA
ATCCGTTTGTTAGACCCTCCGCTTCACGAGTTTCTCCCGGAAGGCGACTTGGACAACATT 



35 GTACATGAGCTAGCTGAAGAAACTGGTGTGAAAGAAGATGAAGTOTTGTOACGGATAGAG
AAACTCTCTGAAGTGAATCCAATGCTTGGTTTCCGCGGTTGCAGGCTCGGAATATCGTAT
CCAGAGCTAACGGAGATGCAAGCGCGTGCAATTTTTGAAGCTGCAGCGTCAATGCAGGAC
CAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTCAGGAATTG
GGTCACCAAGITGATGTAATTCGTAAAGTTGCAAAGAAAGTATTrGCTGAGAAGGGTCAT 40
ACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGCTCATIGCAGAT
GAGATTGCGAAAGAGGCGGAGTTI"FICTCGTTGGGGACAAACGACTTGACGCAGATGACG
TTTGGATACAGTAGAGACGATCTGGGCAAGTITCTACCGATTTACCTCGCCAAAGGAATO
TTACAGCACGACCCTT:ETGAGGTTCTTGATCAGCAAGGTGTAGGGCAATTGATCAAGATG
GCGACAGAAAAAGGACGAGCAGCTAGGCCTAGCCTCAAGGTTGGGATATGTGGAGAACA.1:1.'
GGAGGAGATCCATOrTGTGTGGGATTCTTTGCTGAAGCAGGACTTGACTATGTCTCTIGT
TOTOCTTTCAGGGTTCCAATTGCAAGGCTTGCAGCTGCTCAAGTAGTTGTTGCATGA  - 16 - The cDNA
sequence encoding the chloroplastic form of the Arabidopsis pyruvate
orthophosphate dikinase (PPDK) is provided herein as SEQ ID No:22, as
follows: 5 ATGACAAGTATGATCGTGAAGACAACGCCGGAGCTCTTCAAAGGAAATGGAGTGTTCCGT
ACGGATCATCTCGGAGAAAACCGAATGGT TAGTCGATCAAACCGGCTAGGTGATGGATCA
AACCGTTTCCCTAGAACCGGTACAATCCATTGCCAACGGTTAAGCATAGCAAAGACCGGT
TTGCATCGTGAGACGAAGGCTCGAGCCATACTTAGOCCTGTGTCCGATCCGGCCGCTTCC
ATAGCCCAAAAGCGAGTATTCACCTTTGGAAAAGGAAGAAGCGAAGGCAACAAGGGCATG 10 AAGT CC T T
OTT GGGAGG GAAAGGAGCCAACCTGGCGGAGAT GGCTAG CATAGGCTIGTC
GTGCCGCOGGGGCTAACCATATCGACGGAGGCTTGTCAGCAGTATCAGATCGCCGGCAAA
AAGCT'ECCAGAAGGTITATGGGAAGAGAICTTAGAAGGTCITAGCTPCATCGAAC;GTGAC AT T GGAGCT
TCCCTCG CTGATCCCTCCAAGC CACTCCTCCT CTCTGTT COOT CCGGCGCC
GCCATCTCAATGCCTGGTATGATGGACACTGTACTTAACCTTGGCTTGAACGACCAAGTC 15
GTCGTTGGTCTGGCCGCAAAAAGCGGAGAGOGI"TTTGCTTACGAl"ECGTTCCGGCGTTIT CT TGATATGT
T TGGTGATGTTGTGATGGGAAT TCCACACGCCAAGT TTGAAGAGAAGTTA
GAGAGAATGAAGGAGAGGAAAGGAGT TAAAAATGACACTGACTTAAGCGCGGCTGATCTC AAGGAATTGGT
TGAGCAGTACAAGAGTGT T TACT TAGAGGCCAAGGGTCAAGAGTT TCCT
TCAGATCCAAAGAAGCAATTGGAGCTAGC GATTGAAGCGGTA T TCGAT TOT TG'GGATAGC 20
CCGAGAGCGAACAAGTACAGAAGTATTAACCAGATAACTGGATTGAAAGGAACCGCGGTT
AACATTCAGTGTATGGTGTTTGGAAACATGGGGGACACTTCAGGGACTGGTGTTCTCTTC
ACTAGGAACCCTAGCACAGGAGAGAAGAAGCTTTATGGCGAGTTTCTAGT TAATGCTCAG 



GI"TTGGCATCTATCACAATGTGTGAATCTCATATCAACAAGGATAAGAACACCAGAAGAT
TTGGATACAATGAAGAGATT TATGCCTGAGGCTTACGCTGAACTTGTTGAGAACTGCAAC 25
ATCTTAGAAAGACATTACAAAGACATGATGGATATTGAATICACAGTACAAGAAGAGAGA
TTGTGGATGOTGCAATGCAGAGCGGGTAAGCGAACGGGTAAAGGCGCCGTGAAGATAGCA GT
TGATATGGTAGGTGAAGGGCT TGT TGAGAAATCT TCTGCTATCAAAATGGTGGAGCCT CAACATCT
TGATCAACTACTTCAOCCACAGTrr CAT GATCCATCGGGGTATCGTGAAAAA
GTGGTGGCCAAAGGOTTACCTGCGTCACCAGGAGCGGCGGTTGGACAGGTTGTGTICACG 30
GCGGAGGAAGCCGAAGCTTGGCATTCTCAGGGTAAAACTGTGATTCTGGTTCGAACTGAG
ACAAGCCCTGACGATGTGGGAGGTATGCACGCAGCGGAAGGTATATTGACGGCTAGAGGA
GGAATGACGTCACACGCGGCTGTTGTTGCTCGOGGTTGGGGAAAATGTTGCATIGCTGGI
TGTT000AGATICGTGICGACGAGAACCACAAGGTICTATTGAr2GGAGATTTGACGATT
AATGAAGGCGAATGGAT CTCAATGAACGGATCAACCGGTGAGGTTATATTAGGGAAACAA 35
GCATTGGCTCCTCCGGCTTTAAGTCCAGATTIIGGAGACTI"FCATGTCCTGGGCTGATGCA
ATCAGACGTCTCAAGGTTATGGCGAATGCGC;ATACACCTGAAGACGCCATTGCAGCTAGG
AAAAACGGAGCTCAAGGAATCGGGCTTTGTAGGACAGAGCATATGATTGTTTGTATCCAA ATGT TTAATGT
TGTCT TTGGT T TGGT TTITAAGT TCTT TGGAGCAGATAGGATTAAAGCA
GTGAGAAAGATGATAATGGCGGTAACAACAGAGCAAAGOAAAGCTTCTCTCGACATCTTG 40 CT TC
Cq"17ACCAACGT TCGGATT TCGAAGGGATCT TCCGTGCT AIGGATGGT TTACCGGTA
ACAATCCGTTTGTTAGACCUCCCGCTICACGAGTTCCTCCCGGAAGGCGACTTGGACAAC AT
TGTACATGAGCTAGCTGAAGAAACTGGTGTGAAAGAAGATGAAGTCTTGTCACGGATA GAGAAAC TC T CT
GAAG TGAAT CCAAT Gen CCITT C CGCGGI-C GGAGGC T GGGAAT AT CG TAT
CCAGAGCTAACGGAGATGCAAGCGCGTGCAATT T TTGAAGCTGCAGCGTCAATGCAG 45
GACCAAGGTGTTACTGTCATTCCTGAGATTATGGTTCCACTTGTAGGAACTCCTCAGGAA
TTGGGTCACCAAGTTGATGTAATTCGTAAAGTTGCAAAGAAAGTATTTGCTGAGAAGGGT 



CATACCGTGAGCTACAAGGTTGGGACAATGATTGAGATCCCTCGAGCCGCGCTCATTGCA GATGAGAT
TGCGAAAGAGGCGGAGT T TT TCTCGT TCGGGACAAACGACTTGACGCAGATG
ACGTPTGGATACAGTAGAGACGATGTCGGCAAGTT TCTACCGAT TTACCTCGCCAAAGGA 50 AT CT TAO
AC CACGACC CT TTTGAGGT TCT T GAT CAGCAAGG T GTAGGG CAAT IGAT CAAG
ATGGCGACAGAAAAAGGACGAGCAGCTAGGCCTAGCCTCAAGGT TGGGATATGTGGAGAA  WO
2010/097623PCT/GB2010/050321 - 17 -
CATGGAGGAGATCCATCTTCIGTGGGATICTTTGCTGAAGCAGGACTTGACTATGTCTCT
TGTTCTCCTTTCAGGGTTCCAATTGCAAGGCTTGCAGCTGCTCAAGTAGTTGTTGCATGA SIR ID No:22
Accordingly, the coding sequence, which encodes a polypeptide having PPDK
activity, may comprise a nucleic acid sequence substantially as set out in
SEQ No:20, SEQ ID No.21 or SIR ID No.22, or a functional variant or
fragment thereof. 10 The polypeptide sequence of the cytosolic form of A
rabidopsis PPDK is provided herein as SEQ ID No:23, as follows:
MMQRVETEGKGRSEGNKGMKELLGGKGANLAEMASI GLEVEEGLT I STEACQQYQ AGKK 15 LPEGLWEE
I LEGLEFIERDIGASLADPSKPLLLSVREGAAI SMPGMMDTVLNLGLNDQVV
VGLAAKSGERF2\YDSFRRFLDMFC,DVVMC,I PHAKFEEKLERMKERKGVKNDTDLSAADLK
ELVEQYKSVELEAKGQEEPSDPKKQLELAIEAVEDSWDSPRANKYRSINQITGLKGTAVN IQCMVEGNMG
DTSGTGVLIT RN PSTGEKKLYGEE'LVNAQVWHLSQCVNL sTRI KT PE DI,
DTMKREMPEAYAELVENCNILERHYRDMMDIEFTVQEERLWMLQCRAGKRTGI<GAVKIAV 20
DMVGEGLVEKSSAIKMVEPQHLDQLLHPQFHDPSGYREKVVAKGLPASPGAAVGQVVE"TA
EEAEAWHSQGKTVI LVRTETS PDDVGGMHAAEGI LTARGGMTSHAAVVARGWGKCC I AGC SE
IRVDENHKVLLIGDLT INEGEWISMNGSTGEVILGKQALAPPALSPDLETEMSWADAI RRLKVMANADT PE
DAIAARKNGAQG I GLCRTEHMIVCI QMENVVEGLVEKEFGADRIKAV
RKMIMAVTTEQRKARLDILLPYQRSDFEGI FRAMDGLPVTIRLLDPPLHEFLPEGDLDNI 25
VHELAEETGVKE DEVLSRIEKLSEVNPMLGERGCRLGI PYRE LIEMQARAT FEAAASMQD QGVTVI PE
IMVPLVGT PQELGHQVDVIRKVAKKVFAEKGHTVSYKVGTMIE I PRAAL I AD E I
AKEAEFFSEGTEDLIQMT EGY SRDDVGKELP YLAKGI LGHDPFEVLDQQGVGQL IKM ATEKGRAARP
SLKVG CGEHGG DPSSVGEFAEAGLDEVEC S PERVP IARLAAAQVVVA 30SIR ID No:23 The
polypeptide sequence of the chloroplastic form of .4 raliiIopsis PPDK is
provided herein as SIR ID No:24, as follows: 35
nrsm1vKTTPELFIKGNGVERTINILGENRMVSRSNI2LGDGSNI.2FPRTGTIEICQRLSIAKTG LHRE
TKARA I LS PVSD PAASI AQKRV FT EGKGRSEGNKGMKS LLGGKGANLAEMAS IGLS VPPGL T
STEACQQYQ I AGKKLREGLWEE I LEGLS El ERDI GASLADPSKIDLLLSVREGA AT
SMRGMMDTVI,NLGLNDQVVVGLAAKSGERFAY DS FRREL DMFGDVVMGI PRAM FEEKL 



ERMKERKGVKNDT DLSAADLKELVEQ YKSVY LEAKGQE PPSDPKKQLE LA I EAV EDSWDS 40
PRANKYRS I NQ I TGLKGTAVNI QCMVEGNMGDTSGTGVLETRNPSTGEKKLYGEFLVNAQ
VWHITSQCVNL STRI RITE DL DTMKREMP E,AYAE LV ENCIJ I LERHYK DMMDIE FTVQE ER
LWMLQC RAGK RTGKGAVK AVDMVGEGLVEKSSA I KMVE PQM L DQILH PQFHDPSGIREK  - 18
- VVAKGLPASPGAAVGQVVITTAIEEAEAWRSQGKTV I INRTETS PUDVGGMHAAEGI LTARG
GMTSHAAVVARGWGKCCIAGCSEIRVDENHKVLLI GDLT INEGEW I SMNGSTGEVILGKQ
ALAPPALSPDLETFMSWADAIRRLKVMANADTPEDAIAARKNGAQGIGLCRTEHMIVCIQ
MFNVNIFGLVFKFTGADRIKAVRKMIMAVTTEQRKASI,DILLPYQRSDFEGIFRAMDGLPV 5 T
IRLLDPPLHE FLPF,G DLDNIVHELAEETGVKEDEVLSRIEKLSEVNPMLGEPRGCRI,G I S
YPELTEMARAIFEAAASMODWITVI PE I MVPI,VGI PQELGHOVDVI RKVAKKVFAEKG
HTVSYKVGTMIE I PRAAL I ADE I AKEAE FE'S FGTNDLTQMTFGYSRDDVGKFLP I YLAKG I
LQHDPFEVLDQQGVGQLIKMATEKGRAARPSLEVG ICGIEFIGGDPSSVGETAEAGIADYVS
CSPE'RVPIARLAAAQVVVA 10SEQ ID No:24 Accordingly, the polypeptide having
PPDK activity may comprise an amino acid sequence substantially as set out
in SEQ ID No:23 or SEQ ID No.24, or a functional variant or fragment
thereof. Since highest PPDK abundance was 15 observed almost exclusively in
cell lines harbouring genomic DNA encoding PPDK, it appears that introns
may have a positive effect on PPDK expression. As such, in one embodiment,
the construct may comprise the cDNA of the genes encoding either PPDK
and/or PCK. 20 Genetic constructs of the invention may be in the form of an
expression cassette, which may be suitable for expression of the at least
one coding sequence in a host cell. The genetic construct of the invention
may be introduced in to a host cell without it being incorporated in a
vector. For instance, the genetic construct, which may be a nucleic acid
molecule, may be incorporated within a 25liposome or a virus particle.
Alternatively, a purified nucleic acid molecule (e.g. histone- free DNA, or
naked DNA) may be inserted directly into a host cell by suitable means,
e.g. direct endocytotic uptake. The genetic construct may be introduced
directly in to cells of a host subject (e.g. a plant) by transfection,
infection, microinjection, cell fusion, protoplast fusion or ballistic
bombardment. Alternatively, genetic constructs of the 30invention may be
introduced directly into a host cell using a particle gun. Alternatively,
the genetic construct may be harboured within a recombinant vector, for
expression in a suitable host cell.  - 19 - The recombinant vector may be a
plasmid, cosmid or phage. Such recombinant vectors are highly useful for
transforming host cells with the genetic construct of the invention, and
for replicating the expression cassette therein. The skilled technician
will 5 appreciate that genetic constructs of the invention may be combined
with many types of backbone vector for expression purposes. The backbone
vector may be a binary vector, for example one which can replicate in both
E. cot/ and Agrobadthum tuvieficiens. For example, a suitable vector may be
a pRIN plasmid, such as pi31N19. However, a preferred backbone vector is
BNR1380000001, which is based on pIIINPLUS (F. A. 10van :Paige.len et ai
Transgenic Research (1995) 4, 288-290), and which harbours the 



SAG12 promoter. Recombinant vectors may include a variety of other
functional elements in addition to the promoter (e.g. a
senescence-associated promoter), and the at least one coding 15 sequence
(encoding PCK and/or PPDK). For instance, the recombinant vector may be
designed such that it autonomously replicates in the cytosol of the host
cell. In this case, elements which induce or regulate DNA replication may
be required in the recombinant vector. Alternatively, the recombinant
vector may be designed such that it integrates into the genome of a host
cell. In this case, DNA sequences which favour targeted integration (e.g.
by homologous recombination) are envisaged. The recombinant vector may also
comprise DNA coding for a gene that may be used as a selectable marker in
the cloning process, i.e. to enable selection of cells that have been
transfected or transformed, and to enable the selection of cells
25harbouring vectors incorporating heterologous DNA. The vector may also
comprise DNA involved with regulating expression of the coding sequence, or
for targeting the expressed polypeptide to a certain part of the host cell,
e.g. the chloroplast. H ence, the vector of the third aspect may comprise
at least one additional element selected from a group consisting of: a
selectable marker gene 30(e.g. an antibiotic resistance gene); a
polypeptide termination signal; and a protein targeting sequence (e.g. a
chloroplast transit peptide).  - 20 - Examples of suitable marker genes
include antibiotic resistance genes such as those conferring resistance to
Kanamycin, Geneticin (G418) and 14ygromycin (rip/-11, t)g-B); herbicide
resistance genes, such as those conferring resistance to phosphinothricin
and sulphonamide based herbicides (bar and still respectively; EP-A-242246,
EP-A- 0249637); and screenable markers such as beta- glucuronidase
(G132197653), luciferase and green fluorescent protein (GFP). The marker
gene may be controlled by a second promoter (which may not be a
senescence--associated promoter), which allows expression in cells, which
may or may not be in the seed, thereby allowing the selection of cells or
tissue containing the marker at any stage of development of the plant.
Suitable second promoters are the promoter of nopaline synthase gene of
Agrobacterilim and the promoter derived from the gene which encodes the 35S
cauliflower mosaic virus (CaMV) transcript. However, any other suitable
second promoter may be used 15 The various embodiments of genetic
constructs of the invention may be prepared using the cloning procedure
illustrated in Figure 1, which may be summarised as follows. The genomic
and cDNA versions of the genes encoding PCK and PPDK may be amplified from
the genomic or cDNA templates by PCR using suitable primers. PCR products
may be examined using agarose gel electrophoresis. The PCR products may
20then be ligated into a suitable vector for cloning purposes, for example
the pCR4 Blunt- Topo vector (1nvitrogen). Vectors harbouring the PCR
products may be grown up in a suitable host, such as E. cal. E. coil
colonies may then be screened by PCR using suitable primers, and inserts in
plasmids showing the correct restriction enzyme digest pattern may be
sequenced using suitable primers.  E. coil colonies carrying TOPO-cDNA (PCK
or PPDK) or TOPO-g,DN A (PCK or PPDK) may be cultured to produce a suitable
amount of each plasmid, which may then be purified. The plasmids may then
be digested to release a DNA fragment encoding PPDK or PCK, which may then
be cloned into a vector harbouring a suitable 30promoter, for example a
SAG- promoter, such as a pl3NP plasmid. The resultant PPDK constructs were
named BNP-PPDKcDNA and BNP-PPDKgDNA, and the resultant PC.K constructs were
named pALBNP1 (cDNA) and pALBNP2 (gDNA). 



- 21 - Embodiments of the vector according to the third aspect may be
substantially as set out in Figures 3. 5In a fourth aspect, there is
provided a method of increasing the concentration of PCK and/or PPDK in a
leaf of a test plant to above that of the corresponding concentration of
pci< and/or PPDK in a wild-type plant cultured under the same conditions,
the method comprising altering plant metabolism in the test plant to
achieve increased levels of PCK and/or PPDK in plant leaves after the
10initiation of leaf senescence. In a fifth aspect, there is provided a
method of decreasing the concentration of nitrogen in the leaves of a test
plant to below that of the corresponding concentration of nitrogen in a
wild-type plant cultured under the same  15 conditions, the method
comprising altering plant metabolism in the test plant to achieve increased
levels of PCK and/or PPDK in plant leaves after the initiation of leaf
senescence. In a sixth aspect, there is provided a method of increasing the
growth rate of a 20test plant compared to the corresponding growth rate of
a wild-type plant cultured under the same conditions, the method comprising
altering plant metabolism in the test plant to achieve increased levels of
PCK and/or PPDK in plant leaves after the initiation of leaf senescence. 2
5"Methods for determining the level of nitrogen in plant leaves, and plant
growth rates, are set out in the Examples. The methods of the fourth, fifth
or sixth aspects may comprise transforming a test plant cell with a genetic
construct according to the first or second aspect, or a vector according to
the third aspect. The genetic construct or the vector may be introduced
into a host cell by any suitable means.  - 22 - In a seventh aspect, there
is provided a cell comprising the genetic construct according to the first
or second aspect, or the recombinant vector according to the third aspect.
5The cell may be a plant cell. As the inventors have observed that over-
expressing both PCK and/or PPDK in a host cell is surprisingly effective at
inducing nitrogen remobilisation in senescent leaves, the cell of the
seventh aspect may comprise one or more constructs of the first or second
aspect, or one or more vectors of the third aspect, such that both PCK
and/or PPDK are over-expressed, For example, the host cell may be
transformed with the first embodiment of the genetic construct of the first
aspect (i.e. the P(.',K construct) only. Alternatively, the host cell may
be transformed with the second embodiment of the genetic ISconstruct of the
second aspect (i.e. the PPDK construct) only. in another embodiment, the
host cell may be transformed with the first and second embodiments of the
genetic construct of the first aspect, such that both PCK and PPDK are
expressed in tile host cell. The host cell may alternatively be transformed
with the third or fourth embodiments of the construct of the first 20
aspect (i.e. PCK/PPDK constructs 1 or 2), such that both PCK and PPDK are
expressed in the host cell. It is also envisaged that the host cell may be
transformed with the construct of the second aspect, which encodes both PCK
and PPDK. 



25The cell may be transformed with the genetic construct or the vector
according to the invention, using known techniques, Suitable means for
introducing the genetic construct into the host cell may include use of a
disarmed Ti- plasmidvector carried by Agrohaderierm by procedures known in
the art, for example as described in EP-A-0116718 and EP-A-0270822. A
further method may be to 30transform a plant protoplast, which involves
first removing the cell wall and introducing the nucleic acid, and then
reforming the cell wall. The transformed cell may then be grown into a
plant.  - 23 - In an eighth aspect, there is provided a transgenic plant
comprising the genetic construct according to the first or second aspect,
or the vector according to the third aspect. The transgenic plant according
to the eighth aspect may include the Brassicaceae family, such as Brassica
spp.. The plant may be Brass/ca nap us (oilseed rape). Further examples of
transgenic plants according to the eighth aspect include the 10family
1?oales, such as Triciceac spp. The plant may be Trificum spp. (wheat).
Increasing the grain protein content in wheat may result in increased
volume of food products comprising wheat, such as bread. Further examples
of suitable transgenic plants according to the eighth aspect 15include the
Solanaceae family of plants which include, for example jimson weed,
eggplant, mandrake, deadly nightshade (belladonna), capsicum (paprika,
chilli pepper), potato and tobacco. One example of a suitable genus of
Solanaceae is Nioteana, A suitable species of Nicotiana may be referred to
as tobacco plant, or simply tobacco. Various methods for transforming
plants with the genetic 20construct of the first or second aspect, or
vector of the third aspect, are known and can be used in the present
invention. For example, tobacco may be transformed as follows. Nicollana
iabacum is transformed using the method of leaf disk co-cultivation
essentially as described by Horse."' el al. (Science 227: 1229-1231, 1985).
The youngest two expanded leaves may be taken from 7 week old tobacco
plants and may be surface sterilised  in 8% Domestosm for .10 minutes and
washed 6 times with sterile distilled water. Leaf disks may be cut using a
number 6 cork borer and placed in the Agrobaderium suspension, containing
the appropriate binary vectors (according to 30the invention), for
approximately two minutes. The discs may be gently blotted between two
sheets of sterile filter paper. Ten disks may be placed on LS 3% sucrose +
2pA4 I3AP 0.2pM NAA plates, which may then be incubated for 2  



- 24 - days in the growth room. Discs may be transferred to plates of LS +
3% sucrose + 2iM BAP + 0.2 IANI NAA supplemented with 500 g/I claforan and
100 kanamycin. The discs may be transferred onto fresh plates of above
medium after 2 weeks. After a further two weeks, the leaf disks may be
transferred onto 5 plates containing LS + 3% sucrose + 0.5uM BAP
supplemented with 500 mg/I claforan and 100 mg/I kanamycin. The leaf disks
may be transferred onto fresh medium every two weeks. As shoots appear,
they may be excised and transferred to jars of LS +3% sucrose supplemented
with 500 mg/I claforan. The shoots in jars may be transferred to LS + 3%
sucrose + 250 mg/I claforan after 10approximately 4 weeks. After a further
3-4 weeks the plants may be transferred to LS + 30/s sucrose (no
antibiotics) and rooted. Once the plants are rooted they may be transferred
to soil in the greenhouse.     In a ninth aspect, there is provided a plant
propagation product obtainable from 15the transgenic plant according to the
eighth aspect. A "plant propagation product" may be any plant matter taken
from a plant from which further plants may be produced. Suitably, the plant
propagation product may be a seed. 20 In a tenth aspect of the invention,
there is provided a method of producing a transgenic plant which
remobilises nitrogen at a higher rate than a corresponding wild-type plant
cultured under the same conditions, the method comprising the steps of:-
25i)transforming a plant cell with the genetic construct according to the
first or second aspect, or the vector according to the third aspect; and
regenerating a plant from the transformed cell.    In an eleventh aspect,
there is provided a method of producing a transgenic plant 30having a
higher growth rate than a corresponding wild-type plant cultured under the
same conditions, the method comprising the steps of:- transforming a plant
cell with the genetic construct according to the first  WO
2010/097623PCT/GB2010/050321 - 25 - or second aspect, or the vector
according to the third aspect; and regenerating a plant from the
transformed cell. Preferably, and advantageously, the methods according to
the invention do not 5compromise the health or fitness of the test plant
that is generated. Preferably, the methods comprise transforming the test
plant, and preferably its leaves, with the genetic construct of the first
or second aspect, or the vector of the third aspect. The inventors have
observed that over-expressing both PCK and PPDK in a host cell is effective
at inducing nitrogen remobilisation in senescent leaves. 



10Hence, it is preferred that the methods of the tenth and eleventh aspect
comprise transforming the test plant with one or more constructs of the
invention such that both PCK and PPDK are over-expressed. For example, the
test plant may be transformed with the first embodiment of the genetic
construct of the first aspect of the invention (i.e. the PCK construct) and
in addition the Issecond embodiment of the construct of the first aspect
(i.e. the PPDK construct). Hence, transformation of these two constructs
result in over- expression of both enzymes. Alternatively, the test plant
may be transformed with the third or fourth embodiments of the construct of
the first aspect of the invention, each of which encode PCK and PPDK.
Alternatively, the test plant 20may be transformed with the construct of
the second aspect of the invention, which encodes both PCK and PPDK. The
inventors have observed that a plant leaf of a test plant which has been
transformed with construct(s) which encode both PCK and PPDK exhibits  25
increases in nitrogen remobilisation upon the onset of senescence such that
the concentration of nitrogen decreases in that leaf. Furthermore, they
observed an increase in vegetative growth rate. Although they are not bound
by hypothesis, inventors believe that the decrease in nitrogen
concentration in the leaves may induce the increase in growth rate, and
hence crop yield. 30  - 26 - leaf taken from a wild-type plant cultured
under the same conditions, wherein the leaf is harvested from the
transgenic plant according to the eighth aspect, or produced by the method
according to the tenth or eleventh aspect.      In a thirteenth aspect: of
the invention, there is provided a smoking article comprising
5nitrogen-reduced tobacco obtained from a mutant tobacco plant, which
mutant is capable of decreasing the concentration of nitrogen in senescent
leaves Nitrogen-reduced tobacco can include tobacco in which the nitrogen
concentration is less than the corresponding concentration in a wild-type
plant cultured under the same conditions. Such a smoking article may
comprise tobacco obtained from a  10 mutant tobacco plant, which may have
been transformed with a genetic construct according to the first or second
aspect of the invention, or a vector according to the third aspect. In
another aspect, there is provided a method of increasing the concentration
of PCK and/or PPDK in a leaf of a test plant to above that of the
corresponding concentration 15of PCK and/or PPDK in a wild-type plant
cultured under the same conditions, the method comprising altering plant
metabolism in the test plant to achieve increased levels of PCK and/or PPDK
in plant leaves after the initiation of leaf senescence, wherein the method
comprises transforming the test plant cell with a genetic construct
according to the first or second aspect or the vector according to the
third 20aspect. In another aspect, there is provided a method of decreasing
the concentration of nitrogen in the leaves of a test plant to below that
of the corresponding concentration of nitrogen in a wild-type plant
cultured under the same conditions, the method comprising altering plant
metabolism in the test plant to achieve increased levels of 25PCK and/or
PPDK in plant leaves after the initiation of leaf senescence, wherein the 



method comprises transforming the test plant cell with a genetic construct
according to the first or second aspect or the vector according to the
third aspect. In another aspect, there is provided a method of increasing
the growth rate of a test plant compared to the corresponding growth rate
of a wild-type plant cultured under 30the same conditions, the method
comprising altering plant metabolism in the test plant to achieve increased
levels of PCK and/or PPDK in plant leaves after the initiation of leaf
senescence, wherein the method comprises transforming the test plant cell
with a genetic construct according to the first or second aspect or the
vector according to the third aspect.  -26A- In another aspect of the
invention, there is provided a smoking article comprising nitrogen-reduced
tobacco obtained from a mutant tobacco plant, which mutant is capable of
decreasing the concentration of nitrogen in senescent leaves, wherein the
method comprises transforming the test plant cell with a genetic construct
according 5to the first or second aspect or the vector according to the
third aspect. As used herein, the term "smoking article" can include
smokeable products, such as rolling tobacco, cigarettes, cigars and
cigarillos whether based on tobacco, tobacco derivatives, expanded tobacco,
reconstituted tobacco or tobacco substitutes and also heat-not-burn
products. 10It will be appreciated that the invention extends to any
nucleic acid or peptide or variant, derivative or analogue thereof, which
comprises substantially the amino acid or nucleic acid sequences of any of
the sequences referred to herein, including functional variants or
functional fragments thereof. The terms "substantially the amino
acid/polynucleotide/polypeptide sequence", "functional variant" and
15"functional fragment", can be a sequence that has at least 40% sequence
identity with the amino acid/polynucleotide/polypeptide sequences of any
one of the sequences referred to herein, for example 40% identity with the
gene identified as SEQ ID No.17 (which encodes one embodiment of PCK
enzyme), or 40% identity with the polypepticle identified as SEQ ID No.19
(i.e. one embodiment of PCK enzyme), or 40% identity with 20the gene
identified as SEQ ID No.21 (which encodes one embodiment of PPDK  WO
2010/097623PCT7G132010/050321 - 27 -- enzyme), or 40% identity with the
polypeptide identified as SEQ 11) No.23 (i.e. One embodiment of PPDK
enzyme). Amino acici/polynucleotide/polypeptide sequences with a sequence
identity which is 5 greater than 65%, more preferably greater than 70%,
even more preferably greater than 75%, and still more preferably greater
than 80% sequence identity to any of the sequences referred to is also
envisaged. Preferably, the amino acid/polynucleotide/polypeptide sequence
has at least 85% identity with any of the sequences referred to, more
preferably at least 90% identity, even MOIr preferably at 10 least 92%
identity, even more preferably at least 95% identity, even more preferably
at least 97% identity, even more preferably at least 98% identity and, most
preferably at least 99% identity with any of the sequences referred to
herein. The skilled technician will appreciate how to calculate the
percentage identity between 



15two amino acid/polynucleotide/polypeptide sequences. In order to
calculate the percentage identity between two amino
acid/polynucleotide/polypeptide sequences, an alignment of the two
sequences must first be prepared, followed by calculation of the sequence
identity value. The percentage identity for two sequences may take
different values depending on:- (i) the method used to align the sequences,
for example, 20 ClustalW, BLAST, FASTA, Smith-Waterman (implemented in
different programs), or structural alignment from 31) comparison; and (ii)
the parameters used by the alignment method, for example, local vs global
alignment, the pair-score matrix used (e.g. BLOSUM62, PAM250, Gonnet etc.),
and gap-penalty, e.g. functional form and constants. 25 Having made the
alignment, there are many different ways of calculating percentage identity
between the two sequences. For example, one may divide the number of
identities by: (i) the length of shortest sequence; (ii) the length of
alignment; (iii) the mean length of sequence; (iv) the number of non-gap
positions; or (iv) the number of 30 equivalenced positions excluding
overhangs. Furthermore, it will be appreciated that percentage identity is
also strongly length dependent. Therefore, the shorter a pair of sequences
is, the higher the sequence identity one may expect to occur by chance.  -
28 - 1Ience, it will be appreciated that the accurate alignment of protein
or DNA sequences is a complex process. The popular multiple alignment
program (:lustalW (Thompson et al., 1994, Nucleic Acids Research, 22,
4673-4680; Thompson et al., 1997, Nucleic Acids 5Research, 24, 4.876-4882)
is a preferred way for generating multiple alignments of proteins or DNA in
accordance with the invention. Suitable parameters for ClustalW may be as
follows: For DNA alignments: Gap Open Penalty = 15.0, Gap Extension Penalty
= 6.66, and Matrix = Identity. For protein alignments: Gap Open Penalty =
10.0, Gap Extension Penalty -0.2, and Matrix = Gonnet. For DNA and Protein
10 alignments: ENDGAP = -1, and GAPDIST = 4. Those skilled in the art wil.1
be aware that it may be necessary to vary these and other parameters for
optimal sequence alignment. Preferably, calculation of percentage
identities between two amino 15acid/polynuchiotide/polypeptide sequences is
then calculated from such an alignment as (N/T)*100, where N is the number
of positions at which the sequences share an identical residue, and T is
the total number of positions compared including gaps but excluding
overhangs. Hence, a most preferred method for calculating percentage
identity between two sequences comprises (i) preparing a sequence alignment
using the 20ClustalW program using a suitable set of parameters, for
example, as set out above; and (ii) inserting the values of N and T into
the following formula:- Sequence Identity = (N/I)*100. Alternative methods
for identifying similar sequences will be known to those skilled in 25the
art. For example, a substantially similar nucleotide sequence will be
encoded by a sequence which hybridizes to the sequences shown in SEQ ID
Nos. 16, 17, 18, 20, 21, 22, or their complements under stringent
conditions. By stringent conditions, we mean the nucleotide hybridises to
filter-bound DNA or RNA in 3x sodium chloride/sodium citrate (SSC) at
approximately 45C followed by at least one wash in 0.2x SSC/0.1% 



30 SDS at approximately 20-65C. Alternatively, a substantially similar
polypeptide may differ by at least 1, but less than 5, 10, 20, 50 or 100
amino acids from the sequences shown in SEQ ID No's. 19, 23 or 24.  - 29 -
Due to the degeneracy of the genetic code, it is clear that any nucleic
acid sequence could be varied or changed without substantially affecting
the sequence of the protein encoded thereby, to provide a functional
variant thereof. Suitable nucleotide variants 5are those having a sequence
altered by the substitution of different codons that encode the same amino
acid within the sequence, thus producing a silent change. Other suitable
variants are those having homologous nucleotide sequences but comprising
all, or portions of, sequence, which are altered by the substitution of
different codons that encode an amino acid with a side chain of similar
biophysical properties to the amino acid it substitutes, to produce a
conservative change. For example small non-polar, hydrophobic amino acids
include glycine, alanine, leucine, isoleucine, valine, proline, and
methionine. Large non-polar, hydrophobic amino acids include phenylalanine,
tryptophan and tyrosine. The polar neutral amino acids include serine,
threonine, cysteine, asparagine and glutamine. The positively charged
(basic) amino acids include 15lysine, arginine and histidine. The
negatively charged (acidic) amino acids include aspartic acid and glutamic
acid. It will therefore be appreciated which amino acids may be replaced
with an amino acid having similar biophysical properties, and the skilled
technician will known the nucleotide sequences encoding these amino acids.
20All of the features described herein (including any accompanying claims,
abstract and drawings), and/or all of the steps of any method or process so
disclosed, may be combined with any of the above aspects in any
combination, except combinations where at least some of such features
and/or steps are mutually exclusive. 25For a better understanding of the
invention, and to show how embodiments of the same may be carried into
effect, reference will now be made, by way of example, to the accompanying
Figures, in which:- Figure 1 shows the protocol used for the cloning of the
genetic constructs, BNIIlIPDKcDNA and BNP-PPDKgDNA, in which: (a) PeR
amplification of cDNA and 30 genomic DNA forms of the cytosolic isoform of
Arabidopsis PPDK; (13) insertion into the cloning vector pCR 4Blunt-TOPO;
(c) Restriction endonuclease digestion of the cloning vector (on left) to
release PlIDK, and the target SAG12-containing vector  - 30 - pBNP, with
April. and 13anA-14 (on right); (d) Ligation of PPDK into pBN1? and an
agarose gel showing DNA fragments produced by restriction endonuclease
digestion of constructs with April and Bamill; and (e) Constructs
introduced into Arabidopyir ecotype Columbia 0 by .4grobacierium-inediated
transformation; 5 Figure 2a shows the plasmid pCR4 BLUNT-TOPO used for the
construction of expression vectors according to the invention, and Figure
2b is a table summarising that PPDK-encoding cDNA or gDNA was inserted into
pCR4 BLuNirroPo using an ANTI and BamHI digest; Figure 3a shows the plasmid
pBN1? containing the SAG42 promoter, and Figure 3b is a 10 table
summarising that PPDK inserts @DNA or gDNA) were introduced into pBNP using
Amil and Bathll digests, and that PCK inserts (cDNA or gDNA) were
introduced into pBNP using Xly/T and Sad digests, resulting in vectors
according to embodiments of the invention; Figure 4 shows the selection of
transgenic S4G12-PPDK Ambidopsis iballana cell lines by Western blot.
SAG12-PPDK cDNA cell lines are shown on top, and SAG12- PPDK gDNA cell
lines are shown below; Figure 5 shows the quantification of PPDK abundance
in wild-type, APPDK and five independent SAG12-PPD1cgDNA lines from week
five onwards; 



Figure 6 shows the selection of SAG% 2-PPDK (cDNA and gDNA in (b) K326 and
in 20(e) Burley 21 tobacco lines; Figure 7 shows the overexpression of PPDK
in ripe leaves of K326 tobacco Figure 8 shows photos of rosettes of various
cell lines of Amhidopsis thaliana, i.e. wild-type, ,A113DK and SA GI
2-PPDIcgDNA against time; Figure 9 shows the Arabidopsis reproductive
tissue mass at week nine; Figure 10 shows the total plant fresh mass (i.e.
rosette plus reproductive tissue) of wild-type and SA G1 2 -PPDPNA plants
from weeks three to nine after sowing; Figure 11 shows the Nitrogen content
in leaves of wild-type, APPDK and S A G1 2 - PRIlicgDN A plants at week
seven;     Figure 12 shows the Nitrogen content of individual seeds of
wild-type, APPDK and 30 5AG12-PPDK plants; Figure 13 shows the total free
amino acid content in the leaves of wild-type, APPDK and .SAG12-PPDKRDNA
Arabidopsis cell lines;  Figure 14 shows the seed mass of various tobacco
cell lines, zero copy = wild-type, G4 (gDNA), G10, G8 and C10 (cDNA) are
SAG12-PPDK lines; Figure 15 shows the seed nitrogen content of various
tobacco cell lines, zero copy =- wild-type, G4 (gDNA), G10, G8 and (:10
(cDNA) are SAG12-PPDK lines; 5Figure 16 are the results of Western blotting
for PCK/PPDK double inserts. All lines show higher levels of PCK especially
in week 7 which correlates with activity of the SAG 12 promoter; Figure 17
shows that expression of both PCK and PPDK in transformed plants leads to
an increase in rosette mass compared to control 7; and 10Figure 18 shows a
postulated biochemical pathway indicating that nitrogen remobilisation may
occur through PCK- and PPDK-dependent formation of the transport amino
acids asparagine and glutamine. Examples ExamThe itineration of SAGI 2
7romoter Arabido s PPDK Ant transformation constructs  A series of SAG12
PPDK and PCK expression vectors were generated, as shown in Figure 3, and
then analysed for their ability to increase the expression of PPDK and 20 P
CK in transformed plants. In one embodiment, the constructs may encode PCK
or a functional variant or fragment thereof, and not PPDK. In another
embodiment, the constructs may encode PPDK or a functional variant or
fragment thereof, and riot PCK. II owever, in yet another embodiment, the
constructs may encode PCK or a functional variant or fragment thereof, and
PPDK or a functional variant or fragment thereof. Firstly, genornic DNA air
the (711rabidopsi( thabkgia PPDK gene was isolated, as described below.
Isolation of gienomic DNA  



Genomic DNA (gDNA) from And2idopsic thaliana ecotype Columbia 0 was
extracted .30 from leaves using the DNeasy Plant Mini Kit (Qiagen)
according to the recommended protocol. Genomic DNA was used as a template
for PCR reactions as described below using primer sequences summarized in
Table I.  WO 2010/097623PCl/G132010/050321 - 32 - 'Fable 1: Primer
sequences Primer Sequence SEC) ID No. AtCytEWD-Ayal AAT Clef AGG AR, Alt
(AC CGA GTA yirc ACC 1 AtCytREV-Bamtli AAT GGA Tcc ircA irGc Am] Am: Dv:
'cm AGC AGC 2 AtPPDKexonl5FWD cer CGC CAA AGG AAT cyr AC 7 AtlIPDKSeq111 .
AtlIPDKSeqF2 crr GGCTTG Am: G AC CAA ern:  GGir TGC AGG GAT AGG AAC ACC  3 



4 AtPlIDKSeqR1 ccr cm ATP GCA TCA GCC CAG 5 AtPPDKSeqR2 Cell GAG GAG Trc
crA CAA GTG 6 BNP427111 rGc crG err GCC GAA TAT C 10 13N13-1291Tv CAG AAA
AGC GGC CAT Tyr ccA cc A 12 HM3-133411 CCG GCC CM: AGT CGA iroA 11
BNP-nostREN CAA GAC CGG (:AA CAG GAT TCA 8 BNP-SAG12F \X(D ACC CCA'l ( f
CAG TAC CCI TCT G 9 



NtCyc-184F en: AM: err CCA CCG TGT GAT 13 NtCyc-267T Tel' ACG GTG CCA AAT
TCG CCG A 15 NtCyc-316R ACC GGT GTG GIFT CCT Gni GAA 14 AtpcK-xual-FUR
AtrrerAGANIEGFCGGCCGGTAACGGAAATG 25 AtlICK-Saci-RIN
ATFGAGCTCCTAAAAGATAGGACCAGCAGCG 26  Isolation of RNA and synthesis of cDNA
5 Total RNA was extracted from 7 day old Arabidopsis cotyledons. RNA
extractions were performed on ice using RNase-free equipment, and solutions
were made using water treated with diethyl pyrocarbonate (DEPC,
Sigma-Aldrich). 1 ml DEPC was added per 1 litre water, the mixture was
stirred overnight in a fume hood, and then autoclaved. RNA was extracted
using 'ThiPure isolation Reagent (Roche). 200 mg tissue was ground in
liquid nitrogen using a mortar and pestle, 1 ml TriPure Isolation Reagent
added and the recommended protocol followed. The RNA pellet was resuspended
in 20 111 RNA Secure (Ambion) preheated to 60 C for 10 minutes. The sample
was centrifuged at 49C for 5 minutes at 13,000 rpm and the supernatant
transferred to a clean 1.5 ml microcentrifuge tube to remove contaminating
debris.  33 - Quantity and purity of the RNA were determined
spectrophotometrically by taking readings at 260 and 280 nm (Maniatis
eta]., 1982, Molecular cloning: a laboratory manual. Cold Spring Harbor
Laboratory) using an Eppendorf Biophotometer spectrophotometer. The RNA was
also examined using agarose gel electrophoresis 5using 1.5 % (w/v) agarose
(Melford Laboratories) in 0.5 x THE. Samples were suspended in lx RNA
sample buffer, and subjected to electrophoresis at 80 V using 0.5 x THE as
running buffer. RNA sample buffer at 4x working concentration contained
0.002 % (w/v) ethidium bromide (Sigma-Aldrich), 2x THE (2x Tris-BorateEDTA
Buffer (2 x THE) contained 180 miki Tris-HCI, 180 niM boric acid and 8 mM 



/0 EDTA pH 8.3, 13 % Ficoll 400 (Sigma-Aldrich), 0.01 % bromophenol blue
and 7 M urea (Licher Scientific). Reverse transcription of RNA to
synthesise cDNA was performed using 2 pig RNA, 1 pig ()Ego cITO 5) primer
(Roche), 1 x Moloney Murine Leukaemia Virus (MMLV) 15 buffer (Promega), 0.4
mM dNTPs (Bioline), 40 units Recombinant RNasin Ribonuclease Inhibitor
(Promega), 200 units MMLV Reverse Transcriptase (Promega) and nuclease-free
water to a final volume of 25 IA The sample was incubated at 42C for 1
hour. 20 Amplification of ArabidopsisPPDK  The genomic and cDNA versions of
the gene encoding the cytosolic isoform of PPDK were amplified from the
genomic or cDNA templates by PCR using a forward primer (AtCytEAVD-Ag/II.
SEQ ID No. 1) containing the Ag/T1 restriction site and a reverse primer
(AtCytREV-)3a0/114. SEQ ID No. 2) containing the 13a0/111 restriction
site,which 25are shown in Table 1. The PCR reaction mixture contained 1 x
HE buffer (Nkj,13),  2 m M magnesium chloride (MgC11, NEB), 0.5 triM cINTPs
(Bioline), 100 ng template (cDNA or genomic DNA), 0.5 p.M each primer and 1
unit Phusion t ugh-Fidelity DNA Polymerase (NEB). Thermal cycling was
performed using a Techne Thermal Cycler with an initial denaturation step
of 98 "C for 30 seconds, followed by 30 cycles of 98 `V .30for 10 seconds,
55 "C for 30 seconds and 72 'C for 2 minutes, with a final extension step
of 72 "C for 5 minutes.  - 34 - Once the cDNA and gDNA of Arabidopsis PPDK
had been isolated/prepared, it was then used to generate various
constructs, using the protocol that is summarized in Figure 1. The cDNA and
genomic DNA forms of the cytosolic isofom) of Arabidopth PPDK were fused to
the senescence-induced SAG 12 promoter in a pl3NP vector, in order to
overexpress 1?PDK during senescence.  (a) PCR amplification of cDNA and
genomic DNA forms of cytosolic isoform of Arabidopth PPDK using primers
containing April and Banzhn restriction sites, generating 2.4 and 4.3 Id)
products respectively.      (b) Insertion into cloning vector p(1-32
4Blunt-TOPO. The PPDK inserts were 10sequenced in their entirety, and found
to be identical to expected sequences.  (c) Restriction endonuclease
digestion of cloning vector and destination vector pl3N1? with ANTI and
BanATE  (d) Ligation into RN]? and agarose gel showing DNA fragments
produced by restriction endonuclease digestion of constructs with Awn and
Bankth. Expected band sizes were 14.8 kb and 2.4 kb for the cDNA construct,
and 14.8 kb and 4.4 kb for the gDNA construct.  (e) Constructs introduced
into Arabidopris ecotype Columbia 0 by .Agmbaderannmediated transformation.
Constructs were sequenced across ligation sites. The gene gni/ encodes
neomycin phosphotransferase, conferring kanamycin resistance in plants.
20LB and RI3: left and right borders respectively of T-DNA; nos Pro:
nopaline .gatbase promoter; nos t: nopaline gatbase terminator; S AG1 2
Pro: promoter of A nibidopris S A G 2 gene.     Referring to Figure 1, the
generation of the constructs will now be described in detail 25below:
Clonmjnto the pC.R4 Blunt-TOPO vector 



PCR products were examined using agarose gel electrophoresis using 1 'Ye
(w/v) agarose, 0.5 p.g mI)I ethidium bromide (Sigma-Aldrich) in 0.5 x TBE.
Samples were 30 suspended in 1 x DNA sample buffer (DNA Sample Buffer at 6x
working concentration contained 50 mM Tris(hydroxymethyl) aminomethane
(Tris-HCI,  WO 2010/097623vcric B 20 10/050321 - 35 - Melford
Laboratories), 60 0/0 glycerol and 0.25 % (w/v) bromophenol blue
(Sigma-Aldrich) and subjected to electrophoresis at 80V using 0.5 x TBE as
running buffer. The PPDK cDNA band of 2.6 kb and the PPDK genomic DNA band
of 4.4 kb were purified using the QIAQuick PC,R Purification Kit (Qiagen)
according to the recommended protocol, and eluted using 30 jd molecular
biology grade water (13DH Laboratory Supplies). PCR products were ligated
(blunt-end) into the pCR4 BluntTOPO vector (lnvitrogen) according to the
recommended protocol. The cloning reaction (2 pi) was transformed into 50
111 sub-cloning efficiency DH5a B. co/i 10(Invitrogen) following the
recommended procedure. Transformed E. cok cells were grown at 37 "C
overnight on Luria-Bertani (LB) agar (Luria Bertani Broth (LB broth)
contained 10 g1-1Bacto-Tryptone (BD), 5 gl-1 Bacto-Yeast Extract (Oxoid)
and 85 mM sodium chloride (Fisher Scientific). The pH was adjusted to 7.0
with 10 M sodium hydroxide prior to autoclaving. LB agar was made by adding
1.5 % (w/v) agar 15(BD) to LB broth containing 50 ji.g m1-1 kanamycin
(Melford Laboratories). E. coll colonies were screened by PC11 using 1 x
NH4 buffer (Bialine), 2.5 m1\4: MgCl2 (13ioline), 0.5 m1\4 dINTPs
(Bioline), 0.3 11.1\4 each primer (AtCytIT \VD-Aval. and AtCytREV-Bam141),
i.e. SEQNo's 1 & 2, and 0.5 units BioTaq NA Polymerase 20(Dionne). Thermal
cycling was performed with an initial denaturation step of ()5 "C for 5
minutes, followed by 30 cycles of 95 "C for 30 seconds, 55 C, for 30
seconds and 72C for 4 minutes 30 seconds, with a final extension step of 72
'V for 5 minutes. PCR products were examined using 1 % (w/v) agarose gel
electrophoresis as above. Colonies containing the desired insert were grown
overnight in a shaking incubator at 2537 "C in 5 ml LB broth containing 50
;kg m1-1 kanamycin. Plasmid DNA was extracted using the QINPrep Spin
Miniprep Kit (Diagen) according to the recommended protocol. DNA was
digested with 10 units Mint II (NE131) in I x Bankl I Buffer at 37for 1
hour. Digests were examined using 1 0/0 (w/v) agarose gel electrophoresis
as above. Inserts in plasmids showing the correct restriction enzyme
digest: pattern were 30 sequenced using the primers AtCytFWD-AmTI (SEQ ID
No.1) , AtPPDKSeqE1 (SEQ ID No. 3), AtPPDKSeq1P2 (SEQ ID No. 4),
AtPPDKSeqR1 (SEQ ID No. 5), AtPPDKSeq122 (SEQ ID No. 6) and AtCytREV-BamIII
(SEQ ID No.2), shown in  - 36 - 



Table 1, using a 3730 DNA Analyzer (Applied Biosystems). Sequences were
analysed in BioEdit (Ibis Biosciences).     These constructs were named
TOPO-PPDKcDNA and TOPO-PPDKgDNA, and are 5illustrated in Figures 2a and 2b.
Cloning of pBNP constructs  PPDK. was ligated into the BNP1380000001 binary
vector under the control of the senescence-induced promoter SAG12. The
SAG12-containining backbone plasmid, /0 BNP1380000001, is based on pRINPLUS
(F. A. van Engelen et al. Transgenic Research (1995) 4, 288-290), and is
illustrated in Figure 3a. First, E. coll colonies carrying TOPO-cDNA
017TOPO-gDNA were used to inoculate 25 ml LB broth containing 50 vg
ml-lkanamycin. These cultures were incubated overnight in a shaking 37 C
incubator and plasmic' DNA was extracted using the Plasmid Midi Kit
(Qiagen) according to the recommended protocol. The pl3NP1380000001 vector
was purified from a 100 ml culture containing 50 [kg mliii kanamycin using
the Plasmid Midi Kit. These plasmids were then subjected to digestion by
the restriction enzymes ANTI and &MIL Digest reactions were incubated
overnight at 37 'V and contained either 2 lig 20 DNA (BNP) or 4 p.g DNA
(TOPO-PPDKeDNA and TOPO-PPDKgDNA), 1 x Buffer 2, 10 units ANTI and 10 units
130/NIII. Samples were separated by crystal violet agarose gel
electrophoresis (Rand, 1996, Crystal violet can be used to visualize DNA
bands during gel electrophoresis and to improve cloning efficiency.
Elsevier Trends journals Technical Tips Online.) using 0.8 % (w/v) agarose,
0.5 x TRE and 25 piM crystal violet (flopliin and Williams) subjected to
electrophoresis at 50 V for approximately 2 hours using crystal violet
sample buffer (250 it.M crystal violet (Ilophin and Williams) and 30 %
(w/v) sucrose (Fisher Scientific)), and 0.5 x TBE containing 25 ii"M
crystal violet as running buffer. Gel band extraction using the QI-AQuick
Gel Extraction Kit (Qiagen) according to the recommended protocol was used
to extract 30 the 14.4. kb BNP, 2.6 kb PPDK cDNA and 4.4 kb PPDK genomic
DNA fragments. Fragments were inspected and quantified relative to
HyperLadder 1 (Bioline) using 1 % agarose gel electrophoresis using
ethidium bromide.  Due to the similar sizes of the genomic DNA fragment
(4.4 kb) and the TON) backbone (3.9 kb), the gel-extracted genomic DNA
fragment was phosphatase-treated to prevent ligation to any contaminating
ToPo backbone. Shrimp Alkaline 5 Phosphatase (SAP, I unit, Roche) was added
to 1 yg gel-extracted g,enomic DNA fragment in 1 x Dephosphorylation Buffer
(Roche) and the reaction incubated at 37 "C for 30 minutes then inactivated
at 65C for 10 minutes. Ligation reactions were performed using either the
cDNA or the genomic DNA fragment with the digested BNP in a 10:1 molar
ratio, 1 x ligation buffer (NEB) and 1 unit T4 DNA ligase (NEB). 10Ligation
reactions were incubated overnight at 16and 2 ill used to transform
library- efficiency 1)I15 E. coil (Invitrogen) according to the recommended
protocol. Transformed B. cal were transferred onto LB agar containing 50
pgkanamycin and incubated overnight at 37 'C. FL cob colonies were screened
by PCB. using 1 x 15 buffer, 2.5 mM MgC13, 0.5 niM cINTPs, 0.3 I'M each
primer (AtPPDKexon.15FWD (SEQ ID No. 7) and BNPnostREV (SEQ ID No. 8),
shown in Table 1, and 0.5 units BioTaq DNA Polymerase. Thermal cycling was
performed with an initial denaturation step of 95 "C for 5 minutes,
followed by 30 cycles of 95 "C for 30 seconds, 55 "C for 30 seconds and 72C
for 3 minutes, with a final extension step of 72C for 5 minutes, 20PCR
products were examined using 1 % (w/v) agarose gel electrophoresis as
above. Colonies containing the desired insert were grown overnight in a
shaking incubator at 37 "C in 5 ml LB broth containing 50 vg m1-1
kanamycin. Plasmic' DNA was extracted using the QIAPrep Spin Miniprep Kit
according to the recommended protocol. DNA was digested with 10 units
Rambli and 10 units ,Viut in 1 x Ramlit Buffer and at 37 "C 25for 1 hour
before being subjected to 1 0/0 (w/v) agarose gel electrophoresis as above.
One colony each resulting from the cDN A and genomic DNA ligations showing
the correct restriction enzyme digest pattern were selected and sequenced
using the primer BNP-SAG1211AVD (SEE?, ID No. 9), shown in Table 1, as
described above, 



30 These constructs were named BNP-PPDKcDNA and BNP-PPDKgDNA, and are
illustrated in Figures 3a and 3b.  WO 2010/097623PCI7G 82010/050321 - 38 -
Example 2 - Transformation of Ambidosis i/ia/lana with BNP-PPDKcDNA and
I3NP1PDK DNA  Agrobacierim iumeficions strain GV3101-R was transformed by
electroporation using the following plasmids: BNP-PPDKcDNA, and
BNP-Pl?DKgDNA, shown in Figure 53, the preparation of which has been
described in Example 1. Electrocompetent 4gmbaclerium was made from
cultures of LB broth containing 25 mg1:(1rifampicin (Sigma-Aldrich), grown
at 30 C and with an optical density at 600 nm of 0.4 to 0.6, measured using
an Eppendorf Biophotometer 10spectrophotometer. Cultures of 500 ml were
centrifuged at 4000 g for 15 minutes, the supernatant discarded and the
cells resuspended in 500 ml cold 10 % glycerol (Fisher Scientific.
Centrifugation and resuspension were repeated using 250 ml glycerol,
followed by .10 ml and finally 2 ml glycerol. Cells were aliquoted into 50
ul aliquots, flash frozen in liquid nitrogen and stored at -80 'C.
Electroporation was performed 15 using a BioRad Gene Pulscr. Plasmid DNA
(200 ng) was added to 50 plAgrobacterium cells as above in a pre-chilled
electroporation cuvette (Gene Pulsar Guyette, BioRad) and the cells were
incubated on ice for 5 minutes. The cuvette was subjected to
electroporation using a pulse of 2.5 mV, 400 ohm resistance and 25 uF
capacitance and 1 ml SOC (Super Optimal Broth, Catabolite Repression
contained 20 g/I Bactoirryptone, 5 g/1 Bacto-Yeast Extract, 85 mi\4 sodium
chloride, and 250 mM potassium chloride. 10 M sodium hydroxide was used to
adjust to pH 7.0 prior to autoclaving. Before use, sterile magnesium
chloride was added to a final concentration of 10 mM and sterile glucose
(Fisher Scientific) was added to a final concentration of 20 mM. The cells
were incubated in a shaking incubator at 30 cf for 2 hours before being
25transferred ontol.,13 agar containing 50 ug ml":1 kanamycin and 50 ug
ml:(1 rilampicin. After incubation at 30 'CI for 2 days, colonies were
screened by PCR and then by restriction enzyme digestion. Colonies positive
for the PGR screen and showing the expected restriction digest pattern were
inoculated into 5 ml LB broth containing 3050 ul ml1 kanamycin and 50
p..1m1-1 rifampicin and incubated in a shaking incubator at 30 0C
overnight. The following day, 600 pJ of this culture was used to inoculate
500 ml  WO 2010/097623PC T/C 82010/050321 - 39 - LB broth as above, and
incubated in a shaking incubator at 30 0C for 30 hours before being used
for floral dipping. 



A mhidopsis plants were used for floral dipping at 4 weeks old. All
constructs were 5transformed into wild-type ecotype Columbia 0. Agrobacteri
um cultures prepared as described above were centrifuged at 4 "C for 15
minutes at 5,000 g and the cell pellets resuspended in 250 ml sterile 5 %
sucrose (Fisher Scientific) solution (w/v) and 0.05 % Silwen I-77 (0Si
Specialties). Plants were immersed in the cell suspension for approximately
10 seconds with gentle agitation, before being covered in dingfilm anti
10kept away from direct light for 24 hours. Following this, plants were
returned to the normal growth regime and seed was harvested. Selection of
transgenic Ambidopth thairma Seed from transformed plants was selected on
50 ugkanamycin (Dufecha 15Biochemie) according to Harrison et al. (2006),
Plant Methods, 2, 19. T1 plants showing antibiotic resistance were grown to
seed and self-pollinated, The seed was selected as above and T2 lines
showing a 3:1 resistant:non-resistant ratio WeSC chosen as carrying a
single copy of the transgene. These plants were again self-pollinated and
selected as above. T2 lines that produced 100 ()/0 resistant offspring (13)
were chosen as  20 being homozygous and were used for all experiments.
Mendelian genetics was used to select '12 generation plants that were
homozygous for the transgene, and contained a single transgene copy. Five
independent single-insert homozygous lines were selected each for plants
transformed with S AG12-PPD1CeDNA and S4G12-PPDligDNA. 25 Example 3
Transformation of Nicotiana iabacum with BNP-PPDKWNA and IINPPPDKgDNA.
Electrocompetent Acgrobacied Mmt:fr: idols strain I A3A4404 was transformed
by electroporation as described in Example 2 using the plasmids 13NP,
BNP-PPDKcDNA and 13NPPPDhlgDNA. Following dectroporation, I ml LB broth was
added to 30electroporated cells, which were then incubated in a shaking
incubator at 28 C., for 2 hours before being transferred onto LB agar
containing 50 ug mL1 kanamycin and 100 lig m1-1 spectinomycin
(Sigma-Aldrich). After incubation at 28 "C for 2 days one  - 40 - colony
was used to inoculate 50 ml LB broth containing 50 jigkanamycin and 100 jig
spectinomycin. This culture was incubated in a shaking incubator at 28 "C
for 3 days. Plasmid DNA was extracted and analysed by restriction enzyme
digest, and 50 id culture was used to inoculate $0 nil LB broth containing
50 jig m1-1 kanamycin 5and 100 jig ml----1 spectinomycin. This culture was
incubated in a shaking incubator at 28 "C overnight. Nicotiand tabor:um
cultivars Burley 21 and 1026 were grown from seed and the youngest leaves
were excised from 8 week old plants and sterilised in 8 % (v/v) Domestos
thick 10bleach (Domestos) for 10 minutes before being rinsed in sterile
distilled water. A number 6 cork borer was used to punch leaf discs, which
were then placed into 25 ml ofAgo/me/craw culture for 2 minutes. Leaf discs
were then placed underside down onto MS medium containing 2.2 p.M
6-benzylaminopurine (BAP) and 0.27 jiM a-naphthaleneacetic acid (NAA).
These were placed in a growth room at 22 "C for two 



i.days. Leaf discs -were then transferred to selective MS medium as above
containing 500 jig mM clarofan (Roussel Laboratories) (non-cocultivated
controls) or 500 jig clarofan and 100 p.gkanamycin. Leaf discs were
transferred to fresh selective MS medium as above every 14 days for 6
weeks. Callus and shoot clumps were then removed from discs and placed onto
LS medium containing 0.5 p.M. BAP, 500 jig ml I 20clarofan and 100 jig mM
kanamycin. After 2 weeks shoots were transferred to 150 ml jars with LS
medium containing 0.5 n,M, BAP, 500 pig ml--1 clarofan and no kanamycin.
After a subsequent 3 weeks, the dominant shoot was transferred to IS medium
containing 250 jigclarofan and no BAP or kanamycin. After another 3 weeks
25-shoots were further cleaned by transferring the shoot tip to ES medium
with no antibiotics or BAP. When SU fficient roots had generated, plants
were transferred to soil in greenhouses. Selection of transgenie Nicothina
tabacum 30 Quantitative PCR (Q-PCR) was used to quantify transgene copy
number in TO and Ti plants. Where possible, single insert TO and homozygous
T1 plants were chosen for analysis. For transgene detection, primers
BNP-1271F (SEQ ID No. 10) and BNP-   1334R (SEQ ID No. 11) were used, as
shown in Table 1, and the Vic/TAMARAlabelled probe BNP1291TV (SEQ ID No.
12) was used, annealing to the nptlI transgene. For internal quantitation,
primers NtCyc-184F (SEQNO. 13) and NtCyc- 316R (SEQ TD No. 14) were used,
and the FAM/TAMARA-labelled probe NtCyc- 5 267T (SEQ ID No. 15) was used,
annealing to the endogenous gene encoding Quantitation was by the
Comparitive Ct method (AACt method, Bubner & Baldwin (2004), Plant Cell
Reports, 23, 263-271). Reaction mixtures contained 1 x Universal Master Mix
(Am.), 0.9p.M each primer, 0.2 ;TM each probe (using separate reactions for
BNIT and NtCyc primers and probes) and approximately 500 ng genom c 10DNA
template extracted from leaf tissue using the Dneasy Plant Mini Kit
(Qiagen) according to the recommended protocol. 'Thermal cycling was
performed in a 79001TT Fast Real-Time PCR System (Applied Biosystems) with
an initial denaturation step of 95 "C for 10 minutes, followed by 40 cycles
of 95 "C for 15 seconds and 60 "C for I minute. Data were analysed using
the supplied SDS2.2 software (Applied Biosystems). 15 Following
regeneration in tissue culture of transformed TO generation 1(326 and
Burley 21 tobacco, quantitative PCIR (Q-PCR) was used to select plants
carrying a single copy of the transgene. Single-insert plants were selected
to reduce the possibility of transgene silencing. Q-PCR was performed using
oligonucleotides complementary to the nplin 20transgene, encoding neomycin
phosphotransferase. This gene was present between the left and right
borders of the 'F-DNA transferred into the plant genome in constructs pBNP,
BNIT-PPDKcDNA and 13N1T-PITDKgDNA. Plants transformed with pl3NP only
served as empty vector controls, to ensure that regeneration through tissue
culture was consistent between plants transformed with the empty vector and
those 



25transformed with the vectors containing PPDK coding sequence. Following
regeneration and Q-PCIT checks to confirm that successful transformation
had occurred, these plants were discarded.    For each construct
(S1G12-PPDKeDNA and ,S".4G12-1ITIDKgDNA) and each cultivar 30(1(326 and
Burley 21), six plants were selected. It was not possible to select only
single- insert plants, so where six single-insert plants were not
available, plants with the lowest  WO 20101097623PCT/G82010/050321 - 42 --
copy number possible were selected. "f hese plants were self-pollinated and
the seed was harvested. For each selected TO plant, 14 offspring were grown
and Q-PCR was repeated to select 5 homozygous plants. Use of homozygous
plants should ensure stability of the transgene in future generations. For
each TO parent, four offspring carrying the transgene were selected.
However, it was not always possible to select homozygous offspring for
every TO parent. Where parental copy number was higher than two, plants
with lower copy numbers were selected to reduce the possibility of
transgene silencing, and also to simplify the selection of homozygotes from
the T2 generation, if necessary. In this way, for each construct and each
cultivar four biological replicates (siblings) from five independent lines
were selected with low transgene copy numbers for all further experiments.
75 Example 4 - Detection and quantification of PPM< protein in transformed
Arabidopsis plants Protein extraction Arabidopsis leaf tissue (100 mg) was
ground under liquid nitrogen in a 1.5 ml 20microcentrifuge tube using a
micropestle and 400 ill extraction buffer (Potassium Phosphate Buffer (plus
Protease Inhibitor Cocktail (PIC, Sigma)) was added. Protein concentration
was determined by Bradford assay (Jones et al., 1989, Journal of Chemical
Ecology, 15,979-992) using Bio-Rad Protein Assay Reagent (Bio-Rad)
according to the recommended protocol. 25 Polyacrylamicle gel
electrophoresis  Proteins were separated by polyacrylamide gel
electrophoresis (PAGE) in a resolving gel containing 10 % (v/v) acrylamide
(37.5:1 acrykliis acryl, Severn Biotech -I Ad), 50 0/0 (v/v) Immunoblot
Resolving Buffer (see Section 2.10), 0.05 % (w/v) ammonium 30
peroxodisulphate CAPS, AnalaR) and 0.05 % (v/v)
N,N,N'N'tetramethylethylenediamine (TEMED, Severn Biotech Ltd). The
stacking gel contained 5 % acrylamide as above, 50 % (v/v) Immunoblot
Stacking Buffer, 0.06 %  - 43 - (w/v) APS and 0.1 % (v/v TEMED.
Electrophoresis was performed on 20 jig total protein extracted using 1 x
immunoblot Sample Buffer (66 mM Tris-11C1, 10 % (v/v) glycerol, 0.7 inM
SDS, 0.7 M p -mexcaptoethanol (IIDH Laboratory Supplies) and 0.05 ,40 (w/v)
bromophenol blue and Immunoblot Running buffer (25 niM Tris IIC1, 0.29 5niM
glycine (Fisher Scientific) and 3.5 itiM SIDS at a current of 70 mA for 1
hour 30 



minutes. Duplicate gels were run simultaneously. One was used for
immunoblot analysis (described hereinafter) and the second stained using
GelCode Blue Safe Protein Stain to(Fhermo Scientific) according to the
recommended protocol. Gel Drying Film (Promega) was used to dry stained
gels. Immunoblot analysis       Proteins from the gel for immunoblot
analysis were transferred onto a Protan BA83 IsCellulose Nitrate Membrane
(Schleicher and Schuell) using Protean Extra-Thick Blot Paper (Bio-Rad) and
Immunoblot Transfer Buffer (48 mM 39 niM glycine, 1.3 mM SDS and 20% (v/v)
methanol (Fisher Scientific))in a Semi-Dry Blotter (BioRad) at 15 V for 1
hour. Ponceau Stain (0.5 (14) (w/v) Ponceau S (Fluka) and 1 % (w/v) glacial
acetic acid (Fisher Scientific)) was applied to the membrane after blotting
to 20verify protein transfer, and the membrane was then rinsed in distilled
water. Blocking buffer for PPDK immunoblot analysis was made fresh each day
using 1 % (w/v) dried skimmed milk powder (Marvel) and 0.1 % (v/v)
polyoxyethylene sorbitan monolaurate (FWEEN 20, Sigma-Aldrich) in phosphate
buffered saline (PBS: 1.5 mM 25potassium dihydrogen orthophosphate (Kt
I2PO4, AnalaR), 8.1 mM disodium hydrogen orthophosphate, 2.7 mAll potassium
chloride and 137 ini\I sodium chloride. Hydrochloric acid was used to
adjust to pH 7.4. Membranes were incubated in blocking buffer at room
temperature on a shaker for 1 hour. Primary hybridisation was performed
using a 1:10,000 dilution of rabbit anti-PPDK antibody (Chris Chastain,  30
Minnesota State University) followed by 3 washes of 5 minutes each in
blocking buffer. Secondary hybridisation was performed using a 1:1000
dilution of Donkey Anti-Rabbit Biotinylated Whole Antibody (GE Healthcare)
followed by 3 washes as above. Tertiary  - 44 - hybridisation was performed
using al:1000 dilution dilution of StreptavidinBiounylated Horse Radish
Peroxidase Complex (GE Healthcare) followed by 3 washes of 5 minutes each
in PBS containing 0.1 % (v/v) TWEEN 20. 5 Membranes were then rinsed 3
times in distilled water. Detection was performed using Western Lightning
Chemiluminescence Reagent (Enhanced Luminol, Perkin Elmer) according to the
recommended protocol. Referring to Figure 4, there is shown the selection
of transgenic .514G12-PPDK Ambidopsis iba liana cell lines by Western blot.
Protein was extracted from leaf tissue of eight week old .4 rabidopsis
wild-type, APPDK ,SAG12--PPDKcDNA and S461 2- PPD/CgDNA plants, and
subjected to immunoblot analysis to select lines expressing higher levels
of PPDK. Recombinant maize ITITDK (30 lig) was used as a positive control.
PITDK was not detected in wild-type or 1?PDK mutant plants (APPDK). 15
5.41612-PPDKgDNA plants were expressing higher levels of PPDK than 14612-
PPDKcDNA. All subsequent analysis was performed on the five
5.41G12-1TPD-KgDNA lines. PPDK was undetectable in wild-type and /WPM.
plants, was detectable at low levels 20 in some ,S4G12-PRDKeDNA plants, and
was detectable in all S46712-PROKgDNA lines. Tn three of these lines, much
higher amounts of ITITDK were detected compared to wild--type or SA G1
2-PPDKWN A lines. Therefore, the presence of introns appears 



to have a positive effect on ITPDK expression levels, and the SA
G12-PPDICgDN A lines were selected for use in all further experiments. 25
mmunoblots against PPDK were performed on wild-type, APPDK and 5A612-
PPDKgDN A plants in order to determine the onset and extent of PPDK
accuniulath in SA G12-PRIVgDN A plants. 30Referring to Figure 5, there is
shown the quantification of PPDK abundance in wild-- type, APPDK and five
independent S4012-1)PDKgDNA lines from week five onwards. PPDK abundance
was calculated as a percentage of wild--type for each  - 45 - point from
weeks live to nine. Data are shown as mean of these five time-points. 1:
:or bars show one SEM. S AG 1 2 -PPDKADNA lines are arranged in order of
increasing PPDK abundance. The differences between genotypes were tested
using ANOVA (F 4.775, cif = 6, p 0.001). Lines significantly different to
wild-type were G12.3 (p 50.005) and G16.1 (p = 0.004). Proteins were
extracted from leaf tissue harvested at weekly intervals from three weeks
to nine weeks after sowing. PPDK was detected in low amounts in wild-type
plants from week five onwards, confirming that the observed increase in
transcripts results in 10 an increase in protein abundance. In SA G1 2
-PPDICgDN A plants, onset of PPIDK accumulation was also observed at week
five, but PPDK abundance is higher than in the wild-type. No PPDK protein
Was detected at any stage in APPDK plants. A method to allow quantification
of PPDK in leaf protein extracts was also optimized. IS Different amounts
of recombinant maize PPIDK protein were subjected to SIDS-PAGE and
immunoblot analysis. Band intensity was calculated using .AlphailIase
imaging software and a standard curve constructed. The regression line was
calculated using SigmaRlot software which was subsequently used to
calculate PPDK amounts in plant leaf samples. Since immunoblot detection
levels can vary, it was necessary to include at 20least three standards on
every immunoblot to allow true comparison between different immunoblots.
This technique for quantification of PPDK abundance in different extracts
was used to select and compare different transgenic lines. PPDK protein
abundance was calculated by reference to the known standards of
25recombinant maize PPDK protein for at least four biological replicates
for each line at each time-point. The analysis showed that PPDK abundance
in .1.71G12-fIRD/CgDNA was higher than in wild-type from week five onwards.
PPDK abundance Was calculated as a percentage of wild-type at each
time-point from week five onwards for each ,S14G1 2 -PPDKgDN A line, and
the mean taken of these values to quantify PPDK .30 accumulation over the
senescence period in each S4G12-PRDICgDNA line. This allowed the SAC  1 2
-PPDKgDN A lines to be ordered according to increasing PPDK abundance, as
shown in Figure 5.  - 46 - 



Since proteins winch accumulate in high amounts in transgenic plants may be
subjected to inactivation, the increased protein abundance does not
necessarily imply increased enzyme activity. PPDK is reversibly
phosphorylated in the dark, resulting in its 5 inactivation. An antibody
has been raised against the phosphorylated version of PPDK (Phospho-PPDK),
allowing specific detection of the inactive form of PPDK, whereas the
antibody used previously (anti-PPDK) detects PPDK regardless of
phosphorylation state (Chastain eta]., 2002, Plant Physiology, 128,
1368-1378). The anti-PhosphoPPDK antibody was used to detect inactivated
PPDK over a time-course from three weeks to 10nine weeks after sowing, on
immunoblots probed initially with anti-PPDK. antibody and then stripped and
reprobed. Surprisingly, inactivated PPDK (phosphorylated) was detectable
only at very low levels in wild-type plants in a number of immunoblots, and
only during the later stages of 15senescence. In S4G-12-PPINCgDNA plants,
depending on the time-point inactivated, PPDK was detected at higher
levels. However, at time-points soon after onset of increased PPDK
abundance, very little or no inactivated PPDK was detected despite high
abundance of total PPDK. These results suggest that while some PPDK
inactivation could occur in ,SAG12-PROICgDNA plants, increased abundance of
20enzymatically active PPDK is present in SAG12-PPDK plants at least during
early stages of senescence. Example 5 Detection and quantification of PPDK
protein in transformed Niabacum plants  25N./abut:um leaf tissue (100 mg)
was ground under liquid nitrogen in a 1.5 nil microcentrifuge tube using a
micropesde and 400111 extraction buffer (Overcoat Buffer (PIG)) was added.
Protein concentration was determined by Bradford assay (Jones et al., 1989)
using Bio-Rad Protein Assay Reagent (Bio-Rad) according to the recommended
protocol. Proteins were separated by polyacrylamide gel electrophoresis
.30(PAGE) as described in Example 4. Proteins were analysed and PPDK
protein quantified by immunoblot as described for Example 4.  - /1-7 -
Immunoblots against PPDK were performed on leaf protein extracted from K326
and Burley 21 Ti generation tobacco leaves induced to senesce by detachment
and incubation in the dark at 30Senescence was induced in this way so that
transgemc lines with highest Pl?DK abundance could he identified, and other
lines discarded, before plants reached maturity. In K326 plants, PPDK was
detected in high abundance in three Si4012-PPDKgDNA lines (G4, GB and (iIO)
and in one SlAG12-PPDKcDNA line (C10). In Burley 21 plants, PPDK was
abundant in four SA G12-PPDKgDNA lines (G3, 07, Gi 5 and G23), but was not
present in as high abundance as in K326 lines. The four lines each for K326
and Burley 21 that had highest PPDK abundance were 10used for all further
analysis. Since highest PPDK abundance was observed almost exclusively in
SAG12-PPDKgDNA lines, it appears that introns have a positive effect on
PPDK expression.     Referring to Figure 6, there is shown the selection of
S4G12-PPDK K326 and Burley is21 tobacco lines, as follows: 1)) PPDK
immunoblot to select transgenic K326 lines. Senescence was induced in green
leaves of six week old plants by detachment and dark incubation at 30 C for
three days. Protein was extracted and subjected to immunoblot analysis to
select lines expressing higher levels of PPDK. Recombinant maize Pl?DK (50
lig) was used as a 20 positive control. One representative immunoblot is
shown, with one offspring from each parental TO plant. Plants from parental
lines ,SAG12-PPDICgDNA G4, GB and GI 0 and from 3AG12-PPDKeDN A line C10
were used for all subsequent analysis. (c) PPDK immunoblot to select
transgenic Burley 21 lines, as for K326 in section (b). Plants from
parental lines SAG12-PPDKgDNA 03, G7, 015 and 023 were used for all
25subsequent analysis. 



Immunolilots against PPDK were performed on wild-type, zero copy (negative
segreganfi, S4G12-12PDKgDNA K326 SA G12 PPDKcDNA K326 and SAG/ 2 PPD/CgDNA
Burley 21 tobacco to determine the onset of expression of PPDK and to
30quantify the degree of PPDK overexpression in the transformed plants.
Proteins were extracted from K326 wild-type and transformed plant leaves
one (oldest) to eight (young) of three month old plants and immunoblots
against PPDK were performed.  - 48 - Referring to Figure 7, there is shown
the overexpression of PPDK in ripe leaves of K326 tobacco. PPDK abundance
was calculated from imniunoblots. Data are shown as mean of 10 biological
replicates for zero copy plants, and four biological replicates 5 for each
,SAG12-13PDK line. Error bars show one SEM. SAG12-PPDK lines are arranged
in order of increasing PPDK abundance. The difference between genotypes
were tested using ANOVA (F = 6.995, df = 4, p = 0.001). Lines significantly
different to zero copy plants were G10 (p = 0.006), G8 (p = 0.003) and C10
(p = 0.000). toPPDK abundance was higher in older leaves of wild-type
plants, indicating that PPDK is naturally upregulated during senescence in
tobacco as well as in Arabidopstir. In the transformed K326 plants, PPDK
abundance was also higher in older leaves, and was much higher than in
wild-type plants. There was also higher abundance of PPDK in younger leaves
of transformed lines with highest PPDK abundance. Immunoblots were
15performed on protein extracted from 'ripe' leaves of zero copy plants
(negative segregants) and transformed plants. Ripe leaves are those at a
harvestable stage, and are in the later stages of senescence. PPDK
abundance was quantified. PPDK abundance was higher in ripe leaves of all
four independent transformed lines compared to zero copy plants.
Overexpression of PPDK during senescence using the SAG 12 promoter 20was
successful for K326 tobacco. Example 6 Phenotypic analysis of transformed
Aralnclopsi.c plants Analysis of Arabidopsis plant growth  Referring to
Figure 8, it is clearly shown that the overex.pression of PPDKgDNA in
Ambidapsis thaliana generates plants with larger rosettes. Wild-type, APPDK
and 146.12-13PDklipM/1 plants were photographed at three, five, seven and
nine weeks after sowing. ,SAG12-1)11)D1:gDNA plants were larger than
wild-type. There was no discernable difference between PPDK plants and
wild-type plants. 30  WO 2010/097623PCT/G132010/050321 19 - determined from
samples freeze dried overnight using an Edwards Super Modulyo Freeze Dryer
to the nearest 0.1 mg. Referring to Figure 9, there is shown the
reproductive tissue mass at week nine. A 5 dose response to PPIDK was
observed, with lines with higher PPDK abundance having higher reproductive
tissue mass. Total reproductive tissue (stems, cauline leaves, flowers and
siliques) was weighed. Values are means of three biological replicates.
Error 



bars show one SEM. Transgenic ,S1.4 GI 2 THEW NA lines are arranged in
order of increasing PPDK abundance. Difference between genotypes was tested
using ANOVA to(F -= 8.062, df - 6, p = 0.001). Al] SA G 2 -PPDligDNA lines
were significantly different to wild type (G9.4 p = 0.031, G5.4 p = 0.000,
G-19.2 p = 0.000, G12.3 p = 0.001, G16.1 p = 0.001). While the trend is not
absolute, lines with higher PPDK abundance tended to have higher
reproductive tissue mass. Reproductive tissue as percentage of total plant
fresh mass was also calculated, but was not significantly is different for
wild-type, APPDK or SA G1 2 -PPDA1gDNA plants when tested using AND VA (F =
0.544, df = 6, p - 0.767, data not shown). However, the proportion of
reproductive tissue as a percentage of total plant mass was unchanged,
suggesting that the plant as a whole was bigger and that resource
allocation 20between vegetative and reproductive tissue was unchanged.
Total plant fresh mass and reproductive tissue mass were also measured in
APPDK plants, and were not significantly different to wild-type. Rosette
dry mass was also measured, and as for total plant fresh mass and
reproductive tissue mass, SA G1 2 -PRD KgDN A plants were found to have
significantly higher mass than wild-type. Referring to Figure 10, there is
shown total plant fresh mass (rosette plus reproductive tissue) of
wild-type and SAG 2-PPDgDNA plants from weeks three to nine after sowing.
Data are shown as mean of three biological replicates for wild-type, and 15
biological replicates (three plants each for five independent lines) for SA
G 12- 30 PPDIcgDNA. Error bars show one SEM. Wild-type and SA 61 2
-PPDICgDNA total plant masses were compared using a student's t-test at
each timepoint. Rosette mass was significantly higher in ,S "/1G 12- PRO
kiti,DNA plants at week nine (p = 0.032).  - 50 - The difference was not
significant prior to onset of PPDK overexpression due to the 14C12 promoter
at week five. All five independent .514G12-PPD/K5aNA lines had increased
rosette dry mass. A dose response to PPIDK abundance was observed as for
5reproductive tissue mass, with lines with higher PPDK content having
higher mass. Rosette dry mass was also measured in APPDK plants, and was
not significantly different to wild-type plants. Determination of Arab clop
sit leaf surface area  Surface area of the rosette was determined by
sampling a single mature leaf, usually leaf 10, determining the mass of the
leaf and of the whole rosette as above and photographing the leaf alongside
a ruler. The surface area of the leaf was measured using imagej
software(National institutes of Health), and the surface area of the whole
rosette calculated from this. 15 Rosette surface area was increased in
SAG12 01<gDNA plants following onset of PPDK overexpression. While surface
area was significantly larger in SAG12 - PPDICgaNA plants at weeks six and
seven, by weeks eight and nine surface area was not significantly different
from wild-type. This large decrease in surface area could be 20 due to
increased remobilisation of nutrients in A G12-PRDICgDNA plants compared to
wild-type. Surface area in APPDK plants was not significantly different to
wild-type plants. Determination of Chlorophyll concentration  



25Chlorophyll content was measured in relative units using a CCM-200
hand-held chlorophyll meter (Opti-Sciences). Fluorescence measurement of A
rab idops is The EV / FM ratio was measured using a Hansatech EMS2
fluorometer. Leaves were 30dark adapted using leaf clips, provided by the
manufacturer, overnight prior to measurement. To determine whether onset of
senescence was altered in ,S1/1 G12 - PPDK,gDNA. or APPDK plants relative
to wild-type plants, EV / FM ratios were  WO 2010/097623PCT/6B2010/050321 -
51 measured. FV / FM is an estimate of the quantum efficiency of
Photosystem II, and declines when photoinhibition occurs. It is a useful
measure of the onset of senescence, since decline in photosynthesis occurs
early in senescence, before a decline in chlorophyll content is detected.
FV / FM was measured over a timecourse from four 5 weeks (when leaves
become large enough to measure EV / FM) to nine weeks after sowing. In
wild-type, ,SAG12-PPDICgDNA and APPDK plants, FV / FM was maximal at week
seven and subsequently declined, indicating that timing of onset of
senescence was the same in all three genotypes. However, in 5/1G12-PPDIWN.4
plants FV. / FM was significantly higher than wild-type at week eight,
indicating prolonged 10photosynthetic activity in the later stages of
senescence. Nitrogen content  Tissue for nitrogen analysis was freeze dried
using an Edwards Super Modulyo Freeze Dryer. Atribidopsis leaf tissue (25
mg) or tobacco leaf tissue (100 mg) was packaged in 15 nitrogen-free
weighing paper (Elementar Analysensysteme GmbH). A Rapid N Ill Nitrogen
Analyzer (Elementar Analysensysteme GmbH) was used to measure nitrogen
content as a percentage of dry weight, using the recommended settings.
Aspartic acid (Sigma-Aldrich) was used as a standard. Leaf nitrogen content
was measured in Arabidopsis wild-type,S1/16112-PPDICgaNiA and APPDK plants
over a timecourse from 20three to nine weeks after sowing. Referring to
Figure 11, there is shown the nitrogen content in leaves of wild type,
APPDK and S 71(112-PPDICRDN A plants at week seven. Data are shown as mean
of eight biological replicates for wild-type and APPDK and four biological
replicates for 25each ,S1/16112 PPOICgON.-11 line. Error bars are one
SEM.,511611/2 PPOK:g1/NA lines are arranged in order of increasing PPDK
abundance. The difference between genotypes was tested using ANC/VA- 6.047,
(jf = 6, p 0.000). APPDK plants and all SAG12-PPI/KgDNA lines were
significantly different to wild type (APPDK p - 0.004, G9.4 p = 0.000, G5.4
p = 0.000, G19.2 p - 0.001, ( 12.3 p = 0.007, G16.1 p = 0.006). 30  - .52 -



increasing PPDK abundance during senescence could enhance efficiency of n
rogen remobilization. PPDK expression and activity peaked at week six in
SAG-12- PPDKgDNA plants, which suggests that a time delay occurred between
increased PPDK abundance and a measurable decrease in leaf nitrogen, which
could be attributed 5to the time taken to convert protein amino acids to
transport amino acids (asparagine and glutamine) and transport them out of
the leaf. Analysis of Arabirlopsis seed  10Individual seed mass and
nitrogen content were measured in seed of \vild-type, SAG1 2- PPDIcgDNA and
APPDK Alba/Aiwa plants. Referring to Figure 12, there is shown the nitrogen
content of individual seed of wit]- type, ,APPDK and S4G12-PPDK plants.
There were significant increases in seed 15 nitrogen content of the
SAG12-PPDKcgDNA plants. Data are shown as mean of eight biological
replicates for wild-type and APPDK and four biological replicates for each
5AG12-PPINCgDN4 line. Error bars are one SEM. S4G12-PPDK5DNA. lines are
arranged in order of increasing PPDK abundance. Difference between
genotypes was tested using ANOVA (17 = 6.704, df - 6, p = 0.000). Lines
significantly different to 20wild-type were G19.2 (p = 0.000), G12.3 (p =
0.005) and G16.1 (p = 0.002). Lines with higher PPDK abundance tend to have
higher seed nitrogen mass. Hence, individual seed mass was increased in all
five independent S4G12-PPDIcgDNA lines relative to the wild-type, and a
dose response to PPDK abundance was observed, with plants with higher PPDK
abundance having higher seed mass. 'Iota! seed harvested from each 25plant
was also weighed, and there was no significant difference between wild-type
and .1.4612-PPOKA1)NA plants, so increased seed size in ,S1/IG12-PPDK
plants did not compromise total seed harvest. Free Amino Acid content of
Arabizthp.us leaf tissue  30Leaf tissue (100 mg) was ground under liquid
nitrogen in a 1.5 ml microcentrifuge tube using a micropestki (Eppendorf)
and 300 p.1 sterile deionised water was added. Samples were subjected to
centrifugation at 13,000 rpm at 4 Xi for 5 minutes. Protein  concentration
was determined by Bradford assay (Jones eta]., 1989) using Bio-Rad Protein
Assay Reagent (Bio-Rad) according to the recommended protocol. Samples were
prepared for amino acid analysis using the EZfaast Amino Acid Sample
Testing Kit (Phenomenex) according to the recommended protocol. Samples
were resuspended 5 in 10 mM ammonium formate (BDH laboratory supplies) in
50 % sterile distilled water and 50 % ultra grade methanol (Romil). Samples
were then subjected to liquid chromatography-mass spectrometry (LC-MS)
using a Q Trap LC/MS/MS (Applied Biosystems/MDS scmx) with an EZtiaast 250
x 10 3.0 mm AAA-MS column (Phenomenex) and 10 nthl ammonium formate in 50 %
(v/v) sterile distilled water and 50 % (v/v) ultra grade methanol as the
mobile phase. The mass spectrometer was used in positive ion mode with
conditions as 



recommended in the EZfaast Kit (Phemonenex). Results were analysed in the
supplied Analyst software (Applied Biosystems/MDS SCIEX). 15 Total free
amino acid content was measured in leaves of wild-type, 514G12- PROIcgDNA
and APPDK.Atiabidaptir plants over a timecourse from weeks three to nine
after sowing. 20Referring to Figure 13, there is shown the total free amino
acid content is increased in leaves of Arabic/optic overexpressing PPDK.
Data are shown as mean of six biological replicates for wild-type and APPDK
and four biological replicates for each S.4(712- PRDNONA line. Error bars
are one SEM.012-PRO1gDN4 lines are arranged in order of increasing PPDK
abundance. All five .Si40/2-PPD/KgDNA lines have higher total amino acid
content than the wild-type, but variation is high and the difference was
not significant when tested using ANOVA (17 Zr. 1.314, df = 6, p 0.289). In
SAG12-PPDICgDNA plants, total free amino acid content was significantly
higher than in wild-type plants at week seven, the same time at which leaf
nitrogen content to becomes significantly lower than wild-type, and one
week after maximum Pl?DK abundance in leaves of SA 012-PPDNONA plants. The
increase occurred in all five independent S4G12-PPD/cgDIVA lines, although
variation was high and the differences  between individual lines and the
wild-type were not significant. This increase suggests that at this
time-point amino acid production occurs at a greater rate than amino acid
export can occur, and so amino acids accumulate during the leaf. Total free
amino acids were not significantly different in APPDK plants compared to
wild-type. 5 Transport amino acids (glutamine and asparagine) were also
measured and expressed as a percentage of total free amino acids. In
SAG12-PPDIcgDNA plants, transport amino acid content was significantly
higher than in wild-type plants at weeks seven and eight. The increase
occurred in all five independent S4C12-PPDK:gDNA lines, although
10variation was high and the differences between individual lines and the
wild-type were not significant. Therefore, in addition to an increase in
total free amino acid content in ,SAGI2-PPMCgDNA plants, the content of
transport amino acids increases as a propordon of the total. Again, this
suggests that glutamine and asparagine production exceed the export
capacity of the leaf at these timepoints, supporting the hypothesis 15 that
increased PPDK abundance during senescence increases the efficiency of
amino acid inter-conversions leading to the formation of transport amino
acids. In APPDK plants, no significant difference to the wild-type was
observed. Example 7 - Phenotypic analysis of transformed tobacco plants 20
Analysis of tobacco leaf nitrogen content  Leaf nitrogen content was
measured in ripe leaves of negative segregant and SAGOPRDIC K326 tobacco.
Ripe leaves are those ready for harvesting for tobacco production. I.eaf
nitrogen content of SAG12-PPDK plants was lower than that of 25negative
segregant plants, for some of the four independent SA (71 2-PPDK lines.
Ripe leaves were used to measure leaf nitrogen content since these leaves
are at the stage at which they would be harvested for tobacco production.
However, the fact that there was little difference in leaf nitrogen content
in ripe leaves does not necessarily 30imply that nitrogen remobilisation
was not increased. In time-courses of senescing 



SAG1 2 -1.31)DlisDNA Amhidopsis plants, leaf nitrogen content was
significantly lower than wild-type, but by late senescence the difference
was much smaller. It is therefore  - 55 possible that a difference in leaf
nitrogen content in tobacco occurs earlier in senescence, and that the
difference decreases by the time leaf nitrogen content was measured.
5Analysis of tobacco leaf amino acid content Amino acid content was
measured in mature leaves of K326 tobacco, induced to senesce by detachment
and incubation in darkness at 30 "C for three days. This allowed
comparisons to be made between the same leaves before and after induction
of senescence. Induction of senescence by leaf detachment and dark
incubation shows 10greatest overlap of gene expression patterns with
age-related senescence. In K326 tobacco, total amino acid content increased
following induction of senescence in negative segregant plants and in
,SlAG12-MIDK plants. The increase was calculated as a percentage of total
amino acid content before induction of senescence. For ,S/1G12- isPPDK line
C10, the increase was significantly smaller than that in negative segregant
plants, but no other S4G12-PPDK line showed a significant difference to
negative segregant plants. Overexpression of PPDI< during senescence
therefore appeared to have little effect on total amino acid content
following induction of dark-induced senescence. Transport amino acid
(glutamine and asparagine) content also increased in  20 K326 tobacco
following induction of senescence, but the increase occurred in both
negative segregant and S4G12-PPDK lines, and there was no significant
difference between genotypes in the degree of increase following induction
of senescence. Analysis of tobacco seed  Individual seed mass was measured
in K326 tobacco, and was significantly higher in    612-PlInNgDNA and
.514612-PPDKcDN.--1 plants compared to negative segregant plants, for all
four independent transgenic lines. Mass of seed per seed pod was also
measured, and was significantly higher in 146'12-PPDKgDNA and S461 2-
PPDKeDIVA plants. 30  56 - segiegants for the SA (11 2-PPDK insert) and
,5AG12-PPDK plants, was calculated by photographing, counting and weighing
approximately 1000 seed. Data are shown as mean of 10 biological replicates
for zero copy plants, and four biological replicates for each SAG12-PPDK
line. Error bars are one SEM. S401 2-PPDK lines are arranged in 5 order of
increasing PPDK abundance in ripe leaves. Seed mass is higher in 14G1 PPDK
plants. The difference between genotypes were tested using ANOVA OF =
4.870, df = 4, p = 0.006). Lines significantly different to zero copy
plants were G8 (p = 0.005) and C10 (p = 0.002). 10 The percentage nitrogen
content of seed was higher for all four independent 4.G12 PPDKg,DATA and
S4G12-PPDICcaiV4 lines, but the difference was not significant. However,
mass of nitrogen per seed was significantly higher in .Sl4C12-PPDK:gDNA and
,SAG7 2-13PDKcDNA plants. 15Referring to Figure 15, it is clearly shown
that seed nitrogen content is increased in ,SAG12-PPDK 1(326 tobacco. The
mass of nitrogen in individual seed of 1(326 zero 



copy and .SAG12-PPDK plants, was calculated from seed mass and seed
nitrogen content data. Data are shown as mean of 10 biological replicates
for zero copy plants, and four biological replicates for each SAG12-PPDK
line. Error bars are one SEM. 20 SA GI 2-PPD/C lines are arranged in order
of increasing PPDK abundance in ripe leaves. Mass of nitrogen in individual
seed is higher in 34G12-PPDK plants. The differences between genotypes were
tested using ANOVA (17 = 7.807, (If - 4, p = 0.001). lines significantly
different to zero copy plants were G8 (p 0.000) and G10 (p -- 0.000). This
suggests that nitrogen supply to seeds was increased in .SI4RIC12-PPD/cgDNA
and .V.,-4G/2-PPDKcDN./1 K326 tobacco plants. In 1(326 plants, a dose
response to PPDK was observed. Plants with higher PPDK abundance in ripe
leaves had larger seed individual seed mass, higher mass of seed per seed
pod, and increased mass of nitrogen in individual seed. This strongly
supports a role for PPDK in nitrogen remobilisation, 30 since increased
PPDK content appears to be connected with increased nitrogen supply to
seed.  WO 2010/097623PCT/G 82010/050321 - 57 - In summary, in 34C12-PPDK
K326 tobacco individual seed mass (Figure 14) and nitrogen mass per seed
(Figure 15) were both increased, suggesting that nitrogen remobilisation
was increased by overexpression of PPDK. An increase in transport amino
acid content of senescing leaves would therefore be expected, as for .4
rabidopsit 5 SA 01 2- PPDR7gDNA plants. However, in .Arabidopsis amino acid
content was measured in naturally senescent leaves, whereas in tobacco,
senescence was induced by leaf detachment and incubation in darkness. Since
the processes that occur in dark-induced and age-related senescence differ,
the processes occurring in the tobacco leaves were unlikely to be analagous
to those in the Ambidoptis leaves. 10  Example 8 Generation of Arabidopth
plants over-expressing PCK and Pl?DK  Over-expression of.Atabidoptis PCK
(At4g37870.1) during senescence was achieved by fusing the coding region
and genomic clone of PCK to the senescence-associated gene l 2(SA(i12)
promoter within the BNP1380000001 binary vector, which was 15transformed
into .Ambidopsis ihallana, as described in Ex amples 1 and 2. The At PCK
coding sequence was first isolated from Arabidopsis cDNA, and the genomic
sequence was isolated from Arabithosisgenomic DNA using PCR, as described
in Example I in relation to PPDK. However, P(.:R primers were designed
20including the start and stop codons of the Arabidopsis thallana (At) PCK
gene, and also included an Xbal restriction site in the forward primer,
AtPCK-Nba IFOR (SEQ ID  No.25), and a Sad restriction site in the reverse
primer, AtPCK-Sac IREV (sEQ ID  No.26), as shown in Table 1, in order to
facilitate the subsequent ligation of the gene into the BNP1380000001
vector, which is illustrated in Figure 3a. 25 The cDNA and genomic DNA
templates used for each PCR reaction were prepared according to Example I.
The PCR.. reaction mixture contained 1 x HE buffer (NEB), 2 mM magnesium
chloride (NEB), 0.5 mM diNTPs (Bioline), 100 no; of template @DNA or
genomic DNA), 0.5 iAM each primer and 1 unit Phusion High-Fidelity DNA 30
Polymerase (NEB). Thermal cycling was performed using a 'recline Thermal
Cycler with an initial denaturation step of 98C for 30 s, followed by 35
cycles of 98C for 10 s, 60C for 30 s and an extension time of 72C for 2 min
30 s for the coding region 



WO 2010/097623ITT/G B2010/050321 58 - and 4 min 30 s for the genomic clone.
The last step involved a final extension at 72C for 10 min. These PCR
products resulted in a 2 kb band for the coding sequence (cDNA) and a 3.5 5
Id) band for the genomic sequence of PCK, and were PEG-precipitated. The
amplified DNA was ligated (blunt-end) into the pC124 Blunt-TOPO vector
(Invitrogen) according to the recommended protocol, as for PPM< described
in Example 1. The plasmid was then transformed into Library Efficiency
DI-153( Heal cells. Kanamycin (50 m1-1) was used as the selective
antibiotic. Positive colonies were selected by colony PCR using the primers
AtPCK-Xlia IFOR (SEQ ID No.25) and AtPCK-Sac IREV (SEQ ID No.26) for both
the coding region and the genomic clone, Positive colonies were grown
overnight in a shaking incubator at 37C in 5 ml of 1,13 broth containing 50
ig ml: l kanamycin. 15 Plasmid DNA was isolated using the QIAprep Spin
Miniprep kit (Qiagen Ltd) and insert sizes were analysed by a sequential
enzyme restriction digest. This was carried out by digesting 1 pg of DNA
with 10 units of XbaI and 1 x Xbal buffer at 37C for 2 h and then adding 10
units of ,SlacI and 1 x ,SlacI Buffer at 37C overnight. Plasmid DNA
containing the correct inserts was sequenced using AtPCK-Xba IFOR/AtPCK-Sac
20 IREV. Sequence was analyzed using BioEdit and the amplified AtPCK coding
sequence and genomic sequence were verified using BLASTX. In order to
ligate the AfPCK coding region and genomic clone into the pBNP vector shown
in Figure 3a, E. co/i colonies representing each of the two plasmids were
used to 25inoculate 25 ml of LB broth containing 50 lig ml kanamycin. The
cultures were left shaking overnight at 37 'C and the plasmid DNA was
purified using the QIAfilter plasmic] midi kit (Qiagen Ltd). The pBNP
vector was purified in an identical fashion but from 100 ml of culture
containing 50 lig ml kanamycin. The same sequential enzyme digest as
described above was performed on all purified plasmid DNA. 3 p.g of 30 DNA
was digested for the plasmids containing the coding region and genomic
clone and 1 vg of DNA for the pl3NIP vector. Samples were separated by
crystal violet gel electrophoresis and the products were purified using the
Qiaquick Gel Extraction kit  - 59 - (Qiagen Ltd). The 14.4 kb pliNP vector
product was treated with alkaline phosphatase to prevent self-ligation and
the coding region and genomic clone inserts were ligated into the pBNI?
vector using XballSacl. digests. Library efficiency DliI5a Had/ cells were
transformed with 2 ill of the ligation reaction and positive colonies were
screened 5 by PCR using AtPCK-Xba IFOR and AtPCK-Sac IREV. Plasmid DN.A was
extracted from the colonies containing the desired insert using the
QI.Aprep Spin Miniprep kit (Qiagen Ltd) and DNA was subsequently digested
with 10 units of Xbal, 15 units of Sad and 1 x Xbal Buffer at 37 C for 2
h.1.1-wo separate 



10 colonies each of the coding sequence and the genomic sequence insert in
the pl3NI? vector, which showed the correct expected restriction enzyme
digest pattern, were selected and sequenced using the BNP-S1\G12FWD primer
(SEQ ID No.9). The sequence was analyzed using the BioEdit program. The
constructs generated were named pALBNP1 (coding sequence) and pALBNP2
(genomic sequence), as shown in 15Figure 31). Five homozygous single insert
lines were generated and over-expression of PCK was verified through
immunoblotting as described in Example 3, using a PCK specific antibody. A
polyclonal antiserum was raised in rabbit using synthetic peptides designed
20against the PCK amino acid sequence. The sequences were (i)
DELICWTHIGVSNIEG (SEC/ ID No.27), and (ii) CVDLSREKEPDIWNA (SEQ ID No.28),
which were chemically synthesised and then coupled to keyhole limpet
haemocyanin before being co-injected into rabbits. The results obtained
using the antibody are illustrated in Figure 16, which shows that
transformed plants had elevated levels of IICK protein. SAG12-PCK-IIPDK
cell lines were generated by crossing single SAG12-PCK transformants (3)1
and (19)4 with a strong SAG12-PPDK over-expressing line. Analysis of the
plants having elevated levels of both PCK and PPDK showed increased
30rosette mass, as shown in Figure 17.  - 60 - !Finally, although the
inventors do not wish to be bound by hypothesis, Figure 18 shows a
speculative biochemical pathway illustrating how PCK and PPDK may affect
Nitrogen remobilisation. 5 PCK/PPDK double constructs  The inventors
observed that, when transformed into a plant, the PCK and PPDK single
constructs shown in Figure 3 resulted in increased rates of nitrogen
remobilisation from senescent leaves, and also an increase in the amount of
vegetative plant growth (which corresponds to an increase in crop yield),
when 10 these enzymes were over-expressed in senescent leaves. The
inventors therefore decided to produce two double constructs in which the
genes encoding PCK and PPDK were both inserted into pl3N1,3130000001 under
the control of the SAG12 promoter. 15 The first double construct was made
by ligatmg the gDNA encoding PCK downstream (i.e. the 3' end) of the
PPDK-encoding gDNA fragment of 13NPPP1)KgDNA using an XbalL/Sati digestion.
Thus, the SAG12 promoter in the plasmid was responsible for expression of
both the PPDK gene and the PCK gene. 20 The second double construct was
made by ligating the gDNA encoding PPDK immediately downstream of the
PC,K-encoding gDNA fragment of pAT,BNP2 using an /1/trlDBallitll digest.
Again, the SAG12 was responsible for expression of both the PPDK gene and
the PCK gene.          eolf-othd-000001.txt SEQUENCE LISTING <110> 
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30   <212> DNA   <213> Artificial   <220>    :223> PCR primer   <400> 1
aatcctagga tgatgcagcg agtattcacc30 



<210> 2 <211> 33 <212> DNA <213> Artificial <220> <223> PCR primer <400> 2
aatggatcct catgcaacaa ctacttgagc agc33 <210> 3 <211> 21 <212> DNA <213>
Artificial <220> <223> PCR primer <400> 3 cttggcttga acgaccaagt c21 <210> 4
<211> 21 <212> DNA :213> Artificial <220> <223> PCR primer <400> 4
ggttgcaggg ataggaacac c21 



<210> 5 <211> 21 <212> DNA <213> Artificial <220> <223> PCR primer
eolf-othd-000001.txt <400> 5 cgtctgattg catcagccca g21 <210> 6 <211> 21
<212> DNA <213> Artificial <220> <223> PCR primer <400> 6 cctgaggagt
tcctacaagt g21 <210> 7 <211> 20 <212> DNA <213> Artificial <220> <223> PCR
primer 



<400> 7 cctcgccaaa ggaatcttac20 <210> 8 <211> 21 <212> DNA <213> Artificial
<220> <223> PCR primer <400> 8 caagaccggc aacaggattc a21 <210> 9 <211> 22
<212> DNA <213> Artificial <220> <223> PR primer <400> 9 accccatctc
agtacccttc tg22 <210> 10 <211> 19 <212> DNA <213> Artificial <220> <223>
PCR primer <400> 10 tgcctgcttg ccgaatatc19 <210> 11 



<211> 18 <212> DNA <213> Artificial  eo1f-othd-000001.txt <220> <223> PCR
primer <400> 11 ccggcccaca gtcgatga18 <210> 12 <211> 24 <212> DNA <213>
Artificial <220> <223> PCR primer <400> 12 cagaaaagcg gccattttcc acca24
<210> 13 <211> 21 <212> DNA <213> Artificial <220> <223> Pk primer <400> 13
ctcaaccttc caccgtgtga t21 <210> 14 <211> 21 <212> DNA <213> Artificial
<220> <223> PCR primer <400> 14 accggtgtgc ttcctcttga a21 



<210> 15 <211> 22 <212> DNA <213> Artificial <220> <223> PCR primer <400>
15 tctacggtgc caaattcgcc ga22 <210> 16 <211> 2093 <212> DNA <213>
Arabidopsis thaliana <400> 16 tcgagacccg attgttattt ttagactgag acaaaaaagt
agaatcgttg attgttaaaa60 tttaaaatta gtttcattac gtttcgataa aaaaatgatt
agtttatcat agcttaatta120 tagcattgat ttctaaattt gttuttgac cacccttttt
tctctctttg gtgttttctt180 Page 3  eolf-othd-000001.txt aacattagaa gaacccataa
caatgtacgt tcaaattaat taaaaacaat atttccaagt240 tuatatacg aaacttgttt
tttttaatga aaacagttga atagttgatt atgaattagt300 tagatcaata ctcaatatat
gatcaatgat gtatatatat gaactcagtt gttatacaag360 aaatgaaaat gctatttaaa
tacagatcat gaagtgttaa aaagtgtcag aatatgacat420 gaagcgtttt gtcctaccgg
gtattcgagt tataggtug gatctctcaa gaatattttg480 ggccatacta gttatatttg
ggcttaagcg ttttgcaaag agacgaggaa gaaagattgg540 gtcaagttaa caaaacagag
acactcgtat tagttggtac tttggtagca agtcgattta600 tttgccagta aaaacttggt
acacaactga caactcgtat cgttattagt ttgtacttgg660 



tacctttggt tcaagaaaaa gttgatatag ttaaatcagt tgtgttcatg aggtgattgt720
gatttaattt gttgactagg gcgattcctt cacatcacaa taacaaagtt ttatagattt780
tttttttata acatttttgc cacgcttcgt aaagtttggt atttacaccg catttttccc840
tgtacaagaa ttcatatatt atttatttat atactccagt tgacaattat aagtttataa900
cgtttttaca attatttaaa taccatgtga agatccaaga atatgtctta cttcucut960
gtgtaagaaa actaactata tcactataat aaaataattc taatcattat atttgtaaat1020
atgcagttat ttgtcaattt tgaatttagt attttagacg ttatcacttc agccaaatat1080
gatttggatt taagtccaaa atgcaatttc gtacgtatcc ctcttgtcgt ctaatgatta1140
tttcaatatt tcttatatta tccctaacta cagagctaca tttatattgt attctaatga1200
cagggaaacc ttcatagaga ttcagataga tgaaattggt gggaaacatc attgaacagg1260
aaacttttag caaatcatat cgatttatct acaaaagaat acgtagcgta atgaagtcca1320
cttgttgtga atgactatga tttgatcaaa ttagttaatt ttgtcgaatc atttttcttt1380
ttgatttgat taagctttta acttgcacga atggttctct tgtgaataaa cagaatcttt1440
gaattcaaac tatttgatta gtgaaaagac aaaagaagat tccttgtttt tatgtgatta1500
gtgattttga tgcatgaaag gtacctacgt actacaagaa aaataaacat gtacgtaact1560
acgtatcagc atgtaaaagt atttttttcc aaataattta tactcatgat agattttttt1620
tuttgaaat gtcaattaaa aatgctttct taaatattaa ttttaattaa ttaaataagg1680
aaatatattt atgcaaaaca tcatcaacac atatccaact tcgaaaatct ctatagtaca1740
caagtagaga aattaaattt tactagatac aaacttccta atcatcaaat ataaatgttt1800
acaaaactaa ttaaacccac cactaaaatt aactaaaaat ccgagcaaag tgagtgaaca1860
agacttgatt tcaggugat gtaggactaa aatgactacg tatcaaacat caacgatcat1920
ttagttatgt atgaatgaat gtagtcatta cttgtaaaac aaaaatgctt tgatuggat1980
caatcacttc atgtgaacat tagcaattac atcaacctta ttttcactat aaaaccccat2040
ctcagtaccc ttctgaagta atcaaattaa gagcaaaagt catttaactt agg2093 



<210> 17 <211> 3358 <212> DNA  eolf-othd-000001.txt <213> Arabidopsis
thaliana <400> 17 atgtcggccg gtaacggaaa tgctactaac ggtgacggag ggtttagttt
ccctaaagga60 ccggtgatgc cgaagataac gaccggagca gcaaagagag gtagcggagt
ctgccacgac120 gatagtggtc cgacggtgaa tgccacaacc atcgatgagc ttcattcgtt
acagaagaaa180 cgttctgctc ctaccacacc gatcaaccaa aacgccgccg ctgcttttgc
cgccgtctcc240 gaggaggagc gtcagaagat tcagcttcaa tctatcaggt ccttataata
acttcacata300 tacagattat tcatacgtta cttttgttta taacatactt tatatcgaat
taaggaagat360 tattgcgttt tcgtgtccga tcattttcat ggaaaaagtg tcttttagct
aaatatatgg420 tgtagtatta aatatttctg acgtgatata cactaaactt gaaaattttc
aattactatt480 tcttccttta attcggcaat ataatttgtt tttgtttatt tttggattag
acatttatgg540 acaagttaat gcgctattgt gactattacc agaaaataat actttaatgt
acatgacacg600 tgtttaaaac gacacgtgga aactaatttt gattaattgt gaaacagtgc
atcgttagca660 tcgttaacga gagagtcagg accaaaggtg gtgagaggag atccggcgga
gaagaagacc720 gatggttcaa ctactccggc gtacgctcac ggccaacatc attctatctt
ttctccggct780 actggtgctg tcagtgatag ctccttgaag tttactcacg tcctctacaa
tctttcgcct840 gcaggtcaac aaataaacct agaatccgaa tctgaatatt gataaatgtt
tctgcaacga900 gtttgataga tttggtttgt gattttgttg tttgtagagc tttatgagca
agctattaag960 tatgagaaag gttcgtttat cacttctaat ggagctttgg cgacgctttc
tggtgctaag1020 actggtcgtg ctcccagaga taagcgtgtt gttagagatg ctactactga
ggatgagctt1080 



tggtggggaa agtgagtatt cctaatctcg attttgattg atggagtttt tgggtttatg1140
ctctgttttc gtttattgat tttggagttt gattttgatt ttaggggttc gccgaatatc1200
gaaatggatg aacatacttt catggtgaac agagaaagag ctgttgatta cttgaattcc1260
ttggaaaagg tattaaattt tgaaaacttt aatcaatgtt gttgagtgta gaacttttga1320
tctaagttta tgaaatttct gttgttgttg gggtttttag gtctttgtca atgaccaata1380
cttaaactgg gatccagaga acagaatcaa agtcaggatt gtctcagcta gagcttaCca1440
ttcattgttt atgcacaaca tgtaagtaaa atcattattg actccttgta tgtcaatcca1500
ttattgtggg tgaaagaaaa caacaaatta gtaactgggg agggtgtcag gtgtatccga1560
ccaactcagg aggagcttga gagctttggt actccggatt ttactatata caatgctggg1620
cagtttccat gtaatcgtta cactcattac atgacttcgt ccactagcgt agaccttaat1680
ctggctagga gggaaatggt tatacttggt actcagtatg ctggggaaat gaagaagggt1740
cttttcagtg tgatgcatta ccttatgcct aagcgtcgta ttctctccct tcattctgga1800
tgcaatatgg gaaaagatgg agatgttgct ctcttctttg gactttcagg tatagtagag1860
acagtaccaa ctatggtgtt gggtgatgat ggaaggaacg ataaatcaaa tgatacaata1920
caattactgc tgaactgact tgagaactgc ttgcctcttt gttgagttta gcgggtgaat1980 Page
5  eo1f-othd-000001.txt tgagattgat gattgtgttt tttgttttct atgaatgatg
attttaggta ccgggaagac2040 aacgctgtct actgatcaca acaggtatct tattggagat
gatgagcatt gttggactga2100 gactggtgtt tcgaacattg agggtgggtg ctatgctaag
tgtgttgatc tttcgaggga2160 gaaggagcct gatatctgga acgctatcaa gtttggaaca
ggtagaaaga cagtacgttg2220 gaattgtttt tgagaaaaaa acataaagca gtgatataac
aataagattc tgatcttgtt2280 gcagttttgg aaaatgttgt gtttgatgag cacaccagag
aagtggatta ctctgataaa2340 



tctgttacag gtaaaacaat tgttatttct ttcattctct tcgtcctcac aattaacaga2400
atgatcattt tcgattctct ttggttgcag agaacacacg tgctgcctac ccaattgagt2460
tcattccaaa tgcgaaaata ccttgtgttg gtccacaccc gacaaatgtg atacttctgg2520
cttgtgatgc ctttggtgtt ctcccacctg tgagcaagct gaatctggca caaaccatgt2580
accacttcat cagtggttac actgctctgg taaggccaaa gtaaaagtct ttattttgca2640
catcgtcttc ataaatttca aaagcataac caaagatgtg caacatatat aggttgctgg2700
cacagaggat ggtatcaagg agccaacagc aacattctca gcttgctttg gtgcagcttt2760
cataatgttg catcccacaa agtatgcagc tatgttagct gagaagatga agtcacaagg2820
tgctactggt tggctcgtca acactggttg gtctggtggc aggtatatat gtccttctat2880
ggaaatcgat acaacaaaac gctgccttgt aacacatgtt tgtaggctat taacatgatc2940
tgtaatgttt tatttcctgc agttatggtg ttggaaacag aatcaagctg gcatacacta3000
gaaagatcat cgatgcaatc cattcgggca gtctcttgaa ggcaaactac aagaaaaccg3060
aaatctttgg atttgaaatc ccaactgaga tcgaagggat accttcagag atcttggacc3120
ccgtcaactc cgtaagtttc tgcaaatctg tataatgtaa ttgcttaagt gatgatgaac3180
aattttttgt tgatttgggt ttaatgaaaa tgcagtggtc tgataagaag gcacacaaag3240
atactctggt gaaactggga ggtctgttca agaagaactt cgaggttttt gctaaccata3300
agattggtgt gatggtaagc ttacggagga gattctcgct gctggtccta tcttttag3358 <210>
18 <211> 2015 <212> DNA <213> Arabidopsis thaliana <400> 18 atgtcggccg
gtaacggaaa tgctactaac ggtgacggag ggtttagttt ccctaaagga60 ccggtgatgc
cgaagataac gaccggagca gcaaagagag gtagcggagt ctgccacgac120 



gatagtggtc cgacggtgaa tgccacaacc atcgatgagc ttcattcgtt acagaagaaa180
cgttctgctc ctaccacacc gatcaaccaa aacgccgccg ctgcttttgc cgccgtctcc240
gaggaggagc gtcagaagat tcagcttcaa tctatcagtg catcgttagc atcgttaacg300
agagagtcag gaccaaaggt ggtgagagga gatccggcgg agaagaagac cgatggttca360
actactccgg cgtacgctca cggccaacat cattctatct tttctccggc tactggtgct420 Page 6
eolf-othd-000001.txt gtcagtgata gctccttgaa gtttactcac gtcctctaca atctttcgcc
tgcagagctt480 tatgagcaag ctattaagta tgagaaaggt tcgtttatca cttctaatgg
agctttggcg540 acgctttctg gtgctaagac tggtcgtgct cccagagata agcgtgttgt
tagagatgct600 actactgagg atgagctttg gtggggaaag ggttcgccga atatcgaaat
ggatgaacat660 actttcatgg tgaacagaga aagagctgtt gattacttga attccttgga
aaaggtcttt720 gtcaatgacc aatacttaaa ctgggatcca gagaacagaa tcaaagtcag
gattgtctca780 gctagagctt accattcatt gtttatgcac aacatgtgta tccgaccaac
tcaggaggag840 cttgagagct ttggtactcc ggattttact atatacaatg ctgggcagtt
tccatgtaat900 cgttacactc attacatgac ttcgtccact agcgtagacc ttaatctggc
taggagggaa960 atggttatac ttggtactca gtatgctggg gaaatgaaga agggtctttt
cagtgtgatg1020 cattacctta tgcctaagcg tcgtattctc tcccttcatt ctggatgcaa
tatgggaaaa1080 gatggagatg ttgctctctt ctttggactt tcaggtaccg ggaagacaac
gctgtctact1140 gatcacaaca ggtatcttat tggagatgat gagcattgtt ggactgagac
tggtgtttcg1200 aacattgagg gtgggtgcta tgctaagtgt gttgatcttt cgagggagaa
ggagcctgat1260 atctggaacg ctatcaagtt tggaacagtt ttggaaaatg ttgtgtttga
tgagcacacc1320 agagaagtgg attactctga taaatctgtt acagagaaca cacgtgctgc
ctacccaatt1380 



gagttcattc caaatgcgaa aataccttgt gttggtccac acccgacaaa tgtgatactt1440
ctggcttgtg atgcctttgg tgttctccca cctgtgagca agctgaatct ggcacaaacc1500
atgtaccact tcatcagtgg ttacactgct ctggttgctg gcacagagga tggtatcaag1560
gagccaacag caacattctc agcttgcttt ggtgcagctt tcataatgtt gcatcccaca1620
aagtatgcag ctatgttagc tgagaagatg aagtcacaag gtgctactgg ttggctcgtc1680
aacactggtt ggtctggtgg cagttatggt gttggaaaca gaatcaagct ggcatacact1740
agaaagatca tcgatgcaat ccattcgggc agtctcttga aggcaaacta caagaaaacc1800
gaaatctttg gatttgaaat cccaactgag atcgaaggga taccttcaga gatcttggac1860
cccgtcaact cctggtctga taagaaggca cacaaagata Ctctggtgaa actgggaggt1920
ctgttcaaga agaacttcga gytttttgct aaccataaga ttggtgtgat ggtaagctta1980
cggaggagat tctcgctgct ggtcctatct tttag2015 <210> 19 <211> 671 <212> PRT
<213> Arabidopsis thaliana <400> 19 Met ser Ala (fly Asn Gly Asn Ala Thr
Asn Gly Asp Gly Gly Phe ser 151015 Phe Pro Lys Gly Pro Val Met Pro Lys Ile
Thr Thr Gly Ala Ala Lys 202530 Page 7  eolf-othd-000001.txt Arg Gly Ser Gly
val Cys His Asp Asp Ser Gly Pro Thr Val Asn Ala 354045 Thr Thr Ile Asp Glu
Leu His Ser Leu Gln Lys Lys Arg Ser Ala Pro 505560 



Thr Thr Pro Ile Asn Gln Asn Ala Ala Ala Ala Phe Ala Ala Val Ser 65707580
Glu Glu Glu Arg Gin Lys Ile Gin Leu Gin Ser Ile Ser Ala Ser Leu 859095 Ala
Ser Leu Thr Arg Glu Ser Gly Pro Lys Val val Arg Gly Asp Pro 100105110 Ala
Glu Lys Lys Thr Asp Gly ser Thr Thr Pro Ala Tyr Ala His Gly 115120125 Gln
His His Ser Ile Phe Ser Pro Ala Thr Gly Ala Val Ser Asp Ser 130135140 Ser
Leu Lys Phe Thr His Val Leu Tyr Asn Leu Ser Pro Ala Glu Leu 145150155160
Tyr Glu Gin Ala Ile Lys Tyr Glu Lys Gly Ser Phe Ile Thr Ser Asn 165170175
Gly Ala Leu Ala Thr Leu Ser Gly Ala Lys Thr Gly Arg Ala Pro Arg 180185190
Asp Lys Arg val val Arg Asp Ala Thr Thr Glu Asp Glu Leu Trp Trp 195200205
Gly Lys Gly Ser Pro Asn Ile Glu Met Asp Glu His Thr Phe Met Val 210215220
Asn Arg Glu Arg Ala Val Asp Tyr Leu Asn Ser Leu Giu Lys Val Phe
225230235240 Val Asn Asp Gln Tyr Leu Asn Trp Asp Pro Glu Asn AP g Ile Lys
Val 245250255 



Arg Ile Val Ser Ala Arg Ala Tyr His Ser Leu Phe Met His Asn Met 260265270
Cys Ile Arg Pro Thr Gin Glu Glu Leu Glu Ser Phe Gly Thr Pro Asp 275280285
Phe Thr Ile Tyr Asn Ala Gly Gin Phe Pro Cys Asn Arg Tyr Thr His 290295300
Page 8  eolf-othd-000001.txt Tyr Met Thr Ser Ser Thr Ser val Asp Lea Asn
Lea Ala Arg Arg Glu 305310315320 Met val Ile Lea Gly Thr Gin Tyr Ala Gly
Glu Met Lys Lys Gly Lea 325330335 Phe Ser Val met His Tyr Lea Met Pro Lys
Arg Arg Ile Lea Ser Lea 340345350 His Ser Gly Cys Asn Met Gly Lys Asp Gly
Asp Val Ala Lea Phe Pile 355360365 Gly Lea Ser Gly Thr Gly Lys Thr Thr Leu
ser Thr Asp His Asn Arg 370375380 Tyr Lea Ile Gly Asp Asp Glu His Cys Trp
Thr Glu Thr Gly Val Ser 385390395400 Asn Ile Glu Gly Gly Cys Tyr Ala Lys
Cys Val Asp Lea Ser Arg Glu 405410415 Lys Glu Pro Asp Ile Trp Asn Ala Ile
Lys Phe Gly Thr Val Lea Glu 



420425430 Asn Val Val Phe Asp Glu His Thr Arg Glu val Asp Tyr Ser Asp Lys
435440445 Ser Val Thr Glu Asn Thr Arg Ala Ala Tyr Pro Ile Glu Phe Ile Pro
450455460 Asn Ala Lys Ile Pro cys Val Gly Pro His Pro Thr Asn Val Ile Lea
465470475480 Leu Ala Cys Asp Ala Phe Gly Val Lea Pro Pro val Ser Lys Lea
Asn 485490495 Lea Ala Gin Thr met Tyr His Phe Ile ser Gly Tyr ihr Ala Lea
Val 500505510 Ala Gly Thr Giu Asp Glye Lys Glu Pro Thr Ala Ihr Pile ser Ala
51520525 Cys Phe Gly Ala Ala Phe Ile met Lea His Pro Thr Lys Tyr Ala Ala
530535540 Met Lea Ala Glu Lys met Lys Ser Gin Gly Ala Thr Gly Trp Lea Val
545550555560 Asn Thr Gly Trp ser Gly Gly Ser Tyr Gly Val Gly Asn Arg Ile
Lys 565570575 Page 9  eolf-othd-000001.txt Leu Ala Tyr Thr Arg Lys Ile Ile
Asp Ala Ile His Ser Gly Ser Leu 580585590 



Leu Lys Ala Asn Tyr Lys Lys Thr Glu Ile Phe Gly Phe Glu Ile Pro 595600605
Thr Glu Ile Giu Gly Ile Pro Ser Glu Ile Leu Asp Pro val Asn Ser 610615620
Trp Ser Asp Lys Lys Ala His Lys Asp Thr Leu Val Lys Leu Gly Gly
625630635640 Leu Phe Lys Lys Asn Phe Glu val Phe Ala Asn His Lys Ile Gly
Val 645650655 Met Val Ser Leu Arg Arg Arg Phe Ser Leu Leu Val Leu Ser Phe
660665670 <210> 20 <211> 5753 <212> DNA <213> Arabidopsis thaliana <400> 20
atgacaagta tgatcgtgaa gacaacgccg gagctcttca aaggaaatgg agtgttccgt60
acggatcatc tcggagaaaa ccgaatggtt agtcgatcaa accggctagg tgatggatca120
aaccgtttcc ctagaaccgg tacaatccat tgccaacggt taagcatagc aaagaccggt180
ttgcatcgtg agacgaaggc tcgagccata cttagccctg tgtccgatcc ggccgcttcc240
atagcccaaa aggtaagcct ttccatttca atcattctgg tgtattttca ccataaaatt300
ttatacactt ttttattacg ttttgtttta tgattctgac gtgagattct tgagagaaac360
tatcaccgat cattgggtcg aaccatctag cagctcaatt attatcggtt ataaccctac420
cggttataga atacaaaaca ggttacgcca ttgtgacatt tgctttgtga tcttgtgaga480
cgattaatta tttgatgttg attggtttcg ttactcttgt ttaaacaatc gaacggttca540 



aactaataca cacatgtgat gtgagatcat ttcggtagta ataccaaata gcgtctggcc600
taaattatga aagtactatt ttgaattaaa ttattgtgga aacatgaact tatttaaatt660
caagtatttt cgaaatttgt aataaaaaaa aacttttcct ctagattcat tagccctact720
tttcgtagaa acaactttaa tgtattcaaa gaccactttg ctgcttaagt cagactcttg780
tgccacttgg tagatccacc aatgccacgt tttgttattg tgccaaagaa tacgtgaata840
tgtccaaacg gcaatcaaat tcttggcgta aaacacaaaa attatgatac tagtttaaat900
ccacaattca ccttcaccat aaagaattca tgtattagag atggtatgac aagaactggt960
tgaatttgat gacatttgtt tgctattgtt ttggttaagt aaaagttttg ttaaaaagga1020
aaatagcatc ggtagtggca gatagcaagt gtgtgagtga gatcagatat ggttgacaca1080 Page
10  eolf-othd-000001.txt tctatgacga gtcatcgcaa cgaaacttct ttaattttgg
tcaattatat tacaatttag1140 catttcgagg ttggaatttt ggaatgatct cttgataaga
taataatgta tttttgatga1200 cgtatccatc aaaactataa atgatttata ttaaatatga
aatttcgact gtatacaagt1260 ttttatatta taaaattatt cgatgtacat atgatcataa
taactttact atatatatag1320 atacgtatat gtgttcttaa acttgcacaa acatttctgc
aatctaaacc tcaatcaaaa1380 caaacaaaca aaaaaccatg atgcagcgag tattcacctt
tggaaaagga agaagcgaag1440 gcaacaaggg catgaagtcc ttggtatgtt accaatacca
tcatcatgat catatcaatt1500 cattaataat ttagtgtttg ctattttcaa gaaccattta
tcaaaaatgt taattgttgt1560 tgtgtatgaa gttgggaggg aaaggagcca acctggcgga
gatggctagc ataggcttgt1620 cggtgccgcc ggggctaacc atatcgacgg aggcttgtca
gcagtatcag atcgccggca1680 aaaagcttcc agaaggttta tgggaagaga tcttagaagg
tcttagcttc atcgaacgtg1740 acattggagc ttccctcgct gatccctcca agccactcct
cctctctgtt cgctccggcg1800 



ccgccgtaag ttaattataa ctttttttct tgactatttt tattttaagg attttttcta1860
atgttaaatt tctgtttttt tttctttcta tgttttcttt aatcttttga agattttttg1920
acgcagattt tgacttgtta gatttctttt attgaagttg agatccaaat atttttttgg1980
ttattttgcc atttggccgt ttttggaaga gtttaaaatg tactagatag aaaatgaata2040
agttttgtgg ctattgaaag acctaatgat tttggtattc aaactataac gtagaaaatg2100
aagatctttc gtttatctat ttttaaaaca gaactacatt gacttgtctt tgatcgatat2160
tttgcattgt agatctcaat gcctggtatg atggacactg tacttaacct tggcttgaac2220
gaccaagtcg tcgttggtct ggccgcaaaa agcggagagc gttttgctta cgattcgttc2280
cggcgttttc ttgatatgtt tggtgatgtt gtaagtcctc tgtttttcaa tactatttca2340
ggtaacttgc atgacaagaa aattctttga cctaccttat aattgttttc ttgatcaata2400
aaaggtgatg ggaattccac acgccaagtt tgaagagaag ttagagagaa tgaaggagag2460
gaaaggagtt aaaaatgaca ctgacttaag cgcggctgat ctcaaggaat tggttgagca2520
gtacaagagt gtttacttag aggccaaggg tcaagagttt ccttcaggtt tgttttgatt2580
cctacttgag gtcaagtgat aaaaattagt tattagttac aaatgtttaa acgyggttaa2640
ttgcagatcc aaagaagcaa ttggagctag cgattgaagc ggtattcgat tcttgggata2700
gcccgagagc gaacaagtac agaagtatta accagataac tggattgaaa ggaaccgcgg2760
ttaacattca gtgtatggtg tttggaaaca tgggggacac ttcagggact ggtgttctct2820
tCactaggaa ccctagcaca ggagagaaga agctttatgg cgagtttcta gttaatgctc2880
aggtttggca tctatcacaa tgtgtgaatc tcatatcaac aagtaagccc atactcatta2940
aatattggtt ttgggacagg gagaggatgt ggttgcaggg ataagaacac cagaagattt3000
ggatacaatg aagagattta tgcctgaggc ttacgctgaa cttgttgaga actgcaacat3060
cttagaaaga cattacaaag acatgatggt tgatacacat aaacaatact tcaattagtc3120 Page
11  



eo1f-othd-000001.txt ctcatcaaca attctttagt aatttaaaca aaatctcaaa tgtgtattgc
aggatattga3180 attcacagta caagaagaga gattgtggat gctgcaatgc agagcgggta
agcgaacggg3240 taaaggcgcc gtgaagatag cagttgatat ggtaggtgaa gggcttgttg
agaaatcttc3300 tgctatcaaa atggtggagc ctcaacatct tgatcaacta cttcacccac
aggtacaaac3360 tcaaatattc atcttcttct tttttcatag tcataaactt gatgttgaaa
ccaaaattcg3420 aaacttactg gtaatgattg gttcacttga acaagaacta atgggutaa
gacgutagg3480 gtttaggagt aaaagcagag atgattgtct gacacgtaac cgatgaatag
ggtttggaaa3540 ttttgattca gaggtcaatg aaggtttttt tttttttttt ttattgatgg
attagtttca3600 tgatccatcg gggtatcgtg aaaaagtggt ggccaaaggc ttacctgcgt
caccaggagc3660 ggcggttgga caggttgtgt tcacggcgga ggaagccgaa gcttggcatt
ctcagggtaa3720 aactgtgatt ctggttcgaa ctgagacaag ccctgacgat gtgggaggta
tgcacgcagc3780 ggaaggtata ttgacggcta gaggaggaat gacgtcacac gcggctgttg
ttgctcgcgg3840 ttggggaaaa tgttgcattg ctggttgttc cgagattcgt gtcgacgaga
accacaaggt3900 ttttggattc gattttagaa acttgtcata taagttaggg gaagattgtt
tctaaagtta3960 gggtttaaaa attttcaggt tctattgatt ggagatttga cgattaatga
aggcgaatgg4020 atctcaatga acggatcaac cggtgaggtt atattaggga aacaagcatt
ggctcctccg4080 gctttaagtc cagatttgga gactttcatg tcctgggctg atgcaatcag
acgtctcaag4140 gtgtttatga gtttctgttc ctttaacttg tttgatattt ttaaactttc
taactcaaat4200 gttcgatgac cgataaggtt atggcgaatg cggatacacc tgaagacgcc
attgcagcta4260 ggaaaaacgg agctcaagga atcgggcttt gtaggacaga gcatatggta
actcctcctc4320 tgtacttgat ttcatgtttt tgatgattta gattgtttgt atccaaatgt
ttaatgttgt4380 ctttggtttg gtttttaagt tctttggagc agataggatt aaagcagtga
gaaagatgat4440 aatggcggta acaacagagc aaaggaaagc ttctctcgac atcttgcttc
cttaccaacg4500 



ttcggatttc gaagggatct tccgtgctat ggatggtaaa tgttttgagt cgtctctcta4560
aaatgtatca caacttaaaa catgcxtaaa cctttttatt tttctaggtt taccggtaac4620
aatccgtttg ttagaccctc cgcttcacga gtttctcccg gaaggcgact tggacaacat4680
tgtacatgag ctagctgaag aaactggtgt gaaagaagat gaagtcttgt cacggataga4740
gaaactctct gaagtgaatc caatgcugg tttccgcggt tgcaggtttc ttactctctt4800
tgtttctctc tgtctctttg cacctgaaga acaatctgat gatcggtaaa cttgtacgtt4860
ataggctcgg aatatcgtat ccagagctaa cggagatgca agcgcgtgca atttttgaag4920
ctgcagcgtc aatgcaggac caaggtgtta ctgtcattcc tgagattatg guccacttg4980
taggaactcc tcaggaattg ggtcaccaag ttgatgtaat tcgtaaagtt gcaaagaaag5040
tatttgctga gaagggtcat accgtgagct acaaggttgg gacaatgatt gagatccctc5100
gagccgcgct cattgcagat gaggtaaatg taacaagaca caaaatgtgt tttaggcact5160 Page
12  eolf-othd-000001,txt tgaaaccatg ttgctatttg ctaagtagga acctttttct
tttgacagat tgcgaaagag5220 gcggagtttt tctcgttcgg gacaaacgac ttgacgcaga
tgacgtttgg atacagtaga5280 gacgatgtcg gcaagtttct accgatttac ctcgccaaag
gaatcttaca gcacgaccct5340 tttgaggtat aatgactacc atttcgtttg ctctctatcc
ataggataaa atcttgatag5400 ccattttttt gtgtttggac caggttcttg atcagcaagg
tgtagggcaa ttgatcaaga5460 tggcgacaga aaaaggacga gcagctaggc ctagcctcaa
ggttgggata tgtggagaac5520 atggaggaga tccatcttct gtgggattct ttgctgaagc
aggacttgac tatgtctctt5580 gttctccttt caggtaattg attaatttcc aaaccaataa
acactttttt tacaacacta5640 ttgtataact cagattgatg taattttggg atttctgttg
ttgttgttgt tgttgttgtt5700 gttgcagggt tccaattgca aggcttgcag ctgctcaagt
agttgttgca tga5753 



<210> 21 <211> 2697 <212> DNA <213> Arabidopsis thaliana <400> 21
atgatgcagc gagtattcac ctttggaaaa ggaagaagcg aaggcaacaa gggcatgaag60
tccttgttgg gagggaaagg agccaacctg gcggagatgg ctagcatagg cttgtcggtg120
ccgccggggc taaccatatc gacggaggct tgtcagcagt atcagatcgc cggcaaaaag180
cttccagaag gtttatggga agagatctta gaaggtctta gcttcatcga acgtgacatt240
ggagcttccc tcgctgatcc ctccaagcca ctcctcctct ctgttcgctc cggcgccgcc300
atctcaatgc ctggtatgat ggacactgta cttaaccttg gcttgaacga ccaagtcgtc360
gttggtctgg ccgcaaaaag cggagagcgt tttgcttacg attcgttccg gcgttttctt420
gatatgtttg gtgatgttgt gatgggaatt ccacacgcca agtttgaaga gaagttagag480
agaatgaagg agaggaaagg agttaaaaat gacactgact taagcgcggc tgatctcaag540
gaattggttg agcagtacaa gagtgtttac ttagaggcca agggtcaaga gtttccttca600
gatccaaaga agcaattgga gctagcgatt gaagcggtat tcgattcttg ggatagcccg660
agagcgaaca agtacagaag tattaaccag ataactggat tgaaaggaac cgcggttaac720
attcagtgta tggtgtttgg aaacatgggg gacacttcag ggactggtgt tctcttcact780
aggaacccta gcacaggaga gaagaagctt tatggcgagt ttctagttaa tgctcaggtt840
tggcatctat cacaatgtgt gaatctcata tcaacaagga taagaacacc agaagatttg900
gatacaatga agagatttat gcctgaggct tacgctgaac ttgttgagaa ctgcaacatc960
ttagaaagac attacaaaga catgatggat attgaattca cagtacaaga agagagattg1020
tggatgctgc aatgcagagc gggtaagcga acgggtaaag gcgccgtgaa gatagcagtt1080
gatatggtag gtgaagggct tgttgagaaa tcttctgcta tcaaaatggt ggagcctcaa1140 



catcttgatc aactacttca cccacagttt catgatccat cggggtatcg tgaaaaagtg1200
gtggccaaag gcttacctgc gtcaccagga gcggcggttg gacaggttgt gttcacggcg1260 Page
13  eolf-othd-000001.txt gaggaagccg aagcttggca ttctcagggt aaaactgtga
ttctggttcg aactgagaca1320 agccctgacg atgtgggagg tatgcacgca gcggaaggta
tattgacggc tagaggagga1380 atgacgtcac acgcggctgt tgttgctcgc ggttggggaa
aatgttgcat tgctggttgt1440 tccgagattc gtgtcgacga gaaccacaag gttctattga
ttggagattt gacgattaat1500 gaaggcgaat ggatctcaat gaacggatca accggtgagg
ttatattagg gaaacaagca1560 ttggctcctc cggctttaag tccagatttg gagactttca
tgtcctgggc tgatgcaatc1620 agacgtctca aggttatggc gaatgcggat acacctgaag
acgccattgc agctaggaaa1680 aacggagctc aaggaatcgg gctttgtagg acagagcata
tgattgtttg tatccaaatg1740 tttaatgttg tctttggttt ggtttttaag ttctttggag
cagataggat taaagcagtg1800 agaaagatga taatggcggt aacaacagag caaaggaaag
cttctctcga catcttgctt1860 ccttaccaac gttcggattt cgaagggatc ttccgtgcta
tggatggttt accggtaaca1920 atccgtttgt tagaccctcc gcttcacgag tttctcccgg
aaggcgactt ggacaacatt1980 gtacatgagc tagctgaaga aactggtgtg aaagaagatg
aagtcttgtc acggatagag2040 aaactctctg aagtgaatcc aatgcttggt ttccgcggtt
gcaggctcgg aatatcgtat2100 ccagagctaa cggagatgca agcgcgtgca atttttgaag
ctgcagcgtc aatgcaggac2160 caaggtgtta ctgtcattcc tgagattatg gttccacttg
taggaactcc tcaggaattg2220 ggtcaccaag ttgatgtaat tcgtaaagtt gcaaagaaag
tatttgctga gaagggtcat2280 accgtgagct acaaggttgg gacaatgatt gagatccctc
gagccgcgct cattgcagat2340 gagattgcga aagaggcgga gtttttctcg ttcgggacaa
acgacttgac gcagatgacg2400 



tttggataca gtagagacga tgtcggcaag tttctaccga tttacctcgc caaaggaatc2460
ttacagcacg acccttttga ggttcttgat cagcaaggtg tagggcaatt gatcaagatg2520
gcgacagaaa aaggacgagc agctaggcct agcctcaagg ttgggatatg tggagaacat2580
ggaggagatc catcttctgt gggattcttt gctgaagcag gacttgacta tgtctcttgt2640
tctcctttca gggttccaat tgcaaggctt gcagctgctc aagtagttgt tgcatga2697 <210> 22
<211> 2940 <212> DNA <213> Arabidopsis thallana <400> 22 atgacaagta
tgatcgtgaa gacaacgccg gagctcttca aaggaaatgg agtgttccgt60 acggatcatc
tcggagaaaa ccgaatggtt agtcgatcaa accggctagg tgatggatca120 aaccgtttcc
ctagaaccgg tacaatccat tgccaacggt taagcatagc aaagaccggt180 ttgcatcgtg
agacgaaggc tcgagccata cttagccctg tgtccgatcc ggccgcttcc240 atagcccaaa
agcgagtatt cacctttgga aaaggaagaa gcgaaggcaa caagggcatg300 aagtccttgt
tgggagggaa aggagccaac ctggcggaga tggctagcat aggcttgtcg360 Page 14
eolf-othd-000001.txt gtgccgccgg ggctaaccat atcgacggag gcttgtcagc agtatcagat
cgccggcaaa420 aagcttccag aaggtttatg ggaagagatc ttagaaggtc ttagcttcat
cgaacgtgac480 attggagctt ccctcgctga tccctccaag ccactcctcc tctctgttcg
ctccggcgcc540 gccatctcaa tgcctggtat gatggacact gtacttaacc ttggcttgaa
cgaccaagtc600 gtcgttggtc tggccgcaaa aagcggagag cgttttgctt acgattcgtt
ccggcgtttt660 



cttgatatgt ttggtgatgt tgtgatggga attccacacg ccaagtttga agagaagtta720
gagagaatga aggagaggaa aggagttaaa aatgacactg acttaagcgc ggctgatctc780
aaggaattgg ttgagcagta caagagtgtt tacttagagg ccaagggtca agagtttcct840
tcagatccaa agaagcaatt ggagctagcg attgaagcgg tattcgattc ttgggatagc900
ccgagagcga acaagtacag aagtattaac cagataactg gattgaaagg aaccgcggtt960
aacattcagt gtatggtgtt tggaaacatg ggggacactt cagggactgg tgttctcttc1020
actaggaacc ctagcacagg agagaagaag ctttatggcg agtttctagt taatgctcag1080
gtttggcatc tatcacaatg tgtgaatctc atatcaacaa ggataagaac accagaagat1140
ttggatacaa tgaagagatt tatgcctgag gcttacgctg aacttgttga gaactgcaac1200
atcttagaaa gacattacaa agacatgatg gatattgaat tcacagtaca agaagagaga1260
ttgtggatgc tgcaatgcag agcgggtaag cgaacgggta aaggcgccgt gaagatagca1320
gttgatatgg taggtgaagg gcttgttgag aaatcttctg ctatcaaaat ggtggagcct1380
caacatcttg atcaactact tcacccacag tttcatgatc catcggggta tcgtgaaaaa1440
gtggtggcca aaggcttacc tgcgtcacca ggagcggcgg ttggacaggt tgtgttcacg1500
gcggaggaag ccgaagcttg gcattctcag ggtaaaactg tgattctggt tcgaactgag1560
acaagccctg acgatgtggg aggtatgcac gcagcggaag gtatattgac ggctagagga1620
ggaatgacgt cacacgcggc tgttgttgct cgcggttggg gaaaatgttg cattgctggt1680
tgttccgaga ttcgtgtcga cgagaaccac aaggttctat tgattggaga tttgacgatt1740
aatgaaggcg aatggatctc aatgaacgga tcaaccggtg aggttatatt agggaaacaa1800
gcattggctc ctccggcttt aagtccagat ttggagactt tcatgtcctg ggctgatgca1860
atcagacgtc tcaaggttat ggcgaatgcg gatacacctg aagacgccat tgcagctagg1920
aaaaacggag ctcaaggaat cgggctttgt aggacagagc atatgattgt ttgtatccaa1980
atgtttaatg ttgtctugg tuggtutt aaguctug gagcagatag gattaaagca 2040
gtgagaaaga tgataatggc ggtaacaaca gagcaaagga aagcttctct cgacatcttg2100 



cttccttacc aacgttcgga tttcgaaggg atcttccgtg ctatggatgg tttaccggta2160
acaatccgtt tgttagaccc tccgcttcac gagtttctcc cggaaggcga cttggacaac2220
attgtacatg agctagctga agaaactggt gtgaaagaag atgaagtctt gtcacggata2280
gagaaactct ctgaagtgaa tccaatgctt ggtttccgcg gttgcaggct cggaatatcg2340
tatccagagc taacggagat gcaagcgcgt gcaatttttg aagctgcagc gtcaatgcag2400 Page
15  eolf-othd-000001.txt gaccaaggtg ttactgtcat tcctgagatt atggttccac
ttgtaggaac tcctcaggaa2460 ttgggtcacc aagttgatgt aattcgtaaa gttgcaaaga
aagtatttgc tgagaagggt2520 cataccgtga gctacaaggt tgggacaatg attgagatcc
ctcgagccgc gctcattgca2580 gatgagattg cgaaagaggc ggagtttttc tcgttcggga
caaacgactt gacgcagatg2640 acgtttggat acagtagaga cgatgtcggc aagtttctac
cgatttacct cgccaaagga2700 atcttacagc acgacccttt tgaggttctt gatcagcaag
gtgtagggca attgatcaag2760 atggcgacag aaaaaggacg agcagctagg cctagcctca
aggttgggat atgtggagaa2820 catggaggag atccatcttc tgtgggattc tttgctgaag
caggacttga ctatgtctct2880 tgttctcctt tcagggttcc aattgcaagg cttgcagctg
ctcaagtagt tgttgcatga2940 <210> 23 <211> 898 <212> PRT <213> Arabidopsis
thaliana <400> 23 Met Met Gin Arg val Phe Thr Phe Gly Lys Gly Arg Ser Glu
Gly Asn 151015 Lys Gly Met Lys Ser Leu Leu Gly Gly Lys Gly Ala Asn Leu Ala
Glu 202530 Met Ala Ser Ile Gly Leu Ser Val Pro Pro Gly Leu Thr Ile Ser Thr 



354045 Glu Ala Cys Gin Gin Tyr Gin Ile Ala Gly Lys Lys Leu Pro Glu Gly
505560 Leu Trp Glu Glu Ile Leu Glu Gly Leu Ser Phe Ile Glu Arg Asp Ile
65707580 Gly Ala Ser Leu Ala Asp Pro Ser Lys Pro Leu Leu Leu Ser Val Arg
859095 Ser Gly Ala Ala Ile ser met Pro Gly Met Met Asp Thr Val Leu Asn
100105110 Leu Gly Leu Asn Asp Gin val Val Val Gly Leu Ala Ala Lys Ser Gly
115120125 Glu Arg Phe Ala Tyr Asp ser Phe Arg Arg Phe Leu Asp Met Phe Gly
130135140 Asp val val met Gly Ile Pro His Ala Lys Phe Glu Glu Lys Leu Glu
145150155160 Arg Met Lys Glu Arg Lys Gly Val Lys Asn Asp Thr Asp Leu Ser
Ala 165170175 Page 16  eolf-othd-000001.txt Ala Asp Leu Lys Glu Leu val Glu
Gin Tyr Lys Ser Val Tyr Leu Glu 180185190 Ala Lys Gly Gin Glu Phe Pro Ser
Asp Pro Lys Lys Gin Leu Glu Leu 195200205 



Ala Ile Glu Ala Val Phe Asp Ser Trp Asp Ser Pro Arg Ala Asn Lys 210215220
Tyr Arg Ser Ile Asn Gin Ile Thr Gly Leu Lys Gly Thr Ala val Asn
225230235240 Ile Gin Cys Met val Phe Gly Asn Met Gly Asp Thr Ser Gly Thr
Gly 245250255 val Leu Phe Thr Arg Asn Pro Ser Thr Gly Glu Lys Lys Leu Tyr
Gly 260265270 Glu Phe Leu Val Asn Ala Gin Val Trp His Leu Ser Gin Cys Val
Asn 275280285 Leu Ile Ser Thr Arg lie Arg Thr Pro Glu Asp Leu Asp Thr Met
Lys 290295300 Arg Phe Met Pro Glu Ala Tyr Ala Glu Leu Val Glu Asn Cys Asn
Ile 305310315320 Leu Glu Arg His Tyr Lys Asp Met Met Asp Ile Glu Phe Thr
Val Gin 325330335 Glu Glu Arg Leu Trp Met Leu Gin Cys Arg Ala Gly Lys Arg
Thr Gly 340345350 Lys Gly Ala Val Lys Ile Ala Val Asp Met Val Gly Glu Gly
Leu Val 355360365 Glu Lys Ser Ser Ala Ile Lys Met val Giu Pro Gln His Leu
Asp Gin 370375380 Leu Leu His Pro Gin Phe His Asp Pro Ser Gly Tyr Arg Glu
Lys val 385390395400 



val Ala Lys Gly Leu Pro Ala Ser Pro Gly Ala Ala val Gly Gin val 405410415
Val Phe Thr Ala Glu Glu Ala Glu Ala Trp His Ser Gin Gly Lys Thr 420425430
val Ile Leu Val Arg Thr Glu Thr Ser Pro Asp Asp Val Gly Gly Met 435440445
Page 17  eolf-othd-000001.txt His Ala Ala Glu Gly Ile Leu Thr Ala Arg Gly
Gly met Thr Ser His 450455460 Ala Ala Val Val Ala Arg Gly Trp Gly Lys Cys
Cys Ile Ala Gly Cys 465470475480 Ser Glu Ile Arg Val Asp Glu Asn His Lys
Val La Leu Ile Gly Asp 485490495 Leu Thr Ile Asn Glu Gly Glu Trp Ile Ser
Met Asn Gly Ser Thr Gly 500505510 Glu Val Ile Leu Gly Lys Gin Ala Leu Ala
Pro Pro Ala Leu Ser Pro 515520525 Asp Leu Giu Thr Phe Met Ser Trp Ala Asp
Ala Ile Arg Arg Leu Lys 530535540 Val Met Ala Asn Ala Asp Thr Pro Glu Asp
Ala Ile Ala Ala Arg Lys 545550555560 Asn Gly Ala Gin Gly Ile Gly Leu Cys
Arg Thr Glu His Met Ile Val 



565570575 Cys Ile Gin Met Phe Asn Val Val Phe Gly Leu Val Phe Lys Phe Phe
580585590 Gly Ala Asp Arg Ile Lys Ala Val Arg Lys Met Ile Met Ala Val Thr
595600605 Thr Glu Gin Arg Lys Ala ser Leu Asp Ile Leu Leu Pro Tyr Gin Arg
610615620 Ser Asp Phe Glu Gly Ile Phe Arg Ala Met Asp Gly Leu Pro Val Thr
625630635640 Ile Arg Leu Leta Asp Pro Pro Leu His Glu Phe Leu Pro Giu Gly
Asp 645650655 Leu Asp Asn Ile Val His Glu Leu Ala Glu Glu Thr Gly Val Lys
Glu 660665670 Asp Glu Val Leu Ser Arg Ile Glu Lys Leu Ser Glu Val Asn Pro
Met 675680685 Leu Gly Phe Arg Gly cys Arg Leu Gly Ile Ser Tyr Pro Glu Leu
Thr 690695700 Glu Met Gin Ala Arg Ala Ile Phe Glu Ala Ala Ala Ser Met Gin
Asp 705710715720 Page 18  eolf-othd-000001.txt Gin Gly Val Thr Val Ile Pro
Glu Ile Met Val Pro Leu val Gly Thr 725730735 



Pro Gin Glu Leu Gly His Gin Val Asp Val Ile Arg Lys Val Ala Lys 740745750
Lys Val Phe Ala Glu Lys Gly His Thr Val Ser Tyr Lys Val Gly Thr 755760765
met Ile Glu Ile Pro Arg Ala Ala Leu Ile Ala AS Glu Ile Ala Lys 770775780
Glu Ala Glu Phe Phe Ser Phe Gly Thr Asn Asp Leu Thr Gin met Thr
785790795800 Phe Gly Tyr Ser Arg Asp Asp Val Gly Lys Phe Leu Pro Ile Tyr
Leu 805810815 Ala Lys Gly he Leu Gin His Asp Pro Phe Glu Val Leu Asp Gin
Gin 820825830 Gly Val Gly Gin Leu Ile Lys Met Ala Thr Glu Lys Gly Arg Ala
Ala 835840845 Arg Pro Ser Leu Lys Val Gly Ile Cys Gly Glu His Gly Gly Asp
Pro 850855860 Ser Ser val Gly Phe Phe Ala Glu Ala Gly Leu Asp Tyr Val Ser
Cys 865870875880 Ser Pro Phe Arg Val Pro Ile Ala Arg Leu Ala Ala Ala Gin
val Val 885890895 Val Ala <210> 24. <211> 979 <212> PRT <213> Arabidopsis
thaliana <400> 24 Met Thr Ser Met Ile Val Lys Thr Thr Pro Glu Leu Phe Lys
Gly Asn 



151015 Gly Val Phe Arg Thr Asp His Leu Gly Glu Asn Arg Met Val Ser Arg
202530 Ser Asn Arg Leu Gly Asp Gly ser Asn Arg Phe Pro Arg Thr Gly Thr
354045  eolf-othd-000001.txt Ile His Cys Gin Arg La ser Ile Ala Lys Thr Gly
La His Arg Glu 505560 Thr Lys Ala Arg Ala Ile Leu Ser Pro Val ser Asp Pro
Ala Ala Ser 65707580 Ile Ala Gin Lys Arg val Phe -Mr Phe Gly Lys Gly Arg
Ser Glu Gly 859095 Asn Lys Gly Met Lys Ser Leu Leu Gly Gly Lys Gly Ala Asn
Leu Ala 100105110 Glu Met Ala Ser Ile Gly Leu Ser Val Pro Pro Gly Leu Thr
Ile Ser 115120125 Thr Glu Ala Cys Gin Gin Tyr Gin Ile Ala Gly Lys Lys Leu
Pro Glu 130135140 Gly Leu Trp Glu Glu Ile Leu Glu Gly Leu Ser Phe Ile Glu
Arg Asp 145150155160 Ile Gly Ala Ser Leu Ala Asp Pro Ser Lys Pro Leu Leu
Leu Ser Val 165170175 Arg Ser Gly Ala Ala Ile Ser met Pro Gly Met Met Asp
Thr Val Leu 



180185190 Asn Leu Gly Leu Asn Asp Gin val Val Val Gly Leu Ala Ala Lys ser
195200205 Gly Glu Arg Phe Ala Tyr Asp Ser Phe Arg Arg Phe Leu Asp Met Phe
210215220 Gly Asp Val Val met Gly Ile Pro His Ala Lys Phe Glu Glu Lys Leu
225230235240 Glu Arg Met Lys Glu Arg Lys Gly Val Lys Asn Asp Thr Asp Leu
Ser 245250255 Ala Ala Asp Leu Lys Glu Leu val Glu Gin Tyr Lys Ser val Tyr
Leu 260265270 Glu Ala Lys Gly Gin Glu Phe Pro Ser Asp Pro Lys Lys Gin Leu
Glu 275280285 Leu Ala Ile Glu Ala Val Phe Asp Ser Trp Asp Ser Pro Arg Ala
Asn 290295300 Lys Tyr Arg Ser Ile Asn Gin Ile Thr Gly Leu Lys Gly Thr Ala
Val 305310315320  eolf-othd-000001.txt Asn Ile Gin Cys Met Val Phe Gly Asn
Met Gly Asp Thr Ser Gly Thr 325330335 Gly Val Leu Phe Thr Arg Asn Pro Ser
Thr Gly Glu Lys Lys Leu Tyr 340345350 Gly Glu Phe Leu Val Asn Ala Gin Val
Trp His Leu Ser Gin Cys Val 



355360365 Asn Leu Ile ser Thr Arg Ile Arg Thr Pro Glu Asp Leu Asp Thr Met
370375380 Lys Arg Phe met Pro Glu Ala Tyr Ala Glu Leu Val Glu Asn Cys Asn
385390395400 Ile Leu Glu Arg His Tyr Lys Asp met met Asp Ile Giu Phe Thr
val 405410415 Gin Glu Glu Arg Leu Trp Met Leu Gin Cys Arg Ala Gly Lys Arg
Thr 420425430 Gly Lys Gly Ala Val Lys Ile Ala Val Asp met Val Gly Glu Gly
Leu 435440445 Val Glu Lys Ser Ser Ala Ile Lys Met Val Glu Pro Gin His Leu
Asp 450455460 Gin Leu Leu His Pro Gin Phe His Asp Pro Ser Gly Tyr Arg Glu
Lys 465470475480 Val val Ala Lys Gly Leu Pro Ala Ser Pro Gly Ala Ala val
Gly Gin 485490495 val val Phe Thr Ala Glu Glu Ala Glu Ala Trp His Ser Gin
Gly Lys 500505510 Thr Val Ile teu val Arg Thr Glu Thr ser Pro Asp Asp Val
Gly Gly 515520525 Met His Ala Ala Glu Gly Ile teu Thr Ala Arg Gly Gly Met
Thr Sc 530535540 His Ala Ala val Val Ala Arg Gly Trp Gly Lys cys cys Ile
Ala Gly 



545550555560 Cys Ser Glu Ile Arg val Asp Glu Asn His Lys val Leu Leu Ile
Gly 565570575 Asp Leu Thr Ile Asn Glu Gly Glu Trp Ile ser met Asn Gly ser
Thr 580585590  eolf-othd-000001.txt Gly Glu Val Ile Leu Gly Lys Gin Ala Leu
Ala Pro Pro Ala Leu Ser 595600605 Pro Asp Leu Glu Thr Phe met Ser Trp Ala
Asp Ala Ile Arg Arg Leu 610615620 Lys Val met Ala Asn Ala Asp Thr Pro Glu
Asp Ala Ile Ala Ala Arg 625630635640 Lys Asn Gly Ala Gin Gly Ile Gly Leu
Cys Arg Thr Glu His Met Ile 645650655 Val Cys Ile Gin met Phe Asn val val
Phe Gly Leu Val Phe Lys Phe 660665670 Phe Gly Ala Asp Arg Ile Lys Ala Val
Arg Lys Met Ile Met Ala Val 675680685 Thr Thr Glu Gin Arg Lys Ala Ser Leu
Asp Ile Leu Leu Pro Tyr Gin 690695700 Arg Ser Asp Phe Glu Gly Ile Phe Arg
Ala Met Asp Gly Leu Pro Val 705710715720 Thr Ile Arg Leu Leu Asp Pro Pro
Leu His Glu Phe Leu Pro Glu Gly 



725730735 Asp Leu Asp Asn Ile Val His Glu Leu Ala Glu Glu Thr Gly val Lys
740745750 Glu Asp Glu Val Leu Ser Arg Ile Glu Lys Leu Ser Glu Val Asn Pro
755760765 Met Leu Gly Phe Arg Gly Cys Arg Leu Gly Ile Ser Tyr Pro Glu Leu
770775780 Thr Giu met Gin Ala Arg Ala Ile Phe Glu Ala Ala Ala ser met Gin
785790795800 Asp Gin Gly val Thr Val Ile Pro Glu Ile Met Val Pro Leu Val
Gly 805810815 Thr Pro Gin Glu Leu Gly His Gin Val Asp Val Ile Arg Lys val
Ala 820825830 Lys Lys Val Phe Ala Glu Lys Gly His Thr Val Ser Tyr Lys Val
Gly 835840845 Thr Met Ile Giu Ile pro Arg Ala Ala Leu Ile Ala Asp Giu Ile
Ala 850855860  eolf-othd-000001.txt Lys Glu Ala Glu Phe Phe Ser Phe Gly Thr
Asn Asp Leu Thr Gin Met 865870875880 Thr Phe Gly Tyr Ser Arg Asp Asp Val
Gly Lys Phe Leu Pro Ile Tyr 885890895 Leu Ala Lys Gly Ile Leu Gin His Asp
Pro Phe Glu Val Leu Asp Gin 



900905910 Gin Gly Val Gly Gin Leu Ile Lys met Ala Thr Glu Lys Gly Arg Ala
915920925 Ala Arg Pro Ser Leu Lys Val Gly Ile Cys Gly Glu His Gly Gly Asp
930935940 Pro Ser Ser Val Gly Phe Phe Ala Glu Ala Gly Leu Asp Tyr Val Ser
945950955960 Cys Ser Pro Phe Arg Val Pro Ile Ala Arg Leu Ala Ala Ala Gin
Val 965970975 Val Val Ala <210> 25 <211> 31 <212> DNA <213> Artificial
<220> <223> PCR primer <400> 25 atttctagaa tgtcggccgg taacggaaat g31 <210>
26 <211> 31 <212> DNA <213> Artificial <220> <223> PCR primer <400> 26
attgagctcc taaaagatag gaccagcagc g  31 <210> 27 



<211> 15   <212> PRT   <213> Artificial   <220>    <223> Synthetic peptides
designed against PCK amino acid sequence <400> 27 



Asp Glu His Cys Trp Thr Glu Thr Gly Val Ser Asn Ile Glu Gly Page 23
eolf-othd-000001,txt 151015 <210> 28 <211> 15 <212> PRT <213> Artificial
<220> <223> Synthetic peptides designed against the PCK amino acid sequence
<400> 28 Cys val Asp Leu Ser Arg Glu Lys Glu Pro Asp Ile Trp Asn Ala 151015
-61- Claims 1. A genetic construct comprising a senescence-specific
promoter operably linked to at least one coding sequence, which encodes at
least one polypeptide having phosphoenolpyruvate carboxykinase (PCK)
activity and/or pyruvate orthophosphate dikinase (PPDK) activity.  2. A
genetic construct according to claim I, wherein the promoter is isolated
from a senescence-associated gene in Arabidopsis.  3. A genetic construct
according to either claim1 or claim 2, wherein the promoter is selected
from a group consisting of: SAG12, SAG13, SAG 101, SAG21 and SAG18, or a
functional variant or fragment thereof.  4. 1k genetic construct according
to any preceding claim, wherein the promoter is a SAG 12 promoter, or a
functional variant or fragment thereof.  5. A genetic construct according
to any preceding claim, wherein the promoter comprises a nucleotide
sequence substantially as set out in SEQ ID No.16, or a functional variant
or fragment thereof.  6. A genetic construct according to any preceding
claim, wherein the at 



least one coding sequence encodes (i) a phosphoenolpyruvate carboxykinase
(PCK), or a functional variant or fragment thereof, and/or (ii) a pyruvate
orthophosphate dikinase (PPDK), or a functional variant or fragment
thereof.  7. A genetic construct according to any preceding claim, wherein
the coding sequence, which encodes the polvpeptide having PCK activity, is
derived from Arabidopsis.  8. A genetic construct according to any
preceding claim, wherein the coding sequence, which encodes the polypeptide
having PPDK activity, is derived from Arabidopsis spp., Zca pp., Haverla
spp., or Cleome spp..  - 67 -  9. A genetic construct according to any
preceding claim, wherein the coding sequence, which encodes the polypeptide
having PCK activity, comprises a nucleic acid sequence substantially as set
out in SEQ ID No 7 or SEQ ID No, 18, or a functional variant or fragment
thereof.  10. A genetic construct according to any preceding claim, wherein
the polypeptide having PCK. activity comprises an amino acid sequence
substantially as set out in SEQ ID No:19, or a functional variant or
fragment thereof.  11. A genetic construct according to any preceding
claim, wherein the coding sequence, which encodes a polypeptide having PPDK
activity, comprises a nucleic acid sequence substantially as set out in SEQ
ID No:20, SEQ ID No:21, or SEQ ID No:22, or a functional variant or
fragment thereof.  12. A genetic construct according to any preceding
claim, wherein the polypeptide having PPDK activity comprises an amino acid
sequence substantially as set out in SEQ ID No:23 or SEQ ID No.24, or a
functional variant or fragment thereof.  13. A genetic construct according
to any preceding claim, wherein the construct encodes PCK or a functional
variant or fragment thereof, and not PPDK. 14A genetic construct according
to any preceding claim, wherein the construct encodes PPDK or a functional
variant or fragment thereof, and not PCK. 15.A genetic construct according
to any one of claims 1-12, wherein the construct encodes PCK or a
functional variant or fragment thereof, and PPDK or a functional variant or
fragment thereof.  - 63 -  16. A recombinant vector comprising the genetic
construct according to any one of claims 1 to 15.  17. A method of
increasing the concentration of PCK and/or PPDK in a leaf of a test plant
to above that of the corresponding concentration of PCK and/or PPDK in a
wild-type plant cultured under the same conditions, the method comprising
altering plant metabolism in the test plant to achieve increased levels of
PCK and/or PPDK in plant leaves after the initiation of leaf senescence,
wherein the method comprises transforming the test plant cell with a
genetic construct according to any one of claims 1-15, or the vector
according to claim 16. 18,A method of decreasing the concentration of
nitrogen in the leaves of a test plant to below that of the corresponding
concentration of nitrogen in a wild-type plant cultured under the same
conditions, the method comprising altering plant metabolism in the test
plant to achieve increased levels of PCK and/or PPDK in plant leaves after
the initiation of leaf senescence, wherein the method comprises
transforming the test plant cell with a genetic construct according to any
one of claims 1.-15, or the vector according to claim 16.  19. A method of
increasing the growth rate of a test plant compared to the corresponding
growth rate of a wild-type plant cultured under the same conditions, the
method comprising altering plant metabolism in the test plant to achieve
increased levels of PCK and/or PPDK in plant leaves after the initiation of
leaf senescence, wherein the method comprises transforming the test plant
cell with a genetic construct according to any one of claims 1-15, or the
vector according to claim 16.  20. A method according to any one of claims
17-19, wherein the method comprises increasing the concentration of PCK and
PPDK in the plant leaves to above that of the corresponding concentration
of PCK and PPDK in the wild-type plant cultured under the same conditions. 



- 64 - 21.A cell comprising the genetic construct according to any one of
ciaims to 15, or the recombinant vector according to claim 16. 92.A
transgenic plant comprising the genetic construct according to any one of
claims 1 to 15, or the recombinant vector according to claim 16.  23. A
transgenic plant according to claim 22, wherein the plant is from the
Brassicaceae  24. A transgemc plant accord .); to claim 22, wherein the
plant is from the Poales family.  25. A transgenic plant according to claim
22, wherein the plant is from the Solanaceat family.  26. A plant
propagation product obtainable from the transgemc plant according to any
one of claims 22 to 25.       A plant propagation product according to
claim 26, wherein the plant propagation product is a seed.  28. A method of
producing a transgenic plant which remobilises nitrogen at a higher rate
than a corresponding wild-type plant cultured under the same conditions,
the method comprising the steps of:-       transforming a plant cell with
the genetic construct according to any one of claims 1-15, or the vector
according to claim 16; and ii)regenerating a plant from the transformed
cell.  29. A method of producing a transgenic plant having a higher growth
rate than a corresponding wild-type plant cultured under the same
conditions, the method comprising the steps of:- transforming a plant cell
with the genetic construct according to any  - 65 - one of claims 1-15, or
the vector according to claim 16; and regenerating a plant from the
transformed cell.  30. A harvested leaf containing a lower level of
nitrogen than the corresponding level of nitrogen in a harvested leaf taken
from a wildtype plant cultured under the same conditions, wherein the leaf
is harvested from the transgenic plant according to any one of claims
22-25, or produced by the method according to either claim 28 or claim 29.
31. A smoking article comprising nitrogen-reduced tobacco obtained from a
mutant tobacco plant, which mutant is capable of decreasing the
concentration of nitrogen in senescent leaves, wherein the smoking article
is made from tobacco obtained from a mutant tobacco plant which has been
transformed with the genetic construct according to any one of claims 1 to
15, or the vector according to either claim 16. 








